G 9 SEP 2005 -1 NOVEL EXPRESSI ON VECTORS FI ELD OF THE | NVENTI ON 5 T%m 2005
present invention relates generally to constructs and their use in
expression or gene regulation assays. Mre particularly, the present :
i nvention provi des expression vectors and/or reporter vectors providing

ki netics of protein expression with inproved tenporal con-elation to
pronoter activity. The present invention provides, inter alia, novel
vectors and cell lines wuseful for nodul ati ng gene expression, identifying
and a, analysing regul atory sequences, new 10 targets and reagents for

t herapeutic intervention in hunman di seases and for drug-screening.
BACKGROUND COF THE | NVENTI %@%gﬁxﬁmﬁ {/E(gjréﬁg publ i cations
referred to by author in thi i e ected at the end of
the description. Reference herein to prior art, including any one or nore
prior art docunents, is not to be taken as an acknow edgnent, or

suggest i onFIEhBtOBAIHE pNVEINEIONT s part of the state of the art. 20 The
rapi dly increasing sophistication of reconbi nant DNA technology is greatly
facilitating research and devel opnment in the nmedical and allied health

fields.5 A ' Ly i t ant ea of research is the use of expression
vect or s t6P@%%%§Mg§%g¥5§gggggPgﬁ?ghbﬁéQE??mﬁﬁpﬁfh%%ﬁﬁ’%gaFﬁﬁPﬁFFﬁﬁoéﬁ%Fysis

-of gene expgésisinaRsdyambegartdulkiledle PyestendAkn plovridl taRkY HestORed d/or
vectors. 25 Reporter assays permt an understanding of what controls the

expr essi oACRATICH VEféeTe PETVIding kinelies of @refein eRNAsSenwethcepovied sarsriipioiehtion
factors, 28, TRNA- bi ndi n rotei.ns, .signal transduction _pat hways
and speci fi (éﬁgﬁﬁﬁﬁ%%ﬁuPFW@?&%HEYQ?§86¥?Q ﬂhgggagkhQﬂvﬁémﬂ?ﬁﬁﬂpdﬁﬂﬂ@ﬁiify
aspects ohsgenfer megulaaig géhetéitgiesﬁ&ﬁ:\é@erﬁﬁyinggn@@?\Mi&s@lﬁ@%ﬁgmaf&f sdREHAREHLI C
interﬁ§ntion in human di sease. Reporter assays can potentially be used to
scr eeh’ dr (751 §1d epEREs fgbiherapguticonigsdgintipn gehemeax psesses onl fokdmwewerceninge cost
and time O S SEP 2005 -2 required for current reporter assay systens,
together with the Iengthy response tines, has I|imted this application.
BACKGROUND OF THE INVENTION

Bibliographic details of the publications referred to by author in this specification are

15 collected at the end of the description.

Reference herein to prior art, including any one or more prior art documents, is not to be taken

as an acknowledgment, or suggestion, that said prior art is part of the state of the art.

20 The rapidly increasing sophistication of recombinant DNA technology is greatly facilitating
research and development in the medical and allied health fields. A particularty Important area
of research is the use of expression vectors to study gene expression. However, until now, a

real-time analysis of gene expression has been Hmited by the lack of suitably designed vectors.

25 Reporter assays permit an understanding of what controls the expression of a gene of interest
e.g., DNA sequences, transcription factors, RNA sequences, RNA-binding proteins, signal

transduction pathways and specific stimuli.

Furthermore, reporter assays can be used to identify aspects of gene regulation that serve as
30 new targets for therapeutic intervention in human disease. Reporter assays can potentially be

used to screen drugs for their ability to modify gene expression. However, the cost and time




Genoni ¢ sequences have pronoter sequences, generally upstream of the SioRizNg
region, which 5 dictate the cell specificity and inducibility of
transcription and thereby affect the | evel of expression of protein
products. Specific sequence elenents, typically rich in the nucleotide
bases A and U and often located in the 3'-UTR of a gene, affect the
stability of the nRNA and thereby affect the |l evel of 10 expression of the
protei n product. RNA-binding proteins bind certain nRNA sequences and
thereby regulate nRNA stability and proteinh expression. O her sequences
modul ate translational efficiency. A common application of gene reporter
assays is t ; &W%% t =+ Pt on.

Typi cal |y, ?ﬁggﬁpgzagéﬁces %ﬁﬂ%%%gg g%ﬂ&ﬁo%ﬁ%ﬁﬁﬁgﬁgFggn%gg?%ﬁ?h%jhg%,Pﬁg
transcri pt ilonitst thistapplitaionSuch DNA el ements are tested by cloning theminto
a simlar site within a reporter plasmd, such that they drive and/or
regul ate transcription and therefore, expression of reporter protein. The
reporter pr W ISt i I i: d
casi |y quang P SaQfs B Bl A2 SHER, Serth P LRABR SR IS o LA we
bei ng | tici fdéstats ehe c2Dspebifoitanpd erduedility rddnshesripsien e Therédaff@t the level of
gal actosi dase (f3-gal).. The reporter protein is quantified in an
appropriatéx%§§éV‘§ﬁHmﬁFﬂﬁﬁﬂ@%bressed relative to the level of a contro
reporter driven by a ubiquitous pronoter such as for exanple the pronoter
SVv40. The control reporter nust be distinguishable fromthe test reporter
and i s conbpécifecsequerzd cknsapatypicelly sck orthté hadlediRic basdsraamsd Echadiiat Idatedhe
test vector %Q%, ed to control for transfection efficiency, Such assays

are based B reff 8&eRhafeeldhr stabdits ofifrepnBpey erbirely €eanlhe larrbant s
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comonly used. The as escribe ove to 1dent ronot er
regi on or thieebg pegilkicc mlNeAesnbtslity3@ndv drbieth axpicesi®t. eOthefl dequarrts eddolaté hey
are used to séudy the response to various stimuli of a A Jtrzu05 -3

promot er oFrdsEgetAeigesenent. I n some applications, the reporter
constructs, or the transfected cells, are placed into an organismto study
pronoter function in vivo. Another application of these reporter assays is

the study Aromemsupgienional sshamepbridranss uctht endy of PNAWSYRnEERIhdteegilné a
specific pronoter. For_ exanple, a pronoter dependent on mtogen
15 Ttranscription. Typically, these sequences are located in the promoter region, 5’ of the
transcription start site. Such DNA elements are tested by cloning them into a similar site within
a reporter plasmid, such that they drive and/or regulate transcription and therefore, expression
of reporter protein. The reporter protein should be distinguishable from endogenous proteins

and easily quantified. Vanous reporter proteins are used, the most common being luciferase,

20 chloramphenicol transferase (CAT) and § galactosidase {8-gal).

The reporter protein is quantified in an appropriate assay and often expressed relative to the
level of a control reporter driven by a ubiquitous promoter such as for example the promoter
SV40. The control reporter must be distinguishable from the test reporter and is contained on
25  aseparate vector that is co-transfected with the test vector and used to control for transfection
efficiency. Such assays are based on the premise that cells take up proportionally equal

amounts of both vectors. Transient transfections of plasmid vectors are most commonly used.

‘The assays described above are used to identify a promoter region or the specific elements

30 within a promoter. Alternatively, they are used to study the response to various stimuli of a




reporter construct and used to neasure the | evel of MAPK activati

MAPK- dependent transcription) in cells. This technique can be utilized
with a variety of informative pronoters or enhancers and can be applied to
cells or living organi sns such as transgenic mce. For exanple, a photon
canera 10 can be used to neasure luciferase reporter activity in whole mce
containing a luciferase reporter linked to a pronoter of interest (Contag,
et al, 1997). Luciferase is by far the npgt. coomonly used reporter assay
for in vitro systens. The Dual Luciferase assay (DLA; Pronega, Madison

W, USA), i i er 1 ych.f i hat
ot h test SasHion s st in @il Rt AR RRREE P Hinatdy
assay. As adligxAMh@dahtoHFRRAIsTUSSud pryhbeafunBlidn praiecol is provided as
foll ows: The putative pronoter elenment is cloned upstreamof a firefly

| uci ferase reporter gene such that it drives its expression. This plasmd

is transiently transfected into a cell line .along wth .

ot asm d contart KeTEHER e ePrTarards G B Rodki By Pl O hoion o
- 2- 50% 5 of parWhes klkark Rf BlspeMfidpra bt XPsrasamb e aRPRbice Bepehdint ol ntlayen The
kinetics of expression_ involve an increase during the first -24 h as

| uci f er aseaqsivatediprotaiadurase YIdd’K) ffen transedptivp can bgdbked sea FapoFe:- WBsRICAgN] he

nunber of | m ds_ nmj.nt.ai he i in. the cell | ines..24-48. . r
et oot i BB WL ARRE Al VAP bl bllSs (E I RPRPScaLRTE phdedidhy iPLOEY

wi t h substTids eshdquseedichittizédwith bebhytylofigitbenase Rodoretdr\ehkancérdsiagihtan

em ssion) is neasured using a lum nonmeter (96 well plate or individual
sanpl es) . bEd@PlsasE Uy Biaseuthesirandgrai: midsi BoT expaplei o0 Gaer y
l.uci f er,as Llow Renilla. i ferase. to.generate |l.ight. . . il]a

ot £ aPaedahtk fre ey AR S! RELRRS oGP SHENF glf oy fiierase

| uci f er asecagier Vhkad toS: peReRASTIhterd30{C Mgy O, P¥omDt er activity, but al so
on transfection efficiency. This varies greatly, depending on the anount
of DNA, the quality of 0 9 SEP 2005 -4 the DNA preparation and the
condi ti onof. ll1s. .. The -transfected control .pl.asm d i

et for aod it e, SRy Brt SubOb BB B FoofiSatt Ry T PR PR, FhEpual
vari abl es Lubdsest egay (BIARrEdinges, tiadiséienwit] BIsSlayciid an asprachicui byerl Sther
proportional _to the amount of firefly luciferase plasmd taken up by, the
cel | s.15 Datupiigrase bagsdeysems Hsthatibot fegt and sprisplgsrortas cpy pysgntjalirbg maagired in

the same assay. As an example of current use, a typical DLA protocol is provided as follows:

activated protein kinase (MAPK) for transcription can be |inked tqg% PSF 245

The putative promoter element is cloned upstream of a firefly luciferase reporter gene such that
it drives its expression. This plasmid is transiently transfected into a cell line, along with a
20 control plasmid containing the Renifla luciferase gene driven by the SV40 promoter. ~2-50%
of cells take up plasmid and express the reporters for ~3 days. The kinetics of expression
involve an increase during the first ~24 h as luciferase protein accumulates, followed by a
decrease from ~48 h as the number of plasmids maintained within the cells dechines. 24-48 h-
after transfection, cells are harvested and lysed. Cell lysates are incubated with substrates
25  specific to firefly luciferase and activity (light emission) is measured using a luminometer (96
well plate or individual samples). Additional substrates are then added, which inactivate firefly
luciferase but allow Renilla luciferase to generate light. Renilla luciferase activity can then be

measured.

30 The level of firefly luciferase activity is dependent, not only on promoter activity, but also on

transfection efficiency. This varies greatly, depending on the amount of DNA, the quality of




5 luciferase activity. The di sadvantages of the Dual Luciferase a%ﬁ@’r 92035
as follows: (i) Reagents are expensive and perishable and nmust be freshly
prepared. 10 (ii) Generally this assay involves the preparation of cell

| ysates, which is tine consumng and adds inaccuracy. e.g., loss of cells
during lysis, pipetting errors, residual buffer/mediumaltering vol unes.
(i1i1) Each sanmple yields only one datum point being the total activity of
the cell population. 15 No information is gained concerning the percentage
of cells that express the reporter, nor _zthe anount of expression per cell.
(iv) The transfection control (Renilla) does not always correct for huge

) I f f
br epar at 1 orfee PR TR toaaRs BiesoRtii o Tesihage SrsameG bbb s toon
of super coifl,§e: IRy ed b t&%mﬁ,&%ﬁeﬂ 18 uSQN HPREATLN theSILCARBRS, taled éme_

anount of co-transfected contr plasmd. 25 30 There is evidence of
cross-t al k poahme gt tAzei/for lonbtresesactfity heepoportiphasioi tts munhof ﬁlhaﬁn/ lewferasel

reporter aCIVI i s dependent, on the constryct with which it -,
transf ect ed) as@“ij}/ake%k’ﬁr@é&eo‘f'?ﬁléf BF@érﬁr‘F F@fFﬁfEa@ér%\fAE’éyé Sﬁlaﬁ%‘@g’t F&ﬁ'@ﬁaco-
transf egt eg, \Welle gc[p,lngsm d containing a strong pronoter. Interference
between pronmoters hasS also limted, if not prevented, the use of single

pl asm ds expre55| ng both test and control reporters. 1 9 SEP 2005 -5 5 c.
A common I iication of both transcriptional ?‘ngﬂ @ost transcriptional

st udi es ‘f‘é)‘s 30iaess b PutlilSRIEalRs s d o Srious stinuli (e.g.,
PMA,  EGF, (J"O" n??&fg%l):ts an@EﬁéWéxﬁlp\énslﬁyﬁ%d RR¥t bd HeWpﬁb%l@@.bl y many ot her

10 (i)  Generally this assay involves the preparation of cell lysates, which is time consuming
and adds inaccuracy. e.g., loss of cells during lysis, pipetting errors, residual

buffer/medium altening volumes.

(i)  Each sample yields only one datum point being the total activity of the cell population.
15 No information is gained concerning the percentage of cells that express the reporter,

nor the amount of expression per cell.

(iv)  The transfection control {Renilia) does not always correct for huge variation in

transfection efficiencies because:

20
a. Certain DNA preparations transfect/express poorly (perhaps due to reduced
proportion of supercoiled DNA), but do not cause a corresponding decrease in
the amount of co-transfected control plasmid.
25 b. There is evidence of cross-talk between the promoters of the two plasmids, such

that control reporter activity is dependent on the construct with which it 1s co-
transfected, e.g., expression of Renilla luciferase seems highest when co-
transfected with a plasmid containing a strong promoter. Interference between
promoters has also limited, if not prevented, the use of single plasmids

30 expressing both test and control reporters.




ubi qui tously expressed pronoters are activated by a variety of sti @ujiSEF 2065
Since these pronoters are used to drive expression of the transfection
control reporter (Renilla), these reporters do not give a true reflection
of transfection efficiency follow ng such treatnents. (lbrahimet al.

2000). d. Differences in the half-lives of firefly vs Renilla |uciferase
proteins and perhaps 10 nRNAs nake the whol e systemvery tine-sensitive.

e. Rapidly dimnishing light em ssion, particularly for Renilla luciferase,
require absolute precision in the timngsof nmeasurenent. 15 f. The
relatively long half-lives of Iuciferase proteins and nRNAs, effectively

mask tenporal change in trans | O LIyl or
treatnments). In Cexi s?ﬁ%&“’ﬁ%’s?‘pp ?g%tg]ﬁroa%géqnlpma% B%Sltl SCHBQ%%? %tmﬁeé
assays, candidate el %m%nﬁléasuﬁéﬂﬁuﬂﬂaﬁon/s%@pltegsl@ft wqtanaﬁej\lemamaleégl tmmr BGE oned
into the corresponding region of a reporter vector (e.g., firef

| uci ferase) driven bhormones)stinfortinateinpr W60, eRSé’ucliKaQn(S\Mﬁba(bfY RS\W othainges
in expression relative to lté’ n%% y vector (sane gﬁ& v& ?out nent of
interest) are assurmetP aRPUslY XREssed DIRTROIEF arg 3V AIgd ARA LB PP A8 ¢ h

the prefimnary desciifefhhéigRafastd @ranv@&aﬁys@wn%fmeaﬁﬁéf@&foh@amﬁqmépbabr
plasmd (e.g., Renilla l'uciferase driven by a constitutive pronoter 25 such

as SV40 or RS\/) i s d@etifla) feeciepatidrodandi gweaoruegefidetinn pbransfeaterf ebticany
efficiency. These ﬁa S suffer from ﬁlﬁ? foI I addi ti onal

di sadvant ages: Exi stiPHgV¥e St izealipents- fhrahim ﬂp or post-transcriptional
studi es and have no neans for swtching off transcription. 30 -6 (ii). The
pur pose of these protocols is to study the post-transcriptional effects of
candi date nRNA. el emifferencebiowbeybalf-livd@f Gredly emBaniga bamiferbsproins @ad perhaps

‘transgpi ption of the ort he | evel of DNA..Furthernore, since the
endogghous pr onot er “béﬁgﬁglag%ﬂiéw&o TYHER B g SR U fsed, any

transcriptional effects seen, may have little phy5|olog|cal 5 rel evance.

Systens for studyi ng mRNA stabl lity exist but involve direct neasurenent of
t he nRNA e. Rapidly diminishing light emission, particularly for Renilla luciferase, require

absolute precision in the timing of measurement.

15 f.- The relatively long half-lives of luciferase proteins and mRNAs, effectively
mask temporal changes in transcription (e.g., following various stimuli or

treatments).

In existing post-transcriptional/mRNA stability reporter assays, candidate elements, thought
20 1o affect mRINA stability are cloned into the corfesponding region of a reporter vector (e.g.,
firefly luciferase) driven by a constitutive promoter such as SV40 or RSV. Changes n
expression relative to the empty vector (same vector without element of interest) are assumed
to be the result of altered mRNA stability. As with the preliniinary described transfection
assays, a transfection control plasmid (e.g., Rentlla Tuciferase driven by a constitutive promoter
25  such as SV40 or RSV) is co-transfected to allow correction for transfection efficiency. These

assays suffer from the following additional disadvantages:

(1). Existing vectors were not designed for post-transcriptional studies and have no means
for switching off transcription.

30




rather than a protein reporter. Due to the l|abor-intensive nature (p§§ SEP i)
protocols for quantifying nRNA, such systens are far nore tine consum ng.
10 One system for exanple, utilizes the c-fos pronoter, which responds to
seruminduction with a brief burst of transcription. Putative instability
el ements are cloned into the 3-UTR of a Beta d obin (BBB) construct, which
expresses a very stable nRNA under the control of a serum inducible

(c-fos) pronoter. Transfected cells (generally NIH 3T3 cells) are first
serum starved 15 and then exposed to nedigm contai ning serum The brief
nature of the transcriptional response allows the kinetics of reporter

MRNA degr a io I b . from
the fol lowhg diLsayanr oty blfissd BB OpER b oA e B o

t herefore not apNAakhentsoHoapvd, theseetniend.caR Qlsé hifgct trilssoriptidryoflibe wpetktri n
cells that support serum.inducibility of the c-fos pronoter. For, exanple,
many tumor cel | 3 thedgvekef AtAn Facthesaiorss imse dire endogeiopy promete Oh HSelfdl 0bf

serum 25 (111) 1l GEbho,SHE I RSN ATR) SRULE L) 10 RV oh R fleSh e

serum response, serum e_lf)rlv 1 on ‘causes a Ceé ' ock and subSequent .
addi ti oh of serpgvan®l eases the cells fromthis block in a synchronous
manner. Therefore, nmRNA stability can only be neasured in specific stages
of the cell cycle. 0 9 SEP 2005 -7 (iv). In addition to activating the

-f tivat Jyul t :
i roduce B Uar PR R St Bl S ol B B iR A

stimuli. Salher anthestciagspirierCBhd & tAs Ribbr-fétleWatuie 6f prgSocoBUhqasitifying
Actinonycin_D that inhibit transcription fromall genes. The nRNA | evel s
are neasurBBNn SYCISYREME 8TF [GEMOE: Bt epnHIMENSRNA  degr adation rates. This
systenyi s used to study endogenous genes and suffer fromthe follow ng

di sadvantages: 10 (i). Transcriptional inhibitors are extrenely toxic at
doses requdreagstamcior bhabplefINAzes the c-fos promoter, which responds to serum induction with

a brief burst of transcription. Putative instability elements are cloned into the 3-UTR of a Beta
Globin (BBB) construct, which expresses a very stable mRNA under the control of a serum-
inducible (c-fos) promoter. Transfected cells {generally NIH 3T3 cells) are first serum starved
15 and then exposed to medium containing serum. The brief nature of the transcriptional response
allows the kinetics of reporter mRNA degradation to be followed in a time course. These

assays suffer from the following disadvantages:

(1). This assay is very time consuming and is therefore not applicable to rapid screening.

20 |
(i1).  Can only be used in cells that support serum inducibility of the ¢-fos promoter. For
example, many tumor cell lines maintain ¢-fos promoter activity in the absence of

SETU.

25  (im1). In cells such as NIH 373 cells, which do have the desired serum response, serum
| deprivation causes a cell cycle block and subsequent addition of serum, releases the
cells from this block 1n a synchronous manner. Therefore, mMRNA stability can only be

measured in specific stages of the cell cycle.




stability is often being neasured in stressed or dying cells. (ii)ﬂg SEP 2005
Transcription inhibitors possess nunerous unwanted activities including
stabilization of certain nmRNAs. 15 (iii). The process bl ocks transcription
fromall genes such that many signal transduction cascades are bl ocked,
whereas others are activated. Therefore, results may not be

physiologically relevant. 20 (iv). The technique is extrenely |abor
intensive. (v). The technique is highly variable within and between assays.
(vi). The technique is often not sensitiver enough for transient
transfection reporter assays, 25 particularly in cells with a |ow
Lranstect | opef i GlaARGY: to TRAE SidenB NEEHANSEELALG SARYS! ARIERS A Sifler
vectors and systens for conducti®ng gene® expréssion assays and I n

particul ar post pathanssathiemtrodnd uRAskted vaNSES aid pehalt 1Rssadisofasornleificas
assays that permt a nore real-tinme determ nation of changes in gene
expression. 30 GtigpuBtr 2005 SUMVARY OF THE | NVENTI ON Throughout this
specification, unless the context requires otherw se the word "conprise",
and variations such as "conprises” and "conprising”, will be understood to
inply tbe inehdisdr agkapfcels areSleate@dith QY SucREs AERPDNOLIRID AHD ir0fibif tFin€@miisn Or
steps but not the exclusion of any other integer or step or group of

i nt egers ofAT08t ahgenashd here By lﬁi"ﬁéeéﬁfﬁ ingFesired ppta e FeUrseniot SIS BEHEN by
the specifijc odi t.s describ erei which are intended f the.

pur poses. of e BT bF SRERER RS AT Ea P Sall Sid BETBFB 4k T0ub5e
conposi ti oagadAgap®t hods are clearly within the scope of the invention, as
descri bed herein. 10 In accordance with the present invention, the inventor
has devel oped a series of vectors and nethods which permt inter alia
modul atd Onggnd ”Fr%}lgcqilg}igr%lli%b%rstarrg ré%t%n'a&% tg)g_ig%h{:iﬂ)te\é r%&%/r«gd’ such 'TH&OA{ﬁflIA

real -tinme t erm nat ron of gene expressi o cl'eotrrde sequences are

referred to by seuencefidiantd ht@ursdunbessed SERHRNE ). The SEQ

{11).  Transcription ihibitors possess numerous unwanted activities including stabilization
of certain mRNAs.
15
(iii). The process blocks transcription from all genes such that many signal transduction
cascades are blocked, whereas others are activated. Therefore, results may not be

physiologically relevant.
20 (tv). The technique is extremely labor intensive.
(v).  The techmque is highly variable within and between assays.

{vi). The technique is often not sensitive enough for transient transfection reporter assays,

25 particularly in cells with a low transfection efficiency.

There is a need therefore to develop improved vectors and systems for conducting gene
expression assays and in particular post-translational and post-transcriptional assays as well

- as assays that permit a more real-time determination of changes in gene expression.

30




I D NCs: correspond nunerically to the sequence identifiers <400>1 '<%§%?2ﬂmi
etc. A sequence listing is provided after the clains. One aspectuéi ed
present invention is directed to a construct conprising in operable

| i nkage: 20 a pol ynucl eoti de whi ch encodes a pol ypepti de whose
intracellular half-life is less than 3 hours and a nucleic acid sequence
whi ch encodes an RNA el enent that nodul ates the stability of a transcript
encoded by the polynucl eotide. As used herein the stability of a transcript
may correspond to the half-life of the tganscript. 25 Another aspect of
the present invention contenplates a construct conprising in operable

| i nkage:  a } i es a pol ypeptide whose intracellular
hal f-1ife iggbg?gﬁ?ﬁgﬁﬁﬁgiﬁgﬁ€§N§E§8g nucl ei ¢ aci d sequence whi ch encodes
an RNA el enent that nodul ates the stability of a transcript encoded by the
pol ynucl eoti de; wherein the RNA elenent is a destabilising elenent that
reduces t hellgpegions g specificasion raese theponte3Orefnires atiedraisedhewbddicomptisd’hend
present invention cgontenplates, a constr.uct, conprising in operable 0 9 SEP
2005 -9 1 1 A S5S oeP e fd” SRTEH Bc SaLEE BB SLior Mg W gsaision of

i ntracek| ulaatatibifepkd dreidpSorlefsip drhan ' ' e
whi ch encodes an RTKJIA el .er};ent t hat m)%clil gﬁggﬁsﬁﬁgﬂgtg%i@%ﬂlsg&g?ia%yﬁ%ﬂ%?g%t
encoded by Of fep potrowue! wisetrder siwbre TbE prestid IRNAled snento beslimitedsinabbpd 1) thg

el ement that increases the stability of the transcript. 5 Yet another .
aspect of %ﬁ@d%FE§B%PKW%¢§ﬁFﬁB§h@Bﬁ%gﬁﬁpéﬁﬁgwﬁg%gﬁéFF&EﬂxEﬁHﬁFﬁ§PW§kFHOH
oper abl e bmm.kfaﬁeﬁor@np@dflmwéﬂz%ﬁiduel@, MM R0 BACALES - BodLROE LSy RREY I%ogcggee
whose intracellular half-life is less than 3 hours and a nuclelc aci
sequence whitbhinvagiindess descidpeal lssinabi | i sing el ement  that reduces the
stabiljty of a transcript encoded by the pol ynucleotide. 10 Still another
aspect of the present invention is directed to a construct conprising in
oper abl e  Ihiabkagenca Wil %o YFkantihdauvhi ehiBRRHES G RAIPXRERES 46 MRLSE: and
intracellular half-life is less than 3 hours and a nucleic acid sequence
whi ch encoB@8odnvIRNAPerast alir|d/isi meddhtemeamd delvaimination of transcript stability and/or

improved real-time determination of gene expression.

15 Nuclectide sequences are referred to by sequence identifier numbers (SEQ ID NO:). The SEQ
D NOs: correspond numerically to the sequence identifiers <400>1, <400>2, etc. A sequence

listing is provided after the claims.

One aspect of the present invention is directed to a construct comprising in operable linkage:
20 a polynucleotide which encodes a polypeptide whose intraceliular half-life is less than 3 hours
and a nucleic acid sequence which encodes an RNA element that modulates the stability of a
transcript encoded by the polynucleotide. As used herein the stability of a transcript may

correspond to the half-life of the transcript.

25 Another aspect of the present invention contemplates a construct comprising in operable
hnkage: a polynucleotide which encodes a polypeptide whose intraceltular half-life is less than
3 hours and a nucleic acid sequence which encodes an RNA element that modulates the
stability of a transcript encoded by the polynucleotide; wherein the RNA element is a
destabilising efement that reduces the stability of the transcript.

30

In a related embodiment the present invention contemplates a construct comprising in operable




nodul ates the stability of a transcript encoded by the pol ynucl eopi’%ﬁﬂaagmﬁ
wherein the construct 15 conprises one or nore nenbers sel ected

group consisting of: (1) a nultiple cloning site for introducing a sequence
of nucleotides; 20 (ii) a reporter gene; iii) a pronoter for regulating
expression of said transcribable polynucleotide; (iv) a transcriptional
enhancer for enhanci-ng transcription of the polynucleotide; 25 (v) a
transl ati onal enhancer for enhancing translation of the transcript encoded
by the polynucleotide; ( a polyadenylatlgn sequence; 30 (vii) a selectable
mar ker gene; and 0 9 SEP 2005 -10 viii) an origin of replication Even

still anot f resent . inventiaon cql

contalnlnghg&ﬁgr Eruc?ia%@cgﬁ %enmpksfﬁ@)ﬁfggg 0ﬁﬁ&§ﬂ?&8% @3ﬁ§ﬁ?§ﬁﬁ§ﬁpﬂ
oper abl e | i3nkage and@apRknUsi€Qtd @8 MULSh ShBRGOIERNA Qlehbéﬁﬁ%{ %d%@e%eme
intracellular half-life is less than 3 hours and a nucleic acid sequence

whi ch encod@bﬂ&hORMAH@MenehﬂKmHaibwnmahaiﬁawkhed$twﬁm¢mtmedﬂva ¢lemnasicisi pt

encoded b he pol yn eotide. Sti aspect of the present

i nvention g% éWﬁF%%é HméHFFmg§ﬁ$ Wﬁ?ﬁ t§%H§T$ﬂE& 10 according to the
presentsinvention conprising in operable | i nkage: a pol ynucl eoti de whi ch

encodes a pol ypepti de whose intracellular half-life is | ess than 3 hours

and a a nuttieinoitac h@ec!ge‘qhemeenwmehti@ncconl@ﬂplam R sdest (ainiqidseigrig opk@brNt

t hat reduce the s abl té Ohgﬁ trapscri pt encoded by the poI nucl eot i de.
15 A rel at! 35%5‘ HES MREP SREC eﬁ\?éﬁ??f&ﬁpeb’ﬁ%‘?tﬂi&r@%@ yereelitlan hajt-lite

modi fi ed noRsHuERA h%ﬁﬂaaﬂﬂ%rﬁ‘ucl‘éfarﬁgfds%hﬂ&m@-w@i@hyeﬂy&ieg%é]an 3&%.%&&%39%{

pol ypepti de whose intracellular half-life is |ess ours

nucl ei ¢ achd rebgaetcstapfiity hf 2hevdsst anolRiihethe peiyhuditatdenodul at es t he

stablllty of a transcript encoded by the pol ynucl eoti de.
Still another aspect of the present invention is directed to a construct comprising in operable
linkage a polynucleotide which encodes a polypeptide whose intracellular half-life is less than
3 hours and a nucleic acid sequence which encodes an RNA destabilising element that
modulates the stability of a transcript encoded by the polynucleotide, and wherein the construct

15 comprises one or more members selected from the group consisting of:
(1) a multiple cloning site for introducing a sequence of nucleotides;

(11) a reporter gene;

20
(1)  apromoter for regulating expression of said transcribable polynucleotide;
{(iv)  atranscriptional enhancer for enhancing transcription of the polynucleotide;
25 - a translational enhancer for enhancing transiation of the transcript encoded by

the polynucieotide;

{vi)  apolyadenylation sequence;

30 (vii)  aseclectable marker gene; and




20 Yet a further enbodi nent of the present invention contenplates a nethod
for assaying the activity of a transcriptional control element, t{g 3@RH§E§
conprising: - expressing fromthe transcriptional control elenent a

pol ynucl eoti de whi ch encodes a pol ypeptide whose intracellular half-life
is less than 3 hours and which is operably connected to a nucleic acid
sequence whi ch encodes an RNA el enent that nodul ates the stability of a 25
transcri pt encoded by the pol ynucl eotide; and - neasuring the pol ypeptide
produced fromthe polynucleotide. In stilhgyet a further enbodi nent, the
present invention contenplates a nethod for assaying the activity of a
post-transcripti@ngl HMdebr@bgERAY,, the method conprising: 0 9 SEP 2005
-11 expressing froma transcriptional control elenent a pol ynucl eoti de

whi ch encodes a pol ypepti de whose intracellular half-life is less than 3
hours and ich.is operably |inked to. a nucleic acid seﬁ;ence_mhich
encodes t he*58st!@pg Efc?%Pﬁ'%/inM%ﬂ PIESHY FH{cnBpR ARHEMP latsd acehsamainingg ednstiie el
and/ or functiQp j Vi I duced fromth 5

pol ynucl cortder et Seteioh Hvchlfh PRRERRRL WoBpdhAo G sea S et wpicn

i dent i f §i ngnardasielpedipepedes efjpenaaavdliutd haghiclode s tR@ST hduraRaE bl Riclepnadid
control elenent that nodul ates the expression of an RNA transcript froma
first polyPFACPRGSHYHEN EHRteHCRY Astlampy| b sprdubéesihogebilimafadenbaipaencoded

hal f-Tife plQeiSihgssotnan 3 hours, the method conprising: - expressing
froma firé% Ff%ﬁé%r?%t@%nal control element in a first construct the first

pol ynucl eotide which is operably connected to a test nucl eoti de sequence
encodi ng the post-transcriptional control elenent ; -

that is su cted of

expr essi nggﬁﬁf GO Hes BWERACE NI STh U vFdion cosmtaneiates @ msfit cantrining ex oprbtruct
const ruct : i . wWhi.ch_encodes a second pol.ypepti.de
whose Pt oot e G AR BrBAUMALER bl 0pSRRRIE% & bR RO Sy

oper abl y conokstagbitpeptewhest intracdiRbirihd - 156 URACB an WL thdl e nugeeend
pol ypeptide is th _Eane as, or different to, the first pol ypeptide and
wher ei n t REIEBEOHE D CRaIET i iralebiismercimest Breisduges therrsbsle! aganserpt

di fferent ¢hghdeihS thd pinldi@maeri ptional control el enment;

15 Arelated aspect of the instant invention considers a genetically modified non-human organism
comprising a polynucieotide which encodes a polypeptide whose intracellular half-life is less
than 3 hours and a nucleic acid sequence which encodes an RNA element that modulates the

stability of a transcript encoded by the polynucleotide.

20 Yet a further embodiment of the present invention contemplates a method for assaying the
activity of a transcriptional control element, the method comprising:
- expressing from the transcriptional control element a polynucleotide which encodes
a polypeptide whose intracellular half-life is less than 3 hours and which is operably connected
to a nucleic acid sequence which encodes an RNA element that modulates the stability of a
25 transcnpt encoded by the polynucleotide; and

- measuring the polypeptide produced from the polynucleotide.

In still yet a further embodiment, the present invention contemplates a method for assaying the

activity of a post-transcriptional control element, the method cComprising:




20 - conparing the level and/or functional activity of the pol ypeg}@dﬁ; 7065
‘fromthe first and second constructs, wherein a difference betwe t :

| evel and/or functional activity of the first polypeptide and the |evel
and/or functional activity of the second pol ypeptide indicates that the
test nucl eoti de sequence encodes a said post-transcriptional control
element. 25 In yet another aspect, the invention enbraces a nethod for
identifying an agent which nodulates the activity of an
post-transcriptional control elenent thatiinodul ates the expression of an
RNA transcript froma pol ynucl eoti de whi ch encodes a pol ypepti de whose

i ntracel | ularexph@king frdr8 4 FrahREF1ISMANCAIBOYIetent BEIMRIIRA B8O RHILIS IeAGSdes a
expressing froma transcriptional control elenent the pol ynucl eoti de which

i s oper abl yolg@prednwbescadiracs!lwanbalf-feis desk thaselireme enduibich ieeroeds linket to
ost-transcrjptional control, .el enent wherein the expressi.on of the

Bol ynucl eot’ rﬂgiﬁl%acé%ﬁqiug&ceo‘fﬂlgff ﬁncioﬁgg %‘F88%&@8%}?&%@5%%’%%@%@%ﬁ{] 0 9 SEP
2005 -12 agent ;. ﬂ@@s@iﬂ!ﬁéﬂﬁl&x'fé‘?ab%ﬁfun@ﬂ%a@ﬁcﬁﬁ%ﬂt%‘%l fa¥iptdRtd ?rBPnhtge

pol ypeptide fromthe ©polynucleotide in the presence and absence of t

t est ageéent pobndcleotglsnpari ng those | evel s and/or functional activities,
wherein a difference between the 5 |evel and/or functional activity of the
pol ypeptide in the presence and absence of the test agent indicates that

the 1est agephiEDuikal @sikBRiAGb LY ALHbOR RRBLNIANSGILRNE WRknEANLGP!

element. In still another aspect, the invention contenplates the use o
const ruct ¢nsoti¢rea prepranatriptinaf congrok ietenfent that @midufayésnipe oxpassayiofgat REA

activity of a post-transcrjpti.onal] control elepent that 10 nodyl ates_t.he

ot osst onrapeRStHa & R BhhBRoGHRY G5 46 Glas S mbpavi b osh e luangar i

‘pol ypet i de 100 @58 3 Kur2aR! hathad chabfisihife is Iess than 3 hours, the

construct conprising a transcriptional control elenent that is operably

connected to thexpetsygucorect fidetrammdriptichadppmgo! cdérmentfior fint coduotnde dirst
i ost-transcriptional control

ol amont | TS HCGORT Y RED " SRURD B Do R ERLTFASSRE B TR Rt
i-denti fyi n@cadihg BRI RiiseMonaPMNLRN clefleg®ENt , the method conpri sing:
- expressing from a second transcriptional control element in a second construct a
15 second polynucleotide, which encodes a second polypeptide whose intracellular half-life is less
. than 3 hours, but which is not operably connected to the test nucleotide sequence, wherein the
second polypeptide 1s the same as, or different to, the first polypeptide and wherein the second
transcriptional control element is the same as, or different to, the first transcriptional control
element;
20 - comparing the level and/or functional activity of the polypeptides from the first and
second constructs, wherein a difference between the level and/or functional activity of the first

polypeptide and the level and/or functional activity of the second polypeptide indicates that the

test nucleotide sequence encodes a said post-transcriptional control element.

25 In yet another aspect, the invention embraces a method for identifying an agent which
modulates the activity of an post-transcriptional control element that modulates the expression
of an RNA transcript from a polynucleotide which encodes a polypeptide whose intracellular
half-life 1s less than 3 hours, the method comprising:

- expressing from a transcriptional control element the polynucleotide which is operably

30 connected to a nucleic acid sequence which encodes the post-transcriptional control element,

wherein the expression of the polynucleotide is carried out in the presence and absence of a test




- subjecting a construct to conditions sufficient for RNA and prﬁt@irﬁgp 623“5
synthesis to occur, wherein the construct conprises in operable geT  a
nucl eoti de sequence suspected of 20 having transcriptional control
activity; a polynucl eotide which encodes a pol ypepti de whose intracell ul ar
half-l1ife is less than 3 hours and a nucleic acid sequence that encodes an
RNA el enent that nodul ates the stability of a transcript encoded by the
pol ynucl eoti de; and - detecting production of the polypeptide fromthe
construct. 25 In still a further aspect,. iphe invention provi des a nethod
for identifying a post-transcriptional control elenment, the nethod

conpri si ngaagentexpressing froma first transcriptional control elenent in a
first construct a first polynucleotide, which encodes a first pol ypeptide
whose i ntracel t ulragastvadd thd flevel sndess fuha@mna! attoutys oarntte OpPyBERI O0Em wicc h
is operably linked. taq test nucl eic acid sequence whjch is suspected to
encoge a pégb@“é?ﬁﬁ@d?f IF%ﬁHV“H@ﬁWF@FGéggﬁﬁﬁﬁFgﬁﬁdmyiexpressing froma

second transcri Q%P%g zﬁQ&Hé@ls ﬂd%ﬁﬂﬁctio’ﬁfagabcg@ﬁ%%& ARG difilreRee f‘\ﬁ?@ﬁhe

pol ynucl eot i de, encodes a second po ptide ose Intrace

hal f-1i15 e lesellaed/or fibictitraha@ivitpuf giec polipepddeah tlieprevehiccaperabbinge 6 DB est &gkt 0
the test nucleic acid sequence, wherein the second polypeptide is the sane
as, or di fiPeraRt hapthedgsbagant wdyaiey Juptctddy obthe PRHeErEF iRl copBdhfdement.
transcriptional control element is the sane as, or different to, the first
transcriptional control elenent; and - detecting a difference between the

| evel and/lostull amahéronpdctabt invettyonofontdmeplites s usd Of podrgpept:h de: pepdudcadof r om

the first canstruyct. and the | evel and/or functional _activity of the second
pol ypept i A& prddEEHY R S BHYIEBRE FGUREN 8 A ROFL-Irier RN KentEr relepa daat

i.ndi cgpes of fifated i %ﬁ‘?}%ssiPHQerei EraRGH t%ﬁ&%ﬁ%@%} 5}0 RORLEL ASA LRiJsenal
control elenent. Sti a further aspect of the invention contenplates a
nmet hod f opobps@ydenghbdeanaedeilviatr ynatfflifa is 1&stthans croupy itlen abnstant tahpedisgant |

t he net hod conpr.ising: - expressing fromthe transcriptional control
el enent a'BBIYA H_@vaéag*?ta% cificehthae Saesblygopeicisdpiicaro wBinpelidr Ay’ acloming
prot ei n- dest abi ilnir&hﬂgn§E%RBti@@Qeq%ill&hwh§h%ﬁﬁ5@é§| Ve (bggknﬁﬁs@gptﬁ&lat)??ﬂ%l eic

aci d sequence which encodes an RNA el enent that nodulates the sta ity of
a element.

15
In a further aspect, the mvention encompasses a method for identifying a transcriptional control
element, the method comprising:
- subjecting a construct to conditions sufficient for RNA and protein synthesis to occur, -
wherein the construct comprises in operable linkage: a nucleotide sequence suspected of
20 having transcriptional control activity; a polynucleotide which encodes a polypeptide whose
intraceltular half-hfe is less than 3 hours and a nucleic acid sequence that encodes an RNA
element that modulates the stabihty of a transcript encoded by the polynucleotide; and

- detecting production of the polypeptide from the construct.

25  Insull a further aspect, the invention provides a method for identifying a post-transcriptional
conirol element, the method comprising:

expressing from a first transcriptional control element in a first construct a first

polynucleotide, which encodes a first polypeptide whose intracellular half-life is less than 3

hours _ and




transcri pt encoded by the pol ynucl eotide; and 20 - neasuring the |evel
and/or functional activity of the pol ypeptide produced fromthe ggnsgﬂlmmﬁ
Yet anot her aspect of the invention enbraces a construct -conprising in
operabl e Iinkage: a polynucleotide which encodes a pol ypeptide conpri sing
a protein-destabilising elenment, and 25 a nucl eic acid sequence which
encodes an RNA el enent that nodul ates the stability of a transcript
encoded by the polynucleotide. Still another aspect of the invention
features a nmethod for assaying the actiyjfy of a transcriptional control
el enent, the nethod conprising 30 - expressing fromthe transcriptional

control el %ﬂ%ﬂtl% gpde?%ﬁ/’ ﬂHfEédem ol e nl"ﬁal%*lc%”s%ﬁﬁjen%e i C{j_l)jOL YR gétleé’% &39%% 2605

oper ably connec nuc elc aci'd seqguence whi €s an

-1_b  RNA ghetefiorahednuopeehahesand he stablllty of a transcrlpt encoded by
the polynucl eotide; and - measuring the |evel and/or functional activity

of the pol ypept |eaer69?1@gnﬁ@émfsqe@wﬁttr@scrmmﬁrmrol (3}6)1191181203 ze):ondlc:@nstsmlt BF

DESCRI PTI ON u e lis che t

expr 6551 o VRIS ERANS Hh cqeetstiFraf b HEREM Al e Rhess
schematsi C (h8PT BS@B L WALHOE nbff FREGIY BIrnefled RPRE tar nm&& Qélﬁ,se(ﬁleglb'é th%?elﬁ hows
vector series 2; Flgure 2b shows vector series 3 and Figure 2c shows

vector serthegcand Folgeapeidg 14 the aarge h‘er@aﬁlf&rq:rem,eh@ﬁtsapobpemfde&n@wh@cm tbaal
transcription.reporter %ectOHS re 3a ShOMﬁ%fect?r seéies 5 and F&gure
3b shows VECPTALEFPELNY COY'EP e&h"r“ 1“ P 8240° &% BT % M WshT &S r R g1
reporter veatflefnidt spliudyi ng post- transcrlptlonal regul ation; Figure 4a
shows vector series 7 and Figure 4b shows vector series 8. Figure 5is a
graphical r epf edelntiag @rﬁlﬁﬁowmgetwggortluéeﬂevattand/pt yurggiopalnedy iy eofagpai first  t he

g‘ﬁcg‘ d nt %;{ ltp%](? u]?:f% C{he ﬁrs? Icglg]sltreuct ané t% ?{R%{z? d/grnfuggtlonapllc%ﬁfri?y%f the
second polypeptide produced from the second construct, wherein the difference indicates that

the test nucleic actd sequence is a post-transcriptional control element.

Still a further aspect of the invention contemplates a method for assaying the activity of a
15  transcnptional control element, the method comprising:
- expressing from the transcriptionél control element a polynucleotide which encodes
a polypeptide comprising a protein-destabilising element and which is operably connected to
a nucleic acid sequence which encodes an RNA element that modulates the stability of a
transcript encoded by the polynucleotide; and
20 - measunng the level and/or funcﬁonal activity of the polypeptide produced from the

construct.

Yet another aspect of the invention embraces a construct comprising in operable linkage: a
polynucleofide which encodes a polypeptide comprising a protein-destabilising element, and
25  a nucletc acid sequence which encodes an RNA element that modulates the stability of a

transcript encoded by the polynucleotide.

Sull. another aspect of the invention features a method for assaying the activity of a
transcriptional control element, the method comprising:
30 - expressing from the transcnptional control element a polynucleotide which encodes

a polypeptide and which is operably connected to a nucleic acid sequence which encodes an




was mxed at a 30:1 ratio with a separate plasm d encoding Renilla

| uci ferase. Both DNA preparations appeared normal in spect rophoﬂ@@ﬁﬁ?ﬂﬂﬁ
(0D2601280) and on et hidium brom de stained agarose gels (data not shown).
Different volunes of this mxture were transfected into cells such that
the total quantity of DNA was 1, 2 or 3 mcrograns but the ratio of firefly
to 20 Renilla plasmds renained the sane. Fig. 5A is a graphical
representation showing that Renilla luciferase activity was dependent -on

t he ambunt of DNA transfected. Fbmever,éé%refly | uci ferase activity (Fig.

5B) did not increase with increasing amdtnts of DNA, perhaps because the

firefl ' 25 of lity. Co tly, the
Fireflys Rentrh Seriset 5o EPgRa@Ry vk Rara P pprearry b bbgtizetide: and
measure of the. frhéa@tnkﬂga RQ8RA §hd/BCHiViidAl aMAk Q¢ ﬂ&omy;%&ia@'ﬁyo&ép@ﬂ%ﬁ&eoﬂ

t he ambunt of DNA used. These data denonstrate that Co-transfections wt
Reni | | a pl exwirdst. do not adequately control for the transfection efficiency
of the firefly plasmd 30 Figure 6 is a graphical representation show ng
reporter activity for various pronoter systens using the Dual Luciferase
Assay. Six different pronoter fragnents (nunbered 1-6) were cloned 0 9 SEP
2005 -14 into pA3 firefly luciferase plasmids. One mcrogram of each clone
was co-transfected with 30ng of Renilla (transfection control) plasmd,
driven by an SV40 pronoter. Firefly and Renilla luciferase activities were
measured using the Dual Luciferase Assay (Pronega, - Madison, W, USA)
Results are expressed as Renilla luciferase activity (A, Firefly
luciferase 5 activity (B) and firefly divided by Renilla activity (C).
Simlar results were seen in nultiple experinments using at |east 2

di fferent preparations of each construct. Renilla luciferase activity (Fig.
6A) is intended as a transfection control and analysis of this result

al one woul d suggest an unusually high variation in transfection efficiency.
For exanple, 10 Renilla luciferase activity is 3.5 fold higher when
co-transfected with construct 4 conpared to co-transfection with construct
3. Variations in DNA quality or errors in the quantification of DNA seem
unlikely as sources of error since the sanme pattern was seen with a
separate set of DNA preparations (data not shown). 15 Firefly luciferase
activity (Fig. 6B) is influenced by both transfection efficiency and

di fferences:




bet ween pronoters 1-6. The pattern of differences is simlar to that seen
wth Renilla (Fig. 6A). For exanple, 3 and 6 are |ow whilst 4 an%dggﬁrzuﬁa
hi gh. However these differences between constructs are nore mar@ t
firefly (e.g., construct 4 is 12 fold higher than construct 3), suggesting
that the activity of pronoters 1-6 is sonehow affecting expression of
Renilla (or 20 vice versa). Firefly/Renilla (Fig. 6C) is considered to be
a nmeasure of true firefly pronoter activity (1-6) after correction for
transfection efficiency (Renilla). Again-&3simlar pattern is seen,
suggesting that indeed 3 and 6 are the weakest pronoters whilst 4 and 5
are the str i i { that pronoter activity (Fig.
6C) coi nci (#e}%gffp?Sg)i#ﬂr@ﬁg{Negﬂéﬁ l?ggﬁt e(g%i on efficiency (Fig. 6A), this
possibility seens extrenely unlikely given that simlar results were
obtained wth numerous different constructs and nultiple different

prepar at i oRdgaE liiha sehematie spstseiation of xpsedervaroFreencoding § desahilispemRiNe| of
expression of Renilla luciferase is affected by the strength of the
pronoter construct with which it is co-transfected. Consequently, apparent
di f f er encegigusd?2 Rt whead 1epfeietasion obtrafs@iguol edpyriéraelibrsgRigirdarskord vaalor on
of the true differences. 0 9 SEP 2005 -15 Figure 7 is a graphical

r epr esent atdrien 2shigwierdp diofs apeinr serigpd pné Figuemds| s§ovpyecerseigms2, BTG  and
BTA N4 expression vectors on a tine course after bl ocking transcription.
Tet-OfHeLa cells were transfected with the follow ng reporter plasmds,
each cont aFighfdg3 & alddbeRiRRpREentdtionkEBild@edionBINARE@IH1GE FppriBTiectors; Figure
(luciferase), BT& (d2EGFP), BTG (dl1EGFP) and 5 BTG N4 (sane as BTG but
wi th 4 coplashowf vester seoigairend £ showsrveslenserichdt he  3' UTR- encodi ng
regio y Ten hrs after transfection, each flask of cells was split into
multipl'e small plates. Doxycycline (I Oglml) was added at 24 hrs after
transf ect iggukd 4 [€a Z@eMatit eppbRftkition bARGSFHEDIdcR B stdging goel-frefsciptitasal
Reporter levels (fluorescence or |um nescence) were neasured at this and
subsequentregilatiom Figurs 4a shovwdesetor bettsi7mnibEigst ¢b SwwsarelopsBiseEtt ed as the 10
percentage of tine zero. No decrease in luciferase activity (BTL) was seen
during the 10 hr time-course. The 2 hr half-life EGP construct (BTQR)

showed a nmgdgfes §s hasRMGE rdfRedchRiiofl QKNEME kMl UGS sk B@ksurd against the
transcription and a Taster response was seen with the 1 hr half- |ife EGP

(BTG )15 TrenauohsfPNAttransfacted. i sinele BN Apreaaretion (f B plasm) encodng fieally lshiswed by
was mixed at a 30:1 ratio with a separate plasmid encoding Renilla luciferase. Both DNA
preparations appeared normal in spectrophotometry (OD260/280) and on ethidium bromide
stained agarose gels (data not shown). Different volumes of this mixture were transfected into
cells such that the total quantity of DNA was 1, 2 or 3 micrograms but the ratio of firefly to

20 Renilla plasmids remained the same.

Fig. SA is a graphical representation showing that Renilla luciferase activity was dependent
on the amount of DNA transfected. However, firefly luciferase activity (Fig. 5B) did not
increase with increasing amounts of DNA, perhaps because the firefly DNA preparation was
25  of poor quality. Consequently, the firefly/Renilla ratio (Fig. 5C), which would typically be used
as a measure of the firefly promoter activity, varied considerably depending on the amount of
DNA used. These data demonstrate that co-transfections with Renilla plasmids do not

adequately control for the transfection efficiency of the firefly plasmid

30  Figure 6 is a graphical representation showing reporter activity for various promoter systems

using the Dual Luciferase Assay. Six different promoter fragments (numbered 1-6) were cloned




far the fastest response to this block in transcription. 15 Fig gdggésaﬂ
graphi cal representati on showi ng the data used for Fig. 7 displji b
| i near scale. The doxycycline-induced block in transcription is detectable
as a 50% block in reporter levels after approximately 6.5 hrs with BTA.
However, this is reduced to less than 3 hrs by inclusion of the nonaners
(BTGIN4) 20 Figure 9 is a graphical representation show ng the effect of
different nunbers (1, 2 or 4) of nonaner RNA destabilising elenents. A

ti me-course was perfornmed as described inl#tg. 7, except with tinme zero
defined as 4 hrs after addition of doxycycline to elimnate the effect of
the delay iipiotdtsr PGNP MchErabdpigsad IonT e rOEBRITeshUorR wisGliPnBRABERth
(BTGLNI') was sufficient 25 to increase the "effective rate of decay,"

wher eas pr o’i@ngsrf |R§eeﬂfy: @mndegen ehfrebtgasmed edsemrbyniit V40 promaivsrisre(lBRGEIN2)
and 4 nonaners . The latter construct sh d an_"effect

hal f-1ife" &t 4a %reserﬁwn%wﬁ eIy Y e DR IS ATShTPTEE e of

the protei fralionewyRigay Regu@tsth% e@cp&é?e&%%luﬂ!z?@h@r%?é’ﬁcﬁ@ t)Q{hp)SPi%’ﬂ BeifeRangi ng

reporter |évels over tine in absence a transcription bl ock. A
t i me- cobir sactwdsy (Berdditrdd dasddidscRebBa activityi(§). Similkosevaryert beendatraltiple
presented represent sanples not treated with doxycycline and neasured at O
9 SEP 2005 SXPESMEAISHERS S (8T 2t4lgﬁr§flbxartepefﬁmzr§t0£reet)h ©RstE#thr s after
transfection (finish). Consistent expression levels were seen only with
BTGLN4A. Figure 11 is a graphical representati on show ng changes in reporter
| evel s oveRerillabuciferatdectiviy éfig efreeis oftcadddrad ngansiptticonaintrb] atkanakss of this

ti me-course was performed as described in Fig. 7. BTAfos contains the

c-fos ARE rega@ncutud Sege 8 Al neh yTaton antansisRan eficikpiyalor example,
dest abjj {eé)ﬂm? u%@@%%c&ﬂﬁ IPE 5%1%%%% %&’ ah 6 A0 &Insﬁ‘ﬂ?ctt/-lcg gh&%gtou I's
a oW ng at

a graphlc representatio estab|I|S|ng el enments are
useful  10co-tardédcaonivith ognsecapr e S&iratonhrDAlquelidyer asersie ferduentifpracdbebh i s
used. A further enhancenent would be_expected using a luciferase reporter

prot ei n wiPNApeemanitkadyas soyracs of ?f@orévr&ﬁé*%ﬁ%amemattﬁmn@ém%éhaé@% bPhed
as descr'QSﬂAhﬂqﬁhﬂmnz0hM§h&Qh$M%j'UC'ferase expressi ng constructs.

15 Firefly luciferase activity (Fig. 6B) is influenced by both transfection efficiency and differences
between promoters 1-6. The pattern of differences is sirnilar to that seen with Renilla (Fig. 6A).
For example, 3 and 6 are low whilst 4 and 5 are high. However these differences between
constructs are more marked with firefly (e.g., construct 4 is 12 fold higher than construct 3),
suggesting that the activity of promoters 1-6 is somehow affecting expression of Renilla (or

20 vice versa).

Firefly/Renifla (Fig. 6C) 1s constdered to be a measure of true firefly promoter activity (1-6)
after correction for fransfection efficiency (Renilla). Again a simlar pattern is seen, suggesting
that indeed 3 and 6 are the weakest promoters whilst 4 and 5 are the strongest. Whilst it 1s
25  possible that promoter activity (Fig. 6C) coincidentally correlated with transfection efficiency
{(Fig. 6A), this possibility seems extremely unlikely given that similar results were obtained
with numerous different constructs and multiple different preparations of the same construct.
It seems more likely that the level of expression of Renilla luciferase is affected by the strength
of the promoter construct with which it is co-transfected. Consequently, apparent differences

30  between promoters 1-6 are likely to be an underestimation of the true differences.




(derived from pG.3- Basic; Pronmega), whereas BTLN6 contains 6 c

nonaner UUAUUUAUU in the 15 3'UTR Figure 13 is a graphical representation
showi ng reporter levels over tinme using DsRed destabilised by RNA
destabilising elenments and protein destabilising elenents. A tinme course
was performed as described in Fig. 7 and Exanple 14. The constructs used
were DsRed2 20 (BTR), DsRed- MODC ( BTR1) a{1d DsRed- MODC contai ning 4
UUAUUUAUU nonaners in the 3'UTR ( BTRI N4) 15 After Dbl ocki ng transcription

wi th doxycycline, red fluorescence continues to increase with all

const r uct s.Fidinied is s greplnsdl acprésahtation souoedl fisrettirepquicoterein fordiddt BIGZ Bl tg

el ement and furt reduced by the nRNA destabilisi.ng el enent. 25 Eigure 14
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(BTGLl). Thémkeddataaesiniengdrieat t BELcHmifraARE B BGANIREGERY, iBEGI dd$EGBP) iasd ng
el ement (BTd nyc) and that a nodest increase in destabilising activi tt%e can

h
be obtai n&d GYHdEes 8 RECH ket wph hrapish ¢y ronsmae A VBT Wi myesent 1g)
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EVMBODI VENTSn&gflatas. DioeischbneBy TeAn RS atdedre2hhrstabier tragfeotiorofiine zero) to block

pol ynucl eot i de downstream of the term nation ﬁodon of a E}r qt ei n- encodi ng
regi on of ‘tr"l”i’éfnp“ﬁﬁl%fﬁﬂ}ﬁlr%eﬂéﬁr‘%hipf?ﬁoﬁt%r Igwls (Hugisicsesdot HPFGATE ) were
protein. 0 o E y "l t

"Bi ol ogi Cg%‘lfz)t/sﬁrgggﬁl/nes a?? glgéﬁpi%eﬁy?rgép&ms, as @5 B ERNapl\BE and BrefG At as BYe
L 10 percentage of time zero. No decrease in luciferase activity {BTL) was seen during the 10 hr

BTL contains the standard Firefly |uciferase-coding region and g;)giJegSEpofzugie

time-course. The 2 hr half-life EGFP constract (BTG2) showed a moderate response to the
doxycycline-induced block in transcription and a faster response was seen with the 1 hr half-
life EGFP (BTG1). The construct containing the nonamers (BTG1N4), however, showed by

far the fastest response to this block in transcription.

15
Figure 8 is a graphical representation showing the data used for Fig. 7 displayed on a linear
scale. The doxycycline-induced block in transcription is detectable as a 50% block in reporter
levels after approximately 6.5 hrs with BTG1. However, this is reduced to less than 3 hrs by
inclusion of the nonamers (BTG1N4).

20

Figure 9 is a graphical representation showing the effect of different numbers (1, 2 or 4) of
nonamer RNA destabilising elements. A time-course was performed as described m Fig. 7,
except with time zero defined as 4 hrs after addition of doxycychine to eliminate the effect of
the delay in the action of this drug. The presence of a single nonamer (BTG1N1) was sufficient
25  toincrease the “effective rate of decay,” whereas progressively stronger effects were seen with
2 nonamers (BTG1N2) and 4 nonamers (BTGIN4). The latter construct showed an “effective

half-life” of ~1 hr 20 mins, which is littie more than the 1 hr half-life of the protein alone.

Figure 10 is a graphical representation showing changing reporter levels over time in the
30  absence of a transcriptional block. A time-course was performed as described in Fig. 7.

However, the data presented represent samples not treated with doxycycline and measured at




. nmeant By "c-fos" is neant By "CAT:" is neant 5 (upstream untran %ﬁ§$% .
region of an nMRNA. Also wused to refer to the DNA regi on encodi ng*t @%@
of the nRNA, a quantity, level, value, dinension, size, or anount that
varies by as much as 30% preferably by as nuch as 20% and nore
preferably by as much as 10%to a reference quantity, |evel, val ue,

di nensi on, size, or - anpunt. an AU-rich elenent in nRNA i.e., a seguence
that contains a hlgh proportion of adenine and uracil nucleotides. A so
used to refer to the DNA regi on encodingl®&uch an nRNA el enent a fragnent

of a full-length reference pol ynucl eotide or polypeptide which fragnment

retains thepsagt hNdridnsdbctivh estart) of 84 BR@ftefifinyBctiIngdihishie Conisigait ypegssioddevels
respectively. an imrediate early gene, briefly induced by mtogenic
signal s Chh@ﬁaﬁwm@mheﬁﬂhﬁaﬁﬁﬂ%rewwferase A bacterial enzyme often used
as a reporter. By "d1EGFP" is neant a variant of EGFP that is fused to a
nmut at ed PEST sequence and consequently has a half-life of only about 1

hour. Si m I@gkpe 119l E%Fﬁ)h%ﬁﬁr&@@rﬁﬁuﬁ‘{s@m@hfgochaﬁg’@ iha§Jofrer Avelsslahihé ethe

vari ant of DsRed could made in the sane way. Henceforth referred to as

dl DsReds 0 aQseSE@oQ@Oﬁmscnpnonal block. A time-course was performed as described m Fig. 7.
BTGlfos contains the c-fos ARE. These data demonstrate that different types of mRNA

destabilising elements can be used to achieve the same effect.

Figure 12 is 2 graphical representation showing that RNA destabilising elements are useful
10 in determining expression when a Luciferase reporter protein is used. A further enhancement
would be expected using a luciferase reporter protein with protein destabilising clements. A
time-course was performed as described in Fig. 7, using two luciferase-expressing constructs.
BTL contains the standard Firefly luciferase-coding region and 3°UTR (derived from pGL3-
Basic; Promega), whereas BTLNG contains 6 copies of the nonamer UUAUUUAUU in the
15 3'UTR

Figure 13 is a graphical representation showing reporter levels over time using DsRed
destabilised by RNA destabilising elements and protein destabilising elements. A ttme course
~was performed as described in Fig. 7 and Example 14. The constructs used were DsRed2
20  (BTR), DsRed-MODC (BTR1) and DsRed-MODC contaimng 4 UUAUUUAUU nonamers
in the 3’UTR (BTRIN4). After blocking transcription with doxycycline, red fluorescence
continues to increase with all constructs. This is substantially reduced by the protein

destabilising element and further reduced by the mRNA destabilising element.

25  Figure 14 is a graphical representation showing a time-course was performed as described in
Fig. 7. All of the mRNA destabilising elements tested were very effective at increasing the rate
of decay compared to controls (BTG1). These data show that the c-myc ARE is an effective
destabilising element (BTG 1myc) and that 2 modest increase in destabilising activity can be
obtained by combining the myc ARE with 4 nonamers (BTGIN4myc). Six nonamers

30  (BTGING) also appeared to destabilise somewhat more than 4 nonamers (BTGlN/:I).




-18 By "d2EGFP" is neant a nmutant form of EGFP variants that is_w%ztej 9405
PEST sequence and consequently has a half-life of only 2 hours.
Simlarly, d2ECFP (cyan) and d2EYFP (yellow) are also available. A
destabilised variant of DsRed could possibly be nade in the sanme way.
Henceforth referred to as d2DsRed. By "dEG-P' is nmeant a general termfor
all destabilised variants of EGFP (including all colors) forned. (Li et
at). By "DNA" is nmeant deoxyribonucleic acid. By "Derivative" is neant a
pol ynucl eoti de or pol ypeptide that has beagn derived froma reference

pol ynucl eoti de or pol ypeptide, respectively, for exanple by conjugation or
conplexing wth other chem cal noieties or by post-transcriptional or
post-translational nodification techniques as would be understood in the
art. By "DpRINILUED DESURIPTIONOFTHD PREFERREDOEMBODEIENES from t he

| ndoPacific sea anenone relative D scosoma species. By "ECFP" is neant By
"EGF" is meant the nutant formof EGFP with altered excitation/em ssion
spectra t hBefifitioor esces cyan colored |ight. Epidermal growth factor By
"EGFP" S5 s neant the enhanced green fluorescent protein. A nutant form of
G-P wi th emywagiced” idmenescence. ( Coriamakgieh @l ). pdByhuckbli&A dovasti@antoftthe

enzyme-| i nked i munosorbent assay ByermEhRBA colisn BERPfotdifen 1B FP @fat Of
the epi dermal growth factor —receptQhoyhafbhiic, Aloh KOUMR MhsHied f produce
protein.
By "5 'UTR" is meant 5’ (upstreamn) untranslated region of an mRNA. Also
used to refer to the DNA region encoding the 5’UTR of
L : the mRNA.
By "About” 1s meant a quantity, level; value, dimension, size, or amount

that varies by as much as 30%, preferably by as much
as 20%, and more preferably by as much as 10% to a
reference quantity, level, value, dimension, size, or
amount.

By "ARE" 1s meant ' an AU-rich element in mRNA 1ie., a sequence that
contains a high proportion of adenine and uracil
nucleotides. Also used to refer to the DNA region
encoding such an mRNA element.

By "Biologically active fragment" 1s
meant a fragment of a full-length reference polynucleotide or
polypeptide which fragment retains the activity of the
{ reference polynucleotide or polypeptide, respectively.

By "c-fos" 1s meant an immediate early gene, briefly induced by mitogenic
signals
By "CAT:" is meant Chloramphenicol acetyltransferase. A bacterial enzyme

often used as a reporter.

By "dlEGFP" is meant a variant of EGFP that is fused to a mutated PEST
sequence and consequently has a half-life of only about
1 hour. Similarly, d1ECFP and dlEYFP are also
available. A destabilised variant of DsRed could be
made in the same way. Henceforth referred to as
d1DsRed.




By "Exon" is neant the sequences of an RNA primary transcript tha@ ?rSﬁPp?%ﬁ '
of a nessenger RNA nol ecule, or the DNA that encodes such sequenCes
the primary transcript nei ghbouring exons are separated by introns. By
"Expression Vector" is meant a vector that allows a cloned segnent of DNA
to be expressed inside a cell. By "EYFP" is neant a nutant form of EGFP
with altered excitation/em ssion spectra that fluoresces yellow col ored
light. 0 9 SEP 205 -19 By "Firefly Luciferase" is neant the enzyne derived
fromthe luc gene, cloned fromthe fireﬂ%/'. Cat al yzes a reaction using
D-luciferin and ATP in the presence of oxygen and My's resulting in |ight
enm ssi on. @ht'eBEGERY isaeantr eport er. BynutEhtdamOyf BGER eariantsshates fuscdtorsel Fiold,
in which live or fixed cell suspensi @afichée andp@lsb@nilp has fal uif-lifet ofretigr2
that individually measures an acti VighyrsOSinRiaf Q{zgyj}:@f(c}aan ﬁ@@m}e(}@g@ﬂ
associated with the cells of the sug}%eans%lag TRAN:] etmgséa ﬁho%D%RéHcould
occur, for exanple, via fluorescent co y
e R A

attached to a speci fic fluorescent

excitation/em ssion wavel engths can %@ E%I si mul t aneously to neasure
different types of fluorescence. Sub-populations of cells wth desired
char act er i By "é8G{P! yoraastence, cel | sigzedralcterm foealhaleatdbibeashvaripats pLEOKSY
statistical analyses apply only to tihdudjag elllcdets) formed.dlvi eyt/onet er s

equi pped with a cell sorting option can physically separ ate cells with the
By "DNA" is meant deoxyribonucleic acid.
By "Derivative" is meant a polynucleotide or polypeptide that has been derived

from a reference polynucleotide or polypeptide,
respectively , for example by conjugation or complexing
with other chemical moieties or by post-transcriptional
or post-translational modification techniques as would
be understood in the art.

By "DsRed" 1s meant the red fluorescent protein isolated from the IndoPacific
sea anemone relative Discosoma species.

By "ECFP" 1s meant the mutant form of EGFP with altered
excitation/emission spectra that fluoresces cyan colored
light.

By "EGF™ 1s meant Epidermal growth factor

By "EGFP" is meant the enhanced green fluorescent protein. A mutant form

of GFP with enhanced fluorescence. (Cormack et al).
By "ELISA" is meant the enzyme-linked immunosorbent assay

By "ErbB2" is meant the second member of the epidermal growth factor
receptor family. Also known as HER-2

By "Exon" 1s meant the sequences of an RNA primary transcript that are part
of a messenger RNA molecule, or the DNA that encodes
such sequences. In the primary transcript neighbouring
exons are separated by introns.

By "Expression Vector” 1s meant a vector that allows a cloned segment of DNA to be
expressed inside a cell.

By "EYFP" is meant , a mutant form of EGFP with altered excitation/emission
spectra that fluoresces yellow colored light.




desired fluorescence and retrieve those (live) cells in a tube SgER sgPeﬂmﬁ
fromthe remainder of the initial cell population. Also referred to as
FACS (fluorescence activated cell sorting). By "Gene" is nmeant By "G-P" is
meant the segnent of DNA that encodes a RNA nolecule. The. term "gene"
sonetimes but not always includes the pronoter region. a fluorescent
protein (Tsien et al), which is isolatable fromthe jellyfish Aequoria
victoria, and which can be used as a reporter protein. DNA constructs
encoding GFP can be expressed in mammal-il@n cells and cause the cells to
fluoresce green |ight when excited with specific wavelengths. The term
"GP s userienpl fefadelGhedp al indaTRhoaRRq Hith ﬁm@%&@é&%loﬁ&ﬁﬂr&ﬂkﬁw
col our variants “and ‘fl uorescent pr ot cQerLye qe&é%ﬁkﬁ qﬂﬁﬁﬂﬁmﬁ g§

th A t , DSRed, é;ﬁ
than Acquoria victoria (e, DSFed, Uidnelocl MG o &' ko

nunber of nolecules to be elin nat eBMISEPNQReYsAd 25 4TePRHERAE " a non- codi ng

sequence within a gene, or its primary transcript, that is renmoved from

t he pri marBy tflansCrompetry anthearg not paeﬁﬂnm,hnwhmhdhwesﬁbwdkmﬁsmax&énQEMERNA

mol ecul e. us SEP 2005 -20 By "Luci f esppsied td s{lo®@plometer that individually measures
an activity or property of a detectable label associated
with the cells of the suspension. Labelling of cells can
occur, for example, via fluorescent compounds or by
antibodies covalently attached to a specific fluorescent
compound. Several different excitation/emission
wavelengths can be tested simultaneously to measure

( I different types of fluorescence. Sub-popuiations of cells
with desired characteristics (fluorescence, cell size) can
be gated such that further statistical analyses apply only
to the gated cells. Flow cytometers equipped with a cell
sorting option can physically separate cells with the
desired fluorescence and retrieve those (live) cells in a
tube separate from the remainder of the initial cell
population. Also referred to as FACS (fluorescence
activated cell sorting).

By "Gene" is meant the segment of DNA that encodes 2 RNA molecule. The
term “gene” sometimes but not always includes the
promoter region.

By "GFP" is meant a fluorescent protein (Tsien et af), which is isolatable
from the jellyfish dequoria victoria, and which can be
used as a reporter protein. DNA constructs encoding
GFP can be expressed in mammalian cells and cause the
cells to fluoresce green light when excited with specific
wavelengths. The term “GFP” is used herein to refer to
all homologues and analogues, including colour vanants
and fluorescent proteins derived from organisms other
than Aequoria victoria (e.g., DSRed, Clonetech; hrGFP,
Stratagene).

By "Half-life" is meant the time taken for half of the activity, amount or number
of molecules to be eliminated.

By "Intron" is meant a non-coding sequence within a gene, or its primary
transcript, that is removed from the primary transcript
and 1s not present in a corresponding messenger RNA
molecule. '




By "MAPK" is neant By "MCW' is neant By "MCS' is meant By "
the comonly used reporter enzyne that catal yses a reaction, wﬂ%rﬁ%

to light em ssion. Exogenous substrates are added and the reaction is
quantified using a lum noneter. The substrate requirenents for firefly

and Renilla luciferases are different, allowing the two to be

di stingui shed in the Dual Luciferase Assay (Pronega, Mdison, W, USA).

M togen Activated Protein Kinase. Includes several different kinases
involved in intracellular signal transdu¥tion pathways that lead to growth
or apoptosis (cell death). The term "MAPK" is sonetinmes used in reference
to two spe@yfilac)dNEsis medd and Er k2 thd exhmask| usbdrepopghleatyett Kianaselysek and
2). Mnimal "CW pronoter. Does not agticak ewhicRNSAdsi @t light erﬁf&slbﬁSE%gbnbuﬁ

can be linked to a THE to provide ffil
transcri pt ion. Multi pl e d oni ng Si te§ EEIS%% e%ﬁd&a@Gt edfié% lj@eﬁttl eﬂy
C

contains unique restriction enzyme ré;‘:lfggﬁ Q:Ige’{ E‘? %%bsg?

fragnment can be inserted. The term nitlg ugidergsep ghe Giferend; lﬁ’w“?ﬁ:atpﬁ&%%tany

other site that assists the insertibndistingoighed ndemiaval LupifireseiseaniBromsea,

For exanple, a T overhang (Pronega, WdlsgmnYﬂ\NS,A) USA), which allows direct

I nsertion of fragnments generated by pol ynerase chain reaction (PCR).

Messenger BWNAYARK®tgmeatri pt” produckghobéh actiehtbd P31 Kinase. Includes several
different kinases involved in intracellular signal
transduction pathways that lead to growth or apoptosis
{cell death). The term “MAPK” is sometimes used in
reference to two specific MAPKs, Erkl and Erk2

9 (extracecitular regulated kinases 1 and 2).

By "MCMV" is meant Minimal CMV promoter. Does not activate transcription
on its own but can be linked to a TRE to provide
tetracycline (and doxycycline)-dependent transcription.

By "M(CS" is meant Multiple Cloning Site. The region of a DNA vector that
contains unique restriction enzyme recognition sites into
which a DNA fragment can be inserted. The term
“MCS” as used herein, also includes any other site that
assists the insertion of DNA fragments into the vector.
For example, a T overhang (Promega, Madison, W1,
USA), which allows direct insertion of fragments
generated by polymerase chain reaction (PCR).

By "mRNA" 1s meant Messenger RNA. A “transcript” produced in a cell using
DNA as a template, which itself encodes a protein.
mRNA s typically comprised of a 5’UTR, a protein
encoding region and a 3’UTR. mRNA has a limited half-
life in cells, which is determined, in part, by stability
elements, particularly within the 3"UTR but also in the
5"UTR and protein encoding region.

By "MODC" is meant Mouse ornithine decarboxylase or the portion and/or
derivative thereof containing a PEST sequence.

By "Modulating” is meant increasing or decreasing, either directly or indirectly, the
stability of a molecule of interest.




'DNA as a tenplate, which itself encodes a protein. nRNA is typic h
conprised of a 5'UTR, a protein encoding region and a 3' UTR WRNﬂ%%%EEi 2

limted half- life in cells, which is determned, in part, by stability

el enents, particularly within the 3 UTR but also in the 5" UTR and protein

encoding region. By "MODC is neant Muse ornithine decarboxyl ase or the

portion and/or derivative thereof containing a PEST sequence. By

“"Modul ating"” is neant increasing or decreasing, either directly or

indirectly, the stability of a nolecule-df-interest. 0 9 SEP 2005 21 By

"operably connected' or "operably |inked" and the like is nmeant a |inkage

of pol ynuclgot,de el SIRatsr bidefdspctional  rel ationship. A nucleic acid is

oper ably |3 pCgWCd § meafe Pl aced d fhihed dr PhHirueRBtiad BleAbh@NAN Rurthibihi
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protein coding regions, contiguous a&nbancer is@aerahly linkadwo a godisaispapesegifahce

is "operably 1linked to" another codiaffgctsetpoetnzecnpigm RAthepobyiner sswendcl |

transcribe the two codi ng sequences QOpetablyalirsied gleaniiBi¥he whilele ackl dehaances

translated into a single polypepti dgegViifgdanicnepicilds coifizhyed ahd ormees h

codi ng sequences. The coding sequenc«3@06_%%[.3);0}05@11:l np&pro%‘éﬂ{‘édcﬁ%!égi&@c&ﬂ%uous

another so long as the expressed and in reading frame. A coding sequence is "operably
linked to" another coding sequence when RNA
polymerase will transcribe the two coding sequences

{ into a single mRNA, which is then translated into a

' single polypeptide having amino acids derived from both
coding sequences. The coding sequences need not be
contiguous to one another so long as the expressed
sequences are ultimately processed to produce the
desired protein. "Operably connecting” a promoter to a
transcribable polynucleotide is meant placing the
transcribable polynucleotide (e.g., protein encoding
polynucleotide or other transcript) under the regulatory
control of a promoter, which then controls the
transcription and optionally translation of that
polynucleotide. In the construction of heterologous
promoter/structural gene combinations, it 1s generally
preferred to position a promoter or variant thereof at a
distance from the transcription start site of the
transcribable polynucleotide, which is approximately the

P same as the distance between that promoter and the gene

it controls in its natural setting; 1.e.: the gene from which
the promoter is derived. As is known in the art, some
variation in this distance can be accommodated without
loss of function. Similarly, the preferred posttioning of
a regulatory sequence element (e.g., an operator,
enhancer etc) with respect to a transcribable
polynucleotide to be placed under its control i1s defined
by the positioning of the element in its natural setting;
i.e. the genes from which it 1s denved.




sequences are ultimately processed to produce the desired protein :
"Qperably connecting” a pronoter to a transcribable pol ynucl eoti dg% §EP 2005
meant placing the transcribable polynucleotide (e.g., protein encoding

pol ynucl eoti de or other transcript) under the regulatory control of a
pronoter, which then controls the transcription and optionally translation
of that polynucleotide. In the construction of heterol ogous
pronoter/structural gene conbinations, it is generally preferred to
position a pronoter or variant thereof at22a distance fromthe
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shortened half-lives.

- By "Piasmid" is meant a Circular DNA vector. Plasmids contain an origin of
: replication that allows many copies of the plasmid to be
produced in a bacterial (or sometimes eukaryotic) cell
without integration of the plasmid into the host cell

DNA.

By "Polynucleotide” or "Nucleic acid"

1s meant linear sequences of nuclectides, including DNA or
RNA, which may be double-stranded or single-
stranded..

By "Polypeptide", "Peptide" or
"Protein" 1s meant a polymer of amino acids joined by peptide bonds in a
specific sequence.

By "Promoter" 1s meant a region of DNA, generally upstream (5°) of the mRNA
encoding region, which controls the initiation and level
of transcription. This term also includes within its scope
inducible, repressible and constitutive promoters.

By "PMA" is meant Phorbol myristoloic acid

By "Renilla Luciferase" is meant that derived from sea pansy (Renilla reniformis), utilizes
oxygen and coelenterate luciferin (coelenterazine) to
generate light emission

By "Reporter Vector" is meant a expression vector contaimng a “Reporter Gene” that
encodes a protein or polypeptide (or mRNA) that can be
easily assayed. Typically, the reporter gene is linked to
regulatory sequences, the function or activity of which,
1s being tested.




synthetic polyadenyl ation sites can be used in expression vectorg§@ff 1385
purpose. The term "PEST' refers By "Plasmd" is neant By "Pol ynucl eotide"
or "Nucleic acid® 1is nmeant to an am no acid sequence that is enriched with
the amno acids proline (P), glutamc acid (E), serine (S) and threonine
(T). Proteins containing PEST sequences have shortened half-lives. a
Circular DNA vector. Plasm ds contain an origin of replication that allows
many copies of the plasmd to be produced in a bacterial (or sonetines
eukaryotic) cell wthout integration of-23he plasmd into the host cell

DNA. |inear sequences of nucleotides, including DNA or RNA which may be

doubl e- st r g "y t randed. " Rol i et sein B8Rl that i
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specific sequence. By "Pronoter" is ne a 1 on ner a )

upstream (5') of the mRNA encoding f’%ﬁ?"o(a‘f”%ﬁ Fﬁenéso%et“fs 2y ﬁée f’?liepix W

and level of transcription. This tefSRPHFSHAMHEFIAETOWFTHIN Tt s scope

i nduci bl e, repressible and constitutive pronoters. By "PMA" is neant

Phor bol nyBy $R4@H'biseneant d By " Reni | | aRibeoudlecadsel. i s neant that derived from

sea pansy (Renilla reniforms), utilizes oxygen and coelenterate luciferin

(coel ent erRgtAaE)" it tcagiener at e |i ght REepRi @ (see below), which binds the TRE and
activates transcription only in the presence of
tetracycline or doxycyclhine.

By "SEAP" is meant Secreted alkaline phosphatase reporter gene.

By "SKBR3" is meant the human breast cancer cell line that averexpresses
ErbB2.

By "Stringent conditions™ 1s meant temperature and ionic conditions under which only

nucleotide sequences having a high frequency of
complementary bases will hybridise. The stringency
required is nucleotide sequence dependent and depends
upon the various components present during
hybridisation and subsequent washes, and the time
allowed for these processes. Generally, in order to
maximise the hybridisation rate, non-stringent
hybridisation conditions are selected; about 20 to 25° C
lower than the thermal melting point (T,). The Tr, is the
temperature at which 50% of specific target sequence
hybridises to a perfectly complementary probe in
solution at a defined ionic strength and pH. Generally, in
order to require at least about 85% nucleotide
complementarity of hybridised sequences, highly
stringent washing conditions are selected to be about 5
to 15° C lower than the Ty,. In order to require at least
about 70% nucleotide complementarity of hybridised
sequences, moderately stringent washing conditions are
selected to be about 15 to 30° C lower than the Tn.
Highly permissive (low stringency) washing conditions
may be as low as 50° C below the T, allowing a high
level of mis-matching between hybridised sequences.
Those skilled in the art will recognise that other physical
and chemical parameters in the hybndisation and wash
stages can also be altered to affect the outcome of a
detectable hybridisation signal from a specific level of
homology between target and probe sequences.




By "Reporter Vector" is neant a expression vector containing a "RﬁQbBE&rﬂms
Gene” that encodes a protein or polypeptide (or nlRNA) that can be easily
assayed. Typically, the reporter gene is linked to regulatory sequences,
the function or activity of which, 1is being tested. 0 S SEP 2005 -23 By
"Reporter” is neant a nol ecul e, typically a protein or polypeptide, that is
encoded by a reporter gene and nmeasured in a reporter assay. Current
systens generally utilize an enzymatic reporter and measure reporter
activity. By "RNA" is neant Ribonucleic-Adid. By "rtTA" is neant Reverse

t TA (see below), which binds the THE and activates transcription only in

t he presencgwgcwﬁﬁqs@cycl ine or doxXyEMedid H%Yereﬁ%ﬁtsdbﬁvmﬁ sx§ﬁé§{

al kal i ne phosphat ase reporter gene. aégl ms"@tdn;ggpg % écﬁ@ag
cancer cell line that overexpresses r . en con I %:to Bh
meant tenperature and ionic conditioff§ cHTORPY™S ikl

sequences having a high frequency of COTEBWHI"%W@HP%FHQ %%‘@%l*%qe Shybr| di se.
The stringency required is nucleotide sequence dependent and depends upon
t he vari ouBy ¢bmbmemeant pr esent duri nije ThydperdosRNAcaqEnck damvsé fumribe fazlies,
and the tinme allowed for these processgslindagastaatd yperem order to maxi m se
the hybridisation rate, non-stringent hybridisation conditions are

sel ected; @bory-FOCEPLZRs"Gs meger  t hRN 1hBeshn e emtssiBl T ARGciP@hnbirdclflne ofhe
Tmis the doxycycline will shut off transcription from TRE
promoters.

By "Tet-On Cell Lines" is meant cell lines stably expressing tTA such that tetracychne or
doxycychne will turn on transcription from TRE
promoters.

By "Transcription" is meant the process of synthesizing a RNA molecule
complementary to the DNA template.

By "Transfection” is meant the process during which a plasmid or DNA fragment 1s

' inserted into a eukaryotic cell. Typically, 2-50% of cells
take up the plasmid and express the protein product for
~3 days without incorporating the plasmid DNA into the
cell’s chromosomes (= transient transfection). A small
proporiion of these cells will eventually incorporate the
plasmid DNA into their gemone and permanently
express the protein product (= stable transfection).

By "Translation" is meant the process whereby an mRNA molecnle is used as a
(. template for protein synthesis.

By "TRE" is meant here to define any Tetracycline Responsive Element
(Gossen et al), generally combined with a minimal
promoter such that transcription occurs only via the
binding of exogenous factors (e.g., tTA or rtTA) to the
TRE. Preferred embodiments of this invention utilize a
TRE comprised of 7 repeats of the tetO sequence linked
to a miimal CMV promoter (mCMV) (Clontech
Laboratories Inc., Palo Alto, CA, USA).

By "t7T4" is meant Tetracycline-controlled  transactivator, which 1s
compnsed of the Tet repressor protein (TetR) and the
VP16 activation domain, such that it binds the TRE and
activates transcription, only in the absence of
tetracycline or doxycycline.




tenperature at which 50% of specific target sequence hybridises Qﬁ a
perfectly conplenentary probe in solution at a definmed ionic str StBEanams
pH. GCenerally, in order to require at |east about 85% nucl eoti de

conpl enentarity of hybridi sed sequences, highly stringent washing
conditions are selected to be about 5 to 15 C lower than the Tm In order
to require at |east -.about 70% nucl eoti de conplenentarity of hybridised
sequences, noderately stringent washing conditions are selected to be

about 15 to 30 C lower than the Tm HIQQ#% pern ssive (low stringency)
washi ng conditions nmay be as |ow as 50 elow the Tm allow ng a high

| evel of n1 chi ng between hybr|d| d uence Those skilled in the
art will rec% s%n}%g ot her physi cal ﬁr&%E&EW%ﬁW?ﬁfeBEW%ﬁ%&ers in the
hybri di sation and wash stages can also be altered to affect the outcone of
a det ect abbe" iy disgzanon si gnal fr ewphmagewidei ar podypeptidé dishimyoigogpstantial
bet ween target and probe sequences. 0885ERRE0GentRY WiBVAQkEicRPOIyholcoaliernor
to pronoter el enments derived fron15|npéup tifel SespeC IR a0V pS1ySucddE dEOMSo
sarcoma virus respectively. General el EI?nﬂﬂ&ﬂﬁ%@&ﬁtﬁﬂﬁuﬁﬂpwgﬂkr&@mﬂ&s

constitutively active in manmal i an ceSJ ,%mc et FochSe ggnst Rfesl qéms aIso
operator DNA sequence derived fron1 % rLes)

d €s W 1ch, d a
operon. By "Tet-Of Cell Lines® is ma erencé/ polynucleotldaoei{y the a&?tlon de U%)]H:E or
subsututzon of at least one nucleotide. In this regard, it
1s well understood i the art that certain alterations
mclusive of mutations, additions, deletions and
substitutions can be made to a referenrz polynucleotide
whereby the altered polynucleotide retains the biological
function or activity of the reference polynucleotide. The
terms “polynucieotide varicnt” and ‘variant” also
include naturally occurring allelic variants. With regard
to vanant polypeptides, it is well understood in the art
for example that some amino acids may be changed to
others with broadly similar properties without changing
the nature of the activity of the polypeptide
(conservative substitutions).

By "Vector™ 1s meant ‘ a vehicle for inserting a foreign DNA sequence into a
host cell and/or amplifying the DNA sequence in cells
that support replication of the vector. Most commonly a
plasmid but can alse be a phagemid, bacteriophage,
adenovirus or retrovirus.

\ By "vEGFP" "EGFP variants” or the different color variants of EGFP and/or the different
"variant of EGFP" is meant half-life vanants.

By "vGFP" 1s meant all vaniants of GFP; including homologues and
analogues such as DsRed, also EGFP variants or
destamlised GFP variants.

The present invention provides iﬁrer alia expression constructs which modulate the stability
of transcripts and consequently, the amount of protein produced by the vector. Although
constructs which increase the stability of a transcript are clearly encompassed by the present
5 Invention, a particularly preferred embodiment focuses on destabilising transcripts. Here
transcript stability can be reduced by the addition of one or more destabilising elements to, or
by the removal of one or more stability elements (e.g., a poly A tail) from, a transcribable

polynucleotide. Compared to existing expression constructs, the construct of the present



cell lines stably expressing tTA such that tetracycline or doxycycline
W Il shut off transcription fromTRE pronoters. cell |ines stablyy SEP ZMﬁ
expressing rtTA such that tetracycline or doxycycline will turnﬂé%
transcription from  TRE pronoters. By "Transcription” is nmeant the process
of synthesizing a RNA nol ecule conplenmentary to the DNA tenpl ate. By
"Transfection"” is neant the process during which a plasm d or DNA fragnent
is inserted into a eukaryotic cell. Typically, 2-50%of cells take up the
pl asm d and express the protein pr oduct fzé -3 days wi thout incorporating
the plasmid DNA into the cell's chronosongs (= transient transfection). A
smal | proportion of these cells will eventually incorporate the Plasnid
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nol ecul e i s" used as a I protei n°sy esi’s

"tTA" is nemreabarmmodetmm@pwngema@mlpra@;ﬁesponSIve El ement (Gossen
et al), generally conbined with a mninmal pronoter such that transcription
occurs only via the binding of exogenous factors (e.g., tTA or rtTA) to

the TRE. Pxefer; g [ [ nventi ut|I|ze a_TRE conprised

of 7 repeat’s of "’Eﬁ ’ ?g%%gg%ﬁgﬁ% rels% ﬁklélée 98 '3 dﬁﬁeﬁ CHP AP nsTEr [Ep’?ﬁj%/)

(A ontech opabbledimdaies fongucleGiadcon Bk @ncddbs a Y¥peptide and a nucleic acid sequence
which encodes an RNA element that modulates the stability of a transcript encoded by the

polynucleotide.

10 The term “modulates™ in the context of transcript stability refers to increasing or decreasing
the stability of a transcript and optimal amounts of modulation depends upon the particular
application. Without limiting the present invention to any one particular theory or mode of

~operation, where the RNA element is a sequence of nucleotides which destablilises the
transcript, it 1s envisaged that the element directly or indirectly targets the transcript for

15 degradation.

As used herein the term "destabilising element” refers to a sequence of amino acids or
nucleotides which reduces the half-life of a protein or transcript, respectively, inside a cell.
Accordingly, an "RNA destabilising element” comprises a sequence of nucleotides which
20 reduces the intracellular half-life of an RNA transcript and a "protein destabilising element”

comprises a sequence of amino acids which reduces the intracellular half-life of a protein.

The extent of the reduction sought depends upon the particular application. In a preferred
embodiment the extent of RNA destabilisation significantly improves the temporal correlation
25 between promoter activity and reporter levels or activity in expression vectors compared to
vectors without destabilisation elements. In relation to increasing transcript stability, optimum

levels of stability will again depend upon the application.

An "RNA stabilising element” is a sequence of nucleotides which increases the intracellular

30  halflife.



Tetracycline-controlled transactivator, which is conprised of thﬁ TgF 2005
repressor protein (TetR) and the VPI 6 activation domain, such t gt F
binds the TRE and activates transcription, only in the absence of
tetracycline or doxycycline. 0 9 SEP 2005 -25 By "TS" is neant By "Variant”
I's meant By "Vector"” is neant Thronboxane synthase pronoter a

pol ynucl eoti de or pol ypeptide di splayi ng substantial sequence identity
with a reference polynucl eotide or polypeptide, respectively. Variant

pol ynucl eotides al so include pol ynucl eotpgles that hybridise with a
reference sequence under stringent conditions. These terns al so

by the- acd Fgy, PREFERE bR Dt athok e B S SAchRRETRiL HiFar GRAT
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i nclusi ve of nutations, additions, deletions and substitutions can be made
to a referdiéd (%FGRIWUbwmadiBNWBMbytrambltlahaI@DemolﬁBﬂ&nilsrBlNe“dIlir%refﬁf &T‘éﬁ&ns
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occurrifg RNLRNAGLE MictholifalRNAIMENA variant pol ypeptides, it is
wel | understood in 'the art for exanple that sone am no acids may be

changed to others with broadly simlar properties w thout changing
Messenger RNA (mRNA) is a preferred form of RNA.

In the context of reducing the intracellular half-life of a molecule selected from an RNA
10 transcript or an encoded protein of intercst, (2) one or more destabilising elements and/or (b)
one or more stabilising elements are typically chosen to confer a level of enhanced degradation
on the molecule, which thereby reduce(s) the intracellular half-life of the molecule to a half-life
that 1s suitably less than about 24 hours, more preferably less than about 10 hours, even more
preferably less than about 5 hours, even more preferably less than about 3 hours, even more
15  preferably less than about 1 hour, even more preferably less than about 30 minutes, even more
preferably less than about 15 minutes, even more preferably less than about 10 minutes, even
more preferably less than about 5 mmutes, and still even more preferably less than about 3
minutes. The half-life of an RNA transcript or an encoded protein of interest preferably
corresponds to the lowest half-life that provides a steady-state expression level of at least 10

.20 fold the mimimum detectable level of the transcript or encoded protein.

The intraceltular or intracellular-like conditions are preferably physiological for the cell type.
The temperature of the intracellular or intracellular-like conditions is preferably physiological
for the cell type. Exemplary temperatures for mammalian cells range suitably from about 30° C

25  toabout 42° C, and preferably from about 35° C to about 37° C.

At a mmimum, enhanced ribonucleic or proteolytic degradation of an RNA transcript or
polypeptide, respectively, refers to a level of ribonucleic or proteolytic degradation that is at
least about 5%, preferably at least about 10%, more preferably at least about 20%, even more
30  preferably at least about 40%, even more preferably at least about 50%, even more preferably

at least about 60%, even more preferably at least about 70%, even more preferably at least




the nature of the activity of the polypeptide (conservative ﬂg SEP §m5
substitutions). a vehicle for inserting a foreign DNA sequence into a ost
cell and/or anplifying the DNA sequence in cells that support replication
of the vector. Mdst commonly a plasmd but can al so be a phagem d
bact eri ophage, adenovirus or retrovirus. By "vVEGFP'" "EG-P variants" or the
different color variants of EGFP and/or the different "variant of EGFP" is
nmeant half-life variants. By "vG-P" is nmeant all variants of GFP; including
honol ogues and anal ogues such as DsRed-2&l-so EGFP variants or

destabilised GFP variants. The present invention provides inter alia
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i ncreasi ngr o Idecr easi NIBC 2000), which are based on the use of transcriptional inhibitors
(Actinomycin D, DRB, cordycepin, alpha-amanitin), pulse labelling (radioactive nucleosides),
cell-free decay methods (polysomes, cytosol or reticulocytes), or short-term promoter
activation (fos promoter, see below). Assays for measuring degradation of proteins are also

15  known to persons of skill in the art. For example, proteolytic degradation may be measured in
vitro using a mammalian cell lysate assay including, but not restricted to, the reticulocyte lysate
assay of Bachmair et @/ in U.S. Patent Serial No. 5,646,017. Alteratively, proteolytic
degradation may be measured in vivo using cycloheximide or pulse-chase protocols as for
example disclosed by Vazhappilly, R and Sucher, N (2002) or by Saito, T et al. (1998).

20
The RNA destabilising elements can be derived from any source and in particular the 3' UTR
or 5' UTR regions of short-lived mRNASs often contain destabilising sequences. As used herein,
the term "derived from" shall be taken to indicate that a particular integer or group of integers
has originated from the species specified, but has not necessarily been obtained direc_tly from -

25  the specified source.

The RNA destabilising sequences may be cloned from short-lived RNAs such as, for example;
c-fos, c-jun, c-myc, GM-CSF, IL-3, TNF-alpha, IL-2, IL-6, IL-8, IL-10, Urokinase, bcl-2,
SGLTI (Na(+)-coupled glucose transporter), Cox-2 (cyclooxygenase 2j, ILS, PAI-2

30  (plasminogen activator inhibitor type 2), betal-adrenergic receptor, GAP43 (S’UTR and
3"UTR).




the stability of a transcript and optimal anmounts of nodul ati on dep gs
upon the particular application. Wthout limting the present iﬂ@e%ﬂ ogmﬁb
any one particular theory or node of operation, where the RNA elenment is a
sequence of nucl eotides which destablilises the transcript, it is

envi saged that the elenment directly or indirectly targets the transcript

for 15 degradation. As used herein the term"destabilising element" refers
to a sequence of am no acids or nucleotides which reduces the half-life of
a protein or transcript, respectively, inside a cell. Accordingly, an "RNA
destabilising elenment” conprises a sequéncé of nucl eotides which 20 reduces
the intracellular half-life of an RNA transcript and a "protein
destabilising element” conprises a sequence of am no acids which reduces
the intracegll ul R ~ I thg t reduct. i
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nessenger HBNAtibM eitfehian@s&oeRl Brentay RNA (micRNA) or interference 5 RNA
(i RNA) and mitochondrial RNA (ntRNA). Messenger RNA (nRNA) is a preferred
formadf RNA. In the context of reducing the intracellular half-life of a
nol ecul e | ected .fragm a 10 t crj.pt,.or. '
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stability in a cell-cycle dependent fashion.

15
Also contemplated are modifications to or permutations of the elements listed above. The term
“tandem copies” allows for both duplication and/or non-duplication of one or more of the outer
nucleotides. For example, tandem copies of the pentamer AUUUA, includes sequences such
as AUUUAUUUAUUUA as well as AUUUAAUUUAAUUUA.
20

RNA destabilising elements may be identified and or modifications made thereto using a

computational approach and database analysis (Dandekar T et af).

Accordingly, biologically active fragments as well as vanants and derivatives of reference

25  destabilising elements are encompassed by the present invention.
Eukaryotic expression vectors are conternplated.
In a related embodiment the present invention contemplates a construct comprising in operable

30  linkage: a polynucleotide which encodes a polypeptide and a nucleic acid sequence which

encodes an stabilising RNA element that enhances the stability of a transcript encoded by




that is suitably | ess than about 24 hours, nore preferably |ess thag aﬁﬁ%ﬂmﬁ
10 hours, even nore preferably |ess than about 5 hours, even mordl 3 © -
preferably | ess than about 3 hours, even nore 15 preferably |ess than about
1 hour, even nore. preferably |l ess than about 30 m nutes, even nore
preferably | ess than about 15 m nutes, even nore preferably |ess than about
10 mnutes, even nore preferably |less than about 5 mnutes, and still even
nmore preferably | ess than about 3 mnutes. The half-life of an RNA
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intracellular-like conditions is preferably physiological for the cel

type. Exenmpl afithdrefRedaiboeindnihe el inabnteel doﬁteh’%ﬂ@@s eﬁéﬂn@ﬂt@ét)ﬁoﬁ?ﬁﬁﬂngbﬁmt
30 C 25 to about 42 C, and preferably fromabout 35 C to about 37 C. At a
m ni mum  enprasde dnkigso apelyaideaide priutleenoptiesa pidgrentide pwha oficleip aRKAcquence

transcript_or ol ypept.i respectively, refers to a.level of ribonucleic
or “pr or ol YHich B AR RS o BTRE EeeR! Yao P i s S e Phast P eS s
about 10% LymE 8oRmeEies@k, Wheteid BastabARMM 1Rt i€ VENR JWRHEd BOnDhekes adyedmt

| east about” 40% "even nore preferably at | east about 50% even nore

pr ef er abl yfromw/thedsfotanoph6@ybievien giwber, pr efeviabbynate, Whambtaraboanpl 7004
- 0,
ot of er abl yPH T L8 0  G59, Fein ohsy & BPEr B BB Y S I G4GE obar e Yotoq
even nor e ;paiedi€ iRlete, 3h chifAst to A BHteih PPIAuCE WARHTE Rl RARAMEHBOAIM S the
‘about 200% even nore preferably at [east about 400% even nore preferably

at | edét abthstabsoyp! epemndenermamgpr ethieeisibl Foaexdreplst ‘cdtbedg/obir00bel megeenor e
preferably,at _| east about 2, 000%  even.nore 5.preferably at, |east..abou
B Goove el paRe By AP S o Rl abe b Bl et e, P0G |

at | east ahgh” &iR00% preferably at |east about 10,000% still even nore
preferably at Teast about 12, 000% greater than that of the RNA transcri pt
or polypeptide in the absence of the destabilising elenment(s) or in the

presence a, stapilisi el enent (s).. Assays. for .  peasuring RNA degr.adation
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Another aspect of the present invention contemplates a construct comprising in operable
linkage a polynucleotide which encodes a polypeptide and a nucleic acid sequence which
encodes an RNA destabilising elemnent that reduces the stability of a transcript encoded by the

20 polynuéleotide.

In another aspect, the present invention contemplates a construct comprising in operable
linkage a polynucleotide which encodes a polypeptide and a nucleic acid sequence which
encodes an RNA destabilising element that reduces the stability of a transcript encoded by the
25  polynucleotide, wheren the nucleic acid sequence is, or 1s denived from, a gene selected from
c-fos, c-jun, c-myc, GM-CSF, IL-3, TNF-alpha, IL-2, IL-6, IL-8 IL-10, Urokinase, bci-2,
SGLTI (Na(+)-coupled glucose transporter), Cox-2 (cyclooxygenase 2), IL-8, PAI-2

(plasminogen activator inhibitor type 2), betal-adrenergic receptor on GAP43.

30  In one particular embodiment the nucleic acid sequence sequences encoding the RNA

destabilising elements are linked to sequences encoding a protein of interest, which in tumn is




or by Liu, J et al. (JBC 2000), which are based on the use of 2%5
transcriptional inhibitors (Actinonycin D, DRB, cordycepin, 09 SEP

al pha-amanitin), pulse labelling (radioactive nucl eosides), cell-free
decay net hods (pol ysones, cytosol or reticulocytes), or short-term pronoter
activation (fos pronoter, see below). Assays for neasuring degradation of
proteins are also 15 known to persons of skill in the art. For exanple,
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pul se- chasdikeoioe araneier ¢loptercsikiinis @refpblyosedt lpybivazhapprably or Feragrgible)
Suecher, N (2 or_by.Saito. T et_al 1998) . Th NA_des ilsi

el enent s casﬁlgfg@%ée?( P{/%SO %So%mgﬁyonsaong]r%lgl(]ao%g“?orqu%g?rt} i@rﬁﬁlé? agﬁgta@gﬁﬁ&f%ﬂg}? 5'

UTR regi ODSdthfabﬁiBMgteléxhé/rﬁﬂ Iﬁm sefvtap Gentainn ?@ﬁida&q éﬁpﬂsﬁgn SEGURINEBSRa AS
used herein, the term"derived front shall be taken to indicate that a

parti cul ar niRiNdgepraeing il byprayfbeiappleeferms iirhas rorivgibieatadnfle ermetl isacis ppedibs

speci fied, but has t necessaril n. obtained directly from. 25.t he
sheci 11 5’ SBULE SRR HELpabiN KR Ay Sk b ee e S SRR R e
short-1i Ve@x%@f?%@'@e@iﬁm sta@bs EXAERER cycle. TRS profeih WP intbretVifiay Vb G8fatiohkr 3,
TNF-al pha, 1L-2, 1L-6, 1L-8, |L-10, Urokinase, bcl-2, SGTI (Na(+)-coupled

gl ucose tr prespoPL @ reportEoxoRIn yibk dedtey granagle, 2portdr igelspAn boug@ asphashiatagen
activator inhibitor type t -adrenergi c receptor, GAP43 (5' UTR and
3'UTR). 0O J@Eﬁyﬁgﬁﬁg—e%‘:é&rpﬁ%ﬁﬂenemants (AREs) and/or Urich elenments
(UREs), including but not Iimted to single, tandemor nultiple or

over | afopi ng copies of the nonamer UUAUUUA(U A) (U A) (where UA is either
an A ot0 a Uit anpgnateciatl tag pregouinvemoinorontearep plent apnstruAIduRiciXg leparbleg?)

and/or 5 ghe Letramer é%é{léy“&lz%‘bg %g%ese‘;t (gll . %95%. aRNAlegesct.dabi I iesi NGy h
el ements hdVésEIsH BRPOFEE ST BeE o &7 eRarpTRe f AP GRS hEah ST PR BRI
car boxy Ki dasd:s RN A BERSisind d1em&X: s phiivkas Bl 6@bitlyogNArantdipt BMFBAD by the
t hi oredoxi n gene, heat stable antigen and soybean | QA5 gene.
polynucleotide, wherein the nucleic acid sequence 1s selected from any one of SEQ ID NOS
1 to 23, or biologically active fragments thereof, or variants or derivatives of these.
15
Even another aspect of the present invention contemplates a construct comprsing in operable
Iinkage: a polynucleotide which encodes a polypeptide and a nucleic acid sequence which
encodes an RNA destabilising element that reduces the stabilitf%ga transcript encoded by the
polynucleotide, wherein the nucleic acid sequence is set forth irifSEQ IDNO:1,20r 22 or

20 biologically active fragments, vanants or denivatives thereof.

One particular application 1s in the area of determining gene expression. Specifically, by
reducimg the amount of transcript produced 1n a cell 1t 15 possible to more accurately determine
promoter or enhancer activity. In this application a reporter gene 1s used to determine promoter
25  activity either directly, or indirectly as a fusion protein with another polypeptide whose

expression has been modulated by regulatory elements within the vector.

In one embodiment the RNA destabilising sequences are incorporated into the region encoding
the 37-UTR of the reporter mRNA. Alternatively or in addition, destabilising elements are
30  incorporated into the 5’-UTR and/or protein coding region, which is preferably not essential

to, or does not interfere with, the selected activity of the encoded protemn.




10 Iron responsive elenents and iron regul atory protein binding sites may
al so advant ageously be incorporated into the instant vectors t @ﬂﬁ
RNA stability and particularly, translational efficiency. H stoOric RNAs
particularly their 3" UTRs, are especially useful for nodul ati ng RNA
stability in a cell-cycle dependent fashion. 15 Al so contenplated are

nodi fications to or pernutations of the elenents |listed above. The term
"tandem copi es” allows for both duplication and/or non-duplication of one .
or nore of the outer nucleotides. For exarrpl e, tandem copies of the
pentaner ALT UA, includes sequences such 345 AUUUAUUUAUUUA as wel | as
AUUUAAUUUAAUUUA 20 RNA destabilising elenents nay be identified and or
nodi fications made thereto usi ng a conputational approach and dat abase

vel 1”35 varhancbrah g Pk CREPS At aR s RS Gus i il ST Brgih o7
are enconpassest ek er @Xzﬁﬁgﬁé\'fthdré\\/se@hb&ﬂto Eéblﬁ?artéd?trﬂ]&m%}( RF @SRICOMsVEHFQERNAT €
contenplated. In a related enbodi ment the present invention contenplates a

construct cMmﬁiIs|fng thip appleeatibh.eRNB0 dpdtatkgeg clenpolsymaclsedtin denwhiigdn with
encodessa po e tide athﬁﬁ nuc%el c acid sequence which encodes an

stabili & nd® {Oé%r‘ii?sfi fMe 78 Es the stability of a transcript encoded
by 6 9 SEP 2005 -30 polynucl eotide. In another rel ated enbodi nent the
present invention contenplates a construct conprising in operable |inkage:
a pol ynucl &bt bulgcohhirgbssemcedess ha\’qa@ﬂp}'lp@mnsdeamtwargﬂm eipcesalonaymh@e 5

whi ch encodes_a st abi t hat enhances the stabilit
transcri ptﬂ Sn%rggeéﬁ}lé&boyhﬁvﬁé bﬁ‘Sf@%@?l"i%é OF R BiCAPERROS A qre §|’%5f€gqrg?{ﬁnt
is, or is @ehiNekthomMn.d.g8as 5etR6LEN Jraﬁameala@ma@, &'dQPé Fbsuﬁirm&ﬁlm QRi N,
beta gl obin, or growth hornone, which are exanples of |ong-1lived As

used ht?ej WRMWGé?tSI@dﬁ\m’fﬁg or italicising the nane of a gene shall indi cate
the gene, in contrast to its protein product, which is indicated by the
nane of the gene

Even yet another aspect of the present invention contemplates a construct comprising in
operable hinkage: a polynucleotide which encodes a reporter polypeptide and a nucleic acid
sequence which encodes an RNA destabilising element that reduces the stability of a transcript

15  encoded by the polynucleotide.

The expression vectors are designed for use in eukaryotic cell systems. It should be noted
however that the RNA destabilising elements may be used in a wide range of eukaryotic and/or
plants systemns including cells, tissues or whole organisms defined as yeast, insect, nematode,
20 fish, bird or mammal. For use in plants, different promoters and possibly different reporters

and RNA destabilising elements {e.g., DST sequences) may be used.

It 1s contemplated that the expression vectors of the present invention will incorporate standard
protein reporter molecules or destabilised reporter protein molecules. Standard reporter

25  molecules are well known in the art.

Another aspect of the present invention contemplates the combination of a protein destabilising
element (e.g., a DNA/RNA sequence encoding an intracellular protein degradation signal or
degron which may be selected from a destabilising amino acid at the amino-terminus of a
30 polypeptide of interest, 2 PEST region or a ubiquitin) and an mRNA. destabilising element
(e.g., multiple copies of the nonamer UUAUUUAUU), such that both mRNA and protein are




10 in the absence of any underscoring or italicising. For example, 'alpha?
gl obin" shall nean the al pha2 gl obin gene, whereas "al pha2 gl st @E%ﬂﬁﬁ?
indicate the protein product of the "al pha2 gl obin" gene. The ability to
destabilise a transcript and reduce the anount of protein produced by a

cell will 15 clearly be useful for a wide range of applications. Another
aspect of the present invention contenplates a construct conprising in
operabl e |inkage a polynucl eoti de which encodes a pol ypeptide and a

nucl ei c acid sequence which encodes an EQA destabilising el ement that
reduces the stability of a transcript encbded by the 20 polynucleotide. In
anot her aspect resent invention contenplates a construct conprising

... tne
in oper abl &5t Wlh%?gg}é‘?raexﬁ&%ﬁé? SN HRDQIPEN 18FRIBEAIBLES MBIy PR IQB VERErat
nucl ei ¢ aci - Whi, € tabi LS| I t
Feduces  herel Sal ey " hpt el IRERERSo Al TAMART AR LSk M T B s Mo
wher ei n t héowsakah of ded dojsegue figrefershly 00ntios nteE rveckidy @Bonp gene sel ect ed
from c-fos, ¢ jun, c-nmyc, GWCSF, IL-3, TNF-al pha, IL-2, 1L-6, IL-8,
I L-10, Urokinase, bcl-2, SGTI (Na(+)-coupled glucose transporter), Cox-2
(cycl oaxy ) I PA - m.n n.activator inhibit e 2),
bot o | adTGRE Fafenclet Broui s b AL AP ER0R N A Fhe] 2 BLBERVALRE e
nucl ei ¢ aci d sequence sequences encoding the RNA destabilising elenents
are linked to sequences encoding a protein of interest, which in turnis O
9 SEP 2005 he gestanlisiagpartsr aropiie ey & 2oy swisblanseicin Hax oxegpls étvrkibised GFP
nodul at abl | eryd i [ Jepressi ) h th pression s
turned on’ gor%%h% T’Lﬁ{grslm(t) y%% uzf%af?f o m.%lfi ‘?ﬁt(ﬁ%@ dég%#caé]fj idg%,c%?ﬁgmﬁﬁifng the'dl
destabilising elements typically serve to shorten the period of expression
of a functional nRNA or protein. This may be applied in vitro or in vivo.
For exanple, a cell cycle-specific 5 pronoter could be conbined with the
RNA instability elements to express a protein of interest, exclusively in
certain stages of the cell cycle. The protein of interest nmay be a
functional protein or a reporter protein. In the latter exanple, reporter
| evel s can be used as an indicator of cell-cycle stage or cel
proliferation. 10 Yet another aspect of the present invention contenpl ates
a construct conprising in operable




Iinkagé: a pol ynucl eoti de which encodes a pol ypeptide and a nucﬁgc %giib%
sequence which encodes an RNA destabilising el enent that reduc t$|

stability of a transcript encoded by the polynucleotide, wherein the

nucl eic acid sequence is selected fromany one of SEQID NOS | to 23, or
biologically active fragnents thereof, or variants or derivatives of these.
15 Even anot her aspect of the present invention contenplates a construct
conprising in operable linkage: a polynucl eotide which encodes a

pol ypeptide and a nucleic acid sequence wheh encodes an RNA destabili sing
el enment that reduces the stability&(a transcript encoded by the

pol ynucl eotyjygdgn: oMEOBINThE GeshitdNls8d fucAbrask SIERUAINGE DebibdsibddtyLikciere GERal.D
NO 1, 2 or 22 or 20 biologically active fragnents, variants or

deri vat i veheRéOBEF PEST sequandei veasluaed. ppMCRE form dEGHP thalsegoatemerflated.
determ ni ng gene expression. Specifically, by reducing the anmount of
transcript produced in a cell it is possible to nore accurately determ ne
promot er ol ieRRANGESr BGEHiNdihYa pdifbdpRiSoaRRlbGREd e ate B e Prestift M chorS ed
to deternine§pronnter 251act$s?t5n%?tﬁ%r directly, %? ingirgbyly as a

f usi on Ppr ofFei exawipld) agobiphptidepdlintprepttdad be whdsieed texprletesi dastabidising@gnno acid

dul at ed by | at or. | t ithint tor. | di t th
OO MG CIC S LRy TS AN NS e T
3" -UTR of §ibe.Liapest é!ani;ﬂﬂ\,"%dv BhastdaLl el oS, pReOCdal A0, sdBstabi dddshng

el ements are 30 Incorporated into the 5 -UIR and/or protein coding region,
whi ch is pVathavakt s ahch eS.Ratent Sdrial No, 5,022,468 & aptefimtiembedioent efithistyns,

sel ected activity aof the encopded protein., 0 9 SEP,2005 -32 . In a related
enbodi ment IF HESHNAS BR 81419 45 ioigebied fop seienriae Rl gluiagrig a9 BT %fs%eéa‘tbgyene
of i ner egdm WREBint %os%%@ﬁﬁ!gﬁ:t&rﬁﬁé,%& Sye nﬁ‘@rggreffé?atﬁf G ¢ 2B abQFagiie

reduce its expression. Typically for this application, despabilising
el enent s agtenyvisladinenleacing,unygptépian \whd hysinee ro et espasiadly girefedet embodimghhghe

el ements. The subj ect expression vectors have |icatians in.a variety of
gene expr e&STABHISER ATHRR AGHh S ABEINE- ﬁnéowélrcésﬂawgg fgalmas@“aiﬁf@é%obﬁéﬁeiay of

e A R R e S i e
MRNA/ pr ot ahorelegieasise alteration of the amino-terminus may be necessary to make the protein subject
15  to the N-end rule pathway. For example, where simple addition or replacement of the single
amino-terminal residue is insufficient because of an inaccessible amino-terminus, several
amino acids (including lysine, the site of ubiquitin joining to substrate proteins) may be added
to the original amino-terminus to increase the accessibility and/or segmental mobility of the

engineered amino terminus.

20

Modification or design of the amino-terminus of a protein can be accomplished at the genetic

level. Conventional techniques of site-directed mutagenesis for addition or substitution of
appropriate codons to the 5 end of an isolated or synthesised antigen-encoding polynucleotide

can be employed to provide a desired amino-terminal structure for the encoded protein. For

25  example, so that the protein expressed has the desired amino acid at its amino-terminus the
| appropriate codon for a destabilising amino acid can be inserted or built into the amino-
terminus of the protein-encoding sequence. Where necessary, a nucleic acid sequence encoding

the amino-terminal region of a protein can be modified to introduce a lysine residue in an
appropriate context. This can be achieved most conveniently by employing DNA constructs

30  encoding “universal destabilising segments”. A universal destabilising segment comprises a

nucleic acid construct which encodes 2 polypeptide structure, preferably segmentally mobile,




Even yet another aspect of the present invention contenplates a B%f§§§p§@$5
conprising in operable-linkage: a pol ynucl eoti de which encodes

pol ypeptide and a nucleic acid sequence which encodes an RNA destabilising
el enent that reduces the stability of a transcript 15 encoded by the

pol ynucl eoti de. The expression vectors are designed for use in eukaryotic
cell systens- It should be noted however that the RNA destabilising

el enents may be used in a wi de range of eukaryotic and/or plants systens
including cells, tissues or whol e organisis defined as yeast, insect,

nemat ode, 20 fish, bird or mammal. For use in plants, different pronoters
and possi bchntgian%’n‘égﬁ n{o?eol%lhoefeﬁdu@sngle RMbE e 18 JeSilig b%ln%%gﬁﬁn&iemﬂnm DST
sequences) maybe “use i's contenplated that the expression vectors of

t he pr esenthe cougnict sm:hmhdt whiem dercpostateis stsandbint thpcatieg sequape ot Ehe anipgeme ul es

or destabilised re orter(Proteln nol, ecul es. Standard [ eporter no| ecul es
are wel | kR¥RATEPODRECER e, BROSHET R aE spfficiently ﬁ?aélgl&)hpromaémt ramino-

cont enpl at ga,i e o?ﬁ{g%' B@&ed @i 1§ sQIerl u} ars@@é’h&i%&éﬁnﬁ’laﬂgo dlﬁ![e %%Bfete(ﬁn

DNA/ RNA sequence enco n rntrace rotern I on"sigha
degr on Sahi tehnmayddgmdsebxes}gam THeGMcatichagisadt ddnstmgs iRk the Saportdombf & kmigen-
am no-term nus, of a 30 pol ypeptide of interest, a PEST region or

ubi qui t i n)enéﬂ‘?inéﬁf’fwoﬂé%’t"%‘id Praidigheenspdadprotel with a ysine Fgsidac é%?%leé)f the
nonaner gHQ@HQ%HNEES et 8t aRRbhks gﬁw@ and protein are 0 9 SEP 2005 33
or 0

destablllse exanpl e, one such di ment incorporates into an
expression vector, a PEST sequence i medi ately upstream of the translation
stop codﬁgPand 4 nonaners | ocated downstream of the stop codon (preferably

20nt or AnethghsbosimeRta Hi5)polpeplids of wtcres) s megidied do cgmamea REShycHen,
dest apl i S&APRUAL Y qgnrh?ml% %lﬂ'sglegﬁﬁ%on??% 1%1@ U% hageéenngest glgé({yrﬁlt?é lised

reporter protein nmay be any suita el n. or exanpl €, I'séd GFP

prot ei ns awécksiepioabs Q}tldﬁlﬂkl}lf]ﬂﬁiﬁieﬂ oK aemaﬂm(g cdhipekilg etbe EyfdRitivecidtl dheik In
conprising .the dl 0 SEP 2005 -34 nutant of MODC. The destabijlised
| uci f er asEUHFEEE: H 1%‘8?“6@8% aaé%%qlfE)wuweiéﬁmeieélsa’ﬂ@mr@ﬁeﬂuf%Bﬂl&hm lgsEST

sequence wag MR cohg M A0 f@gﬁﬁnggc:ﬁ)lﬂ ;ﬁoﬁllnes(?’),cg%ﬂﬁrﬁﬁp&ﬂit (%‘i serine (8), and
threonine (1) as for example shown by Rogers et al, (1986, Science 234 (4774): 364-368).

15 In yet another. embodiment, the polypeptide of interest is conjugated to a ubiquitin or a

biologically active fragment thereof, to produce a modified polypeptide whose rate of

intracellular proteolytic degradation is increased, enhanced or otherwise elevated relative to

the unmodified polypeptide.

20 Still another aspect of the present invention contemplates an expression vector comprising a
transcribable polynucleotide which comprises a sequence of nucleotides encoding an RNA
element which modulates the stability of a transcript corresponding to said transcribable
polynucleotide; wherein said RNA element is a destabilising element which reduces the
stability of said transcript, wherein said reporter protein is selected from Luciferase, Green

25  Fluorescent Protein, Red Fluorescent Protein, SEAP, CAT, or biologically active fragments

thereof, or variants or derivatives of these.

Such vectors can be used to screen for drugs or treatments that alter the activity of that
promoter. Compared to existing reporter vectors, a near “real-time” measurement of drug

30  action can be obtained.




Any met hod of destabilising a polypeptide of interest is contenplated b

the present invention. 5 For exanple, a polypeptide of interest §$8nSbe ﬂms
nodi fied to include a destabilising amno acid at its am no-termnus so
that the protein so nodified is subject to the N-end rul e pathway as

di scl osed, for exanple, by Bachmair et at in U S. Patent Serial No.
5,093,242 and by Varshavsky et at in U S. Patent Serial No. 5,122,463. In
a preferred enbodi nent of this type, the destabilising amno acid is
selected fromisol eucine and glutam c acid, nore preferably 10 from

hi stidine tyrosine and glutamn ne, and evéﬁ nore preferably fromaspartic
aci d, aspar.agi ne, enyl al ani ne, | eucine, tryptophan and |ysine. In an
especi al | yS bﬁ é‘ﬂéﬁhPEGS@ﬁ%Qﬁlt}i"ﬁeﬁ{eserﬁ HBvenHes tiakhTeeted i aafinsRA cind Wréfea%tﬁy fine.

In some pr anino-. ernln d abscur r
protei n o CORFOFRat O Erig ey Do YRl SRy P egfbadeld

these casegolypdpitie afXh @isleichl deglhidick Whidf eﬂcb@esadﬁlmoAte%nﬁ@nn Usat ﬁﬂ))ﬂhﬁttes the
necessary to nake the protein subject 15 to the N-end rul e pathway. For

exanpl e, whanlktygif) mpr@sqummp@ieddw thepblavertentdcofherm bt nglsgucigrinmiseepnt nal
re5|du% is insuffi |ent because p gg_ 300e55|ble am no-term nus, several
am no aci d€ T REIURHTY ™ AN SERECSTP Fgﬁﬁwdﬁ?f¥?ﬁﬁ ining to substrat e
proteins) may be added to the original amno-termnus to increase the
accessibility and/or segnental nobility of the engineered am no term nus.
20 Modificatiofi)or desilgplesfonitgsiEnpnoiroduom nuseqEneE qim@t:ie@tme@awhlbb site is
acconpl i shed at the Conve tlonq? tec

site-directed nut agg%?el éyf%?avﬁlalﬁletr’Fgﬁatb LB SERTUEF ﬁo %8’5#86’??‘398 4

codons to the 5' engn@fisedvisiél dledhier PERURESHSEEn BRlduE8 AreNRM NGirectly
pol ynucl eotide can be enEoned to provide a desired am no-term na

structQre for the effchded wdEptdfeiite); For 25 exanple, so that the protein
expressed has the desired anmino acid at its am no-term nus the appropriate
codon for a destabilising am no acid can be inserted or built into the

am no- term nugi)of i hgopeoi&icn- encodi ng sequence. Wiere necessary, a
nucl ei ¢ acid sequence encoding the amno-termnal region of a protein can
be nodified to introduce a lysine residue in an appropriate context. This

can be achieve n |y oyl DNA constr uc 0_encodi ng
"uni ver sal des@aﬂo ?ang%e Err(g% a%ﬁ\erlq}é)lr vé‘é?ué Y sion & nbd raﬁsngﬁf%ile
conprises a nuclelpﬂpﬁmﬂbﬁmmstruct whi ch encodes a pol ypeptide structure,

preferably segnentally nobile, 0 9 SEP 2005

(v}  apolyadenylation sequence;

v) a selectable marker gene; and

20

(vi)  an origin of replication.

Another aspect of the present invention contemplates vectors or sets of vectors, particularly but
not exclusively, plasmids, with applications in the study or measurement or monitoring of gene
25 expression (e.g., promoter activity). Many other vectors could also be used such as for example

viruses, artificial chromosomes and other non-plasmid vectors.

One embodiment involves pairs or sets of plasmids, each containing one or more of the mRNA
destabilising sequences described above incorporated into a construct encoding a destabilised

30 reporter protein such as, for example, d1EGFP, d1EYFP, d1ECFP or d1DsRed. One plasnid




-35 containing one or nore |lysine residues, the codons for |ysine rgew%%
bei ng positioned within the construct such t-hat when the constru i
inserted into the coding sequence of the antigen- encodi ng pol ynucl eoti de,
the lysine residues are sufficiently spatially proximate to the am no-
term nus of the encoded protein to serve as the second determ nant of the
conplete amno 5 term nal degradation signal. The insertion of such
constructs into the 5 portion of a antigen- encodi ng pol ynucl eoti de woul d
provide the encoded protein with a |lysingyresidue (or residues) in an
appropriate context for destabilisation. In another enbodi nent, the
pol ypeptide, of interest |s nodified.to cont EST reg |on chis
P h Eh anCiimgonao €ih BeF 865 PO BPPRLTE gi O By eoHe: treodas FERe
t hreoni ne, phioed i @&hﬁ%eﬁ%f %%ﬂeﬂ&%llu}fh id Apkaskabit @81 ﬂﬂu@iﬁled&r rERERIHISIBI
electrop05|t|ve side chains. In his regard, 1t 1s known that am no acid
sequences ofogaront eeatmenisihg. ﬂ}tar‘l"é&fectdmﬂlmd widt 4 minresploamser stdhas nECMYLIss
contain o nore regions rich in proline (P),. glutamc ), rine
(S), and ri;eﬁr?é%n%lFréna(ffrnya%cqné?ltuawwﬁ%fe@mﬂew%@@%ss\é@ ﬁw)(l(ﬂg%@%
Science 234 {A1I4)rig 354 1758h %nls’}hé’% S Bter‘c?&ih&’ TREtRE, Bfd the 355

& p-

est | co a

polypeptlde of ‘Inte gated to a quitin o bidlogically
active fr pgereoter mﬁmnéﬂ&ﬁweﬁmoqa'rco.dms eardrepiadé svgd emkxgrxenptﬂedﬂnmeﬁclmastcmnof
intracellylar proteolytic degradation_is increased, enhanced or ot herw se
el evat od PErsA B 1 feditgie At e BB §ihepRlrTRIA() in BE PRF OL¥sbIR i e ct

of the pr C
| ?éﬁ@fcoﬁtfb\rﬁfé%ﬂﬁe)&g&ttﬁ Cﬂo&lﬂg r?%?. RS ?e?)ﬁcgi‘th}!?%er LIRE [ShAtr @

transcri babl e pol yhucl eot es’a seqguence nucl eot'| des
encodi ng amoRNA regdnemnﬂesmmjntemdﬂhﬂb@st dikengmishihlé fbw thd ccmn‘ohapcsw (30t

gorrespondi ng t sald transcribabl e pol ynucl eoti de; mh rei
ol emshl i g & J8k D1 ABVIFRT emedimaRl Mirfoehof Rlgtipisenchdes % %%&bﬂwf@vaw%af d

transcri pEGFWI@"ge'd'T'EéﬁPddIchB &@F@z%me%n%&'v%&mda&f %&5%&@5&%9@

G een 25 Fluoreséent Protein, rescent Protein
b|oIoglcahH#ﬁmnﬁnMeufva@meﬁbmth&hmﬁﬁmtﬁammpwaenﬂnmﬁh%y derlvatlves of
t hese. Such vectors can be used to screen for drugs or treatnents that
alter the activity of that pronpoter. Conpared to existing reporter

gegt glrzsp 1 ngocgﬁé}f emBBherts, T onlFBASH GIEHinOleseHGrters Ireibd BhrafANnBS: Ghial ned.

15 vector, such as for example a bi-directional plasmid (see Fig. 3).

In the above embodiments, both control and test plasmids encode a destabilised mRNA, which
in turn encodes a destabilised protein. Thus the time lag between decreased promoter activity
and decreased reporter protein levels, is significantly reduced compared to the time lag with
20 existing constructs. Similarly, increased promoter activity is more readily and quickly
detectable due to the reduced levels of pre-existing mRNA and protein. Other differences
between the control and test constructs, which can lead to errors, are minimised by using
fluorescent proteins that differ from each other by only a few small mutations. Compared to
luciferase or other enzyme based assays, the {fluorescent reporters described here, offer several

25  other advantages including:
o Several different reporters can be measured in the same cells/samples.

« Live cells can be measured, allowing multiple time points of the same samples or
30 further mampulation post-measurement e.g., measurement of the same cells before and

after treatment with a drug.




36 Still another aspect of the present invention is directed to a gngééqﬂms
and preferably an expression vector conprising in operable Iinka&g.

pol ynucl eoti de whi ch encodes a pol ypeptide and a nucl eic acid sequence

whi ch encodes an RNA el enent that nodul ates the stability of a transcript
encoded by the pol ynucl eotide, wherein the construct conprises one 5 or
nore nenbers in any order selected fromthe group consisting of: 10 (i) a
mul tiple cloning site for introducing a sequence of nucl eotides, which site
is preferably cleavable enzymatically or38%therw se biochenmcally to
provide a linearised vector into which PCR anplification products are
clonable directly (e.g., an EclHKI site); (ii) a reporter gene; (iii) a
pronot er and/ or enhancer for regulating expression of said transcribable

15 pol ynucl eok i 8e¢cebiflly marptdcieddelydantbie visusied éy dpresfen) macreslopy.tThigtedore

mar ker gene; and 20 (vi).an origin of replication. Another aspect of the
present i nvent i BROrdeReiedms casbe dentidied sigply by LOOB’F‘g\?é@F&F’@% mﬁ’ﬁ?"[‘ EPEPPS but

not excl usi vel ywit%% LBS it RBPLL SRt ons i n the study or neasurenent or
noni-tori ng of gene expression ?e.g., pronoter activity). Many other

vectorss coul d al so be used such as for exanple viruses, artificial
chronmosones and ot her non-plasm d vectors. One enbodi nent involvesfpairs or
sets of pl asii oo sehsntes anstrequicAgheraBrathe msthodds leshischmsally deawndipg| fflsmg
sequences descggggg boye i.n org&%%hed into a construct encoding a

destabilised 3 repgrﬁﬁﬁ?%%)%$n such as, for exanple, d1EG-P, d1EYFP

dl ECFP or dl DsRed. One plasmd 0 9 SEP 2005 -37 (the control) from each
pair or set contains a pronoter 5 of the reporter encoding region. The
pronoter is eorfnthseetralfand|tesreenostenpinsbssion erpchgl meashred gmubancopngrifloMe or

%epreﬁ@ible) by,

ytometry (see advantages of flow cytometry below).

» Embodiments utilising TREs as the control promoter can only be used in Tet-On or

Tet-Off cell lines, but as compared to other control promoters, exhibit less interference

from or to the test promoter and are less affected by various stimuli used to examine

15 inducibility of the test promoter. Thus, they provide a more accurate measurement of
transfection efficiency and relative test promoter activity. Control reporter expression

can be switched on or off as required and used to confirm the lack of promoter cross-

talk or compensate for 1t if present.

20 . In another embodiment, the control and one of the test reporters described above are
both incorporated into a single vector, preferably a bi-directional plasmid. Interference
between the twb promoters, which is a major drawback of previous dual promoter
vectors, is minimised by using TREs in the control promoter. Such a single vector
system prevents the inaccuracies of co-transfection studies.

25

The mnvention also provides vectors in which informative promoters or promoter fragments,
are placed upstream of the reporter-encoding region. The present inventioﬁ provides a simpler,
quicker and more cost-effective reporter system for such assays when using utilising EGFP
variants as opposed to luciferase or other enzymes as the reporter. Furthermore, the inclusion

30 of mRNA instability elements allows a near real-time analysis.




as nCW,; see Fig. 2c). Alternatively, a constitutively active

such as TS, Sv40, CW, TK or RSV 5 is used (see Fig. 2b). In plant systens
the Top-ten pronoter could replace TRE, and the 35S pronoter of
cauliflower nosaic virus can replace S V40 etc. Agrobacterium tumnefaciens
can be used in plants to facilitate gene transfer. The other plasmd(s) in
the pair or set are identical to the control plasmd, except that a
cloning site (MCS) replaces the pronoter,3@nd the reporter encoding region
encodes a reporter simlar to but distinguishable fromthe control reporter

(see 10 Fig.-2a). In a preferred enbodi ment h r ] s a
dest abi | i,sgeiﬁﬁ) ‘)r'tlwgrﬂm"&P ersé@ﬁﬁe( gl.ltg%r? g ?d %F %@&&35&#@8@% %ﬁ%ﬁf(%%e

ot her vect @y8iif A8t oMOE iSne R AGIbIRAERMAE I pronshitEk ) hesHhoteRlaotivatataliy apoptdticom
the sanme |ist (sanme protein half-life). In other enbodinents, a control and
one of the (¢edisteatidppathwrys and promaestragmenisi nksdatos nitgeenic sEngisctieble dich

f | bi.-directional plasnid Fig. 3). Jn th ,
ambodi mont &8 ERCEBRTGR & bt A5l e peaSink ey ol B Enser
unich $n MU ERARASSPAFIASS A PRARA Aty TIVRol KiRladdl ARy R Rpicsarn

decreased pronoter activity an ecreased reporter protein levels, is
si gni fi cansiojher sdewpld efdmpathedresont neentiomecandiy wied hin2thisessiampinhe PEARPIENCT s.

Simlarly, .increas opoter _acti.vity is, more readi and..quickly.

det ectab! IS ot At PRBCatmoEY oy £t B PhEE T R ufbralein o

QG her di f f g@nsemscRIoNGRM B TREUMY QherplheliAS kinb RIS hdive bisd cantphedphosiatt ead
to errors, are mnimsed by using fluorescent proteins that differ from
each ot herthpyranmttyvaiorf dunaimaf therfusion ponein. Torsptieauesent invertionggagds Wsed &t her
enzy Obased‘gﬁssa S &%ﬂ? fl uor escent rego&égfs deﬁcribed here, offer
several® FBOGHRAMOAGIRAL G HENGY H GP e knpsq ahi ¥ er ent reporters can be
nmeasured in the sane cells/sanples. Live cells can be neasured, allow ng
multiple time points of the sane sanples or 30 further manipul ation

post - neasubvenshil aeother, aspasasithepesint wientivs contempbatdsiasel aprprectedy traggdugpd
treatnment wi.th a drug. 9 SEP 2005 .-38 .Successf.ul ly transfect | ].5. can
be v sual 1Sl 35PY HPedhein TP EREE BT REPRT . © B EP e e RBle Can
be identi figeh sbhprises R¥sed RBK HhmRlcolil® £Bbdifg HMABIA dlefichil WHIEH BB Julates the

15 stability of a transcript corresponding to said transcribable polynucleotide.

exogenous treatnments (e.g., the THE conbined with a m ni nal rongpt.er, .
: (g BN

In some applications the expression vectors or cells expressing the reporter constructs are
inserted into an organism to allow measurement of reporter activity in vivo. In some of these
applications, destabilised luciferase rather than destabilised EGFP variants may be the
20 preferred reporter. For example, transgenic mice expressing destabilised luciferase under the
control of an informative promoter, can be used to measure the activity of that promoter in the
tissues of a live mouse, using a photon camera (photon camera analysis is described by Contag,
et al, 1997). The mRNA destabilising sequences serve to improve the temporal correlation
between promoter activity and reporter levels, thus providing a significant improvement to
25  applications such as drug screening, which benefit from a near real-time measurement of

promoter activity.

In some applications it is desirable to express, either in vitro in cell-based systems or in vivo
in mammalian systems, both a reporter molecule and a functional gene product. This may
30  involve two separate mRNAs, each containing an mRNA destabilising element. Alternatively,
an mRNA destabilising elements may be incorporated into a single destabilised transcript that

gives rise to two separate proteins (e.g., using an intemal ribosome entry site; IRES) or a fusion




wi t hout further investment of resources. 5 No substrates are reqyir
therefore the nethod is |less technically demandi ng, faster, Iessﬂ&%sﬁ&@-
and nore accurate. Both control and test reporter expression can be
measured sinul taneously by flow 10 cytonetry (see advantages of flow
cytonetry below). Enbodinents utilising TREsS as the control pronoter can
only be used in Tet-On or Tet-Of cell lines, but as conpared to other
control pronoters, exhibit less interference fromor to the test pronoter
and are less affected by various stinuli-d8ed to examine 15 inducibility of
the test pronoter. Thus, they provide a nore accurate neasurenent of

transfecti Ogro%’ei;{ SSh RSy oM rEfIrRl hYEihk Sslct PR ¥BASSrodeti Vi ty. Control
reporter expression can be switched on or off as required and used to

confirmthe | ack of pronoter cross- talk or conpensate for it if present.
20 I'n anot her enbodi nent, the contr ol d one of the test r rter

descri bed aBlEFv’éV%{F’é’n% ovKiEd °p rlléF%Efgg'ﬁteép’é’S%?%gPeée \Yﬁ?ff’%r@g %‘i‘gﬁ%%’ltf a
bi -directi B @Ry TS0GR in DRLVERD 4Gk WreRiREOIG kemplti 64lisi S a
maj or dr awboéaz’g °2‘f§%?e°§f’%h§‘r'e§§ﬁ£ﬁ cprIoerHt‘ler vect osr S, éi sem' nlglrﬁ seda%ly%usi ng
TREsS i n 5t heonminingod MpxRIGRiEpendeBuehorder siectgl provige taanpid sipd tieaxpprsexentidod fur

I naccuraci es of co-transfectiqn_studies. .25 T i nvention al so provi
vectors in '@HPEMeiTHiGrHaL fvgs Arosmsddr @g}xt%ﬂﬁé’%?rényfp,a _ ﬁ?§tfearr§?@16?) Ced
upstream Ofdeéééﬁggﬁrt%gﬁﬁg tiof & %jds@%felf'lﬁgh R BRAGuAESRA: hiMeREIIO TP pies a

sinpler, qu re cost-effective reporter systemfor such assays
when usi ng MAPK iastivity iE@HRendstah aiynslliag fropptbs edkerexpréssed EdbBlgeorm. dhérefore,

enzynmes as the reporter. Furthernore, the inclusion 30 i nstability
el ements alrgdabinkly EPRAWqud Uz pdesigse in i t5ersSomaeot e flireds s g
pronot g5s %%la%gﬁstru@f’t?ut@lﬁ?in%ﬁs fa@ﬁ%ﬁ ERHERA Al BmaeRly, cONoRIdaPeRee R lrug and
pronoters (e.g., cyclin A B, or , histone or topoi sonerase |

pr onot er s) # appatiit leyasd actréaratedhdy yeadpot APK aictiatieh viacdehffrenipstiwey's osded

romoters/fragnments |jnked to mtogeni ¢ signals (Table 1). .
P to m%nitor mhlbftlon ) tflat pathwa%]/. eﬁ hnesg or orga zsmsg sta%?y expressing a vector

Jinked to a cell-cycle-regulated promoter can be used as very fast, simple and inexpensive
means for measuring cell-cycle progression or cell proliferation. Such cell lines have obvious
15 utility in drug screening and are contemplated in the present mvention. Examples of cell-cycle
regulated promoters are readily available, for example, (Lee, H ef al. 1995), (Stein, J et al.

1996) and (Huet, X et al. 1996).

Another embodiment of the present invention includes vectors, for the study of post-
20  transcriptional regulation, particularly mRNA stability. The reporter is, for example, a
destabilised vantant of EGFP (e.g., d1EGFP, dlEYFP, d1ECFP), with a different color variant
in each separate vector. The TRE (linked to a minimal promoter such as mCMV) is 5° of the
reporter encoding region and drives transcription in a tetracycline (or doxycycline) dependent
fashion. Other inducible promoter systems can also be used.
25
In one embodiment, the mRNA instability elements described above are not included and in
their place, MCSs are located, primarily in the 3’-UTR (see Fig. 4a) but also in the 5’-UTR
and/or coding region in some specific embodiments. Sequences thought to affect mRNA
stability can be tested by cloning them into the appropriate cloning site of a vector containing
30  one color variant and measuring the rate of decrease in reporter levels after blocking

transcription with tetracycline or doxycycline (see Fig. 7). If desired, the rate of decay can be




Exanpl es of informative enhancers that can be used include any of those

used in Contech's 5 Mercury Pathway Profiling Systens. CIontech'sﬂ@bSEBrﬂms
In Vivo Kinase Assay Kits represent another exanple of how the present )
invention can be used. In this exanple the pronoter elenent is a THE that

is conbined in cells with a chineric TetR-transactivator protein that

permts transcription fromthe THE only when a specific kinase is active

and can phosphorylate the transactivator domain of the fusion protein.

Thus, the present invention can be used t 10 provide a nore real -tine
measur enent of specific kinase activity.” Even still another aspect of the
present invention,contenplates a gell transfected,or, tyransduced wth a

vect or accéPHFﬁﬁg@Egvﬁat é?%WF“Fn@EhPFOﬁmHB F§126h5LF? g&q&@@gmémﬁour

pol ynucl eotrlep vyhln Bn £ FRMHo8 Eshtdn %]%Qééﬁﬂ&n%e?ginglt'&lte%zliﬂ feSa5PEOd g an RNA

el ement which nodulates the 15 stabili'ty of a“transcript corresponding to
sai d transcri babl e pol ynucl eotide. In sone applications the expression
vectors or ellé expressing the reporter constructs are inserted into an

or gani smt J%SM WIHEASERUERTPEFe Papeikie comBRGuanWith Fesiyictien epdpnyelsascaites

t hese pphircatd : ol J i r tabilised EGFP
vari antg ng?g%ed}l?ﬁzd%%?gﬁogggrdf Z’gﬁr%ggﬁtsgfém{goé@é%gﬁ%F%QB%@gj 'sgenic mce
expressing destabilised luciferase under the control of an informative
pronoter, can e@gﬁgd to nmpasure the activity of that pronoter in the

tissues of “47P} RIEENOULPRY o4 TSHBY BHOB AR PRMOFHBROM waltaNiEy dearyed erd s
descri bed yu&atadsist sl%ﬁenﬁgts S}?’B%%?C)a”y;r g‘%l@@r%ﬁ%ﬁn‘ggt}a&’h%ﬁ%\}?’?%ﬂgﬁ%ﬁaﬁer ve

to inprove the tenporal correlation o report er
L evel s, t hukerpmoiwidiinagts ansludgninfRMANabi PR eRrRAt(st © 25iapplehiat ispasficugh as

drug s‘@reenin&,n i C eﬁéfit,tron1a near real -tinme nmeasurenent of
promot'er actTVrEyer P SRNTSCHAETEHE it is desirable to express, either
invitro in cell-based systens or in vivo in mamualian systens, both a
reporter nolecule and a functional gene product. This may 30 involve two

separ at e HRNAST cehofineot, HieniongolamdnRNAT dest-athicpdrsirn greedo@im@brporated into a

Alternativelﬁ, an es%a?jlising elenents_nagbe incorporated into a

singl e dest’& q‘chéoécprf:%eé R PptTearapal Rlasyed (s $&2-¢'8)t wo separate proteins

(e.g., using an internal ribosone entry site; IRES) or a fusion 0 9 SEP

2005 -40 protein conprised of the reporter and the functional gene product.
15 Stabilising elements are useful for increasing levels of expressed protein for example during

protein purification where high levels or protein are required or when a promoter is weak.

Interference between the two promoters and moreover, transcription effects of the clement
or various stimuli tested, is circumvented by using a TRE or similar element to drive both
20 reporters and by measuring reporter levels after addition of doxycycline (or tetracychine),

which shuts off transcription from the vector.

Sull another aspect of the present invention contemplates a cell transfected or transduced with
a construct according to the present invention comprising in operable linkage a polynucleotide
25  which encodes a polypeptide and a nucleic acid sequence which encodes an RNA element that

modulates the stability of a transeript encoded by the polynucleotide. —

A related aspect of the instant invention considers a genetically modified non-human organism
comprising 1n operable linkage: a polynucleotide which encodes a polypeptide and a nucleic
30 acid sequence which encodes an RNA element that modulates the stability of a transcript

encoded by the polynucleotide.




The invention al so provides cell lines stably expressing these veig %E% %[ms
(with or wwthout a control). Such cells have applications in are S

drug screening. For exanple, cells 5 containing a MAPK-dependent reporter
vector provide a rapid and i nexpensive nethod for testing the efficacy of
drugs designed to inhibit MAPK or any pathway upstream of "K- dependent
transcription in those cells. In SKBR3 human breast cancer cells, for
exanple, MAPK activity is dependent on signalling fromthe overexpressed
ErbB2 protein. Therefore, drugs that inhibit ErbB2, would cause a decrease
in the fluorescence of SKBR3cells contai-féng 10 such a construct but not in
cells lacking ErbB2. Alternatively, cells could be tested drug and a
specific Iigand or treatnent that | eads to MAPK activation via a different

pat hvay, itaqr |nh|b|t|on of that pathway. Cell Iines (or
or gani sms) @fs? ag rtheé%?p bgg ?{8 of Rt ”f“eﬁ‘ll%“f’ﬁerﬁp Qs |2 ‘E%P‘é forefstrarisas
pronoter cagprbRidssed ASovefxichadd of S]n'f@?és@ and ?@%Heg&hff@smg‘aﬁgﬁsg ﬁ%nsald

nmeasuring cell-cycle progression or cell ‘proliferation
have obvi ob@ym&lestide iof ynt¢rastdrany a seroeen Bx;geﬁnﬂh aror cand eimplaad edddrrohdi€ons

resentc i ny, s of cell-cycle regulated pronoters are readil
e an o bR o R T DeStin Sptnge Toosyir: fa GFeior boBDNES o 996 y
(Huet, X glojafuc %&&ﬁ)whfiﬁ‘@&rhﬁﬁse@g@%\e%mf n@1ed s c%ﬁ%%at}a[ﬂyc%teh % ICQP cfd s

vectors, for the study of post- 20 transcriptiona ion arI
mMRNA st ab|SBidtgﬂlyﬂ13h@0héq)gf méarest syhefeor sad anpcabedeld@shahbiliilses mea;,ubamy o@“fa
EG-P (e. gn,a Scn P dI%FP dl. ECFP), with a different color variant in
each separ A& WEEYEFPORYIEs TEd TaRREbbls RolyivaicArde: @Péﬁ'b}ieé‘?mﬁﬂéikﬁx@éesﬁf@l%/)

is 5 of &b&or: rc@ﬂi}ﬂfs%@ﬁn@&%gf'er}‘ge:ﬁﬁé}é Qpar@r}?dsg‘rs'el\égl%dg ?‘g?“%%@}&i;é.)‘%ﬁlsp ?ﬁ of ot er

tetracycline (or doxycycline) dependent ashion

syste can al so be used. 25 In one enbodi ment, the nRNA instability

el enent s descr'?ed above are not cluded and in their place, MCSs are
located, primtifly R W&@OWW@? WM EPCingaspihRpAlyAdetids of Héersst UTR
and/or coding region in sone specific enbodi nents. Sequences thought to
affect MRNA stability can be tested by cloning theminto the appropriate
cloning site ofida vetperietgmeai ning 30 one col or variant and neasuring the
rate of decrease in reporter levels after blocking transcription with
tetracycline or doxycycline (see Fig. 7). If desired, the rate of decay can

be O B SEP 200§ii)  a promoter for regulating expression of said polynucleotide of interest and/or

a reporter gene, which promoter is preferably modulatable (e.g., using a

tetracycline responsive element (TRE));

(iv)  apolyadenylation sequence;
20

(v) a selectable marker gene; and
(vi)  an origin of replication;

25 and measuring the level or activity of the reporter over time compared to a control wherein said

destabilising element enhances the temporal correlation between promoter or enhancer activity

and reporter level or activity.




encodes a different colour EGFP variant and does not contain the nce
being tested) in the sanme cells. The MCS may usefully conprise or work in
conjunction with restriction endonucl ease sites 5 which allow direct

cl oning of PCR products having overhangs (see below). In another rel ated
enbodi nent of the invention, one or nore nRNA instability elenent(s) are
included to assist scientists specifically searching for nRNA stabilising
elements. Sinmlarly, other enbodi ments i43cl ude nRNA stabilising el enent(s)
to assist scientists specifically 10 searching for nRNA destabilising

el ements. INcopibh@ition 0P@gicFRNRNA dRRDESRE ElRMeAB detRi3en 06mbihgidnas tonte@pité®r s
are both incorporated into a single vector, preferably a bi-directional
plasmi d (sberef g. 4b). 15 Stabilising elements are useful for increasing

| evel s of expressed protein for exanple during protein purification where
high I evels or protein are required or when a pronoter is weak.

| nCer fer eneg. heldheRRciih i WiRs QERHSE Pb, 0 ATRICPRYSlimikADSAIIA! | on ef fects

-41 conpared between the "test vector"™ and the "control vector,"ngtggghmms

of the el enen or various stimuli test'ed, is circunvented by using a THE
or simiar element to drive both 20 reporters and by neasuring reporter

| evel s after addition of doxycyclin%lgor hgﬁ{acycline), whi ch shuts off
transcription fromthe vector. Still aspect of the present

invention contenplates a celdilip@MNLFIGReS intd ¥R8@Weed Wi th a construct
according to the present invention conprising in operable |inkage a

pol ynucl eoti de 25 which encodes a pol ypeptide and a nucl eic acid sequence
whi ch encdiesngis ckRiNAd eltearesrtlinghaexisting duditaide sisinh eestricaibh kityynesitesan theadd€8r i pt

encoded by the polynucleotide. A related aspect of the instant i tjpon
consi d rs05%%@@4@5|0ﬁ78m?440§dn HE et prts &afhias%ove&%%ﬂg%d\/ﬁ?@ﬂ rabl e

| i nkage: ﬁp%@ﬁ%&ﬁ@i&ﬁﬁﬁ%@?&%%&é }%w@?ér}/tﬂﬁﬂ{cm?onad?qmc HehebUPR acid

seqguence enment t’hat nmodul ates the stability of a
transcri por othacededs by tipei fipaltympciventntdser GrnSkR &0 0bhicH X evedesgnédifor her
enbodi nent of the ?res i pvention contenplates a nethad for deter.m ning

t ip
expr essi offABTrRHH) %Q}E?re%%qlﬁﬁeanéﬁomﬁf R CoYERIgNY FAPTHBRISIES %W%ﬁﬂ@mn&

expressing said

15 ' EXAMPLE 2

Transfection

Co-transfection of control and test vectors is performed as per existing methods (e.g., Fugene
[Boehringer Mannheim, Mannheim, Germany] or eleciroporation), except in the case of the
20  single (e.g., bi-directional) vector systems described above, which require only one vector and

thus eliminate inaccuracies associated with co-transfection.

25 EXAMPLE 3

Measurement of Reporter Expression

An immediate advantage of the vGFP system is that reporter expression can be visualized
directly in living cells, simply by viewing the tissue culture plate or flask under a fluorescent
30 microscope. Therefore, poor transfections can be identified and discarded before any additional

time is wasted. Quantitative measurement can be performed using a fluorometer (e.g., 96 well




pol ynucl eotide of interest froma reporter expression vector for q%gisgpagmﬁ
under conditions 5 suffrcient for RNA and protein synthesis to occlr, sai
vector conprising a transcribable polynucleotide which conprises a
sequence of nucl eoti des encoding a transcribed el enment and said

pol ynucl eoti de of interest wherein said transcribed el enent nodul ates the
stability of a transcript corresponding to said transcribable

pol ynucl eoti de; and wherein said expression vector conprises one or nore
menbers in any order selected fromthe gréép consisting of: 10 (i) a

mul tiple cloning site for introducing said polynucleotide of interest; (ii)
a reporter gemeformdt) Ghd isincd 110€ @D REn fberméRarel athe NGnRX PRSI @ 0f meaduged
~polynucl eotide of interest and/or a reporter gene, which pronoter is

pref er abl y Tepehiddx abl B g @ngeourssing a tetracycline responsive el enent
(TRE)); 20 (iv) a polyadenyl ation sequence; (v) a selectable nmarker gene;
and (vi) an origin of replication; 25 and neasuring the level or activity
of the repox tfgxthe® 4@ aritdd¥EcHPIRAT RANkFesC A bPkr WHSHRI Bhsé@iashaydl@sthabBibivsi ng
el ement enhances the tenporal correlation between pronoter or enhancer
activity aW@megpsen elso bevssd tomeastre vépoyier lgves. SEP 2005 - 43 A conbi nati on
of different RNA destabilising elenents acting in conbination is

contenpl ated herein. The present invention is further described by the
further non-limting Exanples. 5 EXAWRRipLE40ni ng DNA El enents into
Vectors Cloning is carried out according to existing nethods, using
restriction enzymAdsiniages of Wding Kiogy Cyometryto Measure geppoar bEveECR pr oduct s
in the case of vectors with a "T overhang" in the MCS. Wth

{ 10 1. Two or more reporters (control and test) as well as additional parameters, can be
measured individually in every cell at a rate of >2,000 cells per second. Therefore, in
this application, the method yields thousands to hundreds of thousands of data points

per sample versus one datum point for existing Iuciferase assays.

15 1.  Accurate measurement of transfection efficiency: This is useful for optimising

transfection protocols. In addition to allowing comparison of different methods, it is
also possible to measure both expression per cell and the proportion of cells

expressing. This helps the investigator to determine the cause of any problems.

20 ni.  Identification of co-transfection errors: Co-transfection studies are based on the

premise that cells will take up and express an amount of control reporters, which is
proportional to the amount of test plasmid taken up by the same cells. This is not
always the case. By using the flow cytometry method described here, it is possible to
correlate test versus control expression levels in different cells of the same sample.
25 Invalid samples can be identified by the lack of a good linear relationship between test

and control reporter levels. Such errors go unnoticed in current methods.

tv.  Simultancous measurement of additional parameters: Fluorescent labelled antibodies

can be used to quantify specific proteins on a cell by cell basis and this can be
30 correlated with reporter levels to determine whether that protein affects gene expression
via the element cloned into the reporter construct. Alternatively, the protein of interest

can be expressed as a vGFP-fusion protein (the protein of interest fused to a GFP




respect to post-transcriptional reporter vectors, however, the incl s8R 2805
a MCSin the 3 -UTR or other regions is a significant inprovenent over
current vectors, which were designed for transcriptional or other studies
‘and do not contain convenient cloning sites in these |ocations. 15 EXAVPLE

2 Transfection Co-transfection of control and test vectors is performed as
per existing nethods (e.g., Fugene [Boehringer Mannhei m Mannhei m

Germany] or el ectroporation), except in the case of the 20 single (e.qg.,

bi -directional) vector systens descri beddabove, which require only one
vector and thus elimnate inaccuracies associated with co-transfection. 25

EXAVPLE 3 Measujgimit viefuwdReRens e bf B Pigfprar Sfprésiivadiain @sturitlage mh- t he
VGFP systemis that ‘reporter expression can be visualized directly in

living cells, sindptiyleby.cvileof thgspedadictprasinea theh be eompdlatedwith the eipkestinpiar a

fluorescent 30 m crosc . Therefore, poor transfecti.ons can be identified
and di scar ded U%ﬂ&é@mé ?Eﬂﬁﬁﬁﬁ@ﬂﬁﬁ*0?Fﬂ%ﬂmgnuﬁg?%apfeﬁgﬁﬁﬁfggpgggﬁaior

nmeasurement ¢ aﬂ{ﬁ@fe@@? 05 BB R% fal th’?(? OpRicSior, ehedy GFID BepbRbs isQinRedleP

2005 -44 plate format) and since |Ifve cells ‘can be neasured, the sane
sanpl ess can be rapasonyettmeneieat, etimptes)ghqughtio de tétheycbopes fic. Tharfsircted eells

advant age conpared to. |l uciferase and other enzyne hased assays is t fl ow
5 cytonetry car‘i‘r%?té‘ﬁe%émg FEC R GF POt HErOP B ?dl%éﬂm%iaé“& Bk
Advant ages of Usipg FhRWwiQheREBIINed QidYBaePRRRAh SN PER¥BIS sditrdl of theO OF
nmore reporters (control and test) as well” as additional paraneters, can be

measur ed i ndi viDiNAcbystiuatsedesenbeddieteimt cagh cabteinofg 2ot o€IAR qoueld krettond.
usands, t o.hundr.eds of

Ther el ore, |1 kS FRRLhGSLSD, LS. Tl hod, i l e Lhausancs, L, hundyade
LT apase ooy gerth kel Somesr e alabgams{acton o111 eroy:
al | owi ng conparison of different nmethods, it is
V. Cell Sorting: Using a cell sorter, it is possible to isolate viable vGFP expressing cells
from the non-expressors. This technique can be used to select stably expressing celis
OT {0 Irenmove noN-exXpressors prior to assay initiation. Similarly, it is possible to remove
15 cells expressing very low and/or very high levels of vGFP. This can be used to generate
a more homogeneous population and/or to remove cells expressing levels so high that .
they may not be physiological relevant or may perturb normal cellular function and/or
may otherwise adversely affect the data obtained from the DNA vectérs described
herein.
20
It is important to note that transient and stable transfections of expression vectors result in a
cell population with very heterogeneous levels of expression. In general a thousand fold
difference between the highest and lowest expressor is not unusual. The present invention not
only offers a method for selecting homogeneous populations when required (see v above}), but
25  can also utilise heterogeneity to the benefit of the scientist. For example, identifying co-
transfection errors. Another example of this relates to (iv) above. To determine whether protein
X affect§ transcription from promoter Y, then cells are transfected with a reporter construct
expressing d1 EGFP under the control of promoter Y. If required, cel! sorting can be used to
isolate cells transiently or stably expressing appropriate levels of d1EGFP. These cells are in
30  turn transiently transfected with a vector expressing a protein X-EYFP fusion protein. During

flow cytometry, EGFP s plotted on one axis and EYFP on the other. A positive correlation




al so possible to neasure both expression per cell and the proporti g9 cgEfP 2005
cells expressing. This helps the investigater to determ ne the cause o0
any problens. 20 iii. ldentification of co-transfection errors:
Co-transfection studies are based on the premse that cells will take up
and express an anmount of control reporters, which is proportional to the
anount of test plasm d taken up by the sane cells. This is not always the
case. By using the flow cytonetry nethod descri bed here, it is possible to
correlate test versus control expression-fevels in different cells of the
sanme sanple. 25 Invalid sanples can be identified by the lack of a good

| i near rel atéuddhsidignidehavgeoeirel incedaskesc pistaptione fomt prordogarel sandSaiclegaivieor s
go unnoticed in current methods. iv. Sinmultaneous neasurenent of additional
par anmet er s :CORFlgdeeyeeidtindieate thabprosgie Xpshibes rapsgRpERn QB Premotguant i fy
specific proteins on a cell by cell basis and this can be 30 correl ated
with reporter levels to determ ne whether that protein affects gene

expr essi on Cuviefl}, BB itinpting ReekidbHsR stidhea ERRMI0R wdbNSldc Sdveral different

Al ternatively, the protein of Interest can be expressed as a vVGFP-fusion
pr ot ei n3 (t Blongy of kigh vefsup fave capresdons efiprotein Xaach cipneppodd e s ssparatant )
via transfecti.on .of..an a ORf | ate expression, vect i hduci bl e or -
nduct b o) Ftlg B RBRLD I Pl BpaTR 8 M Riseme! ROV FEPiBalred 7R L e
expr essi onugfof cél dbids @sRits oMhY 8f propraddn g thtfddudes neayvatia iedledRnpreof
interest (co-transfected or transfected at a different tine). In a third
appl i cat i ofxistingdielparepngibpsrenest the hpstgrBglandovasiable gliaeloreptos deasatican (Vestyr |

pr onot er s) aught, to be.cell .cycle ecific. Transfected.c

e ned w PHATH M ish et mrat et A IR st hrapr AR At e Bl e ua
contenty, Wi Fisiteh@breC Qiidhed alc@thdMibids PP fdve Hat@XidiRs,SvaR eat duinnsdipt e,
several of the DNA constructs described herein, each containing a

di fferent ah@Ed feenadliferenigranslepiieseleaidifistnt pldep diaerihe pewsusen aynot only
Furthernnngmeq;gqﬁe Iyor%%%entdnarkers cQ | d 19 bee %%d in conjunction
with thesd'Vectors (81 RGY e I I T P as)™ MM 85 1°%Rg: Using a cel |
sorter, it is possible to isolate viable vGFP expressing cells fromthe
non- expressors. This technique can be used to select stably expressing
cells or to renove non-expressors FAMPME dssay initiation. Simlarly, it
i's poagible to renove

Laser scanning cytometry (L.SC)
Unlike flow cytometry, LSC measures multi-colour fluorescence and light scatter of cells on
slides, and records the position and time of measurement for each cell analysed. This technique
provides data equivalent to flow cytometry but has the advantage of being microscope shide
20 based (Darzynkiewicz ef al., 1999; Kamentsky er al., 1997). Owing to the fluorescence of GFP'

and its variants, the techniques described for flow cytometry are also applicable to LSC.

EXAMPLE 6
Specific Methods for Post-Transcriptional Assays
25
These are best summarised by using the example of a study aimed at determining whether a
specific 3’-UTR fragment affects mRNA stability. Although this example is one of transient

expression, stable transfection could also be used

30 (). The 3’-UTR fragment is ligated into the 3°-UTR cloning site of the test vector and co-
transfected with the control vector into a Tet-Off cell line. In the case of the bi-

directional vector, no control vector is required. Indeed, the typical application does not




15 cells expressing very |low and/or very high | evels of vG-P. Thi@%cSEszﬁ%
used to generate a nore honobgeneous popul ation and/or-to renove cells
expressing levels so high that they may not be physiol ogi cal rel evant or
may perturb normal cellular function and/or nmay otherw se adversely affect
t he data obtained fromthe DNA vectors described herein. 20 It is
inportant to note that transient and stable transfections of expression
vectors result in a cell population with very heterogeneous | evels of
expression. In general a thousand fold difference between the highest and
| owest expressor is not unusual. The present invention not only offers a
met hod for sel ecbing NRARAGERMEE oP@RI AhdcaRts of@ay tRIH heduies apsaxipis Gog) |,
but 25 can also ufilise heterogeneity to the benefit of the scientist. For
exanmpl e, i dent i fwithig theosamerteansfeettan. §iUIRr framenssrran thertestsdampingerspg themsinto
relates to (iv) above.. To d%‘ﬁ{"i‘ ne whether protein X affects
transcription frorepysidedr WK ¢IAMABEY | s are transfected with a reporter
construct expressing dl EG-P under the control of pronmoter Y. If required,
cell sorting can be used to isolate cells transiently or stably expressing
appr opr iSat én). evdlhs celfs ai¢ BGRR. in Thivedecrce bf doxareling (B ettagydingy fon &148rt thypllow

transfected with a vector .expressin r ot ei nX- EYFP f usi on. pr.ot el,n. rin
[l om eyt omat 1y, Ceemrs of T eaoah A ES LA e nRD Rk, 08k B! N9
positive correl %iﬁ%l%e?o%ﬁa@ﬁﬂﬁe)} A8 oonih eb bigel Rt Rribhiad alf @ERkRithed to

on

i ncreases transcripti frompronoter Y and a negative correlation would

i ndi cate that pmetimwithiuthiolsyeysline bvdaracptlinohfor2eld hrtoporvede abnadirent| y,
scientists attegﬁgin .to establish such a correlation would sel ect severa
different 5 clSHES™0{"hi gh versus | ow expressors of protein X Each clone
woul d gfpen be separately transfected with a pronoter Y-luciferase construct
and the luciferase activities neasured. The wuse of cell clones requires
nmont hs of @ik pallighi descsofcioxptycboe tedetraapging park dldnepiiad laushuh gl pragscrigndpst | ng
het er ogenei ty agnngﬁt t he host cells and variable sites of vector
integration (veC?BPOUD Ay interfere with a specific gene at the
integration site and this site is different for every 10 cl one).
Furthernore, such a nethod yields very few data points, with each datum

poi nt  obt GvnedTlia Hnerascdndef & ath repostarsfie oterpmed (byaflel fciomaty, BhoreetTious,

the neyy system f,§C)nlgta t?l’]l:llﬁlt dourse following addition of doxycycline {or tetracycline).

If the cloned element confers mRNA instability, a more rapid decrease in *“test” fluorescence
will be seen compared to “control” fluorescence of the same cells or sample. Similar studies
can be used to test an mRINA element’s response to certain stimul or its effect in different cells
20 or cells expressing different amounts of a specific protein, such as an RNA-binding protein.
Applying the stimulus after doxycycline will determine whether pre-existing transcripts are
affected by the stimulus. Inserting the element in different locations (e.g., 5’-UTR, 3’-UTR)
will determine whether its function is dependent on position. Inserting a protein/polypeptide
coding sequence (in frame) within the reporter-coding region of the vector, can be used to

25  determine the effect of that sequence on mRNA and protein stability.

RNA can be extracted from transfected cells and used to measure reporter mRNA directly.



nore versatile but is quicker and nore accurate than existing rretﬁgg§ép 2@&5
EXAMPLE 5 15 Laser scanning cytonetry (LSC) Unlike flow cytonetry¥

measures nulti-col our fluorescence and |ight scatter of cells on slides,
and records the position and tinme of measurement for each cell anal ysed.
This technique provides data equivalent to flow cytonetry but has the
advant age of being nicroscope slide 20 based (Darzynkiewicz et at., 1999;
Kanent sky et at, 1997). Onmng to the fluorescence of GF-P and its variants,
t he techni ques described for flow cytonet4d- are al so applicable to L$C.
EXAMPLE 6 Specific Methods for Post-Transcriptional Assays 25 These are
best summari sed by using the exanpl eeRAMPEEUMY ai ned at determ ni ng
whether a specific 3'-UTR fragnment affects nRNA stability. Al though this
exanpl e i s one of transient élgpﬁggmtm,llml}&tﬁré’qcﬂﬁﬁsfecti on coul d al so be
used 30 (i). The 3'-UIR fragnent is ligated into the 3 -UIR cloning site of
the test vector and co- transfected with the control vector into a Tet-Of

cell. lineThtretbs faptrs@idstsiratd fordixpasidomal. séicindrexpression ot edluovescendr i s
requi red. Indeed, the typical application does not Q 9 SEP 2005 _-e§7 require
a contrdl FPEBELBreukyoctdr Biemisnidy mappe Beddy Seafask sHaasePRuse 9T S8l es

from wthj e. o 1 [ L 2 TR &l N8k esdiedn Ry,

i nserting {)ﬂrg%n‘t}i ﬁ?%%v‘é%?%%&d\fénte%pgo% -t%%Rv%{t%i%}%h ZCF}‘S (I}i ?). T%e S(e:"sel S
are grown i giniihelyaksehitieccohRuBX YL bintiRrlyalestabitisaic fladresvent feporid-pi@em. fo

all ow expression of both vectors. Alternativel cells are g w th | ow

S < [ 1Y ro
doses of auiRn/je Mhenwandard feadpreaelaich plapmidsdampiciin WS{S&D&%&&I@I{?%WFE@PP% on
and then sy . j i o j osiBlgagycline) for 2-12
A o provi e gyplefinig TR pIGIng BRAAKE e Bt Rlas HIBYCL 2L o
doxycyi@ i ne (or tetracycline) are then applied to shut off transcription
57---- MCS/promoter----transcription start site—--S’UTR—-—ATG——VEGFP encoding region --

stop codon—3’UTR with mRNA destabilising element---polyadenylation signal

Where:

15
MCS/promoter denotes either a multiple cloning site (test vectors; see Fig. 2a) or a
constitutively active promoter such as SV40 (contro} vectors; see Fig. 2b) or an mducible

promoter such as TRE-mCMYV (control vector; see Fig2c).
20 ATG denotes a translation start codon.
Stop codon denotes a translation stop codon.
5°UTR denotes a 57 untranslated region.
25
3’UTR with mRNA destabilising element denotes a 3’ untranslated region containing one

or more of the mRNA destabilising elements outlined.

vEGFP denotes a destabilised variant of EGFP. One set of plasmids is provided for each type
30  of destabilising modification (e.g., 1 hr half-life, 2 hr half-life). Within each set of plasmids,




fromboth vectors. (iv). The fluorescence of both reporters is By
flow cytonetry, fluorometry or 15 LSC) in a tine course follomﬂE€%§§§ﬁ$90n~

of doxycycline (or tetracycline). If the cloned el enent confers nRNA
instability, a nore rapid decrease in "test" fluorescence wll be seen
conpared to "control" fluorescence of the sanme cells or sanple. Simlar
studies can be used to test an nRNA el enent's response to certain stinuli
or its effect in different cells 20 or cells expressing different anounts
of a specific protein, such as an RNA-bifdi-ng protein. Applying the
stinmulus after doxycycline will determ ne whether pre-existing transcripts
are af f ecoadvdeyortiderosidediireach diffsrenttcolgr vhtme [Feneampia) odé §dt esreatis vaptas | ons
(e.g., 5 -UTR 3'-L@£§ will determ ne whether its function is dependent on
posi t] on.  PrEisiEY EST: 1 BYRPSURF s aes weeiurig SORIsndes ¢7 K e

Wi thin the reporter-coding region of the vector, can be used to 25
determ ne the effect -of that sequence on nRNA and protein stability. RNA
can be ext mhﬁctxﬁlﬁqgm,tmaa@{tm bedosalflife ©adepsses deseriRdsbo®: srepomht er MRNA
directly. p g SEP 2005 -48 EXAMPLE 7 Transcription Reporter Vectors The
vector 9 ar@cgrparstiddstoqudinglpVectdroprefexabans biodirgchiom! plasmid GrelFiexpr-essi on of a
fluorescent 5 reporter in eukaryotic cells. The plasm ds nmay be used in
sets. Each set is conprised of one or nore "control"™ vectors and one or
nore "test"” vectors. Every vector WrNAMPRESEt expresses a simlarly
destabilised nRNA and a simlarly destabilised fluorescent reporter

protein. In addition to th&ostapessriptiveRepprier ¥ecterch pl asnids (anpicillin
resi stance, origin of replication etc.), each plasm d contains the
followi ng construct (see also Figs 2 and 3): 10 5 ----

MCS/ priomotSilar tolthARSREHPIdnABpSried Ftonfol Brectods thHiRonta 53T REBGER e protiiag
region -- stop codon-3 UTR with nRNA destabilising

el ement - - cpedpy suetgirelRiNSrdestabilising weeest in1e MO Briormptased wethotMESdseHies a
mul tiple gllajj.rirlx Q(gﬂg ér%lgoéi%eeﬁ}s, MPC%t a% 3150 ?0%%6('1: t9the %%Tﬁrangjor coding region.

Such a construct can be used as a “test” or a “control” vector for the post-transcriptional assays

I5  outlined herein.

In other examples, the control and one of the test reporters described above are both

incorporated into a single vector, preferably a bi-directional plasmid (see Fig. 4b).

20 EXAMPLE 9
Reporter Vectors for Assaying Specific Pathways

Vectors similar to those described herein, into which a regulatory element has been inserted

into the MCS for the purpose of studying or measuring the function of said regulatory element.
25  For example, plasmids similar to the transcription reporter plasmids outlined herein, except

that they contain within the MCS, a promoter or promoter element(s) or enhancer(s) that are

responsive to pathways such as those referred to in Table | and/or contain any of the following’

cis-acting enhancer elements as described in Clontech’s Mercury Pathway Profiling Systems:

AP1, CRE, E2F, GRE, HSE, ISRE, Myc, NFAT, NFkB, p53, Rb, SRE. The reporter 1s
30  preferably a destabilised version of GFP, luciferase or SEAP.




constitutively active pronoter such as SV40 (control vectors; ﬁqggg Q@F
or an inducible pronoter such as TRE-nCW (control vector; see ?

ATG denotes a translation start codon. Stop codon denotes a transl ation
stop codon. 5 UTR denotes a 5 wuntranslated region. 25 3'UTR with nRNA
destabilising elenment denotes a 3' untransl ated region containing one or
nore of the nRNA destabilising elenents outlined. VEGFP denotes a
destabilised variant of EG-P. One set of plasmds is provided for each type
- 30 of destabilising nodification (e.g., 45hr half-life, 2 hr half-life).
Wthin each set of plasmds, 0 9 SEP 2005 -49 one vector is provided for
each different col our v@agi gds dﬁ)ﬂq,@@(ﬁmsg‘” &fic BARkvaiNs vectors
expressi ng dl EG-P, dlEYFP d1ECFP wher eas ano her set expresses the d2
variants. In other exanples, the control and one of the test reporters

descri bed ve are both 5 incorpora into.a single ve referably a
bi - directi ﬁl lingg %rsﬂ?ﬂﬁlc@gﬁ@qﬂi‘éed"%)ce SF};& T:es%n%%et‘%tr?%fﬁgi ef:[g)ﬁs Repor t er
Vectors 10 %%m%§a§éﬂgthe transcription reporter "control" vectors t hat
contain a - pronmoter , except that the nRNA destabilising el emrent

inthe 8 -URis replaced wwth a MCS (see Fig. 4a). In sone enbodi nents,
MCS are also located in the 5 UTR and/or_coding region. Such a construct

can be used as a "test" or a "contr&*ANE for the post-transcriptional
assays 15 outlined herein. In otheB E & the control and one of the
test reporters descri bed above are bot |ncorporated into a single vector,

preferably abi-directional plasmd (see Fig. 4b). 20 EXAMPLE 9 Reporter

Vectors for Assaying Specifji.c.Pathways Vbc%Prs simlar to thozglqﬁscribed
herein, int® \’ﬁﬁioé%df'é”ﬂ‘é‘-‘&upél?léﬂfy’eéFl%?rérﬁtusTﬁa T GERERREAUPR F oSSR R SIRES £ or

ot lhe puerposlﬁargl er S HEYLRGinQ" veTRAS Wik Mgkt RE1ELINGH @R QbeiRhthM B Wedl QEtHods

described herein.

Method of Construction

15  The vectors and DNA constructs outlined here are assembled using standard cloning
techniques. The SV40 and TRE-mCMYV promoters described here as well as the more standard
components of plasmid vectors (e.g., origin of replication, antibiotic resistance or another
selection gene) are readily available in a variety of common vectors. DNA sequences encoding
the destabilised variants of EGFP (e.g., d1EGFP, d1EYFP, d1ECFP and d2EGFP, d2EYFP,

20 - d2ECFP) are available from Clontech (Clontech Laboratories Inc., Palo Alto, CA, USA). DNA

sequences encoding destabilised DsRed variants are constructed by fusing to the 3’ end of the

DsRed encoding region, sequences encoding the degradation domains (or mutants thereof)

from short-lived proteins. For example, amino acids 422-461 from mouse omnithine

decarboxylase, which contains a PEST sequence. Such sequences could potentially be derived

25  from existing dEGFP variants.




25 For exanple, plasmds simlar to the transcription reporter pmrsgs 2015
outlined herein, except that they contain within the MCS, a pro er or
pronoter el enment(s) or enhancer(s) that are responsive to pathways such as
those referred to in Table 1 and/or contain any of the follow ng

ci s-acting enhancer elements as described in Contech's Mercury Pat hway
Profiling Systems: -APlI, CRE, E2F, GRE, HSE, |SRE, Myc, NFAT, NFi B, p53,

Rb, SRE. The reporter is 30 preferably a destabilised version of G-P,

| uci ferase or SEAP. 0 9 SEP 2005 -50 Cel-I5iFines and Mce for Assaying
Specific Pathways Cell lines or genetically nodified mce stably expressing
one or nore of the vectors describg&AMmpernt EXAMPLE 10 Met hod of Use The
vectors described in this invention are used for experinmentation in
essentially the same 10 nanner as tHhemmasyi ng vectors that they repl ace,
wi th the exception of the new nmethods described herein. Mthod of
Construction 15 The vectors and DNA constructs oqut]ined here are assenbl ed
usi ng st andtsraumsEnOWE MEseRteEkivnyandsnetirpds 2530y avAdlataE- oW pronot er s
descrilbed here as well as the nore standard conponents of plasmd vectors
(e.g., origin Gixpregibhcatiosnor fafk ithiralfithatigsinsdram eac or ramoniRNA isghalyi on
gene) are readily available in a variety of co n taors. sequences
encoding the GESalS P gde Wﬁ?ﬁﬁ?ér@ﬁﬂ‘@@:@%@,mﬁmmw fﬂDe,XC]ISETECFP
and d2EGFP, d2 . ) i : ; t@mRhat
Caborator i es. | RS vs AR TengfbR gRifikd gy Frol LE LB gRlcikpe

dest abi | i sed DsfReslat¢andandisselr @itk giiahotac haditgy Férusiangpld, ghe hiene3lageetivest t he

DsRed encodi ng regi on, sequences encodi ng the degradati on domai ns (0
nut ant€ t her eoﬂ?creﬁsﬁ%m@ﬁg?ftaﬁ'V’\'/Eéépdp@e@feéf‘?ﬁismm&ar@)&gﬂ‘ﬁ“el,ev ﬁi‘sn%’%%étﬁl@y

422-461 fron1nﬁ%§8rpnithine decar boxyl ase, which contains a PEST sequence.
u

Such sequences could potentially be derived 25 from existing dEG-P
variants. 0 9 SEP 2005

° Expression vectors or parts thereof encoding a destabilised mRNA that in tum, encodes
a destabilised protein. Compared to existing vectors, the vectors claimed here provide

15 kinetics of protein expression that correlate more closely with promoter activity.

. Expression vectors or parts thereof in which the mRNA destabilising elements are
comprised of sequences cloned from short-lived mRNAs such as c-fos, examples of
short-lived mRNAs include; c-fos, c-myc, GM-CSF, IL-3, TNF-alpha, IL-2, H-6, IL-8,
20 Urokinase, bel-2, SGLT1 (Na(+)-coupled glucose transporter), Cox-2 (cyclooxygenase
2), IL8, PAI-2 (plasminogen activator inhibitor type 2), betal-adrenergic receptor,
GAP43 (5°UTR and 3’UTR) AU-rich elements (AREs) and/or U-rich elements,
including but not limited to single, tandem or multiple or overlapping copies of the
nonamer UUAUUUA(U/A)(U/A) (where U/A is either an A or a U) (Lagnado er al
25 1994) and/or the pentamer AUUUA (Xu ef af 997) and/or the tetramer AUUU {(Zubiaga
et al. 1995). Also included are minor modifications to or permutations of the elements
listed above. The term “tandem copies,” allows for both duplication and/or non-
duplication of one or more of the outer nucleotides. For example, tandem copies of the
pentamer AUUUA, includes sequences such as AUUUAUUUAUUUA as well as
30 AUUUAAUUUAAUUUA. The 3 UTR or 5' UTR regions of short-lived mRNAs often

contain destabilising sequences.




-51 EXAMPLE 11 Sunmmary In sunmary the present vectors and net hodsmwﬁﬂus '
avail able: 5 Expression vectors or parts thereof that incorporat. 0
nore MRNA instability el ements in order to provide a relatively
short-1lived nRNA. Conpared to existing expression vectors, the vectors
cl ai med here provide kinetics of protein expression that correl ate nore
closely with pronoter activity. For exanple, the tinme | ag between 10
decreased pronoter activity and decreased nmRNA and protein levels is
substantially reduced. Expression vecto¥k-or parts thereof encoding a
destabilised nRNA that in turn, encodes a destabilised protein. Conpared
to existing vectors, the vectors clainmed here provide 15 kinetics of
protein expression that correlate nore closely with pronoter activity.
Expr essi on*vect Bxlsre@riorp‘amtws vherechereof mhvtoth thhenRIRNAcetebiiisibg Eiegienty were

c 05, exampl e BRI AL GO TR e G AR, i i g gy 5
TNF-al pha, |L- Zlmﬂréw@méthocﬁ fo?QieHrlgrm rk‘ﬁ&?elepi%tsz SGLTI (Na(+)-coupl ed

gl ucose transporter), Cox-2 (cyclo genase , 1L8, PAI-2 (plasm nogen
acti vator inhibitor type 2), betal - adr energic recept or, GAP43 (5' UTR and
3"UTR) AU-rich elements (AREs) and/or U-rich elements, including but not

linited to®si ngPeTeSFanYEsPsor RS thercel g1 whieh ieaspirbiisedopRa& @rodssad shadnamer
UUAUUUA( U/ A 094
and/ or Ehe ?)fantﬂg}rggée%ﬁﬁﬁﬂ%ué%}fgﬁgg{}%ﬁ e?/ géa’?ﬁgt tGg:tka ?g%g%f%ﬁ%ﬁ%gﬁdlaga )

et at 1995). Alisexisticd ugetcarectoisndie woird caihddohge tppodde Rernts aff fepnserof
the elenments |isted above. The term "tandem copies," allows far both

dupl i cati on anGFHFS%‘RSHMW“%'%E%f“iob‘%d@?e%ﬁéh@Fomﬁi?léa%}f’lt.‘( Her eargile, the ime

e S0 2, SO AR L RO M 85

or 5 UTIR regi euristanhah:hmﬁneddl.ved MRNAs of t en

. Sets of reporter vectors or parts thereof that encode similarly destabilised mRNAs

(similar to other vectors in the same set), which in turn, encode similarly (similar to

15 other vectors m the same set) destabilised vanants of EGFP or DsRed or other
fluorescent markers. One or more vectors {control vectors) within each set contain a

constitutive promoter (e.g., SV40, CMV, RSV, TK, TS; see Fig. 2b) or an inducible

' promoter (e.g., TRE-mCMV; see Fig. 2c), whereas the other vectors (test vectors)

within each set contain a cloning site (e.g., MCS) in place of the promoter (e.g., see

l. 20 Fig. 2a). Applications of these vectors include but are not limited to the study or
) measurement of promoter activity. For example, a promoter element of interest can be
cloned into the MCS of a test vector encoding d1EGFP and reporter expression

measured relative to that of a control vector expressing d1EYFP. Also claimed is each

mdividual vector described well as bi-directional vectors or other single vector systems

25 that incorporate one test and one control reporter construct within the same vector (e.g.,

Fig. 3a and Fig. 3b). Compared to existing sets of reporter vectors, the vector sets

claimed here offer the following advantages:

a). A measurement of promoter activity that is closer to real-time.

30




contain destabilising sequences. 0 9 SEP 2905 -52 Expression vectoqf O%EP 2085
parts thereof in which the nRNA destabilising elenents were identi ge or
val i dated using the vectors described herein, which provide substantially

i nproved nethods for identifying such elenents. 5 Expression vectors or
parts thereof, in which the destabilised nRNA encodes a short- lived
reporter protein such as a destabilised variant of EG-P or | uciferase.
Conpared to existing reporter vectors, the vectors clained here provide-
kinetics of reporter expression that cori3elate nore closely with pronoter
activity. For exanple, the time 10 | ag between decreased pronoter activity
and decreased mBNA apg Dok Qb QHE! S ihe cISYPSHANLIG! batwearluerebl ardetd Of
reporter vectors or parts thereof that encode simlarly destabilised nmRNAs
(simlar to other vemhethigtd.n the same set), which in turn, encode simlarly
(simlar to 15 other vectors in the same set) destabilised variants of EGP
or DsRed or other fluorescent nmarkers. One or nore vectors (control
.vectors) within,eac ' - [ i Qe CWV,
RSV, TK, TS: PN gt.) egcg%%s&g?ﬁgﬂﬁ ekl E‘?‘Tg 5f§%50t?‘+§‘t gért&(g% %r‘:“ b Gt @r%%fll see
Fig. 2, whereas t hentedlpesmotactRy stilsireshducédt posjotersintthé congratvectet, seaint ai n
a cloning site (e.g., MCS .in_place of the pronoter ( see 20 Fig. 2a).

. JI ¢ e.q..,
Appl i cations of the§®sy & briniyied dad/puideniiaedapd qufﬁgéowa%&g?‘a or

measur ement of promgter. ackiviid r, exanple, a pronoter elenent of
i nterest can be cloneém?nfo t%% of a test vector encodi ng d1EG-P and

reporter expression neasured relative to that of a control vector
expressing d1EYFP. Al so clainmed is each indjvidual vec 8r qfscribe (wel
as bi-directiofhl v&?f‘GPs‘S‘?S‘rmét‘?‘iéﬁc%qnn‘@ﬂéf}k?&?ﬂ”o‘iﬂ%%}%m%% mgthgls described.
incorggrate one test and one control reporter construct wthin the sane
vector (e.g., Fig. 3a and Fig. 3b). Conpared to existing sets of reporter

vectors, the VRepsterSetisrs dilsaisiEdefielce vediéelor phies fhetdod iangtihevanindgele A
measur enent of pronoter activity that is closer to real-ting.
promoter, preferably but not exclusively the tetracycline responsive element (TRE), to
drive expression of a destabilised fluorescent reporter protein (preferably but not
exclusively destabilised EGFP variants). Such vectors contain cloning sites in the 3°-
15 UTR (e.g., Fig. 4a) and/or 5’-UTR and/or repoi‘ter coding region, such that regulatory
elements or putative regulatory elements can be cloned into a vector expressing one
color fluorescent reporter and, if required, compared to a control vector which
expresses a different color reporter and does not contain the element of interest. Such
vectors have applications in the study or measurement of post-transcriptional
20 regulation, since transcn'ptibn can be shut off as desired via the inducible promoter.

The advantages offered by these vectors include those listed in b-d, the ability to

separate post-transcriptional effects from transcriptional effects and also:

a). incorporation of convenient cloning sites, not present in other vectors; and
25 b). the technique 1s more rapid than any existing method.
. Single vector systems that essentially link one test and one control construct and

described (e.g., Fig. 4b). Both test and control reporters are driven by an inducible
promoter and the cloning sites allow ligation of regulatory elements into the test

30 construct only. In addition to the advantages of vectors outlined, the single vector




30. 0 9 SEP 2005 -53 b). Decreased errors due to the closer siml anlgg)sr%; 2005
bet ween control and test constructs. c). Decreased errors resulti fTom
cross talk between test pronoters and the 5 control pronoters. By
utilising inducible pronoters in the control vectors, such cross talk is

m ni m sed and/or identified and corrected for via nmeasurenent wth and

wi thout induction. d). Can be used in conjunction with the flow

cytonmetry/ LSC. net hods described. 10 Reporter vectors or sets of reporter
vectors or parts thereof that utilise an 34nduci ble pronoter, preferably

but not exclusively the tetracycline responsive elenent (TRE), to drive
expression of a i sed or.e Qb e (o feehby dput
‘not excl usi vel y ﬁlﬁssfg%ﬂnlﬁge%;oh%%{g %gﬁ}{grcl%lg)%é%g%ﬁg\?%gt {g?}; @Lﬁrgi n cl oni ng
sites in the 3' seéparatélidst(a@d gontroFivgstoda) and/ or 5' - UTR and/ or reporter coding
region, such that regulatory elenents or putative regulatory elenents can.
be cloned into a vector expressing one color fluorescent reporter and, if
required, conp dto control vec i expr i I or
reporter and dg@ge Hso"tf’f‘g%"r‘ff ST'RMERE Olé?%@eerg?ﬁ]g ulrent;ﬁgrléze%eg%%é)g Iﬁd\%gé]t% gﬁeg&ﬁgve
applications i nepbieersbuiyssed viABAS VEQBRWutPhedp 05 thid BgpiRetiontthonethodGields
regul ation, since transcription can be shut off as desired via the .

i nduci bl e pr ondheusandstpbungisdsref dipasanss PEfdd PBIPLSHISE SBNRIE Y ESESOCARIUWTHROPhose

listed in b-d, the.ability t epar at.e post-tr i L om
transcripti ona|f%fe‘?"f‘%&gé’“aﬁae'gﬁ%%?&%; iwr?gocgr p%%ée ?g‘?\&é&d&%g@gﬁ%&ﬁ?é% ng
sites, not pres@dkiohd) patdhfiery @ ODNA iderddietls of bificit wrotuiis)uen bsmemuesd api d
t han any existing nmethod. Si n? e vector systens that essentially |ipk one
test and one cardvigralbonsyeeell dvep enseswasdse i the vy of fovycytamsiry BEPRelakst
and coptrol reporters e driven by an i ' Bl in
Si tesqgl | ow | i 'gaet 163?115 gfrzroéé% r%'?%)ﬂ?%faﬁ %ln%lﬁﬁ%%i ‘%IEI% wlﬁégﬁigﬁ%%ﬁgﬁ?ﬁi@ °
only. In additiyglsdtdntdieuad¥antagasmit vwasleidh myidcbRetd/dr idersifngloblenect or

associated with co-transfection. For example, invalid samples can be identified by the
lack of a good linear relationship between test and control reporter levels. Such errors
go unnoticed in current methods.
15
. Methods for utilising the post—transériptional reporter vectors claimed. These methods
are best summarised by using the example of a study aimed at determining whether a
specific 3°-UTR fragment affects mRNA stability. Although this example is one of

transient expression, stable transfection could also be used.

{1). The 3’-UTR fragment is ligated into the 3°-UTR cloning site of the test vector
and co-transfected with the control vector into a Tet-Off cell line. In the case
of the single vector system, no control vector is required. 5’-UTR fragments can
be tested by inserting them into vectors with a 5’-UTR cloning site.

25

(if).  The cells are grown in the absence of doxycycline {or tetracycline) for 6-48 h
to allow expression of both vectors. Alternatively, cells are grown with low
doses of doxycycline (or tetracycline), for 6-48 h to block transcription and then
switched to medium without doxycycline (or tetracycline) for 2-12 h to provide

30 a brief burst of transcription.




0 9 SEP 2095 -54 systens elimnate problens and inaccuracies assdlﬁaggg 2006
wWth eo-transfection of separate test and control vectors. The use of
flow cytonetry or LSC to neasure the levels of 2 or nore fluorescent 5
reporters expressed via the vectors outlined. In this application, the

met hod yi el ds thousands to hundreds of thousands of data points per sanple
versus one datum poi-nt for existing enzynme-based assays. Two or nore
reporters (control and test) as well as additional paraneters (e.g., DNA
content, levels of other proteins) can bessjwasured individually in every
cell. Al so enconpassed is the use of flow cytonmetry to correlate 10 the

level s of 2 or K}‘?}?}? g—ﬁ@ﬁ'ﬁé%sof beg)s%/élf-ngl(%r Qé}alcgcfllwei RN HeRCipPREE 16 3R Bffand

.the wutilisatio ata to I'mse transfection protocols and/or
identify problens agasehpiicdiombbticactoransfection. For exanple, invalid
sanples can be identified by the l|ack of a good linear relationship

bet ween test and control reporter |evels. Such errors go unnoticed in

current nethods,. 15 hods _for .utilising.th - ol
reporter vectorngIaFﬁ% W”?ﬁ%?%°ﬁ§?h83S“mgFE“%%§§3?ﬁﬁ#ﬁfﬁ@%ﬁaﬁéﬁggkﬁﬁ“?he
exanmpl es of a study airTest)ah a G@icioltRifBih WhEbiEfiodof &xgeydine (a3 tettdERcHireagnent

affects nRNA stability. Although this exanple is one of transient
expression, stable transfection could also be used. 20 (i). The 3 -UIR

fr agrrent is |i Q?t(ﬁfgclltoﬁéd) Bltﬁlq')t%ngl 6HLfrer]’|§ . N a%h éta?&oﬁé]g@tlfﬁ[icrgfs%tl r“te nd

t
co-transfected Wt € contr veet'or ntoa ine. I'n the

case of the sif@gr@corRetal rysbesbmpace Nt ¢droVettdtscesce @QHe k@de cblls bR
fragments can be tested by inserting theminto vectors with a 5'-UIR,
cloning site. 28mply. Fieilassiudiesgae bgusishtioi testtan snBlydetleraensts rgsepes €1 FHREN or

tetr acl¥)c! i ne) fsﬁrrnluﬁ_oﬁﬁs foecE i aaﬂ‘tler%\{'l\ﬁ]c%?ﬁg hesens Qpprgsfsingodtiﬁergﬁ%}n%ﬁﬁts of a specific
Al ternatively, "cel'l's ar e gr own w ow
protein, such as an RNA-binding protein. Applying the stimulus after doxycycline will
determine whether pre-existing transcripts are affected by the stimulus. Inserting the
element in different locations (e.g., 5'-UTR, 3’-UTR) will determine whether its
function is dependent on position. Inserting a protein/polypeptide coding sequence (in

15 frame) within the reporter protein-coding region of the vector can be used to determine

the effect of that sequence on mRNA and protein stability.

RINA can be extracted from transfected cells and used to measure reporter mRNA

directly.
20
. Cell lines transiently or stably expressing one or more of the expression constructs or
parts thereof claimed.
. Cell lines transiently or stably expressing one or more of the expression constructs or
25 parts thereof claimed, wherein the expression construct contains a regulatory element

that serves as a marker for the activation of sighal transduction pathways associated
with human disease and/or response to drug treatment. Such pathways include, but are
not restricted to the list in Table 1 and those indicated elsewhere in this document {e.g.,

CRE, SRE, AP, cyclin A, B and D1 promoters).




doses of doxycycline (or tetracycline), for 6-48 h to block transgrg qujqﬁg
and then sw tched to nedium w thout doxycycline (or tetracycline) tor 2-12
h to provide a brief burst of transcription. 0 9 SEP 2005 -55 (iii). High
doses of doxycycline (or tetracycline) are then applied to shut off
transcription fromboth vectors. (iv). The fluorescence of both reporters
is measured (by flow cytonetry, fluoronmetry 5 or LSC) in a tinme course
foll owi ng addition of doxycycline (or tetracycline). If the cloned el enent
confers nRNA instability, a nore rapid dé¥rease in "test" fluorescence
will be seen conpared to "control" fluorescence of the sane cells or
sanple. Simlar studies can be used to test an nRNA el enent's response to
certain 10 stinuli or its effect in different cells or cells expressing

di ff er ent amounfrgnggenis ieigedinpticin picsrepier gmeticaly mediRpdamiic SYPTSEFIE Fecin.
Appl yi ng the stinul after doxycyclijne w.| d rmane whet her
pre-existing tr%ﬂl'secol&l?‘bet?pé?sélogf%g%cfué{cf %9%%@35%0?%%}%&5& I nserting the
elenent in different locations (e.g., 5 -UIR 3'-UTR) will determ ne
whether its function is dependent on position. Inserting a )

prot ei A/ pot ypeplraekgenio diiery keecjuimmuise Ot sthargehetendly nyidifddrmich expressora ane or
protein-coding r %}S&r&hof t he. vect or can be utﬁed I.gl determ ne .the eff.ect of
that sequence dR°! AP IIORSIckL P Pl theieR! Clanele WACI, BeAPISS AT
transfected celchastARfcdififls h QeIBASH! @erh &R Adt RErvEFMN a nfE LT tYie adatioR|df
lines transiently or stably expressing one or nore of the expression
constructs or spEaekisanstentivofpativedysesiociaigdwith huraan discass pedior igsponsstoadiny
expressing one . or nore, of the expressi.on constructs. or 5 .part.s .t hereof

cl ai med, wher eitrr‘?atf’??gt‘gs?ﬁ]?@% Wele @‘Bﬁ’éf” q.%?re&?itregh edator%%ﬁ?téﬁgﬁ‘?/leél ement
tthat sgrves as a marker for the activation of signal transduction pathways
associated w th human di sease and/ or response to drug treatnent. Such

pat hways iencl udestatutisedaragiante of DsRed ¢rithd mdtanoDsRel IHES tThiese cRalbE eonstractedd bhose
i ndi cated el sewhere in %ﬁis docunent

sing to the C-termmus o DsRerS,edeggi'ddatio_n domains (or mutants thereof) from

various unstable proteins. For example, amino acids 422-461 of mouse ornithine
decarboxylase, which contains a PEST sequence (Li e al 1998). Additional

15 , destabilising elements can also be added. Also contemplated are DNA constructs

encoding destabilised variants of DsRed.

. Vectors encoding destabilised variants of DsRed outlined, including such vectors also

containing the mRNA instability elements outlined.

( 20
. The following method for creating Tet-Off or Tet-On cell lines:
The tTA or rtTA expression vector, preferably a retrovirus, adenovirus or plasmud, 1s
stably expressed in the cell line of interest using standard techniques and expressing
cells are isolated via a drug resistance marker. These cells are then transiently
25 transfected with a TRE-vGFP construct and subjected to several rounds of cell sorting

by flow cytometry. For example, good Tet-Off cells would show no fluorescence in’

the presence of doxycycline and are sorted as such. After a further 5-48 hr without

doxycycline, green cells are sorted. Finally, the cells are grown for a week or more

without doxycycline and sorted a final time to eliminate stably transfected (green)
30 cells.




CRE, SRE, APl, cyclin A, B and D1 pronoters). 0 9 SEP 2005 -56 @aﬁgpezﬂ%
m ce, knock-in mce or other genetically nodified mce expressin

nore of the expression constructs or parts thereof clained. Transgenic

m ce, knock-in mce or other genetically nodified mce expressing one or
nore of the expression constructs or parts thereof clained, wherein the
expression construct contains a regulatory elenent that serves as a marker
for the activation of signal transduction pathways associated with hunman
di sease and/or response to drug treatnemi7- Such pat hways include, but are
not restricted to the list in Table 1. 10 Destabilised variants of DsRed

or the nutant DsRedl - E5. These can Wﬂﬂ?ﬂ]ﬁﬁ'?t ed by fusing to the
C-term nus of DsRed, degradation domains (or nmutants thereof) from various

unst abl e prot ei nsVeétors lncanpdrating i RN AaaidiBrot&i -DeG fabdlisimg Evememtsi t hi ne
decar boxyl ase, which contains a PEST sequence (Li et at 1998). Additional
15 destabilisi ng eI enents can al so be added. Al so contenpl ated are DNA

construct st g%%f'ﬂ) e d
destabili se varl ?f %E%E%S(Qgt’la?%’ , I]S%ugf'u i'ng suc 5/%{?? résb%g iflude
cont ai rii ngcdnﬁtﬁnéfﬂkléud:ﬂtﬁbﬁbpfdtém dedtatritisihg cluient (2ad, dlZﬁuta‘th@fM@ID(c;vﬁ:mgtenmt hod

f or creatln Tet-Of, or Tet-On cell lines: The tTA or rtTA exp ressmg
vect or, élsgpingludingeathen PEYS scansaersvar etberopropim dpstepilipiag elsmpgfs such as

expr essed aw%m{yfmﬁﬁ'sheé)'aﬂg L0 Gtk M ROLRY A LEGILAYRS and

expressing S are I'so resi st ese cells
are then transiently 25 transfected with a TRE-vG-P construct and subjected

to several _rounds of cell sorti ng{r by flow cytonetry. For  exanple, oqolﬁ
Tet-Of f  cdior sxampnie.dhestiemeedontof st @@&%}é@%&?é i feplaprdokidng B S&Skﬁ}é&%' e

e, o8, SSGSg e By Plecl Lr 9,48 I v houl | dowvcycline, grcer
doxycycl i neAGEI THGCEATSGGCTRCCOCGIE GOCEGTGOAGEEHEAGH ATAATHENT £AGCHIHEN)
CCATGTCTTGTGCCCAGGAGAGCGGGATGGACCGTCACCCTGCAGCCTGTGCTTCT
GCTAGGATCAATGTGTAG which is Clontech’s d1 mutant of MODC that confers a 1 br
half life to EGFP. This is followed by a linker (which becomes part of the 3°UTR and then:
15 UUAUUUAUU GGCGG UUAUUUAUU CGGCG UUAUUUAUU GCGCG
UUAUUUAUU ACTAG which contains 4 nonamers and connects to the Xbal sitc of the

parent vector (pGL3; Promega) also in the 3’UTR but further downstream.

EXAMPLE 13
20 . Direct Ligation of PCR Products

Inclusion into the MCS of a vector of two separate but nearby RE recognition sites, which,
when cut with that/those RE(s), leave a 3’ overhang of a single T nucleotide at both ends of
the remaining vector. For example, the recognition sequence for EclHK1 is GACNNN,
25  NNGTC (cuts between 3" and 4™ N from 5° leaving a 3’ overhang of a single N at each end).
Two of these sites are incorporating into the MCS, such that the short region between them
is released by digestion with EclHK 1, leaving a linearised vector with a 3° overhang of a
single N at each end. In this example, the upstream recognition sequence should be
5’ GACNNTNNGTC3’ and the downstream sequence S’GACNNANNGTC3’. Afier cutting
30  with EclHK1, the large vector fragment will contain a single 3° T overhang at both ends
(similar to Promega’s pGEM-T Easy vector). This facilitates the direct ligation of PCR




30 cells. 0 9 SEP 2005 -57 EXAMPLE 12 Vectors | ncorporating nmRNA Bd 5
Protein Destabilising Elenents The coding region of interest (e. I %EP 200
reporter such as EGFP or luciferase) could include 5 conbined sequence of
a protein destabilising elenment (e.g., dl mutant of MODC, C ontech, but

al so including other PEST sequences or other protein destabilising elenents
such as wubiquitination sites) and an nRNA destabilising elenment (e.g.,
AU-rich elenment). For exanple, the stop codon of luciferase and DsRed is
replaced with a Hind3 site (AAGCTT) 10 t®8allow the addition of the
sequence: AAGCTTAGCCATGGECT TCCCECCCECGGT GECGECGCAGGATGATGGCACGCTGC

CCATGT CT T GHod0sid Gl aA@radcid COAGPE AR RECMGCTISTRACTIERTE a 5° A overhang. This
GCTAGGATCAATGIGTAG which is. dontech's dl mutant of MODC that confers a 1
hr  hal f | fenstiuessosni fpantsimproyeasnent \gyer pondard iMcas WiRGh ds M8 oAt gUpFtt of

UoasouALD REEFRR YT Gt ol i BB bR ST O PER Dbk it ittt o

the par endigv@iohaf KGFbhriduby, ORga)alsel Seghifichii@mprdfERehtibvdruhd PEEM-T Easy
downstream EXAMPLE 13 20 Direct Ligation of PCR Products Inclusion jnto
the MCS of vegtajewhish camnof Woawalbedsuprmise ap neas)armbs pesfelgmily fos subglanang (ighi ch,
when cut w t hat [t hose. ), . leave ' i

nucl eot i d\g)(tég ptr)(’})(;(ﬁ]ﬁésear{a (I)Rﬁg’tﬁ %%w(ri é%éiprgfﬁ r%%géé%rg%ggggé %@a%ﬁg%ﬁ?‘%g by RE

recogni ti afig&tiat ane suisequdnely idtshed snt&AKINNYresdion NSEIbEof Hitdrsst)) Thug ehe giesknand
4th N from5' leaving a 3 overhang of a single N at each _eng%. Two of

t hese si t.@4Carnsrmie eirerd HigetionpfiPéifo prodacty/mihouithp neqdfpr digestiondham wathiadiE

bet ween t | . | d ' 0 .th EClI. | eavi | i neari sed
vector w Rﬁ}%‘:hé:é o(i)t\%/% ﬁ’z’ﬁeé“ Eg%) g} &g)?fnoé]fng tﬁ%’%tmtgéigﬁr]ﬂ g%?ﬁ?tﬁggﬁ&s' exanpl e, the
upstrgam recogni ti on sequence should be 5" GACNNTNNGTC3' and the downstream
sequence 5' GACNNANNGIC3'. After cutting 30 wwth ECIHK1, the |arge vector
fragment will contain a single 3" T Widglat both ends

Destabilised Reporter Model Shows Improved Real-Time Analysis

Plasmid reporter vectors were assembled in a pGL3-Basic (Promega) backbone (ampicillin
15  resistance gene etc.) using standard cloning techniques. A tetracycline-responsive element
(TRE), derived from Clontech’s pTRE-d2EGFP vector was inserted into the MCS. In some
constructs the luciferase-coding region was replaced with the d1EGFP- or d2EGFP- coding
sequence (including Kozak sequence) as defined by Clontech. This was achieved by PCR using
appropriate primers with convenient 5’ flanking RE sites. In some constructs, spectfic
20  examples of mRNA destabilising elements were cloned into the 3'UTR-encoding region.
Typically, these sequences were prepared by synthesising and then hybridising the sense and
antisense sequences. Flanking sequences provided overhanging “sticky ends” that are
compatible with those generated when the 3’UTR-encoding region is cut with specific
restriction enzymes. Following digestion of the vector with these enzymes and subsequent
25  purfication, the hybridised oligomers were ligated into the vector using standard techniques.
PCR of genomic DNA or cDNA from an appropriate source was used as an alternative method
for obtaiming the larger destabilising elements such as c-myc-ARE. Very small elements (e.g.,
1 or 2 nonamers) were incorporated into a reverse PCR primer that contained a 5° flanking RE
site and a 3” flanking region complementary to the pre-existing 3’UTR in the vector template.
30 Following PCR with an appropriate forward primer (complementary to the protein-coding

region and overlapping an endogenous RE site), the PCR product was digested with the




(simlar to Pronmega's pGEM T Easy vector). This faC|I|tates the[pgrﬁp 2[]&5
ligation of PCR O 9 SEP 2005 -58 products that are produced with a

pol ymerase such as Taq, that yields a 5 A overhang. This constitutes a
significant inprovenent over standard MCSs, which do not support direct

| i gati on of PCR products w thout inclusion of RE sites into PCR priners and
subsequent digestion of PCR product. This is also a significant

i nprovement over t he PGEM T Easy 5 vector, which cannot be anplified
(supplied as linear) and is useful only -f5®r- subcloning (i.e., PCR products
are typically ligated into pGEMT Easy, anplified and then renoved by RE

di-gestion ession vector of interest).
Thus, the %ﬂ) @ﬁ?éﬁ%EQQ;ern&%&H?QEéQ%QnggfﬁéﬁFof PCR products without the
need for digesting themwith a RE (which is often problematic) or
subcloning theminto an intermedi ate vector. 10 EXAMPLE 14 Destabili sed
Reporter Model Shows | nproved Real -Tinme Analysis Plasmd reporter vectors
wer e assquh%gumﬂ a pG.3-Basic (Pronmega) backbone (anpicillin 15

resi stance gene et'e ) using standard cloning techniques. A

t et r acyscl i Be- vas@masikboe detvadtiont PRIDiegatepGB@adic om C ont ech' s pTRE- d2EGFP
vector was inserted into the MCS. In sone constructs the Iumf&F?se codi ng

regi on wasl FeffiTaesHnGFespoRshe et SIRE), dgrprdHpem Cdenterd’s REREERESTEI YeEIChdi ng
Kozak sequence), ;3s.(dgf, '}:ﬁgrgotQYtO(Hrwgtt a}qﬁ&%ﬂ}?ﬁ&@m& eved by PCR using

appropriate priners Wwth comveni ent Ki ng iI'tes. In some

const ruct sG1 sp@EP fwith ROr axanp egdaks roftir desidaBGFP Srotgiredizovink Sscipemee @k oned
into the 3' UTR-encodi ng region. Typically, these sequences were prepared
n

by synt hesledinagbuflpriasBn hybridising the sense and antisense sequences.
El anki, Eg %ﬁue@ﬁﬁ%lﬁr%egﬁfh%v r?ﬁﬁ%’ 0er §L! %5%6??%?0@1&1 co@fhg g%gf@ b' €

with those generate codlng region i's cu

restriction erefin&isoy Eehleemv ng di gestion of the vector with these enzynes
and subsequent 25 purification, the hybridised oligoners were ligated.into
the vect orl tidlpierase aprdzns epogehis Jle Fircllplur ferpsega, &chélﬁoﬁfm& -Patt an
appropriate s? rce yas used as an alternative nethod for obtaining the

| ar ger dest abi'li sl ﬁ@ael enents such as c-nyc-ARE. Very snall elenments (e.g.,

R = DsRed2 used as the reporter
15 RI1 = DsRed fused at the carboxy-end to the same MODC mutant as present in d1EGFP
N6 = 6 copies of the nonamer TTATTTATT (SEQ ID NO: 1) inserted into the 3’UTR-
“encoding region. -
N4 = 4 copies of the nonamer TTATTTATT inserted into the 3’UTR-encoding region.
N2 = 2 copies of the nonamer TTATTTATT inserted into the 3"UTR-encoding region.
20 NI = 1.copy of the nonamer TTATTTATT inserted into the 3’UTR-encoding region.
fos = The c-fos ARE as defined by Shyu et al (1989) inserted into the 3'UTR-encoding region
ie.,
S’AAAACGTTTTATTGTGTTTTTAATTTATTTATTAAGATGGATTICTCAGATATTTAT
ATTTTTATTTTATTTTTTT3 . (SEQ ID NO: 2).
25  myc = the myc ARE defined as follows
5’ATGCATGATCAAATGCAACCTCACAACCTTGGCTGAGTCTTGAGACTGAAAGAT
TTAGCCATAATGTAAACTGCCTCAAATTGGACTTTGGGCATAAAAGAACTTT
TTTATGCTTACCATCTTTTTTTTTTCTTTAACAGATTTGTATTTAAGAATTGTTT
TTAAAAAATTTTAAGATTTACACAATGTTTCTCTGTAAATATTGCCATTAAAT
30 GTAAATAACTTT3’ (SEQ ID NO:21)




| or 2 nonaners) were incorporated into a reverse PCR priner that Q&t%ﬁi’n&ﬁ%
a 5 flanking RE site and a 3" flanking region conplenentary to the .
pre-existing 3' UTR in the vector tenplate. 30 Following PCRwth an
appropriate forward priner (conplenentary to the protein-coding region and
over | appi ng an endogenous RE site), the PCR product was digested with the O
9 SEP 2005 -59 appropriate RE sites and ligated into the original vector.
Nonencl ature; 5 B = Vector backbone derived from Pronega's pG.3-Basic T =
Tetracycl i ne-responsive el enent (TRE), deflved from d ontech's pTRE-d2EG-P
vector and used as a pronoter to drive transcription of the reporter. A =
GFP with 1nfdmb@l f-1ife used as reporter i.e., d1EGFP protein encodi ng
sequence as defined by Clontech. 10 @ = GFP with 2 hr half-life used as
reporter i FoemdREGER qfmutéprap qmdiogDhgh we&qimmfaetedsimodéﬂ%mambwt@mtfbdn L
= Luciferas 0 I...e eFlrefI |fe as
sequence f?gﬁ?%’cf%t gl {élwtwaglawg REene P ReIRASED. 540k wﬁ% PEflags Ry
= DsRed fu
dl EGFP N6 ‘?ﬁg’“"’é‘%"sfi%“‘ﬁ?ﬁ’@ﬁ?n%éa’“néé‘r’("#‘-?i‘%gr’%%%"T‘B ?E;; iAo @é?]@?ﬁ?gﬂlgg& I'nt o
t he 3' UTR- Aeﬂmdnmgome@ymmllylﬁésxgmcbmpe 230 of Ti)hdoxyopdine was 2AIET TATRE cultsrer t ed
into the 3 ncod N2 = 2 copies of the nopamer TTATTTATT
i nserted iff af)ﬁ %gell,cgacqngaqqyrpf IIEIGT%TMP?“EBE?H%W“FW%%@P
TTATTTATT as
domesed %siuﬁm stuﬂ%qﬁem&@gﬁiﬂ B &9 E)gﬁ'lgaiﬁ%?-gssm PP ChbRSafBfes

defined by Shyu et al (1989)" I nsert Into t nc odi ng region 1.e.,
5' AAAACGT W&Aﬁﬁﬁ?@ﬂTﬂ&TﬂMﬁﬁBﬁEﬂWﬁWﬁMﬂ GAGATRAtRITBFP fluorescence was

ATTTTTATTTTATTTTTIT3' SEQ | D NO c. = the nyc ARE define
fol | ows measuretli by gatlng( out non- transfected cezl?s H}e/lckground f{n{)rescencc only) an t
L 10 multiplying the mean fluorescence per cell (with background fluorescence subtracted) by the

number of positive cells. RFP fluorescence (DsRed) was measured similarly using appropriate
filters. Cells transfected with luciferase-encoding vectors were lysed and measured in a

luminometer using Promega’s Dual Luciferase Assay methods and reagents.

15  Data are typically expressed as the percentage of reporter (fluorescence or luminescence)

remaining, relative to time zero.

Since the doxycychine added at time zero causes a block in transcription of the reporter, the rate
of decrease in reporter levels indicates the time lag between altered transcription and altered
20 reporter/protein levels. A prime purpose of the invention is to reduce this time lag and Figs 7,

8, 9 and 11-14 demonstrate that this is achteved.

As an example of the utility of this invention, a pharmaceutical company may wish to screen
for drugs that reduce transcription of a gene involved in disease. The tetracycline/doxycycline-
25  induced block in transcription from the TRE promoter is a model of such a system. Figs 7 and
8 show that with the standard luciferase reporter vectors, even a total block in transcription
(with doxycycline) is not detectable as a decrease in luciferase activity within 10 hrs. The
destabilised EGFP mutants represent an improvcrﬁent in that the total block in transcription
is detectable as a 50% decrease in EGFP fluorescence within 11 hrs (d2EGFP; BTG2) or 7 hrs
30  (d1EGFP; BTG1). However, when the latter reporter is combined with an mRNA destabilising
element such as 4 copies of the nonamer UUAUUUAUU (BTGIN4), a 50% decrease in




5' ATGCATGATCAAATGCAACCT CACAACCT TGGCTGAGT CTTGAGACTGAAAGAT ﬂg SEP 2008
TTAGCCATAATGTAAACTGCCTCAAATTGGACT TTGGGCATAAAAGAACTTT
TTTATGCTTACCATCTTTTTTTTTTCTTTAACAGATTTGTATTTAAGAATTGTTT
TTAAAAAATTTTAAGATTTACACAATGTTTCTCTGTAAATATTGCCATTAAAT 30 GTAAATAACTTT3!
(SEQ ID NO 21) 0 9 SEP 2005 -60 Method: Five mcrograns of maxiprep
quality DNA was transfected into -50% confluent 10cm flasks of HelLa
Tet-Of cells (O ontech) using Fugene reagent (Roche). -Ten hours later,
the flasks of cells were each split int®i-12 small (6cm dishes and then

I ncubat ed overnight (-12-14 hrs). 5 At this tinme point (typically

desi gnat edrehb i@ 1@@1501591&(:}@% WHERSY B V4. TR 1WA 11l the chebddsd iea BatlstriitRn widd a of
nost plates at a final concentration of 1 microgramper m. Cells were
trypsi ni sedscebpidetentdd sopterdvish carsirsctanohtsininggbedestabilisimg gonents (Ratiar1995).
constructs expressing GFP, these sanples were analysed by flow cytonetry
using standard FITC filters. Total GFP fluorescence was neasured by gating
out non- tr@ﬁéiu?s@tﬁé’a&x%h'o?d&%&%e%ﬂ& Hn&lé?i'iaf':‘é CEMGEPRIS Hhe ANE 14h8 Bud @ the
mul tiplying the nean fluorescénce per cell (wth background fluorescence
subt r a6t edimbiequired fonthibdrugad iplise & |IO@°/nctEalnls<s1ptllaﬁﬂ Hidako Tberefong ¢he Iﬁf?@dye was

nmeasured sim l.arl u5|n late, filter Cel | s sfect d.with
| uci f er asé‘-it&%a i gaé]"s%g EMW@E%HS é‘%‘lﬁ’fe’étdo?ﬁlf{ atiyg [y ¢ E%WE? 8P Mfsi ng
Pronmega’ s ;byals iﬂé‘?hﬁcﬁﬁ&?gf &ié’%y‘iﬂeﬁg??‘?% ). 3R FEARR MR of devalPRlReBfxbiBESal |y

expressed as the percentage fluorescence or Ium nescence)
r enai ni ng the delatindeugtaotion ans 1ze|cmnblﬁemcféect bprdekyadohRNA latfdeds. &g Pishevzer o
causes a i.n transcription of the reporter, the rate_ of decrease, in
reporter q&/%fegtw% Oy SMAEAtLOnBEIB b O 4 napers, hst ﬁ?tﬁfff%%a

al tered 2Q ﬂo‘ﬁ%éfs%é bR de‘i‘f aeﬁtq}{ﬁl z wlﬁblﬂr ng@igfﬁcl?é?;% fhafl Hﬁ%ehﬂéﬁ%“&]b%a'tas to

reduce this tine lag and Figs 7, I1-14 denonstrate that this is
achi eved. siew dmt by aombmingfa 1 hehalf- l;fap:rytemf(dﬁEGiFPb wvthrzitnomamela MfMVz@mﬂ cal

conmpany may wish to scree rugs that .reqguce transcri ene

nvol ved iRy shemprosmaichet {lfai%}ns & %%eg-iﬁ\és is yery & H&EEM?H?

transcri phafR bR dndteioRs PR AR &rehSlyAnBRIGRNA nAER, Puriiés }e%mtlcﬁf @ud and
be achieved by combining 2 or more different mRNA instability elements (Fig. 13). However,

15  this is unlikely to be required for most applications. Applications that require a more moderate

destabilising effect could utilise 1 or 2 nonamers, rather than 4.

With the standard luciferase reporter, luminescence actually increased after the addition of
doxycychine. This is most apparent when the data is expressed on a linear scale (Fig. 8) and can
20 be explained, in part, by the delay in the action of doxycycline. However, even from 4 hrs
onwards, no decay is evident, demonstrating the inadequacy of this reporter for measuring
changes in transcription over time. A further problem of this vector is revealed in Fig. 10.
These data relate to changes in reporter levels over time (24-34 hrs post transfection), in the
absence of any treatment or drug. Reporter levels generally increase during the first 24 hrs post
25  transfection as the plasmids enter the cells and begin to be expressed. A decrease is generally
seen from about 48 hrs as the plasmids are expelled from the cells. Therefore, measurements
are typically taken between 24 and 48 hrs. In the absence of drugs or treatment, the new vector
{(BTG1N4), containing the instability elements, shows excellent stability of reporter levels. In
contrast, the luciferase vector is clearly still ramping up expression levels. Constructs with
30  moderate stability (e.g., BTG1) showed intermediate results. Clearly reporters with longer

mRNA and protein half-lives will undergo a more lengthy ramping up phase as indicated in




8 show that with the standard luciferase reporter vectors, even ?% 29%
block in transcription (wth doxycycline) is not detectable as ecr ease
in luciferase activity within 10 hrs. The destabilised EGFP nutants
represent an inprovenent in that the total block in transcription is
detectabl e as a 50% decrease in EGFP fluorescence within 11 hrs (d2EGFP;
BT&) or 7 hrs 30 (dl EGFP; BTA ). However, when the latter reporter is
conmbined with an nmRNA destabilising elenment such as 4 copies of the
nonanmer UUAUUUAUU (BTGLN4), a 50% decreas2-in 0 9 SEP 2005 -61 reporter

| evel s is detectable within 3 hrs. It follows that an increase in a
transcri ptgigni oVotHetnor! s‘iébl@@x;ﬂ@grsﬁﬁlt RIS 9QReKitNRd &P BShstMel durbPthaichtipg the
destabilising elements (Roth, 1995). O course the action of doxycycline is
not i mredipsried 96 2¢iFdthrpmill fastlitath @cdurate meagurementiaadirepredent arpothdrmd vantagsi afed
for this 3{1 %tto i nduce a 100% transcriptional block. Therefore, the

"Ef f ect i velt BVEMM decay” was neasured by plotting data points subsequent
to and relative to the time point at 4 hrs after addition of doxycycline
(Fig. 9). The effective rate of decay therefore excludes the delay in drug
act i onSandhegata Qfaiebfetamjinerfepentetr le¥elpeat B compraiedrRbtveba bie lor wese c&isgnc@

shows the eff ive rate of with constructs containing 1, 2 or
nonarmers. “ng‘g%%élnat Q’HB‘?HOETH%‘F“W?‘}HB‘FP&&%% iy TR Rt SF‘qu&ﬂéﬁrﬁm’c%ﬂteﬁ‘

which is praerrgbhd ﬁfo?é?ﬁs W@ hL saﬁfér% ﬁhf*éofg)%,w Bﬁ‘ﬁéﬁPdﬁﬁﬁYFPﬁq}‘}’thﬂax%orPéﬁt

conbining a 1 hr half-life protern 1EGF 4 honaner’s fective
rate of ddGagnce$ irathp mmz offd¢aly yndicdue ai?effenit nf thealteted AR NiAesequencgbnsnRNAver y
close to th

E. 1 PH hal f - 15] of t[]i)g prot ein_and denonstrates an extr%ﬁely

Chort nnatahity Hor f2ample; e arevrnds pt AoHA LR VA Ullongeieredsd Ny T g 2
r nojg d nﬂ\@r Yoo WRFE ( ) S is

Snl i ke?y t%ﬁ(gempg%w redésﬁ?ﬁﬁjotg%tcggi |ca®%nlé}ﬂ%)%]ﬂ|%c}g?r%wﬁl th%?’egmzre a

mor e nodesighdicardshabased giemrgte of ifRNA denaly.dn ulldilios & denansRatimgnissedfestivenadsher

t han 4. Wéﬂlet he standard | uciferase reporter, |um nescence actually

i ncr easedhiftess elementsy the msthods a“‘éléii%"é‘”?cHSF‘hélso'FﬁP@sqné Ayt BT OVRen
t he data | d,
the data E}? ﬁgﬁg@ﬁgy ?n @#el's gcgttﬁ'lfgon R :ﬂﬁlﬂl ?x)iblﬁﬂp Igrﬁ&tggncpﬁn gﬁ?ﬂ#é%k fie

in part, oxycycli ne wever, rom4
hrs onwanlds encvanmiBomhherdnevi dent, denonstrating the |nadequacy of this
reporter for measuring changes in transcription over tinme. A further
pr obl of this vector is revealed in Fig. 10. These data relate to

changes i RsLRRYK (PFighRY§h To O RIRNA WBstiiflsintg e BhRnR Wdrk Wi Sl fitlbOBrp dfy the
DsRed not withstanding the low level of homology between these reporters. DsRed has only
23% homology with EGFP. As shown in Figure 14 myc ARE (SEQ ID NO: 21) are effective
and are also effective in combination with different destabilising elements.
20
EXAMPLE 15
mRNA Destabilising Elements

RNA destabilising elements in accordance with the present invention can be derived inter alia
25  from the 3’UTR of the following genes. In most cases, the fuil-length 3’UTR can be used.

However, the U-rich and/or AU-rich elements can often be used alone.

a) Phosphoenolpyruvate carboxykinase (PEPCK) mRNA destabilising elements
described by Laterza OF ef al. Regions within 3” half of 3’UTR referred to as JW6

30 and JW7 i.e., GTATGTTTAAATTATTTTTATACACTGCC
CTTTCTTACCTTTCTTTACATAATTGAAATAGGTATCCTGACCA (SEQID




absence of any treatnment or drug. Reporter |evels generally increaﬁg ggﬁigmﬁ
the first 24 hrs post 25 transfection as the plasmds enter the cetWMs d
begin to be expressed. A decrease is generally seen fromabout 48 hrs as
the plasm ds are expelled fromthe cells. Therefore, nmeasurements are
typically taken between 24 and 48 hrs. In the absence of drugs or

treatnent, the new vector (BTGLN4), containing the instability el enents,
shows excel | ent stability of reporter levels. In contrast, the |uciferase

vector is clearly still ranping up expred$di-on |levels. Constructs with 30
noderate stability (e.g., BTGL) showed internediate results. Cearly
reporters with yjonger nRNA and protein half-lives will undergo a nore

| engt hy ramping up phase as indicated in 0 s SEP 2005 -62 Fig. 10. The nore
stabl e expreSS|on level s seen with the new construct during the critical

peri od of ‘f- |I|tatehaccurgte‘qeaggﬁﬁg%gé%gﬁgqﬁ%g&g§ﬁghg

anot her anta REQSOE : Se i n report

llevel s Can be C&é@@ft%@ﬁgm\ﬁ%ﬁm@smﬂg@ep@zmgadhwe&menmncﬂa wed fnear alin
their reporter nRNA sequence (e.g., UTR) but encode the sane protein
or difPerent priodestalslissi RN igspebedllal f-1ife (e.g., d2EGFP, d2EYFP). In
this context, differences in the rate of decay indicate an effect of the
al tered nRNA sequence on nRNA stability. For exanple, the presence of 4
UUAUUUAUU ¢ ?Onarﬁ{eSHax%mD%oTJ&&}fTﬁeﬁﬂcé% %&%Qchdgd&i@a IR ef E)IFhd eire@ UlliRe
c-fos ARE (Fig. 11) (SEQ ID NO , inthe 3'UIR significantly

i ncreased the mMatcéeotifle W@@dmtmwﬁ Addiich damentsy Sagmnett Famtﬁlﬁglgtmsmm

ef fectiveness f these el ods. and v tor d
represent a suﬁggdﬁP? ﬁvcfﬁﬁ igéggiﬂgeﬁﬂFFbF;gﬁﬁé%t E%Pﬂ&1 ?%”g%?gng
ORNA gpabi | i tyleidasdnali dtitoy3-ebesrents and this process is also enconpassed

herein. 15 As shown in Figures 12 to 14 nRNA destabilising el ements work
W th Lu0|ferase GFP and DsRed not withstanding the |ow | evel of honol ogy

'm P gur e 414 mpARREble SR A Gerd SaiesoEd 2T & o 4 0%%? o R Ve

in conbinatlonlwgghégghfﬁggnUTﬂestablI|S|ng el enents.

15 ¢ Granulocyte-macrophage colony stimulating factor {(GM-CSF) ARE described by
Chyi-Ying, A et al. AGUAAUAUUUAUAUAUUUAUAUUUUUAA AAUAUUU
AUUUAUUUAUUUAUUUAA ic as DNA: AGTAAUATTTATATA
TTTATATTTTTAAAATATTTATTTATTTATTTATTTAA(SEQIDPK)5)

20 ) - cofos full length 3°UTR or part thereof or ARE as defined by Shyu et al 5’AA
AACGTTTTATTGTGTTTTTAATTTATTTATTAAGATGGATTCTCAGATATT
“TATATTTTTATTTTATTTTTTT3’ (SEQ ID NO: 2).

Or by Peng, S et al. STTTTATTGTGTTTTTAATTTATTTATTAAGATGGAT
25 TCTCAGATATTTATATTTTTATTTTATTTTTTTT3’ (SEQ ID NO: 6).

2) c-iun ARE as described by Peng, S ef al. S’UUUCGUUAACUGUGUAUGUA
CAUAUAUAUAUUUUUUAAUUUGAUUAAAGCUGAUUACUGUGAAUAAA
CAGCUUCAUGCCUUUGUAAGUU3’ Sequence as DNA: STTTCGTTAACT

30 GTGTATGTACATATATATATTTTTTAATTTGATTAAAGCTGATTACTGTG
AATAAACAGCTTCATGCCTTTGTAAGTT3' (SEQ ID NO: 7).




EXAMPLE 15 unRNA Destabilising El ements RNA destabilising el ement Eg %Eg ﬂﬂ&
accordance with the present invention can be derived inter alia n2
the 3" UTR of the followi ng genes. In nost cases, the full-length 3" UTR can
be used. However, the Urich and/or AU-rich el enents can often be used

al one. a) Phosphoenol nyruvat e carboxyki nase (PEPCK) nmRNA destabili sing

el enments described by Laterza OF et at Regions within 3" half of 3'UIR
referred to as JW 30 and JW i.e., GIATGITTAAATTATTTTTATACACTCGCC
CTTTCTTACCTTTCTTTACATAATTGAAATAGGTATCCTGAYCA (SEQ ID 0 9 SEP 2005 -63 NO
4). b) The Bicoid gene from Drosophila nmel anoEaster conprises an nmRNA
destabilising elenent in first 43 nt of 3" UTR (Surdej P. et al) such an

el enent can be used inter alia_ . 5 to destabilise in c
T T oo e@e&oa%rkapolyﬁf sy (A akFrn ©

3"UTR  Nucl eot;id éﬂﬁﬁ;
contalnlng 3 upsfﬁéanl repea sk?%uc}ﬁé 1975- 3360§ T%ere I's al so as

Non- AU-ri ch deSﬂ@hUUMCU@A@WH@UGLHEgAUch%@GMAwX}(EﬁﬁULEHéMé}U
Antigen (HSA) Gene described in Zhou, al nucl eot i des
1465-1625 in t H& IreTRNAS ENTEERRNAGE BGM@%A@AJ@%MWTWM ating

AN UAUOUA AR R A DA S A RS TSAR GG T B O
- AGTAAUATTTATATA’ [SHATBINOTTAAAATATTTATTTATTTATTTATTTAA (SEQ I D NO 5). 20

f) c-fos full length 3 UTR or part thereof or ARE as defined by Shyu et al
5'AA  AACGTTTTATTGIGITTTTAATTTATTTATTAAGATGGATTCTCAGATATT

-5|-A$$-H- 'IA\-:--:- (IJ: : '% dpt’##r%‘f#fi‘%%&i&g&%’%}“thg maé{df o9 ’res%e@tﬁveaAR_E components

10 as described by Henics, T. et al.;

IFN-y ARE
5"UCUAUUUAUUAAUAUUUAACAUUAUUUAUAUAUGGG3’ or as DNA
S'TCTATTTATTAATATTTAACATTATTTATATATGGG3' (SEQ ID NO: 9).

15 |

i) IL-2ARE

5’CUCUAUUUAUUUAAAUAUUUAACUUUAAUUUAUUUUUGGAUGUAU
UGUUUACUAACUUUUAGUGCUUCCCACUUAAAACAUAUCAGGCUUCU
AUUUAUUUAAAUAUUUAAAUUUUAUAUUUAUU3’ or as DNA

20 S’CTCTATTT
ATTTAAATATTTAACTTTAATTTATTTTTGGATGTATTGTTTACTAACTTT
TAGTGCTTCCCACTTAAAACATATCAGGCTTCTATTTATTTAAATATTTA
AATTTTATATTTATT3’ (SEQ ID NO: 10).

25 ) c-myc ARE (see also SEQ ID NO:21)
S’AUAAACCCUAAUUUUUUUUAUUUAAGUACAUUUUGCUUUUAAAGUUS’
or as DNA S’ATAAACCCTAATTTTTITTTATTTAAGTACATTTTGCTTITTAAAG
TT3 (SEQ ID NO: 11).

30 k) IL-10
5’UAGAAUAUUUAUUACCUCUGAUACCUCAACCCCCAUUUCUAUUUAU




25 TCTCAGATATTTATATTTTTATTTTATTTTTTTT3" (SEQ ID NO 6). g) c~un Ag{g QP 2005
descri bed by Peng, S et at 5" UUUCGUUAACUGUGUAUGUA
CAUAUAUAUAUUUUUUAAUUUGAUUAAAGCUGAUUACUGUGAAUAAA  CAGCUUCAUGCCUUUGUAAGUUS!
Sequence as DNA: 5' TTTCGTTAACT 30
GITGTATGTACATATATATATTTTTTAATTTGATTAAAGCTGATTACTGTG
AATAAACAGCTTCATGCCTTTGTAAGIT3' (SEQID NGO 7). 0 S SEP 2005 -64 or the

mut ant t hereof which does not contain a pol yadenyl ati on ( AAUAAA) si gnal
i.e., 5 UUUCGUUAACUGUGUAUGUACAUAUAUAUAUUULRIUAAUU
UGAUUAAAGCUGAUUACUGUGY AUc c ACAGCUUCAUGCCUUUGUAAGU U3 or as

DNAS' TTTCGI TAACTGREAGEGENTATATATOGAAGANUUAGAAAGAAGCCCAAUAUUAUA
TTTGATTAAAGCTGATTACTGIGJATccACAGCTTCATGCCTTTGTAAGIT 3" (SEQ 1D NO _8) . h)
Sequences from A i A Ugd HEG AUUAT UG A3 eortan EINA SeEHEaA BT ARET T

conponents 10 ' j T ; '

5 UCUAUUUAUUAAL/%EM%@%@@&f%ﬁggmfxlﬁ%&tﬁ%GCTTCTCTGTG

5' TCTATTTATTAATARTTACATABRAINAT A MIGCEGEA A TASEQA T PANCT TR TCHOATATITAZTARE 5'
CUCUAUUUAUUUAAAUAUUUAACUUUAAUUUAUUUUUGGAUGUAU

UGUUUAGUAACUUUUREICEBIUSESA B NAR AR EAUAUCAGGCUUCU

AUUUAUUUAAAUATJ UUAAAUUUUAUAUUUAUUS' or as DNA 20 5' CTCTATTT
ATTTAAATATTTAACTTTAATTTATTTTTGGATGTATTGTTTACTAACTTT

TAGTGCTTCOQGACT TRAAACATATCAGGCTTCTATTTATTTAAATATTTA  AATTTTATATTTATT3' ( SEQ

I D NO 10). 25§') c-nmyc ARE (see also SEO | D NO 21)
equences from the bcl-2 3°UTR that include all or part of the bel-2 ARE as defined

by Schiavone, N et al. 5"UCAGCUAUUUACUGCCAAAGGGAAAUA
( 10 UCAUUUAUUUUUUACAUUAUUAAGAAAAAAGAUUUAUUUAUUUAAGA
- CAGUCCCAUCAAAACUCCGUCUUUGGAAAUC3” (M13994 from nt 2371~
2475) or as DNA 5"TCAGCTATTTACTGCCAAAGGGAAATATCATTTATTT
TTTACATTATTAAGAAAAAAGATTTATTTATTTAAGACAGTCCCATCAAA
ACTCCGTCTTTGGAAATC3’ (SEQ ID NO: 13).

15
m) TNF ARE as described by Xu, N et al. 5’ AUUAUUUAUUAUUUAUUUAUUA
UUUAUUUAUUUAZ or as DNA 5S’ATTATTTATTATTTATTTATTATTTATTT
ATTTA3 (SEQ ID NO: 14).

20 n) IL3 ARE as described by Xﬁ, N et al. UAUUUUAUUCCAUUAAGGCUAUU
UAUUUAUGUAUUUAUGUAUUUAUUUAUUUAUU3S’ or as DNA S’TATTTT
ATTCCATTAAGGCTATTTATTTATGTATTTATGTATTTATTITATTTATTY’
(SEQ ID NO: 15).

25 o) The nonamer UUAUUUAUU as DNA TTATTTATT (SEQ ID NO: 1}
As described by Zubiaga, A er al.

p) The nonamer UUAUUUA(U/A)(U/A) as DNA TTATTTA(T/AXT/A) (SEQ ID
NO: 3) as described by Lagnado, C et al.
30 ,
qQ The pentamer AUUUA as described by Xu, N ez al. or as DNA ATTTA (SEQ ID




5' AUAAACCCUAAUUUUUUUUAUUUAAGUACAUUUUGCUUUUAAAGUU3'  or  as 09 SEP 2000
DNA5' ATAAACCCTAATTTTTTTTATTTAAGTACATTTTGCTTTTAAAG TT3' (SEQ ID NO 11). 30
k) FL- 10 5' UAGAAUAUUUAUUACCUCUGAUACCUCAACCCCCAUUUCUAUUUAU 0 9 SEP 2065
- 65 UUACUGAGCUUCUCUGUGAACGAUUUAGAAAGAAGCCCAAUAUUAUA
AUUUUUUUCAAUAUUUAUUAUUUUCA3' or asDNAS' TAGAATATTTATT
ACCTCTGATACCTCAACCCCCATTTCTATTTATTTACTGAGCTTCTCTGTG
AACGATTTAGAAAGAAGCCCAATATTATAATTTTTTTCAATATTTATTAT 5 TTTCA3' (SEQ I D NO
12). 1) bcl-2 Sequences fromthe bcl-2 3'@dFR that include all or part of
the bcl-2 ARE as defined by Schiavone, Net al.
5' UCAGCUAUUUA CABAGGGAAAUA 10
UCAUUUAUUUUUUACAUUAUUAAGAAAAAAGAUUUAUUUAUUUAAGA
CAGUCCCAUCAAAACUCCGUCUUUGGAAAUC3'  (ML3994 from nt 2371- 2475) or as DNA
5' TCAGCTATTTACT. GGGAAATATCATTTATTT
TTTACATTAT @%@Rﬁ&%ﬁr@w&@ﬁ&ﬁﬁw L RCTCOGTCTTTGGAAATCS!
(SEQ ID NO 13). 15 n) TNF ARE as descri bed by Xu, Net al.
5' AUUAUUUAUUAUUUAUUUAUUA  ULJUAUUUAUUUA3' or as DNA
5' ATTA'ETTATTATTKBITHEEMI&EABEHAWS) IAEITEAR of GEQ1ASD INGY cThdy 1T aQ@esm)lbétuaz ARE as
described by Xu, Net al. 5 UAUUUUAUUCCAUUAAGGCUAUU
UAUTJ UAUGUAUUI ﬁ&@uﬂ%@&@w@u JAIJU3' or as DNA 5' TATTTT
ATTCCATTAAGGCTATTTATTTATGTATTTATGTATTTATTTATTTATT3'  (SEQ ID NO 15). 25 0)
The nonanmer UUAUUUAUU as DNA TTATTTATT (SEQ ID NO 1)

Plants have DST (downstream sequences) which act as destabilising elements. DST

sequence are defined in: Newnan, T ¢f al. A proposed consensus DST sequence 1s:

GGAgN,.ocATAGATTaN3s( A/CYT/A)A/T)TUGTA(T/C)

s) This 1s based on comparison of 9 different DST sequences.
Bold = conserved in 9/9 genes.
15 Capital = conserved in at least 7/9 genes
N2-9 = vanable length region of 2-9 nucleotides; average = 5.
N3-8 = variable length region of 3-8 nucleotides; average = 6.

Distance from stop codon = 19-83 nt.

20 Further examples of DST sequences include the:

Soybean 10AS gene;
5’GGAGN;CATAGATTANGAAATTTGTAC3’ (SEQ ID NO: 18).

25 Arabidopsis SAURACI gene;
S’GGAANOCATAGATCGN;CAATGCGTAT?’ (SEQ ID NO: 19).

DST sequences are an alternative to AU-rich elements for use in plants. Both AU-
rich elements and DST sequences destabilise transcripts in plants.
30
f) Iron Responsive Element (IRE)
Thomson, A et al. 1999.




As descri bed by Zubiaga, A et al. p) 30 The nonaner UUAUUUA(U/A)(g@ ﬁ 15
DNA TTATTTA(T/ A (T/A (SEQ4D NO 3) as described by Lagnado, &$ (%u
The pentanmer AUUUA as described by Xu, N et al. or as DNA ATTTA (SEQID 0 9
SEP 2005 -66 NO 16) The tetramer AUUU or as DNA ATTT (SEQ ID NO 17). 5
AU-rich elements (AREs) in general of both class | and class Il as

descri bed by Chen, C and Shyu, A Plants have DS1' (downstream seqguences)
whi ch act as destabilising elenents. DST sequence are defined in: Newnan,

T et at A proposed consensus DST sequenceds: 10

GGAgN2. 9CATAGATTaN3. 5(A/ O (T/A (A T) Ttt GTA(T/C) s) This is based on

conpari son of 911@550%5&9&01@%u§@%@ﬁ'@%aha@hqo_ conserved in 9/9 genes. 15
Capital = conserved In at least 7/9 genes = variable I ength regi on of
2-9 nucl eotldesExamdeage = 5. N3-8 = variable length region of 3-8

nucl eoti des; Di stance from stop codon = 19-83 nt. 20 Further
exanpl es of DS gﬁ@ﬁ@es i ncl ude the: Soybean 10A5 gene;

senc, 5 COMNBCAT A COB A CATHTS LR Al Paac v 6 PERRICTIRAAR,

an al térnative ACARFGTTTGH A0ECHAT (BEQITE NO: Jih)ants. Both AU rich

el enents and DST sequences destabilise transcripts in plants.
Transferrin Receptor IRE;
GAUUAUCGGGAGCAGUGUCUUCCAUAAUC or as DNA GATTATCGGGAG
CAGTGTCTTCCATAATC (SEQ ID NO: 21).

Iron Regulatory Proteins (IRPs; e.g., IRP1 and 2) bind IREs in an iron-dependent

fashion. Binding is also modulated by various other stimuli and treatments (e.g.,
oxidative stress, nitric oxide, erythropoietin, thyroid hormone or phosphorylation by
PKCs.
15

IREs can modﬁlate both translational efficiency and mRNA stability. For example, the
5’UTR IRE in Ferritin mRNA blocks translation only when bound to an IRP. The IREs
in the 3’UTR of Transferrin receptor mRNA inhibit mRNA decay when bound by an
IRP. Therefore, IREs can be inserted into 5>UTR or 3’UTR of expression vectors to

20 provide expression that can be controlled by modulating iron levels or other stimuh.

Destabilising elements can be used with Clontech’s Mercury Pathway Profiling vectors
and in vivo kinase assay kits. Clontech produce 3 different protein destabilising
elements, all containing a PEST sequence and all derived from the MODC gene.
25 Different mutant MODCs placed at the carboxy-end of EGFP provide protein half-lives
of 1 hr, 2 hr and 4 hr. mRNA destabilising elements in accordance with the present
inventton can be used in conjunction with these and any other protein destabilising -

element (e.g., ubiquitination signals).

30 w c-myc ARE may also be defined as: 5’ ATGCATGATCAAATGCAACCTCAC
AACCTTGGCTGAGTCTTGAGACTGAAAGATTTAGCCATAATGTAAACTG




30 t) Iron Responsive Elenent (IRE) Thonmson, A et at 1999. 0 9 S&S SEESZBS
-67 I REs contain consensus CAGUG i n a-hairpin-loop. Exanples: Ferri '

| RE; GUUCUUGCUUCAACAGUGUUUGAACGGAAC or as DNA GITCTTGCTTCA 5
ACAGTGITTGAACGGAAC (SEQ ID NO 20). Transferrin Receptor |RE
GAUUAUCGGGAGCAGUGUCUUCCAUAAUC or as DNA GATTATCGGGAG CAGTIGTCTTCCATAATC
(SEQ ID NO 21). 10 Iron Regulatory Proteins (IRPs; e.g., IRPI and 2) bind

| REs in an iron-dependent fashion. Binding is al so nodul ated by vari ous
other stimuli and treatnents (e.g., oxi dé¥tve stress, nitric oxide,
erythropoi etin, thyroid hornone or phosphorylation by PKCs. 15 I REs can
modul at e bot h t CaAEIAAAATTAGACTTTGEUYA BAAAYRNAASTTAN TTTATGESTACCHATTET t he

5'UTR IRE in Fenitj ocks translation only when bound to an I RP. The
PRes inthe 5 DRRIATR AR CR A B R r MR Al A AR e s AR AR T
bound by an | HAEF YA TRer A RR¢had:d 2 AHS Fd;' f
expressi on vec'lt%gpél\to gggprongg?ggg?esm on ?ﬁ\at c%(gkgg cont rg em?
nodul ating ironTTRVSIED Op N@x:f2ey. stinuli. Destabilising el enents can be used

with Contech's Mercury Pathway Profiling vectors and in vivo kinase assay °
kits. & ontech produce 3 different protein destabilising elenents, all

containing a P {REAKERS S 20 jved f. m‘w 4 f erent
mut ant MODCs pl acoeg at ?ﬁe calgt?gé)](%ﬁngg%l %?%%?%% g épﬁépfgﬂﬁ rves

of 1 hr, 2 hr &UTR dequeneiNhctigfigabidnisaisag stemapBmkisudtiire atCAclibrddyWhdlhe t he
pr esent

Detal:
TGA-N2p40-CCAAAGGYYYUUYUNARRRCCACCCA, where Y=pyrimidine,
10 : R=purine, N= any nucleotide or as DNA TGA-Nyp0-CCAAAGGYYYTTYTN

ARRRCCACCCA (SEQ ID NO: 23).

Such sequences can increase translational efficiency. Moreover, they are capable of
directing mRNA decay specifically outside of S phase. Reporter constructs containing
15 : a cell-cycle-specific promoter, together with mRNA destabilising elements are
contemplated in this invention as a tool for directing cell-cycle specific expression
{(e.g., of areporter). The histone 3°UTR element offers an alternative for use with an
S-phase or late G1 specific promoter, since it will direct increased mRNA decay in G2

relative to S-phase, thus further restricting protein expression to S phase.

20 ‘
Yet another use of 3’UTR elements in expression vectors is for the purpose of
specifically localising the chimeric mRNA. For eﬁa.mple, the utrophin 3’UTR is
capable of directing reporter mRNA to the cytoskeletal-bound polysomes. mRNA
stabilising elements are also contained in this 3"UTR (Gramolini, A, et al)

25

EXAMPLE 16
mRNA Stabilising Elements and Expression Vectors encoding a stabilised mRNA

Stabilising sequences may contain CT-rich elements and/or sequences derived from long-

30  hved mRNASs (particularly 3°UTR regions)




I nvention can be used in conjunction with these and any ot her prgt@%@ 2005
destabilising elenent (e.g., ubiquitination signals). 30 u) c-nyc may
al so be defined as: 5" ATGCATGATCAAATGCAACCTCAC

AACCTTGCCTGAGT CTTGAGACTGAAAGATTTAGCCATAATGTAAACTG 0 9 SEP 2005 -68
CCTCAAATTGGACT TTGGGCATAAAAGAACTTTTTTATGCTTACCATCTT
TTTTTTTTCTTTAACAGATTTGTATTTAAGAATTGTTTTTAAAAAATTTTA ‘
AGATTTACACAATGITTCTCTGTAAATATTGCCATTAAATGTAAATAACT TT3' (SEQ ID NGO 22). 5
Anot her useful nRNA el enent can be obtai-%@d from hi st one mRNA,

Specifically, 3" UTR sequences including a consensus stem | oop structure
are descrideg; | TN > @ARA SO ARG ORIOUS DIRIRBEEHCCCA,
wher e Y:py(?F%]icg%é%eg?énkél]gangdgaﬁ %@ZU)%: anxyzgfj(zgjl?eotide or "as DNA

TGA- N20O 4-HigARABBY YRERENEFNI 99FRRRCCACCCA (SEQ I D NGO 23). Such sequences can
I ncrease translational efficiency. Mreover, they are capable of directing
mMRNA decay specifically outside of S phase. Reporter constructs containing
15 a cel | -@yelRRRARGIShEy cgﬁﬁﬁ@f EfolldWBeNehenti th NRNA destabilising

el ements are contenplated In thhis Invéntion as a tool for directing

cel | - cycl £GPECTHIOC EPTESSUITCCEAGCGOGCLTEICTECECLTCHEIGC ot paries 3' UTR

el ement offers an alternative for use wt - r late G specific
promot er, HgraRlemciudipg ¢8’E¢QE§FT?JEJ:%E(§QQHCW%§€§§%&E}%Z relative to
S-phase, thus further restricting protein expression to S phase. 20 Yet
anot her use of 3'UTR elenents in expression vectors is for the purpose of
speci fi calA y4 hopaim#imgidhhegiohifiver ihe 3FTBIR offamaxtanpkiebint dmcuoleddphYwadd UTR
is capable of directing reporter nRNA to.the cytoskel etal - bound pol ysones.
mRNA st aBiussedlinglse canerpiatcd iar ujegs astabilisiederADt hi s 3' UTR (Granolini, A,

Examples of long-lived mRNAs from which stabilising elements may be derived include;
Alpha2 globin, Alphal globin, beta globin. From human, mouse, rabbit or other species,
bovine growth hormone 3’UTR.

15 The mRNA instability elements described herein generally act in a dominant-fashion to
destabilise chimeric genes. It follows, therefore that mRNA stabilising elements are often
recessive-acting. For example, insertion of a ¢c-fos ARE into the rabbit beta-globin gene, results
in a destabilised transcript despite the continued presence of mRNA stability elements (Shyu,
A et al. 1989). Both alpha- and beta-globin mRNAs contain stability elements that have been

20  mapped to their respective 3°UTRs, whereas zeta-globin mRNA lacks these elements and is
less stable. Replacing the zeta-globin 3’UTR with that of alpha globin mRNA nearly doubles
mRNA stability (Russell, J et af. 1998). However, such elements do not stabilise all transcripts.
Therefore, the requirements for generating an expression vector that expresses a stable mRNA
differ, dependent on the original mRNA that is to be stabilised. To create such a vector it is

25  generally preferable to include large segments from a stable gene such as alpha- or beta-globin.
With these examples, such segments should preferably include the entire globin 3'UTR,
replacing the endogenous 3'UTR. As exemplified with zeta-globin, this 1s sometimes
sufficient. However, the further incorporation of protein-coding and/or 5’UTR sequences 1s
often required. Generally, it is preferable to replace any endogenous AU- or U-rich regions,

30 which may act as dominant destabilising elements (these can be identified using the techniques

described herein). Such regions in the 5’UTR or 3°UTR are simply replaced with alpha- or




25 EXAMPLE 16 nRNA Stabilising El ements and Expression Vectors en?@i 3065
stabilised nRNA Stabilising sequences may contain CT-rich el enents and/ of
sequences derived fromlong- 30 lived nRNAs (particularly 3" UTR regions) 0
9 SEP 2005 -69 CT-rich elements may contain (C U) CCANXCCC( U/ A) PyUC( C/ U) CC
as described by Holcik and Liebhaber, 1997. CT-rich elenents may contain
the follow ng el enent 5 CCTCCTGCCCGCTGGEECCTCCCAACGGECCCTCCTCCCCTCCTTCC or
parts thereof, including CCTCC, CCTCCTGCC or CCCTCCTCCCCTGG A 14 nt
pyrimdine-rich region fromthe 3" UTR of 7Ruman bet a- gl obin described by Yu
and Russell is also contenplated for use as a stabilising elenent. 10
Exanpl es dfetd-globinl segaehcaiRids: the samenteltive poaibibh.i Isstalgliel dmeetts fromy theeodmgi ved
i nclude; Al pha2 gl obin, Al phal_ globin, beta globin. From hyman, .nouse,
rabbit or 'GERBFAPrIEpded n%b%ﬁ@n@#wwawtﬁéwww@@&% giRquprotein-

instabilit I e:dl?es'ﬁ i i - : | . LNgRleak f.on
to dest abc%éldfTl Zg%{,}lﬁ ?TEI’I C %%rﬁtgngt'eﬁﬁt&%lcﬁg&g??é#%?ﬁ%giﬁtoﬁé@% s?a%?ﬂ si ng
el enent s ajr&C-ghhiial fuskmgssieite Haokvdrghis osfienpipésirablensnd it is @onahlhesudhidias ARE
into the rabbit beta- g_l obin gene, results _in a destabilised transcript

despi t @ t Helecakseitheslebmnsaeinciodmg regrap(aad A0 TR priodhe AdAFR of thertimeng ggge. ) |

1989). BotAh.. - t I i 1L - t
nave been 2t HRSA-e e sRRtH: B2 da PROCH kst AN Lkl MEIhAEIY,
| acks t hedscrelsmgaetids aiitble poicih. 6FBersthé Btsired PRINIAG HEgpbher ords fisgl oI p3teTR

with that of al pha_gJ obi n MRNA nearrgiy doubles . ”RNA stability (Russell, J
et al. 1998fan ppgesiBrdistingayshed eanensogenaus prafeiabihei BRE Meptor sysia despribed

Therefore, hf j f N - ' Hﬁ
expr osses "L by Btk ARRRIY polfin SEREI AL O AimEHELSRRON AFRRA l8line
be stabilised. To create such a vector it is 25 generally preferable to
include |large segnents froma stable gene such as al pha- or beta-qgl obin.
Those skilled in the art will be aware that the invention described herein is subject to variations
and modifications other than those specifically described. It is to be understood that the
mvention described herein includes all such variations and modifications. The invention also
includes all such steps, features, compositions and compounds referred to or indicated in this

15 specification, individually or collectively, and any and all combinations of any two or more of

said steps or features.




Wth these exanpl es, such segnents should preferably include the ﬁgthP 2005
globin 3" UTR, replacing the endogenous 3' UTR As exenplified wt -
zeta-globin, this is sonetines sufficient. However, the further

i ncorporation of protein-coding and/or 5" UTR sequences is often required.
Generally, it is preferable to replace any endogenous AU- or U-rich
regions, 30 which nmay act as dom nant destabilising elenents (these can be
identified using the techniques described herein). Such regions in the

5 UTR or 3'UTR are sinply replaced with-allpha- or 0 9 SEP 2005 -70

bet a- gl obi n sequences fromthe sane rel ative position. Instability elenments
fromthe coding region can be rendered non-functional by nmutation to
synonynous codons. The gl obin protei npagpging region can be incorporated
into the coding region of the gene of interest to create an N or

C-termnal fusion protein. However this is often not desirable and it is

general ly sufficient | qcal i se .t h | obi n. pr,0t ei n- cadi ng. regi on (and
3'"UTR) into the 3 Wao‘:'%nr%gu%ﬁ% i°8‘?'8§‘ e'fSEd ’flﬁFhse %’Tels%\t/sm‘é%?g'roge]_ssi on of the
desired protein froma nore stable transcript, thus markedly increasing

| evel s of the protein. Wen the de jrﬁaﬁgr tehn is areporter or is fused
to a reporter or can be easily di 3P 8&’fron1endogenou$ protein, the
THE vector system described herein (see Fig. 7) greatly facilitates the
testing of chinmeric constructs for nRNA stability. 10 Those skilled in the
art will be aware that the inventifeh(aeselebREBherein is subject to
variations and nodifications other rhan/Biwse specifically described. It
is to be understood that the inventhgﬂipgsgribed herein includes all such
variations and nodifications. The inventi R al so includes all such st eps,
features, conpositions and conpound¥Kkef#2f¥E to or indicated in this 15
speci fication, individual!y or coiiteryipyekykingftd any and all conbinations
of any two or nore of said steps or f$§$$res. 0 9 SEP 2005 -71- TABLE 1
Si gnal transducers that could be used he present invention Signal

t ransducer p38

PKA /Rapl B-raf
Ras/ Raf
Wnt / GSK3
Erk 1&2




AKT (also called PKB) Fas L / BID JAK 7 Stat MK-47 / INK I\/ﬂ'@/ @%ﬁﬁ
ki nase NFKB p38 PKA / Rapl B-raf Ras / Raf Wit / GSK3 Erk 1 (S
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sequence are heterol ogous to each other. 4. A construct accordingggoﬁgﬁakmﬁ
1, wherein the pol ypeptide conprises a protein- 15 destabilising e t

5. A construct according to claim4, wherein the protein-destabilising
element is selected froma PEST sequence or an ubiquitin or a biologically
active fragment thereof, or variant ar7glerivative of these. 20 6. A
construct according to claiml, wherein the RNA elenent is a stabilising

el enent mh?fgubﬂ§reases the stability of the transcript. 7. A construct
according to claim1l1l, wherein the polypeptide is a reporter protein. 25 8.
A construct according to claim7 wherein the reporter protein is selected

froman epzymatic protein or, a.protei sociated wi.th.the em ssion of
light. 9. g ConSt YU COBWHFRG lﬁd)pﬂ%r%ﬁ ALhihe Pa yﬁu‘?lﬁ&m‘tﬁe B‘rcg]ef’ C%C%Btaei nis
a fluorescgiipepifle WhdbSinfracetRarhafOIFs iy 1464 thk § Hottsdathueledd Mid sedudhdeher
conprising a pronoter and/or enhancer for regulating expression of the

pol ynud eowhith eanctles e RNA| démerdchat medpsoc the S@ﬁbﬂitSEg agippscriptengaded oy
construct gccoydi to claim1, further conprising a cloning site for

i nt roduci ng'€&° H@gﬂgg'of nucl eotides. 5 12. A construct according to claim
11, wherein the cloning siteis a nmultiple cloning site. 13. A construct
according to claim1, further conprising a polyadenyl ation sequence. 10

14. A consZr uct Aseswsirent igeerding @i dleim 15 whewsay theoRA dpmgntais s festabiliiing
mar ker. 15,; A_consty uc L. im:l, further conprising an origin
of repli ca‘tﬂl’eré[)l I.%V?E%.Ehg?dég%éﬁgé%tlﬂgcéﬁg%%ﬂ@'cI aim1, further conprising a
transl gii onal enhancer. 15 17. A construct according to claim1, which is
a vector. ) ) , . N

A construct according to claim 1, wherein the polynucleotide and the nucleic acid

sequence are heterologous to each other.

4. A construct according to claim 1, wherein the polypeptide comprises a protein-

15  destabilising element.

5. A construct according to claim 4, wherein the protein-destabilising element is
selected from a PEST sequence or an ubiquitin or a biologically active fragment thereof,

or variant or derivative of these.

20
6. A construct according to claim 1, wherein the RNA element is a stabilising
element which increases the stability of the transcript.
7. A construct according to claim 1, wherein the polypeptide is a reporter protein.
25
8. A construct according to claim 7 wherein the reporter protein is selected from an
enzymatic protein or a protein associated with the emission of light.
0. A construct according to claim 7, wherein the reporter protein is a fluorescent
30 protein.

10. A construct according to claim 1, further comprising a promoter and/or enhancer

for regulating expression of the polynucleotide and the nucleic acid sequence.




18. A construct according to claim1, which is an expression vect(p.SEP 285
A construct according to claim1, further conprising one or nore nenbers
selected fromthe group consisting of: (i) a nultiple cloning site for

i ntroduci ng a sequence of nucleotides; (ii) a reporter gene; (iii) a
pronoter for regulating expression of {fge—polynucleotide; 25 (iv) a
transcriptional enhancer for enhancing transcription of the

- pol ynucl eotide; (v) a translational enhancer for enhancing translation of
the transcript encoded by the polynucleotide; (vi) a polyadenyl ation
sequence; 1B0 (i ichngdruste|agcdrdinige torenldier Igefuethemrdmpgivingi 3 elanigi gjien forf
replication. éo.. A construcft af:cordi ng to claim111l or claim 19, conprising
at | east of¥rodngine aRFRNeeOtdUgleegeeSonns - 77 ¢l eavabl e enzymatical |y or

ot herwi se biochemcally to provide a linearised vector into which PCR
anplification products are clonable directly. 21. A construct according to
claim2 whdrei A constrynt ebeirdingdo glairaddewbereinsthe gloning siieris papultiplefclapie 3
gene sel ect.ctad fromc-fos, c-jun, c-nyc, GWCSF, |IL-3, TNF-al pha, IL-2,

IL-6, 1L-8"9L-10, Urokinase, bcl-2, SGLT1 (Na(+)-coupled glucose
transporter), Cox-2 (cyclooxygenase 2), 1L-8, PAI-2 (plasm nogen activator
inhibitor type 2), beta]- adrenergic_ receptor or, GAP43. 10 22. A construct
accor di ng tli cl & spnstruchaesosding inelaym &4 ferthorpomprising falyaderylatign Sequeiicty ved
from a gene selected from al pha2 gl obin, al pha] gl obin, beta gl obin,
growt h hornone, erythropoietin, ribonucleotide reductase R or m

muscar iMi c lacet W emetriciacca?d@ing £ clains i y fuctheramogridingg setectable muker.wherei n t he
nucl eic acid sequence is selected from 15 any one of SEQID NOS 1 to 23,
or biologically active fragnents thereof, or variants or derivatives of

these. 15. A construct according to claim 1, further comprising an origin of replication,

16. A construct according to claim 1, further comprising a translational enhancer.

15

17. A construct according to claim 1, which is a vector.
18. A construct according to claim 1, which is an expression vector.

20 19. A construct according to claim 1, further com prising one or more members
selected from the group consisting of:
(i) a multiple cloning site for introducing a sequence of nucleotides;
(il)  areporter gene,
(iii)  a promoter for regulating expression of the polynucleotide;
25 (iv) a transcriptional enhancer for enhancing transcription of the
polynucleotide; '
(v) a translational enhancer for enhancing translation of the transcript
encoded by the polynucleotide;
(vi)  apolyadenylation sequence;
30 (vii) a selectable marker gene; and

(viii) an origin of replication.

20. A construct according to claim 11 or claim 19, comprising at least one site which is




24. A construct according to claim2, wherein the nucleic acid s eSEE 2@5
selected from SEQID NG 1, 2 or 22, or biologically active fr:@ge
thereof, or variants or 20 derivatives of these. 25. A construct according
to claim7, wherein the reporter protein is selected from Luciferase,
Green Fluorescent Protein, Red Fluorescent Protein, SEAP, CAT, or
biologically active fragnents thereof, or variants or derivatives of these.

25 26. A ”Bémglef&%gﬁlﬁt?rga%ﬂkgtg SRewAR! 51)5&ﬁe¥n195f11 of prbvilde bl RBASIPYdRRhto

control el enment conprising: - r ssing fromthe first
transcri ptwhmhlPCﬁbmhpldﬁcaﬁbnpmductsma:lbmabﬁdlmﬂst ruct a first

pol ynucl eoti de which encodes a first pol ypeptide whose intracellular
half-l1ife is less than 30 3 hours and which is operably connected to a

nucl ei ¢ achf 5 eGHLRNSEWNAGTE BRERFES Ak rdh LA RIBO bcill RéduchBidiy] &t ieFetiial
stability of a transcript encoded by the first ol ynucl eoti de; and -

neasurisg from, hegeot selndtdfrohundes ool auvivEMCSE, hd TNFphgolkBefi-Pde
d do 0 78 f t di
P00l ar m oSl By el Jbds S 1t WeEIRPIENA ol ralBPRY; TS 1Yy

out in theg@&l@@@@@ﬁmng) afrsgnaetjof @Jamﬁzbgageaatwar& ZBkzbﬁomﬁjmod) abeai di ng
to claim?2 further conprisi nf - conparing the level and or functional

activity oﬂdfteh@‘gqui%@f@’o@r)@é%‘f de produced in the presence and absence of
the test agent. 10 29. A nmethod according to claim 27, further conprising:
- expressing froma second transcriptional control elenent in a second
construgt 22. /4 ecmnticpalcyrligy waflaides, widreh thnmodis acid sequunde ';soblyisebtiivctb

wh t |1 ul hal f-1if whi ch bl
Connect od 1ama oraear sfleced Mamselplieelbim 4 ab A ek SIRRIA. Srarorine,
modul at es L Be,3ha0ih 18bnRElesride RBRGE R SMELRGEL PN RR1yicholine.

23. A construct according to claim 2, wherein the nucleic acid sequence is selected from
15  any one of SEQ ID NOS 1 to 23, or biologically active fragments thereof, or variants or

derivatives of these.

24. A construct according to claim 2, wherein the nucleic acid sequence is selected from
SEQ ID NO: 1, 2 or 22 , or biologically active fragments thereof, or variants or

20  derivatives of these.

25. A construct according to claim 7, wherein the reporter protein is selected from
Luciferase, Green Fluorescent Protein, Red Fluorescent Protein, SEAP, CAT, or
biologically active fragments thereof, or variants or derivatives of these.
25
26. A method for assaying the activity of a first transcriptional control element, the
method comprising:
- expressing from the first transcriptional control element in a first construct a first
polynucleotide which encodes a first polypeptide whose intracellular half-life is less than
30 3 hours and which is operably connected to a nucleic acid sequence which encodes an
RNA element that modulates the stability of a transcript encoded by the first
polynucleotide; and

- measuring the level and/or functional activity of the first polypeptide produced




15 second pol ynucl eoti de, wherein the expression of the second

pol ynucl eotide is carried out in the presence or absence of the t@gtSEP 2005
agent, and wherein the second transcriptional control elenent is different
to the first transcriptional control elenent; - neasuring the |evel and/or
functional activity of the second pol ypgpti de produced fromthe second
construct; and 20 - conparing the |evel and/or functional activity of the

second pol ypept.| : | evel and/or functional activity of the first
pol ypepti de iﬂ&¢ﬂgh%$%€%%€§ng absence of the test agent. 30. A nethod
according to claim?29, wherein the first construct and the second construct

25 are present on the same vector. 31. A pethod accqrdi tq claim,29

wherei n ¢ el Pothod GReH g SR 2ReVEE B RS CORSIRI TRt B@&%ﬁ%"“&ﬁ 1s

separate 'Vs%—g@dﬁutiﬁ% eseﬁ\cé‘ﬁi&%@e&%%%%s’ﬂg%én@ claim29, wherein the first
and t [

construct e second construct are contained within a single cell. 33.
A nmet hdd according to claim?29, wherein the first construct and the second

t t 9 SE 005 -.79 . tained within diff t lls. 34. A
ﬁg?ﬁo&ugcc2%d$ﬁﬁﬁ%’E@Wﬁ@ﬁ@i&?ﬁﬁﬁgﬁéﬁﬁﬂgﬁggthgﬁzcgnsfiﬁgt fg cgntained

within a first. c&ﬁ*yériﬂg?’tﬁ@l@@ﬂaﬁﬂi drifufctdnsleranty 68k firstpelypspiategirodied in
difference in the Tevel and/or 5 functional activity of the first

pol ypept i dtheiptesehes gndebeense obthetters agadt agent between the cell types
indicates that the test agent has a higher activity in one of those cel
types than in the other of those cells types. 35. A nethod according to
claim 9, wvhex aidhddnechrdinptto phintdpfurtier eomprishes: second 10 pol ypeptide are

detectably distinguishable. 36. A nethod for assaying the activity of a
post - transcri pt iSSHEFSIES PR SePRfriARSCIIphgna ﬁ%@t}'«fi&}/@{f_&ﬁg&}r} apefRynd -coﬁi%lf{%si ng
15 pol ynuci S B b e e o
hal f-1ife iisleegmn 3 hours, and which is operably connected to a nucleic acid sequence that
encodes an RNA element that modulates the stability of a transcript encoded by the
15 second polynucleotide, wherein the expression of the second polynucleotide is carried
out in the presence or absence of the test agent, and wherein the second transcriptional
control element is different to the first transcriptional control element;
o measuring the level and/or functional activity of the second polypeptide produced
from the second construct; and
20 - comparing the level and/or functional activity of the second polypeptide with the
level and/or functional activity of the first polypeptide in the presence or absence of the

test agent.

30. A method according to claim 29, wherein the first construct and the second construct

25  are present on the same vector.

31. A method according to claim 29, wherein the first construct and the second construct

are present on separate vectors.

30 32. A method according to claim 29, wherein the first construct and the second construct

are contained within a single cell.

33. A method according to claim 29, wherein the first construct and the second construct




than 3 hours and which is operably linked to: a nucleic acid seqﬁ Wﬁg
encodes the post-transcriptional control elenent; and - neasuri ?1

| evel and/or functional activity of the first polypeptide produced from
the first construct. 20 37. A nethod according to claim 36, wherein the
expression of the first polynucleotide4gs. carried out in the presence and
absence of a test agent. 38. A nethod according to claim 37, further

conprising: 25 -. ¢ ri th vel and or functional activity of the
first pol ﬁ%ﬁ?ﬁtﬁgeﬁgﬁﬁ{%ﬁ%ﬁeﬂ cekl ‘e presence and absence of the test agent.
39. A nethod according to claim37, further conprising: - expressing froma
second transcriptional control elenent in a_second construct 1,&cond

r

. . a...30
pol ynucl ect4. demetnil apcoadins toelaim %Féd’c?ﬁaelb&W@b‘fqnaté“%%o@tqlﬁdr‘%}g}l Flﬂs a
hal f- 117 coiSlpSthd Uathic? aNdbRd Rl WL COmbRiN Gt dARANE!if theileeel alidme
nucl ei ¢ ac dl é’quence I ch “encodes e post-transcriptional contraql
el enents, whacinal héwvityasfahel fipn|pphepptidtein the prasencsanfehatest agentibetpREhe t o,

the first polypeptide, wherein the second,transcriptio onyr, SEP
2005 -80 efedliunes indicpipethatthe tert asgyt hag ¢ 8‘%1%“&"&? i} s ‘?ﬁ%‘s’{e d[gpat eé??%ti onal

control el eNE0LEANGE hY Q&AL Rpbfie expression of the second pol ynucl eotide is
carried out 1Th the presence ‘or absence of the test agent; - neasuring the

| evel and/or functional activity of the second pol ypeptide produced 5 from
the second, copnstruct; and conpari ng.thg | ey i pRalheaghbyd ty of
t he second3%&%@5‘fﬁs &8"%&’1‘15 tf’h‘gam? %\?elw cﬁ%?gbeﬁg%é?ﬁglgﬁm gcegl:av% ty of the
first ppl ypgRbd laft dAR i EgeidabRbsence of the test agent. 10 40. A
met hod accgrgllt)r%gﬁ?o claim 37, wherein the first construct and the second

construct are present on the sane vector. 41. A nmethod according to claim

37, wherel gt 08, lhod ol 2030ihY Ghe ARV B SCFNafiQRPlbME teontrol element, the
method comprising:
- expressing from a first transcriptional control element in a first construct a first
15  polynucleotide, which encodes a first polypeptide whose intracellular half-life is less
than 3 hours and which is operably linked to: a nucleic acid sequence which encodes the
post-transcriptional control element; and
- measuring the level and/or functional activity of the first polypeptide produced

from the first construct.

20
37. A method according to claim 36, wherein the expression of the first polynucleotide is
carried out in the presence and absence of a test agent.
38. A method according to claim 37, further comprising:

25 - comparing the level and or functional activity of the first polypeptide produced in

the presence and absence of the test agent.

39. A method according to claim 37, further comprising:
- expressing from a second transcriptional control element in a second construct a
30  second polynucleotide, which encodes a second polypeptide whose intracellular half-life
is less than 3 hours but whiéh is not operably linked to the nucleic acid sequence which
encodes the post-transcriptional control element, wherein the second polypeptide is the

same as, or different to, the first polypeptide, wherein the second transcriptional control




are present on separate vectors. 15 42. A method according to clq@§1§ﬁ 5
wherein the first construct and the second construct are contain ?h?gp
a single cell. 43. A nethod according to claim37, wherein the first
construct and the second construct 20 are contained within different

cells. 44. A nethod according to claimgy, wherein the first construct is
contained within a first <cell type and within a second cell type, and

wherein a differenge in the | ey o) i . t i\ Ly h i rst
pol ypepti dgleinﬁntt f’?eghﬁrs née Of 1& ﬁree’%{]gés’t ﬁlggﬁerg{]&%ﬁa\a@é%ﬁf ﬁg}{fé%l %lglltﬂleﬁtt %bdces
i ndi cat es {hafeir iR dxpSdssiaf Ttthdascond Holirkleatdd W tarried coinm bt [résese oel |
types than in the other of those cells types. 45. A nethod according to
ci ai m 37, opfenes of theesfagest pol ypeptide and the second pol ypeptide are
detectably di StROUARARL RveriMatl fudbaBBLNRAEPEf helGltbhd Yhipeidepridetd de
sequence whi ch encodes a post-transcriptional” control el éénent fhat
nodul atgs fioem ez peceadicomstioti; and RNA transcript froma first polynucl eotide
t hat encodes a pol ypepti d ose iptracel |l ul ar |f-1ife i,.s less. t 3009
SEP 2005 -81 hb&P%ng‘%ﬂ%e‘hﬁg‘t"\fgganfﬁ%%ﬂF%? ?C“-V“&‘JE?%%%F qqlgpﬁpﬁﬁ? ?’V#‘E?He
transcri pt iQBRinG@uh@londl é‘d‘fﬁ'ﬂ?f of Medfifst P&&pﬁﬁﬁ%tiﬂ Uil pref@cd bf Sisence of the
pol ynucl eotide which I's operably connected to a test nucl eoti de sequence
that is stespagened of encodi ng the post-transcriptional control el enent
- expressing froma second transcriptional control elenment in a second
construct a second pol ynucl eoti de, which encodes a second pol ypepti de
whose it r ageh lndiidd frbididgd folelaiinS3 1, edrdiade fastwuktsuct hnd thetsecdnd nsiaict
operably connected to the test nucl eotide sequence, wherein the second
pol ypept i ders presenbor Hgsame vegpr.di fferent to, the first pol ypeptide and
wherein the second transcriptional control elenent is the sane as, or
different to, the first 10 transcriptional control elenent,; _

41. A method according to claim 37, wherein the first construct and the second construct

)

are present on separate vectors.
15
42. A method according to claim 37, wherein the first construct and the second construct

are contained within a single cell.

43. A method according to claim 37, wherein the first construct and the second construct

20  are contained within different cells.

44, A method according to claim 37, wherein the first construct is contained within a first
cell type and within a second cell type, and wherein a difference in the level and/or
functional activity of the first polypeptide in the presence of the test agent between the

25  cell types indicates that the test agent has a higher activity in one of those cell types than
in the other of those cells types.

45. A method according to claim 37, wherein the first polypeptide and the second
polypeptide are detectably distinguishable.

30
46. A method for identifying a nucleotide sequence which encodes a post-transcriptional
control element that modulates the expression of an RNA transcript from a first

polynucleotide that encodes a polypeptide whose intracellular half-life is less than 3




- conparing the level and/or functional activity of the pol ypeptiggs EEOQMS
the first and second constructs, wherein a difference between th I§ I
and/or functional activity of the first polypeptide and the |evel and/or
functional activity of the second pol ypeptide indicates that the test
nucl eoti de sequence encodes a said postgfranscriptional control 15

el ement. 47. A nethod according to claim46, wherein the pronoter is

nodul at abl 4 .cording to claima46, wherein the pronoter is

i nduci bl e.ﬁogﬁ%ﬁ%éeﬁ%?rggﬁgg&ggbor ding to claim46, wherein the pronoter is
repressi bl e. 50expesshighibomaciet ieinscriftonal ainmol#lembntr it hdfirstoammptrics ithegiirst

i nduci ng or repressing, the first and/or second transcri.ptional control

el enent ; aRynysieotidgpWhis iﬁgoﬁqﬁ%lﬂﬁe%oninﬁ"t’?iéol BB BHATO8FC £ STAREICE n@fﬂ 18
activity OfuhBfed bf ool REHRIpostEEARHpRAY B ERuRKE! L1 me. 51, A method
for identifying an agent "which nodulates the activity of an post-

transcrd pti onat axprassiog fehemseond trapscript orad centrel ledenegnd ired s4coRd SENSHHCIRNA

transcript fro 0 a . first polynucleotide which encodes .a fi pepti de
whose | nt r seeaPq apposlatieR) pREEBRAsS S s TP e RdE SRS Mutdehlac BACREP,

- expressi pgeds @M @ hbifsSbuttWABS BHoP bp&asly cofmdcidd toaherBiniucleatide fdqusiice,
construct the first poTynucIeotlde whi ch is operably connected t

Q a

nucl ei ¢ acesaytherseeonghpalypeptido thethe sgpe pheorgh @Eﬂ?tﬁnﬁ‘@rﬁrﬁﬁﬁ’f&)‘ﬂ%ﬂp“@%ﬁ?‘i‘ ol

el enment, wherein.the expression gf fi : I i i i.ed out
in the pre i’ﬁrceén Qﬁ&e%%l e @gm 1038tc85{?§1acé%1£n§r%t i ﬁl(rergérgg%%’ﬁ)ghyﬁeze @%’gﬁé gfnsg or
functi pgpal traﬁgcﬁpﬁ@ﬁaleémtdleleﬁﬂdn&t pol ypeptide fromthe first construct in

t he presence and absence of the test agent; .and g Hg)([? ar.i ngqut h(% e I%vel S
and/ or funct i onetompeting thq lexel apdr dhpeiang; aoHixie AL heRAiEBHASS Fim RO

and/ or fun%ﬁétl g&%bd A6hdctsY whbrel '8 differGce BREVIRARR RSl dhdidiGuRdiRaeN&Evand
absence of e test agent |n§| cates that the test agent nodul ates the
activity obf tediposdlypeptide snd thetlévahahd/cofuncidnad besivitytof thosesond polpantice

according to,claimb5l, further conprising: . I
g tindicates that %he test aucleotide rTsrf):cp.lence ncodes a said post-transcriptional control

15  element.
47. A method according to claim 46, wherein the promoter is modulatable.

48. A method according to claim 46, wherein the promoter is inducible.

20
49. A method according to claim 46, wherein the promoter is repressible.
50. A method according to ¢laim 47, further comprising:
- inducing or repressing the first and/or second transcriptional control element; and
25 - measuring changes in the level and/or functional activity of the first and/or

second polypeptide over time,

51. A method for identifying an agent which modulates the activity of an posi-

transcriptional control element that modulates the expression of an RNA transcript from

30 a ﬁrst polynucleotide which encodes a first polypeptide whose intracellular half-life is
less than 3 hours, the method comprising:

- expressing from a first transcriptional control element in a first construct the first

polynucleotide which is operably connected to a nucleic acid sequence which encodes




- expressing froma second transcriptional control elenment in a sef@nBEP 2005
construct a second pol ynucl eotide, which encodes a second pol ypepti de

whose intracellular half-life 1is less than 3 hours, but which is not
operably connected to the nucleic acid sequence, wherein the second

pol ypeptide is the same as, or differengpto, the first polypeptide, 15
wherein the second transcriptional control element is the same as, or

di fferent hQ: p%ﬂ reIn'sérg}tlémalr acg)%i;r{){ p&ie gf’i‘lj GRLP ! th%I {%Esi@l{'dﬁimﬁlrée'ﬂ}stt he
expr essi on of e Seéc Aucl eot | is carried o I'n the presence or
absence ofpdlixencie@sitle &gﬁﬁie,d out ireths prdsagectdnd abssned oﬁmtistngﬁu,mct i onal activity

of the second pol ypepti de fromthe second construyct_in the ence or
absence of the (R&PUHwtE levepand op fng PPWQ AcHEity @f/ﬁ? e frsgpefypenl E 08h§?

act i vity Of NBRGONThoARLUABPIIIRUICE b don hEuR! ardnd/ or f uncti onal

activity o rst p ypept| In the presence or absence of the test
agent. 3. A rmt:dsmpbrmgcthos&l lengpld andédrdimnetivhal aciigities,whdneinfai differesenistwemt and

t he second c 25. ar ese sa tor. 54. A t hod
eeor ar oo 8 MR ot RSB Eac iR 68 e ! Miyep e i G Grespb cnt s ¢ ¢ uct
are presengeOofsf E‘alg@ﬁta‘ir?chéé%‘&t Hz% - thdOtesP- ag&t”ﬁi&ﬂﬁﬁt@c%r @lbt'ikﬂtyt @f Cih@l ms'il
wherein the first construct and the second construct are contained within

a singl e cehiscriginalpcongtoheldmssicor ding to clai m51, wherein the first
construct and the second construct 0 9 SEP 2005 - 83 are contained within
different cells. 57. A nethod according to claim51, wherein the first

construet §3 A aRttRidRecbrdinghb Blaﬂnﬁlll’ﬁll'theﬂ(ﬁ)kﬂprislbge and within a second cell
type, and wherein a difference in the | evel for 5 functional activity of

the first pol yp&geresng ﬁomwesesﬁa%‘éw@éﬂmortahéorﬂ%%@ egBhin HrcRRE ROPSHECE el |
types indi ge%hﬁé p&?ﬂﬁcil%cn fch% &fn Q%%ccgildlmog‘}%b%étl@é:%gée %trbd}llﬁl%? nek1Ehose

cell types't ose C net hod accordi ng
to clai m 5i lesshihme Brhoubeg bht Mtchpelnppemraldg cannkctdietosthe andieicl@idbedqppeet | de
are detect \?v Lremd!chset éerc]:orlljci @Bépeude is the same as, or different to, the first polypeptide,
15  wherein the second transcriptional control element is the same as, or different to, the first
transcriptional control element and wherein the expression of the second polynucleotide
is carried out in the presence or absence of the test agent;
- measuring the level and or functional activity of the second polypeptide from the
second construct in the presence or absence of the test agent;
20 - comparing the level and or functional activity of the second polypeptide with the
level and/or functional activity of the first polypeptide in the presence or absence of the

test agent.

53. A method according to claim 51, wherein the first construct and the second construct

25  are present on the same vector.

54. A method according to claim 51, wherein the first construct and the second construct

are present on separate vectors.

30  55. A method according to claim 51, wherein the first construct and the second construct

are contained within a single cell.

56. A method according to claim 51, wherein the first construct and the second construct




59. A nethod according to claimb51, wherein the first and second FQrgfER uliis
are transcribed fromthe sane transcriptional control elenent. 15 60. A
nmet hod according to claimb59, wherein the transcriptional control elenent
is a bi- directional pronoter. 61. A nethod according to claim51, wherein
the transcriptional control elenment is.gyodul atable. 20 62. A nethod
according to cI aim51, wherein the transcriptional control elenent is

repressibl g.. 83 A8} hFi?gllﬂ%%%éﬂsng to claimb51l, wherein the
0

transcripti ona contr enent 1s a 25 THE or derivative thereof. 64. A
met hod according to claim51, wherein the transcriptional control elenent
is inducible, 30 65. A nmetho in ocla|m5 furt.he npr ng: -
i nduci ng o?JJ'r‘%B’P 56T t?Fgé"P%ﬁ’r‘é{ FENY b‘? ﬁ%ﬁ?nSB'B B B?Ht%lfl%c{r%'ﬁﬁm aatlrifﬁ{
Measuring gr ARRARR évﬂhﬁnhe? séc%\ﬁ@ |ceﬁﬂ?ﬁ@ranﬁqﬂﬁérblﬁ'@ldlfﬁe@éﬂc\é'1h)¢h@flevfeh@nd/bf st

pol ypepti de over time. P 2005 . Use of a construct in the

pr epar af i ofunofiozal Iachwt)oof ihdé'nstl Ifo)bymgtldﬂ 1ra&1say¢s¢gcet plethg dest ggeny betweep the

post - transcr tion tr el enent, t hat

transcript® ﬁ'é’%lé’ 15 e@%grfeytﬁﬂ@g I{J{tlﬁaﬁl@%\ﬁlu‘eléﬁc Vﬁ‘?oﬁ@éggf%)é?{/%gﬁ#p% %\l}mse
i ntracel | ufpthe ldedet of fhbse éeflsPydeess than 3 hours, the construct conprising a
transcriptional control elenent that is operabl y connected to the

polynucleotlde and a cIonlng site for introducing a nucleotide sequence

whi ch enco S al r %6 add hodnd or
i denti fyi ng a tr|;1§th§ ra}cf) rid%’ cor{tloﬂ] e]fferrEalnl?ll3 @Jﬁ{g%ngﬁjﬁ%gl COITDIGI%tSI ngn 10 -
subj ectong alyﬁaﬁﬁierawﬁetécﬁamjbddtlhguimbk:uf ficient for RNA and protein

synt hesi s to occur, wherein the construct conprises in operable |inkage: a
nucl eoti de sequence suspected of having transcriptional control activity;

a pol ynucl ggt A dg il ChLERGAIES daim 51, wherein the first and second constructs arc

transcribed from the same transcriptional control element.

15  60. A method according to claim 59, wherein the transcriptional control element is a bi-

directional promoter.

61. A method according to claim 51, wherein the transcriptional control element is

modulatable.
20

62. A method according to claim 51, wherein the transcriptional control element is

repressible.

63. A method according to claim 51, wherein the transcriptional control element is a

25  TRE or derivative thereof.

64. A method according to claim 51, wherein the transcriptional control element is

inducible.

30 65. A method according to claim 51, further comprising:
- inducing or repressing the first transcriptional control element; and
- measuring a changes in the level and/or functional activity of the first

polypeptide over time.




pol ypepti de whose intracellular half-life is less than 3 hours an

nucl ei ¢ acid sequence that encodes an RNA el enent that nodul ates tﬁegEP 2085
stability of a transcript encoded by the 15 pol ynucleotide; and -

detecting production of the polypeptide fromthe construct. 68. A method

for identifying a post-transcriptional_ggntrol elenment, the nethod
conprising: 20 - expressing froma first transcriptional control elenent in
a first construct a first polynucl eotide, which encodes a first

pol ypepti de whose intracellular half-life is Iess than 3 hours and which

i s oper abl g6.llUisgkdd chfisttuct Bsthe préphi@tion af:a Hltf@dd@mfﬁngﬁﬁr afsaying teustieitt efl to
encode a post-transcriptional control el - expressing grom a second
transcri pt # diwal-trarsstipégnab copiel clement g dﬂeﬂ%ﬁ% tﬂP‘f‘u GKPIZSSIgE oF & HRFCTIpt

pol ynuc! eobidiad BL pBLANGRARR @nith EAMCDOLYBBAM S INRO TRt ANAGRI e

hal f-1ife "1s Tt ours, not operably connected to the
test nutl eless ahzmdS Iﬁﬁmethee:pnmmet ebmptikieg saeuanmtr1pbdn;qhe:pnircleehemem‘né1as asre as,
or different t

the f t t d
transcript P%a‘ﬁy c,CBWEerCEﬁdrtéltB‘hgﬁVX‘?ci 081:48%% ge %Fee ‘fﬁ’r fﬁq@ﬁaﬁlpg gduclertids ; st
transcri pt kQRahcComER %coﬁleﬁﬁ%%Bst—t%gcrﬁﬁlohal%hﬁﬁiél&ﬁelﬁ di fference between

the |l evel and/or functional activity of the first polypeptide produced
fromthe first construct and the |l evel and/or functional activity of the

second pol ypepti de oduced.fromthe second. c NaLLUC

o1 or enoetT R PP (EES i S PP FRER SR REHE e sAURSEL ubliing:
post -t g@nscri pt i pPRLtEON CobRtrue! RNRMlitiods QuﬁEBnQﬂﬁmNﬁﬁnﬁ%robém@hﬁﬁds fror
assaylng the activity of a transcriptional control elenent, the nethod

conpri si ngoccure e ithy CPRYTHCE IFEMPFIAHS &Y ioperablsalinkagpit Aohuclgodfe redayence
pol ynucl eot) dg?tﬂ o Bavin %gch' ngal\?\ﬁdﬂx‘a?%tﬁ\q{éfé%ﬁgﬂlﬂegad@ Whl encodes a

protein- dedtR Si ng ePenen connecte to a nucleic
aci d sequepeBpedtidehviesie dster clulaRivf-HBfecirtost tHanat hovosluhds asclelhecxdﬁeammet y of

a transcri pt encoded by _the pol ynucl eotide, a asuring the
and/ or funéhdt gaeadenan RNA glegrent fat %ﬁ?lﬁ@ﬁﬁ]i‘ed%g\ﬂp@o‘ge P endodedBiFthe
15 polynucleotide; and
- detecting production of the polypeptide from the construct.

68. A method for identifying a post-transcriptional control element, the method
comprising:

20 " - expressing from a first transcriptional control element in a first construct a first
polynucleotide, which encodes a first polypeptide whose intracellular half-life is less
than 3 hours and which is operably linked to a test nucleic acid sequence which is
suspected to encode a post-transcriptional control element;

- expressing from a second transeriptional control element in a second construct a

25  second polynucleotide, which encodes a second polypeptide whose intracellular half-life
is less than 3 hours, but which is not operably connected to the test nucleic acid
sequence, wherein the second polypeptide is the same as, or different to, the first
polypeptide, and wherein the second transcriptional control element is the same as, or
different to, the first transcriptional control element; and

30 - detecting a difference between the level and/or functional activity of the first
polypeptide produced from the first construct and the level and/or functional activity of
the second polypeptide produced from the second construct, wherein the difference

indicates that the test nucleic acid sequence is a post-transcriptional control element.




the construct. 10 70. A construct conprising in operable |inkage{@ SEP 20165
pol ynucl eoti de whi ch encodes a pol ypeptide conprising a

protei n-destabilising elenent, and a nucl eic acid sequence which encodes
an RNA el enent that nodul ates the stability of a transcript encoded by the
pol ynucl eotide. 15 71. A construct accoggling to claim 70, wherein the RNA
elenment is a destabilising elenent which reduces the stability of the
transcript. 72. A construct according to claim70, wherein the

pol ynucl eoti de and the nucleic acid 20 sequence are heterol ogous to each
ot her. 73.6% A arttoduot assaging dhagetivityodfad trarkOriptidrat ednird] ktenpal, \the pietleel has
an intracellular half- life of less than 3 hours. 25 74. A construct
accor di ng Y8R 70, wherein the protein-destabilising el ement is

sel ected from.a BRERL$EMGACHe HfaRBripthindH cbhthhlOlleBeRd Q%Qin%@ﬂebﬁdea%iidhe
fragment thereof, " or variant or derivative of these. 75." A construct

accor diing ¢mwodésai polypsptvdhepmprisinhpe pRNAinedsstabilisingselemergtaadivhidi ngpetablyent

30 which increas the.stahility of the transcri 6. A,construct

2coordi ng FETEET It SBICHi PG FRIRES BB SE I en VA cfedisal 1B PRRGEGE fhe o o
SEP 2005 - 86vilfth- of A tEe@B& it Uhdoda8 9HIH MfydRIcotiaé;Mnd6, wherein the reporter
protein is selected froman enzymatic protein or a protein associated with

t he eni ssi on of meaghing the leval anslien fupetionat edivilyrnd tho pelypsnide drodused &om t he
reporter p'1{hgt0§jP1 icts a fluorescent 5 protein. 79. A construct according to
claim 70, further cConprising a pronoter and/or enhancer for regulating
expresg) on of the polynucleotide and the nucleic acid sequence. 10 80. A

construct according to claim70, further conprising a cloni ngl’1 site for
i ntroduci nf-&* coBEHiHChCeMPrIsHgcineapsralds linkage: a polynucleotide which encodes a

polypeptide comprising a protein-destabilising element, and a nucleic acid sequence
which encodes an RNA element that modulates the stability of a transcript encoded by
the polynucleotide.

15
71. A construct according to claim 70, wherein the RNA element is a destabilising

element which reduces the stability of the transcript,

72. A construct according to claim 70, wherein the polynucleotide and the nucleic acid

20 sequence are heterologous to cach other.

73. A construct according to claim 70, wherein the polypeptide has an intracellular half-

life of less than 3 hours.
25  74. A construct according to claim 70, wherein the protein-destabilising element is
selected from a PEST sequence or an ubiquitin or a biologically active fragment thereof,

or variant or derivative of these.

75. A construct according to claim 70, wherein the RNA element is a stabilising element

30  which increases the stability of the transcript.

76. A construct according to claim 70, wherein the polypeptide is a reporter protein.




81. A construct according to claim80, wherein the cloning siteOQ% § 05
multiple cloning site. 15 82. A construct according to claim 707 *f ﬁtha
conpri sing a pol yadenyl ati on sequence. 83. A construct according to claim
70, further conprising a selectable marker. 84. A construct according to
claim70, further conprising an origingg_replication. 20 85. A construct
according to claim70, further conprising a translational enhancer. 86. A
const ruct of.di t [,M.79, ' ' : t
ocor ding T op et foCidiate/clinth Shirfinind RRRer ponif s sehcRlfbine

accor di ng ¢mzymbhti¢c profdin of alptdein assonijateid svittgthe emissionnditghtrenber s sel ect ed
fromthe group consisting of: (i) a multiple cloning site for introducing a
sequence of nucleotides; 30 (ii) a reporter gene; (iii) a pronoter for
regul at i ng7EwpCestHeN aflordilg B UINRVGE LRhidr tHel MboRed pRRSA 4 RL flE¥H8dcent
enhancer for enhancing transcription of the polynucleotide; 0 9 SEP 2005
-87 (v)5 a potems| at i onal enhancer for enhancing translation of the
transcri pt encoded by the polynucleotide; (vi) a pol yadenyl ati on sequence;
(vii) a selectable marker gene; and 5 (viii) an origin of replication. 89.

A const r uct9, acestsBhdtGeé@digad B1a8R 70! fusthar dBnSRisifpQ Frohdicd Andvbr Erfdbterdiie site
which is cleavable enzymatically or otherwise biochemcally to provide a

| i neari sedregelating expiessionytitipabariclaepie andthe nypleisrasiflreaucnsee cl onabl e
directly. 120 90. A construct according to claim 71, wherein the nucleic
acid sequence is, or is derived from a gene selected fromc-fos, c jun,
c- myc, 10GW+ §I6RA, cddstriet atrdaigpb @laith [70Zfurther SomprisingBa clbhingQite thrdkiraths@g dcl - 2,

SA.TI (Na(+)-coupled glucose transporter), Cox-2
séquence of nucléotides.

81. A construct according to claim 80, wherein the cloning site is a multiple cloning site.
15  82. A construct according to claim 70, further comprising a polyadenylation sequence.
83. A construct according to claim 70, further comprising a selectable marker.

84. A construct according to claim 70, further comprising an origin of replication.
20

85. A construct according to claim 70, further comprising a translational enhancer.
86. A construct according to claim 70, which is a vector.
25  87. A construct according to claim 70, which is an expression vector.

88. A construct according to claim 70, further comprising one or more members selected
from the group consisting of:
(i) amultiple cloning site for introducing a sequence of nucleotides;
30 ' (ii) areporter gene;
(ili) a promoter for regulating expression of the polynucleotide;
(iv) a transcriptional enhancer for enhancing transcription of the

polynucleotide;




(cycl ooxygenase 2), 1L-8, PAI-2 (plasm nogen activator inhibitor h@sﬁp 2085
betal - 15 adrenergic receptor or GAP43. 91. A construct according im

a
2 or claim71, wherein the RNA el ement conprises an AU-rich elenent. 20
92. A construct according to claim75, wherein the nucleic acid sequence
is, or is derived from a gene selectegh from al pha2 gl obin, al pha] gl obin,
beta gl obin, growth hornone, erythropoietin, ribonucleotide reductase R

or m muscarini cacel WARRLLRE - eflBncd ?cﬁg%ﬁ%ll%ga%mdﬁg of Otk | g?ﬂ%‘é% | D

wherein the nuclei'c acid sequence 1s selecte 5 trom any one

NOS 1 to 23, or biol ogiavdéd by tetpolymutieajdent s t hereof, or variants or
derivatives of t e. %4. A canstruct according to claim71, wherein the
nucl ei ¢ acid seq Vgic%p? ¥a(Le8V1§g?%Beq“?1?‘i9m SEQIDNO 1, 2 or 22, or

bi ol ogi call'y act{wp £ s ﬁaﬂ@pgaﬁf’ andr variants or 30 derivatives of
t hese. 95. A construct according to claim76, wherein the reporter protein

i s sel ected fron{villlas dregimebrepleation. FI uor escent Protein, Red Fl uorescent
Protein, SEAP, CAT, or 0 9 SEP 2005 -88 biologically active fragnents
thereof, or variants or derivatives of these. 96. A construct according to

claim9l, ghey edBtrhfieacldidingth oBliengNér ¢15ine BL,adathridinot i SeasSEQUERGEhISREs forth
in SEQIDNO 1. 5 97. A _construct accordi nglto claim1 or claim70,

wher ei n t heeg@bippapymatcally o vhpvrseebiochsmiedivntocsnpide i litparsPESTFIgdgvence.
98. A consi,mdﬁ C@@&ﬂﬁlﬁi@%ﬂg@ﬁroﬂh@ﬂs'E}egﬁona%e&i%cﬁ&t he reporter protein

conprises Luciferase construct according to claim97, wherein the
reportdr protein conprises firefly luciferase. 100. A construct according
to Al m O A oS RS i A b R RS S d s ene s, aris deivad." 25€:
from, a gene selected from c-fos, c-jun, ¢-myc, GM-CSF, IL-3, TNF-alpha, IL-2, IL-6,
IL-8, IL-10, Urokinase, bcl-2, SGLT! (Na(+)-coupled glucose transporter), Cox-2
(cyclooxygenase 2), IL-8, PAI-2 (plasminogen activator inhibitor type 2), betal-

15 adrenergic receptor or GAP43.

91. A construct according to claim 2 or claim 71, wherein the RNA element comprises

an AU-rich element.

20 92. A construct according to claim 75, wherein the nucleic acid sequence is, or is derived
from, a gene selected from alpha2 globin, alphal globin, beta globin, growth hormone,

erythropoietin, ribonucleotide reductase R1 or m1 muscarinic acetylcholine.

93. A construct according to claim 71, wherein the nucleic acid sequence is selected
25 from any one of SEQ ID NOS 1 to 23, or biologically active fragments thereof, or

variants or derivatives of these.

94. A construct according to claim 71, wherein the nucleic acid sequence is selected
from SEQ ID NO: 1, 2 or 22, or biologically active fragments thereof, or variants or

30  derivatives of these,

95. A construct according to claim 76, wherein the reporter protein is selected from

Luciferase, Green Fluorescent Protein, Red Fluorescent Protein, SEAP, CAT, or




101. A construct according to claim1 or claim70, wherein the Rﬁgkgkgn?@ﬁi
destabilises the transcript and conprises an AU-rich el enent and i

the polypeptide is a reporter protein that conprises firefly luciferase
and a PEST sequence. 20 102. A construct according to claiml or claim?70,
wherein the RNA el enent destabilises igge transcript and conprises an
AU-rich el enent and wherein the polypeptide is a reporter protein that

comr 1 ses. Memldfy LG FlRG AR FESTSRUEHARn 2803l A Construct for

assaying t gene expressi on-no ement or for
identifying el ements of thls type or agents that nDduIate their activity,
the constr

r| Si n era e linkage: ol ynucl eoti de t hat
encodes a éjéﬁb?‘tr@f‘r Hraseey H‘gaW QLC‘V@IE‘“&E? @@é‘ nf fa§ncg %Eh

el ement th@hwgﬁggathh§e§E@Ibq@gqcr|pt encoded by the pol ynucl eoti de,
wherein the reporter protein conprises firefly luciferase and a 30 PEST

sequence, wherein the RNA elenent conprlses an AU-rich elenent and wherein
t he constr | acks .t he gene ex Si o el enent .but co ri ses a
Site for Yhe bRRERR N RCBRE T 2k SR b ae ity 15 TEREHeS s BRRRD o
connectloqmm&ﬁhdﬁghmﬂgﬁpngr@agk ae and t he nuclelc acid sequence. 0 9 SEP
2005 -89 104. A construct for assaying the activity of a gene

expressi on- m)dul at| ng el ement or for identifying elements of this type or

agents t ha§8 @‘Peoﬁ]ogﬁmtgﬁ E:fa}/mby Wltlergmcﬂq &J{)ng prot%%r%rn't egsngllqgfe?ﬁgr abl e

| i nkage: a po ynuc encodes a repo pro ein nucl ei c
aci d sdguence that encodes a RNA el enent that destablllses a transcript
encoded by the polynucl eqtide, wherein the reporter protein conprlses
Renilla |u%? fﬁepeeseuafneccardmee@rctaeau%d@er%méhe.rwmé PRRNFOBHEIRES BB i ses
an AU-richyelrggent and wherein the construct |acks the gene

expressi on-nodul ati ng el enent but conprises a site for introducing the
gene expression nodul ating el ement in operable connection with the 10

pol ynucl eo nd the nucl ei ¢. agi.d ence,, 105. A construct. according to
DL i os le'S) ARfindinR: iieubas o Tt ROVFRIR iedPaine peoB coBRE A e
sequenge Sl%btfélﬁéet.h in SEQ ID NO 1.

101. A construct according to claim 1 or claim 70, wherein the RNA element

destabilises the transcript and comprises an AU-rich element and wherein the

polypeptide is a reporter protein that comprises firefly luciferase and a PEST sequence.
20

102. A construct according to claim 1 or claim 70, wherein the RNA element

destabilises the transcript and comprises an AU-rich element and wherein the

polypeptide is a reporter protein that comprises Renilla luciferase and a PEST sequence.

25 103. A construct for assaying the activity of a gene expression-modulating element or
for identifying elements of this type or agents that modulate their activity, the construct
comprising in operable linkage: a polynucleotide that encodes a reporter protein and a
nucleic acid sequence that encodes a RNA element that destabilises a transcript encoded
by the polynucleotide, wherein the reporter protein comprises firefly luciferase and a

30 PEST sequence, wherein the RNA element comprises an AU-rich element and wherein
the construct lacks the gene expression-modulating element but comprises a site for
introducing the gene expression-modulating element in operable connection with the

polynucleotide and the nucleic acid sequence.




15 106. A construct according to claim 103 or claim 104, wherein tQ
construct further conprises a nultiple cloning site for int r odudl &E%&ﬂ%
gene expression-nodul ating elenment. 107. A construct according to claim
103 or claim 104, wherein the construct further 20 conprises a

pol yadenyl ati on sequence. 108. A constrget according to claim 107, wherein
t he pol yadenyl ati on sequence is a SV40 pol yadenyl ati on sequence 25 109. A
construct according to claim 103 or claim 104, wherein the construct
further conprises a selectable nmarker gene. 110. A construct according to
cl ai m 109, 10her & ¢conktrectSel &ciydhd thenmtilaey oﬁ@@énel &pagssioampidul dting Rlenesik 8t ance
gene. 30 111. A construct according to claim 103 or cl.aim 104, wherein the

construct fUrEHEEYING slasanseal this ‘BP? gy peeyts ‘ihétme@élﬁ‘iedhelf actyligethe s9psiTuch
112. A cel |, IﬁBHBﬁ%% Eerélrlsqmth%éigﬁ cgﬁﬁ&ie%'uﬂe tﬁa? g{ﬁydv?ﬁ%ereﬁé]rtetqﬂﬁbt@ﬁl dnd ® 25

and 70to 111, 11 cell acc to claim ere cell 1s a
eukar yol i c nudeic amd‘?sedplehce)@hactehctodas:am elpntent tHatdentabllxes whiensiript edveded! | i s

a mammal i an ¢ cell according to claim 112, ein.the cell is a
e ool By 6 alsmicleoyidec e JrorganTsraao e SRl ARG ng

one or nor @E8f nc@%ﬁér&!ﬂ%é R@G@‘éfeﬁieﬂgcérﬁ 2RY aANUMchClidhd® ahd bhedsin and
70 to 111. 117. nmet’hod for assaying the act|V|ty of a transcriptional

control el éhﬁemnstruﬁelackﬁeﬂwabmmmswngnodlﬂiatmgeclgnetgsbtﬁgwﬁrrmm& hesite for
transcri pt IIJ enco

control el enen ot|
botypopt | dETRRhERRAhE den€ sBE o aRBVARRS Ry G SihPle. SRARARD, A the
operablly egoRAedt@ilictand hdmitlas @c@gd;qi]eﬁ@quence whi ch encodes a RNA el ement
t hat nodul ates the
105. A construct according to claim 103 or claim 104, wherein the AU-rich element is

encoded by the sequence set forth in SEQ 1D NO:1.

15 106. A construct according to claim 103 or claim 104, wherein the construct further
comprises a multiple cloning site for introducing the gene expression-modulating

element.

107. A construct according to claim 103 or claim 104, wherein the construct further

20  comprises a polyadenylation sequence.

108. A construct according to claim 107, wherein the polyadenylation sequence is a

SV40 polyadenylation sequence

25 109. A construct according to claim 103 or claim 104, wherein the construct further

comprises a selectable marker gene.

110. A construct according to claim 109, wherein the selectable marker gene is an
ampicillin resistance gene.

30
111. A construct according to claim 103 or claim 104, wherein the construct further

comprises an origin of replication.




stability of a transcript encoded by the pol ynucl eoti de; and - Usd+Rg
the I evel and/or functional activity of the pol ypeptide producegﬁgo%l‘:pz%m5

the construct. 118. A nethod according to any one of clainms 26, 67 and 117,
wherein the RNA elenent destabilises the transcript and conprises an
AU-rich elenment. 25 119. A nethod accor-gpng to claim 118, wherein the
AU-rich elenent is encoded by the sequence set forth in SEQID NO 1. 120.
A et hod aqqger diggelt SofifHsiARe BhstrlcR 2B rdid téangre,qe b Ciaitt8T 8123 dd¥e70t0

pol ypeptide 1s a reporter proteln conpri S|ﬁg a PEST sequence. 30 121. A

met hod accdddling to claim 120, wherein the reporter protein conprises
Luciferase. 0 9 SEP 2005 -91 122. A nethod according to claim 120, wherein
the reporter protein conprises firefly luciferase. 123. A nethod according
to claim 1393 wWoeedl fbchiitnd ®RMiET12PHAbRINhE e8IPfsiaS®karfpetit tdlR 5 | uci ferase.
124. A nethod according to any one of clains 26, 67 and 117, wherein the
RNA el énent destabilises the transcript and conprises an AU-rich el enent
and wher ei he : | i e r.Rr i NP1 S firefly

| uci fer aseqégfd éb‘ wg@éﬁdﬁégn@&%g@&eﬁltggf %E)% ag}:l%g‘r !1%1%&{11% any one of
clainms 26, 67 and 117, wherein the RNA elenent destabilises the transcript
and conprises an AU-rich_el enment and wherein the polypeptide is a reporter
protei n conpPi sitheclRessprding tordaimellis wherem the peikie %}é’&%?é‘rﬁ?ﬁ: 15 126. A net hod
for assaying the activity of a transcriptional control elenent, the nethod
conprising: - expressing fromthe transcriptional control elenent a

pol ynudDeotlilde tAafkenectealpdasdified epartuaranporgteism amprisieg ons oopeerabdfythe

connected to a nucleic,acid sequence
constructs accor(c;img to any oge OP éialms 1to25and 70to 111.

117. A method for assaying the activity of a transcriptional control element, the
method comprising:

15 - expressing from the transcriptional control element a polynucleotide which
encodes a polypeptide comprising a protein-destabilising element and which is operably
connected to a nucleic acid sequence which encodes a RNA element that modulates the
stability of a transcript encoded by the polynucleotide; and

- measuring the level and/or functional activity of the polypeptide produced from

20 the construct.

118. A method according to any one of claims 26, 67 and 117, wherein the RNA

element destabilises the transcript and comprises an AU-rich element.

25 119. A method according to claim 118, wherein the AU-rich element is encoded by
the sequence set forth in SEQ ID NO:1.

120. A method according to any one of claims 26, 67 and 117, wherein the
polypeptide is a reporter protein comprising a PEST sequence.

30
121. A method according to claim 120, wherein the reporter protein comprises

Luciferase.




that encodes a RNA el enent that destabilises a transcript encoded l@/ @2@@5
pol ynucl eoti de, wherein the reporter protein conprises firefly | uci %

and a PEST sequence and wherein the RNA el enment conprises an AU-rich

el enent; and - neasuring the level or functional activity of the reporter
protein produced fromthe expression._85_-127. A nethod according to claim
128, wherein the AU-rich elenent is encoded by the sequence set forth in
SEQ I D NG 133  128meMoABEORGINE c%ﬁ%b”&h&%ﬁ € tdpbiky x%ftelf’r‘cé n?{‘s%%rﬂrmyl onal
control element, the met hod conprisin F})res ng fro

transcri pt ihu:ufatasezontrol el enment a pol ynucl eot i de that encodes a reporter
protein and that is operably connected to a nucleic acid sequence that
encodes a RNA el enent that destabilises a transcript encoded by the

pol ynucl eotipgle, Anqemel Acddi@ing @&@lﬁin@ﬂz@rvﬂ{e@élﬂ tl?@x%ﬁéﬂt&%’iot%mohlp%sbéméﬁzﬁ& ase
and a PEST 0 9 SEP 2005 -92 sequence and wherein the RNA el enent conprises
an AU rfchlusiferseerit : and neasuring the level or functional activity of the
reporter protein produced fromthe expression. 5 129. A nmethod according
to claim 128, wherein the AU-rich elenent is encoded by the sequence set
forth in SER%| DANGethbd do30xdidy tRuMPAné @F claA@Btdef W7 nmdan 7agarteit hisd RNA

nodul at es the activity of a gene ressi on-nodul ati ng el enent, the nethod
conpri si ngelemgnt d@%ﬁh‘@ ithg) ramsEpt Mﬁgc%mﬁeélano’%UtrWé‘ ¢Jement and wherein the

expression fel® [ orter
o ot o1 n andURUAe I deREP b b R G T e
dest abil0i ses a transcri pt encoded by the pol ynucl eotide in the presence
and absence: agent, wherein th eporter _praotej onpri eHN
firefly nﬁ?? - o areiiod CRISHE L % QBE © OF AR Ae107 #Me FHNATEFaRdRE KN

CONpri Ses @mehp dbidiHili&l tﬁ‘é BBk ipt 2 and"B@RpHided Gn3R- ﬁ&lna%bﬁlgaﬁdhﬁhér@“ﬁ%eor

functional activity of the repor
polypeptide is a reporter protein comprising Renilla luciferase and a PEST sequence.

...4

15 126. A method for assaying the activity of a transcriptional control element, the
method comprising;

- expressing from the transcriptional control element a polynucleotide that
encodes a reporter protein and that is operably connected to a nucleic acid sequence
that encodes a RNA element that destabilises a transcript encoded by the

20 polynucleotide, wherein the reporter protein comprises firefly luciferase and a PEST
. sequence and wherein the RNA element comprises an AU-rich element; and
— measuring the level or functional activity of the reporter protein produced

from the expression.

25 127. A method according to claim 128, wherein the AU-rich element is encoded by
the sequence set forth in SEQ ID NO:1.

128. A method for assaying the activity of a transcriptional control element, the
method comprising:
30 — expressing from the transcriptional control element a polynucleotide that
encodes a reporter protein and that is operably connected to a nucleic acid sequence
| that encodes a RNA element that destabilises a transcript encoded by the

polynucleotide, wherein the reporter protein comprises Renilla luciferase and a PEST




protein in the presence and absence of the test agent, wherein a EQf ggﬁeﬁm
between the |evel or functional activity of the reporter protein i"n
presence and absence of the test agent indicates that the test agent

nodul ates the activity of the gene expression- 20 nodul ating el enent. 131.
A met hod according to claim 130, whereigzthe AU-rich elenent is encoded by
the sequence set forth in SEQID NO 1. 25 132. A nethod for identifying an

agent t hat LA R e R Mimdh 6B S XRTASHARCARALAL N el erent,

the net hod conprising: - expressing under ?]ﬁe cont ro o% t hé gene

expr essi onineaguingtthmigvell e fentional apbvipnefthe aipoder prhtin prdoatddran thepor t er
protein and a nucleic acid sequence that encodes a RNA el enent that

dest abi | i sEPTHPanscri pt encoded by the polynucleotide in 30 the presence
and absence of a test agent, wherein the reporter protein conprises

Renilla luciferase and a PEST sequence and wherein the RNA el ement
conpri s&s &R AG mictied ecerrding; to-clatma bk, ivhyreindhe dbpeeh algmeneis| angededoby

functronal cste@yenEé(Sé%f I%li]ﬁléﬁ(h{)t% 0 9 SEP 2005 -93 protein in the

presence an SEReeE of wherein a difference between the
| evel or functional activity of the reporter protein in the presence and
absence of the test agent indicates that the test agent npdul ates the

activity oft3¢he/gamfshes foie ddangifivingrra Peent ndele mearsites ghey 3gfivily Rbrhgne
accordi ng EQp ?és?d %E’a'ﬁgfg]‘?ﬁfﬁk% ﬁl?%é%&”o?rtbrﬁ I{%ment I s encoded by the

sequence set Ol’t
— expressing under the control of the gene expression-modulating element a

polynucleotide that encodes a reporter protein and a nucleic acid sequence that
encodes a RNA element that destabilises a transcript encoded by the polynucleotide in
the presence and absence of a test agent, wherein the reporter protein comprises
~ firefly luciferase and a PEST sequence and wherein the RNA element comprises an
15 AU-rich element;

— measuring and comparing the level or functional activity of the reporter
protein in the presence and absence of the test agent, wherein a difference between the
level or functional activity of the reporter protein in the presence and absence of the

- test agent indicates that the test agent modulates the activity of the gene expression-

20 modulating element.

131. A method according to claim 130, wherein the AU-rich element is encoded by
the sequence set forth in SEQ ID NO:1.

25 132, A method for ‘identifying an agent that modulates the activity of a gene
expression-modulating element, the method comprising:
~ expressing under the control of the gene expression-modulating element a
polynucleotide that encodes a reporter protein and a nucleic acid sequence that
- encodes a RNA element that destabilises a transcript encoded by the polynucleotide in
30 the presence and absence of a test agent, wherein the reporter protein comprises
Renilla luciferase and a PEST sequence and wherein the RNA element comprises an
AU-rich element;

— measuring and comparing the level or functional activity of the reporter




09 SEP 2005
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protein in the presence and absence of the test agent, wherein a difference between the
- level or functional activity of the reporter protein in the presence and absence of the
test agent indicates that the test agent modulates the activity of the gene expression-

modulating element,

133. A method according to claim 132, wherein the AU-rich element is encoded by
the sequence set forth in SEQ ID NO:1.




