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15 gene and the human CYP3A4 gene derived transcription control elements. The

invention further relates to in vivo assay methods which employ animals transfected

with such reporter constructs.

BACKGROUND OF THE INVENTION

20 Toxicology studies of substances have traditionally relied on unicellular
organisms (for example, the Ames test or the yeast carcinogenic assay described in
U.S. Patent No. 4,997,757) or in vitro systems for toxicity testing and the prediction
of human risk. However, there are many factors that make it difficult to extrapolate
from such data to human risk including cellular affinity of the substance, uptake and

25  distribution differences between single cells and whole animals, metabolism of the
substance, and cascade effects where the effect of the substance is mediated through a
cellular process. These same factors can affect the progress of pharmaceutical
research and development as well when attempting to determining and/or predicting
the effects of an analyte in an animal system.

30 Further, the end-point of traditional animal based toxicology studies is
typically determination of an LD50 (the dose at which 50% of the test animals die).

Dead animals may be subjected to further analysis, for example, histopathology, but
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such analysis is generally |abor intensive and relatively insensitive.

MacG egor, et al (Fundanental and Applied Toxicol ogy, 26:156-173, 1995)
have reviwaedosssbecul ar end-points and net hods of routi n@CTamsOiIL790 t esti ng
including the foll ow ng: damage- inducible genes in individual cells;
bacterial nodels of toxicity; screening of stress 5 gene expression using
hybri di zati on or pol ynerase chain reaction; hybridization probes for
detection of chronosonmal aberrations; single cell electrophoresis assays;
and in vivo animal studies involving animal sacrifice and subsequent
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Biophysics 338:43-49). Clones encoding distinct Cyp3 A forms have been isolated
from human, rat, guinea pig and mice, including Cyp3A11 in mice and CYP3A4 in
humans. Therefore, P450 enzyme expression, particularly the Cyp3 A family of
20  genes, is a vital pharmacological parameter of bioavailability of pharmaceutical
agents, as well as of drug-to-drug interactions.
Currently, conventional assays for P450 gene regulation are laborious and
time-consuming, for example Northern blots, Western blots, RT-PCR or reporter
assays ex vivo. In addition, expression of P450 genes in cell line has proven difficult.
25  Thus, there remains a need to directly monitor P450 gene regulation in real-time in

live animals.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1A (SEQ ID NO:12) comprises the nucleotide sequence of a
30  transcriptional control element from the mouse Cyp3A11 gene locus. In the figure,
the sequence represents 12,275 nucleotides in total, the translational start codon

(ATG) is located at positions 11,003-11,005, a TATA box is located at positions
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10,884 to 10,887, a major transcription start site begins with the C at
position 10,914. An approxinmately 9.3 kb region of the Cyp3All gene is
from nuclwotozdes3pobsition 1 to 9,330 of Figure 1A and thepraepsoxirmaiely 9.3
kb sequence is presented alone in Figure 1B (SEQID NGO 13). 5 Figure 2 is
a schematic of the pA3-1-3Al1 1S vector construct containing the 1.6 kb
Cyp3All pronoter sequence. Figure 3 is a schematic of the pA3-1-3A1L 1M
vector construct containing the 6.0 kb Cyp3All pronoter sequence. Figure 4
is a schematic of the pA3-1-3A11L vector construct containing the 10 9.0
kb Cyp3All poO@RdtedO,887ueangier trinsgipiortstars site spiv@nwith thed atipoeitipBIBIM3AL 1S

vector construct containing the 1 .6 kb p3All pronoter sequence. Figure 6
is a schenaﬁncaP@fow@teBB%é%bﬁ@Ow &6&3’@%&6%@ i§dtonz Bilentide mgsitine 1 t8 kb
Cyp3All pro rfqnggﬂ &y ' : IS {ﬂﬁ:ggé' .3-1-Basic
vect or constg?%gto. |g§rﬁ]§ éldljds% @p%@ﬁ%%}{%%{}ﬁ% e pG%_S?-rI Fg%?lﬁl}o\g}gg?or
construct c&iguaé ABUGEQH® NOOIRL CYP3A4 pronoter sequence. Figure 9 is a

schematigc of the pd.3-1.-3A4L vect C t ontaining the 13 kb CYP3A4

pr onot ergsequenc _.guéﬁzl’i? @écj’@mf‘i’tcag{?ie_@?ﬂ‘%ffig‘g‘ﬁ M‘Fc_tt%”@fm ¢ Epnipiguyg the

experi rrentslygqgjggﬁgmqgmrs@@fegcé_l ver-pushed with 5 g of the pG.3-1-3Al
gg o

1M construct and U )f hPXR plasmd. Figure 11, panels A-D, depict the
resul ts of hPXR tHiguraBiibnsdrpefi¢ pbiepGLZel-8 Al hddvecior oonitiuct @ntymingilee t he

amount of hP asm d co-admi nistered with 5 25 g of pA3-1-3A1 1M Panel
A 0g hPXR6M€y%€]WPHE’?GT|§S%“§PC%, 1 g hPXR + 5 g 3A11M | uc. Panel C 2
g hPXR + 5 gg 3AFidrt ugs a RaRelatiDof e PGIIBRXRATIID vedr cMdirddviebm@inidg @ur e 12

depicts the results of |iver push experinments wherein FVB mce were
| i ver - pli@hed -Gt &ys3 4yl lopropieter seugnge. 3A11L construct and 1 g of hPXR 30

plasmd. Figure %z Han [ > of NPXR titration
experinents per %?ﬁu%ggq:;éﬁ%re ePC tg @8@?%@%@ E%L'éacr%r%rucr?tn &8%& ﬁ‘é&%ﬂnﬁﬁgatgﬁi d
co- adm ni st gréelb GypIA DL pdmoter sequence.

Figure 6 is a schematic of the pBSSK-3A11M vector construct containing the

6 kb Cyp3Al1 promoter sequence.

15 Figure 7 is a schematic of the pGL3-I-Basic vector construct.

Figure 8 is a schematic of the pGL3-I-3A4M vector construct containing the
10 kb CYP3 A4 promoter sequence.

Figure 9 is a schematic of the pGL3-I-3A4L vector construct containing the 13
kb CYP3 A4 promoter sequence.

20 Figure 10 depicts the results of liver push experiments wherein FVB mice
were liver-pushed with 5 pg of the pGL3-I-3A11M construct and O pg of hPXR
plasmid.

Figure 11, panels A-D, depict the results of hPXR titration experiments
performed in order to optimize the amount of hPXR plasmid co-administered with 5

25  ugof pGL3-I-3A11M. Panel A, O ug hPXR + 5 pg 3A11M-luc. Panel B, 1 pg hPXR
+ 5 pg 3A11M-luc. Panel C, 2 ng hPXR + 5 pg 3A11M-luc. Panel D, 5 ug hPXR + 5
ug 3A11M-luc.

Figure 12 depicts the results of liver push experiments wherein FVB mice
were liver-pushed with 5 pg of the pGL3-I-3A11L construct and 1 pg of hPXR

30  plasmid. |

Figure 13, panels A-D, depict the results of hPXR titration experiments

performed in order to optimize the amount of hPXR plasmid co-administered with 5
3



WO 02/ 088305 PCT/ US02/ 11770 g of pG.3-1-3Al 1L. Panel A, 0 g hPXR + 5 ¢
3A11L-luc. Panel B, 1 g hPXR+ 5 g 3Al IL-luc. Panel C, 2 g hPXR + 5 ¢
3A11L- | ucwomaned30D, 5 g hPXR + 5 gg 3AllL-luc. Figure 14Ppdeaisoysi7vhe
results of liver push experinents wherein FVB mce 5 were |liver-pushed
with 5 g of the pGA3-1-3A4L construct and 0 g of hPXR plasm d. Figure 15
depicts the results of liver push experinents wherein FVB mce were

| i ver-pushed with 5 gg of the pA.3-1-3A4L construct and 1 g of hPXR

plasm d. 10 Figure 16, panels A-D, depict the results of hPXR titration
experi ments ug)effﬁ(éLM&AMLoPaimiAt,GpcgﬂR)ﬁRzé mgnaAammm PeﬁellﬁPXIﬁgﬂI&S}hhd I
co-adm ni ste ith 5 of .pE.3- hPXR + g 3A4L-1 uc.
banel B 1 o AR LILhe Phaplde i e i RRTE S e Sl ol ARRELDES e BRRECT 38 Panel
D, 5 gg hPXRgAlﬁJ_glc' 3A4L-luc. 15 Figure 17A (SEQ ID NO 14) conprises the
nucl eoti de sequence of a transcriptional control elenent fromthe human
CYP3A4 gene | ocusFighre 141®pﬁdtgthee¢suﬂthef lis@qmelmmqoerhmn‘essmhﬂrsinﬂ/mﬁﬁce

nucl eotides in total nsl G cated at
post 1 ons 1953 ReB gl SN et s B3R spBARG: M Che bERRXE5 000 £
12,904, a mepl@gmidr anscription start site begins with the A at p05|ti on

12,930. An 20 approximately 2.5 kb regl on of the CYP3A4 gene, useful to
facilitate expresEigsre bﬁsdemrésﬁmrb@étsn hé‘frrpush sxpferiorentsueheseinifya puss tion 1

onen B gub@Ebiel Wi {fie of BRTBIARS ALY BpstnlaiCRIERFRER BT S50 o

the entire sglgstaidce of CYP3A4-1 uc transgene used to generate
FVB/ N- TgN( CYP3A4- | uc) mice. 25 Figure 18 presents a schematic diagram of an
appr oxi & el y 9. 3FigBreplt pareds A-Ip edriish theagtidisod hPKEctifrasipnsxpergnerie Cyp3Al 1

ppr oxi mate PeRaTea it WP TR MmO R B CI PR e s o,

19 presents g sf:ﬂs(éhmm(AAm Fgna M, Of p alPXERBH DU BMELI)(C IF3nkIB, i o HPXR + S0

regi on sequenc cated 5 CYP3A4 c d n yepces _in the human.
genore, mhe}ﬂ%gf*ﬁLQlH? &)@P%%B&é&ﬁé‘ 3}5‘]8 4”6 t?HH%‘ IR + et
el ements fromimg,. known famlies.

15 Figure 17A (SEQ ID NO:14) comprises the nucleotide sequence of a

transcriptional control element from the human CYP3A4 gene locus. In the figure, the
sequence represents 13,035 nucleotides in total, the translational start codon (ATG) is
located at positions 13,033 to 13,035, a TATA box is located at positions 12,901 to
12,904, a major transcription start site begins with the A at position 12,930. An

20  approximately 2.5 kb region of the CYP3A4 gene, useful to facilitate expression as
described herein, is from nucleotide position 1 to 2,461 of Figure 17A and the
approximately 2.5 kb sequence is presented alone in Figure 17B (SEQ ID NO:15).
Figure 17C (SEQ ID NO:17) presents the entire sequence of CYP3 A4-luc transgene
used to generate FVB/N-TgN(CYP3A4-luc) mice.

25 Figure 18 presents a schematic diagram of an approximately 9.3 kb promoter
region sequence, located 5’ to the Cyp3Al1 coding sequences in the mouse genome,
where the diagram shows the approximéte locations of repeat elements from two
known families. '

Figure 19 presents a schematic diagram of an approximately 13 kb promoter

30  region sequence, located 5’ to the CYP3A4 coding sequences in the human genome,
where the diagram shows the approximate locations of repeat elements from two

known families.



4 WD 02/088305 PCT/US02/ 11770 Figure 20 presents exenplary results of PCR
screening CYP3A4-luc Tg mice. Figure 21 presents exenplary Southern

hybri di zawDon/osssed ysi s data for FVB/ N-TgN( CYP3A4-1 uc). Fipgureso2PL77panel A,
B, C, and D, present exenplary results of the effects of 5 xenobiotics on
expression of CYP3A4-luc in the #82 line of Tg FvB mce. SUMVARY CF THE

| NVENTI ON The present invention relates to transcription control elenents
derived from nobuse and human genes associated with cytochrone expression,
e.g., Cyp3All and 10 CYP3A4, respectively. The present invention conprises

i sol at ed pol ynuclFgire @09resentp eraaplary Sl PER scY&aind CYPBALOMOTHaide. cel | s,
| i ver - push non-hupan ani mals and transgeni ¢, non-human ani mal s that
conprise the trarfd8ye gtlipEsreRis sksBplag) @V&Fﬁ% hybridizatiopagalysis dpta fo1 n one

aspect, the RASREPENIEAYPIALG I el ates to transcription control elenents 15
derived from cyt oc%rgrre P458u &enes (e.g.,Cyp3All and CYP3A4), expression

cassettes whi ch ikigiradg, pdmekA, Bo@t aml D giressan¢:emplarg resulte ofidit effetts of cel | s
and trangsgeni

.ani mal t ai ni t X j, 0. y d et hods of
ioi ng. (s coFhebiaft o SHFOUERFE CORAar uS AbliE SR ARG oL R Tebiraci on

cassettes, for exanple, as nodeling, screening and/or test systens.
Met hods of using the control elenents, expression 20 cassettes, cells, and
transgeni ¢ ani malSUMNARYOF FTHEINMENTIONeNnt i on i ncl ude, but are not Ilinmted

to, studies involying toxicity a drug net.abolis nd net.hods, for
screening drug r;é}eéﬁgﬁepiﬁvelg}é’fléggteéﬁ%l%gaﬂscﬁggcg} ‘Eﬂ“g‘]o_{ %ﬁpis{lﬁsﬁ?fl\%éeﬁrﬁ%fpar y
transcripti @Rouseahd ﬁhmaﬁ?g% R clabe with Eytoé?6mP %321]9&&5@&1, efe. I3 AN agat

i nvention include those derived from nouse Cyp3Al 1 |ocus and those

deri ved19r ofs YiAhupspectOrb8 A hE prasent ipwnfian pernprised lisplated palyiuslestidesnn

he mari n Gt BiaRsr PGS re PR Bt bt Glbon WORTDARR P 8 | ©

transcri pti efancgnid, abn-@usERBhSnad thaPcHgEisa tigtrabstdiptdn’@RAbL&EmeguUence. I n
particul ar, reconmbhinant nucleic acid nol ecules conprising SEQ ID NO 12,
SEQ |ID NO describsgderem.ng 14, and SEQ ID NO 15, as wel | as fragnents

R s Lt e A e
one aspéft, detieedfreserytodhmuanP4Xingenosy ¢. X8393A1pahy QCYP3ad) i ctpression f r agment s
cassettes which include those control elements, vector constructs, cells and transgenic
animals containing the expression cassettes, and methods of using the cells and
transgenic animals containing the expression cassettes, for example, as modeling,
screening and/or test systems. Methods of using the control elements, expression
20  cassettes, cells, and transgenic animals of the present invention include, but are not
limited to, studies involving toxicity and drug metabolism, and methods for screening
drug metabolism, safety and/or possible toxicity. Exemplary transcription control
elements useful in the practice of the present invention include those derived from
mouse Cyp3Al1 locus and those derived from the human CYP3A4 locus.
25 In particular, the invention relates to transcription control elements derived
from genomic locii of the murine Cyp3A11 gene and the human CYP3A4 gene,
wherein these transcription control elements are associated with a reporter sequence.
In particular, recombinant nucleic acid molecules comprising SEQ ID NO:12, SEQ
ID NO:13, SEQ ID NO:14, and SEQ ID NO:15, as well as fragments thereof, are
30  described. The invention further relates to in vivo assay methods which employ

animals transfected with such reporter constructs.

In one aspect, the present invention comprises a polynucleotide, or fragments
5



5 WO 02/ 088305 PCT/ US02/11770 thereof typically greater than 100

conti guous nucl eotides, derived fromthe nouse Cyp3Al 1 gene, the

pol ynucl ewviodesg30s fragnents thereof) having at | east 95%PCaarsv2/AN70t 0

nucl eoti des 1-11,002 of SEQ ID NO 12 (or corresponding fragnments thereof).
The polynucleotide (or framents thereof) may be operably linked to a

codi ng sequence of 5 interest. The pol ynucl eotide (or fragnents thereof)
typically conprises at |east one transcriptional control elenent. An
expression cassette may conprise the polynucleotide and codi ng sequence of
i nt erest. | nheamrof typically geater thanel Ofroestgitous nuensdtides, deoivpd freasthamouse

ol ynucl eotide, or. fragnents thergeof ically greater than 100 conti guous
ﬁuc?/eot i des,8%4Ue%fnf:’r%‘H‘P_P}g@udi‘{fldﬁﬂﬂrséggw‘f}ﬁ%@fre%@ﬁ&" mek 1838 %ﬁ%éﬂ%‘@fﬁ de
(or fragnmentg, rﬁlbl%ﬁ@és)l-ﬁ‘ﬁg@mgf?E%LI@?N@:I%E(%’ édilFe@%é gﬁa%mtéﬁ&%eﬂpqh%f SEQ

ID NO 13 (or fragnents thereo east about QOncon I guous nucl eoti des
of SEQ | D N@oluBiclectide (pdtamantd thotepBengyobe épeaatintiskeadie reofling sequenbeof

operably Jinked to codi n ence of interest.. The pol ynucl.eotide (or

PP eony &t bfest The BRhR e R ET E Gerfnud AR B Bl S PR cont 1 o
el ement. 15 #hsEMPiRSEsHirot 8BaRht CANBYprERMAN daSR1tE RRyRBpRWSIgOt | de and
codi ng sequence 0 interest. In one enbodi nent, the polynucl eotide

conpri ses a Ppalyriclepsidy aud reding spauerrs\af igfe®ss i dentity or greater to

nucl eoti des 5104-§2 of nd | yhucl,eoti de havi ng
95% i dentity or gﬁle%nt glrerfi%%%g%ég%e %%‘V%gg)figﬁgﬁ%fap@%b@eﬁ%%of& 20 In
one aspect, frigndinteserdof typieily icestérnbdnuisconB@hdiisedclpolidesddrived dasthand/ or
expressi on cassettes conprising a polynucl eotide having at |east about 95%
i dent it yl& o mewE Qupddicenefthepelynyslagtide for %%gm%ﬁh@ﬁwg hariag ableast 8¢ abl y
linked to a k ' ta, ' tihge or
fragnent s { harasy o SRSAHRAREoPSOTEANGELS (o Bkl ils Hofeohll KBGHER 10PC o
25 | n anot heconsigpecst nucldoedqy efSSHQ 1D N@1B). dFhei potynudiestidas @i ditag@dnts thereof)

pol ynucl eotides. and/ or expressi on cassettes, conprising a polynucl eotide
havi ng at | &8y b%\BB‘iff‘&gé‘?ééBﬁE HehtqaRe seguenes ok Bere cé[%ﬁﬂ’gé’l‘?@flf:%lmr 15, or
fragnents t b : i j t,
wherein the Soi bl Sar Al st Ay & R e e e ot PR e
transcript i oAakxpmstiomtassdtemnt congfise theporipnueidotide mehtslinghequadiend sequence

o o T Ry RS SRR e Bl TR bAaBRSLAL
having 95% identity or greater to nucleotides 5104-6218 of SEQ ID NO:13 and a
second polynucleotide having 95% identity or greater to nucleotides 6792-9330 of
SEQ ID NO:13.

20 In one aspect, the present invention includes isolated polynucleotides and/or
expression cassettes comprising a polynucleotide having at least about 95% identity to
the sequence of SEQ ID NO:13, or fragments thereof, operably linked to a coding
sequence of interest, wherein the polynucleotide or fragments thereof comprise at
least one transcriptional control element.

25 In another aspect, the present invention includes isolated polynucleotides
and/or expression cassettes comprising a polynucleotide having at least about 95%
identity to the sequence of SEQ ID NO:15, or fragments thereof, operably linked to a
coding sequence of interest, wherein the polynucleotide or fragments thereof
comprise at least one transcriptional control element.

30 In some embodiments the coding sequence of interest is a reporter sequence,
for example, a light-generating protein. Such light-generating proteins comprise

bioluminescent proteins (including but not limited to, procaryotic or eucaryotic
6



bi ol um nescent proteins (including but not limted to, procaryotic or
eucaryotic 6 WD 02/088305 PCT/ US02/11770 luciferase) and fl uorescent

pr ot ei ns Wonehsesphg but not limted to, blue fluorescent PpmTaiser/n77€yan
fluorescent protein, green fluorescent protein, yellow fluorescent
protein, and red fluorescent protein, as well as, enhanced and/or
destabilized variants thereof). 5 The present invention al so includes
vectors conprising the isolated polynucleotides and/or expression
cassettes of the present invention. Such vectors typically include a
vect or backboeiggrasei dncﬂrﬂyoﬂe@cehi p@dsin(inotudiggib@root Goned k& ShefucdEscetifor €
origins of replication (e.g., a shuttle vector), be site-specifically or
randonly i rﬂle@aratcwﬁgﬂu%rﬁﬁpeeb?fﬁl% S SRIUFesAD BTaieineYallonl Buesescsbl eenabl e

markers. 10 i Gng IRAAITEREd H5ioR, S GAN b WHRNLE Und DEAUTRREE \hSans

conprising t éxpressi on cassette$ and/or vectors o e present
i nventi on. Ithelanf)t her enbodi ment, transgenic non- hurran animals (e.g
rodents, 51 ncl udi but not lim mce, rats, ger bi I s, and

ed, to,
gui nea pi°gs) nay F?%“’t"ﬁ’ét“&?}?%@gﬁ‘@ﬁs K%?%%%P?@E“%{%? rls‘ﬁ%t%‘ét ors or the
present i ”V%Hlyrﬁﬂleoltﬂesaaﬁd%rteligfesﬁm?Qﬂ'séff‘égtof tﬁeglﬁeéeﬁ@ﬁ%ﬁtldnn"s%@ﬁ b@RoAD

i ncl udes non-human ani nals that conprise a subset of I's conprising the
expressi on typisgky inedidandveotor be(zktboncs aodl maryé)erlme&eortcmcmercbmpnse by oexanpl e,

Const T uct s oPoRiEE L RRdaHR e £ om el usiTord et e € iy e

gener ated, fiafe @tﬁq@phﬁcd@ypme@mbﬁh{o@dsmmie dherech) BRfepN) Cassettes
and/ or vectors of the present invention via intravenous injection. 20 In

yet anotifer aspechn onetranhodénenithe prosent inyentioncineltides avlls herprising thsi ng t he
eXDr e85! ON CASPELLRTaskRA Blufr \ERblur LGB HRUIRS, A aTRlE: ShvddificRl ©oen!

I nventi on. I nvention 1 ncC

i dentifying @mspat yibe-htimah, anifass @ .esodente) askhtng, bitaot Bxao®t® mied, ras,
reporter sequence) nediated by nouse Cyp3Al 1 gene-derived transcri pt| on
control el e?flﬁw%erarﬁff@}s AnchelHagh Iy IR GnamRsise thegiprepaian crupesrangtaron

control el engptss bPud dBRSEEHSn. {I%x;ﬁ}qeel BB RHIRY ang¢ g@m voul&dh @ met hod

typically conprises admnistering ani na e.g., a drug).
The ani nel cinojodesss- mnaamanmnlseha:tfcohipﬂscex ml:estsof@ells:a&ﬁmm@therexmeeﬁm s of

the present inventi |ca#r%]% i ncludin I{o or r sequence. Expressmn
of the repor‘faé§ette§@ 8’% T8 OHYRPESFRJNVEAROR {08 EXarpte-(198- 1UEqAR angpals

expressi on OfhgdRaiveRRYriiise SOMUISHERCRY vluﬁfjﬂhe RbESuLhr didiGe@tlbfidH. f ects
expression of the gene corresponding to

Such non-human animals may be generated for example, by administration of the
expression cassettes and/or vectors of the present invention via intravenous injection.
20 In yet another aspect, the present invention includes methods of using the
expression cassettes, vectors, cells, and non-human animals of the present invention.
In one embodiment, the invention includes a method for identifying an analyte that
modulates expression (for example, of a reporter sequence) mediated by mouse
Cyp3Al1 gene-derived transcription control elements and/or a human CYP3A4 gene-
25  derived transcription control elements in a transgenic, living, non-human animal.
Such a method typically comprises administering to the animal an analyte (e.g., a
drug). The animal comprises one or more of the expression cassettes or vectors of the
present invention typically including a reporter sequence. Expression of the reporter
sequence is monitored. An effect on the level of expression of the reporter sequence
30  indicates that the analyte affects expression of the gene corresponding to the
transcriptional control elements which comprise the expression cassettes and/or

vectors employed in the method.



transcriptional control elenments which conprise the expression cassettes
and/or vectors enployed in the nethod. 7 WO 02/ 088305 PCT/ US02/ 11770

Anot her nwOle@ss3edNPri ses identifying an anal yte that nod®RCatuSe2/expr essi on
(for exanple, of a reporter sequence) nedi ated by nouse Cyp3All
gene-derived transcription control elenents and/or a human CYP3A4
gene-derived transcription control elenents in a transgenic, |iving,

non- human aninmal. In this nethod a vector 5 m xture, conprising an
expressi on cassette of the present invention, is admnistered to the

ani mal concomn t anAnvihehmethetl @ompriess iddrtfying dimanalgterthdtimotuddtestaxpesssibyt e. The
vect or nixt&re conprises one or nore of the expressiqn cassettes of the

present inveH®y Wmnl;ﬁ?ﬁ S&FRafiet ﬁ‘?ﬂ“ﬁ%‘?%&’%@@p@f%%%@fﬂ?&ééﬁnﬁ%ﬁi@si on of
the report er ., 3R0HGGLcdrirol BRHAQTAlor Mufihh €33 dE-EAVLEHsG @ { he

reporter sequence iIndicates that the 10 anal yte affects expression nedi ated
by the transeoritpl Elenmhtsdoatiraobgeaice freing snarhlatmarcaripal. de this encthoplr eesian

cassettes. and/qr vectors enployed.in th hod. I n one, enbodinent the
Vector mXt Pers Sampries BT iprey omarsdye DS FeseRcRTSRon: A AT g e
embodi ment  OfhetahBndlcBAEHhitdnd WEIAL b&iBre, bNEiteR 4BMAESEA0N ©RAS BhIIRS. TIROVRESI NY
the transcription control elenments of the present invention and a reporter,

15 are used Wixtwigrdomeprisehencegners oif die axpression papgetites Of pRAITesEngimNentton t he
human CYP3A4 Ln.accell. 1n this emdodi ment ression of a.reporter
sequence i s ty%gcﬁlﬁ?/é?cé nl%%laf é)rtg]é%fiqu% C&“%)%’ﬁ?‘céséoﬁ(gﬁﬁ%fep? & A& sequence
corresponds inOnit@xpl @S0t 6 thg @APreSHGH 65HO REHoRGr §cQuédte ihdiasCthhithe onal
control elenments which conprise the expression cassettes and/or vectors
enpl oyedlq n adyteafipeis exprassiciepedipigd & sl fransciptionsbcosgiobelemgnts st cel | s
wherein an e : r i 1 er. Seq indi cat es
that the anary g e bifeSth @hElaRlofafior! GRRDLEr miRENHEREE, 1N GhE]
control el enembsditdeat the vagaol sexttifeds edpihéssatd by anSseidug Snjastbhor vectors

enpl oyed in the thod. In angther aspect, the present invention conprises,
a transgenic, nonnf%%lﬁ”éwer g%‘ﬁp’rerﬁ'i ‘,’ftg‘? gresent dpeation, theceXpression eatsetiesnon- hunman

ant mal 1y Pl by GO RSoripiin cBHROIRKIAGNS GRS Blckéh GALRLS L
pol ynucl eot i de I%er I eg romthe Igluman CY%BA%fq ggnee, t he 6o¢yﬂr%%%%88’t‘t?rde
havi ng at5 | earstus&b8s monitnrebe exprésdiontof the mouseulypsatlil gese drthd BuMar of SEQ I D
NG 14 (or fé&% ts ther eejL) tYl\lhel:EE)i H}ﬂgr% t he pol %fnucl eotide (or,
fragnents th g?‘g §°0° JhaFebi i tissrbg e’éli’faﬁs%él EJERNES SBIUCPER r est
(ii) the monitored in the cell and expression of the reporter sequence corresponds to
expression of gene corresponding to the transcriptional control elements which
comprise the expression cassettes and/or vectors employed in the method. Further,
20  analytes may be screened such cells wherein an effect on the expression of the
reporter sequence indicates that the analyte affects expression mediated by the
transcriptional control elements that comprise the expression cassettes and/or vectors
employed in the method.
In another aspect, the present invention comprises, a transgenic, non-human
25  animal, e.g., rodent. The transgenic, non-human animal typically comprises, an
expression cassette comprising a polynucleotide derived from the human CYP3A4
gene, the polynucleotide having at least 95% or greater identity to nucleotides 1-
13,032 of SEQ ID NO:14 (or fragments thereof), wherein (i) the polynucleotide (or
fragments thereof) is operably linked to a coding sequence of interest, (ii) the
30 polynucleotide (or fragments thereof) comprises at least one transcriptional control
element, and (iii) expression of the coding sequence of interest is induced in the liver

of the living, transgenic, non-human animal by dexamethasone or rifampicin.
8



30 polynucl eotide (or fragnents thereof) conprises at |east one
transcriptional control elenent, and (iii) expression of the coding
sequence wh oq8s3pest is induced in the liver of the |ivi®RgI/uSoansgeni c,
non- human ani nal by dexanet hasone or rifanpicin. 8 WO 02/088305

PCT/ US02/ 11770 I n one enbodi mnent, expression of the coding sequence of
interest is induced in the living, transgenic ani mal by dexamet hasone

adm ni stered at 50 ng/ kg body weight, and/or expression of the coding
sequence of interest is induced in the living, transgenic aninmal by
rifanpicin adm ni Bi @feethtadihéht neExpkesiondy theaioghily. sequentdef intdbest ivdtididedn of
expression of the coding sequence of interest nay be greater than or equal
to 10-fol d i RdbeHyBs. BISaeuaARNRABY Aexameshaspagadmingsirasdat 9qng/ke bodyduct i on

of expressigp ' ' I LS ; r: A -0r  equal
Fo tant ol d M oEu R Rk e e St OB WAL e
basal expressamgenié atinel by difagpismopdeninisterad 4t15€ nhg/kgebodyOweighyt. dfuridier,t he
l'iving, transgenic, non-human.animal is greater than or equal to that in
ot her 7 egh orBUFHIAT R SXBRFSFIGH Of HE PR AP aBlSHTL AY Ae ALHREH A okal . | n
anot her e ”boéﬂuﬁPt%t 10-FR® irdh RIS A Santd @R s BRRy BILIRe16 Q88/0RAhdREYA of
sequences encoding a functional® hPXR (a human rifanpicin co-receptor). That

is, the anie¢mpresdvaf g casiyy sequenxefofi mieregins peamnthRXRr gareétomediodd . 15 In a
further enbodi rTe[nt, e>§aressi an q)f tlﬁe odi ng sequence of interest is
i nduced in tRIUSHAR g HAmPAHR §¥si besal S S uman animal by at |east one

conpound sel ect eth drdeQdimBdaaméHt ObRaXPEdsSibh BEtHRcopihg ReMRNEE indhe 1i0éf edi pi ne,
5- pregnene- 3b- OL- 20- ONE- 16a- Carbonitrile and clotrimzol e, wherein

i nduct i ol of regigpraddhe Bring Sragsgeni¢, monthymaniapimal iegfeaiar o phequal toi thef, in
Lransgeni c a&&g&g‘reggﬁ‘s" ﬁg g’letbgg}/to'f @ggg«g%?ragsg%gfc%%ﬁ{@r 'JRbalt he_coding

sequence of Tn repor sequence. Such a

reporter sequencelnmpther @mbodiarent,ehe gnGeldc, mn!Hugltn-@angdIdaks g hHavet ei n
(e.g., a biolum nescent _protein or_a fluorescent protein). One ex_eg‘%lk ary
bi ol uni nesceffdUHKEs NGPding 3 yarHenah BBXR) (3 hgman sharpirinentreegptehe Thats,dbg i on,

the transgenj. g : g%[]_c i i ncl ssion cassette 25
conpri si ng sﬁ%mlag‘?ﬁ&% (rggrgl arenilécr%p aruy mﬁkﬁ%ﬁ%’nsgene). Exenpl ary
fl uor escent pr ot elmsfirthet erdboditneht, akmressidn dfithe t@iing equblceef filterestds cent
protein, cyan_ fluorescent protein, green fl uor%sce{égstpr otein, yellow

[

fluorescent PFBESS; 1R the; g, FAnsgqnie, ng CURRn gpippal by at one compourid

selected from the group consisting of phenobarbitol, nifedipine, 5-pregnene-3b-OL-
20-ONE-16a-Carbonitrile and clotrimazole, wherein induction of expression is seen in
the liver region of the living, transgenic animal.
20 In the transgenic, non-human animal the coding sequence of interest may, for
example, be a reporter sequence. Such a reporter sequence may, for example, encode
a light-generating protein (e.g., a bioluminescent protein or a fluorescent protein).
One exemplary bioluminescent protein is luciferase. In one embodiment of the
invention, the transgenic, non-human animal may include an expression cassette
25  comprising SEQ ID NO:17 (an exemplary CYP3A4/Iuc transgene). Exemplary
fluorescent proteins include, but are not limited to, blue fluorescent protein, cyan
fluorescent protein, green fluorescent protein, yellow fluorescent protein, and red
fluorescent protein.
The transgenic, non-human animal may be a rodent, including, but not limited
30  to, mouse, rat, hamster, gerbil, or guinea pig.
The present invention also includes a method for identifying an analyte that

modulates expression of a reporter sequence, wherein expression of the reporter
9



The transgenic, non-human ani mal may be a rodent, including, but not
limted 30 to, nouse, rat, hanster, gerbil, or guinea pig. The present

i nvent i orwalogoss3nt| udes a nmethod for identifying an anal ytreTtusar/117nodul at es
expression of a reporter sequence, wherein expression of the reporter 9 WO
02/ 088305 PCT/ US02/11770 sequence is nediated by transcription control

el ements derived from for exanple, a human CYP3A4 gene, in a transgenic,
living rodent. In the nethod the analyte is admnistered to the
transgenic, living, non-human transgeni c ani mal descri bed above.

Expressi on ofequdieeriepediaex wecpnetriiongonmsli daficts dedveé fifogs tforasxairpie, hevel of
5 expression of the reporter sequence jindicates that the anal yte affects
medi at ed by DMWRHENGEPPAtHigshe: dB ﬁl“ia8$geé1ceh’élﬁg godegt. gln theywethpd dhe 3u3hte e human

CYP3A4 gene. admﬁﬁ?er £ L pgﬁ emeo% o Ifﬁ]}naBQﬁaepédgﬂﬁzez{}ﬁmhlnd’e‘?& eegﬁzgw.'

readily occur to ose 0 dlnary int In View 0
di scl osur e hExpremonlcﬂf tmbﬂmemﬂmbmmd: }[hiEffchtMENE[ds BMelldfe practice of

t he pres i nventio npl oy, unl ess i cate

convent i ohal extpé?‘?ﬁﬁflcﬂgéléﬁ ISPOIVeﬁ 38%‘@“8 fcé‘feég@)a” F ‘g%thibﬁl ol ogy,
transgenic @&Hs@ﬁlbud%nﬂ'élél&fn@ﬁts @Qddér%@%ﬂﬁe%u%cm&@ ge within the
skill of the art. e.g. nmbf ook, Fritsch, and Mani atl s MOLECULAR

CLONING A 15 LABM¢WOme0dlmmS®d tltei mchQQSQ)t;on@dRREMﬂyM@@G_S I N
MOLECULAR Bu f gF ?P %ﬁ t?t al(g%H i 1987é£ t he series METHODS |IN
ENZYMOLOGY (AR Eingpy kgl oy the ast.in ey of thedisel FMAPPROACH (M J.
McPher son, B.D. Harres and G R Taylor eds., 1995); AN MAL CELL CULTURE

(R I. Freshne 1987; "Transgeni c Ani mal Technol ogy: A 20 Laboratory
Handbookl0" by CahDEﬂAHED TEN OF FHE INVENTIONdi t i on, Acadeni ¢ Press;

| SBN | 0125571658 pangacHAL il AL OGENRE BRI e HUERPRLI Bk
Har bor Laborca;irnémlorﬁl esbniqiRishf nidéelar Send grecrobiSy, &ﬁtblbd)gﬁcklriﬂsgémc 25 1.

DEFINITIONS I n descrl bj ng the present invention, the faollow f?; erms wll
be enpl oyed, a%imal mapiguiaHPR fdd deqogbirany DN horhighs ate i him the SkHEQTGHE attn| esss

oL 5° SR o 60 SR SMDIREL LI FoNEAT 10 5 They

15 LABORATORY MANUAL, 2nd edition (1989); CURRENT PROTOCOLS IN
MOLECULAR BIOLOGY, (F.M. Ausubel et al. eds., 1987); the series METHODS
IN ENZYMOLOGY (Academic Press, Inc.); PCR 2: A PRACTICAL APPROACH
(M.J. McPherson, B.D. Hames and G.R. Taylor eds., 1995); ANIMAL CELL
CULTURE (R.I. Freshney. Ed., 1987); “Transgenic Animal Technology: A

20  Laboratory Handbook,” by Carl A. Pinkert, (Editor) First Edition, Academic Press;
ISBN: 0125571658; and “Manipulating the Mouse Embryo : A Laboratory Manual,”
Brigid Hogan, et al., ISBN: 0879693843, Publisher: Cold Spring Harbor Laboratory

Press, Pub. Date: September 1999, Second Edition.

25 ‘1. DEFINITIONS
In describing the present invention, the following terms will be employed, and
are intended to be defined as indicated below. Unless otherwise indicated, all terms
used herein have the séme meaning as they would to one skilled in the art of the
present invention.
30. The terms "nucleic acid molecule" and "polynucleotide" are used
interchangeably to and refer to a polymeric form of nucleotides of any length, either

deoxyribonucleotides or ribonucleotides, or analogs thereof. Polynucleotides may
10



30. The ternms "nucleic acid nol ecul e" and "pol ynucl eoti de" are used

i nterchangeably to and refer to a polyneric form of nucl eotides of any

| engt h, ewoOhenss3dkeoxyri bonucl eoti des or ribonucl eoti des, ®CTArsa/oy30

t hereof . Pol ynucl eotides may 10 WD 02/ 088305 PCT/ US02/ 11770 have any

t hree-di nensi onal structure, and may perform any function, known or
unknown. Non-limting exanples of polynucleotides include a gene, a gene
fragnent, exons, introns, messenger RNA (nmRNA), transfer RNA, ribosonal
RNA, ribozynes, cDNA, reconbinant pol ynucl eotides, branched

pol ynucl eot ihdesanyptheeerdigsnsivied sucuredandsahppatorBNhydhinaivn, BﬁﬁMﬁGﬁe
i sol ated RNA of any sequence, nucleic acid probes, and priners.

pol ynucl eot P@&nqven.; Ngp-ligifige %’Eﬁ%%sélf Hs’iynaC@B%@qum@u%eeaq&%még@fe fﬁﬂﬁ'@ent
nucl eot i de S: ﬁam/ ‘HEN ?g@_'@ e (T)
(uracil %r mtt 3%%%6@ ent Q‘g ?@rs\f% eot’l gjg) Sl&@lﬁ?l rl[f'%?fégt he
t erm pol ynu«:Débﬁt |rd®rﬂ1ﬁnm®ubmudeoi$detsﬁﬁamihph@blyhhded)tidee,mlmm akctors, of a
ol ynucl goti.d Thi s a resent at i can be i nput
!Ont o dat gbaésé’iatgcﬁbgc tsggqugea, atsggéﬁ‘} PB‘PH Sﬁﬂ’(‘)‘?f’ég’s‘?”r‘fgel‘iﬁﬁl‘ilp §S-.used for

bi oi nf or mat |aﬁ§pﬁﬁig{§_cat| ons such as functional genom cs and honol ogy
searching. A "coding sequence" or a sequence which "encodes" a selected
pol ypeptide, is Apolsinyrledtideds typicdllyrodmpeded ofihispdrificsegnenmsof fded (i n t he

case of DNA) an ransl a ed ( the case of ) 0 for
exanple, 1 nivRoen @R A (1D et OTnEROE st (ot anp bV o EEABLITE: or
sequences, (f@fthikmﬁt(mkwhehﬁi@m ukleoﬁhelsmmarmsme%mmﬁ ﬁ%dﬂﬁesequence
are typl cally determned by a start codon at the 5 (am no term nus and a

t r ansl atlf on sequspceisdbmalpbabetieal zepreseatation ¢ a pelyrigieesidemeleeiie gTbléq uence 20

| ud f
cocaryot o raiberlciy ABtest crEehoni infiicikto LRABALL B coRRAEANEE ot and

even synt heprecebdiy wsieauicumee Sor MoinfanRded fpliostidne swehnatfifdiodgiabficsmay be
| ocated 3' to_ the coding  sequence. Oher "control elenents” may al so be
associ at ed W HO@OE?@dlSﬁ?ﬁC@B&uence A DNA sequence encodi ng a pol ypeptide

e S L
pol ypeptibde acrmd]eugacs@thuule.whi&lm cackescribed (iethe case toé DN Aualdetanslatedi(th
S o Pk Py KDL EEUENES; S A ROLYEEPE L 0
to 5 am no control of appropriate regulatory sequences (or “control elements”). The boundaries
of the coding sequence are typically determined by a start codon at the 5' (amino)
terminus and a translation stop codon at the 3' (carboxy) terminus. A coding sequence
20  can include, but is not limited to, cDNA from viral, procaryotic or eucaryotic mRNA,
genomic DNA sequences from viral or procaryotic DNA, and even synthetic DNA
sequences. A transcription termination sequence may be located 3' to the coding
sequence. Other “control elements” may also be associated with a coding sequence.
A DNA sequence encoding a polypeptide can be optimized for expression in a
25  selected cell by using the codons preferred by the selected cell to represent the DNA
copy of the desired polypeptide coding sequence. “Encoded by” refers to a nucleic
acid sequence which codes for a polypeptide sequence, wherein the polypeptide
sequence or a portion thereof contains an amino acid sequence of at least 3 to 5 amino
acids, more preferably at least 8 to 10 amino acids, and even more preferably at least
30 15to 20 amino acids from a polypeptide encoded by the nucleic acid sequence. Also
encompassed are polypeptide sequences, which are immunologically identifiable with

a polypeptide encoded by the sequence.
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acids, nore preferably at least 8 to 10 am no acids, and even nore
preferably at least 30 15 to 20 am no acids from a pol ypepti de encoded by
t he nucl ewo tao8siosequence. Al so enconpassed are pol ypept ipde/csezjuences,
whi ch are i mmunologically identifiable with a polypeptide encoded by the
sequence. 11 WO 02/088305 PCT/US02/11770 A "transcription factor"
typically refers to a protein (or polypeptide) which affects the
transcription, and accordingly the expression, of a specified gene. A
transcription factor may refer to a single polypeptide transcription

factor, one or noyerapoliptpepactdesStypRbilyRi&s eiepidteh (O lypepti@)RARER . or a
conpl ex of poI ypeptides. 5 Typical "control elenents" include, but are not

limted to, atfe&h §1@?rqf%}’tsi3@¥10np a@ﬂraﬁcerdsng ¥ iherexerasponaH aspeeifiedeens dhent s,
cis-acting ttfaﬁ%&%'ﬁbﬁ AR &P k&ttb gfel S&Hﬁ%&)ﬁfl& {rﬁr?s@ﬁﬁtrl(%rpfacf%? on%%lrl gﬁo‘gg rs,

e.g., a cis-ac el ement t ranscr
exanpl e, a Ipegipepndﬂs aatiny mquemrallwotrlm «Mnceﬂu (&atdoaqﬁ@mfmoﬂmptlda%ct or

interacts to ind S _expres transcription
initiati gn 10 si Qi%a{ (‘é’nngFgl FS) Ude rﬁﬂgi‘ %eért% transipgieni pt i on

termination lparﬁaasstm@s%mgﬁéﬂ entBfic@ aﬁ% saafch AL ARANEAGPR LG 0d 3 1O
the translation stop cod sequences or optT m zatton oF I'Altiation of
t ransl at i on elehepost (@dnﬁfrlptlontmlatmm ag, s eiyweeticedlementathat affeicernhe enhanci ng

sequences, and transl ation term nation sequ nces. Transcrjption pronoters
can § nol ute HARSHEERR 9DR &5hy. (TRl presioh B Ao Rin e I P &itims Biotn

pol ynucl eot itglgor ihRr&eMéANER c QR ERBs expletiGiflof Pgdrdf tﬁh%ﬂ}tﬁﬁ idifatigduced by
an anal yte, cofactor, regulatory protein, etc. % repressible pronoters

(where éRpr eisplsiie.gf, TaMb‘b bgxki ba@bpnoa@ters,étﬂmemv@oo p@rnmmtgonlsmmhksdast well he

g:}grrggﬁ;t: tS Vid glgggen Pey S&e?igp decg{;elagﬁgoetﬁﬁgﬁﬁlﬁgm gt Or%c?gg%q%g%eé%léf erred

to as enhar@@ammqn@mﬁaatmzﬁ tEhsIAREHAGERRIST to theiod Tgs)éqlﬁé?lE@)r trh@1 AR 1 Ol
el ements that inprove transcription or translation of a polynucleotide

relative to eph\@cgsgpﬁe%@cah apg fiapslatipn; trEnigadaeguesces ul‘:wnscmﬁ@m plomgteigent s
(for exa.”p' ﬁ{Hét fAr3x rﬂf;@”ﬁa@{%bﬁ é&ﬁ&% wh%i% fsbioft o?gg%@aﬁte  orm

translatlon ncers e g, and agar sequen
"nmodul atbon's queheas spetrablpdmkued mhhbptdnmer ib ielucet tygarpaalitdlcofdaturpi tion, as

25 well as stinulation s, for mpound, t hat nodul ates
expr essi on 6?gugyt°1iye¥58?eﬂré et hfiPé??é’é’ %F%ﬁ&hqr%%%?sﬁlopfﬂfta Pekpelestidn,
ei ther partisgldeycObpGMPhiRk&d ¥ th®prontebr ¥ iflube SHPLESRIRE Bfactdle Sequence.
regulatory protein, etc.), and constitutive promoters.
“Expression enhancing sequences,” also referred to as “enhancer sequences”
20 or “enhancers,” typically refer to control elements that improve transcription or
translation of a polynucleotide relative to the expression level in the absence of such
control elements (for example, promoters, promoter enhancers, enhancer elements,
and translational enhancers (e.g., Shine and Delagarno sequences)).
The term “modulation” refers to both inhibition, including partial inhibition, as
25  well as stimulation. Thus, for example, a compound that modulates expression of a
reporter sequence may either inhibit that expression, either partially or completely, or
stimulate expression of the sequence.
“Purified polynucleotide” refers to a polynucleotide of interest or fragment
thereof which is essentially free, e.g., contains less than about 50%, preferably less
30  than about 70%, and more preferably less than about 90%, of the protein with which
the polynucleotide is naturally associated. Techniques for purifying polynucleotides

of interest are well known in the art and include, for example, disruption of the cell
12



"Purified polynucleotide" refers to a polynucl eotide of interest or
fragnment thereof which is essentially free, e.g., contains |ess than about
50% prefwpabklogssbess 30 than about 70% and nore preferalpicy/usessi7rhan
about 90% of the protein with which the pol ynucleotide is naturally

associ ated. Techni ques for purifying polynucleotides of interest are well
known in the art and include, for exanple, disruption of the cell 12 WD
02/ 088305 PCT/ US02/11770 containing the polynucleotide with a chaotropic
agent and separation of the polynucleotide(s) and proteins by ion-exchange
chr omat ogr aphytainafg ihctiptownuc]hotidmwiﬁbj aahinfropihgeeidindsapatiignoizheor di ng to

density. A "heterol o S e aII refers t her (i) a nucleic
acid 5 sequé’ﬂg'émfﬁg?gﬁ?é aﬁgtpg#&“ﬁiwvyg ‘tt‘r?rﬂetog@Pﬁy’d‘rf YPgani sm of

i nterest, Orchﬁdmétog’raﬁlhsﬂirﬁl&dn@&itﬂm%%é&ﬂﬁt@ th Géfs@guced at a genomic site
wherein the nucl ei c acid sequence does not normally occur in nature at

that site. For exanpiterolagopnmasernnse fixpicadliaelarsg eitherfdlampisisi¢ amd can be

obt ai ned«fr act eri.al case
yeast DNA s& % engéﬁllagﬁqlnkp ﬁllg';fggl}sd e g ?eflu Pras v Bﬁﬂ&t%?“t?te(ng%&we?’lcal 10
cell. Ater I’aaidl seghohice dntRydUOEL &ra SR WIR WHeddTh theMRR iDL séy@dBacetBes
introduced into the genomc |location of afosB gene. In this case the Tie2

pr onot er se denally oCeydp @pre gdha site.oFerrcanyld, @@%@Be‘@@lﬁ@ﬁrﬁrt,ﬁoqumnce A
"pol ypept i d?)oglr?léﬁﬂf&e&n db‘tmﬁ’é@ﬁt‘ij{ﬁ%’ga& G ﬁltltoau(!e%fl 0,4 l?ac?erﬁféggﬁ) Lﬂtglé f two_or
i er pept i dom

nor e subuni 0 aC| am no ac ana or o ics. The
15 subuni t s camythbeedst Msd&}uep@pe I“hk&elbhj’gdas”db th)tynantvhé)NA@Iﬁd& bateriapxanpl e
ester, her, %ic. Th term "am no aci¢" ,Pl cally refers to either

nat ur al nd/‘38]|l ' %Pron%%}‘?ftsﬁ%‘tqnﬁe igé iggee canrhel inapduged fe e and

both the D qgp &mm)t%tl IFAITRS Sene Al ihiAlHsD eS| AN AR AL s

peptidom netics. A peptide of Three or nore am n commonly cal |l ed
an oli gopept“h@terqwgduls’étqibptlatd@fbh&gcnoins'csdfqmlence I f the peptide chain is 20

| ong, the peptide LS .t or a protein. "Operably
li nked” refers to 1&%@3& (?J'gflt g’l"@‘r’% H)t‘ﬁ‘emg‘ﬁlﬁlﬁ}ﬁ’éﬁ@ﬂf’é so
descri bed amgyre @murﬁwﬁqo 26idaSarhifo REH hR%IBYLS, B?btheflﬁépﬁhofn&’rﬁ&idsofrhe Thus, a

gi ven pronDter that is operably | i nked to a codi ng sequence (e.g., a

reporterlS exdpPuyisiraty b,ealsts]@titbél)pepedﬁt:@pdb pebypthef baswls, g exam:)lexmre stheon of
e 0,0, S A% S AR IR B PO DT o o
| ong as t he)syﬁthatﬁct arﬁﬁlotamddj meridinghgycine and both the D or L optical isomers, and
amino acid analogs and peptidomimetics. A peptide of three or more amino acids is
commonly called an oligopeptide if the peptide chain is short. If the peptide chain is
20  long, the peptide is typically called a polypeptide or a protein.
"Operably linked" refers to an arrangement of elements wherein the
components so described are configured so as to perform their usual function. Thus, a
given promoter that is operably linked to a coding sequence (e.g., a reporter
expression cassette) is capable of effecting the expression of the coding sequence
25  when the proper enzymes are present. The promoter or other control elements need
not be contiguous with the coding sequence, so long as they function to direct the
expression thereof. For example, intervening untranslated yet transcribed sequences
can be present between the promoter sequence and the coding sequence and the
promoter sequence can still be considered "operably linked" to the coding sequence.
30 "Recombinant” describes a nucleic acid molecule means a polynucleotide of
genomic, cDNA, semisynthetic, or synthetic origin which, by virtue of its origin or

manipulation: (1) is not associated with all or a portion of the poiynucleotide with
' 13



expression thereof. For exanple, intervening untranslated yet transcribed
sequences can be present between the pronoter sequence and the coding
sequence WOWM2088305 pr onot er sequence can still be consi der @dT/usprrEd y

| i nked” to the coding sequence. 30 "Reconbi nant"” describes a nucleic acid
nol ecul e neans a pol ynucl eoti de of genom c, cDNA, sem synthetic, or
synthetic origin which, by virtue of its origin or manipulation: (1) is
not associated with all or a portion of the polynucleotide with 13 WD
02/ 088305 PCT/ US02/ 11770 which it is associated in nature; and/or (2) is
| i nked to a wbichnis lassotiathe iomhiire; tahddor (2)ag linked tevaipolyniitleotidel dtideahban that

t . The t " ' t" d with r t t t e
ol ypept i e traseh 4 T5 BHeR Bheved ST G R b RRE 8 pist B Bl nant
pol ynucl eot i gi8tein pHias el AS R&?bép‘ii;d% préiRisdd BPéiptession®@? hlrSoombigsit!

lines," "cell 5 cultures,” and other suchvterns endting, e.g., procaryotic
m cr oor gani spdywicleasidearesonbinant hosticallss” ‘dubt astlad "edisdincelélinasl "dicelnt i t i es,

are used 4 nt n bl d r.to cells which can be.. or have been,
used as réeci %ﬁ@%&g%%gr()ﬂ?{eercsgﬂyleﬁﬁég{ign\%ﬁé%’oer'%’ %rrocarg?tﬁce?“c(r?%rﬁ%l?l%rps BiNa,  and _
include the @icageny cell lihdkeculntd d3ahiceRhlhr ¥hitiel) d@tsedemarchhfigdaskesied. It is
understood that the progeny of a single parental cell may not 10

necessari | y B&rdesplsevich canjbshor baye heanisedavlesipjensy for fecgabinnivestors ot al
DNA conpl e i Qi i . Oh | | berate
mati on proggns st TP RBRE Broeely Bt 1R FEFE Bhickbol Bt & %1 o
the parent twabéctddarliastuadenwddyat thady@ogaiyef aningiy gpeithhcellshdmaas t he

presence, of a nucl eotide sequence, encoding a desjred peptide, are included
in the ptbgebfFessati n%@’@f}etﬁm ide @Pﬂﬁi’f{l‘?faﬁ?k’@haf@rgém% @dvet Ny t he
above terns. einSHY L MOUEILE Qul A i £l CpACi

nol ecul e sep%r lgfngﬁcéett%?%%et g)'ﬂ f rg’%h% ﬁgac\ﬁ;?%h%?gllrg%%?ga% I\[/ﬁmﬂﬁhg%}ago%?%e

mol ecul e i s é¢fdbegaientahegluwbich are sufficientlyedimilaciodherpdrentud de diaradtelizedrbywhol e
or part, of sequences nornally agsociated with it in nature;. .or a
sequence, as&lﬁg‘_3 E%I’SPEOREHYU%‘F%F%, el?ﬁ‘_fseﬂco?\ﬁfﬁdmﬁ}?f’@ﬁa%?%ﬂ%‘%@ eg‘é%ﬂﬁ%jﬁes 20 (as
defined bel Qﬁ@sirbd‘pgﬁiiﬁ%r%tiﬁ&ﬁﬂédhﬁ"tl%_’}ﬁrbQeny-ﬁﬁﬂéﬁﬂﬁd%&etﬁisfd%ﬁnﬂ%h?iﬂ@ f#kng nucleic
acid and am no acid "sequence identity al so are known in the art.

Typi cal 135, sepsisradduhhe gbess temed. ude det ermining the nucl eoti de sequence of

(e, T o 2 9cs A0 ST o 30 AL AR e R SUSSEY
aci d sequenc@iscrb® fgnefeabhole be@Risit With aidrtie hdlR0leaX &silnd b 6A8RY; bEg- t O-
nucleic acid molecule devoid, in whole or part, of sequences normally associated with
it in nature; or a sequence, as it exists in nature, but having heterologous sequences -
20  (as defined below) in association therewith.

Techniques for determining nucleic acid and amino acid “sequence identity”
also are known in the art. Typically, such techniques include determining the
nucleotide sequence of the mRNA for a gene and/or determining the amino acid
sequence encoded thereby, and comparing these sequences to a second nucleotide or

25  amino acid sequence. In general, “identity” refers to an exact nucleotide-to-
nucleotide or amino acid-to-amino acid correspondence of two polynucleotides or
polypeptide sequences, respectivelsl. Two or more sequences (polynucleotide or
amino acid) can be compared by determining their “percent identity.” The percent
identity of two sequences, whether nucleic acid or amino acid sequences, is the

30  number of exact matches between two aligned sequences divided by the length of the
shorter sequences and multiplied by 100. An approximate alignment for nucleic acid

sequences is provided by the local homology algorithm of Smith and Waterman,
14



nucl eoti de or am no acid-to-am no acid correspondence of two

pol ynucl eoti des or pol ypepti de sequences, respectively. Two or nore
sequenceswQpelogasot| eoti de or am no acid) can be conpar edPlby/u$er/er’m ni ng
their "percent identity." The percent identity of two sequences, whether
nucleic acid or am no acid sequences, is the 30 nunber of exact matches
bet ween two al i gned sequences divided by the Iength of the shorter
sequences and nultiplied by 100. An approxinmate alignnment for nucleic acid
sequences is provided by the |ocal homology algorithmof Smth and

Wat er man, Lﬁdmm&@ﬁmgﬁﬁﬂﬁiﬂﬁmkUﬁﬁzé1&82@89eﬁﬁﬂmc§mshmoﬁﬁﬁhbaﬁmﬂmﬁmeﬂaticsb
2:482-489 (1981 This algorithmc be applied, to am no aci uences by
using the g %?@%@fﬁﬁi FHARCHEY VBﬂéE%FWC@Q%hB??D(%@@@EaﬁpyrPV@#E#%ﬂE%ﬁuences

d Struct 5 i nedi cal
ggsear cﬁ Flcjnjlr‘rra\(D gﬁqsc? uQﬁ%g |&na&§cr¥ure W@pﬁé@ﬁ%%ﬁﬁ ﬁ%ﬁ%&% agﬁg?l bskov,

Nucl . Aci ds BRewseditd(Rese674 Fodda8ol, WaGingtédm 2Ke m&rayldlmphﬂrmnﬂ)gt ion of

the. Gongt | Cskip el ASISEREE (ARVETAE i858 1B Sdilepamoleieniatpn
appl i cati onof filiealgefihdtd dRGHARE@E IdRhtifyHfS s@&&e‘ﬁ@éjl 3{3 rvil&Phy tged in the

W sconsi n Sequence Anal ysis Package Program Manual rsion 8 (1995)

(avai |l abl e ﬁ%mlw@nplusr @m;pdb@dlsm, ‘@bmﬁhe BastTS6 tiliy ypplidatioref e ed

t hod of hn entit nt ext of the sent
"vention | Spg R %%éﬁ&m%ﬂd‘ﬂg é%%w%si Upaftds ;q%zfcsﬁr@%e
U t Maeiag| Ve 1 il Sefdl
S'?Iu\r/(ra(r)iI én%&%ﬁ%@d by In‘f)deil I?én%%jl)gas 1Ianc 0( l\/blemt alsn ?f{pg\t/sr CA). From

this sdPt e Gpupdrdienns Whe Apreferretatesiadeaf eatablishing-pareent ld@@tl%’rip:thﬁyed wher e
def aul r_exa e ap open
penal ty of 10eRcl EpRebiRli Rl b 0% BEMRCHI B b U O e

dat a gener ategyrighged iathe hj'mvetatt}u&f Ecﬁﬁﬂuﬁgﬁ SleV cslepmglm:&)hhd:e Wolling an ? Shhes
sui tabl e pr grans for ting he percent identity or simlarity
bet ween seqtle ISfE’é’é?kaP‘éfié‘é ’E’P‘E‘abQ’IR HrpeHes: fe- Q\/If’untf”@rv’éWa%l)emeaﬂuﬁ her

ali gnment  progt @f;sacﬁa@sﬁgs ﬁeodat%ﬁ{hhﬁgcg&pﬁcaﬁ% %g@;ogﬁ ﬁtthPer de%ﬁ{m

BLASTN and BLASTP can” be us usi ng oW ng par amet er
genet i ¢ 15 cogeramestrandarsdd fdrithe soring mdtﬂm(fosemaawb zapopdn panaktpdf 12; KP; expect

= 10; Ma = De t sor
SCORE; D;: :a%é%%“m Pe??g{'g( I oneriid 7L Ir"i‘{)galpo S Er 0411 %%égpafg%%ﬁ@fdihwﬁa@ee nBank
CDS transl athpe ?feﬂectsgvyle«?&nﬁé ReBiify.” OBRURARIE: FroBldhs PREALLIRRYS thE PEREnt

prograns can be found
identity or similarity between sequences are generally known in the art, for example,

another alignment program is BLAST, used with default parameters. For example,

20 BLASTN and BLASTP can be used using the following default parameters: genetic
code = standard; filter = none; strand = both; cutoff = 60; expect = 10; Matrix =
BLOSUMS62; Descriptions = 50 sequences; sort by = HIGH SCORE; Databases =
non-redundant, GenBank + EMBL + DDBJ + PDB + GenBank CDS translations +
Swiss protein + Spupdate + PIR. Details of these programs can be found at the

25  following internet address: http://www.ncbi.nlm.gov/cgi-bin/BLLAST.

One of skill in the art can readily determine the proper search parameters to

use for a given sequence in the above programs. For example, the search parameters
may vary based on the size of the sequence in question. Thus, for example, a
representative embodiment of the present invention would include an isolated

30 polynucleotide comprising X contiguous nucleotides, wherein (i) the X contiguous
nucleotides have at least about 50% identity to Y contiguous nucleotides derived from

any of the sequences described herein, (ii) X equals Y, and (iii) X is equal to from 6
15



25 follow ng internet address: http://ww. ncbi.nl mgov/cgi-bin/BLAST. One
of skill in the art can readily determ ne the proper search paraneters to
use for awgioess3sequence in the above prograns. For exanplper/ushziwear ch
paranmeters may vary based on the size of the sequence in question. Thus,
for exanple, a representative enbodi nent of the present invention would

i nclude an isolated 30 pol ynucl eoti de conprising X contiguous nucl eoti des,
wherein (i) the X contiguous nucleotides have at | east about 50%identity
to Y contiguous nucl eotides derived from any of the sequences descri bed
herein, (ii )upxo&epuzimebey of aneegtides prexeritdn agelagted filkleogthGe B0 SCEBI05
PCT/ US02/ 11770.. to the-nunber .0f nucleotides present.in a selected

Ful |- Tengt i e the e Re BT EL et SriiRed fRRE BBF Phioh BrRE MU gur s,
Sequence Li sitesdg vahes €AlEhgeithin the hbsietdbsafibed rafide8J& M frd@hb@S of &l 1 1 ng Wi thin
t he above-described ranges. A "fragnent" of a polynucleotide refers to any
| engt h pol yPebmaskepade refra iy la@gtg@elynwl@@ﬁ@ melegde derived| fjamellarger de

descri bed h i [ . i i =Y~A% | US

descri bod) . TEDEHlbrise dest GO IR, SUHEALE RSB ST B8 (6, a
| east about deécribed). i Breansanyfedgaeit Bagths aiclideabit aadnottlinmibedao Ndtilgidoatfout

nucl eoti des, about 100 ~cantiguous nucl eoti des, abqut 200 conti guous

nucl eot i des 6 copBgousaclegHissyHgerst abaw PeseRiaIous BEdentidse@bewntd0guous
nucl eot i des,coffioffus lnﬁ@i@&ti&@Oéﬂouﬂg&pco%ﬁgﬁdg%ﬁﬁg%g&&esn%u‘??5('.) g6RieBbud™" €

wher ei n such contiguous nucl eotides ar roma [arger ° sequence of
conti guous muclkeénddsdamut 0@ copuiigubusemhciokides,) of etdeasd elsovmn 0@ cdnyiguchseot i des
used inlﬁonstruct' on of exgée.ssi n cassettes of .the present invention

i ncl ude 1P he TEEGRRIRSS MRSV LR SHeh eqntigieus Rhgleptides are derived TP e dtigfeot i de

sequences hayifdcs spLIERohdRRIdotNes0f approxi mately 15 80%to 100% and
i nteger val ueS therebetween. Typically the percent identities between the

sequences di scl oslég peified polynuciediéles land pelinedeptisios vsedan eonstrucdarsof about

80-85% preferabl.y at | east. .about 90-92% .nor referably.at |east. about
05% and mePepvet EatfS N e sk Mueionoioh de B dh Sl RenlBiass SBRRT Bai ng
al I integer wal d4gslatddaidlyri@ledtildidquéMes Bades sddubRe iHaNEeel applbaafitdder cent
identities are, for exanple, 20 relative to the clainmed sedquences, or other

sequencdd ofS0fhie K08 ap infaggrralnesherabesyeen. HapiseBy Shecsscent idehidtigsr esent
vent! on et AR bR SRSy ) AHATLLEY 0 SRR
hybri di zat i ®0-85% obierably sdeasdelsous 0 % amde bicdirablyhaleaftibontsisab) &d
most preferably at least about 98% sequence identity (including all integer values
falling within these described ranges). These percent identities are, for example,
20  relative to the claimed sequences, or other sequences of the present invention, when
the sequences of the present invention are used as the query sequence.
Alternatively, the degree of sequence similarity between polynucleotides can
be determined by hybridization of polynucleotides under conditions that form stable
‘ duplexes between homologous regions, followed by digestion with single-stranded-
25  specific nuclease(s), and size determination of the digested fragments. Two DNA, or
two polypeptide sequences are "substantially homologous" to each other when the
sequences exhibit at least about 80-85%, preferably 85-90%, more preferably 90-
95%, and most preferably 98-100% sequence identity to the reference sequence over a
defined length of the molecules, as determined using the methods above.
30  Substantially homologous also refers to sequences showing complete identity to the
specified DNA or polypeptide sequence. DNA sequences that are substantially

homologous can be identified in a Southern hybridization experiment under, for
16



dupl exes between honol ogous regions, followed by digestion with

si ngl e-stranded 25 specific nucl ease(s), and size determ nation of the

di gest ed wpagnoessvs. Two DNA, or two pol ypepti de sequence®Cars02/11770
"substantially honol ogous”™ to each ot her when the sequences exhibit at

| east about 80-85% preferably 85-90% nore preferably 90- 95% and nost
preferably 98-100% sequence identity to the reference sequence over a
defined |l ength of the nol ecules, as determ ned using the methods above. 30
Substantially honol ogous also refers to seg;gnces showi ng conplete identity
to the specédampde, Bmeont guldiivaptas definesfioe Hueparbidasyygieendeefitingt ar e

xper ment SR P KRR GRS bl B RoiR A St & Sebionont

condi tions, @ldefj-aeONATIoLMaL Sﬁ@ad;wﬁwicamiamﬁmza@@i,isnbm appropriate

hybri di zati on conditions is wthin the skill of the art. See, e.g.,

Sanbrook et al ., Twgpmugleiraed Tpgmemgarcsapsideredinc|seleetivety Hyhsidine" @ zat i on,

supra. Two n i i r i gk "sel ect.ively hybridize"
as b5 de\g’gr i %‘%ﬁ%ﬂr%ﬂﬁlﬂ' %ggg%g{: éfegegﬁ ergcgg‘?jée“ﬂl@é&’g %ér)ﬂ tlvfoyﬁ%:eetl%l\%célril two nucleic
acid nol ecuimekcalkf effecs theefBdiénayi @deyrediibl os hytetidgtdfion bvéntObdidaadican events
bet ween such polecules. A partially identical nuc|leic acid sequence wll

at | east par®PECHps Arpatiallydentigalmicieds geid sepenceay ik deashpastialhyoighibit a

hybri di zi ng : : oI E 1o zat{d 0f - e

conpl etely i%(gn F%g{ﬁgétadﬁ%\%g%%nﬁirg ﬂg@g&el%lggé& %g}r%}gf %%%%r%ﬁgg{q (;ofhn assays
t hat are wel hybcrlgzation of theecompieté¢ly identicBoutbeace cdl ot assddoed Isdmgn bl ot
solution hybridjzation, or the like, see Sanbrook, et al., Molecular

& oni o108 bt aRion s 9re§@§$mwmwl?w (e oRgyhesn blet Siegn Pletioor
N.Y.). Such ﬁﬁ&myb@maasn,wﬂﬁ@m&eegeé@nﬁ&o&erev51.,wﬂsaﬁgﬁézoﬂfné.seA ectivity,

for exanple, using conditions varying fromlow to high stringency. If
condi ti ons ofahararosy Mangeh Syccaddiditiga, 0128Q) Coldl Sprmgdbmbore 2. 6f). Roch apai fic

bi ndi ng can be ,assessed.using a.secondar robe that | acks. even .a parti al
degree of seﬁaﬁlek??ccémﬁ'tﬂ‘gﬁq e ?‘ré’fngé{/:?ﬁﬁﬁf 8%186 ec&ly ’g%éjgﬁw o1"E08 cPRdiHONS hout

30% sequenceyirg@atidy [0W thibhStingémst INBIRKWNEbE IovHaRinEdRY ard dmpiBfebsence
of non-specific binding events, thé secondary probe wll not hybridize to

the targex. WWahsapee Pfpomgpeailininding son bosseraedusiome secondny pyabedhat a
U1 20 OgBEE ol PSR e BT ETRNAL X b S
and t he t ar ggious 8queseqecrics édeatityi wigh yhehyged soleeyle), etich thatgh the abseacdoOt her to
forma hybri gon@ﬂe%%fycl beihdiﬁ\g re]:gecrltse,itk?e saegi)r?dag? ér%%g IWeill Elgtaﬁybiri%iz%?g ?h%l tgrget.
When utilizing a hybridization-based detection system, a nucleic acid probe is
20  chosen that is complementary to a target nucleic acid sequence, and then by selection
of appropriate conditions the probe and the target sequence “selectively hybridize,” or
bind, to each other to form a hybrid molecule. A nucleic acid molecule that is capable
of hybridizing selectively to a target sequence under “moderately stringent” typically
hybridizes under conditions that allow detection of a target nucleic acid sequence of at
25  least about 10-14 nucleotides in length having at least approximately 70% sequence
identity with the sequence of the selected nucleic acid probe. Stringent hybridization
conditions typically allow detection of target nucleic acid sequences of at least ébout
10-14 nucleotides in length having a sequence identity of greater than about 90-95%
with the sequence of the selected nucleic acid probe. Hybridization conditions useful
30  for probe/target hybridization where the probe and target have a specific degree of

sequence identity, can be determined as is known in the art (see, for example, Nucleic

Acid Hybridization: A Practical Approach, editors B.D. Hames and S.J. Higgins,
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of hybridizing selectively to a target sequence under "noderately
stringent” typically hybridizes under conditions that allow detection of a
target nuwberossses d sequence of at 25 | east about 10- 14 nercirasn/dezo i n

| engt h having at | east approximately 70% sequence identity with the
sequence of the selected nucleic acid probe. Stringent hybridization
conditions typically allow detection of target nucleic acid sequences of at
| east about 10-14 nucl eotides in length having a sequence identity of
greater than about 90-95%) wth the sequence of the selected nucleic acid
probe. Hybridi922ax PsterdoWasingior RISHREL P8s)f or probe/target hybridi zati on
where the probe t et. have a specific.d ee. of. sequence identity,
can be deterni negﬁgtsh ri%‘E Cﬁltgmsﬁmilg? n@hgong%t%one é%@%fl P AP &eﬂ%&(o,wgi“&%h%ci d
Hybri di zat i ot tht Riiaedous aluitilpit@atditiofdan Weenipldyed o efgsisARGaiocklarH ggi ns,
17 WD 02/ 088305 PCT/US02/ 11770 (1985) Oxford; Washington . | RL Press).
Wth respectSHBZICY by gandys. domenaipdns derfolowipgfagpesa theolengthand satwed of known

inthe at thgl aﬁw%g&@équ%ﬁwsyﬁdsge{%sgﬁ&yéénfgﬁéyms@@ lﬁﬁgésijed to

establish a particu stringéenc varyi or exa the foll ow ng
factors: thecdreagtdioandf sufsuné oter bytpididacionsslution gahpERAtSCHE PBesehRSE
conposition aof the various sequences, . concentrations of salts and ot her
hybri di zat i otPse¥efiblerkinsissnien ﬁ}e hyheidigpiécnesodwions (e-gp iumemidss derteaki ng
agent's | 1 Nk basEIL9Rns B1h1 OYbrilFrflon sebORHRGh] sul fate,
and pol yet hyﬁlene’gl yic)ol?) , 9h§1bg%}gi %’(a){p?)gn ?e%%%ei o?fmtate %rag{tiiﬁ)r&tédgﬁa tinme

par anet ers, paametiets, aswellas,pangngwssh cmdidions.ofibe seldvtios eff e phitionlanfet &f

parti cul set of 10 hyhr.idi.zatiagn ndi.tions is selected foll ow ng

st andar t%&@%aﬁw? ﬁ8x‘§£“t’ns(l§ é%l?"t?%fo lo %?@méﬁ’ﬁﬁpgﬁ)ﬁ tg%f‘rtéfe.eﬁoﬁ/bl ecul ar
Coning: A Laheiad WanoMelk 3t al., 3esieddar Eidhihlk-0n 1.4pbPRSy 4Rtk SREbRP Har bor,
N.Y.). A"vector" is capable of transferring gene sequences to target
cell's. Typi cBditign, (19&%k<g<dd Spving Hathor, N.Y.gxpr essi on vector," and "gene
transfer vector," ny n ei 15 acid _construct capabl f directing
t he expression ong%gé;[ﬁg %fc aﬁ%]a%hee?fgga[nséﬁglg\fﬁpﬁﬁe%lgﬂcestt? gaﬁg‘%g?ﬁsg AB8eYuences

to target cetestor Ehisruct, heexpfisbivh RedtfesdClgend fignsf@VecOX PHRES hPnyEaECl es,
as well as integrating vectors. "Nucleic acid expression vector" or

"expressibn ddsenstraet ¢applle of diseciing theserasbipn vhaensoldagsatst andowhighceret i ng
e LB o=, A g OERSS TR0 L it R, o'
sequences orexpeeseion)vebicldsniseweb bs inflgheing octbrsol el ements may be present as
wel "Nucleic acid expression vector" or "expression cassette" refers to an
assembly that is capable of directing the expression of a sequence or gene of interest.
20  The nucleic acid expression vector includes a promoter that is operably linked to the
sequences or gene(s) of interest. Other control elements may be present as well.
Expression cassettes described herein may be contained within a plasmid construct.
In addition to the components of the expression cassette, the plasmid construct may
also include a bacterial origin of replication, one or more selectable markers, a signal
25  which allows the plasmid construct to exist as single-stranded DNA (e.g., a M13
origin of replication), a multiple cloning site, and a "mammalian" origin of replication
(e.g., a SV40 or adenovirus origin of replication).
An "expression cassette” comprises any nucleic acid construct capable of
directing the expression of a gene/coding sequence of interest. Such cassettes can be
30  constructed into a "vector," "vector construct," "expression vector," or "gene transfer

vector," in order to transfer the expression cassette into target cells. Thus, the term

includes cloning and expression vehicles, as well as viral vectors.
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not limted L9 eni col acet fera CA generating
proteins (e.& acg?%(gas‘én@ga‘éedueqt ﬁ?(saﬁ%%’fi]é’gﬁ F{?&Pi@gétﬁ{l?%?%?@% & “and bet a-
gal act osi das@uorfeadtyie ahe Bhizyd®$id YuSsayfl Th @€ aspebit repofteN@ined hidl b8 enfpyed
calorinmetric, fluorimetric and enzymati c assays. |In one aspect, reporter
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extracel | ul %e%h?e%r ﬁ%tﬁeﬁllir%cf‘g u'ia? um, or 1 glrl %{%ﬁct 8“1 e rilt?atrfrPglgl Clgﬁlhum di um

or in an extract o racel u ar’ Thi s

provi des advanfuageclldiel Tmslpngmesraapma@@ ogerflﬁmlgfw&poﬂéloﬂau@tvhowpr%dﬁétet ed,
since the rate and efficiency of the secretion introduces additional
vari abl es t hasesraipdcBngs the sieand#idieisper o the peesstionairedisay additional pr ef er red
enbodi nent t t gi usi ng
the |ight geﬁlragpgﬁ%ﬁwgp%hﬂ re' prultl)ttér ?etbﬁ%gifég?%%%}ahjgr%ﬁ’@fe?exSir%%’géﬁlg‘% ‘can be
eval uat eld acthe retorley geneds ndight gameesing eloteias Wilesorsingate Hploveenératrg f or
exanple, Contag, P. R, et al. 1998) Nature Med. 4:245-7; Contag, C. H.,
et al., (19§ryglﬁr&18@ﬁﬁrﬂem@r¢%%rn eé%ﬂ%%l op-beEpalgd acqurately angpog;
(1995) Mol MyGraRiPhs dés%nﬁ&igat@ggﬁeezﬂr@x mhphle), r@otﬁ’@gn@’r 218 'ePQl.,Rﬁ@S@'Nﬁtur@r
"light-emtting protein” is a biolumnescent or
Med. 4:245-7; Contag, C. H., et al., (1997) Photochem Photobiol. 66:523-31; Contag,

C. H,, et al., (1995) Mol Microbiol. 18:593-603).

20 A “light generating protein” or “light-emitting protein” is a bioluminescent or

fluorescent protein capable of producing light typically in the range of 200 nm to
1100 nm, preferably in the visible spectrum (i.e., between approximately 350 nm and
800 nm). Bioluminescent proteins produce light through a chemical reaction
(typically requiring a substrate, energy source, and oxygen). Fluorescent proteins

25  produce light through the absorption and re-emission of radiation (such as with green
fluorescent protein). Examples of bioluminescent proteins include, but are not limited
to, the following: “luciferase,” unless stated otherwise, includes procaryotic (e.g.,
bacterial lux-encoded) and eucaryotic (e.g., firefly luc-encoded) luciferases, as well as
variants possessing varied or altered optical properties, such as luciferases that

30  produce different colors of light (e.g., Kajiyama, N., and Nakano, E., Protein
Engineering 4(6):691-693 (1991)); and “photoproteins,” for example, calcium

activated photoproteins (e.g., Lewis, J.C., et al., Fresenius J. Anal. Chem. 366(6-
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fluorescent protein capable of producing light typically in the range of

200 nmto 1100 nm preferably in the visible spectrum(i.e., between
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Cell Biol. 115(1):49-58 (2001)). "Biolum nescent protein substrate"
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source, suchenasthisrBlyd)-4-Fihihiddscagmaybx yejé Gor sixplyplatisd bcifstit)hin shebBikafht es

i ncl ude, t e not limted to, .decanal i.n the _bacteri | ux system
4TSt byt o- weiEa ey et Guandb h i dur ytcaben etzgs Eendlbsiriact o (or
sinply cal | edsteeiTeRiahédroh ﬂ4.tlBWEBGEf1|9¥8)_1é;\d!N’-@éof-@arl@i’§ﬁ3—(ahﬂﬁc)epr§ﬁa§ﬁ)?ﬁ7ﬂthg panal

in the biolumnescent fungus Panellus stipticus syStem (Tetranhedron
44: 1597- 1602¢arthoga@)m Bxiploddrilie dongal systyin-(Bicehemo by : @RI 6004, 197He In e@m¢ h wor m

D pl ocardi a | onga syste i oche 15:1001-10Q4, 197 n,.s systens,
as descri bedsyﬁ%?‘gi’ ﬁggﬁf%%ﬁaﬁéele’aﬂ]dwgﬁg%%%%se % ﬁﬁgl?sl?‘)ﬁ{ee%of g}eq{éﬁé‘ li ght -
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as el ectromagnetic radiation having a wavel ength of between about 200 nm
(e.g., fbr Uv-C) drighdbsdefineddoraimuniess gatediotferwisedss.clephiomaanasicandiationf

L0 L Sl e ARLEHARSS) o0, B RGBT 00 T
(e.g., infrared). The wavelength of visible light ranges between approximately 350 nm
to approximately 800 nm (i.e., between about 3,500 angstroms and about 8,000
angstroms).

20 “Animal” typically refers to a non-human animal, including, without
limitation, farm animals such as cattle, sheep, pigs, goats and horses; domestic
mammals such as dogs and cats; laboratory animals including ferrets, hares and
rabbits, rodents, such as mice, rats, hamsters, gerbils, and guinea pigs; non-human
primates, including chimpanzees. The term “animal” may also include, without

25  limitation; birds, including domestic, wild and game birds such as chickens, turkeys
and other gallinaceous birds, ducks, geese, and the like, as well as amphibians, fish,
insects, reptiles, etc. The term does not denote a particular age. Thus, adult,
embryonic, fetal, and newborn individuals are intended to be covered.

A “transgenic animal” refers to a genetically engineered animal or offspring of

30  genetically engineered animals. A transgenic animal usually contains material from at
least one unrelated organism, such as from a virus, microorganism, plant, or other

animal. The term “chimeric animal” is used to refer to animals in which the
20



20 "Animal " typically refers to a non-human ani mal, including, wthout
limtation, farmanimals such as cattle, sheep, pigs, goats and horses;
donest i ¢ wowniosd3ss such as dogs and cats; | aboratory ani malPgTiusot/udiring
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f rom nat ur alp tics pPiRerbenPmos&RPEES, or 10 fermentation broths or extracts.

Such conpounds/anal ytes can be enployed in the practice of the present
i nvention. The tdhatemaspasitive ssleridan inatkerfacfeey to & gehe egcadinga pedectehatodi ng a

d h I h h [ d/
o ow underAFT8Y W8 D ol YO B od OO b et 'S That

express t he conditiond) crst dxemﬁmpplantlﬁldraﬂﬁhﬁtcam@@la{ sk ti@SiABoAIRd hEShPdiANt to
the conpound (418. Cel|s that do not carry the or gene marker are killed

by 41815 0x KesisipssiNeq d 2erg @e rosiianiie thecamppynd Gélg thatelotrieb seryotheski | |
in the art. pL.Gal (Rt Ctoh I 0 roducts that can
be readily zli\l-sl%) a %[%. Ih%‘?l(ﬁlgﬁé Ip%lsle}ﬂﬁy\sgilgél%g% @g{tﬁgrs S?%Q’ %clg%kgles(%wggo&%?f}wn
determ ne to those of skill in the art. Typically, positive selection markers encode products that

can be readily assayed. Thus, positive selection markers can be used to determine
whether a particular DNA construct has been introduced into a cell, organ or tissue.
20 “Negative selection marker” refers to gene eﬁcoding a product that can be
used to selectively kill and/or inhibit growth of cells under certain conditions. Non-
limiting examples of negative selection inserts include a herpes simplex virus (HSV)-
thymidine kinase (TK) gene. Celis containing an active HSV-TK gene are incapable
of growing in the presence of gangcylovir or similar agents. Thus, depending on the
25  substrate, some gene products can act as either positive or negative selection markers.
The term “homologous recombination” refers to the exchange of DNA
fragments between two DNA molecules or chromatids at the site of essentially
identical nucleotide sequences. It is understood that substantially homologous
sequences can accommodate insertions, deletions, and substitutions in the nucleotide
30  sequence. Thus, linear sequences of nucleotides can be essentially identical even if
some of the nucleotide residues do not precisely correspond or align (see, above).

A “knock-out” mutation refers to partial or complete loss of expression of at
21
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transcriptional regulatory sequences (e.g., enhancer sequences). Many eucaryotic
genes have “exons” (coding sequences) interrupted by “introns” (non-coding

20 sequences). In certain cases, a gene may share sequences with another gene(s) (e.g.,
overlapping genes).

The “native sequence” or “wild-type sequence” of a gene is the polynucleotide
sequence that comprises the genetic locus corresponding to the gene, e.g., all
regulatory and open-reading frame coding sequences required for expression of a

25  completely functional gene product as they are present in the wild-type genome of an
organism. The native sequence of a gene can include, for example, transcriptional
promoter sequences, translation enhancing sequences, introns, exons, and poly-A

~ processing signal sites. It is noted that in the general population, wild-type genes may
include multiple prevalent versions that contain alterations in sequence relative to

30  each other and yet do not cause a discernible pathological effect. These variations are
designated “polymorphisms” or “allelic variations.”

By "replacement sequence"” is meant a polynucleotide sequence that is
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2. MODES OF CARRYING OUT THE INVENTION

Throughout this application, various publications, patents, and published
patent applications are referred to by an identifying citation. The disclosures of these
publications, patents, and published patent specifications referenced in this

20  application help to describe the state of the art to which this invention pertains.

As used in this specification and the appended claims, the singular forms "a,"
"an" and "the" include plural references unless the content clearly dictates otherwise.
Thus, for example, reference to “an expression construct” includes a mixture of two

or more such agents.
25

2.1.0 General Overview
In one aspect, the present invention relates to transcription control elements
derived from cytochrome P450 genes (e.g.,Cyp3A11 and CYP3A4), expression
cassettes which include those control elements, vector constructs, cells and transgenic
30  animals containing the expression cassettes, and methods of using the cells and
transgenic animals containing the expression cassettes, for example, as modeling,

screening and/or test systems. Methods of using the control elements, expression
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control elenents (e.g., pronoters) derived fromthe nbuse Cyp3All gene
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such expression cassettes, (4) nethods of screening
for safety and/or possible toxicity using such cells (e.g., screening for toxicity or
safety of compounds which modulated expression mediated by the transcription
control elements of the present invention), (5) animals (e.g., transgenic or "liver
push") comprising the aforementioned transcription control elements, expression
20  cassettes, and/or vector constructs, (6) methods of monitoring safety and/or toxicity
using such animals, and (7) methods of screening for safety and/or toxicity of
compounds using such animals.
A variety of transcription control elements are useful in the practice of the
present invention, for example, transcription control elements derived from genes or
25  gene loci associated with drug metabolism. Specific locations of selected
transcriptional control elements within a defined polynucleotide sequence can be
identified by methods known to those of skill in the art, e.g., sequence comparison,
deletion analysis, and/or linker-insertion mutagenesis, in view of the teachings of the
present specification. An exemplary transcription control element can be one that is

30  associated with oxidative metabolism of drug, for instance the P450 superfamily of

hemoproteins that metabolize a wide variety of endogenous and xenobiotics.
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for safety and/or possible toxicity using such cells (e.g., screening for
toxicity or safety of conmpounds which nodul ated expression nedi ated by the
transcri pwoon/osssent rol el enents of the present invention) PCCA)SOAN7Mal S
(e.g., transgenic or "liver push") conprising the aforenmentioned
transcription control elenments, expression 20 cassettes, and/or vector
constructs, (6) nethods of nonitoring safety and/or toxicity using such
animals, and (7) nmethods of screening for safety and/or toxicity of
conpounds using such animals. A variety of transcription control elenents
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enbodi ments of theinvention, deéscribed herein, may be conbined.
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respecti vel ybut ¢ ot Iiragdg, §reahmoleogits Sih Reyslsestghilc hiddedaleact i ce of the
present jnvention in view of the teachings of the present specification.
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yeast and be all or some of the cells that constitute the mammalian subject being imaged, for
example, cells carrying the expression cassettes of the present invention expressing a
20  reporter sequence.

Light-emitting capability is conferred on the biocompatible entities by the
conjugation of a light-generating moiety. Such moieties include fluorescent
molecules, fluorescent proteins, enzymatic reactions which give off photons, and
luminescent substances, such as bioluminescent proteins. In the context of the present

25  invention, light emitting capability is typically conferred on target cells by having at
least one copy of a light-generating protein, e.g., a luciferase, present. In preferred
embodiments, luciferase is operably linked to appropriate control elements that can
facilitate expression of a polypeptide having luciferase activity. Substrates of
luciferase can be endogenous to the cell or applied to the cell or system (e.g., injection

30  into atransgenic mouse, having cells carrying a luciferase construct, of a suitable

substrate for the luciferase, for example, luciferin). The conjugation may involve a

chemical coupling step, genetic engineering of a fusion protein, or the transformation
25



fungi; eucaryotic cells; all types of pathogens and pat hogeni c substances;
and particles such as beads and |iposones. |In another aspect,

bi oconpatwbloe/ogssbities may be all or sone of the cells tirat/usonst7ia ute t he
manmal i an subj ect being i maged, for exanple, cells carrying the expression
cassettes of the present invention expressing a 20 reporter sequence.
Light-emtting capability is conferred on the bioconpatible entities by the
conjugation of a light-generating noiety. Such noieties include fluorescent
mol ecul es, fluorescent proteins, enzymatic reactions which give off

phot ons, andof 4 ¢l REeEergaNISIY AR $0 cxpress adighbigoharntingawoin. proteins. In
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are operably |inkEaus, & erepspect of femeeseaidinnentivagaumelsslegdribed heringsinee

| uci f : hat: b f : d [
acimi i st or o€ € REOGRE NEL 7 RO BT bR PO B PREE e or e

of adni ni st&atipls) yfexhin@bty tHe@ ol SF AIPOB NG Prddsior BPlokicag réitcdgbagsm ned
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the conthdol BIBAEREFI0 S0 daehere gi aparedmyglyioll MUY showidalpeayiiy teetchells
using the mrﬁ}é@?ﬁgﬁk chedgls %&yfﬁ@ﬁc BRR&RCHs Féfnd:tcg" 8% ﬁ&&ﬁ%ﬁsm‘b@& %?t I on,

ani mal s descri erein can used to eval uate e I'n vivo effects of
hi gh product organismb anetHusiBeiecraliyenive dbws toXidty). eBeforel the pleyee Xahtibmthetehe
effects of 'ﬁs{sbegﬁ' ng )1(r gtﬁl%:,séf?eréti% w%}g Zc% eC\ilatl ater t?)lxﬁ:gtgcci)f %ﬁars]ee ghemicals in vivo,
which takes into account toxicity of not only the chemical itself, but of metabolites
20  thereof (e.g., breakdown products).
Chemical producers and importers have been invited by the United States
Environmental Protection Agency (EPA) to provide basic toxicity information on
their high production volume (HPV) chemicals. HPV chemicals are chemicals
produced in or imported to the United States in amounts over 1 million pounds per
25  year. Each chemical companies participating in the voluntary program will make a
commitment to identify chemicals that the company will adopt for testing. Following
the guidelines established by EPA, participating companies will perform the
following tasks: assessment of the adequacy of existing data; design and submission
of test plans; provide test results as generated; and prepare summaries of the data
30  characterizing each chemical. Currently, the voluntary program uses the same tests,

testing protocols, and basic information summary formats employed by the Screening

Information Data Set (SIDS) program. SIDS is a cooperative, international effort to
26



15 such as P450. To date there are approximately 3,000 HPV chemcals within
the set of non-polyneric chemcals (polyneric chemcals tend to be poorly
absor bed w9 0208836hi sns and t hus generally have | ow t oxi ci Pgr/USBrRiOre t he
present invention there has been no routine, effective way to eval uate
toxicity of these chemcals in vivo, which takes into account toxicity of
not only the chemcal itself, but of netabolites 20 thereof (e.g.,

br eakdown products). Chem cal producers and inporters have been invited by
the United States Environnental Protection Agency (EPA) to provide basic
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toxicity; useful for toxicity testing and avoid the need for a "death as the end-point" model.

Accordingly, use of the transgenic animals of the present invention to evaluate
toxicity will provide for a more humane means of toxicity testing. Further, because
20  "death as the end-point" is not always necessary using transgenic animals carrying the
reporter expression cassettes of the present invention, costs associated with toxicity
testing in live animals can likely be reduced.
The EPA's Chemical Hazard Data Availability Study found major gaps in the
basic information that is readily available to the public. Most consumers assume that
25  basic toxicity testing is available and that all chemicals in commerce today are safe. A
recent EPA study has found that this is not a prudent assumption. The EPA has
reviewed the publicly available data on these chemicals and has learned that most of
them may have never been tested to determine how toxic they are to humans or the
environment. The EPA cannot begin to judge the hazards and risks of HPV consumer
30  chemicals without basic information, and, in fact, substantially more detailed and
exhaustive testing is needed to assess these high exposure chemicals

(http://www.epa.gov/opptintr/chemrtk). It is clear that companies need to do more to
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chronic toxicity; devel opnental /reproductive toxicity; mutagenicity;
ecotoxicity and 15 environnental fate. Several of these tests rely on

ani mal nowelog/osdzes e the animal nust be sacrificed to obt @ca/usoxiwray dat a.
The transgenic animals described herein are wuseful for toxicity testing

and avoid the need for a "death as the end-point"” nodel. Accordingly, use
of the transgenic aninmals of the present invention to evaluate toxicity
will provide for a nore hunmane neans of toxicity testing. Further, because

20 "death as the end-point” is not always necessary using transgenic
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a PEL value to protect workers. The transgenic animals of the present invention

provide means for testing toxicity that provide specific, in vivo data concerning
toxicity not only of the chemicals themselves, but of metabolites of these chemicals as
20 well.
Finally, chemicals contained in consumer products are a major concern due to
the likelihood of their exposure to children, as well as other sensitive populations
(e.g., pregnant women and health-compromised individuals). Although the chemical
industry has completed basic testing for more of these chemicals than is the case for
25  other HPV chemicals, a more complete evaluation of in vivo toxicity using the
transgenic animals of the present invention would be desirable. Given the great
exposure potential of consumer products, significantly greater amounts of testing are
needed to assess the risks of such chemicals. The transgenic animals described herein
help to meet this need.
30 In a related aspect of the present invention, the transgenic animals described
herein can be used to evaluate the in vivo effects of endocrine disruptors (ED). EDs

are typically chemicals that interfere with the normal functioning of the endocrine
28



basi c screening tests for all four of the human health endpoints. In
contrast, only 5% of the non-PEL HPV chem cals had all four health effects
tests andwo32wkssos no health 15 test data avail abl e PCT/US02/11770
(http://ww. epa. gov/opptintr/chenrtk). Thus, the bulk of HPV chem cals

wi t hout PELs | ack even the mnimal data needed to support devel opnment of a
PEL val ue to protect workers. The transgenic aninals of the present
invention provide nmeans for testing toxicity that provide specific, in
vivo data concerning toxicity not only of the chem cals thensel ves, but of
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Sever al cl aswmey beffromi thessme e]!)ea:u@chs glmteans gandatihal (ronmbesepromoter ﬁd;edeih enent s
thereof, are described.in nore, detail I Owciﬁéqzrgntosgpr onpters The expression
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gene, opera y linked to a transcription contro

pr onot erl5 Thigomrapprgene of interest. In one embodiment of the present 1nvent10n the promoter
is derived from a gene whose expression is induced during oxidative metabolism, for
example clearing of a drug via the liver. Thus, when a drug is administered to a
transgenic animal carrying a vector construct of the present invention, the promoter is
induced and the animal expresses luciferase, which can then be monitored ir vivo.

20 Exemplary transcription control elements (e.g., promoters) for use in the
present invention include, but are not limited to, promoters derived from the P450-
related genes and gene families. In humans, 40 different P450 genes (designated
“CYP” genes) and 13 pseudogenes are currently known. Those genes are classified
into 16 families based on amino acid sequence similarity. Families 1, 2 and 3 are

25  involved in drug metabolism, and over 90% of drug oxidation in humans is attributed
to only 6 CYP genes (1A2, 2C9, 2C19, 2D6, 2E1 and 3A4). 1A2, 2C9, 2D6 and 3A4
contribute the most, with CYP3A4 accounting for 50-60% of the activity. Mouse
Cyp3A1l1 is described, for example, in Yanagimoto T. et al. (1997) Archives of
Biochemistry and Biophysics 340(2): 215-8 and Toide K. et al. (1997) Archives of

30  Biochemistry and Biophysics 338(1):43-49. Human CYP3A4 is described, for
example, in Hashimoto H. et al. (1993). Eur J Biochem. 218(2):585-95; Goodwin B.
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may be fromthe sane species as the transgenic animal (e.g., nouse pronoter
used in construct to nake transgenic nouse) or froma different species
(e.g., huwar2/ogs3edroter used in construct to nmake transgenPCTms0yeE)770 The
pronoter can be derived 15 from any gene of interest. In one enbodi nent of
the present invention, the pronoter is derived froma gene whose
expression is induced during oxidative netabolism for exanple clearing of
a drug via the liver. Thus, when a drug is adnmnistered to a transgenic
animal carrying a vector construct of the present invention, the pronoter
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t eachi ngs hereéin. exanpl e, the transcription cont enent ‘sequences
of Cyp3d | desrebdédluireincehemidie setifignafebe 835K sad iteeld Kinpionatgk evete bel ow. 10

From “the’ YRS oo uaEhehint i beidane it PR OB TRe Y G

found to mediate much higher expression in the livers than the 10.5 Kb promoter.

Indeed, liver-push experiments showed that the 13 Kb promoter activity was 25 fold
higher than activity observed using the 10.5 Kb promoter. Furthermore, luciferase

20  expression in transgenic mice containing the 13 Kb promoter showed luciferase
reporter is highest in liver, while luciferase expression in 10.4 kb-transgenic animals
is high in intestines. Thus, data obtained from liver push experiments and transgenic
animals demonstrate that the ~2.5 Kb distal fragment of the CYP3A4 promoter
dramatically enhances liver-specific gene expression. Potential transcription factor

25  binding sites in this 2.5 Kb include: four potential HNF-3b sites (in opposite
orientation) and two HNF-3b sites (in direct orientation).

Another exemplary method of isolating promoter sequences employs a
GenomeWalker® kit, commercially available from Clontech (Palo Alto, CA), and
described on page 27 of the 1997-1998 Clontech catalog.

30
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Ri fanpi cin, Dex responsive elenents are located in the 10.5 kb pronoter
regi on of CYP3A4 (Goodwi n et al., supra). However, prior to the present
appl i cat iwn,02/088303 egul at ory el ements had been descri bed i mCrhwsoziiwral 2.5
Kb region of this locus. As 15 described herein, when the activity of the
10.5Kb and the 13 Kb pronoters were conpared in liver-push experinents and
transgenic aninmals, thel 3Kb pronoter was found to nedi ate nuch hi gher
expression in the livers than the 10.5 Kb pronmoter. Indeed, |iver-push
experinments showed that the 13 Kb pronoter activity was 25 fold higher
than activity observed using the 10.5 Kb pronoter. Furthernore, |uciferase
20 expression in_t sgeni 1 co ining the 13 Kb pronoter showed

| uci f er ase reporzt%? ugh éﬁ&gﬁ ﬂmpiﬁé‘?a,n &M@M{f@nﬁ‘é‘a@w eamtraksi on i n
10. 4 kb-tranggaehG SequdRdes s high in intestines. Thus, data obtained from
| i ver push experinments and transgenic aninmals denonstrate that the -2.5 Kb
di stal fragnment dthetshbje@yPRIEc gidsmiitey prdscatrittvientadd (. e ndsalesaibell iiver - speci fi ¢

0P PR S BT Bhe oA B Sl ing3e b P B8 "o
two HNF- 3b $idregritbf, Sipi@elon@habeitéAiseRi for DRAPORRT s@XSRNY, AdscHitRl daed of

i sol ati ng pronoter seguences es&?lpg%/s a GenomeWal kerO ki't, cormmercially
avai | abl e f Peeseicort@ER Albar & YA3Adl geony or wanigntsdbereof, Besecting thapes@iteof t he

QAL ana PiTER el R Apl el S S anRec kbl aadi e

subj ect nuclogiCQY R ddsroafotdr Bequehesemthomdlgntd BBreoe(@ wellas, dagairhibed in 5
Exanple 1) find a wide varjety of applications including use as
hybri di 28t i 3AalpgRped In apeEriely ¢hspiceNng AF¥Ssi on cassettes useful for
compound scr eeni Agy. HELACH| Aok BoviBl:RHRACE RlnUATAddhint At ggNes o
vari ants thereof, tecting t he presence of gene transcripts, qetecti ng or
anpl i fyi ng miiphanncalogstsl ageasdihich addctiveonahe BygIATyp3 Al 1 YIRS Agreent er
sequences or honnl.ogugs‘é{t hereof (as well as, structural 10 analogs), and in
n

a variety of "8eFRERMN §j§é’%‘.ety_ SV LI08 AT HPEARA] GRPISEURA adeasEd i ent
met hods for bgfetdeﬁ%egéfag}aﬁ}%gg Eltf%@rééeh Qb RRA FRAR ,bﬁ?ﬁotﬁﬂﬁt’%ﬁiowv@%gg h are

, Yspelific
active at the level of or CYP3A4 gene transcription.
vari et y1df &ssaysanseniptionzassays.i soteeninglin eivp il sisgenic aninikds, asé gromoter-

protein binding assays. For example, the disclosed Iuciferase reporter constructs are
used to transfect cells for cell-based transcription assays. For example, primary
endothelial cells are plated onto microtiter plates and used to screen libraries of
candidate agents for compounds which modulate the transcriptional regulation of the

20  Cyp3All or CYP3A4 gene promoters, as monitored by luciferase expression (See
Exampyles below).

As noted above, the present invention relates to a recombinant nucleic acid
molecule comprising transcription control elements derived from a mouse Cyp3A11
gene locus or from a human CYP3A4 locus. In particular, recombinant nucleic acid

25  molecules comprising SEQ ID NO:12, SEQ ID NO:13, SEQ ID NO:14 and SEQ ID
NO:15, as well as fragments thereof, are described. The fragments have
approximately 80% to 100%, and integer values therebetween, sequence identity to
sequences disclosed, at least 80-85%, preferably 85-90%, more preferably 90-95%,
and most preferably 98-100% sequence identity to the reference sequence (i.e., the

30  sequences of the present invention). The present invention may also include a nucleic
acid sequence substantially complementary to said polynucleotide sequences, or

fragments thereof, as well as, a nucleic acid sequence that specifically hybridizes to
31



based on the teaching of the present specification, including, but not
limted to, cell 15 based transcription assays, screening in vivo in

t ransgeniwoaniossshs, and pronoter- protein binding assays. PE@rusexapd e, the
di scl osed luciferase reporter constructs are wused to transfect cells for
cell -based transcription assays. For exanple, primary endothelial cells
are plated onto mcrotiter plates and used to screen libraries of

candi dat e agents for conpounds whi ch nodul ate the transcri ptional

regul ation of the 20 Cyp3All or CYP3A4 gene pronoters, as nonitored by

| uci f er ase esgd pslynocledtBeseqienaepdretagnenowhereds not ed above, the present

i nvention rel ates Lo. a reconbj anéulrnucl eic.acid no]ecule conprising
transcription contPoitVEMEoERe Mdgtiurtherirmsgriptionrontel dgmentsequegessdeigacus or

froma human : ; W E] =Y i i c.aci-d 25
nol ecul es colﬁrlgﬁoziéﬁgehﬁs%%éﬁ) E)dé&lgﬁ%%h%g(gﬁ Itl’g’ {Ne%&%@%'dg%% P%%@q%ﬂgc%g EQ ID
NO 15, as welihcladingy bugmenlimited tr, eafueneriefoatsstion hetisofitien fretgdgrts, have

appr oxi elﬁ 80% tg 100% and integer val ues therebetween, sequence
identity to §aer81ﬂf8nl es disclosed, at |east 80-85% preferably 85-90% nore

preferably 90- 95%he ffsleib@sid Iﬁéleéﬁé@éﬁtﬁis%eﬁgg%&%eﬁmﬁﬁ rdr&ﬁ@fdﬁty to the

reference sequence (i.e., the 30 sequences of the present Inverntion). The
present i nvelensieterasella) lsst pag andealy and tiapdgenicaoinals Hyu eredberssebet astfibl | y

conpl ement ar i . | eqtide sequences,. or ra ts thereof, as
well as, a n%lc% \gﬁr%?%gfl %’%g%%ﬁoglﬁ’caéldt SETSHEE f&dg?ﬁyfnﬂjfﬁpggﬁﬁg"e?’?%ty WO
02/ 088305 P(ddrhimfiiddd ihat thodsRiedP4B0kyiedielee didt AR 1iSRINRTHRpMs JHagnent s

t hereof. The invention includes further transcription control el enent

sequence (e.g., Thesrbilled inthemsheaapragtige the inveniion 3 dallowinglies guidariceofs of

i or mat o SRaren arpanprlepRied 9l BQkcaulelof b it REREE7 e ¢
nol ecul es of isbhiisn and elvracerization vs ik CypBAn 1 phd AYH3AG trinsangiacbadorel | s,
i ver push ani mals and trggégeni c animals that are thenselves useful in a

variety of appleRist g dransipeiiongptodhgstestls pdrexpression plheterglagpup B bl e
icity of - | i Exanpl
toxicity of oGRINOWRALS) fohala CRBA AlG ﬁﬁ%&%@%ﬁtﬁg ?ﬁlb%%ﬁp‘(l)eﬁ %& ?se anpl es

2-4). 10 Those skilled in theart can pract ol I owi ng
t he gui dbncecafmonlygrappfeciedl ioc attiodncesiLipi recipiehethamintah caltsenydaiddupr ocedur es of
' i on, and charna?.te i zation of the Cyp3All

nol ecul ar bi gl o for the, isqlat [
and CYP3A4 t&é%glgq,tie-&qdb%eck%w?@nsfer, electroporation, lipofection, viral infection, and the
like. General methods and vectors for gene transfer and expression may be found, for

example, in M. Kriegler, Gene Transfer and Expression: A Laboratory Manual,
Stockton Press (1990). Direct gene transfer to cells in vivo can be achieved, for

20  example, by the use of modified viral vectors, including, but not limited to,
retroviruses, adenoviruses, adeno-associated viruses and herpes viruses, liposomes,
and direct injection of DNA into certain cell types. In this manner, recombinant
expression vectors and recombinant cells containing the Cyp3A11 and CYP3A4
transcription control elements of the present invention operably linked to a desired

25 heterologous gene can be delivered to specific target cells in vivo. See, e.g., Wilson,
Nature, 365: 691-692 (1993); Plautz et al, Annals NY Acad. Sci., 716: 144-153
(1994); Farhood et al, Annals NY Acad. Sci., 716: 23-34 (1994) and Hyde et al
Nature, 362: 250-255 (1993). Furthermore, cells may be transformed ex vivo and
introduced directly at localized sites by injection, e.g., intra-articular, intracutaneous,

30  intramuscular and the like. In addition, recombinant expression vectors can be
delivered via a liver push to animals, for example by intravenous injection (see, also,

Experimental Materials and Methods, below).
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el ements, their transfection into host cells, and expression of

het er ol ogous DNA operably linked to said Cyp3Al 1 or CYP3A4 pronoters. For
exanpl e, \DNA2/08830%5 commonly transferred or introduced int@Crasopiemd nanmal
cells by cal cium phosphat e-nedi ated gene transfer, el ectroporation,

| i pofection, viral infection, and the |ike. General nethods and vectors
for gene transfer and expression may be found, for exanple, in M
Kriegler, Gene Transfer and Expression: A Laboratory Manual, Stockton Press
(1990). Direct gene transfer to cells in vivo can be achieved, for 20
exanpl e, by the uSéordng amstitharasterizatien oftbe Coyp3All-teusrderiggd tisanscripionl i i t ed

Vituses 11 pod Bl R B e PR SR B BBt Rl RmeaIe y pes.
I'n this mannesscribel Ibian@é 1, @A e ETry MRChAFStcRREtiTreSTaArRiRHfon ¢Bhtrsl
containing the Cyp3All and CYP3A4 transcription control elenments of the

present i nveRemsAtseisevehrgm the (dd3Ad lacusass plseidesribed iarthe Byouglegbelewcan be

deliveredto ifi o : ' k) i l.son, :
365: 691?5692(:?%%5%1?&!5152‘{1@?&8?%{’% dfthdy s&ﬂ\'ﬁ’?@%‘.%g%%is F’%{Yhﬁ%o:“siﬁ\(jlg%‘ggf
(1994); Far hods @id the huAanalYPIW Readls phisented filBxandde 34sdel94 Figapd 1dyde et
al Nature, 36 250-255 (1993). Furthernore, cells may. be transforned ex

vivo and i nf‘?‘ﬁlﬁ)ped directly at localized sites by injection, e.g.,
ntra-articular, il pREUERROMSN intfidelh LARHEALb R AROHIR dibligre | N
an be de

addi tion, reconbi nant expression vector rvered via a liver push
to ani mal s, fremscarampbEarbyperaitly Hulemicheserologent sequengs,enid mlwaicleotd@er i ment al

Mat eri al s, and Met.hods,. bgl ow). .32 WO 02/088305 PCT, 2/ 11770 d oni_ng and
char act efq z a&ci’rbvr‘?d fop fhe %f‘@ﬁ’d’fg-r%‘% of 8’8@%8 C(ypé#f g BETS | 6 asBeAL 08
el ement s andiilie XPRAdlcACUSTARE] MEdpiroRiRALY N5 1BRARALS AIREIISRRAYS) ar e

described in Exanple 1, bel ow. Coning and characterization
transcri pti otdkBrgments theresdein pertigular feagnfentsmapitde Oivf@sdoniog estramseripticen

described in_ anpl es_bel.ow. 5 racterization of some regions of the
5 non- codi nﬁgoﬁ]rg)é%ﬁgg)c% &?‘F\S&f‘%‘t{%@ggﬁg’éﬁ%‘lﬂ‘%&us and the human CYP3A4

l'ocus is present eth ot dnfediimentya (8RR ripli&Pcortio bleBRndd théPrbsd® knverfifn PT esent
i nvention_ includes a polynucl eotide effective toﬁprom)te transcri ption of

an oper abl y inchdes 2 pebapelroifisuterived rencds moapuCped Algdne somgesing ader i ved
L, 5 RSN A0 U6 TP PR SRS TR ™
12) SEQ ID NO:12. One aspect of the present invention comprises the approximately 9.3
kb sequence (SEQ ID NO:13) and fragments thereof, in particular, fragments capable
of functioning as transcription promoters and/or transcription regulatory sequences.
20  In one embodiment, a transcription control element of the present invention includes a
polynucleotide derived from the mouse Cyp3A11 gene comprising a polynucleotide
sequence having 90% or greater identity to SEQ ID NO:13. In another embodiment, a
transcription control element of the present invention includes a polynucleotide
derived from the mouse Cyp3A11 gene, said polynucleotide comprising a
25  polynucleotide having 90% identity or greater to nucleotides 5104-6218 of SEQ ID
NO:13. In another embodiment, a transcription control element of the present
invention includes a polynucleotide derived from the mouse Cyp3A11 gene, said
polynucleotide comprising a polynucleotide having 90% identity or greater to
nucleotides 6792-9330 of SEQ ID NO:13. In yet another embodiment, a transcription
30  control element of the present invention includes a polynucleotide derived from the
mouse Cyp3A11 gene, said polynucleotide comprising a first polynucleotide having

90% identity or greater to nucleotides 5104-6218 of SEQ ID NO:13 and a second
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and fragnents thereof, in particular, fragnments capabl e of functioning as
transcription pronoters and/or transcription regulatory sequences. In one
enbodi merwp oa/osg3enscri pti on control el enment of the presentcCirusentizon 15

i ncl udes a pol ynucl eoti de derived fromthe nouse Cyp3Al 1 gene conprising a
pol ynucl eoti de sequence having 90% or greater identity to nucleotides
1-11,002 of SEQ ID NO 12. One aspect of the present invention conprises
the approximtely 9.3 kb sequence (SEQ ID NO 13) and fragnents thereof,
in particular, fragnents capable of functioning as transcription pronoters
and/ or t r anspelymtdlentide dguing 967oyidsutiiy on grester Ronuateotides G262 30@fiSEQIID
transcripti O]SI Qﬁ,jntrol el'ement of the present invention includes a

pol ynucl eot i 9 erived fromthe nouse Cyp3All gene conprising a

pol ynucl eoti de S'@H&?@l@ﬁu&]@dﬂd@ﬂo@@i@ﬂ%a%seﬁriﬁ@én@ibn,i edg.,n& bélyniQeorla® | D NG 13.

I n anot her enbodinent, a transcription control elenent of the present

i nvention i n@crralzfe%n&thscﬂ-%/hbjaqqémqedgEQi&N@e@)mrmbmmeleﬁﬁ@@e:omppiml gene,

sai d pol yyuc i rj.sin I ide. _havin Q0% identity or
areater 1o miaragfs SRR A9,% Sroled P @ Pl Ahedls oBai et
a transcri pt t@nmicepitary ehatestisteh oh g RsgSeeioter (WERRLI BmoRE igefra

pol ynucl eoti de derived fromthe nouse Cyp3All gene, said polynucleotide

conpri si ng aSKESFONPEST A EUREYIT Ynib noges@En tq Rromeke tnseiRrtiont 2., adA At | des
6792- 9330 ofbég_Q ID NO 13. In yet another enbodiment, a transcription 30
control elenment of the present invention includes a pol ynucl eotide derived
fromthe nouse CYh8pkieryementismindludes,pouisineotimited o igoldtsd pdymucidotises
pol ynucl goti de havi 90% i dentity or greater to nucleotides 5104-6218 of
520 1D N 160nFTapTE o dvcs SEvibeds R8s bR bSOl optrsy RefPBot i de
having 90% i dembriding Qlch@PoBRubleotidesMHh&Rbh ¢6Se AP icPEQ | D NO 13.
The pol ynucl eoti des of the present ifnvention, e.g., a p§I ynucl eoti de
conpri si ng thelysudedtides agciorceniBiEDgl DN 1yBicleasiden abgombdhano téltke s
conprising 5 frasq?rrentg tkgyer e]gf .gayl. al so be associ at.ed. with a. basal
promoter in SFHEPTRG B P IS h YL RUPL P JUrpaL P fals Sompris e SACk he basal
promoter (a pasAlcldvtien=ad tABYkenicOfion-BXANPARMaRAORpLERgAudA NI Mum uni t
necessari/ﬁ to pronote transcription, e.g., a TATA Dbox). The present
i nvent i ob? i neplyaecdeotidas. Insongembiodinens ghet pyesent ipiventing ipeliges actransgénie s10n1 0
E)];lo; nﬁ)é ?gg![ i %il&%ggitag&tégﬂgﬁa? bt 5) ﬁ%hse)pgotrltfb?%%ngog 3Xfﬁd9rﬁve%ljp%ﬁ1ynucleotide
operably linked to a reporter gene (e.g., a light-generating protein).

The present invention includes a polynucleotide effective to promote
transcription of an operably linked heterologous sequence, said polynucleotide
20 derived from the 5’ non-coding region of the human CYP3A4 gene. One aspect of
the present invention comprises the approximately 13 kb sequence (SEQ ID NO:14)
and fragments thereof, in particular, fragments capable of functioning as transcription
promoters and/or transcription regulatory sequences. One such exemplary fragment is
identified by SEQ ID NO:15. In one embodiment, a transcription control element of
25  the present invention includes a polynucleotide derived from the human CYP3A4
gene comprising a polynucleotide sequence having 90% or greater identity to
nucleotides 1-13,032 of SEQ ID NO:14.
In one embodiment, a transcription control element of the present invention
includes a polynucleotide derived from the human CYP3A4 gene comprising a
30  polynucleotide sequence having 90% or greater identity to SEQ ID NO:14. In another
embodiment, a transcriptidn control element of the present invention includes a

polynucleotide derived from the human CYP3A4 gene, said polynucleotide
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conpri sing such pol ynucl eoti des, expression cassettes conprising such

pol ynucl eoti des, vectors conprising such pol ynucl eoti des, reconbi nant cells
conpri si Myooes3pdl ynucl eoti des, |iver-push non-human ani raTAISODMING Si ng
such pol ynucl eotides, and transgeni c, non-hunman ani mals conprising such 15
pol ynucl eoti des. I n one enbodi nent the present invention includes a
transgeni c, non- human aninmal (e.g., a rat or a nouse), conprising a
3All-derived polynucleotide operably linked to a reporter gene (e.g., a

i ght-generating protein). The present invention includes a polynucleotide
ef fective tocqmmisiigea pélyardertidpthhving 00%adempe oapteytel tokeitolidé L1 290cEGS

sequence, sai |.eotide 20 derived fromthe 5 non-coding region of
the human cﬁ%&ﬁ%ﬁﬁi&%iﬂ a%%ﬁ%tw@r)dm% PraserRionfalel demeivbilisses t he
appr oxi nat el]%i‘regéeglt hﬁre?r@&i‘ﬁ@%ﬁeé %h@l&%@de ﬁéﬂved%&n&ﬁ@lﬂﬂﬁﬁféﬁ@&%g@ﬁe, In

particul ar, ments capable o unctioning as transcription onoters

and/ or transweid polyorcleatigalcampriying e potmodsotidatemvingd % idenplyar\eréatagoent i s

identifi b EQ.1 D i . di ment,, a transcription. control

el enent ?1(‘1 Zlélcfﬁﬁ’gdﬁsr %@gn%ﬁﬁﬁgﬁté)ﬁﬁﬂ?‘?u@e og‘ef)ﬁﬁfﬁm%{aﬁﬁﬁgscﬂg’?@%d from
the human CYR3A4] cmBet &QH@?te‘ééﬂﬂ%@nﬁ&{ MARELELhbIFRuIEAR MIEAVIPYSAGhO 0% Or
greater identity to nucleotides 1-13,032 of SEQID NGO 14. In one

embodi ment , EmIEGYERAigean seidmohaiiclepideesampstsingrepqlymistastide hwing DO

i ncl ud | vaucl i i i Si
el uses 2 oBL AN SRS ARALNAL KA b MR SR SRR o009 3,

| n anot her @nbadneRy) b trafisckibeOs E6ritifl ERMeADOH the brestr ivdintioh idcheleps esent
i nvention includes a _ polynucl eotide derived fromthe human CYP3A4 gene,

sai d pol Yhuchrdprycirotide deyy wlbirers sommm YBYA4 geer said pelypreleptidy a

| | 2ot | . . i . . oaa6  of
520 1D No - 1 e po R ARL iinB S08 BRY of BroE | PRICI SRR IR0, ©
t he presentofi SE@ADING: 1¥n¢h anetheranbokdinmnt| e@irscdptibardovad] dlementtdiéhehuman

CYP3A4 gene, said pol ynuc] eotide conprising ol ynucl eoti de_ having 90%
i dentity or KJf&Rf&pvep 3/“Smﬁ PLBPP R ‘S‘S‘-dﬂrﬂe% rgqmmjmrwm@ﬂ’w gFRF-anot her

el udes o pal RIS Sat Fs Py s Bob e ARB: e RS on P "
pol ynucl ¥ot i neletidps P40 12886 ISFEUED Bi6x: 14 elnhyey amgh@@bodteat.,id y or great er
o oot e PR e R bR OB PSR °
derived from the human CYP3 A4 gene, said polynucleotide comprising a first
polynucleotide having 90% identity or greater to nucleotides 1290-2446 of SEQ ID
NO:14, a second polynucleotide having 90% identity or greater to nucleotides 2758-
20 4111 of SEQ ID NO:14, a third polynucleotide having 90% identity or greater to
nucleotides 4424-6010 of SEQ ID NO:14, a fourth polynucleotide having 90%
identity or greater to nucleotides 6317-9099 of SEQ ID NO:14, and a fifth
polynucleotide having 90% identity or greater to nucleotides 9401-12998 of SEQ ID
NO:14.
25 The polynucleotides of the present invention, e.g., a polynucleotide
comprising the approximately 13 kb sequence (SEQ ID NO:14), or polynucleotides
comprising fragments thereof may also be associated with a basal promoter in order to
confer certain regulatory characteristics on the basal promoter (a basal promoter may,
for example, comprise a minimum unit necessary to promote transcription, €.g., a
30 TATA box).

The present invention includes, but is not limited to, isolated polynucleotides

(for example, those just described), methods of use of such polynucleotides, vectors
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10 pol ynucl eotide derived fromthe human CYP3A4 gene, said pol ynucl eoti de
conprising a polynucl eotide having 90% identity or greater to nucl eotides
6317-9099wWO0mR/08B | D NO 14. |In anot her enbodi ment, a tram€EAispr/iom cont r ol
el enent of the present invention includes a polynucleotide derived from

t he human CYP3A4 gene, said polynucl eotide conprising a pol ynucl eoti-de
havi ng 90% identity or greater to 15 nucl eotides 9401-12998 of SEQ I D NO
14. In yet another enbodinment, a transcription control elenment of the
present invention includes a polynucleotide derived fromthe human CYP3A4
gene, sai d pomprisiof ewth pdyrneigotidey, ﬂgarassidrrcassettpmbgmprctdi@sdoﬂe havi ng 90%
identity or eater .t o nucl eotides 1290-2446 of . a second
pol ynuci eot PHE TGP SOUEAr e PRy UCh PRLEFTep (TehRerBBPIARSEHYSS 20 4111

of SEQ I D Nghy %ﬂsm shd &\érﬁﬁhébﬂﬁéé ﬁ%ﬂ ﬂ%hﬁ‘x@ﬂ'h‘ﬂﬁmﬁ%@rﬁﬂ?%ﬁl ﬂs&ﬂ’é %aheat er to

nucl eoti des 4424 a fourth polynucleo ving 90%
identity or pg]ryaad;leotlde@, mddtmgarmegoﬁmmﬁ@ﬁﬁnadiccﬁa@lshﬂgm 14, and a fifth
pol ynucl got i dF ing 90% identity or greater to nucleotides 9401-12998 of
SEQ I D yngge ‘ﬂ’l‘% Spol ynucl eoti des of the present invention, e.g., a

pol ynucl eot i de ?ﬂévférﬁadrwnﬁdaﬁn@ﬁw@ﬁé k&l of ¢ &&nﬁﬁﬁfeﬁmﬁlﬂcﬁ%@s kD NO
14), or pol ynucl eotides conprising fragnents thereof nay al so be

associ at ed fiansgeaichagurhupad apima} thahceyppréses g drangesiption cortralgiement derinvedor y
char acter i Sty 5015 RBaLy BLATRLCT, R RaRRlaPLOIRI. St MRk ogel 6 XarPle

conprise a mni um uni't neces ranscri pt| , a 30 TATA

box). The presestidénivert mmﬂbohﬂé:d MBS)BZ BUSEQIDTNO: 14) Bhéablytidked t:‘szl at ed
polynucleotldes (for exanpl e, t hose just described), nethods of use of
such poll§nubpiespers, sequeacafess. S5ofine alizbbsgmsatpeproistn fareramples onpr i si ng

such pol ynu‘ﬁ!lcf? Q458 Sin o%%%%%ﬁir@éﬁt GRS RS ggl%lc nucLi ntné?lélﬁglc es ot camprise | |

pol ynucl eot i vectors nprisi’ng suc reco
conpri si ng atpoltyn}uoleyndmémﬂm@eﬁ?xn {a\mnnqmﬁbmpmm borpaxsptar), tat 8, enpri si ng
such polynucleotldes and tranggenlc non- hupan . anj mal s conpri sing_such 5

pol ynucl eot VEBEZCNL, BPRPBIAR 4 H‘?sﬁ%’ﬁfixﬂ?ss&fénﬁ%yﬁu%?n PXR pspteise ffor

i nvention, i e

{ranscr i pti G Coat s r g AeO0RE Ce., THOULETDRE PR SO IHRRRE NS 4.,
pol ynucll2ot iadensaiqiencenitahdlerger® @etived from the human CYP3A4 gene, but the animal

does not express the human rifampicin co-receptor (see Example 6).

2.3.0 Expression Cassettes and Vectors
The expression cassettes described herein may typically include the following
components: (1) a polynucleotide encoding a reporter gene, such as a sequence
20  encoding a light generating protein, (2) a transcription control element operably
linked to the reporter gene sequence, wherein the control element is heterologous to
the coding sequences of the light generating protein (e.g., the Cyp3Al1 and CYP3A4
sequences of the present invention). Transcription control elements derived from the
sequences provided herein may be associated with, for example, a basal transcription
25  promoter to confer regulation provided by such control elements on such a basal
transcription promoter. Exemplary expression constructs are described in Example 1.
The present invention also includes providing such expression cassettes in
vectors, comprising, for example, a suitable vector backbone and optionally a
sequence encoding a selection marker e.g., a positive or negative selection marker.
30 Suitable vector backbones generally include an F1 origin of replication; a colE1

plasmid-derived origin of replication; polyadenylation sequence(s); sequences
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greater identity to nucleotides 1-13,032 of SEQ ID NO 14) operably |inked
to a 10 heterol ogous sequence (e.g., encoding a |light-generating protein,
for exanpwe,02/0883¢3 f erase). I n one enbodi nent, the transge®CT/USapNE7HUMAN
ani mal does not conprise a polynucleotide encoding hPXR (a human
rifanpicin co-receptor), that is, the transgenic, non-hunman ani mal does
not express a functional human PXR protein. For exanple, a transgenic
rodent (e.g., a nouse or rat) has been generated that conprises 15 a
transcription control element derived fromthe human CYP3A4 gene, but the
ani mal  doesenvodingaptibivtic resestangmbngs pinpielin resistance pndpttar r¢gdaosxanpl e 6) .

nerein oy tYBCRAPRY St A ERORR Bl KR BRERRRARLSRR GRS coserted

pol ynucl eot i gBluesgHKIgSiRatape LEToIEE0R); BIGERCASKS SeatReaS 140oBACA) Ng a
| i ght generating protein, (2) a transcription control elenent operably
linked to thendrpereoapmereiddy duylablecectofher ei n the control el enent is

het er ol ogous to ' | [ rotein
(oo the Oypaart SRR SRS TR e Lp8 i ¥ shocEDRE AL pRE D)
Transcri pti ofvestiidn: dtrefelredard thostahatveoduce aproted pro@u @mieksis pisilyi ded her ei n
may be associated with, for exanple, a basal transcription 25 pronoter to

confer regul BERBHEDIAACHERF #52% PeHaRIs FRICHET gensprEisiusle obit sugpot dinked 4p
t s ) . . o .
ranscr i pti og Bk kol SXETRLAIGKXRIABS1ON %g&%é%&%%@ﬁ&&f&%@ in

Exanple 1. The present Invent In expressi on
cassettes i nandettmigslactosidpei sComyenfeat assaymnptlede, dusare mablimitedot or backbone

and optigpally a sequence encoding a selection narker e.g., a positive or
gt veltbal dlomnt Rar R e MR SaramE S50t gh OB esEn Sk enal oY el uge

an F1 ori gi ne@plof€dliaf aleleRPres@d Gatih tHel RAThd wiid %G AN Ro@ictd £P! | cation;
pol yadenyl ati on Sequence(s); sequences 36 WO 02/088305 PCIT/US02/ 11770

encodi ng ant flisscolyiraeasersidn thedatrgesllylar mediving iok irj an exéwicsefahe airaceithlat her

regul atory or .control .ele tS. -limti xampl es of appropriate
backbones i nfd @Ofrap%flﬁléesdg%l pQ@K%?léth(Q’tq%eﬁeaﬁg?n%ig@fs JEP B GBO‘S% &8%cri pt KS
(Stratagene, whasestbligot i<} reted) dined M frate ARABFRicHCY Vi BéAberBbLMBEIRES. 5 A
variety of orter genes nay be used in the practice of the present

i nvent i ok? Py tidnad yargblestthyigaat ¢ramplispisduiceretajionoithn apepd e pwfited i s
cesily TSk b AR5k Bt PRI SRR LTI
generating pgaleeiting réporgpr proteias Hescaba) herein, expression can be evaluated accurately
and non-invasively as described above (see, for example, Contag, P. R., et al., (1998)
Nature Med. 4:245-7; Contag, C. H., et al., (1997) Photochem Photobiol. 66:523-31;
20  Contag, C. H., et al., (1995) Mol Microbiol. 18:593-603).

In one aspect of the invention, the light generating is luciferase. Luciferase
coding sequences useful in the practice of the present invention include sequences
obtained from Jux genes (procaryotic genes encoding a luciferase activity) and luc
genes (eucaryotic genes encoding a luciferase activity). A variety of luciferase

25  encoding genes have been identified including, but not limited to, the following: B.A.
Sherf and K.V. Wood, U.S. Pateni; No. 5,670,356, issued 23 September 1997;
Kazami, J., et al., U.S. Patent No. 5,604,123, issued 18 February 1997; S. Zenno, et
al, U.S. Patent No. 5,618,722; K.V. Wood, U.S. Patent No. 5,650,289, issued 22 July
1997; K.V. Wood, U.S. Patent No. 5,641,641, issued 24 June 1997; N. Kajiyama and

30  E. Nakano, U.S. Patent No. 5,229,285, issued 20 July 1993; M.J. Cormier and W.W.
Lorenz, U.S. Patent No. 5,292,658, issued 8 March 1994; M.J. Cormier and W.W.

Lorenz, U.S. Patent No. 5,418,155, issued 23 May 1995; de Wet, J.R., et al, Molec.
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and bet a-gal act osi dase. Conveni ent assays include, but are not limted to
10 calorinetric, fluorinmetric and enzymati c assays. |In one aspect, reporter
genes maywbe2/0e83ps oyed t hat are expressed within the cell pardSahogeo
extracel lul ar products are directly nmeasured in the intracellular nedium
or in an extract of the intracellular nmediumof a cultured cell line. This
provi des advantages over using a reporter gene whose product is secreted,
since the rate and efficiency of the secretion introduces 15 additi onal

vari abl es that may nplicate interpretation of the assay. In a preferred

enbodi nent, €#é Bleb8r7t2§r73§eh%37, Fatguii, ghN..cpb ple Béching Hiorfvei 4cia WhEhlelksi ng t he

| i ght gener epan t el nscdescr. reSS|on gan be
eval uat ed acgéjér’g? al%g dﬂg{ngl r‘?i‘/g‘s?%’fce 242'9@8%?1 10&38 é%g) 1 5&1@ for
exanpl e, Conﬁlaﬁl,nuﬁesc&t, pr@ﬁelrﬁhnc;luc(el%%Bﬂgeﬂ&ﬁith@@rd‘t’eﬂs oﬂth@‘héqt?orm@ﬂﬁl@g, C H,
et al. 199 Phot ochem Phot obi o C. H, et al.

1:
(1995) Nbl MPersBT §- C.18: %9@10613(351 26; h32(§n]e°’33§ﬂ)%f{:7t)) d@uCﬂfﬁ@S¢&1@%W@ll @ﬁ t he
i ght genger SR |n t he
pr act i co ot - 1qaek-ice MRS Faud kRS Fonci W o8 A RS IR i
genes (procahN@hn@ageMﬁmmﬁmmmdmmgnhmhmclferase activity) and luc genes
(eucaryotic genes enco a luci ferase activity). A variety of luciferase
25 encodi ng 121'1%‘?/%“ lge?dentl fied including, but not limted to, the
following: B A  Qheifypance M féih%egt ot hpéé&'ﬂ} 8 iR % ed 23
Sept enber 1997; Kaz [f}gj fl& £ }@’JCS yPa t ent SSI m %Ig %’?ﬁt?ss(gﬁlgd 18
February 199NumStOUZemnmts e/l;lth daﬂththﬁss@atrmmhna\lmvealsﬁb@ﬁﬂﬁﬁdle& Yor Wod, U.S.

o641, 64D | SRTBIE APshiG rdRkuid Phaeryk ANoA0R: 198k EH PigtENopa ent

No. 5, 229, 28§83® 9@6‘€i§!;u3@1§ Wy 19 @ﬁea&flﬁ]ve \@ﬁﬁﬁ@ﬁéfgﬂﬁlwa\é\és ge%@ﬁa?é@lzby U.S.
Pat ent No. b5, 658 i ssued 8 March 1994 rmer Lor enz,

U.S. Patent Mgle Bnmlcsa%shangg%uetae zaczmcmgg@ lu@iéeraﬁetcodmglaequeece alhe l\/bI ec

o al 81 ochi ok RS R h s i SFant Faign o023 o o1 Rei

Sci ence 244: yeQI&wZ@&en L&&%rasé\mﬂhiwenﬁgmpp@k of Bb&t 5D RASE @BMnRF@AIB) NS
i ncl udes |ight- generatl ng proteins of the aequorin famly (Prasher, D. C.,

et al., B ocheinbledromPrmezaoMadiserm)W! undesithectonpenGLhsAved fucerase with
aequor i n- || K6 CRISEEH B, of S B fin SOUCEHA! (7 IREHY e, AGTheAer/al (10d0D(F) H

and the |ike, strate, such as erin coelemtri Zi'ne
oxygen. Nat. Med 4.245 247 and Kajiyama et al. (1991) Port. Eng. 4:691-693. The coding

sequence of a luciferase derived from Renilla muelleri has also been described
(mRNA, GENBANK Accession No. AY015988, protein Accession AAG54094).

20 In another aspect of the present invention, the light-generating protein is a
fluorescent protein, for example, blue, cyan, green, yellow, and red fluorescent
proteins.

Several light-generating protein coding sequences are commercially available,
including, but not limited to, the following. Clontech (Palo Alto, CA) provides

25  coding sequences for luciferase and a variety of fluorescent proteins, including, blue, -
cyan, green, yellow, and red fluorescent proteins. Enhanced green fluorescent protein
(EGFP) variants are well expressed in mammalian systems and tend to exhibit
brighter fluorescence than wild-type GFP. Enhanced fluorescent proteins include
enhanced green fluorescent protein (EGFP), enhanced cyan fluorescent protein

30 (ECFP), and enhanced yellow fluorescent protein (EYFP). Further, Clontech
provides destabilized enhanced fluorescent proteins (AEFP) variants that feature rapid

turn over rates. The shorter half life of the dEFP variants makes them useful in kinetic
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Wld-type firefly luciferases typically have em ssion maxi nma at about 550
nm Nunerous variants with distinct em ssion maxi ma have al so been

st udi ed. Wworo2Ass3exanpl e, Kajiyama and Nakano (Protein EngPC(i&)2/6016 693,
1991; U.S. Patent No. 5,330,906, issued 19 July 1994) teach five variant
firefly luciferases generated by single amno acid changes to the Luciola
crucidta luciferase coding sequence. The variants have em ssion peaks of
558 nm 595 nm 607 nm 609 nmand 612 nm A vyellowgreen luciferase with
an em ssion peak of about 540 nmis comercially 15 avail able from Pronega,
Madi son, W stidétsrant e qnantitatp@lrporikrs. ddsRadaiotimgasguencesare avaikeblessiron peak of

about 610 nm,i s descrihbhed or exanpl e,. i nt et _al. (1998)  Nat. Md.
4: 245- 247 a?d‘“ﬂ%ﬁ% @‘g%{;) "é‘f“wa‘ifl‘?m?%g?teg%ﬁ‘{?ve(é%ﬁ%t%@ﬁ%’g@&s%ﬁg-t’é%di ng
sequence of I&Redqd 4 el reREnVRetefRBRRA APk sioH @llagss! Hiagesal SO been
descri bed MRNA, GENBANK Accession No. AY015988, protein Accession

AAG54094) . Fadkon,AaKotheal despiabad agfovehBugsessseimroteii/&omiRRiscoseme coral and

| i ght - geger %;@1&?&5 %?éhgncjrsgeé%,slg iy eeﬁlgfeﬁtﬂu%'fc%%gﬂcg ’(P@% 1843R &), Pve.

cyan, green, ow, an uorescent  proteins.” several

| i ght - gener aBOMZOGM) PireR N Acegisige SCENBACHS At&sioaNEIAH2abY i1, p¥akihabl e,
i ncluding, but not |limted to, the follow n% Clontech (Palo Alto, CA)

provi des 25 SeouneR BNt dceesrion i Adrake AhdPrampar (Mediser, WHwoes cent
proteins, | ReblMaid! WepencEY AP frdF flkirekEl (18 E@gge, o€ GoldiiRl PGen!

pr ot ei ns. anced green uorescent” protern nts are wel |
expressed i pGhnveridrsin Feylsdreorslirgrdquenes foo aexmbbi of fldireghfitgrottingarescence

than wild-type GFP. E | uor escent praoteins. include nhanced green
f1 uor es&gnt yag?%aﬁ‘? ﬁo?’@%?ﬂ\g&kﬁéﬁ?@&‘ _ ?/élﬁgqsﬁl% PEEberA LY 1&985,&@%)22(2%@:9 _,
and enhancedbhow 1190566 Gamo2BsN AN 65 ADror Bt tA1BRocAd, @te6H  provi des

dest abi | i zed enhanced fluorescent proteins (dEFP) variants 'that feature
rapid turn GWEP7rAYBE598BhAYHN69Ie andh AFRI2550e of the JEFP vari ants nakes

th ful i Ki 38 VWO 02/ 088305 PCT/ US02/.11770 t udi

q ugnmt :Jts St iuv eI P e pg\a&i‘bgd lﬂcﬁgglgc%ﬂﬁer?ﬁesgléﬂﬁ ake gge%?i%gcﬂ@%dr F%bﬂgbﬁléﬂ&%é}az nt ech

(http:// wwipgbRdHeg ah Maeh echidnesMECHPoEBEC I@ﬁ&ﬂi&@ﬁ&&@ﬁ@%d%&éﬁahng DsRed
ur

is ared fluorescent protein useful in expression studies. her,
Fr adkov 1A. F.Systeins mgy be cgadexedbiod cxampleevhen evehuating axprpssistnan gells. o¥nebi scosonma

corel 005 kAo AT AU S LA SR T (TP
AF27271 1, RepbrémSystem (Clontech).
Positive selection markers include any gene which a product that can be
readily assayed. Examples include, but are not limited to, an HPRT gene (Littlefield,
20 J. W, Science 145:709-710 (1964)), a xanthine-guanine phosphoribosyltransferase
(GPT) gene, or an adenosine phosphoribosyltransferase (APRT) gene (Sambrook et
al., supra), a thymidine kinase gene (i.e. “TK”) and especially the TK gene of the
herpes simplex virus (Giphart-Gassler, M. et al., Mutat. Res. 214:223-232 (1989)), a
nptIl gene (Thomas, K. R. et al., Cell 51:503-512 (1987); Mansour, S. L. et al., Nature
25  336:348-352 (1988)), or other genes which confer resistance to amino acid or
nucleoside analogues, or antibiotics, etc., for example, gene sequences which encode
enzymes such as dihydrofolate reductase (DHFR) enzyme, adenosine deaminase
(ADA), asparagine synthetase (AS), hygromycin B phosphotransferase, or a CAD
enzyme (carbamyl phosphate synthetase, aspartate transcarbamylase, and
30  dihydroorotase). Addition of the appropriate substrate of the positive selection
marker can be used to determine if the product of the positive selection marker is

expressed, for example cells which do not express the positive selection marker nptlI,
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sequence, CENBANK Accession No. AAGL6224). Pronega (Mdison, W) also
provi des codi ng sequences for fire fly luciferase (for exanple, as

cont ai nedwpD2088305 pGA.3 vectors). Further, codi ng sequence®cfrarsoairianber of
fluorescent proteins are 10 avail able from GENBANK, for exanple, accession
nunmber s AY015995, AF322221, AF080431, AF292560, AF292559, AF292558,
AF292557, AF139645, U47298, U47297, AY015988, AY015994, and AF292556.

Modi fied | ux codi ng sequences have al so been described, e.g., WO 01/18195,
publ i shed 15 March 2001, Xenogen Corporation. In addition, further |ight

generating &% ksljesliwehen expysdaieo eigpdudyesde G408 (6130HRI. Lithg8ciaodigyat i ng
expression in cells. Such systens include, but are not limted to,
Lum nescent @é{tléﬁfﬂ%i‘lf&@t’@é1 dase Genetic Reporter System (C ontech).

Positive sel ecti o mhidch. can be
readily assayed. # C%@ %tqﬁalﬁ%ﬁsgﬁgﬁﬁlo\adfg pl rﬁég ? H&hua@(ﬁl@ﬁ gene
(Littlefiel dsequé’lﬁbeé of chreﬁm gnte AyBA1090d ID(H3J@9163%)11)encas xfuht brasentguani ne

phosphori | transferase ene n
phosphor i % ?}l’i"f’?t% f 8% Blsérﬂpﬁﬂt oily! Bre%@éﬂﬁ rll?fg‘kcpeéltsuC}Mhat theffrg fwo gites,

thym di ne ki t he herpes
si npl ex vi rugﬁe('s%egﬁlgér?tthéfégzo%%@sﬁ&&%s%ﬁ@&ﬁ%%h’g?o& es!-&%(%ﬁ)%%%%fi%?,z (1989)),

a nptll genkic{fdasmasl thkprdnotet. TabertiorCatels afe] fGGZamplR, (ch@RBTipn ehdnmolense S. L.

et al., Nature 25.336: 348 52 8 or ot her. genes.which canfer

resi stance t S RRTHED SS9 Cann’f?é Fé?ﬂ)@%ua’eregrﬁéef%ﬁﬂ ?rﬁﬁmgﬁf‘isﬁfsoﬁ?‘é@,s &,
for exanpl e, 1gaReros EALBNGIESs M WER RGPS riaR WY (REs SidCile dquehdiy OF afidleat €
reduct ase (DHFR) enzyne, adenosine déam nase (ADA), asparagi ne synthetase

(AS), hyHt on#gatedmtq)ﬂ@s\’ﬁﬁf@rransfer ase, or a CAD enzyme (carbanyl phosphate
synt het ase, aspar b@h nal{vzﬁl%‘%%ﬁ%?”&'ls%?ﬂ@ﬁgggﬁégﬁ P‘g nucﬁeﬂlat asé}gﬁ’ Addi ti on of

the appropriate st e posi &% used to

det ermi ne i f négdacivsaetaivn 0drkéh Supable nkyRive 8kRetidrOMarkBfskflnds buexpmessed,
for exanple cells which do not express the §'Rsmlve sel ection marker nptll,

39 WD 02/ 08shmifeiptor/HIS0PT Bee7ee-» Maorb e dd(1ahVaxBegled Mer. 38&:98¢198Yr at e
G418 (G bco BRyl &asteﬁeﬁan@h@ﬂya gﬁﬁﬁixélf‘z?sro%%%% Shogltl-valiBS; t\s%fs%cm{ﬁgca' 'y

contains insertion sites for I'ns seguences o
i nterestl5 e. the,difhleer ﬁytpﬁmlﬂneaetdm@\f%ﬁmhs eheleracesinahd ItHIbePem’ueﬁefaixuﬁ A
| nvention. The 1t eer hggsé%(/é Ise Qct%htrr?asirkgrrg%ng 1s the B%Jc!x%ntlh?ncel gu%%glesplflg?p}}o?&t)s;l here
are two site
transferase (HPRT) gene for negative selection in 6-thioguanine.
Exemplary promoters for use in the practice of the present invention are
described above.
20 Vector Construction: The vectors described herein can be constructed
 utilizing methodologies known in the art of molecular biology (see, for example,
Ausubel or Maniatis) in view of the teachings of the specification. As described
above, the vector constructs containing the expression cassettes are assembled by
inserting the desired components into a suitable vector backbone, for example,
25 (1) polynucleotides encoding a reporter protein, such as a light-generating protein,
e.g., aluciferase gene, operably linked to a transcription control element(s) of interest;
(2) a sequence encoding a positive selection marker; and, optionally (3) a sequence
encoding a negative selection marker. In addition, the vector construct contains
insertion sites such that additional sequences of interest can be readily inserted to

30  flank the sequence encoding positive selection marker and luciferase-encoding

sequence.
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one site on either side of the sequences encoding the positive selection
mar ker, luciferase and the pronoter. Insertion sites are, for exanple,
restrictiwooensksniicl ease recognition sites, and can, for pexarspt/e,770
represent unique restriction sites. In this way, the vector can be
digested with the appropriate enzynes and the sequences of interest 10
ligated into the vector. Optionally, the vector construct can contain a
pol ynucl eoti de encoding a negative selection marker. Suitable negative
sel ection markers include, but are not Ilimted to, HSV-tk (see, e.g.,
Maj zoub et al. (Yop®ferneshingthgd of gbtaming pokpweBordgouitalledegl8orat ent No.

5,464,764), as well as gene n LNng, various foxinsoigcl udi ng. 15 the

di pht heri a tsg%eﬁ?est(ﬁ‘&tpg? an egsﬁtlsg%g%; g“leﬁpéraLW(?F% esftfé&})gﬁa?ﬁga Hgmpert ussi s
toxin. A fovidreersogeeaill, PERIel PRACDOAIMAPKEIACHE IR Bredsh Oxford University
hypoxant hi ne- guani ne phosphor i bos transferase (HPRT) gene for negative

sel ection iR T@Stﬂ|98waﬁpﬁéonéﬁ@#ﬁ%%ﬁﬁc%?@%@t&@eﬁ%wn@@’ hemppeicgbact i ce of
the present 4 i10 i trugtion: The
veot or o desSrEENHE A, Riibor IEpaFEd, AR, oD rS R s B AR known
in the art ofiesaphexeters atei amheding(ts@perafues aredeanglektensidn Sinfee Meor- AMEMAER i S) in
vi ew of the teachi ngspﬁ‘ the specification, As described above, the vector
constructs COATERITAINY Rthand {issllive roncgrisationof pamers &dapipteeandyy i nserting

the destred oMRMIRNISoldC EReila AN R BisclRIRING in IR & 25 (1)

pol ynucl eoti des encoding a reporter protein, such as a [1ght-generating
protein, e. After amplificatiey, dseegdieg frapeembtan b dutented iy agatosagsler i pti on

control .el ement(s) of. i.nterest; . a sequence encoding a. positive
olecti off miep o Kliea T visrhfhroa S El GBA B R G Bt ve
sel ecti on nelltkfiioled Muafightiohon, the vector construct contains insertion

sites such that additional sequences of interest can be readily inserted to
30 flank the seqderoecmhedidionty Hsdtcan heausse keeanply fragmicets fooml genomic

| uci f er ase- di.n e nee... 40 W0 02/ 0883 PCT/,US02/11770. A preferred
met hod of oglltﬁlb gﬁlonne’ls'ng‘/[aﬁlgll g% ﬁg@fcglgfrﬁrd%sﬁw %%Wﬁbﬁlﬁg'raélgﬂszg ‘og‘é}e@@ﬂmi}"icl AL g.,
pronot ers) ican BERrodueaEhRhnyPheked khewn ﬁrQﬂheB@RP@&eﬁaﬁggﬂ{e drBanidyRGPReRSON et
al ., PCR. A PRACTI CAL APPROACH, (IRL Press at Oxford University Press,

(1991) ) 15 pcriighdietNfiss by nediseeraiplsl divass orpheeeispic sHcatsy This isalgedi cal |y 5
det er m ned. Iﬁ\]ﬂlfﬂg%e (%taiﬂgrﬁ ﬁ‘gﬁ‘} ﬁlryscell le!lrldg % 30&3}}'131113 l(leC 5?1%% cgfls, %vér? E?dtnlefl),n :

Anong
blood cells, buccal cells, cerviovaginal cells, epithelial cells from urine, fetal cells, or

any cells present in tissue obtained by biopsy, urine, blood, cerebrospinal fluid (CSF),

and tissue exudates at the site of infection or inflammation). DNA is extracted from
20  the cells or body fluid using known methods of cell lysis and DNA pﬁrification. The

purified DNA is then introduced into a suitable expression system, for example a

lambda phage. Another method for obtaining polynucleotides, for example, short,

random nucleotide sequences, is by enzymatic digestion.

Polynucleotides are inserted into vector backbones using methods known in

25  the art. For example, insert and vector DNA can be contacted, under suitable

conditions, with a restriction enzyme to create complementary or blunt ends on each

molecule that can pair with each other and be joined with a ligase. Alternatively,

~ synthetic nucleic acid linkers can be ligated to the termini of a polynucleotide. These

synthetic linkers can contain nucleic acid sequences that correspond to a particular
30  restriction site in the vector DNA. Other means are known and, in view of the

teachings herein, can be used.

The vector backbone may comprise components functional in more than one
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t hese paraneters are annealing tenperature and tinme, extension tinme, M2+
and ATP concentration, pH and the relative concentration of priners,

t enpl at eswernd/ossiedxyri bonucl eoti des. Exenplary priners ar ecadasorited bel ow
in the Exanples. After anplification, the resulting fragnents can be
detected by agarose gel 10 el ectrophoresis followed by visualization with

et hi dium brom de staining and wultraviolet illum nation. In one enbodi nent,
PCR can be used to anplify fragnents fromgenonmc |ibraries. Many genom c
i braries are conmercially available. Alternatively, libraries can be

produced by spisciefeengarismiibarder ko prEida atshutte sretonfpiexaniple, abgeipigfigin f r om
1o vl e ol 5 1S DS A RTGB Pl AR, T

i sol at ed ai né

cells, liver coerﬁB&QMmtleaﬂﬁ@ ve&bt, se., busaall theek used foetanderagisnedireabd s,
eplthel ial cells fromurine, fetal cell s, or any cells present in tissue

obt ai ned by Biegpaipn igq higree Eefsune. cerebrospl nal fluid (CSF), and tissue
exudates qat the S*I‘[a@ﬂ b1 doBUAEH O Rlusd ek ALIREL D). H\Arbauc%hngsgﬁi from

20 the cells or usi ng kno
purificati oncellfloe forpiwa-fphsida@&@%) i stdnﬁhfrozetnr(@gu @EQOPGI ontd useli Inabhe

expressi on syste for exanple a anbda, phage: Anot her et hgod for
obt ai ni ng po%/l?]gi‘i?fgh’%’isl hegon Wtsé‘%%hﬁaélze%%?r 0 usq, AR P dessyion with

sequences, i §i¥cGR&YFBSd &ddhe8sisk@n. Pol ynucl eotides are inserted into
vect or backbones using nmethods known in 25 the art. For exanple, insert

and vector DNA can be contacted, under suitable conditions, with a
restriction enzynﬁ%%hv@dﬁ@%ﬁnpi@smnt ary or blunt ends on each nolecule

Synt het 1 nuct o1 o E PR Era B BEnt BlE alleplof il BETRpoieq IR &V

pol ynucl eot i genonlibe5# ints yintahi@iil ¢n bﬂdﬁk@rlﬁa&ﬁa tieomEdbds disedliidhensih dHS@AUENCES
that correspond to _a particular 30 restriction site in the vector
O her means KVels|Oh&RARIZAEANS SFPIGSSION have berm ohteinrchinrusciserdiliver viadime used.

P e R e U
shuttl e vect ashievedbyebizotpirtravaschie adimmjramm @i nakecblblasrﬁmll ]DNAtmt@rthand a
cucaryoUL£ PLOTRL S bt SR oy le MECLO0 i DAE, T2 SORES 1 o
Integration {4 Badké ¥l (B ne Ther 3:593-598; Budker et al. (1998) Gene Ther
5:2772-276; Zhang et al. (1997) Human Gene Ther 8:1763-1772. Recently, Zhang et
al. (1999) Human Gene Ther 10:1735-1737 reported that high levels of foreign gene
expression was seen in hepatocytes following tail vein injections of naked plasmid
20 DNA.
Thus, in a preferred embodiment, the expression cassettes described herein are
injected intravenously (e.g., into the tail vein of a mouse) in amounts, volumes and
durations that are sufficient to achieve expression in hepatocytes. Determining such
amounts and volumes is within the purview of one of skill in the art. For example, the
25  volume of DNA injection is preferably relatively large, for example between about 1
to 10 mL, more preferably between about 1 to 5 mL, even more preferably between
about 1 to 3 mL, and most preferably around 2.5 mL. The DNA may be administered
in an agueous solution or in any pharmaceutically acceptable vehicle such as Ringer's
Solution. Other acceptable vehicles are known to those of skill in the art and are
30  described, for example, in Remington's, supra. The amount of DNA can be similarly

determined and is preferably between about 5-1000 pg, more preferably between
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5 The final constructs can be used inmmediately (e.g., for introduction into
ES cells or for liver-push assays), or stored frozen (e.g., at -20C) until
use. | n swow2ossshddi nents, the constructs are |linearized pcirarsorol7ose, for
exanple by digestion with suitable restriction endonucl eases. 2.4.0 Liver
Push Animals 10 The expression cassettes of the present invention may be

i ntroduced (extra- genomcally) into an animal in order to practice the

nmet hods descri bed herein. H gh 1levels of foreign gene expression have been
obtained in nmuscle and liver via direct injection of naked plasmd DNA. In
addi tion, higout &0 endS¢l neant ewsimere preferablydebeeenabhitelleand$P0dig ect ,
|ntravascula dnlnstEatlon .of nake

suppl yi ng t heFHSYRPT, IS icctigns agégrege\f‘%qw ferpaqvemptdl§§O)tﬂes%qu1é‘?1¥§[‘s1§1&7ls 1465-

1468; Budker inpdctealt oviel @ PbriodREECthANE imiBiuted InS8 Pie BBy Qe ss@har?l midut&Oh CGene
Ther 5:272-276; Zhang et al. (1997) Human Gene Ther 8:1763-1772. Recently,

Zhang et  al SVepTO@OPL Iy legsf aﬂl’%?“%ﬂsﬂ% 1737 reported that high levels
of foreign gene expression was seen in hepatocytes following tail vein

injections of naked @gqgégﬁqggﬁg%lm Thus, in a preferred enbodi nent, the

expression cassettes _ erein are injected intravenously (e.qg.,
into the tail vei 'tﬁha)éxmessmmsessettes elitbel ptesgnt wolentis map the _irdpcrdatécbim& thhat are

sufficient to achi eve ex rlessmon in Q%(%gt ocyt es. .Def%e%rm ni nsg j{.,:ICh anount s
and vol umes $EOMHiA APHEA JBPIACELD BP Tagpgenig Amals IPTIrResES OFRClSBgD| e,
the 25 vol unge eI df '@lhe%ﬁ%ée‘ﬁﬂlﬂvﬁntwneflﬁra%ﬁ’éﬂrr&?&ﬁ%dﬁfﬂeﬂt éfecﬁegﬁnesér@ r exanple
between about 1 to 10 nml, nore preferably between about 5 nL, even

nmor e pref er alventisa Vh@émnsmammahe agremgenmdmsﬁor px@ﬁpic,abﬂnyum o 2.5
mL. The in an %cllréeous sol ut| n or i.n

phar maceut i cglﬁ ¥y %gcgwt‘ élbﬁsleg%t SRIPENERIOILE Uspq 354 re§’° %rofrﬂat%l%ls t%ﬂlﬁa&y

accept abl e vehiied est Ring dariowst, llOln@hﬂﬁﬁhLﬁﬁarﬁﬂﬁaﬂshem@aﬁlﬁﬁl goit e)@ lahe 30
descri bed, for exanple, in Remi ngton's, {)ra The amount of can be
simlarly deYiBEiHEEEHNEPdest (ﬁtgefaéﬂ%}lfp I Bt e e iesbefliiransiormeidorpteghnigusse

Gven more pr o STa Y B abdt Mok B B o6, the o

injections are pr@fBiratd ictehjattioreihy muei: dixp@esglon chirett€ddanibe nyietoifEctb®
inj ected]aﬁver a period, Iess than 2 mnutes, nore preferably less than 1

m nut es npﬁeraglrg% lcpl wal&gncgmppt% tgg}@@mscally transfer the
recombinant DNA. This method has the advantage of not exposing the DNA to

cellular compartments other than the nucleus and of yielding stable recombinants at
high frequency. See, Capecchi, M., Cell 22:479-488 (1980).
For example, the expression cassettes of the present invention may be
20  microinjected into the early male pronucleus of a zygote as early as possible after the
formation of the male pronucleus membrane, and prior to its being processed by the
zygote female pronucleus. Thus, microinjection according to this method should be
undertaken when the male and female pronuclei are well separated and both are
located close to the cell membrane. See, e.g., U.S. Patent No. 4,873,191 to Wagner,
25 et al (issued October 10, 1989); and Richa, J., (2001) “Production of Transgenic
Mice,” Molecular Biotechnology, March 2001 vol. 17:261-8.

(ii) ES Cell Transfection: The DNA containing the expression cassettes of the
present invention can also be introduced into embryonic stem (“ES™) cells. ES cell
clones which undergo homologous recombination with a targeting vector are

30  identified, and ES cell-mouse chimeras are then produced. Homozygous animals are

produced by mating of hemizygous chimera animals. Procedures are described in,
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5 2.5.0 Transgenic Animals The expression cassettes of the present

i nvention may be introduced into the genone of an animal in order to
produce tweanggesdt ani mal s for purposes of practicing thecratShwdy7of the
present invention. In a preferred enbodi nent of the present invention, the
transgenic animal is a transgenic rodent, for exanple, a nouse, rat, or 10
gui nea pig. Wien a light-generating protein is used as a reporter, inmaging

is typically carried out using an intact, l|iving, non-human transgenic
animal, for exa a_living trans%enl‘g rodent (e.g., a nouse or rat). A
variety of t¢8n gﬁhﬁﬁoﬁﬂ%‘@ﬁhﬁa@s( 92k Alearinglespesninianimdebpgene Those

met hods i ncl {,ég etlglg,e Atrﬁluaf) \;]gw (gt‘ﬁnngnofég 1@@%8%&] ection into nuclei:

Expression cas can m crolnjec rectly into aninmal cell

nucl ei using micr@pj EE’E:tr&porhtﬁbrﬂﬁﬁbEN&'ablhtylniﬂgEtBSEﬁireﬁshﬁl cak@peydf thant DNA.
Thi s met hod has the advant agie of . not exposing the DNA to cellular
conpar t ment sPTEEHENYERHPR eaealsnby Bireduged e ﬂ% @lﬁﬁlrﬁfné pyslestrpperaiign. Aant s at

hi gh frequengys teéﬁﬁ%ueC? ¢ Réns M elegf(%é/ or4éd fh'tle né%%%ﬂc%g)g@NA cgﬁta}‘?ﬁg@é the

expressi on cassette e pr esent ention mcroin into
the early nmaéoprgsonwabetts. Eifsctacezlygxpulsesaﬁ gl fwldasremg:th sévetsibla beameabilize
formation of

the nal e onucl prjor to its being processed
by the zygo]?IQHPE’r]?é"I‘r@sp itk %gﬂf@r‘ﬁ} oﬁlﬂﬁeraﬁg’r’ﬁ Eerl(k} £ POFFS SERHIAUEREL 0 t hi s
met hod shoul gdebifpoddtRrjeplR ih ﬂ(é&f@n&i@érﬁol@&ﬂe&f ﬁ'ﬁﬁla@DN& WS&e@hte@ra?e vel |

separated and both are” |ocated close to the cel nbrane. See, e.g., U S
Pat ent No. 4d&egbadbm, ¢.g.. Ratjersi., e28l. dTroaINatQuAs:adeSblOdtSobem 1ta1- ’ZIJEESQ), and

Ri cha, J 0 f. Transgenic Mce," Mol ecul ar

Bi ot echn%q ogél%%ﬁaragﬁgﬁ’@gTo 0&’ 1 7 261-8. (ii) ES Cell Transfection: The-DNA
contai ni ng the exgyessichim 9@@%@& qﬁtaﬁdsre ThR'eR Sﬁ@&hoﬁ PasStds Ay Gldd |l so be

i ntroduced into enbryonic stem S") cells. cl ones V\/m ch undergo

honol ogous r@é‘@fﬁéﬁﬁldﬂiwﬂﬁ\m’ﬁﬂ@f mﬁﬁg’éﬁ Phejirecs vpeke, dpeexampled @ping hlsthm and ES
cel |- mouse cRiJIBEAS SUee gé%ﬂar%?%“%ﬁﬂ IR BB TR B sy (RIS )

mati ng of he gous Chi fgra  ani mal’s roce ures are 43 WO
02/ 088305 PCHddSS0RBrddl,dh.16e. 9., Kol | er B. H. and Smithies, 0., (1992)
"Altering genes in aninmals b ene E eting", Annual review of immnol ogy

10: 705-30. (iii) ©)ddRISPISEH: I}CéPﬁul&FW@ A Sfthin witifigial membranessiclsh
cassettes of gfrpr Some @émrecr lﬂyﬁg%h%?tl{%aﬂbo%lﬁgs P&n B ERAVES Ot b Ank D, ani el

cells by ele t|on
also be used to introduce DNA into animal cells. See Mannino, R. and S. Gould-

Fogerite, BioTechniques, 6:682 (1988).
(vi) Viral capsids: Viruses and empty viral capsids can also be used to

20  incorporate DNA and transfer the DNA to animal cells. For example, DNA can be
incorporated into empty polyoma viral capsids and then delivered to polyoma-
susceptible cells. See, e.g., Slilaty, S. and H. Aposhian, Science 220:725 (1983).

(vii) Transfection using polybrene or DEAE-dextran: These techniques are
described in Sambrook, ch.16.

25 (viii) Protoplast fusion: Protoplast fusion typically involves the fusion of
bacterial protoplasts carrying high numbers of a plasmid of interest with cultured
animal cells, usually mediated by treatment with polyethylene glycol.
Rassoulzadegan, M., et al., Nature, 295:257 (1982).

(ix) Ballistic penetration: Another method of introduction of nucleic acid

30  segments is high velocity ballistic penetration by small particles with the nucleic acid
either within the matrix of small beads or particles, or on the surface, Klein, et al.,

Nature, 327, 70-73, 1987.
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5 this technique, animal cells are electroporated in the presence of DNA
contai ning the expression cassette. Electrical inpulses of high field

st rengt h wewetwsdshs y perneabilize bionmenbranes all ow ng tReTiUsbz/odo€t i on of
the DNA. The pores created during electroporation permt the uptake of
macr onol ecul es such as DNA. Procedures are described in, e.g., Potter, H,
et al., Proc. Nat'l. Acad. Sci. U S A 81:7161-7165 10 (1984); and

Sanbr ook, ch. 16. (iv) Cal ci um phosphate precipitation: The expression
cassettes may also be transferred into cells by other methods of direct

upt ake, for exanim,tecisiiqng tha‘Jcmhlbmuse}m@apﬂﬂ@dwe Dbe inte tige anifwladedsvf F., and
A. Van der Eb, ViroJogy 52:456-467 (1973); . and Sanbrook, ch.16. 15 (v)
Li posomnes: Eh%léﬁgwﬁ?lﬁﬂloﬁ?dm ﬁrﬁmﬁgﬁmaﬁmmaﬁ%ﬂhn%aﬁr%@ YWY es

(11 posones) rfahbosethPrahueirikAl aidifr FROTANRS, WehddiberdaigBiy cel

menbr ane can be” use to I nt uce DNA intd anina See Manni no,
R and S G@dl]liﬁ7166§;eﬁ\ﬂampulllmthhc Mo wse Esnbr go Sﬁla(omﬁa&&)y Ménula),” B’rlgml capsi ds:

Vi ruses SO0 b s 20 incor te DNA and
{r anof or St nERERA ¢ 5L oG g ap s 3 i bl St gt Fsorat ed
into enpty %bypﬁ?i% S’éﬂt@:hbé?rapﬂnge@ﬁﬁEﬁ%ﬂ@léé{ﬁfp%%tﬁ)ﬁ hHQﬁ%%H@ante’?%sd%eptl bl e
cells. See, | il Aposhi an, Science 220: 725 (1983)

(vii) Tr ansfewandrha&bc gg/opml 'scbbfebreaélir/ ammbbehmtrmbstim@érac@umﬁ thues are

described in plast.fu |on r ot

st on typi CHERSA FnpeEe Flsd PRehdelitorasoBL RGhors So RSBy ng

hi gh nunber e Wﬁ1cﬁ|ai9§diﬁll§| oBfainaBlecih @ fiallWubdbefsUfidtb Rk ctidn dFBdilyGhlo mucldisual | y
medi ated by treatment with polyethylene glycol. Rassoul zadegan, M, et al.

Nat ur e, 1095 maye(ro@pable. (Alsg, veierq 3 Bisheffisensy of N incasparpgn lsresem@@llm
intr oduc_t : 0”%1§£rt£1+! C%u%h Gs ?}Iﬁféﬁq r%?atﬁﬁ%ﬂ?%é?trl]la Zlﬁ@blgzpse\f&lt %(fé ﬁ%’thkgfa as d?sﬁugseg he

penetration snal par es W el Cc acl

matrix of smbbve)pdisads mieropdection s nuolei ioan hiveansagebaceecthbll Bbdansetyprblly
Nat ure, 327, 70-73, 1987. 44 02/ 088305 PCT/ US02/ 11770 An t echni que
that can be Sus¥Aof resied edisoullprpe siably ingraporateihe micreigiested ce can be

eTP!oyen (i ORI RSPS9 Yon RPNyl

15  shortcomings, as described by Ellis, J., and A. Bernstein, Molec. Cell. Biol. 9:1621-
1627 (1989). Where lower efficiency techniques are used, such as electroporation,
calcium phosphate precipitation or liposome fusion, it is preferable to have a
selectable marker in the expression cassette so that stable transformants can be readily
selected, as discussed above.

20 In some situations, introduction of the heterologous DNA will itself result in a
selectable phenotype, in which case the targeted cells can be screened directly for
homologous recombination. For example, disrupting the gene hart results in resistance
to 6-thioguanine. In many cases, however, the transformation will not result‘in such
an easily selectable phenotype and, if a low efficiency transformation technique such

25  as calcium phosphate precipitation is being used, it is preferable to include in the
expression cassette a selectable marker such that the stable integration of the
expression cassette in the genome will lead to a selectable phenotype. For example, if
the introduced DNA contains a neo gene, then selection for integrants can be achieved
by selecting cells able to grow on G418.

30 Transgenic animals prepared as above are useful for practicing the methods of
the present invention. Operably linking a promoter of interest to a reporter sequence

enables persons of skill in the art to monitor a wide variety of biological processes
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0125571658; "Mani pul ati ng the Mouse Enbryo : A Laboratory Manual ," Brigid 5
Hogan, et al., |ISBN. 0879693843, Publisher: Cold Spring Harbor Laboratory
Press, Paib.o2i0sd3e3 Sept enber 1999, Second Edition.). El ecPComsoz1i’on has

t he advantage of ease and has been found to be broadly applicable, but a
substantial fraction of the targeted cells may be killed during

el ectroporation. Therefore, for sensitive cells or <cells which are only
obtainable in small nunbers, mcroinjection directly into nuclei 10 may be
preferable. Al so, where a high efficiency of DNA incorporation is

especi al | y mnploittgaaxipressionlof & genafiohrowhiah itlenprodrolten it detrived.uShe tfinsgenic

sel ect abl e nnr.kei\'ﬁé)(fﬁ]%‘:t di scussed. above), direct mcroinjectign into nuclei

i s an advant #t¥8 WGEFIh aRSHQn thatpoamriss thesexprassion cassptiistod HHecRipest wi | |
have stably jnReRidisiad atrﬁ!é:‘ang'fcﬁrsﬁﬂl@ﬂ Gftlsai t@'%ser?@ﬁfo@é’ bfo%!essé’seééttﬁé}so&'il? al so
highly efficient but in sone cases they are subject to other

short com ngsi e, dewlhabetdelbyldﬂleIthesmechamsamahnderlyaag Heseprocedsy. ec CeI .

Bi ol . 21- 162 19896) \Wer e |. ower Jenci; t echni quL%es are u]Ls? such
as el ect opor at i of IESHCEE (O esayh e P&‘E?"B[‘gt"'é TS FasPRUSS B EmPIoYidon, i t
is preferabl Egﬁtcgeh@mﬁngapromh 8¢ h adfoteMRigliGice] the itMitBNRE BESIRAsPADFCI te SO
that stable transformants can be readily sel ected, as di scussed above. 20
| n sonme sit udciferase repmtercﬁmtqsw@mC@settqselsmetn@nomgwsv@wnmm imagéng Hasr esul t
in a select [ n..be
screened di r%;(%%1 %694}%%%?%?% od?c?\tgv'sgd ‘r%g%g%%eﬁlﬁia\{a?ostn (ggifg%‘gﬁ%@g%“ss e%tl ng

t he gene har22 hegbeA and A{peﬁ l1$t20®tleresp@t16e1§rj‘ﬂ3@tgh@,m e al, Nasira Wedicibes ,
however, the transformati not result in such an easil y sel ectabl e

phenot yp and(2)p$5 847’01/99& ?P@F‘&rféyettall dh%t dPRdndHoredipiCpisakuch 25 as
cal ¢l um Phosghahesds end idhloifled R2REHM 1996 Gortde, CHPELHCPARb Bk hNC! ude

in the expr ssette a sel ecta mar’ker
i ntegration ofd Phr&obzeiqgwééeﬁl)cﬁ%é&slsmWermag he Hgesahy@/oledulan Mizdobiology

Genc, then URAERYBROoD05 SR iFeaing AP GEYARH SUSH: OlPI0u GO TR EEER] o

able to groweRef# i ex3RplE! Qe%gélb&up'i&i IR PCPPAagEr2S above are useful
for practicing t he met hods’ of he present |nvent|on Qperably linking a

pr onot erlSof i nt er €bus, imore ¢X@prpilarﬁpr®edm@n'ceranmat¢l relse pargogsxmessida | | i n
the art to nmonito wi.de va cal Ss 088305
PCT/ US02/ 117"7363“5"'&\981“9{1?%8% 8%@5! n?)eﬁ“ 4“&“8 %ﬁ%ﬁ?%‘épeﬁ%‘é}‘mt er is

derived. TheliiKeans agndiferasdtnd®difg pa‘poﬁaeseqwﬁ@ ﬁﬁayl H%\{ﬁéld toPmohiRRICypARIi se the
expressi on cassettes of the present
or CYP3A4-mediated drug metabolism. The transgenic animals of the present
invention that comprise the expression cassettes of the present invention also provide
20  ameans for screening analytes that may be capable of modulating such toxicity and
metabolic processes and thereby identifying and characterizing compounds for safety,
possible toxicity and pharmaceutical applications.
Methods of administration of the analyte include, but are not limited to,
injection (subcutaneously, epidermally, intradermally), intramucosal (such as nasal,
25  rectal and vaginal), intraperitoneal, intravenous; oral or intramuscular. Other modes
of administration include oral and pulmonary administration, suppositories, and
transdermal applications. Dosage treatment may be a single dose schedule or a
multiple dose schedule. For example, the analyte of interest can be administered over
a range of concentration to determine a dose/response curve. The analyte may be
30  administered to a series of test animals or to a single test animal (given that response

to the analyte can be cleared from the transgenic animal).

Thus, in one exemplary embodiment, transgenic mice carrying expression
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invention provide a neans for skilled artisans to observe those processes
as they occur in vivo, as well as to elucidate the nmechani snms underl yi ng
t hose prowel2088305 Wth respect to transgenic ani mal s car PZITUHOBEXPressi on
cassettes that enploy a |ight-generating protein as a reporter seguence,
the nmonitoring of expression of |luciferase reporter expression cassettes
usi ng non-invasive whol e ani mal imagi ng has been described (Contag, C et
al, US Patent Nos. 5,650,135, and 6,217,847, issued 22 July 1997, and
April 17, 2001, respectively; Contag, P., et al, Nature Mdicine 10

4( 2) : 245- 24 7casseigg comprising theCyp3éyl 1ar CYBSA4T@PSRotm opershlydinked taGpt i cal

Phot ochor o Fo oA RASHs ey SR inag B Rod Wk o B eSO 8 o1 al,
Mol ecul ar M @indiiatd @ypouhd 04 )Cyp331 603CYPIAG )expBudin.| ThOichdttofPhssal | y uses

at | east one photo defector device elenent, ?or exanpl e, a charge-coupl ed
devi ce ( CCD)SXPareats desonpiate thahths iansgeaipgnige of &%@ﬁeﬁblﬁf’?mtoﬁmg@]i c nice

carrying £x i i Sl t rived from

Syps o CHRRY e anfhb i R B B e e Lo rt e

sequence nay be uShdcreationamdiphenélypid AhdracterizadRIbdranspdhitadimads t@mprising
invention that conprise

met abolism T ransgeni c .ani s, of  the_ presen ]
t he expres_si‘?)&%géégéﬁ 8e1511S aﬁg%?%gﬁ@mm&?f’é Ogll%]&" prlovige 20 a neans
for screeni nganadvh8sn hﬂ%d%&’scﬁﬁe&ﬁ@?y&hﬁl&é D ode! a?gliéy&*ihé oxicity and

met abol i ¢ processes and thereby identifying and characterizing conpounds

for safety, chaastirizagon okirgisggnia animakserompeisingi Ci3Adp ptansgeneons. Met hods of
adm ni stration of ~t.he. analyte include,. but are not limted to, .injection
(subcut aneousl y, SBF%@&&&%%§%“$ﬁ?@&&@Pﬁéwfyﬁz&5nF¥§H%88§EﬂH@§w¥W1 nasal

25 rectal angranagig@npoundd sffRe0E k%?fessibﬂbf,%ﬁé)@ﬁ@le, HeAunPh CYP3A4

i ntranmuscul ar. O her nodes of adm nistration include oral and pul nonary

adni ni str at | @We asappesIlyosifelowsand  transdermal applications. Dosage
treatnment may be a_.singl.e e, or | tiple dpse schedul e. For
é%ﬁserﬂ) li. nl?l? ﬁl%reﬁgeh l%qué)ogteg g«ren&n?xn?ees%%g, edg/efr?lcﬁ a§eag]eél8 of

exanpl e, the analyte o erest can

concent r at i ogkpr@sid@trRgazuiee by clgaebf BH GRSEthe UiveLregbACnaB R onketo Tt agnt30
adm nistered to a series of test aninmals or to a single test animal (given
that responsw®ithdex prafl aHighyipducign imbives|(aigfeaebly gensier Heantar saua)énile-feldi nal ) .

oS oS AT EIURERR) s ROUADG TR LTI RS,
pronot er opewaighty dnifok édlutidomin liver (preferably greater than or equal to two-fold

induction over basal levels) by rifampicin (e.g., administered at 50 mg/kg body

weight).

20 Criterion 2. Greater induction in the liver region relative to other body regions
of the whole animal.

Criterion 3. Basal expression seen in the liver region is greater than or equal to
basal expression in other regions of the animal’s body. A lower level of intestinal
expression, both basal and induced, relative to expression in liver is preferred.

25 Criterion 4 (may optionally be applied). An increase in reporter gene
expression, e.g., luciferase as reporter and expression measured by output of light
from the liver region, in response to treatment with at least one of compound selected
from the following group: phenobarbitol (Phenob), nifedipine (Nif), 5-pregnene-3b-
OL-20-ONE-16a-Carbonitrile (PCN), and clotrimazole (Clotrim). Additionally

30  pregnenolone (Preg) may be employed.

It has been reported that hPXR is the xenobiotic receptor mediating CYP3 A4

induction in cell cultures. The seven compounds described above have been shown to
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| uci f erase-encodi ng reporter sequence may be used to nonitor the effects of
a candidate conmpound on Cyp3All or CYP3A4 expression. The results of those
experi merwe odes3nstrate that the transgenic mce of the prezarsvzirventi on
may be 5 used to screen conpounds which may be effective pharnaceuti cal
agents. The creation and phenotypi c characterization of transgenic aninmals
conprising a CYP3A4 transgene is described in Exanple 6 (see also Figure
22). The characterization methods described in Exanple 6 may also be
applied to the <characterization of transgenic animals conprising Cyp3A 1
transgenes. adiva@ hR¥Riiac¢lbeulget trydrioys degrees(Sde of Ani008t Gemsdeyv. LOUER nt

e o SR BT ER O O Sy S BB SRY 3

i ncrease i n3pemOiPpRhrs RN RIL XDGRHS NINandEPbnob Wéed Bt RSN HBBLINdEER &S On
measured by output of light fromthe liver region, inresponse to treatnent

15 with dex C&P3nA4f exprpsgien; walke PesrPGIN apd P@g wﬂe steakesinducgrseHpwevathan or

| tos10
i st 2y od uipf bERANHS AlefKEchaE Bl WE dbba PATARIAIRI QIO E0E ol B
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body. A | owspripus\degress, thegealata syaport giap thessariima! mpdelhs Beetulfonsseeeninguced,

rel ativegt o e essiptn iver is preferred. 25 Criterion 4 (may
optiona??y be ap Qfﬁl 8‘% ‘An increase in reporter gene expression, e.g.,
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in cellqgulturesc own to
|0 cel | psul Lur es o T aRy ese OTRaUAYSal i ABHARPYSe iR GoREa0; A

enzyme expressed in liver. The CYP3A4 gene product is believed to be pivotal to the
metabolism of many exogenous chemicals (xenobiotics), including, but not limited to,
therapeutic drugs, as well as endogenous substances such as steroid hormones.
Changes in the level of expression of the CYP3 A4 gene can dramatically affect a

20  drug’s elimination and, as such, have a large impact on the drug's effectiveness.

2.6.0 Monitoring Promoter Activity
Activity of the transcription control element sequences comprising the
expression cassettes and vectors of the present invention may be monitored by
detecting and/or quantifying the protein products encoded by the reporter sequences
25  operably linked to those promoters. The particular method used to monitor promoter
activity depends on the reporter sequence employed, and may include, for example,
enzymatic assay methods, as well as, in the case of reporter sequences which encode
light-generating proteins, in vitro or in vivo imaging.
For example, promoter activity in liver push or transgenic animals carrying the
30  expression cassettes of the present invention may be monitored using in vivo

bioluminescence imaging (see Contag et al., (see, for example, Contag, P. R, et al.,
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activate hPXR in cell culture to various degrees (Xie Wet al. 2000; Genes
Dev. 2000 Dec 1;14(23):3014-23; Goodwin et al 1999; Ml Pharmacol. 1999
Dec; 56(6)w032088389). It appears that Rif, Cotrim N f aneCPhsowbi7ner e
relatively better inducers of CYP3A4 expression, while Dex, PCN and Preg
wer e weaker inducers. However, a 5 human hepatocyte study suggested Dex was
a good CYP3A4 inducer (Ledirac et al. 2000; Drug Metab Di spos. 2000 Dec;
28(12):1391-3.). The results presented herein show that Clotrim Dex, PCN,
and Nif induced:the transgene CYP3A4-luc better than other three

conpounds.  Ii0YRY &Vature Medl UtiyS- B Xaptg, COH., Rt 89 (199 Pastothéen Phalds@ene t o
various degrees, these data support that this aninmal nodel is useful for

screeni ng 160C2P3H4 Contageer B> eBlp #9990 M MisratinlEe59h6@3pport of t he
present inventi oRjadi.cat . 0 ot anal hPXR gene
product is not egggﬁg#a ]f%&$%£w&ggyéﬁBgﬁ%ﬁégﬁﬁﬁm?g%ﬂgg%ggﬁ?yﬂ %%%;gene
reporter inpeodessessgdnwiich tion prommaer, is assooiatedodt may further beraployekiper i ment s
(see, e.g., Exancgldgs 2 and }612 15 Cytochronme P450 CYP3A4 is an inportant
human gefie fHFEROISEISErerRRe aRAlYEH FpiA Tagiads thage prpcpsseedt thapwmolerdevelgene

product is %%EH%%%thPhﬂﬁcPﬂFﬁﬁﬁ%g%ﬂgﬁ?e met abol i sm of many exogenous
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as wel | as endogdiwmesinonbssmEncesths ivhntam, Sivermish ohtramsgeis anin@iacgssng n t he
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enzymatic ass%¥ nmet hods, as wel |l as, in the case o rg&P er sequences
whi ch encod& Yi3iAshprogeaierrliier Rushprdtaasgegic migey The gesults phihe liver pushgi ng.  For
exanpl e, pr I.V] i i . r enj imal s .carrying the
30 expressig%R%gégggpééb%]akﬂgh%%@éggggﬁﬁgéﬁef%ﬁﬁﬁﬁ§h§%%ﬁgﬁﬁpgﬁ§d using in
vivo bilBl upresesicianaeion g eguses eeinvesiiga@ thé padsible ox@tty ah@ needMPMef
Contag, P. R, et e 48 02/ 088305 PCT/ US02/ 11770

ntag IcDirug gy th%gr effect onvge Cypggll or CYP3A4 promoter-mediated gene expression

during the process of drug metabolism.

2.7.0 Screening Analytes
The methods of monitoring promoter activity discussed above may be
20  employed for the purpose of screening analytes (e.g., candidate drugs) which
modulate a variety of biological processes, the toxic and metabolic effects of which
can be evaluated by determining expression at the promoter level. Screening may be
accomplished by means of in vitro assays employing transiently or stably transfected
cells, and may also be conducted using the liver push and/or transgenic animals of the
25  present invention discussed above, either by themselves or in conjunction with other
wild-type or transformed cells or tissues that have been introduced into those animals.
The particular assay method used to measure the effects of various candidate
compounds on promoter activity will be determined by the particular reporter
sequence present in the expression cassette carried by the cells or animals employed.
30  As discussed above, promoter activity in liver push or transgenic animals carrying

constructs employing reporter sequences encoding light-generating proteins may be
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(1998) Nature Med. 4:245-7; Contag, C. H., et al., (1997) Photochem

Phot obi ol . 66:523-31; Contag, C. H, et al., (1995) M M crobiol.

18: 593- 608P.02/883D3 Oori ng pronoter activity in turn enabl es PCRAISOD1ATONI t OF

t he biol ogical processes with which that pronoter is associated. It may
further be enployed in 5 nethods of screening anal ytes which nodul ate those
processes at the pronoter level (see discussion in the follow ng section).
Thus, in one aspect of the invention, liver push or transgenic aninmals
carrying expression cassettes conprising pronoter sequences derived from
P450- r el at edmgasnesd byomearsulex aiotabeyendlsdsrorbednaanovthety vive itiggflg t 0

noni tor drug netabolismand 10 possible toxicity. The effect of drugs on
Cyp3A 1 or teyiptgue ’?ﬁeﬁ?l&eﬂ%‘ﬂmﬂs&’ Snle iRk SPhERIPE B AR INBIHESSAt ohi s aspect

of the invengjOBsda¥i hdtetd ¥RolktbBoi ng of Cyp3All or CYP3A4 pronoter |iver
push or transgenic ce. The résults of the liver push experinents
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2.7.0 Screening Anal ytes The nethods of "nonitoring pronoter activity
di scussed abme @B Ald, CAP3&dprisyedoreter adiitpiaithosby affetingsignalng anal yt es

e.g., candi dat rugs),. which. nmodul ate a riety of biological.processes,
E hegt oxi ¢ antéarf‘?g’t“gtbo&’lgﬁ%h%afyfs Eléattéle%efss Ygﬁce%eaﬁanﬁ‘ér\{%wgloﬁ&’? ég‘%ﬁt@ ?Jfg{)célpfh ni ng
expressi on agradsb@pisrosmheP4b@y¥&le. Screening may be acconplished by neans

of in vitro assays enploying transiently or stably transfected cells, and
may al solbe conduEelewresginggurpnses, iappioppiis hogrells preferahlydarst eclkrfprmal s of t he

25 present | AKGOLLANCH SEHSSBf oAl ONReiEl LHSLRY LASIRELNSS: Oy b

conjunction w 0 pe or transtormed cell's or tissues that have

been i nt r oduegdessivnovettvasenatisir Sreportétezepa(d. g.cukAéraas dpyrabBtiheed used to
nmeasure the effects of various candidate conpounds on pronpter_activity
£ 8F°

will be det eFMhée-tiitheneypitth auffaP3rtsmne sromeiegeéHisimypiaantten t he
expressi on Casel e deRN¢ b e RerhbSdds 'V%ﬁo&rtea@h@@e@m B e a1y AS:

di scussed above, pronoter activity in [iver push or transgeni ¢ ani mals
carryi ngl5 comgpressonofenplepyiterggene p®hd exprassipnentibiedby datkacellsicainbe gener at i ng
proteins rmycot%r(?paré1 to@p?ezséigg %(%?cel?lgtr{xal’g%voe% r]i(gi?e;gosed to the test substance. A
compound that modulates the promoter activity of the P450 promoter will result in
modulated reporter gene expression relative to the control. See, e.g. Examples, below.
Thus, one aspect of the invention is to screen for test compounds that regulate
20  (ie., stimulate or inhibit) gene expression levels mediated by the P450 (e.g., Cyp3A)-
locus derived transcription control elements (e.g., promoters). Screening may be
accomplished by, for example, (i) contacting host cells in which the P450 promoter
disclosed herein is operably linked to a reporter gene with a test medium containing
the test compound under conditions which allow for expression of the reporter gene;
25  (ii) measuring the expression of the reporter gene in the presence of the test medium;
(iii) contacting the host cells with a control medium which does not contain the test
compound but is otherwise essentially identical to the test medium in (i), under
conditions essentially identical to those used in (1); (iv) measuring the expression of
reporter gene in the presence of the control medium,; and (v) relating the difference in
30  expression between (ii) and (iv) to the ability of the test cbmpound to affect the

activity of the promoter.

Alternatively, the transformed cells may be induced with a transcriptional
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measured by neans of ex vivo assay nethods or by neans of the in vivo

i magi ng technique reference previously (enploying, for exanple, a

bi ol um newoenawss3ns fl uorescent protein reporter). Thus, omeTaAspEct77®©f this
invention is the use of the expression cassettes and 5 vectors for use in
screening for toxicity (via induction of P450 pronoter activity) or

phar macol ogi cally active agents (or conpounds) that nodul ate expression of
P450 (e.g., Cyp3All, CYP3A4, etc.) pronoter activity, either by affecting
signal transduction pathways that necessarily precede transcription or by
directly affiadtdengsuch aafis¢rar AiNalphd, fodskolitd dbugeniec ANIP, b0 plsbelaRpay

pur poses, approprlate host cells, preferably |liver cells for nonitoring
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Exanpl es, bel L OV n%l o g & gr?%t of the invention is to screen for test
corrpounds t hat &% fT €', stimulate or inhibit) gene expression

| evel s nedi at ed bfl?hﬁshﬁ al:fﬂﬁﬁet(a@p@t,,th RSN inve RGOS prdeidey BRtHIRBE MEAREINEN
control elenents 153)(: ? ﬁrom)ters Ccreeni ngﬂmay be acconplished b f or
of igs

exanmpl e, 1Q i )the ghil eogppouaf & modu ke Cp3Hd opAB0P 3 oraseiptioni bye | ®sed
herein is opgrahl }ﬂé' gq%teééut “ﬁnéhetﬂgﬁﬁﬁﬁglepfg‘x{’?ﬂ4%r&ﬁét%r RN ei?fg}ga' ni ng

t he test conpoun con |t|ons expression o

reporter gengop2ablyi lnﬁkedMawpongr tdre veikparemdieen odfhetphemoepadtivity ugeste i n t he
presence of the test nedi P (iii) . contacting the hgst cells with a
control rmedi tARCHNDE B gk %f"r@éﬂ‘i@éﬁlw ¢fBe fepgiter %ﬁ?ﬁp@ﬂﬁ@aﬁﬁtngltbe ot her wi se

essential ly ldentieal tltlé)re%)ﬁlg LAt il fRd 'ab's%h&@of(th% tesf"nggéjo ﬂghetéchQﬁ

essentially 1dentical se used In (rv) exp‘cfyessi on
of repold erhcgsenélﬂ tn thdwmq:qoawennéeldterpher momnmdthnameﬂyumh amalfte(rv) rel ating

the difference. in ression et en L) an to the bI|ty of the

t est corrpoun‘bonf%?u&g’ftgﬁflgitﬁg EP%\lﬁ gy fﬂéﬂeﬁﬁlﬂfﬁt&tﬁ% CXPAPSS tth%ely, the

transfornmed egbhs gAY iPBelpébef@b Mhd Qs@coﬁﬁp’éﬁﬁ&,rdnﬁtd@ Rahtingd8e difference in
expression between (ii) and (iv) to the ability of the test compound to modulate

Cyp3Al1- or CYP3A4-mediated transcription.

20 Because different inducers are known to affect different modes of signal
transduction, it is possible to identify, with greater specificity, compounds that affect
a particular signal transduction pathway. Further, Cyp3Al11 or CYP3A4 has been
shown to be upregulated in processes of drug metabolism. Therefore, such assays
provide a means of identifying the toxicity of compounds t by their effect on

25 Cyp3All or CYP3A4.

This invention also provides transgenic animals useful as models for studying
other physiological and pathological proceéses that involve P450 (e.g., Cyp3All or
CYP3A4) gene expression.

Various forms of the different embodiments of the invention, described herein,

30  may be combined.
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WO 02/ 088305 PCT/ US02/ 11770 inducer, such as IL-1 or TNF-al pha, forskolin,
di butyryl -cAMP, or a phorbol-type tunor pronoter, e.g., PMA

Transcri pwoonassexti vity is neasured in the presence or 0348081070 a

phar macol ogi ¢ agent of known activity (e.g., a standard conpound) or
putative toxicity (e.g., a test conpound). A change in the |evel of
expression of the 5 reporter gene in the presence of the test conpound is
conpared to that effected by the standard conpound. In this way, the
ability of a test conmpound to affect P450 (e.g., Cyp3All or CYP3A4)
transcri pti opxpfiEnvieRgaf.el ati ve toxicities of the test and standard
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cell in which t 3A r ter, disclosed herein, is
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conpound; (iii) e&%ﬁ@?ﬁ@} ceIIs to the test compound either
prior to, simult aUﬁIéﬁﬁn)rhc‘MeU'bthéNvls@f the Expéﬂ?ﬁgr@sc&és&%edtﬂéﬁelﬂ%l;e {”drﬁlew t h
the inducer; (iv) neasuring the expression of the reporter ein
presence of usmg staglaréowpwdad; and (iv) relating the drfference in
expression between (ii) and (iv) to the ability of the test conpound to
nodul ate Cyp3All- or CYP3A4-nedi ated transcription. 20 Because different

i nducer sioare known to affect different nodes of signal transduction, it is
possible to |dent|fy, with greater specificity, conpounds that affect a
particul ar si gnal At r anBicAmplifisatiomay . Further Cyp3ALl or CYP3A4 has been

2ssays provide. oG asBREREESAGE Abycll M TRLARDL ST 108 RAEOR: by 'Chei 1
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ani mal s useful as el s for studying other physiological and pathol ogica
processes t h@?okﬁgg?qy@miﬂﬁﬁm(reoé LH é\?%BK‘PFSM Lreveygopaimerg b Hb (X BExRfsi on.
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Technologies). The PCR was carried out as follows: 3 minutes at 94°C; 30 cycles of

30 sec at 94°C; 30 seconds at 57°C and 1 min 30 sec at 72°C; 7 minutes at 72°C; and
stored at 4°C.

20 B. Southern Blotting
(D) Primers were designed and used to PCR screen a mouse 129/SvJ genomic
DNA BAC (bacterial artificial chromosome) library (Genome Systems, Inc., St.
Louis, MO) in order to isolate a Cyp3A11 promoter sequence.
A library containing, on average, contained inserts of 120 kb with sizes
25  ranging between 50 kb to 240 kb was screened. A large genomic DNA fragment that
contained Cyp3Al11 promoter region was obtained. Similarly, a large DNA fragment
that contained CYP3A4 promoter was obtained by screening a similarly-sized human
library.
The Cyp3A1l11 and CYP3A4 BAC DNA were isolated by CsCl
30  ultracentrifugation and digested with various restriction enzymes for 2 hours.
Digested DNA fragments were separated on a 1% agarose gel. The gel was
depurinated in 250 mM HCL for 10 minutes and then denatured twice in 20X SSC
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EXPERI MENTAL Bel ow are exanpl es of specific enbodi ments for carrying out
the present invention. The exanples are offered for illustrative purposes
only, andweroe/oss3ds intended to limt the scope of the pre®emtusonvemii on in
any way. 5 MATERI ALS AND METHODS Unl ess indicated otherw se, the
experinments described herein were performed using standard nethods. 10 A
PCR Amplification For PCR anplifications, the reaction mx contained: 5 pl
of 10X reaction buffer (no MCl2); 4 pl25 nM NgClZ 0.4 pl of 25 mM dNTP

mx; 0.5 pl of 10 pnol es/ul formardbgglner :P of 10 pnol es/ pl reverse
primer; 1 plwith0DMgyaQH fquZODmu(eBAD “@eﬂmtta)ls eged gatoglytond B2O, and 0. 25

I fT PI nol o ) arri.ed out as

ol ous: 3. niepRgeganelutim EREHARA NP DRSS CR 2 pb BB B B, 57 ¢
and 1 mn 30blsgihgaippdAtys, (s&atagm; B8 J@lla, CA) CAfeR thansFéreihg ha imefbranedPasB.
Southern Blottin (|) Priners were desi gned and used to PCR screen a nouse

129/ SvJ genotfPes-lipied appredmgde ds manufagtuicr's éiregtioannyn® YoheyossLiksry ( Genone
Systenms, 4n ﬁSt]g%ene QYofia, MY add il St X 586! akg 12 8%@1%&27%3 @Lpmot er

sequence. ‘cont’al’ning, on average, contalne nser 120 kb

with sizes Zﬁehﬁﬁgimgl he0\edor b6 hbbrstMtBﬂ@hﬂldeﬁ@61@&6@(Stra{’ageﬂé dge genonic
DNA fragment that  contained Cyp3Al 1 pronpter region was obtained.
Simlarly, qnérGé DNA fragment that contained CYP3A4 pronoter was

obt ai ned by screepijigs fel itk dﬁ%&&h&%‘bé@%%&?}?ﬁfégﬂeh@r isbadIONR/ PG 1 and

CYP3A4 BAC DNA were 1sol ate entri uga Ion an i gested
wi t h vari ousexapgile,ithe ﬂ@dcqumm frbgmeﬁl dnmplifed byIHCQé(iﬂseldsdﬂldédirr agients were
urj nated in 250 mM HCL for

0 i nut Bk oFEE ) SERFEEIEd ot uPng 1 freaDREE B ereapBRYtEone

PC;” Ua%/ 117ﬁﬁ’age%én'&oﬁr%5@%&ﬂr@an&@)éﬂéd@ﬁh@%ste%rﬂ@&a‘hb hchia@as gy ed
onto ond
Denatured probe was added to the prehybridization solution and the membrane

hybridized overnight at 60°C.
After hybridization, the membrane was washed twice with pre-warmed 1X
15 SSC, 0.1% SDS for 20 minutes at 60°C each time. Subsequently, the membrane was
washed twice with pre-warmed 0.5X SSC for 20 minutes at 60°C each time. The
membrane was blocked at RT for 1 hour using blocking solution (Stratagene, La Jolla,
CA) and incubated with antibody conjugated to alkaline phosphatase for 1 hour.
After three washed, substrate CDP-Star was added for 5 minutes. The membrane was
20 exposed to X-ray film for between 1 minute and 3 hours.
(ii) Primers were designed and used to PCR screen a human genomic DNA
BAC (bacterial artificial chromosome) library (Genome Systems, Inc., St. Louis, MO)
in order to isolate CYP3A4 promoter sequence. The library, on average, contained
inserts of 120 kb with sizes ranging between 50 kb to 240 kb. A large genomic DNA
25  fragment that contained CYP3A4 promoter region was obtained. Southern analysis
was performed essentially as described above with the exception that PCR fragment

probes and isolated DNA probes were CYP3A4-sequence specific.

C. In Vivo Expression Assays: Liver Push Protocol
30 In vivo gene expression mediated by Cyp3A11 or CYP3A4 regulatory

sequences were assayed by means of “liver push” assays.
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menbrane (Anmersham Piscataway NJ) with 20X SSC for 1-2 hours using a
vacuum blotting apparatus (Stratagene, La Jolla, CA). After transferring,
t he menbrao®2/88305 cr oss- | i nked according to the manuf act uPem/tsozir7ect i ons
using W Cross-Linker 5 (Stratagene, La Jolla, CA) and rinsed with 5X SSC.
The nenbrane was then prehybridized at 60C for 1-6 hours with

prehybridi zation solution (Stratagene, La Jolla, CA). Probes were prepared
by | abeling PCR fragnents or isolated DNA. For exanple, the 1.6 kb
pronoter fragment anplified by PCR (as described in, e.g., 10 Exanple 1)

was | abel ed accorHias@idsadidieistersdfbalkived pash SxpefifichidGidro ifedisd inGafeRBasly mage
Random Pri me Labeling and Detection System (Amrersham Pi scat avva%/ NJ) .
Denat ur ed pr#¥serdiggtodbe spthas afddu Br. hghb (il 679 e Gatedkhespydfel 1Bael 38nbr ane

Coce woh oo tafthle, 372 Aafa oS\ Bl BB B PP AP BRExERAS T
Subsequent | yprohoeermentinatewsdnjewas el tHewhit eeiniolvbr ppetodertngd tin®X SSC f or

20 m nutes at 60C each tine. The nmenbrane was bl ocked at RT for 1 hour
usi ng bl ocki ¥§°%&6t uti on (Stratagene, La Jolla, CA) and incubated with

anti body conj ugat gg; égpﬁﬁllkladddr@ﬂp?&éﬁ HMB@@%V#E%W #%1%)#8 tha@‘tatcg—rreéfg{o??s washed,

substrate CDP-Star was added for 5 m nut ane was exposed to
X-ray fil m fuaceisetyoe inductipmby sifzumgcis. Bevoslingly,ia)plBmidexsressirgehRMR (gned and

used to PCR screen.a human genonj c DNA. C (bacterial artjfici

chr omosons). MBI CPET L e oAy et SapUAtErcd Vi the B4kl uco
i sol at e CYP3MACPPOARIIEE cHRAUESCPXRINGrdskiE Plami®wdY 8baERd fRADRI $i8¢kn
inserts of 120 kb with sizes rangi ng between 50 kb to 240 kb. A large

genomni ¢ INA BEewergjr@laxo-Wedlcoment ai ned CYP3A4 pronoter regi on was obt ai ned.
Sout hern analysis was perforned essentially as descri bed above with the
exception that PCR fragnent probes and isol ated DNA probes were

CYP3A4- sequence speci f Pgepapatibi of/ TyshsExiie asfimalk Assays: Liver Push Protocol
30 In vivo gene exgr essi on nedi at ed b%/ Q/E)BAll or CYP3A4 regul atory
sequences were as$8yEansggnigaaiaalpdescribsddielqiy sigre prepargd usisgthad 02/ 088305

nj eoted i nt FavaRSarh AR SEITLR e PnbRlos Gekat of T JHRTNG RSy S 19F S o)
Human Geife TWapagy efld). (ss8&t O¢dber 10, 1989); Richa, J., (2001) Molecular biotechnology
17:261-8). The embryos were implanted into pseudo-pregnant females and the
offspring screener by PCR using primers lucF1
(GCCATTCTATCCGCTGGAAGATGG; SEQ ID NO:11) and lucR4
(CGATTTTACCACATTTGTAGAGGTTTTACTTGC; SEQ ID NO:16). Imaging of

20  animals was done as described below.

E. In Vivo Imaging
In vivo imaging was performed as described previously (Contag, et al. (see
e.g., Contag, P. R., et al., (1998) Nature Med. 4:245-7; Contag, C. H., et al., (1997)
25  Photochem Photobiol. 66:523-31; Contag, C. ., et al., (1995) Mol Microbiol.
18:593-603); Zhang et al., (2001) Transgenic Res. 2001 Oct;10(5):423-34) using
either an intensified CCD camera (ICCD; model C2400-32, Hamamatsu, Japan) fitted
with a 50 mm f 1.2 Nikkor lens (Nikon, Japan) and an image processor (Argus 20,
Hamamatsu), or with a cryogenically cooled camera (Roper Scientific, Trenton, NJ)
30 fitted with a 50 mm f 0.95 Navitar lens (Buhl Optical, Pittsburgh, PA) available as an
integrated imaging system (IVIS™ Imaging System, Xenogen, Corporation,

Alameda, CA.) controlled using LivingImage® software (Xenogen, Corporation,
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For exanple, 2.2 ml of a PBS solution containing the desired Cyp3All or
CYP3A4 pronoter constructs were injected into the tail vein over a period
of | ess twe@sBoseconds. For Cyp3All and CYP3A4, it was @mCaEaisorsi7yo
believed that a co-receptor is necessary for induction by rifanpicin.
Accordingly, a plasm d expressing hPXR (a human rifanpicin co-receptor)
was optionally co-adm nistered with the Cyp3All-luc or CYP3A4-1luc
constructs. PXR-expressing plasm ds were obtained fromDr. Steven 10

Kli ewer at d axo-Wellcone. D. Preparation of Transgenic Animals The
transgeni c aniaelds, day.cri bed beI ow were pr epar ed using the mcroinjection
into single cell stage enbryos (see, e. U S Patent No. 4,873,191 to 15
Wagner, et al. (i $Bugtbsipiedisaleringas 1198@?(1 Ity Higdntraperitquealceyity/pl e doseaft

bi ot echnol ogy: regnant
femal es and t%o H%/?%s pr ?)wel%m ? ﬁg{rm%s}m Sﬂogg %?%Hrrrél ?{éi I flpeﬁ%}ﬁq‘?es%mg
( GCCATTCT. AT%G&E%AM’E%&NSE@S%&MV&M) eittred NlembE%hl (25 -50 mg/kg body weight)

( CGATTTTACCACATTTGT. GAGGTTTTACTT |§Q | D NQ 16) Qfg-l g of. 20 aninals
was done as YBEr§HEHRBRAL VLD ¢n isp r%‘?/%xﬁgﬁﬁ&%@fq ?Hldvlﬁ rapeyPing Wads

perfor med a ot P
R ot el RASSa e s, Yo Rgk R imbing d3RAunr SestnSih e
Phot ochem Phwembypnballﬁﬁn@m 1131y th€ontaa] s1d€ f01Hl mimtte. dlelatw(:m@ﬁ))] elfiifsion

M crobiol. 18:5 603 Zhan Tr an . 2001 Cct;
10(5) : 423- 34‘3%&?% higifpasatinfen byné L babeedies Weﬁegsﬁssm%mda

C2400- 32, HagmmeigaUcajapan) fitted with a 50 nmf 1.2 N kkor lens (N kon,

Japan) and an i mage processor (Argus 20, Hamamat su), or with a
cryogeni¥al Iy coo b@ecmnammanklumwtraﬁk eT¢ré$1mmqtestNﬂl))Je&00vr6r timed with

a 50 mmf O. ar Ien uhI tts PA) ble as an
i ntegrated ﬁ%gﬁxﬁ P& atC8WP ‘Il %Wﬁéérg@ A Je)‘ig dé’ PS fﬁ??au on,
Al ameda, CA. gen@fhlﬂﬁlg% cﬁtér))ﬁﬂdl%ldt@ﬂérﬁﬁblﬂﬁ%&ﬂ ﬁhe%@lﬁjédﬁlﬁér ﬁ&fﬁﬁlﬁﬂ@ﬂon of the

Cor poration, 54 WO 02/088305 PCT/US02/ 11770 Al ameda, CA). The substrate
luci ferin wa2oTuadmeay hermeasured. iSyeh measiringmeay beapeaisd ajtselactad gmeof 150

g/ kg body wei ghlis (AR Picay b&livelo HaBf i o ARRPHeTBhFotind b § 1¢Vel'5F €S

pri or

15  reporter expression in the subject over time.

F. Western Blot Analysis
Following final imaging, animals were sacrificed, and their livers excised and
immediately frozen in liquid nitrogen. The liver tissue from each animal was then
20  homogenized separately in 4 volumes of PBS buffer using a Sonic Dismembrator
(Fisher Scientific, PA). The protein concentration of each of the homogenates was
measured using the Bradford Reagent (Sigma Chemical Co., St. Louis, MO)
according to the manufacturer’s recommendations. Proteins in the tissue
homogenates were separated by size on a denaturing 10% polyacrylamide gel
25  according to the method of Laemmli, U.K. (1970) and then transferred to a
nitrocellulose membrane (BioRad, Emeryville, CA).
Cyp3Al1 protein was detected using primary Goat-anti-Rat Cyp3A2 antibody
(GenTest, Woburn, MA, 01801). The secondary antibody was anti-goat-IgG-
peroxidase conjugated antibody (Sigma, St. Louis, MO).
30
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to imaging. Mce were anesthetized with either Nenmbutal (25-50 ng/kg body
weight) 5 or in a gas chanber with an isofl urane/oxygen m xture and

i sof | ur anwotoaiosssgs was pl aced on the ani nal s’ noses, and pcaasd2/or7a he

i mgi ng stage under anesthesia. Mce were typically imged fromthe
ventral side for 1 mnute. Relative photon em ssion over the |iver region
was quantified using Livinglmge(r) software (Xenogen, Al aneda, CA). 10
These i magi ng nmethod can be used to track events in a test subject over
time. For exanple, a conpound rmay be admi nistered to a subject (conprising
a light- generating reporter), and plEdampledi ssion fromthe subject after
adm ni stration of the conpound ma;<7 be neasured. Such neasuring nay be
repeated at selected tinme intervalVECIARGPNSIRUGEI®NI |y effective to track
an effect of the&omqﬁg@@g?gAgll evel of 15 reporter expression in the
subject over tine. F. Western Blot Analysis Follow ng final inmaging,

ani mal s were saciGypBéédd andinthet brgiressionwenstriexcwee domstoictedrasedicatbedly frozen
in quuig nibt]{go en. The liver tissue fromeach aninmal was then 20
honogeni & B’gr ately in 4 volunes of PBS buffer using a Sonic

D smenbrat or (Fi $BSSKSCYEIAI f9: CRigh®)s shdhR aRERRItR FURC&IHs @l idiigRiiegach of
t he honbgenates was neasured using the Bradford Reagent (Sigma Chem cal

Co., St. Lo®P$SKMOyp3ALicorBiieily. thy constrint was avde re followse o hdibdeaginmms

Proteins in [ nat re r.at by si on g. na'-[uring
Crotelns ok 08 iR ool R R el R A AL B Bk R et
and then tr &g giou&dgdnontc DINA tsife Cyps ASETIPERDREpEmEDBI ORad, Emeryvill e,
CA). Cyp3A rotein was detected using pri na@&y Goat - ant i - Rat p3A2

1
anti bod)0 ( CERTEAATTEEAGET M COOGTANNGTEETb A SEQRDNGAY anhs

W0 02/ 035308 TR et TGRS RGN Rt A Angly > °°
Cyp3All Cyp3EQLIAND:2). hSee elqpr Eoile analc (I99V) Aeths Bivehan. CoBibpipiske as
descri bed %3?:%594\%. pBlueScriptSK (Stratagene, La Jolla, CA) was digested with EcoRI and

Xhol and the 1.6 kb Cyp3Al1 promoter fragment ligated into the vector.
15 pBSSK-Cyp3A11M: This construct contains a 6 kb fragment of the mouse

Cyp3All promoter and was constructed as follows. Primers designated
Cyp3Al1F1.primer (GGTATGTGGTGCTTGTGTATGCATAC, SEQ ID NO:3) and
Cyp3A11R2.primer (CAGATAGGATTGAGTGAGCCAGAGG, SEQ ID NO:4)
were used to screen BAC clones of mouse genomic DNA (see, also, Materials and

20 Methods above). One positive BAC clone was selected and analyzed by restriction
digests and Southern blotting, as described above, using the 1.6 kb promoter fragment
as the probe.

Based on these Southern blots of the selected BAC clone, the Pstl fragment of
the BAC clone was isolated, subcloned into a sequencing vector and sequenced.

25  Subsequently, the PstI subclone was digested with Smal/Pstl and the resulting 5.9 kb
Xmal/PstI fragment isolated. pBSSK-Cyp3A11S was digested with Xmal/PstI and
the backbone (including the downstream promoter region extending from the 3' PstI
site to the Xhol site was isolated. The 5.9 Xmal/Pstl fragment was cloned into
Xmal/PstI-digested pBSSK-Cyp3A11S backbone. Thus, after ligation, the resulting

30 pBSSK-Cyp3A11M (Figure 6) contained the 5.9 kb Smal/Pst BAC fragment and,
additional downstream promoter sequences extending from the 3' PstI to the XhoI site

of pPBSSK-Cyp3A11S.
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pBSSK- Cyp3A11S: Figure 5 shows a schematic of the construct designated
pBSSK- Cyp3A11S. Briefly, the construct was nade as follows. A 1.6 kb
fragment wofo2nsss30Cyp3Al 1 pronoter (extending from-1.6 kipCrassesbi7hp) was
PCR anplified from nouse genom c DNA using Cyp3Al | TopEcoRI . primer 10

( GTTGAATTCCAGCTAATGAGGGCAAAGTITCTCAG, SEQ ID NO 1) and Cyp3AlilBot

Xhol . primer (ATCCTCGAGCTTCTCTGIGITCTCCCTACAACTG, SEQ ID NO 2). (See, also,
Toide et al. (1997) Arch. Biocheni. and Bi ophysics 338:43-49).

pBl ueScri pt SK (Stratagene, La Jolla, CA) was digested with EcoRI and Xhol
and the 1.6 kb CpidA/SLLBasiondEB bhseqgireintroh frggmertt Wa@tasmlﬂiﬁied}f@@r}] PCATLS
BSSK- Cyp3Al_ 1M _This construct _contajns a 6 kb fragnent of the nouse
pq1p3A11 proﬁ%@r@%%&@ﬁﬁg’tm?%%OPJOPMH-PPFICHHs desi gnat ed

3A11F1. prp Taltsed G .
8’,83A11R2. Br(Fge?{A(%gg?TA%AT%GTGAG%EC%A@ Aéé‘g%%%?ﬁ? N%?%“dulé‘g "o
screen BAC dobdEsdldf Primes@CeASGCT TRAGGEEE;CETAAGABECEG, SEQ ITANNO26). Met hods
above). gnepgo [tive B,?\C.fl one .was sel ect ed g)gd an zed, % restrjction
di gest s and “BETINGERRe NS {EraRg Witln saission Bepkp abant 0y ischmmergialty
pronot er fragamiMe indSplhiifidRleeRR froBASRthegh NIRGSSH, SPLES ﬂlemaﬁ{e?gﬁb&

sel ected BAC clone, the Pstl fragment of ~the BAC clone was isol ated,
subcl oned i rifis piasyedwen digasied edthdigldndd Shedl8n déhe . PCR inBuwbdmguent Wys thehe Pst |

subcl one was. di gest i Pst nd .t he.resul.tin . 9 kb 1 Pstl
f r agment isE’Iggiegd‘%"gg%gﬁﬁ%‘gﬁﬁfﬁRééljd YOk By Thpitin g%??rPg‘fSanﬁfé t he

backbone (i mGIBdi-Bgsit eshdonris Bigeeypronot er regi on extending fromthe 3
Pstl site to the Xhol site was isolated. The 5.9 Xmal/Pstl fragnent was

cl oned 1Bto Xxma -I- PsbrkofppAsl &S perresenwas arhmlﬁ,iedgfmrﬁuthe o b
[ i on, By j 6 nt ai ned the 5.
gation, ! RSpsRIHIEACS oY RETSRIRBOMMIT e 6) co

Smal / Pst BA ragnment and, na ream pronot er sequences

ext endi ng f (GANGGET ACCERAGCT AATGAGBGIC SAASTTUTRESIEQIPNO TPand6 WO
11770 _pG.3-1-Basic: A 208 base pair intron fragment was

02/ 088305 PCI/ USQ
anplified f %&?5&%\% BydlLpepsnega, Madi son, W) using Intron Top
Bgl I'l.pri WfA@E@@Q@éT@EWTW GE%QF . f?)TlfPe”Pcﬁ”t ron
Bot Hi ndl || .(Pri mer ( GCCAAGCT TGCGGCCGCTTAA S BPM :
15 product was cloned in to the pGL3-I-Basic vector which had been digested with Kpnl
and HindIIl. The resulting construct, pGL3-I-Cyp3A11S, is shown in Figure 2.
pGL3-I-Cyp3A11M: pBSSK-Cyp3A11M was digested with Xmal and Xhol

and the resulting 6 kb fragment ligated into pGL3-I-Basic which had been previously
digested with Xmal and Xhol. The resulting construct is shown in Figure 3.

20 pGL3-I-Cyp3Al11l.: As described above, Southern blotting was carried out on

the selected BAC clone using the 1.6 kb promoter fragment as a probe. In addition to
the 6 kb Pstl fragment used to generate pPBSSK-Cyp3A11M, a 10 kb Kpnl fragment
was also identified. The 10 kb Kpnl fragment was sub-cloned, sequenced and
restriction sites identified from the sequence. It was determined that the 10 kb

25  fragment overlapped the 5.9 pBSSK-Cyp3A11M fragment and also contained
additional upstream sequence. The overlapping portion included an Nhel site (Figure
6). Both pGL3-I-3A11M and the 10 kb Kpnl subclone were digested with Nhel and
Kpnl. This resulted in a pGL3-I-Cyp3A11M backbone that included the upstream
region of the promoter extending from Nhel to Xhol in the vector backbone. After

30 ligating the Nhel/Kpnl fragment of the 10 kp Kpnl fragment into the pGL3-I -
Cyp3A11M backbone, the resulting pGL3-I-Cyp3A11L contained approximately 9 kb

of promoter sequences, including additional downstream sequence extending from the
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5 A yellowgreen luciferase with an em ssion peak of about 540 nmis
commercially available in a plasmd vector from Pronmega, Madison, W under
t he nane waQl02/088305 this plasm d was digested with Bglll amdTRiSozii1770 The
PCR intron fragnment was then |ligated into the Bglll-H ndlIll cut pG3
vector. The resulting vector, designated pG.3-1-Basic is shown in Figure 7.
10 pA.3-1-Cyp3Al1S: The 1.6 kb Cyp3Al 1S pronoter was anplified fromthe
Cyp3Al1-BAC cl one using Cyp3AllTopKpnl. pri ner

( GTTGGTACCCAGCTAATGAGGGCAAAGITCTCAG, SEQ I D NO 7) and Cyp3AllBot

Hi ndl I 1. pri nerpapdRAcriedirmong PG rrcrOreACAND? S| IBETHeDed@i® . The PCR

15 product V\@% 'a f the pGE.3-1-Basic vector which had been digested
with Kpnl an Sﬁ#%(r}??klld nce)ﬂ%lérglfl'ti ng construct, pG.3-1-Cyp3AllS, is shown

in Figure 2. pGL3pGLOVPCHBM XpBIGHdOypAA 6KYPéaSndilgES KoM WitchbnsBh and
Xhol and the resulting 6 kb fragnent ligated into pA3-1-Basic which had
been previ oulib Xanad degaeniyvpnalseriibelongd 613.A11115AF£¢§Q|111@& Sagreaemdateuct i s

shown in 4ig i ~ : i t

bl ot ting f e Sticyed- &A1 RBBmhr gt |°g@a§§§%%ﬁglﬁ%ﬁg%§$%ﬁ%@’% A%

pronot er frafbdypnl dsigmept whecloha faclkdithé DYKH subclohe ibthis (K geg tsite b1 Pt used
to generate PBSSK- AllM a 10_kb Kpnl_fragnent was also _identified. The
10 kb Kpnl f&&@fgh]t%\%g@ aLigptagipp AELRe Zs’é‘ghgﬁﬁb‘gagéﬁ*?dﬁ vwiag sopiiraied by RN fes
identified f t i Re 5 fragnment
over | apped t%\égq%ﬁ%ﬁgp%ﬁ%&fﬁ%&?ﬁggﬁeﬁs%ﬁg%&{g@%%Etet ayljpgég?xg‘ddi tional
upst r eam seqemnaeingTHKo CapB Apbprogngteregion i ncl uded an Nhel site (Figure
6). Both OOGLS-I-S 1 1M and tge 10 .kb Kpnl _subcl one, were di gested w th Nhel
and Kpnl® This rEERTIER R Ofﬁﬁgéﬂ PURBO-PAIDG MFSSRE BERHO e PraYidedded t he
upstream regiRoxigfadli 9,380 BARL Rirs ELERA B SHG N 14} ctor
backbone. Af ?epr? 310 al igati ng thlgi ﬁlﬁeflg/ Kpnl $f r%gment ?%)féﬂt%ﬁﬁge ﬁ%“{?gﬁff&ﬁ
fragment i nt @etGi@3pdL Fene locwy ppsitcnm ofibk bratein codiog regor. t Thegsep@ir®e bf Rep3A11L

cont ai ned ap i I kh. . ronnt er sequences,. i ncl udj.ng..additional
downst r eam sg%%ﬁé%gglgggnﬁlpﬁang Erg tReéon %’(R%e%?eﬁééﬁﬁ%esﬁgﬁ‘i %%B%Vfiﬁvo
i nternal Nhe{SE@IDMNOfRRMKh g @lcliict eefmip heddRciding Me id@atisesul ting

construct_ is shown in Filgur.e 4. pGE3-1-Cyp3AI1XL: In addition to 6Kb Pstl
and 10Kb! ﬁ<p nf\T6 gndognd@blednindicates the sequences from the Cyp3A11 gene locus, upstream

of the protein coding region, which comprise the above described constructs. The

starting and ending positions in Table 1 are given relative to the sequence presented in

Figure 1A.
20 Table 1
Vector Name Approximate Starting Position Ending Position
Size of of Cyp3All gene | of Cyp3Al1l gene
Fragment from locus fragment locus fragment
the Cyp3Al1l relative to Figure | relative to Figure
gene locus 1A 1A
pGL3-I-Cyp3Al11S 1.6 kb 9,334 10,978
pGL3-I-Cyp3A11M 6.0 kb 5,024 10,978
pGL3-I-Cyp3Al11L 8.9 kb 2,096 10,978
 pGL3-I-Cyp3A11XL. |11kb 1 10,978

B. Human CYP3A4

CYP3A4 and other expression constructs were constructed as described

below.

25  pGL3-I-CYP3A4L: a 13Kb human CYP3 A4 promoter was constructed from a human
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11Kb Xmal fragnent was al so subcl oned from 3A11 BAC cl one. Sequence data 5
showed this 11Kb Xmal fragnent overl apped with the 10Kb Kpnl fragnent. A
2.1 Kb Kpolo2fossagirent was cloned fromthe 11Kb subcl one i mCrhuso¥priio site of
pGL3-1- Cyp3AllL. The orientation of the 2.1Kb Kpnl fragnment was confirned
by DNA sequencing. The resulting new construct was designated
pG.3-1-Cyp3Al 1XL containing 11 Kb Cyp3All pronoter region. 10 Experinents
performed in support of the present invention have provided approximtely
9,330 base pairs (Fiqure 1B, SEQ ID NQ'13|)I of sequence derived from the
Cyp3Al11 geneBPécelene &?W%WWWW@S@W syiag pymesgAlopThe sequence of

th t } S o) &yt I S.is.presented
in Fi gure 1ACT ERRTASRT L GAERTREC ARG i et o

i ncl udi ng t heA#Bott PrahérqATICA AGCTIGCETTTAAGCT CTGTET TELTE TGS nges from
the Cyp3All gene |locus, upstream of the protein coding region, which
conprise t hel%leﬂ)e Grodwin. (st al. . B2 PPelG22 Alrpeblished 2 (Resgmberd S9ANPwhishedt t i ons

in Tabl ' |t . ' ' 20
Tabl 6 1 Vect o fboa Abaiaomiy Kb REHUERGERIAT BINE sblioxiitikS 4fh . °01
of Cyp3Al 1 gefithe ¢8 kap&éd[)tiar genenceFlUpytreath (5’{DNIAI SEQWQICF:EJ azgfmdﬁtaihatmli the A
f t th 3A11 ti to Figure_ relatjve to Figure _gene |ocus
|rAa?1ng[] |-C §%§%§D%F@S@%@%§§§SR@§M Y pé b fo dfbglﬁlﬁmlé.sefe kpBamp sital, 978

PAL3- | - Oyp3Aadihei Beldlodt ORIk 1S 3@‘@1‘1\1}7% b?ﬁii&gkitejs Lydto idjent]iﬂe(?iél?tggBés

Human CYP3A4 CYP3A4 ‘and "ot her expression constructs were constru
descri bed bekon TE rp@lidrg cofyEdadd shoanli8 KigunuPman CYP3A4 pronoter was

construcked 1 om SalATR PR00% SRSROS AT ISRALILS PGSl e
( GTTGGTACCCT S 90 GO o Rlobl i d iow a SEh Bl P I3 SR {6k ratagene, La Joila,
CA). The resulting plasmid was called pGL3-I-CYP3A4M. The resulting construct
is shown in Figure 8.
Figure 17A (SEQ ID NO:14) presents approximately 13 kb of sequence
15  derived from the human CYP3A4 gene locus, upstream of the protein coding region.
The figure includes genomic sequences including the initiation ATG codon. A 2.5kb
fragment of the promoter region comprising transcription control elements, identified
herein, that affect liver-specific basal expression in mouse liver is presented in Figure
17B (SEQ ID NO:15).
20 Table 2 indicates the sequences from the CYP3A4 gene locus, upstream of the
protein coding region, which comprise the above described constructs. The starting

and ending positions in Table 2 are given relative to the sequence presented in Figure

17A.
25 Table 2
Vector Name Approximate | Starting Position of | Ending Position
Size of CYP3A4 gene of CYP3A4 gene
Fragment from locus fragment locus fragment
the CYP3A4 relative to Figure | relative to Figure
gene locus 17A 17A
pGL3-1-CYP3A4M 10.5 kb 2,461 12,998
pGL3-1- CYP3A4L 13 kb 1 12,998
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3A4Bot Primer (ATCAAGCTTCCTTTCAGCTCTGIGITGCTCTITTGC, SEQ ID NO 10).
Goodwi n, et al., (WD 9961622 Al, published 2 Decenber 1999) published a 5
632 bp CWPBAL/0gr30510t er sequence from approximately 6 kb t@cCapsooxi7net el y
5.4 kb of the 13 kb pronoter sequence. Upstream (5 ) DNA sequences were
obtained for the region corresponding to approximately -13Kb to -10.5Kb
(Kpnl site to BanH site). Putative Hepatocyte nuclear factor 3b (HNF-3b)
binding sites were identified in this region. The resulting construct is
shown in Figure 9. 10 pA.3-1-CYP3AMAM A 12.5 kb BanH fragnent from
pGL3-1-CYP3AAL containing 10.5 kb pr Bxam@le2 egi on was cl oned i nto pBSSK

(Stratagene, La Jolla, CA). The resylti ¢k was cal | ed .
pA.3-1-CYP3AAM The resulting constrﬁié%tﬁ?ggé%g\%gsl n Figure 8. Figure 17A

(SEQ I D NGO 14) pLaseptsh ays ewcrdednduyted 3s Bdxcabedsabgpwence 15 derived from

t he human CYP3A4 qe | ocuys stream of the protein coding region. The
figure includes Méﬁ%@ﬁi@%di ng the initiation ATG codon. A
2.5kb  Tragment obrihe AHRABLELolsLERGoHRd h§mgnp§1é AN A LB GRN ! O]

el ements, identified erein, that affect I|1ver-speci asal expression
in nmouse | i viageciesl ipoenizatapd imageliag deeribéd Bb(vSEQo IvRekiOlatck Fpre-t2tmhatkl e 2

i ndi cat th f t he CYP3A ene | ocus, upstreamof the
brot ei n_codi F§ P B A kARS8 FP RS CHBCE B B Serr Bt ot s. The
starting angMIwl(veRP8bitidlRS mhibe VAR Bcafe®hfh 0I1URE rd%kﬁrr{éétﬁ%ohé’(fdﬂﬁtﬂ);

sequence presented in Figure 17A. 25 Table 2 Vector Nane Approxi nate
Starting Posiud micstweadicagdPati Q.1 og/s of RbampicOYRA])g ddexavkth@yR@Ahdgene

0o O R LR bRy O TR S Ot
PGA.3- 1 - CYP3A411993) kixhIBibeheaDBiophty IM0(D 21888 32 REhMSRY cltehd Greafed VTR € 2
LI VER PUSH AaS sﬁﬁﬁ dose of DMSO, rifampicin (Rif) and dexamethasone (Dex), at the same
dosages. The mice were then imaged a various time points after drug administration.
As shown in Figure 10, imaging mice subjected to liver push with 5 ug of
15 Cyp3AlIM and O pg of hPXR showed nearly 5 fold induction of luciferase activity
approximately 48 hours after dexamethasone administration. DMSO-treated mice
showed little or no induction, while rifampicin-treated mice showed some induction in
luciferase approximately 48 to 96 hours after drug treatment.
As shown in Figure 12, imaging mice subjected to liver push with 5 ug of
20  Cyp3AllL and 1 pg of hPXR showed nearly 8 fold induction of luciferase activity
approximately 6 hours after rifampicin administration. DMSO-treated mice showed
little or no induction, while dexamethasone-treated mice showed approximately 4 fold
induction in luciferase approximately 24 to 48 hours after drug treatment.
Thus, modulation of expression mediated by Cyp3A11 transcriptional control
25  elements can be directly monitored in live animals to provide information on toxicity

of a compound.

B. Titration of hPXR

It was previously believed that rifampicin uptake required co-administration of
30  arifampicin co-receptor such as hPXR. In particular, hPXR has been shown to
mediate induction of CYP3A4 expression in human hepatocytes by the drugs

dexamethasone and rifampicin, see Pascussi JM, et al., Mol Pharmacol (2000 Aug)
60



Li ver push assays were conducted as descri bed above. A Muse Cyp3All
Constructs 5 Briefly, expression constructs described in Exanple | A were

i ntravenow®log/0843n§ ected into mce and i maged as descri bedPabase21 o weeks

| ater (pre-treatnment group). For each expression construct, 3 mce were
then treated with 100 pl of DMSO (solvent control); 3 mce were treated
with 0.1 ng/g dexanet hasone (100 pl); and 3 mce were treated with 0.1 ng/g
of Rifanmpicin (100 pl). Dexanethasone and 10 rifanpicin have been

previ ously shown to i nduce Cyp3Al 1 expression Yanaginoto et al. (1997)
Arch Bi ochesg@)@phyR.340(2):215-8. In additional, mce were treated with a
singl e dose of DMSO, rL,f arrﬁi cin (R f) and dexamet hasone &Dex), at the sane
dosages. The ni cé QEstdNis REHOR P edyCtod Hy FUIsh PROTISIEY Rith Fargngymaynts

W Th'S 9o of hE Ra A SR e oA e FRa B P AT et B
of | uci f er afgumet 1 \ilByanddppPERiisrattebguid thotifasnpadin @ptaiie waindtdtisoste

adm ni stration. DVMSO.t.reated mc d little or_no induction, while
rifanpi cg n- t95{5rasg 2Rk @ﬁ‘gﬁ@g] b§m£§m8‘i 43259?%“\& H@Ief‘trl’égg_taé%ﬁﬁ%%i mat el y
48 to 96 hoykdcabh 6f ndifkisd £§28IRRMactAfy 38QWR el WHeh Qtbher ddsagdsBFEHIE M ce

subjected to liver push with'5 g of 20 Cyp3AllL and 1 g of "hPXR showed
nearly 8 folwkr¢ nehdeti on of luciferase activity approximately 6 hours after

rifanpicin adm nigtration. Otreated.mce showed  little_or.no . .

i nduction, while T, %@é‘ﬂlﬂ’ﬁg% ?flraerﬁgﬁ“cﬁ’i‘ EETERBRE S 19) 5?%‘%F5rﬁqféfﬂ?“}i’l‘%18| d

i nduction i mptaiei f erase approximately 24 to 48 hours-after drug treatnent.
Thus, nodul ation of expression nediated by Cyp3All transcriptional control
25 el emdfits can be directly nonitored in live animals to provide

i nformation on tqi(iﬁ' Lr\XnC%tfPﬂf@g&?rldQ&' B. Titration of hPXR It was
previously believed trat rriftanpicrimuptake required co-admnistration of

30 a rifanpicin ®BriefBsegiressidlohstasct)@$Ribddnin Fxaipt] Biverd iR dhoasipeen
shown to nediate. induyction of CYP3A4 expression in human hepat ocytes by

the drugs deRHRSIHSUFRAhignaged ansrseribed aboge pye wigels latgn(predreagment \p|
Phannacol ( %Q%ga) Aﬁtg%je&g ¥Re84b P §§%ﬂﬁct'?§5/2l%§9\2d1&&12 gPPlﬁlg’lﬁfdzl)mxﬁﬁ% 'é]gr(éld%{ig test

this notion conduct e Iver push experinents w varyl ng
15 CYP3A4M or pGL3-I-CYP3A4L) was intravenously injected into a 22 gram FVB

female mouse over a period of less than 8 seconds. For imaging, the substrate
luciferin was injected into the peritoneal cavity at a dose of 150 mg/kg body weight
(15 mg/ml luciferin stock). Mice were then anesthetized in a gas chamber with
isoflurane/oxygen. 5 minutes after luciferin injection, anesthetized mice with

20  isoflurane tubing on noses were placed on the imaging stage and imaged from the
ventral side for 1 minutes using Xenogen IVIS imaging system. Relative photon
emission over the liver region was quantified using LivingImage software.

As shown in Figure 14, mice subjected to liver push with 5 pg of pGL3-I-

CYP3AAL and 0 pg of hPXR showed approximately 15-fold induction of luciferase

25  activity approximately 6 hours after Rif administration; approximately 13-fold
induction 6 hours after dexamethasone treatment and little or no induction at any time
following DMSO administration. As shown in Figure 15 (data shown for second dose;
twelve days after first dosing, mice were treated with a second dose and imaged),
mice subjected to liver push with 5 pg of pGL3-I-CYP3A4L and 1 pg of hPXR

30  showed approximately 40-fold induction of luciferase activity approximately 12 hours
after Rif administration; approximately 60-fold induction 12 hours after

dexamethasone treatment and little or no induction at any time following DMSO
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of hPXR and the cyp-expression constructs described in Exanple 1. As shown
in Figures 11, 13 and 16, PXR is not required for rifanpicin uptake or

i nduct i orwofo2ssd3oxi f erase activity mnmedi ated by CYP3A4L or pCyadad/11zke

I ndeed, in certain cases, induction of |uciferase expression actually
decreased when hi gher dosages of PXR were used. Thus, adm nistration of a
rifanpicin co-receptor is not required for ripanpicin uptake. 10 C Human
CYP3A4 Constructs Briefly, expression constructs described in Exanple 1B
were intravenously injected into mce and i maged as descri bed above two
weeks | at er afprmgsiratisat nent  group). For each expression construct, a 2.2 ni

vol une of plasm m xture -1 15 CY| -1 - CYP3A4L) was

i ntravenously i n%@%gﬁn?rﬁ’ttggfsga p@%g%@&(@ﬁ%%ﬂﬁggﬁﬁbglgg@@ rm'é{:)hﬂgg DBd of

| ess than 8 cgpreiicisin thelivér@iginge IO.BEKkSp%ﬁioie%t(?GLBll@Ypb'Amﬁ@? i nj ected
into the peritoneal cavity at a dose of 150 ng/ kg body weight” (15 ng/mn
luci ferin stppleximaplyeddelde t hen anesthetized in a gas chamber with

i sofl uragle/ oxygen. 5 mnutes after luciferin injection, anesthetized mce
wi th 20 Tsofl urane tubing on noses were placed on the i magi ng stage and
imaged fromthe ventral side for 1 rExadiEs 3Usi ng Xenogen |VIS inmagi ng
system Relative photon em ssion over the liver region was quantified

usi ng Li vi ngl nage BB JHROUGHSPECHEQRIGIEY SCREFNINGAVIATFHEC ERAAIECER3AG | i ver
push with 5 pg of pGE.3-1- CYPBA4I‘P£§$MO’?EIQSI%U]£NDC§Q showed approxi mately
act1 Vi

15-fold i nduction of luciferase approximately 6 hours after
Ri f adm ni strati dpm@ppdoxamtest setegndBidrahfdtyi andloatpoesibl6 tdxatitysbyafmbeiktoring

dexamnet hasone .t reat nent dlit or i nduction at, any.time follow ng

DVEO adiini é‘i‘%%‘%lﬁw_.t%g@%ﬁyp%ﬁ ETa Y PERIRYCIS TG (o OB b s o

twel ve days j@fhfdfedibd 8dilsdQRIsDELILs TE.6.S LVEY R1Ib) LSRN 66t é&%@%@h git%se and
tH FpeL3-T - CYB3A

i mged), mce subjected to |iver push w 5 pg o and 1 g
of hPXR 30 dipolesthnzippRieimega.eVlgdisky, M) ovithrCpdiilddusforl GXPIAt-hee activity

i ly 12 fter. Ri inj stratiaqn; i matel y 60:fold
Pucti on LooRueS vy Bl A aleF hidsedter SRR RPLET o trosging”
i nducti on atof arR¥mipbBRd fibkatyWaasFEIVRRS Gk MEPidd2h R 8&308n ST /SRR b df '

adm ni stration. .
15  instructions or standard protocols. After transfection, the cells are treated with

selected compounds for approximately 36 hours and, subsequently, the cells are lysed
with passive lysis buffer (Promega) and assayed with the Dual-Luciferase Reporter

Assay System (Promega) for luciferase activity.

20 EXAMPLE 4
IN Vivo MONITORING OF CYP3A11- orR CYP3A4-MEDIATED METABOLISM
A. Mouse Cyp3All

Transgenic mice carrying the Cyp3Al1l promoter-LucYG- expression cassette

are obtained with known methods for generating transgenic mice (see the discussion
25  above). These animals (“founders”) were bred to non-transgenic mates to produce
litters (“F1 animals”).

F1 animals from the founders are imaged from the age of one to six weeks
according to the methods described above. The observed signal intensities were
quantified.

30 These experiments demonstrate that the expression cassettes and transgenic
animals of the present invention may be used to monitor Cyp3A11 promoter-mediated

expression of bioluminescence in vivo.
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Furthernore, the 13Kb pronmoter (pG.3-1-CYP3A4L) nmedi ated nmuch hi gher
expression in the livers than the 10.5 Kb pronoter (pG.3-1-CYP3AAM by

appr oxi mewelog/02803 ol d. 5 EXAMPLE 3 H GH THROUGH PUT TOXI CPTY/USEREEN NG VI A
THE CYP3A1l/ CYP3A4 PROMOTER SEQUENCE Compounds can be screened for safety
and/ or possible toxicity by nonitoring 10 their ability to nodul ate
Cyp3All or CYP3A4 pronoter-mnedi ated bi ol um nescence in transfected cells.
Host cells (e.g., liver cells) are transfected, for exanple using

| i pof ectam ne (Pronega, Madison, W) with Cyp3All-Luc or CYP3A4-Luc
constructs and are plated into 96 well plates and used for high-through-put

screening of a cgg&gii%gdmﬁyy. Transfections are carried out according

to the manufact ur ctions or standard protocols. After

transfection, theTegbididh&etwaagedritd ising HedTISI-CYPBOUMISf@PGL3-I-
appr oxi matelé 36 hours and, subse uentlg, the cells are |ysed wth passive
lysis buf f er CYBPAOAEFAYStEITES. 8% TV R3ARM, Ehfenlairméiwaérdmteﬂz@pﬂwB@rnﬁIAssay

System o] fior. i Yoy YA Vv > | NG
VAR L S S v o L R S e R L G A
carrying t hearﬁyﬁiraﬂbf1qufemmtcENALwaé(ﬁirifeedmr@ﬁ$ﬂgﬁm$e:gﬂ%@b}jeetroalnﬁombF@dZ ged with
known net hods I ti transgenj.c mce (see the discussiaon,

above) . Thes%G;%I'ngfgfé‘ﬁf’dE%B]@?@l "%,Wé!rléesﬁde‘ﬁlﬂf Bvﬂcﬁqgtﬂi‘e‘a&]@‘émfﬁmﬁ’@ges tod
roduce it phl I ") chithdri @3R! S f idmge
1? romthe ageisggl§ gn@gﬁ tA é@?@ﬁ’e%%mﬁ%%%gﬁrg?h%dtfg@%ied&?rfg{aﬁ%glgﬁ%g%ﬁgggﬁabove.
The obser vedirginghgdrosergedhyg electeselviore quantifi ed. 30 These experinents

ST RGN RN o R R T TN
expressi on ofvBicpht#bd) EPRARRitybwiieRen B MR CR{PEIIARpRETAWRAS. 1i/O  B.
Aurman CYP3A4founders were screened by PCR and imaging and the resulting transgenic animals
were imaged from the age of one to six weeks according to the methods described
above. The observed signal intensities were quantified. Luciferase levels were
15 | highest in the livers of pGL3-I-CYP3A4L animals and in the intestines of pGL3-I-

CYP3A4M animals.

Example 5
Identification Of Repeat Sequences and Promoter Regions
20

A. In The Cyp3Al1l Promoter Region.
Figure 1A (SEQ ID NO:12) comprises the nucleotide sequence of a

transcriptional control element from the mouse Cyp3A11 gene locus. In the figure,
the sequence represents 12,275 nucleotides in total, the translational start codon

25  (ATG) is located at positions 11,003-11,005, a TATA box is located at positions
10,884 to 10,887, a major transcription start site begins with the C at position 10,914.
An approximately 9.3 kb region of the Cyp3A11 gene is from nucleotide position 1 to
9,330 of Figure 1A and the approximately 9.3 kb sequence is presented alone in
Figure 1B (SEQ ID NO:13). The present invention also includes a transcriptional

30  control element sequence comprising a polynucleotide of nucleotides 1-11,002 of

SEQ ID NO:12.

The approximately 9.3 kb sequence from the mouse Cyp3A11 promoter was
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Transgenic mce were generated using the pA3-1-CYP3AAM | uc or pGE.3-1-
CYP3A4L constructs. For pGA.3-1-CYP3AAM the plasm d was digested with BanH
5 and t hew022884shs f ragnment contai ning the 10. 5Kb CYP3A4 prPomaise?/117a0
chimeric intron, and firefly luciferase cDNA was purified from agarose gel
by el ectroelution. For pQA.3-1-CYP3A4L, the plasm d was digested with Pvul
and the 15 kb containing 13Kb CYP3A4 pronoter, a chineric intron, and
firefly luciferase cDNA was purified from Agarose gel by el ectroelution.
10 The purified fragnents were then each mcroinjected into single cell
stage FVB elftﬁ?rdylbéB 'ﬁﬁsT s G %@raéktln@meﬁmﬂamre@di it ompysddoclpmeghant

m ce. The n h sul ting
transgenic a i mal %ﬁ“ﬂ&z f?epseﬁ{eﬁ%a‘%%ngé/ @%5 a e %‘frﬁ%@rq "gclsdd‘:’sqt@e’&egﬁgrefé%or di ng
to the met hOt!ElSeed@ﬁ)WnI faﬂ@hesaiﬁmm,lerfréms mhﬁ@MtﬁCéeﬁcbIﬁ@@MearﬂtMrIS drides wer e
quantified. Luciferase |levels were ?hest in the livers of

pGL3- 1 - cvpsp&lﬁtcaﬁpm@é o] Evelz00] A%re%%( hek6g). lplgplgments @sqﬂ?;)mmchﬁ@ih% Z N
I . e ns . In
The ypaRi1 BrotasbE Hialkelu iR SEAERARMEN 7 QIR LT RALS, (2

nucl eoti de s@epemcReR0EH Otts HGEDIIGITISON A lighdnyt thisl seglemoe MithfthoBAl he nouse

3A11 gene locus. In the figure t he sequence represents 12, 275
%2 | eot i ges fequensedgentifiy atrP%}ﬁ% iy a@ﬁggxnggtglryﬂ 1g’€)@8ﬂtlt2'5§55(e@@)‘rel 18)1 ocat ed at

posi tions 11, 003- 1y {4@%n, the a?ﬁﬁbxg’@%‘telﬁ !’éﬁ%@?\?g @(%,I\.}eﬂﬁas\k/% ZC&QSlﬁgﬁlé 0

10,887, a major transcription st egl ns at posttion
10,914. An Bgmaﬁwasitat ptogragn Ghtigy/

nucl eot i ion 9,33 :‘::: ' ' e a ' rrately 9.3 kb
sequenceﬂ}e E’@bgﬁ?é% nyowgiopﬁa,g%% Jﬁ%Bﬁ‘(rgéﬁg h@wri eat ?qﬁ?‘%?%nt
invention al @y IMEESISENES tah&lﬂﬁ%él%bﬁ@ﬁ'Thre%Qe%@ﬁggﬁﬂyroﬁ Bt - ggguence
conprising a pol ynucl eot i de of nucl eoti des SEQ ID NGO 12. The

appr oxi mat el 3003- Q@ba@bﬁlﬁé)n@'@lﬁ TR lﬂh@fmd@ém@]@ﬁlmnqipgﬁfﬂl%) todsl 63 WO .
02/ 088305 PCJ/ BLAST search Bank ne searc
a match to a rrlgglg% %‘%Z %ﬁ?&he{f IF%E k%)rﬁr?’g}mS{E?Yr e%&%é Wfé(ﬁ{ﬁ%“ﬁ%g)s (Locus
MUSLI MB)  washigBigHonid1@gbus Th Heem@ise MaLR family of repeats (Figure 18). The MaLR

15  family of repeats is also thought to be associated with a mammalian retrotransposon-

like super-family (Kelly, R.G., Genomics 1994 Dec;24(3):509-15).

Two primary non-repeat regions of the approximately 9.3 kb 3A11 sequence

were identified (approximately 5104-6218 and 6792-9330).

20 B. In The CYP3 A4 Promoter Region.

Figure 17A (SEQ ID NO:14) comprises the nucleotide sequence of a
transcriptional control element from the human CYP3A4 gene locus. In the figure, the
sequence represents 13,035 nucleotides in total, the translational start codon (ATG) is
located at positions 13,033 to 13,035, a TATA box is located at positions 12,901 to

25 12,904, a major transcription start site begins with the A at position 12,930. An
approximately 2.5 kb region of the CYP3A4 gene, useful to facilitate expression as
described herein, is from nucleotide position 1 to 2,461 of Figure 17A and the
approximately 2.5 kb sequence is presented alone in Figure 17B (SEQ ID NO:15).

Similar analyses to those described above were carried out on the

30  approximately 13 kb CYP3A4 promoter region. A summary of the results of this
analysis are presented in Figure 19. Two different kinds of repeat sequences were

identified: L1 elements and Alu repeats.
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three knowmn famlies of LI elenents in the Mus genone (Mears, ML., and

Hut chison, C. A, J Mdl Evol 2001 Jan;52(1):51-62). LI elenents are believed
to be 5 wevcossmaved with a retrotransposon subfamly in npce/nse2/gL770 Goodi er
J.L., et al., Genie Res 2001 Cct;Il 1(10): 1677-85). Aligning this sequence
with the 3A11 sequence identified a region with approximately 91% i dentity
(see Figure 18). In addition, the approximtely 9.3 kb 3A1 1 sequence was
anal yzed using the RepeatMasker program

(http://ftp.genone. washi ngt on. edu/ cgi - bi n/ Repeat Masker 10 which can

i dentify regi ons Hiveaprimaiyaoniigheas sagtnsgy theoapproimatebpbakle@YP84dences (e. g.
LI NES, SINES, and LTR el enents.). .Three.regio ( r Oxd I - 3,
2503-5103, AhU BToEELRNYE eﬁ‘gl)ﬁF‘ég%??f%‘@%‘%%&%%ﬁﬁgg%%qoé@(@@@ to L1
el ements ( Fiegur-©048)andA40t-1098)egi on (approxi mately 623-2503) was shown to
be highly honol ogous to the nouse MaLR fam |y of repeats (Figure 18). The
MaLR 15 famly of repeats is also thought to be associated with a nmamal i an
retrotransposon- |like super-famly (@Qn)[ 1 G Genom cs 1994 Dec;
24(3):509-15). Two primary non-repeat regions of the approximately 9.3 kb
3All1 sequence were Géreratibnefla(GYPSA%IERE Triddsénk NMBusyLing792- 9330) . 20

B. In The CYP3A4 Prompter Region. Figure 17A (SEQ ID NO 14) conprises the
nucl eoti de &que&@ﬂgg—c%rﬂ?‘iﬁg%cri ptional control elenment fromthe human
CYP3A4 gene | ocu tAhen ki . r .

A CIY'P3AHeluI: b r WFalbgeSIIg%%g 46436 &all oér% c%i%%geﬁiniﬁx%@e 1B

nucl eotides in total, the translational”start co ated at
posi tions 13rieBg as tollb3ysOISPBAL Jleiiercdmdaining tholmahadCEP3 Ad promaesreidbn90ds t o 25

12, 904, maj or tra iption sta ' ' .t posi tion
12, 930. 1f, Séfﬁﬁ?e&éygg‘ﬁél g PRITRESS {%g?tﬁ(?@?iﬁéé@%&i ‘g/gﬁéﬁiﬁsef ul to
facilitate @@@@@u\q@mc}cmsmhmvbg)%bﬁesﬁoﬁdihg%mmqbs% LfsgorAgisi on 1
to 2,461 of Figure 17A and the alprom mately 2.5 kb sequence iIs presented

al one in Fi ABECTRECTTBCRG GBOMIIGHTGRETGE X (PBQtIRaNe: Idescri bed

above were L t imately 13 kb £CYP3A4 pronoter
region. A s%grrﬁeas ?ggﬁgttﬂglp?jéds]@l ﬁowﬁ%iproﬁoé%&fgglgna ge BHESEntEd anH Fi gure
19. Two di f fuescetatanghlifda 101 kb pR@ReSe8idR BE €Y PARUSroth Hefkh lbbRshic N &l ement s
and Alu repeats. 64 WO 02/088305 PCT/US02/ 11770 Five primary non-repeat

regi ons 18f tHBEAYH PO RelyEieyase $Skaagonmd I gllaordi-crherRER produetwas dgeted i ed
(approxi mat gla, I%&%?Hﬁﬁlifﬁ ancgg&@ﬁéhlﬂ'gm aééli%éé Eegjugihg Geneclean Kit (Qbiogene,

Carlsbad, CA). The 1.2 kb promoter region was cloned into pGL3-Basic vector

(Promega, Madison, WI) containing the modified firefly luciferase cDNA sequences.
A 233 bp HindIII fragment containing a chimeric intron from pCAT-3-Basic vector
20  (Promega, Madison, WI) was then inserted between the CYP3A4 promoter region and

the luciferase gene. A 1.88 kb Kpnl/BgIII fragment, a 950 bp BglII fragment, and a 10
kb Kpnl fragment subcloned from the BAC clone were inserted sequentially into the
previous construct. The final construct pGL3-I-CYP3A4 contains a 13 kb human
CYP3A4 promoter region, 233bp chimeric intron, and modified firefly luciferase

25  cDNA. All the joints in the construct were confirmed by DNA sequencing (Stanford
PAN Facility, Stanford, CA). The entire sequence of CYP3A4-luc transgene is shown
in Figure 17C (SEQ ID NO:17).

B. Generating CYP3A4-luc Transgenic (Tg) Mice

30 The transgenic lines were created by the microinjection method (see, e.g., U.S.
Patent No. 4,873,191 to Wagner, et al. (issued October 10, 1989); and Richa, J.,

(2001) “Production of transgenic mice” Molecular biotechnology March 2001 vol.
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6317-9099, and 9401-12998). 5 Exanple 6 Generation of a CYP3A4-luc FvB
Transgeni ¢ Mouse Line A Plasmd construction A CYP3A4-|luc reporter was
desi gned woefs8d3e3 | y as described in Exanple 1B, brieflyPas/uisot/ioms. A BAC
cl one contai ning the human CYP3A4 pronoter region was 10 screened by PCR
using priners (5'-GITGGTACCCTGCAGTGACCAC TGCCCCATCATTG 3" (SEQ I D NG 9)
corresponding to nt -1105 to -1080 and 5'-
ATCAAGCTTCCTTTCAGCTCTGIGITGCTCTTTGC-3' (SEQ ID NO 10) corresponding to nt
+40 to 69 of CYP3A4 pronoter region. The primers were also used to anplify
a 1.2 kb proth2er-8)y esin®@RVEf dda¥Pahrybs.om human genom ¢ DNA 15 using pfu DNA
pol ynerase (Stratagene, La Jolla, CA). The PCR product was digested wth

Kpnl/Hi ndl' Il and purified from agarose gel using CGeneclean Kit (Qbiogene,
Carl sbad, CA}. The. lednk-RRE0Oter region was cloned into pG.3-Basic vector
(Promega, Madison, ontaining the nodified firefly luciferase cDNA

sequences. A 233Eighidenroirdder micgmen screamddiyrRCR) using hiciferase primersdruciiom

pCAT- 3- Basi c_vect 20 (Pro ._Madi so i bet ween the
CvPaAd. promotihicd Sipriniys Lina orirer (or auAgerd st e it
fragment, a 9%Qsho MoND:16)y AgNER 4 pAme: @ 10 kb Kpnl fragment subcl oned
fromthe BAC clone were inserted sequentially into the previous construct.

The final coa€NARACEETIATCENIGEHAGANE Ax- 3 ESKQ IPUNANL9))CYRSe4ameonot er
region, 233bp.chineric,in nd fi.ed firefly luciferase 25 cDNA. All

the joints i PR V‘ée&%%?lﬁlté‘{cp%?%m&gg%%%%'by DNA sequenci ng (Stanford PAN

Facility, Stanford, CA). The entire sequence of CYP3A4-luc transgene is
shown in Figure 17C (SEQ ID NO 17). B. Generating CYP3A4-luc Trans epic
(T)Hag M¥e 30 Thel & i nes were created by the mcroinjection

met hod (see, e. Q. P t, &l . {Issued
Cct ober 10, 1989)Flgg%e?(ﬁ’lg%’g‘?g%e%h(r%%@s PPk Sabidhe g“?’rp‘élﬁi%g%i%wﬁi ce"
Mol ecul ar  bi i the figateo dyanbH; DINA Gddery Dhne Bme)¥Div@21REBRO5L 2T, P&idvel 1770

17:261-8) usjng FVB donor enpbryos. C. Screening Tg M ce Ei ghteen founder
mce were sch&dBEE- birepeRiliiSeRlpnptae thedrbifisptighefCY Ridp4et-luc Tg mice.

15 (i1) Southern Hybridization Analysis
The 1.8 kb HindIII/Xbal fragment from pGL3-Basic containing the entire

luciferase cDNA (Promega Corp.) was used as probe for Southern hybridization. Ten
g of heterozygous genomic DNA was digested with BamHI and 17 pg of pGL3-
Basic was loaded as a positive control (Figure 21). The expected size of transgene

20  was 12 kb. The results of an exemplary hybridization analysis are shown in Figure
21. In the figure: Exemplary screening results of FVB/N-TgN(CYP3A4-luc) mice by
Southern hybridization are presented in Figure 21. In the figure: Lane 1, 10 ug of
CYP3A4-Iuc Tg genomic DNA; Lane 2, 17 pg of pGL3-Basic positive control. These
results demonstrate the presence of the transgene in the transgenic mice.

25

D. Phenotyping Data as Applied to Selection Criteria

General methods for evaluating the animal lines were as follows. Tg founders
were bred to wild-type FvB mice to generate F1 mice. A female transgenic founder
was bred to a wild-type FvB male and a male transgenic founder was bred to a few

30  wild-type FvB females.
A Luciferin stock solution of 30mg/ml was prepared in sterile PBS. Luciferin

was purchased as D-Luciferin Potassium Salt, as Cat # XR-1001, from Lot # 14021/2
66



5 and LucR4 or primers Luc 3 priner (5 - GAAATGICCGITCGGITGGCAGAAGC - 3
(SEQ ID NO 18)) and Luc 4 priner (5 - CCAAAACCGTGATGGAATGGAACAACA - 3
(SEQ I D N@o12)p3s3oThese same primers were al so used to scregrusiyi1ofd spring.
10 (i) PCR Screening Figure 20 presents exenplary results of PCR screening
CYP3A4-luc Tg mice. 1In the figure: Lane 1, DNA | adder; Lane 2, negative
littermate; Lane 3, positive Ilitternmate. The results denonstrate the
identification of CYP3A4-luc Tg mice. 15 (ii) Southern Hybridization

Anal ysis The 1.8 kb Hi ndl 11/ Xbal fragnment from pG.3-Basic containing the
entire Iucifrema&iesynﬂNAC( BvarregandCor p. ) was used as probe for Southern

hybri di i het di gested wth BanH
and 17 po of e sberutbasiis ERIaE S THeppi e niERoTh Prepriurs €2 The
expect ed si zgp9f2d) ABEARNSI a‘(\@%b??gkmfeéﬁﬁaﬁlef(@ﬁy#N%@i 9r1>ré‘gﬁ‘éﬁlé'xbenpl ary

hybri di zati on anal’ysi's are shown in ure ure:
screening r e%QrQI‘ﬁEdﬁa-@aﬂiqmtﬂ'@\{@@b{#?%@umd phieuebaplyital S0attihR3I 161 hwirei adl zat i on

qenon ¢ ok btsisca HOpFs Gia oL S, M Benob Ao eottefhstd indR Bofirocy |

denonstrate Mmeotﬁé@s@m@g@f the transgene in the transgenic mce. 25 D
Phenotyping Data as Applied to Selection Criteria General nethods for
eval uating the anilharouts pleadnyigistration fop thealusgs Engff)bhmﬂ@mrswa&@r éThsrdege Dﬁ

wi | d-type Fv r tran nlc ounder

bred to a wi%&g%rﬁ%d&% %ﬁﬂ% 20%2%03' e%311H1rsnat Sgaé aélﬁgiguegrsn%as B é’?s Lt ed to a
few 30 wild- hlyﬁEran\/lBOfrﬁgmg efa BQInguﬁlllﬁﬁfdrm stdoROHasSRjettel OP figf mRTEY Befoeas
prepared in sterile PBS. Lyciferin purchased as D-Luciferin Potassium

Salt, aslatimesias ingba IVEY orfkeareen Corpsiion, Adgneb, §2/iBeBabssPOT/ RSHI 11770
L O, 1057yl PN B 0 GBS B8 Rl PR B iR ™ (2
Ni f edi pi ne (Gat wereNiZjed4dl IP 5t Pdesgré G0 e/l (phafbbalial 6as fiaphedin PBEat (Gat #
RO534), 0 ppbal (OBt EL) . ol S puichased f10m 5 ome
was typically for 2-3 days.
15 Following luciferin administration the animals were anesthetized using gas
anesthesia (Isoflurane) and placed in an IVIS™ box (Xenogen Corporation, Alameda,
California) for imaging. All animals were imaged before and after chemical
administration, and imaged at high resolution (binning 2) for 10 seconds or 1 minute,
for males and females, respectively.

20 Induction of CYP3A4-luc by typical CYP3A4 inducers Dexamethasone (50
mg/kg body weight) and Rifampicin (50 mg/kg body weight) was evaluated in the
animals. F1 mice from each founder (i.e., mice PCR positive for the presence of the
transgene) were imaged at T=0 (pretreatment) and at T=3 hours and T=6 hours
following administration of DMSO, Dexamethasone (Dex), or Rifampicin (Rif). This

25  was performed on groups of three mice (including both genders) from nine of 18
founder lines. Primary screening results from Dex and Rif treatments are described
below:

(a)  Lines #75, 195, 230, and 240 showed induction in the intestine
region, with higher intestinal basal expression than liver basal expression.

30 (b) Line #225 showed induction by Dex and Rif in liver and

intestine, but had higher intestinal basal expression than liver basal expression.

(©) Line #233 showed strong induction in intestine and slight
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and others in DVMBO. The route of admnistration for the drugs and for
luciferin was I P. The dose of reagent adm nistration of luciferin
subst r at ewernd/osi3ogys was as follows. Dose of luciferin: 1P0TMagbkgi7od a
30mg/m luciferin stock was injected IP five mnutes before 10 inmaging in
the I'VI STM ( Xenogen Corporation, Al ameda, California) system Dose of

chem cals: Al drugs, with the exception of phenobarbital, were prepared in
DMSO and were injected IP at a dose of 50 ng/kg (phenobarbital was
prepared in PBS at 100 .. DMSO was adm nistrated as a vehicle
control . The dur &qusHopfn Yeéa%mby D gnd Rifi Ehislipehad hiphgnigaljnal basl

Fol | ow ng | uci ferkgr nistration the aninmals were anestheti zed using gas
anest hesia (| sof I ane?ﬁ'and pl aced in an |1VI STM box (Xenogen Cor porati on,

Al ameda, California) (fpr iLing#IRL. shdived aoindkgoney eitherdgadadaafaareryand af t er
chem cal adm ni st rat| on, and imaged at high resolution (binning 2) for 10
seconds or 1 mi nd@wlev ef gf b %ﬁﬁeé@f"éﬁﬁnferml es, respectively. 20 Induction of

CYP3A4-1ygc by typical GYP3 tPQI}tg \wei ght)
and Rifanpicin (50 rrg/( g%y wel g t@g\%gé@g%g u ggldﬁég)%nhg%am %.IM\Iezl
m ce from each f divadthan @n other, regions aﬁ@lﬁaMsmrbsse)nf1nﬂ1vbh®a$)g1esteﬂfkﬁn<bﬁsﬂ he

transgene) were imaged at .T= pretreat men and ours and T=6 hours
fol | owi ng admi ni SEPEEHOR! eﬁ'ﬂé‘ﬁ)m %E??@Pﬂ%%%’i?é‘g?r[ﬁé CSRi fanpicin (R f).
This 25 was perfornmed on groups of three mce (incl ud| ng both genders) from
nine of 18 founder lines. Primary screening results fromDex and Ri f
treatments are ddderdatvedereisehloated agdingt ithvewleptigiberieds de@gided eartier2idfhes howed

i nduct i in th inte on wi t h.hi i ntestin pressi on
thancl 100, Sateifeadhy T iBruoSe fs R BaR i rtias B8y "o
Rif in |ivean@pgos tdtfsAed iheeritbidn; fmﬂgﬂeatglhﬁauétf&% e @ler BASA theX B 688 ON
than |iver basal expression. ( ) Line #233 showed strong induction in

i ntestine afeBians @G BESHAL) 621@@8@@@n¢@2@wgflqclmrltﬁm@u@nd Gifi) basal i ver
L0020 RSB gt B e AR oo R T
basal expre$siple.g., intestine) — Lines #82 and #208 satlsfled this criterion.
15 Mice satisfying the above criteria were typically selected for subsequent
analysis. Because Lines #82 and #208 showed strong induction by Dex and Rif in
liver and had higher basal luciferase levels in the male liver region, they were

selected for secondary screening.

20 Secondary screening:

Lines #82 and #208 met the first set of criteria, in particular, transgene
(CYP3A4-luc) expression was induced in liver region by Dex as well as Rif, and
transgene expression in the animals showed higher liver basal expression, at least in
males. These two lines looked almost identical in primary screening. Line #82 was

25  further characterization with seven compounds believed to induce CYP3A4
expression, including pregnenolone (Preg), phenobarbitol (Phenob), rifampicin (Rif),
nifedipine (Nif), 5-pregnene-3b-OL-20-ONE-16a-Carbonitrile (PCN), dexamethasone
(Dex) and clotrimazole (Clotrim). Expression was evaluated in both genders.
Exemplary results are presented in Figure 22, panels A-D, described below. Line #82

30 responded most of CYP3A4 inducers in liver, this line was chosen as final line

designated as FVB/N-TgN(CYP3A4-luc).
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5 (e) Line #82 and 208 showed stronger induction by Dex and Rif in liver
than in other regions, and basal expression in |iver was greater than basal
expr essi owoio/osgsvbesti ne; nmal es responded stronger than femalraso2/Tieo dat a
wer e eval uated against the selection criteria described earlier in the 10
specification; (i) induction of gene expression in the liver - Lines #225,
#233, #82 and #208 satisfied this criterion; (ii) greater induction in the
liver region than in other regions (e.g., intestine) - Lines #82 and #208
satisfied this criterion; and (iii) basal expression in liver that is
greater than or etbatestits dsaixemppury smsilysis ofindidtien of &'YES Aef-lut n@nsgead yn
(e.g., intestine) - Lines 382 and 208% x Sfle(i]]ethls criterign. 15 Mce
satisfying th&THEoYs PEFSCRISH iy Fighre% paRels Inthe figute, mie WelsdBEethat

anal ysis. Bepayggelédifentsdnd Q‘né hg%Q%oWﬂE‘adﬂrlﬁfﬁoh%@WS gprg nddbion@nd Rif
in liver and had hi gher "basal luciferase levels in the ma ver region,
they were s@lrept plabnbbarbmb(@hdmb) rifempenmi (Rif), Bifedpivo (N&H),)5-pregmeeridbgOLLI nes

#82 and #20 st .s criter | ar en

( CYP3A4- I%c) 6’@%‘#%5 G- gfr?ﬂ?/%ém &@\de%ﬁn%e %qner@%a% ‘ffy S (L f,
and transgeNg ieuRInSkeed dontBE_BéTorPdash SRR sRLiOR Shick WeBS ifRRed i p. _
expression, at |east in nales. These two lines | ooked al npst™ i dentical in

prinmary screwihdgOmefkgdueifzingdmelsA Pmsclﬁé ﬁxma@on@mt@atdmrfommh msdyen
conpounds bel i ev YR3A4 ression, ud n nenal one
(P?gg), phen%%(;% a%thrﬁ Lk%ﬁ%%% %ﬁ;tﬁ\ C Qu ?’&Wl)m he Sag 1% % Otj

5- pr egnene- 3Barfol €2 PaablE: @fiﬁc@aéimlﬁpliﬂyllh@dcﬁﬁ’mhta fﬂ@ﬁﬁﬁ@&lﬂ&ﬂéﬁﬁ& e&dﬁex) and
clotri rrazol e (d otrlqg? i pression was eval uated in both genders
¥

Exenpl arlp r e@allﬁtestr%at &l@rﬂO@wopﬁd ghayin @ tholegendhaithe hottym gbBanel Ged bel ow.

chosen as i val P acers s ot ne AT B siiined b Ao B ec0s
PCT/ US02/ 1174® prekheted dsndath tmittmnt @hkewnphathy banadh s PandD)iaddpsliddan aOf

CYP3A4- | uc transggg& inT are resentégxl n Figure 22, panels A-D. In
the figure, Hi°%R cagur ?IE}FQPF Wﬁ?ﬁe)weéﬁae@*@qucﬁﬁ@“?@?ﬂow ng

d trat f b
" famp ol n (B Aﬁ%ﬁ%ﬁ‘ﬁ%&f@@ﬁﬁ%ﬁ%n R Bl shOVARD).

20- ONE- 1Ba- Gimilenindnitien ¢xpeNjnentd exwirethh aswiie al(elmas)enmddoxcéaoh tieameat e
( CI otrim. . {\g(&\ﬁllé 8%? Flj)rc])(f-%om of%%n&q))ca%nép{)f)ed to%egrglrlpe ofe t%r tje nal%l nge sessi on,

mce were in
Measurements on each mouse were performed as described above. Associated error

bars are shown.
~ The results of this analysis demonstrate that CYP3A4-luc Tg mice having
20 desirable phenotypes, as outlined in the above criteria, can be identified by the
methods taught herein.
As is apparent to one of skill in the art, various modification and variations of
the above embodiments can be made without departing from the spirit and scope of
this invention. These modifications and variations are within the scope of this

25  invention.
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wi th 150ng/ kg luciferin. Panel A presents exenplary induction data for nine
mal e mce, each nouse treated with the conpound shown in the | egend at the
bot t om ofwORangd30T. Panel C presents exenplary induction aeraiSborime ne
femal e m ce, each 10 nouse treated with the conpound shown in the | egend at
the bottom of Panel C. Panel B presents a bar graph show ng simlar

i nduction experinents where the results are presented for each treatnent
(shown at the bottom of Panel D) as applied to a group of three male mce.
Measurenents on each nouse were perfornmed as descri bed above. Associated
error bars are sh¥hat isfelagheddspresents a bar graph showi ng 15 sinilar

i nduction experinents where the results are presented for each treatnent
(shown at the bottom of Panel D) as applied to a group of three fenale

mce. Measuremenys AOReo8 H‘oﬁ@@tﬁﬂ’ymﬁraﬁ aRAY e AL ATRE AFateSErdshie oﬁQ%ﬂer
Associ ated error bars are shown. The results of this anal ysis demonstrate

t hat CYP3A4- $ag¥erRg, rhewsitherpresgionad said s¢noatst eeqpbiasds yediateday toamsdriptiod i n t he

b i j i dentifi t hods . t ht herei.n. j
cbove o 14 o Ly gL Foach Mmbeyp Rk et RHARGCHE Bl il S, o
t he above endidingeidscoegiishg made wit hout departing fromthe spirit and

scope of this invention, These nodifications and variations are within the
scope of this 25 RENGHE sagbanalytoty Dsgsesipdivingsegent: wd tranyganic redest ai med

Is: 1. A MOt ddte I ROblhN O RN o bl Ry RN 81 RUBLESRLON Of 2
reporter sequence, erein expression-of §ai eporter sequence Ts
medi at ed by bumas€YPBAYqenSs, sadintalypluckbddehddnglariease 85 %oron prantdr idemtityFP3 A4

2575l SIS S Lt Lo B et
compri Si N, BAABLAAIRLGRISE! R QNG Bl HLABRbUMEAHEIS 1R byed from

the human CYP3A4 gene, “said pol ynucl eoti de "hdaving a greater
identity to trénsatipliesd cogsol tleb®n03ad Gfi) SEPedsDnND saiti4odingeseqience b)) inseaesy

ol ynucl eotide is er,ahl inked to a cading sequence of interest, (ii)
Ito heypol ynucl ]éd?ﬁlitﬁgggrb%ﬁ’lv\éﬁg} @‘F lﬁl"gﬁsga‘gﬁ@m f?‘%ﬁ%l@? SePEHRORE St rol el enent,
and (iii) expregstianaf said coding sequence of interest is induced in the

liver of the living, transgenic rodent by dexamethasone or
15 monitoring expression of said coding sequence of interest wherein an effect on

the level of expression of said coding sequence of interest indicates that the analyte
affects mediated by transcription control elements derived from the human CYP3A4

gene.

.20 2. The method of claim 1, wherein (iv) basal expression of said coding
sequence in the liver region of the living, transgenic rodent is greater than or equal to

1
that in other regions of the body of the living, transgenic rodent.

3. The method of any of claims 1-2, wherein said transgenic rodent does not

25  have sequences encoding a functional hPXR (a human rifampicin co-receptor).

4. The method of an of claims 1-3, wherein expression of said coding
sequence of interest is induced in the living, transgenic rodent by at least one
compound selected from the group consisting of phenobarbitol, nifedipine, 5-

30  pregnene-3b-OL-20-ONE-16a-Carbonitrile and clotrimazole, wherein induction of

expression is seen in the liver region of the living, transgenic rodent.
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rifanmpicin; and 15 nonitoring expression of said coding sequence of
interest wherein an effect on the |evel of expression of said coding
sequence wbh onss3pest i ndicates that the anal yte affects meditsbrd7ny
transcription control elements derived fromthe human CYP3A4 gene. 20 2.
The met hod of claim1, wherein (iv) basal expression of said coding
sequence in the liver region of the living, transgenic rodent is greater
than or equal to i that in other regions of the body of the |iving,
transgenic rodent. 3. The nethod of any of clainms 1-2, wherein said
transgeni ¢ rodents. ddesmetbdd oRmyhuf\einime ue ndesireaxqocision of siidreotiingnal hPXR (a
human rifanpicin co-rece tqré. g" The. met hod of, an_of clains 1-3, wherein
expr essi on SFIWEHFGOIBHRTRG s Bdyge ir thediving, {rapsgsnicirgdsnt y dexpmathaspre | i vi ng,
transgenic @Qgﬁﬂheﬁml@gohi?Qéb eigpound sel ected fromthe group

consi sting of phenobarbitol, nifedipine, 5 30

pr egnene- 3b- OL- 20- ONE- 16a- Carbonitrile and clotrimazol e, wherein induction

of expression i en i he |iver .region.of .the living, transgenic
rodent. 70 WO 02?52@§@ ag@%? iﬁf%*?6?¢§ymfﬁglﬁ§FW§@n saidodPEc ai s 1- 4,
wher ei N expresih&otihtctast & B@EHeldn BRANSC GafdgehidtBl@s by kfarhfidiced in the
l'iving, transgenic rodent by dexanethasone adm nistered at” 50 ng/ kg body
wei ght. 5 6.admistarediaod0oig/lmbodyfweighti ms 1- 4, wherein expression of said
coding sequence of interest is induced in the living, transgenic rodent by
rifampicin adm nistered at 50 ng/ kg body weight. 7. The method of claimb5,
wher ei n i nducti or. ofheaxghes sf €lfin0$, Wwitgeid dttiudgon dPexgeeRAGE tiRfcodiizer est is
greater than or equal to 10-fold induction by dexanethasone over basal
level s. 18, Teviepes ploatesest & sipdprthanpiepasphio) IWgield indvction byydsxemethasenef t he
codi ng seq fi.d it erest is greater than or equal to two-fold induction
by rifanpic%ﬁgggggje%ggbasal | evel s. 9. The nethod of any of clains 1-8,
wherein the codi ng sequence of interest is a reporter sequence. 20 10. The

nmet hod of claim9, erein.t reporter. sequence_encodes a |ight-
%. f‘i’{é met'hod OP g]alm 8, wherein ?ncﬂlctexon of expression of the c%ding

sequence of interest is greater than or equal to two-fold induction by rifampicin over

15  basal levels.

9. The method of any of claims 1-8, wherein the coding sequence of interest

is a reporter sequence.

20 10. The method of claim 9, wherein the reporter sequence encodes a light-

generating protein.

11. The method of claim 10, wherein the light-generating protein is a

bioluminescent protein or a fluorescent protein.

25
12. The method of claim 11, wherein the bioluminescent protein is luciferase.
13. The method of claim 12, wherein said expression cassette comprises SEQ
ID NO:17.
30

14. The method of claim 11, wherein the fluorescent protein is selected from

the group consisting of blue fluorescent protein, cyan fluorescent protein, green
71



generating protein. 11. The nethod of claim 10, wherein the

|l i ght-generating protein is a biolumnescent protein or a fluorescent
protei n. W6 0288830he nmet hod of claim1l, wherein the biol urcmasosnt77gr ot ei n
is luciferase. 13. The method of claim 12, wherein said expression
cassette conprises SEQ |ID NO 17. 30 14. The nethod of claim 11, wherein
the fluorescent protein is selected from the group consisting of blue
fluorescent protein, cyan fluorescent protein, green 71 WO 02/ 088305

PCT/ US02/ 11770 fluorescent protein, yellow fluorescent protein, and red

f | uor escent flpprasesnt protsin, YIEIMQWnﬁlld‘liwentfpr@tnyl, ofd reidfluesesgent proteiner ei n sai d
rodent is a nouse or arat. 5 16. A transgenic rodent conprising, an
expressi on cassette conprising a polynucleotide derived fromthe human
CYP3A4 gene, sai d5palhymuthRDf a@l? ol aMirhg1-ak, wh&emtsaRbfduet i95 8RS of FeRt ity
to nucl eotides 1-13,032 of SEQ ID NGO 14, wher ei n (1) said polynucleotide
is operably linked to a coding sequence of interest, (ii) the

pol ynucl goti de c r anscg L onal ontrol el enent, and
(iii) 10§expressﬁgﬁpbﬁ%%§9%c %ﬁﬁCéﬂ@nﬁﬂ E %#Q$ﬁ¥“%l§£ecgnpﬂﬁﬂ§§d in the
l'i ver of theolynuélagtide derass goni the mﬁham Cmmeg@mnﬁp@mc%uﬂe hatifphci n.

17. An expression cassette caonprising a polynucl eotide derived fromthe

nmouse Cyp3Alepsiydie or gegater idsmiity femusleptides Hald, 0k eftSHQARNOHY, virspiniy t o
nucl eoti des 180 f \ per ably

l'i nked to as%gi ﬁgﬁéggdg%ge %E y#%%%%%%}@akgfkﬁngﬁﬁcﬂ%ﬁ% nﬂgﬂe |de

conpri ses apolyaaslbotmdaecdmmrssmtllmst omeatirars artiyitionial ccmlttehe]amentland @) expression
cassett ri sing, nucl eoti de, derived fromthe, K 20 _nouse Cyp3All
gene, 51 "gwrﬁﬁsem P@}Cﬁ@?aﬁ%ﬁymg}l&%ma& bvggiohghedtving, east 95%
identity touhggmgﬁqggaﬁq)nggﬁgh&ghg@}ﬂééh &infragments of at |east about
100 contiguous nhucl eot | des of SEQ sai d pol ynucl eoti de or
fragnents thereof operably Ilnked to a codlng sequence of |nterest
wherein the pol ynucl eoti de ments.t her of onprise %{
transcri pt i onal gznﬁ%?xpg?rsg% ﬁ:flsse%%comprlsmg d pO ynucieotidae derive fI‘OIll 6

mouse Cyp3A11 gene, said polynucleotide having at least 95% identity to nucleotides
15 1-11,002 of SEQ ID NO:12, said polynucleotide operably linked to a coding sequence

one

of interest, wherein the polynucleotide comprises at least one transcriptional control

element.

18. An expression cassette comprising, a polynucleotide derived from the
20  mouse Cyp3All gene, said polynucleotide comprising a polynucleotide having at
least 95% identity to the sequence of SEQ ID NO:13 or fragments of at least about
100 contiguous nucleotides of SEQ ID NO:13, said polynucleotide or fragments
thereof operably linked to a coding sequence of interest, wherein the polynucleotide

or fragments thereof comprise at least one transcriptional control element.

25
19. The expression cassette of claim 18, wherein said polynucleotide
comprises a first polynucleotide having 95% identity or greater to nucleotides 5104-
6218 of SEQ ID NO:13 and a second polynucleotide having 95% identity or greater to
nucleotides 6792-9330 of SEQ ID NO:13.
30

20. The expression cassette of claims 18-19, wherein the coding sequence of

interest is a reporter sequence.
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19. The expression cassette of claim 18, wherein said polynucleotide
conprises a first polynucleotide having 95% identity or greater to

nucl eot i owe 0340888065 6218 of SEQ ID NO 13 and a second pol ymraglesor/ideo havi ng
95% i dentity or greater to nucleotides 6792-9330 of SEQ ID NO 13. 30 20.
The expression cassette of clains 18-19, wherein the codi ng sequence of
interest is a reporter sequence. 72 WO 02/088305 PCT/ US02/ 11770 21. The
expression cassette of claim 20, wherein the reporter sequence encodes a
| i ght-generating protein. 5 22. The expression cassette of claim 21,
wherein the |ight-generating protein is a biolumnescent protein or a
fluorescent protein. 23. The expression cassette of claim22, wherein the
bi ol umi nescent pr &t-ell A PEPTeYsing gseks of clain 30, wheseindhgrepaderspquaaseet t e of

claim 22, mhgl{cgh&égg.gg%éﬁglraﬁﬁ ﬁfUteiH.r otein is selected fromthe group

consi sting of blue escent “protein, cyan fluorescent protein, green
fluorescent protein, yellow fluorescent protein, and red fluorescent

protein. 15 25. ector conprisin t he expressjion cassette of any of
cl ai s 185£L 24; angéy'( @g‘e ﬁfo%SgP)cB’rcaBS&&R gg%lélm gb .re*’i*ﬁ]lée HETESPeIB NG PIRfei 25

wher ei n sai dis\éqg@mfm@@g@gﬁ%&eﬁll&taf}ﬁfor&%mI‘pil.@tgﬁ_ a selectable marker. 27. A
cell conprising an expression cassette of "any of clains 18-24. 25 28. A

cell conprising a vector of claim25. 29. A transgenic rodent conprising
e joxPr o531 O cossell el St el 8 B it B lRe ST g
whose |iver Rreifpfakses an expression cassette of any of clains 73
10
24. The expression cassette of claim 22, wherein the fluorescent protein is
selected from the group consisting of blue fluorescent protein, cyan fluorescent
protein, green fluorescent protein, yellow fluorescent protein, and red fluorescent
protein.
15
25. A vector comprising
(a) the expression cassette of any of claims 18-24; and

(b) a vector backbone.

20 26. The vector of claim 25, wherein said vector backbone further comprises a

selectable marker.
27. A cell comprising an expression cassette of any of claims 18-24.
25 28. A cell comprising a vector of claim 25.

29. A transgenic rodent comprising the expression cassette of any of claims

18-24.
30 30. The transgenic rodent of claim 29, wherein said rodent is a mouse or a rat.

31. A rodent whose liver comprises an expression cassette of any of claims
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WO 02/ 088305 PCT/US02/11770 18-24. 32. The rodent of claim 31, wherein
said rodent is a nouse or arat. 5 33. A nethod for identifying an anal yte
t hat noduwetoes®ssapr essi on of a reporter sequence, wherei RCERSVIESETON Of
said reporter sequence is nediated by transcription control elenents
derived from nouse Cyp3All gene, in a transgenic, living rodent, said
nmet hod conprising adm nistering to a transgenic, living rodent said

anal yte, wherein said 10 transgenic rodent conprises an expression
cassette of any of clains 20-24; and nonitoring expression of said
reporter seqi®@de wherein an effect on the |l evel of expression of said
reporter sequence indicates that the analyte affects nedi ated by
transcription control elenments derived from nouse Cyp3All gene. 15 34. A

et hod for i dent &y age AReANHoflifh 411 Ahe AU ERnEXRIGRRL AP, F, @ reporter

sequence, wherein expression of salid reporter sequence 1S nedl ated by
transcription control elenents derived from nouse Cyp3All gene, in a living

rodent, aid nethod conprising adm ni stering to i ving rqodent a vector
m xture conmprisin 'aﬁ @%P‘i&il‘gﬁtgﬁﬁg E’éé"%aéYthhaéfm‘g}HiﬂtﬁfeXHeéﬁl%0@@_— 24,

adm ni st eri ngybReSRigfedc@ 0o MreR@ixPredfleh ¥f &id ﬁ?@rt%&;ﬁ?feé %@ﬁ%gﬁz! on of
sai d reporter sequence wherein an effect on the |eve of expression of
sai d report efraseypiaerceoritrod plonteats detistd frowe romsk {yp3 Al T getes imettamenic by

transcriptiop .control elenments derived from nmouse Cyp3All gene. 25 35. The
met hod of cIQYW%§%%m%ﬁgpégﬁ9%§ﬁgm?%?%ﬁing the vector mixture to the rodent

conpri ses i ntraveaiumistétiRbiaafanofensailidinga68&i: sﬁhéh&llr/@; wB&ein/safiet hod for
moni toring expression of a reporter sequence in a cell, 30 wherein
expr essi Bh ofrarsgpric rejeaf cQRprseq @B AERIessiomerdsestiedd any of ¢laimscio- It iandh cont r ol

el ements derived &Bg%ﬁgoéiégaf%{%r%%%aigggpedg& geiq%elggéfvyl%oegeiﬁgpn})eﬂeitgqrﬁ%hg lavel

noni toring the expressi epor equenc

conpri sing dfexfs6ioh @3 8A0 vepiicibt bidu2ncklindilate athabthp heS§le QMfife6@ I%Rdted BY any
of clainms 20-24, wherein expression of said reporter sequence in the cel

i s indi cati vERFriRG: eudioyplemsaisdeatediljommense Gyps Adh gersnt r ol

15 34. A method for identifying an analyte that modulates expression of a
reporter sequence, wherein expression of said reporter sequence is mediated by
transcription control elements derived from mouse Cyp3Al1 gene, in a living rodent,
said method comprising

administering to a living rodent a vector mixture comprising an expression
20  cassette of any of claims 20-24,
administering to said rodent said analyte; and
monitoring expression of said reporter sequence wherein an effect on the level
of expression of said reporter sequence indicates that the analyte affects mediated by
transcription control elements derived from mouse Cyp3A11 gene.
25
35. The method of claim 34, wherein administering the vector mixture to the

rodent comprises intravenous injection of said vector mixture.

36. A method for monitoring expression of a reporter sequence in a cell,
30  wherein expression of said reporter sequence is mediated by transcription control
elements derived from mouse Cyp3A11 gene, said method comprising:

-monitoring the expression of a reporter sequence in a cell, said cell comprising
74
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an expression cassette of any of claims 20-24, wherein expression of said reporter
sequence in the cell is indicative of expression mediated by transcription control

elements derived from mouse Cyp3Al1l gene.
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