12 Cct ober 2005 WO 021088305 PCT/ US02 /11770 | SOLATI ON AND | DENTI FI CATI ON
OF MOUSE AND HUVAN TRANSCRI PTI ON CONTROL ELEMENTS ASSOGPAYEDeYEdds
CYTOCHRO VIE EXPRESSION 5 FI ELD OF THE | NVENTI ON The present invention

rel ates gehel@ldy to the field of nolecular biology and nedicine. In
particular, the invention relates to transcription contFYUE&Hnts deri ved
fromgenomc locii of the nurine Cyp3All gene and the human CYP3A4 gene,
as well as nethods of using the same. The invention further relates to

i sol ated 10 pol ynucl eotides derived fromregulatory regions of the murine
Cyp3Al11 gene and the human CYP3A4 (gene, reporter constructs conprising

those isol ated pol JSOEAPRONGE®D IDERITIAICAPVIN O eSS D FliREy T ePor t er
constructs, transgenic_animals corrlﬁrisj ng those reporter. constructs, and

met hods of use of SERIPLIGNCQNER BMENTRASSOGIATEDSNITRYI ng

conpounds that nodul ate exprEgphearRtGE ﬁd’?ﬁg idi¢ murine Cyp3All 15 gene
and the human CYP3A4 gene deri ved transﬁl p |oSn control elenents. The

invention further relates to in vivo assay nethods which enpl oy animal s

transfected w tFIEiH?)BThEWbﬁ&OI&O”St ructs. BACKGROUND OF THE | NVENTI ON 20
Toxi col ogy studi es of substances have traditionally relied on unicellular

organi sms (for ekemipesent inirmtismedatdsesteraly tohie: 26t mEBATAMRIAH maassay

descri bed i 1) S, > . 4,997, 7157 r in vitro systems for toxicity
testing andﬂlteﬂlgmgr é%?@%aﬁ’wg%?nvﬁngm;ﬁe]%’gstﬁ%aﬂﬁfﬁﬁw confrykglementsderie f act ors
that meke i fromigehorialldciitod thexturaRalypBA11 fFdne B 06 hual @W@A@Eé@pasri sk

i ncl udi ng C%I]llul ar. aéfi ni.tg of the_substance, uptake and 25 distribution
di  f er ences " BefwhEROL; HgFiae hE spLe. o R Tt Sintheiielpies teisalsisfi sm of t he

subst ant@, polgheRstadecaidIarins rephiatosy Je?ﬁn@@fftﬁ'&ﬁmﬂlf)eé A%‘ﬂgéﬁe g?hé S
nmedi ated t ough cellular process. These sane factors Can arfect the

progress of it §05 TEPUCE SGTSHUCkT ROTIPEIIRE Hpeisplated prlyhiclesitides, at t enpt i ng
to determ nidng trakeraied M dhdsk L‘éi)grtertcﬁﬁstl%r:lfs%§%eﬂfc ﬁ.ﬂnﬁ@@r@&ﬁiﬁén@ an ani mal
a Se

: 7 4 1 083.
system 30 Further; the end-point of traditio ani nal  bBa Xi col ogy
studi es i s TPYHTEARtiycigeapd pistheds eioxe of sugincdlBBOd (redsgerdosemalt foshi ch 50% of
the test anjgamlrsingiShpounEms: 'ui%l[é; ubjected to fur r anal ysi s,
for exanpl e, hifgltgpat%ol o9y, lﬂ‘%ﬂ pFR¥or 2 B iR m“medngﬂﬁ
. - 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 pharmaceatical
research and development as well when attempting to deterfnining 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



12 October 2005 WD 02/088305 PCT/US02/ 11770 such analysis is generally
| abor intensive and relatively insensitive. MacG egor, a2 @dtoberPoosianent al
and Applied Toxicol ogy, 26:156-173, 1995) have revi ewed nol ecul ar

end- poi nt syygepBbhods of routine toxicity testing inclygding.the,follow ng:
damage- i nduci llgl e genes in individual cells; bacterial ﬁrﬂ’gg%s of toxicity;

screening of stress 5 gene expression using hybridization or polynerase
chain reaction; hybridization probes for detection of chronpsomal
aberrations; single cell electrophoresis assays; and in vivo aninm
studi es involving ani mal sacrifice and subsequent analysis of _

ti ssue/ cel | ul suchdeatpsdpeis g@@hlly Gidzy measiame rblesrishansiite MecdBye|oed in the

bi hesi t i.d 1Q. R I 0 and in metabolizing drugs or
enobiot o RHSGIEHIA Rl ARRIRL PO, T e NG b oA TSR | evel <

of steroids aad-giab stHARIdES of RItRS tokiERPRLEE IRIRRHULE follbRnd! UFSa L
xenobi oti cs. Chanlges in_P450 enzynme |evels result 1n changes in plasma

and/ or ti ssue™RSIEF genst i indivigpal gells hesjerisbmadsdy of sexicityhscasening of siFass-af f ect s

the stabiljtygeneekfrbGRG s BytrRtatdd & folfynlRRS tnsH MeSon ABAG, £420
superfam | i es%en{)heIifr p3ASlf%Enyl y ilS tyg};{acyal 'y acacountlgn;‘btg}ra 14-%% % of total

P450 present PROGAPRAFICHRRA chiogtosaraheberetians; g@gle s@leﬁ@%oomor@sﬁssasghya;ﬁ .

nmet abol i ¢ act it s 0 ) 1wl 199 . Bicophysi cs
338:43-49). &ngﬁiglvg&%@g%%ilﬂoﬁﬁ% ?ﬂz/%olﬁ%ﬂf%o? @%gygﬁ%]é%%%fsgo 1Cat ed from
human, rat, difsweeellplagdamge.ni ce, incl udi ng Q/pBAlll i nI mi Cﬁ and ?C,:YP?A4_ : n y
humans. Therefore, | on,. rti.c r e A fam |y

20 genes, is a Vi tPélsﬂg%grﬁ%%%%?85%%%?@%%&5%@2\@6@ %B!%gé%ﬁéqs’ﬁ_ﬁ’%tg’f Sof :
phar maceultl cadnd chojest¢rsls andinwmdtidbotising firugs orgrehebisticslgP4INRE ARG ih@RSionGUr rent l y,

conventi onal ass or. PA50 gene regulati.on are | aborious and
ti me- consum nagr,esﬁ%?sf fé’.)c(tgﬁtbqnél thl%‘é{rsf?g%ﬁlsoat“g,c ‘?}@%ﬁir%lﬁ’rf’r sf BPEUCHBEPRCIE or
reporter —assayisugeXr ¥nybiotids Ghakibiet indm50 exnRIGIeRRestf: IP4RAAeNBRshn cel |
Iiﬁe has proven,difficult. 25 Thus, there remains a need %o directly
moni tor Pas0 oG e e PR e Dy mﬁzah%thgvgwh wirggffm e _sfebeinaphe

) | PTI ON i j netrd 32) i :

rl?EglceRoti de s%ﬁ%ﬁgﬂ?ﬁ%@tﬁ%ﬁg%ﬁ%i onal5 coﬂr%%ol _éltenp tAfsfr‘gl?)]11 t he nouse
‘Qyp3All gene WRIEHY acpqunisier i3 of total PASO peasent iclumiaagdivesmistasomes 25

nucl eoti des ifpr §066h of b ArderARHoAL AONRY. Eloficlet 51.069@73 A Blochsnl pgated at
positions 11, 003-11, 005 ~a TATA box is”|ocated at positions.
Biophysics 338:43-49). Clones encodmg distinct Cyp3 A forms have been isolated
from human, rat, guinea pig and mice, including Cyp3Al1 in mice and CYP3A4 in
humans. Therefore, P450 enzyme expression, particularly the Cyp3A 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 sequenée 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
2 ' :



2 12 October 2005 WO 02/088305 PCT/US02/11770 10,884 to 10,887, a mmjor
transcription start site begins with the C at position 2 Gddber 2605 -
approximately 9.3 kb region of the Cyp3Al 1 gene is from nucl eotide position
| to 9, 33QRo¥pekizgure 1A and the approximately 9.3 kb S%"fﬁ%ﬁﬁlllﬁﬁi pr esent ed
alone in Figure 1B (SEQID NO 13). 5 Figure 2 is a schenmatic

pG.3-1-3A11S vector construct containing the 1.6 kb Cyp3All prom)ter
sequence. Figure 3 is a schematic of the pG.3-1-3Al I Mvector construct
containing the 6.0 kb Cyp3All pronoter sequence. Figure 4 is a schematic
of the pG.3-1-3A1 1L vector construct containing the 10 9.0 kb Cyp3Ai |
pronot er sequefseto TR0y @mbjof Sarderiptive it isite fink Rech PRSSK: L3S 19,064, Or
construct containin 6 ronoter sequence. Figure 6 is a
schemati c- of IAI“HEIQ ré’é%g\t@%%f%f\’/lr%ﬂ@Eec@éﬁﬁﬁé?mdﬁ)ﬁ?%nﬁiﬂﬁ‘&’d? Resiti@g ke oyp3Al |
pr onot er seqegaoef FlkﬁreElAgimﬂehJappﬁ)xﬂn@émgH%'sé‘%@ﬁcetﬁ"ﬁe&ﬁea'ajohgﬁﬁ' c vector
construct. ure 8 schematic of the pG.3-1-3A4M vector construct

cont ai ni ng t ure; (B ®al3yr onot er sequence. Figure 9 is a schematic of
the pGL3-§-3A4L VBgh@N it 8 RiefnbiSd of GRS NT-B81 ﬁs*\%ct%ﬁcon%@uc@lffréd%ng%mt er

sequence. 20 F::lgure 10 depicts the results of |iver push experTnments
wher ei n FVB Hi pAdl promster siggesd with 5 jig of the pGL3-1-3A11M

construct and 0 pﬁ{g&fe NPXR heRh@sdpth p(ﬁ*ﬁ%& M v??@r’l‘éhs%ah cQ?m%%P'tﬁt the

results of hPXR titration experinents per ﬁt fri ze the
amount of hPXRkpIGerndl pomethrsegusticered with 5 25 pg of pG.3-1-3A1IM Panel

A, 0 pg hPXR + 5 3ALIM |.uc. Panel
C, 2 g hPXR + 5 \ﬁgﬁﬁfwéh%mg @}? 115‘& 35113‘»91%'%)% %0“356'8“9@9&&%?% H5c. Figure
12 .depl cie tﬁ@kbéémBAsl mbnioteveﬂqu@msh experiments wherein FVB mice were :

. lp: \c';.g:n- 8US hed wi't hFlElll'gg 15 a S emat%G'f%he pB%%k :}u’kl I%OVrﬁlbfslttOll: go%gtru%?gon%mglgg glfe hPXR 30

1.6 kb Cyp3 A1l promoter sequence.
Figure 6 is a schematic of the pBSSK-3A11M vector construct containing the
6 kb Cyp3A11 promoter sequence.
i5 Figure 7is 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—1—3A4L vector construct containing the 13
kb CYP3A4 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~3A1 1M 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  pgof pGL3-I-3A11IM. Papel A, 0 pg hPXR + 5 pg 3A11M-luc. Panel B, 1 pg hPXR
+5 ng 3A11M-luc. Panel C, 2 pg hPXR + 5 pg 3A11M-luc. Panel D, 5 pg hPXR + 5
pg 3A11IM-luc.
Figure 12 depicts the results of liver push experiments wherein FVB mice
were liver-pushed with 5 pg of the pGL3 I—3A1 1L construci and 1 pg of hPXR
30 plasnnd
' Figure 13, panels A-D, depict the results of hPXR titration experiments

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



Figure 13, panels A-D, depict the results of hPXR titration experinments
performed in order to optinize the anobunt of hPXR pl asm 1 OaolsstPo0s st er ed
with 5 3 12 Cctober 2005 Figure 14 depicts the results of |iver push

experi ment gowesssisn FVB mice 5 were liver-pushed with @C?% %,fut,.}ae
pGA.3-1-3A4L construct and 0 jig of hPXR plasmd. Figure epicts the

results of |iver push experinments wherein FVB mce were |iver-pushed with
5 gg of the pG.3-1-3A4L construct and 1 gg of hPXR plasm d. 10 Figure 16,
panel s A-D, depict the results of hPXR titration experinments performed in
order to optim ze the anpbunt of hPXR plasmi d co-administered with 5 pg of
pCGL3- | - 3AAL. 1RawgiGLA I-DANG.. BENERA D ngBXBA«éﬂ_pgmn[Hane?anBB,lu@@PHR)@ +5 Vg

3A4L- | uc.  Pang| PXR.+ 5 Pan XR + 5 pg
3A4L- | uc. 15%%%%‘2]13% ?@é%l%ﬂﬁ\%gﬂ{% lrépqu“ ﬁﬁrl‘ngngHgéggﬁdes K&quence
of a transcrijgtlicpal control element fromthe human CYP3A4 gene |ocus.  In
the figure, the n esents 13,035 nucleotides in total, the
transl ati onal staﬁ:e&é ﬁ%ﬁepé%gﬁf“?s&tsq d¥eResh sperments phvsin FYEyaset o 13, 035,
a TATA box i swdreGadrgmhsiaid vatsI fig 6ftBe JGLADIALD conbRudlQdd 0 g BRIFR t ranscri ption
start site be |ns with the A at position 12,930. An 20 approximately 2.5 kb

regi on of t h s Aq gene, ,useful to facili tate expression as described

herein, is fromn i3 &’e%uo@@tﬁb{fésﬂﬂ& ojflﬂin‘:‘rp%sh4 (l)ae%cﬂ:é GhdiEin %7@3? the

approxi mately 2. 5 se uence is presented ne 1n Frgure SEQ I D NG
15). Fi gure\W@:l‘(%E@s Wity S ngr9f the pElehi- §Aﬂlheor@t«ruqtmi bpgofP3R of CYP3A4- | uc
- transgene oi® generate FVB/ N-TgN(CYP3A4-luc) mice. 25 Figure 18
presents a s hemati ¢ di agram of an approximately 9.3 kb pronoter region -
sequence, 10 ocat ed Fiura 1, phrelsGypB Abpidt tlmdsuﬁg oﬁﬂt?ﬁémrﬂimmempdrim&nmouse genone,

A e T e

appr oxi mat el ytg]cﬁ'pﬁMﬂMﬁi BineBB, 0 pg hPXR SETjueheA.,- 1ul:am&1®1 19ig HrXH hg CYP3A4

coding Seq“e”C%SAJL ub BT, AN S 115 3A4L-luc. Panel D, 5 g HPXR + 5 pg '
3A4L-luc,

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
approximate]y 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 CYP3Ad-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 Cyp3Al1l coding sequences in the mouse genome,
where the diagram shows the approximz'ite 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 genoe,
where the diagram shows the approximate locations of repeat elements from two

known families.



where the di agram shows the approxi mate | ocations of repeat elenments from
two known famlies. 12 October 2005 Figure 20 present s 1exXmmghlear®0s esul ts
of PCR screening CYP3A4-luc Tg mce. Figure 21 presents exenplary Southern
hybri di zati on analysis data for F VB/N-TgN(CYP 3A4 -luc). Figure 22, panel
A B, C and D, present exenplary results of the effects of xenobiotics on
expression of CYP3A4-luc in the #82 line of Tg FvB m ce. SUWARY OF THE

I NVENTI ON The present invention relates to transcription control elenents
derived from nouse and hunman genes associated with cytochrone expression,

€.9., Oyp3Aldigansh frdRRbentpREPNEGIL YAIOR sorbBindF @SR, TAWRDT I ON conpri ses

i sol ated pol ynucl eoti des, expression cassettes, vectors, reconbinant cells,
l'iver-push Figie Piresentatieiplas; SvathethaagaMknal @ dnpmN ani mal s t hat
conprise the transcription control elenments described herein. In a first
aspect , FYB&-TaNéS¥RIA4-Iwgdent i on rel ates to a nethod for identifying an

anal yte that nodul ates expression of a reporter sequence, wherein
expressi on dfig¥ard negdottBrCsmdJbneese exermliraresdlihyf the efertcefi yndtomice omt r ol
el ements deriv [ a_h n CYP3A4 gene, in a transgenic, living rodent,
sai d ﬁ??ﬁﬁﬁmégﬂg%?gghﬁ“Hggﬁﬁﬂ§F8$ﬁﬁ@’ Fd analyte to a transgenic, living
rodent, said transgenic rodent .conprising, an expression cassette
conprising a polynucl eotide derived fromthe human CYP3A4 gene, said

- pol ynucl eot iggaminas 68 13 INANTIBRY or greater identity to nucleotides
1- 13,032 of SEQ ID NGO 14, wherein (i) said polynucleotide is operably

linked to a THe@iditht ERAMRAGEAES tol RhRFifRh cokttd] klelbRs BRIV EEL SRhubGid HGRRP! | ses
at l.east one transcriptional control element, and (iii) expression of said
codi ng sseguesciated frith icpbetr@nd exps:sdidhdegeGypIm 1l had CYPEA4, @dspdchieely. | VIO @resent
transgeni ¢ rodent by dexanethasone or rifanpicin;, and nonitoring

expr es shysatieyf compriisgs soldied golsmylseites erifressint eassegtts, wivere rasorabinat fais tliverpustne

| evel of expression of said coding sequence of interest indicates that the
anal yt éOBPFEM Wiplyingtegsspic.meerherean agimabyha samprse thedrapspeinion cgetrdl viemerfts om

t he hqun.&éFBAA gene. 12 Cctober 2005 In a second aspect, the present

i nvent iSSHPEISI%s to a transgenic rodent conprising, an expression

e o ySotp b hpf PO WG SR A, ARLLNED LEQR (D%GHIAR, G R a8P"

i
sai'd pol ynucl eoti de east 6 Or grea

nucl eoﬁﬁd@ﬁﬁteé—éx%?bs@@l?oﬁfw OF? skddeE) whbfbin MPRESInbS tdid lie?clﬁ'geg%eﬂpegkeyiF iﬁ%&&?&e %}Ee s

operably linked to a codi ng sequence of Interest, e polynuc i de
conpri s@ssceptionlctfil clomentt daeC o kilmad CEPIUS &ne,6h @ MBpeni@M¥ink rddedt, said

~expression of said coding sequence of interest is induced in the liver of

the | i wvietigd dompmsinge adngnistethensaidynatiex wne thagene 13ingr lofanphidi thansgenic rodent
‘comprising, an expression cassette comprising a polynucleotide deri-ved from the human CYP3A4 gene,

~ said polynucleotide having at least 95% or greater identity to nucleotides 1-13,032 of SEQ ID NO:14,

wherein (i) said polynucleotide is operably linked to a coding sequence of interest, (ii) the polynucleotide

comprises at least one transcriptional control element, and (i1i) expression of said coding sequence of

interest is induced in the liver of the living, transgenic rodent by dexamethasone or rifampicin; énd
monitoring expression of said codiﬁg sequence of interest wherein an effect on the level of expression of

-said coding sequence of interest indicates that the analyte effects mediated by transcription control

clements derived from the human CYP3A4 gene.




In a third aspect, the present invention relates to an expression cassette
conprising a polynucleotide derived fromthe nouse Cyp3Abkidiepegosai d

pol ynucl eoti de having at |east 95% identity to nucleotides 1-11,002 of SEQ
I D NO 12, said polynucleotide operably linked to a coding sequence of
interest, wherein the polynucl eotide conprises at |east one transcriptional
control elenent. In a fourth aspect, the present invention relates to an
expressi on cassette conprising, a polynucleotide derived fromthe nouse
Cyp3All gene, said polynucl eotide conprising a polynucl eotide having at

| east 95% i dentsitopd bspedt,ee weguemeatiafrel BEQo lalraN@diGrodent bomgividpt & egfredion| east
about 100 contiguous nucleotides of SEQ ID NO 13, said polynucl eotide or
f r agmenfagsetipequergipiog p gelampiclpotide dragd frgmghe p &g P3A4 aemceidaplypyrlestidshaying
wherein the ngynucIeot i,%%_or fra?m,s ts thereof conprise at |east one
transcr fptrHrar® CosTelT epibetn muckptidgs 11 ¥302 pek Iy NO: e sgrem (Y &7t on

rel ates_to vector ¢ rising the expression ca te. described herein;
ond o VeSB! G cofiSa SBERS 3t Rl RO SR MrmbdRT o AP st o
a cell ARl Fhd 36 A0aF CRltfoP %feﬁ@ntcﬁﬁsﬁﬁ)t &pregs?cﬁl(:(?f' Q%dcolaﬁ‘ir .esleﬂlenéenofain RUeRt h
‘aspect, the present invention relates to a cell ‘conpri §ing a vector :
descri brgudbemnhdlived dF tRMiveRk dhiLeas RAGH: by IB8mALASRY rilpRAL i On relates to a
transgeni c rodent conprising the expression - cassette described herein. 5a
12 Cctober 20056 thind aspeitntiie aspactnvehtid piAsent ad RY@Edsiod Ncakelta ce@prisihgaa
"rodent whose liver conprises an expression cassette described herein. In a
t ent h appbeutlicotidd derjyedefem theimppen€yrdA 1T gdnat seid pobymaclavtiddigsing or leasd @39 idegtitng  an
anal yte that _nodul ates expression of a reporter sequence, wherein :

expr essPeRleidesHi-H 402 55 PEQ D N e srid pelynurieerids oaeratly linked smaeqdingtseomnesiit r ol -
el enents, derived from nouse 3A 11 gene, in a_transgenic, |living rodent,
said nBERSTVREHBIF g@wgcfg"{mﬁe %‘gﬁr’é?ﬁ%ﬁgﬁt BH%IaP?CEH%‘&@rFPE‘?O?FIFWF%g rodgnt sai d
anal yte, whgpej g, g agpéc[ atﬂ% gj?egé;n? inteRAGN L GQMRr | Se2, an eXRIass] on cassette
described herein; and nonitoring expression of sard reporter “ClGiehcd

wher ei oRRu@idhi®s BeriQ8l 48 tHe SMBLe (Q&JS:ﬁi(lpée'ﬁ@,%Li@%ogﬁucﬁe@éi& ot porsnUHENRGE

[ %]

indicates that the analyte affects nediate y transcription contro

el ementigwvidght 1ad ORI SLhOELRRAce lof FEOEID NO: Bnorehfuent lbf a6 Re tabod heo
present invention relates to a nethod for identifying an anal yte that

nmodul atwsligsrprmeslsetides ¢TSEQ e §,enid pelyneiotde atimpeénts harpifepahiin litked @i d
reporter sequence is nediated by transcription control elenents derived

f r om nmgdies cygyess f desrest, wWerein [thevpohgueledtidntor foghentyrihetsolicompoinppt shshgne
adm-nistering to a |livi ng rodent a vector m xture conprising an expression
casset -tt?nﬁfﬁgt%}“iﬂl?@’&fmlﬁl&‘?@ﬁ'n, adm nistering to said rodent said anal yte; and

moni t OIT I ng %Qrfﬁﬁlsf;sge%t, QI];e Ergsiexqt {n\%[r)lgcl;r} reeliatessetg %evrgagt%r ‘comprising the expression cassette
described herein; and a vector backbone,
In a sixth aspect, the present invention relates to a cell comprising an expression cassette
described herein.
In a seventh aspect, the present invention relates to a cell comprising a vector described herein.
In an eighth aspect, the present invention relates to a transgenic rodent comprising the expression

cassette described herein.

5a




wherein an.effect on the |l evel of expression of said reporter sequence
indicates that the analyte affects nediated by transcripPRhersisr ol

el enents derived from nouse Cyp3All gene. In a twelfth aspect, the present
invention relates to a nethod for nonitoring expression of a reporter
sequence in a cell, wherein expression of said reporter sequence is

nmedi ated by transcription control elenents derived from nouse Cyp3A 1
gene, said method conprising: nonitoring the expression of a reporter
sequence in a cell, said cell conprising an expression cassette descri bed
herei n, wherein expression of said reporter sequence in the cell is

i ndi cative of expression nediated by transcription control elenents
derived fronfrichidlk asppeaha pregrahiaventipn Foftes 4a peqdlent whiste lyeeenamrisis g entrisoinn
relates to transc }gtion control elenents derived from cytochrone P450
genes (%@ﬁﬁ?%ﬁﬁgﬁéé Ahd CYP3A4), expression cassettes which include those
control 5b t ober 5 elepents, vector constructs ells an
‘transgeni c élﬁia%ef]@l ¢ eﬁggl?en Iﬁsgen{mné’e%fﬁrrglgtgﬁ ({)ona (?éegls?gﬁ?re d?“tgﬂag AR ERAYE thaps

Usi NGt 0&EdsleSprasGtn b ABRBE VeGucAl HRrSin %@%&&M@Qd }eg&e?éﬁhﬁ}ggﬁg%gﬁggﬁ ttes,

- for exanple, as nodeling, screening and/or test systens. si ng

t he contandrip@brefIRRbISlen®t B (A0Sl FdnT ASKB Ay 11CRh4, Sn 2 Mkgedid, aﬂﬁlggadeﬁt, gy mal s
of the present invention include, but are not limted to, studies involving

t oxi ci tryetBoidcongrisige adbhiaiselingsi) a andgdak] Hoads rddest sadr @elficNghdeit Gaidatadedic sm
safety and/or possible toxicity. Exenplary transcription control elenents
usef ul rofent pempsisescan; exgresdont dassety deseritied jhergion tridomornitodtg ickprestios of ehar icpetr f r om
nmouse Cyp3All | ocus and those derived fromthe human CYP3A4 | ocus. In
part i cuPdienceisreinanesiiest 9p thedevat Fxprgssion ghserd eparicnisavcar ipdivates thehba emalder i ved
from ge ic l.ocii of the marine A ene and _t he human CYP3A4 gene,
wher ei _r?%gﬁ]%%é’?t?‘iiWs“@P?CBPt?O(?ﬁOIE{S’ﬁ]{’]FIB%(SECI%’@YF@#Tc’g‘ mouse CYp3abLetfed with a
reporter se n i C v ' t_nucleic.aci.d. nol ecuyl. e
onpri of ng dar <FrshEsREE EhtPls rES RN PR E TS EhoERn T RS, as
vel | asnddR@IBRF&sibl\G8Qorterdb Rend St diPEPressINf E'Ji‘d’l%?(gr[ep&qﬁéﬁﬁé o 15@&@); es to
~in vivo assay nethods which enploy aninal's transfected with such reporter
const r uehSriptich @AGoladPGRls, detiia! o8 Shdke CRYRNN | R, GO APKViHLodéht, said method

pol.ynucl eotide, or fragnments 5c 12 October 2005 WO 02/088305 PCT/ US02/11770
t her eofcompyitgaddimnigproa toer livingandehO9 veson trixgure usnpmisich etxipcbeson dewite/deseribedm t he
mouse Cyp3All gene, the pol ynucleotide (or fragments thereof) having at
| east 95%n, adpiniseyng gaidredabtaideslye; ad poptors SPGsHM MaitiXegagier sequence
corresp ndiQ%lf %gnﬁgtf %h reof;. The . pol ynucl eotide (or framents thereof)
may be WE‘S@% esftteis [ IhBEyrere of expE 1%0 Sé&d’&}??ét&r {§fluence indicates that the analyte affects
mediated by transcription control elements derived from mouse Cyp3A11 gene.
In a twelfth aspect, the present invention relates to a method for monitoring expression of a
reporter sequence in a cell, 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 an expression cassette described
“herein, wherein expression of said reporter sequence in the cell is indicative of expression mediated
by transcription contro elements derived from mouse Cyp3A11 gene.

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

5b




5 interest. The polynucl eotide (or fragnents thereof) typically conprises
at least one transcriptional control elenent. An expressii,easselte may
conprise the polynucleotide and codi ng sequence of interest. 1n another
aspect, the present invention conprises a polynucleotide, or fragnents
thereof typically greater than 100 conti guous nucl eotides, derived fromthe
10 nouse Cyp3All gene, the polynucleotide (or fragnments thereof) having at

| east 95% i dentity to the sequence of SEQ ID NO 13 (or fragnents thereof
at | east about 100 contiguous nucl eotides of SEQ ID NGO 13). The

pol y nucdi@histdectotfonduaiRBlsSnd Bﬁfsg&ﬁc)aninﬁmsycoﬁﬁinﬁg @e2Rpr¥ssioh BMEGed, FnPm&RHIL NY
sequence of interest. The polynucl eotide (or ragnents thereof) typically
conpr i Séssiag the eelBtand renspanitnmimadlpéonaiils GO edpraadionoda@@id] for &P, SXAERES, ON
cassette may conprise the polynucleotide and codi ng sequence of interest..
| N one SeiepriRE andier test systems | Nethask o thide the cumirdl seges,fdxpstsiqpolaysaies) @lls, iadé
having 95% i dentity or greater to nucleotides 5104-6218 of SEQ ID NO 13 and
a sec B PHmals 8bTe BESRHLNYHE DBoIic Bitarg et Hmitef leattusies tinyolving) tedeitydod

1 6792- 9330 of | D 13.. 20 I n one aspegt, the present invention includes
i sol at ﬁ’gp%‘f*@bﬁg% &% ?w%é%dg 5‘?{&?8?“8@@%%%&0@%éa‘g‘é’@&f@@(’?&#‘pﬁorlgﬁ%&X%wpimv -
POl Y AUGLARLbELS DBiRKh Binihs hsERP b AP BHbCR 2%

identity to .t eguenc f SEQ
NO 13, or fragnents thereof, operab yelprersl éa%f%wlémé’él ?ﬁﬁ’g& ‘gega%efﬁoé% of

i nt er esfousd'thB &1 Mot GndRb RUKIE BbhGR: Hifnad ESFIRNLS,st her eof conprise at
| east one transcriptional control elenent. 25 I n another aspect, the

present i nve@npariiulat, fel ikdaisoni el St @EnoRp A UEH R0 EARE deANR/ M QXGRS SRl 0P
cassettes conprising a polynucl eotide having at | east about 95% identity
t 0 t he tlwaguisn Cepidfl 1 $8EahdhN@BImabI]YRIA 4fegemgwhantis tHeteare@fiptioppeitadd blyméritsdeed t o
- a_ coding sequence of interest, wherein the polynucl eotide or fragnments

-t her eoPssOgigffhIVith a repertér segencenia partigpler ricpmbioamt hudeimadidinoletuwsrentprid® JGQ sone

nbodi di f int t i t , f
T S B SIS0 2L o ASEE oS S aehesy !
i Di i i i ncl udi but. t limted t .
COM | SR DEFS SR PLAAS IR (eI B PO L LGS

| uci f ecasedpoRBdodsl- QL escent proteins (including but not limted to, blue
fluorescent protein, cyan fluorescent protein, green fluorescent protein,

yel | ow f | uorese edpbet, the present invention comprises a polynucleotide, or fragments

5¢




| prdt ein, and red fluorescent protein, as well as, enhanced and/or
destabilized variants thereof). 5 The present invention,gh§9,d-B6hs'des
vectors conprising the isolated polynucleotides and/or expression

cassettes Qb hifs@resent invention. Such vectors typicgldyngliyde a
vect or backbone, and may be linear or circular, conprise one or nore

origins of replication (e.g., a shuttle vector), be site-specifically or
randomy integrating, and conprise one or nore sel ectable or screenable
mar kers. 10 I n one enbodi nent the present invention includes cells
conprising the expression cassettes and/or vectors of the present

invention. | nhapdtthscallyghac tant 00 cdntignag aidletie daiFa fomand ABhse (€. g. ,
hansters, gerbils, and

rodents, incluydin but not. limted tg, mce, r . )
gui nea pi gs) %Agbﬁ?ﬂ% dg PPW&““Z%?B&%@% %W%@@P?afégavé%ﬁt&asﬁ\?é& igenithr ¢ he
present i nvenbintdleotides B 11,002 SSEEIPNGE: IRBY core§Rnifih e §8FhertHEBSH OFhel 5

i ncl udes non- hunan anj nal s that conprise a subset of cells conprising the
expr essi on dﬁ’ﬁ@&@?‘&glcggf&?a&en‘?éw mgy be; eperaBlydipkef toj arpding pesencesf exanpl e,

-non- human saniin@ics:. THEPEBNdIHEES(0F BERNERENESh %{pﬁ&@@&ﬁﬁ}s@sdﬁt‘ﬁagtrbngge

constructs of the present invention. Such non-human aninmals nmay be
" generated, fOFIERRAYIGCOMT! defpenti SP caRrPGion Ghssetifamayesopipeissiion cassett es

and/ or vect org@ficitdifle REESKRH sbaeas d %@ intravenous injection. 20 In
‘yet anot her apgpsgc(t:, tﬁe pr eg{gnst(ﬁ“iénvenf?lﬂgrn i ncl udes net hods of using the

expressi on casset fieanothee apeststhe prgbdnt inventign nompdirssapolmiciealide, of t he present
invention. | HrhQe L.avent i I.nc es,a t far

i dentifying g%ggﬁfyt e%? hgﬁgﬁyn%%%%atb %sﬁigfﬁﬁggg?so@é%? ttsﬁdres’e({}g}{r{)qqg?mg’rﬂ a
-report Ier ?equmee?ypﬁaﬁdﬂ@mﬁ tfhwomnudeotidé){/q&%ggngggﬂ}éfedﬂgia\ﬁﬁgiaﬁléﬂﬂSStE_ﬁi ption .
control ele nd/or a hu 4 gen rived transcr i on
‘control el egﬁettngﬁyﬁrolﬁge FHERSen] 9%3@?533“ lﬁa&ﬁlpﬂﬁﬁ&ﬁeogﬁ‘i Irgt abou a met-hod

typi cal |y conrpmtigsess madkbtides beSEQIDIND:1 hie Tae polghuchidtidd @k fh@eftetereona drug) .
The ani mal conpri ses ﬁ[?? or. nore_of the expression cassettes or vectors of

‘the present THVERPTS ROZA P COUPGReapich §F Bteresh e @plyaudwdfe ©r Expr essi on

of the repor tfREmeRe HeRBHeyHicallIotinhiNee & leaboRltfA&tipthat fBbEY&hen®f
expr essi sequence 30 indicates Phat the anal yte affects

on of, the reporter € ¢
expr essi o ofA“t%Bfﬂ@fé‘ﬁbcaé%Ff? B& 6oTaPG thegobwacleqtids aad eeding semmencecdint r ol
TR et oS RSB 1S SRR g o) ovec
having 95% identity or greater to nucleotides 5104-6218 of SEQIDNO: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 1D NO:13, or fragments thereof, operably linked to a coding
sequence of interest, wherein the polynucieotide 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

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



" Anot her net hod conprises identifying an anal yte that nodul ates expression
(for exanple, of a reporter sequence) nedi ated by nouse Lyg3Add: 2005
gene-derived transcription control elenments and/or a hunan CYP3

gene- deri Vg dfogd3eCription control elenents in a transggnic.. Ly ng,
non- human aninmal. In this nethod a vector 5 m xture, conprising an

expression cassette of the present- invention, is admnistered to the

ani mal concomtant with, before, or after admi nistration of an anal yte. The
vector mxture conprises one or nore of the expression cassettes of the
present invention typically including a reporter sequence. Expression of

the reporter seifusarand fivorasmni profedtd (ind0diag baclot BRitéde, BxPnesstan of the
reporter sequence indi that the 10 anal yte affects expression nedi at ed

at es .
by the transcRPEEs BYAI QIR HPOS e Berf LIrFart PRt e fiFRIcwssir essi on

cassettes andhofeiny 8t @8 SuedRbaYRslein hske afRhRAEed d0d/0R 8statRFRRJAIBAL the
vector mxture is adm nistered by intravenous injection. In a further

enbodi nent of.th?lﬁ%ﬂ'present i nvention, the expression cassettes conprising

the transgyipti on gRRk&k: ; : ' . i and a reporter,
Rdsett lﬁﬂeﬁmrsﬁs%_lﬁtf1ude9¢ecp&9§&ﬂ5srg g%ée}%ﬁgd ‘

15 are used to nonitor the expression of the no gene or the
human CYP3A4 Rpdyneciepfidgs ard/or exprgssicyi casselidsod thepnisemhipreadmi. Gluciofectors epor t er
sequence is BALLAEE8d DvekfdEbaehdne AR r.ess) Of reporter sequence
corresponds t(p)% e&jg?essi OI’? of genene’co?re %Sﬁggdﬁ%pf’gcfu%?}tﬁ%%fnlpg%s%nreloﬁt| onal
control el eneners oviging hf replinapion @a..talsbuttx proes’ ibo pitccpesifitdligr amdémly vect or s

enpl oyed in t. I s _may be screened such cells
wher ei n an eflptg%lgﬁ%%%g%céf fp?gées?rélgorﬁg?g CK%EOF 5‘;%‘?’?@? nalktfience i ndi cat es
t hat the Hhal yt e &hbecdsbodiEmess posenmademiondnddytel bels cbﬁ@xﬁﬁ? thotional .
control el enents that ca ri.se the expressi on casseftes and/or_ vectors
enpl oyed in tHECHETHEE" ?ﬁ?angﬁﬁ{)i’fff S%‘éﬁ%ﬁ?%ﬂﬂi FREenhpR B ARothas AModERent onpr i ses,
a transgeni c transgenizUichhumas adithalEk.¢., odnts, iAGERE, butTe ke &I/ CratsNON- human

animal typically conprises, an expression cassette conprising a
pol ynucl eot i ’@“%tg?g'r B‘ISF PSh3UTFa P HRRY QoPISiathe guiession qasseiiss wrdfel eot i de

having at | eagttoR2Va¥ préeRahRhtidrd 9 b ilnthet SubbdShER rind3e032 of SEQ 1D
- NO 14 (or_ fragnents tpﬁereot), “Wher ei n (ei) t he po’|tyég€‘§?e;elolpﬁgggor

fragment st hdPdgiey 1P hespey inas thptgesmrisor abess of erlls seqprisineshodorestien est |
(ii) the 30 Relw4GhERE Vdford Gihd ﬁr@&ﬁﬁﬂ@cﬁti&ﬂ%Iee‘igl)flglgfl{ﬁmﬂufnﬁtﬁ ﬁﬁhlaiseast one

transcriptional control elenent, and (i11) expression o e codi ng
sequence of i%oss ks ¢ognnriseiepdls grapsfectedevith thegonstgfcts dfehd fresengpventiams geni c,

non- human anigied n Y hilEaNELASS G é&glerﬁfeﬁ,afgpéxgng]e, gy 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 nsing 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 examplé, of a reporter sequence) mediated by mouse
Cyp3A11 gene-derived transcription control elements and/or a human CYP3A4 gene-

25  derived transcription control elements in a tranégenic, 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 andfor

vectors employed in the method.
7



' 12 Oct ober 2005 WO 02/ 088303 PCT/ US02/ 11770 | n one enbodi ment, expression
of the coding sequence of interest is induced in the lipM@g bé rapsgeni c
ani mal by dexanet hasone admi nistered at 50 ng/ kg body \J\g gﬁo d g?

expr essi onygf g2foli8o£ 0di Ng sequence of interest is induce i ving,
transgenic aninmal by rifanpicin adm nistered at 50 ng/ kcgl)dg@gggﬁﬂlmgh

Further, 5 induction of expression of the codi ng sequence of interest my
be greater than or equal to 10-fold induction by dexanet hasone over basal

| evel s, and/or, induction of expression of the coding sequence of interest
is greater than or equal to two-fold induction by rifanpicin over. basal

| evel s. I n one enb@nhthmmﬁetholdasmprmxmem@ingmn@ﬁa}jtlae}acmddmgesﬁﬁgﬁw in the
liver 10 regl n of tﬂ ?1{?6 tran non- human animal Is greater than
o]

or equal to t 3rt PP f’EGH%“C e%@’d}}o‘ﬁf: R sentgerief ans geni ¢

non- human ani nmscnﬂmnamfdneiememb@m/mr}fumah ey PBRARSECAH Ged RARCIYHERN ani nal
does not have ﬁéiences encodi ng a_functjonal hPXR (a human rifanpicin

co-receptor). C"Fﬁa pEents @ ragsgenis) livipge BohBimagged s Inghs gepghoddrvepioman  PXR
gene product . mbburkeotphiting REExpRINOHEITRAE of BX RFESS iRBnRh, khemead O Sequence

of interest is induced in the living, transgenic, non- human ani mal by at’
| east one con{®anEal cErakasl withdwiarn o afte @éﬁwﬁ@ilm 4frag andlytpBrobetebi t ol |

i fedipine, SmRifoRERFIPofdor ke M LGk BARKEL bife R TS

wherein induction of expression Is see I ver lon o e living,
transgeni ¢ anymghlly oluding g rpotiersngigass. ExPrmwnbﬁﬂamep@nnml]uembﬁscodl ng

sequence of inatarest et @f the ABLE of tgg re%ort?rpsgcli’]u:egcré: éﬂcg%g%ﬁﬁag tl—E;rng 2 | ﬁ‘

reporter sequence nay, or exanp enco .
(e.g., a Hol amiytwfnetstexpemoeimdmnedaoyfthmmqanﬁal podiobeidhents Bae exenpl ary

bi ol um nescent, n.is luci fe ase n_on the invention,
the transgeni T nlg% GRS AT 5 W?rvc?ﬁﬁffeen’é’%égb]rng%g’iefgﬂ d-cimgite 25
conpri si ng SE@HoBiNMGE HE véaor I&M&Iﬁ’ﬂ)isaﬂﬂnn@ﬂ?&%lhﬂi@veh&ﬁﬁﬁ&ﬂﬂﬁ) Exenpl ary
fl uorescent protel ns .i ncl ude re not limted to,. blue fluorescent

protein, cyan flJBA&Y ﬁ?m (‘ﬁ‘%ﬁt HP the Pressyt fveRSioBsBeAIPression easeEttey el | ow

f1 uor escent pfo&tpﬁmmg tiRnehnsceifiior don@bRIGEMs dTHRLRE Bt J\}&ﬁtxéﬂ éﬁﬁ%& rfér
non- human, ani nal HB(F/ be a rodent, including, but not limted t'o, nouse,

‘rat, hanster,“gBFLi*? mogFor s XBESSiANP! theraoyse @s’%‘}lllgﬁ%?ﬁth@hm@ﬁnso i ncl udes a
method for i deyp3Ad/iddg itdleelN 3 Wisfontitld@iment expression of a reporter sequence is

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, nop-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 sequeﬂce of interest is induced in the liver

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



indicated, cosigRniidrakprtSRAME GeaDdRE sdﬂjﬁé&@ ot Aferddi RERAYed mu%l ogy,

" nodul ates expression of a reporter sequence, wherein expression of the

reporter 9 12 Cctober 2005 WO 02/088305 PCTI US02/ 11770 %%%gtn&ezhﬁ nmedi at ed
by transcription control elenments derived from for exanpl@e

CYP3A4 gengus d2fissdod ransgenic, living rodent. In the met 'qu}sﬁﬁu%a' yte i's
adm nistered to the transgeni c, living, non-human transgenl c ani mal

descri bed above.  Expression of the reporter sequence is nonitored. An
effect on the | evel of 5 expression of the reporter sequence indicates that
the anal yte affects nediated by transcription control elenments, e.g.,
derived fromthe human CYP3A4 gene. These and ot her enbodi nents of the
present inventi on iocht cmmiithény, cxprisiont 6 the ddame s@fue@edf Bddiyst Skhddced N t he art
in view of t he |lscl o?ure herein %ﬁDET | LED DESCRI PTI ON OF THE | NVENTI ON
The practice GfP%Ha5FARERYC pPHRaLYY Gramshasoragmgistersd pedimgk s Body se

cel l blology transgenlc ani mal_ mani pul ati on, and reconbi nant whi ch

are within t hEWSEDq 20gpaliby &ifagppicin aé@@lst‘ée‘bat 50 afisroedk wemhi. tRegher, and

Mani at i s, VOLiEGIki NG ofAnd & AEHDF BRI (1989);
CURRENT PROTOOOLS | N - MOLECULAR B d@%& M Au?:ljagé)% %geta%g}ht"hgﬂs 1987) :
the series MEAREDS 104fpld Erdzsﬂmwxm@l@mm@eﬁae@éevelsmdwr mam ofA

PRACTI CAL APPR R eds

1995); AN MAL %ﬁbn %’UYP_QF%OS}EA% Sgﬁjeieélg?f@ﬁ%t 14'@%@% tﬁ@q}é%@lt r ansgenl C Ani mal
Technol ogy: Ang@tipm by rifmpign ﬁmbmbkveis by Carl A Pinkert, (Editor) First
Edi tion, Academ cy and.." Mani uI at t he Mouse
Enbryo - A Labor af ﬁ)ﬁﬁé?ﬁbﬁ&&% ba%‘??’éﬁ?%f%iﬁﬁgﬁhe Cang Puddy B Wsr0603843
Publ i shert0 Cobgiospfﬂlngvih@rttmsgeh‘&bmmhmm annlﬁtabﬂgreat%uﬂmn Daddal tSeRt pber 1999,

Second Editiqy FL NL TI I.n escrl bi ng, the present invention, the
fol | owi ng terqrrlx];ervm 1918 98 OPE ?5369@%5]% Ay trangegnic H?‘ghlﬂ’é*’df‘ PP Pe defined as

i ndi cated bel ow. Uﬂnhml&remb@ﬁmbﬁethb ndin@aﬁﬁ(ﬁon—h@;hén icghiBlocd B davaer ei n have
t he sane neani as the ld.to opne skilled in the art of the resent

i nventi on. @eq'%ﬁ‘ées {°8¢ gﬁrfﬁ’&‘}t’é’%lh% 2 hppaifappich @-reppptaph Jdrkist thele” ar e
used i nter changgabéyhot Oxpaddsla HigkAsn fufnA HXH Yei® hidudtor m of nucl eoti des of

any Iength ei t her
In a further embodiment, expression of the coding sequence of interest is

induced in the living, transgenic, non-human animal by at least one compound
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—generatipg protein (e.g., a bioluminescent protein or a fluorescent protein).
One exemplary bioluminescent protein is luciferase. In one embodiment of the
invention, t_he transgenic, non-human aniral may include an expression casselte
25 comprising SEQ ID NO:17 (an exemplary CYP3A4/luc transgene). Exemplary
fluorescent proteins mclude, 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 repoﬁer
9



' debxyribonucleotides or ribonucl eotides, or analdgs t her eof .

Pol ynucl eoti des may 10 12 Cctober 2005 WO 02/ 088305 PCT/{JS944Hek Bdfs have any

t hree-di nensi onal structure, and may perform any function, known or

unknown. Ne@-ehhdssdsi ng exanpl es of pol ynucl eotides inclu a gene

fragnent, exons, introns, nmessenger RNA (nRNA), transfg)?T%ﬁg\z?ﬂﬁobosorml

RNA, ribozynmes, cDNA, reconbinant- pol ynucl eoti des, branched

pol ynucl eoti des, plasm ds, vectors, 5 isolated DNA of any sequence,

i'sol ated RNA of any sequence, nucleic acid probes, and primers. A

pol ynucl eotide is typically conposed of a specific sequence of four

nucl eot i de basesncad emidiredbi)aneyiptsi dweatrfiClemegisabing fd@), foraRtmpibyi ne (T)

(uracil (U for ' eéT) en the polynucleotide is RNA). Thus, the

term pol ynuclhélg}af’w&qsgg %é%%@arfs?nf‘hé‘eﬁﬂ “Ff‘gﬁtet?? s methed el et on of a

pol ynucl eot i deimimittered kethe Thisgenia Hphgh@iniitalan heR:ese Mifkl @RrbadaRfel NPUt

i nto dat abas;:-@ in.a cgtg%)uter having a central processing unit and used for

bi oi nf or mat i cEPEFPPT RHT BRI TRHCES 1 AR Ehan GEro Belevel9d honol ogy

sear ching.5 A cxpRshidigoraRie se@Encd RIRAKS MaBHWRh e 280 tedhySel ected

pol ypeptide, is 15 a nucleic acid nolecule which is transcribed (in the

case of DNA) t&‘ﬁﬂ’“ﬁl%%qn&%ﬂelmqﬁs’ eigh dorivgd &oprtheimmn G deepol ypept i de, for

~exanple, in vivo wheR apk @fh@x%rh%@ﬁﬁen&shﬁthegﬂ&glg%veﬁﬁoﬁp@rrgﬁﬁly %xt:cgu [£oul atory
sequences. (or "control elenents"). The boundaries of the” coding sequence

are typi cal | yhasepberdinaeckil/in ghesarpinviesoefabe disclastwe htein( ani no) termnus and a

translation stop codon at the 3" (carboxy) term nus. A coding sequence 20

can include, but is not limted to, cDNA fromviral, procaryotic or ~

eucaryotil® nRNA, Dgeasrd OEBNKYserormEEINVENMON| ral or procaryotic DNA, and

even synthetic A transcription, term nati on sequence maybe

| ocated 3' to t@g%gr?i%%g%gglc%ﬁéeﬁ%%.mvaltﬁoé’rv%hc?g‘moﬁ’olfﬁ%sﬁ8 W?"n‘ﬂ%@e%l so be

associ at ed wicbiiveatiemilietipigesutnalecularAidBiy, SRuH16E), eTkIcbag tandehiypept i de

can be optim_zed,for. ression in a sel.ected cell. by using the codons

preferred by *PHE Is“@?%@%%?ﬂ” Eﬁﬁec?%bl?aé‘bﬁgéeﬁ’ ! ﬁ?‘ﬁﬂﬂ&‘the&%‘y obtherefie desired

pol ypept i de Sedieng %ﬁﬂt&ﬁﬁ.&itsc’lhﬁiﬁmlﬁﬁh_ dtiayMomﬁt@mecﬁLmnw :Uﬁi c i’ici d »

- sequence [ r ol ypeptide sequence erein the pol ypeptide
sequence lg? i‘m@gﬁg‘ﬁ)ﬂﬁg% Eﬂcﬁj ‘341?@(&%8%&%@%&%?@@ elbf at | east 3

to 5 amno  ACOUECUNBRSBIDLEIEY, B, AakulefAS. ofs. 1 10370uRNEMAR MSHESpgand even

nor e prefera%l\% at | east i
: NZYMOLOGY (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 fnay
10 | '



30 15 to 20 am no acids froma pol ypepti de encoded by the nucleic acid
sequence.. Al so enconpassed are pol ypepti de sequences, WH O&odre005

i mmunol ogically identifiable with a pol ypepti de encoded by the sequence. 11
12 Oct oberw@dQ9pss¥? 02/ 088305 PCTI US02 /11770 A "transcrlP?:t‘J[L%&/{ Aptor”
typically refers to a protein (or polypeptide) which af

transcription, and accordingly the expression, of a specified gene. A
transcription factor nmay refer to a single polypeptide transcription
-factor, one or nore polypeptides acting sequentially or in concert, or a
conpl ex of polypeptides. 5 Typical "control elenents" include, but are not
limted to, haansegthrgd-diaknsi@radmicais ,and mayl§&fdrmtah9fhn@m}ﬁﬂﬁcﬁin &l ements,

cis-acting tr nscr| regul atin nts (transcription regul ators,
e.g., a cis-4 “loﬂ’é‘ ﬁc’eﬂg‘ﬂtﬂﬂﬂg k‘Fg@&‘t upgatides inghde A igprs: B ReISTaggRine, f or
exanpl e, a regndn@énspmpyseizet RN AWIRIN Wir&RfeA RNAARBSIMR! RRA, ridBGieL
interacts to jnduce or repress expression of a gene), transcription

initiation 16PSPgfespEd ’P@EQOIYHWNd%QI)anch?é?@D’H coH#Rseplasmids, aensersi pt i on
terminati on sbERAIANA 88ayBkiuends s8R e\&@@@wﬁ»‘g LR &d (?z?cgc{ﬂn%ﬁ&t ed 3 to
p

the translation stop codon), sequences for timzation nitiation of
transl ati on MMO¥HRSY 5' to the coding sequence), translation enhancing

-sequences, and ”ﬁ%@iyﬂﬁdl&iﬁd&%rt@ E@gcgﬁg‘%@%%?\,ﬁcg anscription pronoters

can include, for exanple ers ex ression of a
" pol ynucl eot i Buleotige b@qﬂaeﬂm@edﬁérm}pe [©)nkedine ¢G);led mynmmt(&’y (urgililgluced by

Cahoro oxpr eSLi Rty o ELB b BBhETov Bl e S CPEROMReRRBH To ¢ e
pronot er 1§ s jequence i tbtyalalnabemml epesentaiba of mpolynﬂclﬁghﬂeahaé(){xld)mﬁsel n, etc.),
SSi on

and constitu nhanci.n ces," also referred
to as enhan%%ha%etgcﬁgeRﬁeé%n%atmﬂﬁa'géem %Nﬁﬂggh@sﬁs 1?8[‘3?‘8% ra‘ai"ég &P cont rol

el enent s t haprobaxpingusit rdanad o ploinddtnftics deMﬁb@tsh&ﬂas%n@m@Q lyiyagteot i de
relative to tt& expr essi | evel in the absence of such control elenents
(for exanpl & 3@8}?@%@@ C}bﬁ‘f‘:’ormter enhancers, enhancer elenents, and

translati onal enhaneRig shheBoer osmgé@e&@%hﬁegl"@a%aé‘s@aéégda!&i}%ﬁ%%tgﬁ e tefm

"nodul at | refers _to both inhibition, including partial tion,
25 wel | ‘l‘P‘%ﬂﬂ’%%‘i"bﬁmle?‘HE@/théW%%@ én the SO and sransiaseti dimt es
expressi on Ofhe @ase%ﬁﬁ&Nf@ﬁntﬁ(ﬁ%%EﬁﬁWx é?daﬁl £ inl VAN leh Ea@@é of éﬁh@ss' on,
ei t her partially or conpletel ly stinmulate express ot e sequence.
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 procéryotic DNA, and even synthetic DNA
sequences. A transcription ’terrrljna_i:iOn 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 ammo
acids, more preferably at least 8 to 10 amino acids, and even more preferably at least

30 15 to 20 amino acids from a polypeptide encoded by the nucleic acid sequence. Also
encompassed are polypeptide sequences, which are immmunologically identifiable with

a polypeptide encoded by the sequence.
11



"Purified polynucleotide" refers to a polynucl eotide of interest or
fragnment thereof which is essentially free, e.g., contanscthesgbhan about
50% preferably Iess 30 than about 70% and nore preferably |less than
about 90% wefezfofiBesdr ot ei n Wi th which the pol ynucl eotide j.snasiHa Y

associ ated. Techni ques for purifying polynucl eotides of i1nter est are wel |
known in the art and include; for exanple, disruption of the cell 12 12
QOct ober 2005 WD 02/ 088305 PCT/ US02 /11770 contai ni ng the pol ynucl eoti de
with a chaotropic agent and separation of the polynucleotide(s) and

protei ns by .ion-exchange chromat.ography, affinity chromatography and

sedi ment ati on accm tﬂﬁaﬁ@npﬁbrdfaﬂsf’ttyplcaﬂy rétels @6 QbREMIGT BEGMDNES wHioHPi cal |y
refers to eit é’ﬁ nucl ei c. aci d. 5. sequence that 1s_not normally found
in the cell ﬁﬁagsr?letF‘mi Aidacaydingly th f(‘?’ipfcsﬁf’?nﬁ’éf‘ gpegified g¢g- fequence

i ntroduced aﬁ;raﬂscgpﬂ’kﬁmaﬁoﬁmﬁ}ere\fﬂi\@f Liiflgl Bﬁyﬁ%ﬁh@ﬁ&qs@rﬁiti@n seaneRee: dogs  not

normal |y occur_in nature at that site. For "exanple DNA sequence encodi ng
a pol ypept i EBYRIHIBRAHDE SHIHEHAHY BrinpeRestt, (&MOPWEP‘QQB@MPP@SO a bacteri al

cell. In this caggpitdeciedsdic My SRIMENGR afesnot 1EIE! Q! QY R0k © the native
DNA of the bacterial 10 cell. Alternatively, a pronoter seduence froma

Ti e2 gene caROUKECTp, R g beteharcsT @lﬁ@entegeﬁ@nmg trapseaiptiomraghilating 0sB gene. I n
this case tneleloh? (PIRURLIGH rdBRHANCS, hlis ccDB! ALALOAANS Gy e nativef osB

genom c sequence "pol'ypepti d roadest sense to refer to
- a conpound ofrapsgipiam of ggewe, Sorlsaarinple, a:tmeglcm ammmoanwnbmmhdnaﬁ@hpg@ or

Ot her bop b  RRdIGbEas 1olhFict 3 AU bR TBY o et N EeiR TR B8, o> " ™Y

ot her bonds exa e es
t ypi cal | yOr efignas e eTA’l’veboxjabml@komeiﬁ Qfanstipabrifeahingion sinhlk 8l an no

acids, inclu ne and bo t| cal isoners, and am no |
aci d anal ogsggaé:ogy a%eﬁlqat%ﬁ)or%? %f"feé?ocaya; &@‘aga‘ﬁﬁl ?t@é"?ﬂ% hRIEIgRS 6 acids i s
comonl y cal bﬁdnmatmmldfgﬂmeeibh o€l @rarisfatibi GodedAS” @Lthe Betiinl de§uenh)! thanslafiod he
peptide chain.,is .20 | ong trz?ﬂégtl de is typically called a pol ypeptide or

a. protein. rﬁ%‘?’%feﬁu?q E?I’Stefl’é‘naatf?“é?‘i“&ﬁ%n@ﬁps%w@l RAEAEE wher ei n

t he conponeginsSn&ndd) ﬁ&@:ﬁi}ﬂﬁé‘ iAduRibeRbmSidfs§ A h e eﬁﬁestsf?,un EL fxﬂ?ﬂﬂcﬁc}aﬁﬂé usual
function,_Thus, a given_pronoter that is operably Iinked codi ng

sequence 7 e. Fabenge PE?IBEFIY E’Pkedé% Piesunaier it mduesd by pn prplyteysaitter.of ef f ecti ng
the expressi gguiforf ﬂ%te%@cﬁ&eﬁx@%%‘ﬁ%n%ﬁrm@r Qﬁe&f BV L & AIEad " ©
present The pronoter or other control elenents c?
sequence operably linked to the promoter is induced by an analyte cofactor,
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
* transiation of a polynucleotide relative to the expression level m the absence of such
control elements (for example, promoters, promoter enhancers, enhancer elements,
and translational enhancers (e.g., Shjne and Delagarno sequences)).
The term “modulation” refers to both inhibition, including partial inhibition, as
25  wellas stimulati_on. 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. .
“Parified 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 polynucleotldes :

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



-~ W th respect 't

" nucleic acid nol ecu

not be contiguous with the codi ng sequence, so long as they function to

direct the expression thereof. For exanple, interveningugttahshated yet

transcribed sequences can be present between the pronoter sequence and the

codi ng sequ@pRsaid the pronoter sequence can still be Led

"operably linked" to the coding sequence. 30 "Reconbi nant gacribes a

nucl ei ¢ 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

mani pul ation: (1) is not associated with all or a portion of the

pol ynucl eotide with 13 12 Gctober 2005 WO 02/088305 PCT/US02/11770. which

it is assom &origining thepalynuclealirds/vath 4 Gpotirapid dgaktetdd sepamtipobftheic| eot i de ot her

t han t hat nat.ure. .The te reconbi nant” as used
% @Q{uﬁ&tidg se:ﬁ]rc]l p(lgér.{gl%g li)%/{?)meiﬁch&gger%éﬂgat%‘grgg}wﬁﬁl Y de produced by

expr ession ofch@mae:@mpbymamadmmtaymumicemmgdedeﬁ'siRgaconbi nant host cells,"

"host cells," ceIAI 5 cul tures,"” and ot her such

n n
terms denoting, e g%,ewmki?ggsfi?a?‘?nﬁe W@F%ﬁﬁﬁfﬁﬁltgﬁ’g’eb W apudelsssidic cell |ines
cul tured &s L'!ﬂfqut?.fadelthlrcltwnoeﬂcbﬂrdall?ﬁqunﬁliriaf:hblScﬂﬂorlcﬁ"’gaﬁi’sﬁnf'tﬁr"zﬁéi@ﬁI O (iipgheiief er to

cells which caﬁ (gue@%&en used as recipients for reconbi nant
~vectors or &F é?qute?‘%fr’r’étf 2 BENoRRiE HiC WheeeT the npleig asig sespenchdogy i gi nal

cel | whi ch hast feeeslly ddoanis haeteas tal diel Fo#@gﬁgfét 999145@@%11{:{41%39&19?? ny of a

si ngl e parent a]ilmcell y not 10 necessaril e co enttcal in
mor phol ogy oPCWPFRYER 6/ @Fa“’ceétﬁﬁmwaﬂ‘é@#ﬁﬂ@ﬁémo%bﬁcmmelmll@pﬂn&l par ent ,

due to acci deptae ﬁﬁstwA%ha{celmEé}dl us”Ft’Sﬁﬁ% F%,%&g”t a' Ce"

whi ch are sufficiently simlar to the %grent to e charag}erl ze t he
rel evant 1Br opdk tAdteraalivply cisprometepseguene &owfa Tied gene kit 1dteocmeqi1ﬁmﬁe encod| ng |

a desired p@ﬁfo‘nﬁ@loc?tfo%o'f Q%sﬂ yII? ﬁlg?(?abg 295 r(IJIQ(;tended %ely ét hi s

definition, and are cover ed above erm; A qi g ted
pol ynucl eot i d@'ternlgg@@ fogth¢ sataefmﬂlgeimniaedqdertml ecul e separate and discrete

fromthe whol e org Ell) §@3§%‘?"h, Wha':l?n %Oadegpse ef%fst fggund b@gn&}&ﬂ}r‘gl I Sr a

associ at ed wmbte subgnif mma&mdseamo a&d&ﬂﬂb@ﬂﬁz&thdﬁ@eﬂtidoﬁﬂ&h&{c§, T#: nature, but

havi ng heterglogous s nces s .defij ne e i n association
t her ewi tﬁg Tge%lé3 H%IQ aéégefqg'?( ‘gg’f% ﬁ?%ﬁ??&s ]ull@’l %ﬁ%tﬂaﬁf\c’i\?"éﬁ’éﬁn&lﬁ HELEH® " sequence
i dentity" abtsoThﬂs ferrk Nousino kaid't fygicallvt refetoytp e i hé&uraﬁétﬁ?brﬁlﬁ&i&&hﬂues i ncl ude

determning th nucl eoti.de sequence of the nNRNA for a_gene and/or
det er ni ni ng §}W§1 gﬁf‘?}ﬂl‘)é‘&]ﬂﬁ mncluding glycine and both theDorLoptzcaI 1Isomers, and

amino acid analogs and peptidomimetics. A peptzde 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 épo}ypeptide 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 contignous 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 se.quence 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 pbrtion of the poiynucleotide. with
: _ 3 7 ‘



sequénce encoded thereby, and conparing these sequences to a second
nucl eotide or 25 am no acid sequence. In general, "identystyciot2bB6$ t0 an
exact nucl eotide-to- nucleotide or ami no acid-to-am no acid correspondence

of two pol Wouwshsaisi des or - pol ypepti de sequences, respeq,gir){@w.l.”'gv\o or nore
sequences (polynucleotide or amno acid) can be conpared b dlet erm 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 length of the shorter
sequences and nultiplied by 100. An approximate alignnment for nucleic acid
sequences i s Phglyit dheagsagiptadiie nitoraindhe @) iokpked togopdtyranieofide Sitfict thaa kit

Wat er man, 14 t. / 3 PCTI US02/ 11770 Advances in

Aol 1 ed i heimat raat 3 s B, 4B MR R e e BB e o

am no aci d seyofemge golypeptidé mgarsheolypertidagrodaterliby egevaion@e d rddymbayiof f
Atlas of Pr ' enges _and Structure, MO, hoff . ed., 5 suppl.

3: 353- 358, Nﬁ"?”é‘ﬁ%‘?‘ﬁ% oRe F‘céa“%é’étec ’?Sch%ﬁ%ﬁﬂgat {Q@ﬁ withesgish D, usa,
and nor mal3y zeutitings, Sardr dthes koah, teiselenotifg) g, frediryotié (fidroGg4BmG B3 (1986). An
exenpl ary inmpl ene tatilgn oi} this algorithmto determ ne percent identity
of a sequenc& FEYPPEH J% PYrphas vusshulps ubitiesy s weesrinigrebiseiimandon, W) in

t he "Best Fi t "refiet tol dellywBipIpLanCRt :0Have Jdaf, usgﬁsé%él'!iﬁierﬁﬁfc@Q&Bﬁﬁﬁaﬁt%ct&ﬂi& met hod
are described jin t%geéw consi n_ Sequence Anal ysis Package Program Manual ,
[

Version 8 (1998¥t |38 el BerpergerE ofchhgyigieal calbwideb s betbdi son, W).
A preferred mRblodedfi BEhallh NG EE)be 4 SRIE bidkukibeh My ngont ext of the
p P

present invention is to use the MPS ackage o rograns” copyrighted by
t he Uni vellsi tgeestaritsberiomplgticly ilsvidabipeeprpiplabyionitFzen@old drtgal A Shane S, .
Sturrok, and @isStefdeRUb 88 PWink [ el I . untain Vj ew. CA). From
this suite (;:f %ackages th%msgéa?‘%}n@\f@fﬂebratr%lﬁ&g?lé)gg?]{b&%eclglﬁlt e égﬁ%ﬁe ed where
- default 15 pa&f thewewnisl eellovhidhede sufficiemly sauitr taige pabiteo bé drraeesip@ite, gap open

penal ty of 12 i | t f .one d a gap of .six). Fromthe
data gener at oo Itg%gam ?E)ﬁ:’%ﬁr\f’ SQ@aﬁQEﬁé%rr ® Ifcgé’{ 1S nu"geé’gigee??@gg‘lcgg?ﬁofhfl% 2 O her
sui t abl e progesirg péwidecat haluded inghd fregape it@witd by MekefihioNanGhmi | arity

bet ween S8AUENGES: 1@ %%%%% ally known in the art, for exanple, another

al i gnment ~pr ogr am 1°s ‘U&ed with default paraneters. For exanple, 20

BLASTN and BLASTPAedisoled pslytudkiing rhdlecuieak b audlag acle hidlcile BpasfRifr S:
gt € €O URiGro! ANAE Yo' Bhsmw i WEieh 3 Wi 10 fnd i ora 0 SXPeCt
- nucleic acid molecule devoid, in whole or part, of sequences norally associated with
it in nature; or a sequence, as it exists in nature, But having heterologous sequences -
20 (as defined below) in association thérewith.
Techniques for determining nucleic acid and amino acid “sequence identity”
also are known in the art. Typically; such technigues include determining the
aucleotide 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 mucleotide-to-
nucleotide or amino acid-to-amino acid correspondence of two polynucleotides or
polypeptide sequences, respectivelj Two or more sequences (polynucleotide or .
amino acid) can be compared by detérmining 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 '



BLOSUMVG2; -Descriptions 50 sequences; sort by = H GH SCORE; Dat abases =
non-redundant, GenBank + EMBL + DDBJ + PDB + GenBank CDQZQ&ﬁgﬁbe?pns.+
Swi ss protein + Spupdate + PIR Details of these prograns can be found at
the 25 fol {y@whhgksbsnt ernet address: http://ww ncbj. nl m gyl rbign/ BLAST.
One of skill in the art can readily determne the proper search par aneters
to wuse for a given sequence in the above prograns. For exanple, the search
paranmeters nmay 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 eotide conprising X contiguous nucl.eotides,
“wherein (i) M@Mw&mamw 'ﬂﬁsdlgcasmmaﬁm&ap‘éﬁ%identity
to Y contlgu?us J ot i des gerlve fraom an* of th g sequences descri bed
herein, (ii) ‘3@*81&83?1 SRAUCIGEY XF?“?%t %Sqong At deyelened by aypth Ategelober 2005

WO 02/ osssospﬁﬁaiwa hidel GHD Stigentrd, MIIe DA d. gfsuﬂucé @ﬁtmeﬁatwnﬁﬁent in a
sel ect ed fulb %19 N sequence as described herein g., see the Exanples,
Fi gures, Seqtdtteqi Beseigh ARendevon Meshingtom I HéAaP‘}d normglisgéby val ues

fal l'ing wst higaiptive, RRAVECIHERS Hﬁh@ﬁé’ﬁ@lﬁg@?(m%) %@%ﬂ@h Fleﬁl ntation
pol ynucl eoti de r ef ers to any [ ength pol ynucl eotide g gerl ved froma

| arger 5 pol Phtisiaasrihye iodesapins ereprs Adankity(of 2 sequence doprovidertiysthauct eot i des,
wher e XS as ehitlos CORBEEH BRAD (MRARIDWAL i ikt FRTRIL RO GBTIRaAC iyge, DUt are

- not limted to, at east about™ 6 contiguous nucl eo I"'east about 50
cont i guous ndelrebpareregers frdhis megod amohsqngcd)mﬁhm‘%slc@@nn thqse,ncabmaﬂgrsﬁoo

contiguous n tide about 50

conti guous’ ngg‘%kg%%!l)rggémﬁmﬁg Vl%gsa?{)snt Q%%%?&%%& r‘%?&ﬁgﬁébﬁl MHuc eotl des or
more, whébei GropcMadioot, i V@Doﬁs)rﬁemddem:thmlhﬁ eﬁ!ﬂﬂlshiﬁg pateeht identityan thar ger

‘sequence of n S Jquc L eot i des ol ynucl eoti des and

pol ynucl eot i g%nstéxagggg resen b VPR %HS%#I?‘ WM@CE"P’EP‘@ BOStSs of the

_prlesten'éI |n?/emPylnghtfmgjrM@ﬂ%;@fbﬂﬁ&nﬁ@h dbmdp@aajﬂldcliﬂfftet??m%?nd@iahe as ol
rel ated poly eaqti uen guence jdenti of approximately
15 80%to 1009 L}’C ‘f‘é‘@‘ “R?%ﬁﬂﬁgqﬁ gﬁeﬁﬁé&?‘”ﬁ‘pﬁ“@ﬁl 13%) tiffemglis cent

identities haﬁem pasckagte URESHIEN PR G rdhS At BRE chEsinpIRRE whbl defadi Med

sequences_are at |east a %68&380 85% &Eeferabl y at | east about 90-92%

nore pr ei%r aB T O PTS PRSP Cyipg,tablgdor expyaplesiap prekRspgityRf 1Regapt about 98%
sequence i degltédsion(peRalyuttions ard 4 gipHreaer FYAl ESia %é&!m'aieﬂ% "“Mal?&lﬁ these

descrl bed rangfes) These percent identities are, exanpl e
alue reflects “sequence identity.” Other suitable programs for calculating the percent

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 =
BL.OSUM62; 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.nebi.nlm.gov/cgi-bin/BLAST.
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 polynucieotide 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 heréin, (1) X equals Y, and (iii) X is equal to from 6
: 15 ' '



20 relative to the clainmed sequences, or other sequences of the present
invention, when the sequences of the present invention gré:ssdc8s the
guery sequence. Alternatively, the degree of sequence simlarity between

pol ynucl eoyidgmsgan be deternmined by hybridization of pglyRlg 894 des under
conditions that formstable duplexes between honol ogous regions, followed

by digestion wth single-stranded- 25 specific nuclease(s), and size
determ nation of the digested fragnents. Two DNA, or two pol ypeptide
sequences are "substantially honol ogous"” to each other when the sequences
exhi bit at | east about 80-85% preferably 85-90% nore preferably 90- 95%
and nost pr efi@rableypuoBerdouslsdijerpreseni darseiectyd fud-lenpth segfieremodssidglence

over a definpgd; t I ef.er m.ned usi t he net hods
above. 30 Sulgg{‘i'gln(?i%gISF%/{PIE(};%D%’%}%%J?%F%%Q?% %?lggl?%angézgﬂffg‘ﬂt@@g@% i ng
conpl et e i denttpgey velpes tabing syibimi the gevEOcobedpadggpaptiidaesegtence. DNA
" sequences th {all honol ogous can be identified in a

Sout her n hybiribdedesARie By e RIBOHREE 30 et ehbim v
02/ 088305 SPCPolyBOZ¢cliliz Aescribedatrepdiie(ies W donggis mendtitdspiBere BSYdefisned for
W thi bt he. SERTOED. ERemelry mhaiee R oo Ruate robbmfied o S bpRaborna
d oni ng, supGapniioheneledaie, 4ydaki Mbaa0icoRtisusiiRleolWe, Mg!ehc acid

fragments are consi der ed@gg "sel ectively hybridize" as 5 described herein.
The degree of “LEYBRTRSCPssLabPYE 298 cortigrous g aeiides abod @5 contighams ul es af f ect s

the effici engyclenides bb&NGOMcikighbil i ddARtd, By q’éé?crh%ﬁutng(z\ﬁ?upglgﬁlﬁg Ihe

t
mol ecules, A partially identical nucleic acid sequence ast
parti al | y9i nRrHsatidgs oroperp, ieatiy such epntissens nvelgetédes arefdetvedHipira Eigei ng to a

t arget - nol eCh@q%encE%?E&{tgL&ﬂ Bleotiigbridi zation of the conpletely identical
sequence can be assessed rising 10 hybridi zati on assays that are well known

inthe art (e.g., Tsorritied polyhusicotifdgsrandh pelpnusieotides vsal inkomnudvishrof di zat i on, or
e B TSRy RN M e AR
conducted u sy ayelatdgpltegeass sofuesek boting/detyencd @ent@x afgpbxintsdlng
Ctringenty af Sty BT kool Hdighenteent HniPng can be
assessed Uusi hgweerstbe omglaricys discdred hiraihn and BekhitERqRnRRd Aleasiogbge Of
seuence | SeR Y. B Bk PR hoob S i o oo o
- mpst preferably at least about 98% sequence identity (including all integer values
falling within these described ranges). These pefcent 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
séqucnces exhibit at least about 80-85%, preferably 85-80%, more preferably 90-
95%, and most preferably 98-100% sequence identity to the referenice sequ.ence over a
defined length of t_hf: 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



~Hybridization conﬁvm ons use

non-speci fic binding events, the secondary probe will not hybridize to the
target. Wiaen utilizing a hybridization-based detection syspabberongcl ei c
acid probe is 20 chosen that is conplenentary to a target nucleic acid
sequence, @@chlobi8ss by selection of appropriate conditigRs,JshesP,obe and
the target sequence "selectively hybridize," or bind, to each other to
forma hybrid nolecule. A nucleic acid nolecule that is capable of

hybri di zi ng selectively to a target sequence under "noderately stringent™
typically hybridizes under conditions that allow detection of a target
nucl ei ¢ acid sequence of at 25 | east about 10-14 nucleotides in length
havi ng at | easemalspitgrgarhe@idifion) s defpad fre ¢hat pattnddrtsystan.t Pefinie; sequence of

t he sel ected ' Is .St ringent .. h idi,zatiqn condiiions
typi ool 1y ol | BAGERE 19 BbR Gk LA w K E Gt A Eop mabropbas
about 10- 14 #at)septd 8d8 Clnhegrgpin; Nediingcid Bsbadiente, sugentity of greater
t han about 90- 95%.. W Itlurgzletichaecicfﬁzr lﬁ%g{:s?agefg%%ia%ﬁft%l"?ﬁé%p?igﬂnﬁctl?r%}i c,acid probe.
_ a yBYTHiZatf on where the

probe and % ardgstrithdtiercia. ShedédréCofdegicae iddntitSROMRACRo heldRt idyy, can be
determ ned as_isS _kno in the art (see, for exanple, Nucleic Acid :
Hybri di zat i oan“’Ii\C”E?rsé‘ggFtéﬁ}e CE@WB&& ' stigppth of kybedimatiqngyenis bakwees sych H ggi ns,
17 12 Cct oberm@iB@ifies\VA HeiidlR8&Nbc A elé 100944 ddahdfle wifl A8ast %'ﬂi@qﬁhﬂ%?§hi ngt on,
DC | RL Pre\?wsf?. YVth_respect to stringency conditions for hybridization, it
i's well knowfFR'dHedeaRel fgatrcn frerybadiehaiomibeet melosd. tihighisionaf be

enpl oyed to afbadiiwh of tHRab Etél;ﬂi’dent%rée&.%&céén%aééé&é(dﬁkgh for exanple, the
fol lowi ng factors: the length and nature of 5 probe and grget sequences,-
base conp®si thybrdigationresayaihpioge welbknsrcia ¢he ardegc Smitherh boh Nonthemalldts and

ot her hybri di y Iy e ce or, absence of

bl ocki ng agenstégﬂhibﬁﬁ}’bﬁgléﬁ%%@%ﬁg% ggggg‘é%?bﬁ{)%ﬁtgaﬁ'(@s!g}ﬂa’f@?%‘ﬁ‘i e, dextran
sul fate, and gbpspenrnMasnel, HtopedEdijion y HISPNCIA Spong Hahaort, NOY).t fwthassayur e and

barti cuar st oy Guteq beifoa AL LR AP ERCROT ok Bt Bt Siing
st andard net hiedsng ot ey Br ttigh SeeendyorIf comdiohd &, lowbamBE@R)K are @ pRlyed, Mol ecul ar
Editio Col d Spring Harbor,

d i : L t Va l ... d , (1989
N "9 15, CIROLRLRE e MBI, BRERR Can (B iri o R S qneaie by Bt or ot

‘cell's. Typi caadky even'ayeaiabbesg@nssequesce idénbire Ssirtile, WeRERMayin@REs hagne

the. expr eser SPOR GRHEETHETHY BhE e o plainaagh ta, e absenceof o0
' non-specific binding events, the secondary probe will not hybridize to the target.
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 mucleotides 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 Jeast s;lbout
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,
17 | '



transfer gene sequences to target cells. Thus, the termincludes cloning,
and expression vehicles, as well as integrating vect or s.12'Oued&iwgaci d
expression vector" or "expression cassette" refers to an assenbly that is
capabl e of wdjhe&hkasng the expression of a sequence or geqe:ﬁj sodibgrest. 20
The nucleic acid expression vector includes a pronoter that 1s operably

| inked to the sequences or gene(s) of interest. Qher control elenents may
be present as well. Expression cassettes described herein may be cont ai ned
within a plasmd construct. In addition to the conponents of the

expression cassette, the plasmd construct may also include a bacteri al
origin of repql%ﬁithé‘wd Wnéllltﬁfol‘rracellﬁlel’@@@abl e markers, a signal 25 which
al 'ows the plasm dygp t [ anded a M3
~origin of replicati ongb%écpfb ﬁn%e Cg%%ﬁtlﬁlﬁgérg'lgitjgdma&{oa ' ]S'Wﬁg%%{’i’ 5’ngt‘hé origin
of repl i cat i ont thitaugperoug ewrmporaid@mewmhwmtaygdweeifabhtseplpaﬂ&tllaﬂn) An

"expression c | es an u eic acid c ct capabl e of
di recting theﬂé%gﬁé%s)i f% 66%m h&w’élgz e %‘Bf {#8q patpre °§uch
cass ett es Tarprbee anﬂmarga RSquenIet,delsd d@t@oﬁtlﬁw&f(thwarfbus S6Emeds, construct,

" expressi on vecte(n{ t é&ene ttﬁ glly{)ecr vect " in order to transfer t he
expression caSsé f&“i“ﬁt‘% Yool rélzaf‘ﬂﬁéo {PEOmBPRENLS; 1hE PIFARISE 1 oni ng and
expr.essi on vehsakest bladnngeigbntaﬁt theé FybridireGdnofiionse k2 (SRR AR ddfidp VO
02/ 088305 PCT/ 802/ 1770 variety of "reporter genes" also referred to as
"reporter sedd Pﬁﬁath? g0l g E%UPﬁa‘iﬂf’@teﬂlpg@ﬁ)é%a@rtlmfequences t he

expression Ofpalftﬁﬁeféﬂs 28 e @4, ©8ryink SvaSK BIrAR RhO MH e BQloh Y G Q{’B{:ﬂ]g‘esets uences of
i nt erest to whi ch the rgforter ene or sequence 1s opefably Il nked. :

Pr ef er r ed Yar dYPHYZRORSpRAEUPF iselen &l winetandud duwdainShpuotset, forpr oduct
that is easi |e\ﬁatﬁ§l@5$hrnﬁ%okp5t‘%§ eppiRbya! (Elo%?%'oﬂtﬂa Stald Xnualsgl %on e reporter

genes include, but are not limte ransf er ase
(CAT), 1ight Ed@f&‘?eﬁ&ﬁ?)r@kbﬁmﬁ%bqrel\@f) | uc- encoded, qu encoded

fluorescent prot ehn%ctoqui a?,l 8o 98k %&;nl%srege nglgenc%sq%ﬁnieg t;ﬁsgrpec)éﬁg' ncl ude,

but are not Ilimted to ca metric, or 1 Pl 'ssays. In
one aspect, re*pnbcntcenstlgemeexwragﬁmbefeamm mde'gen}:@rahﬁatveabe" Rl 8y9edeid thin the

cell and 0] S are neasured in the
intracel | \gra?dgld%ﬁﬁgh%&eéak%l fd%eceirtg %c‘?XP{)eiw?Ih%feEi Wgﬁfc‘ﬂie’feﬁ‘i B Wi gt of * a
cul tured cel ltrahiferegend: kﬂqaermemitﬂget celthy At g geSerdyRElndisicR@ing, 4RPOr t er gene

whose product __is. Secle f hnce the, rate and efficiency of the secretion
i ntroduces a &’cﬁ’IFSSIOﬁ‘ Yehicles, as well as mtegrafing vecfors.

"Nucleic acid expression vector” or ' expressmn 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 es 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 repli'catien, 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 mmltiple cloning site, and 2 "mammalian” origin of replication
(e.g.,aSV40 or adenovirus origin of replication). _
An "expression cassette” comprises any nocleic 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 expressmn vehlcles as weIl as viral vectors.
18



- system "panal™ in the biolum nescent fungus

vari ables that may conplicate interpretation of t he assay. In a preferred
enbodi nent, 15 the reporter gene is a |light generating {rekghd-204en -usi ng
the light generating reporter proteins described herein, expression can be

eval uat ed ferdhabel Y and non invasively as described ab%q¢5§%§77of or
exanple, Contag, P. R, et al., (1998) Nature Med. 4:245-7; ntag, C. H.,

- et-al., (1997) Photochem Photobiol. 66:523-31; Contag, C. H, et al.,
(1995) Mol Mcrobiol. 18:593-603). 20 A "light generating protein" or

"light-emtting protein” is a biolumnescent or fluorescent protein

capabl e of producing light typically in the range of 200 nmto 1100 nm

preferably in the Aisichl & “spemérgenast bls@ referR@ kMRS ReRPRYF RYhdiBisehyd 350 nm and
800 nn). Biolunm nescent gr,ot ei ns produce |ight through.a chem cal reaction

(typical ly redfi Y SgUE Ctbser S8 OTSRBIERSPS Sl rpisssiond vushgadisatestheior escent

proteins 25 pixprluaen of @hnuélbsRld glhubites atiaRfRt th Whichhee {eﬁ't@éf‘%ém%id?n of
radi ation (such as with green fluorescent protein). Exanples of

bi ol uni nescent4}5ith JéiOH%fa‘i%h@P%Fée Proferred gytbpgstrenariss segencesghat prrsiueed | owi ng:
"l'uci f er asge, "prikeingssdust BhtefeRUPRENSE, prif ! '

bacterial | uxqrenggjzed) ar;[d eequr_yoti C ;%re.%b&%?;@fg@f/%rs%gfsgﬁ%bgﬁrg%mr

| uci f er ases, x8es/iggipdegbut agesiat Hmitsd pohipeambapjcelarstildransforbe €A1, kgt i cal
properties, 1 Ses } i : of Iight
e b el yarr i ey S £ olchig, B REAR oL P e P iz 8o
(1991)); and gaphiosdppeoCenvenient dsorys axhndplbet are abidimited tacilonradtsel phot opr ot ei ns

(e.g., Lew s, . . > ius. J, Anal . em 366(6- 19 Cct ober
12005 WO 02/ oé@&ﬁ&ﬁ@%@?‘f@%&)fzﬂf’é‘ﬁ?%@’- rﬁ%ﬁ%?ﬁ‘?es E&?&&?ﬁ?@é"éﬂéﬁz |
fluorescelft phage axprebsd Wit thbedl) aad e/hoatexirhagililatprbucts 46 &Ry yel | ow, cyan,
bl ue, and red fl uorescen tein e.qg., Hadjantonakis, A K, et al.,

H st ochezz. ééﬁa?urgi Bjisc.ﬁe T&g%@)?@4@9‘§'§4"((§8’6ir} ﬁ}ﬁtra{‘té{}g}et}ﬂtirﬁ’fég@%‘ﬁ?edﬁ%ﬁfé? n
substrate” deslureded nesThiS proides ffvardagel G vSIBH R FPottB%endwRSLpRIddet € 9.

| uci ferase enz t hat generates, an energetical]y decayed substrate

me
(e.g., lucifét %leﬁ}j"te&nﬂncﬁ tecnd giclepgnef theSspistipn Pirgiyces addisionaldi ti on of an
ener gy Sour C@ariatSdtGhat &y AdiipRdatdiMibitetar®Gr HEMSGH. h@ﬁ_@ﬂh@@erﬂl{u)odﬁﬂ%

substrates include, but are not limted to, decanal in the bacterial |ux
system 475- dhasgaeisr geneds wlg ssyerating pecisint Whan wiing the lighttgeneraingcar boxyl i ¢
acid (or si mbpbrieAhrbRehs ibkelib& Hein, leRorbfiRonlcht 6 évﬁlu%{ad la&ﬁlirertgfg Al uc)
: . Panel | us sti pticus system
( Tet r ahedr on 4siYgy as dgeribed Bb®E)(segnigr prample, Canteg. Al R3-coahi, (OPB0Rame! in t he
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—encbded) Iuciferases, 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-
19 | '



earth worm Di pl ocardi a | onga system (Bi ochem 15: 1001- 1004, 1976). In sone
systens, as described herein, aldehyde can be used as asuhsddeabgod or -t he
| ight- generating protein. 15 "Light" is defined herein, unless stated

ot her wi se, waS284s86st r omagneti c radiati on having a wavel %g;dgﬂﬁf”.?et ween
about 200 nm(e.g., for W-C) and about 1100 nm (e.g., infrared

wavel ength of visible |light ranges between approxi mat eI y 350 nm
approximately 800 nm (i.e., between about 3,500 angstrons and about 8, 000
angstrons). 20 "Animal" typically refers to a non-human ani mal, including,
Wi thout” limtation, farmanimls such as cattle, sheep, pigs, goats and
hor ses: domesDii60-768 AR0Y. Eaenplesofdlugesenicroteins includhduate myt lanitedab,s

i ncluding fer a. i ents C

hamst er s, ger%i@ﬁ?elg%%g& ir;?g% a%‘?péa;énﬁ{)eﬁ&&? TRiES 7 %n@?‘g@"ﬂa ‘81 ‘{’rgﬁa "5y

chi npanzees. dh¥istahem." Gall bral. 115¢hy49%38@00MK| ude, without 25 limitation;

birds, including d ch as | ckens, turkeys
and other galli nac%onql;@rg%nie%calwmgu%ﬁ'%sg%ge%eémb&ﬁaSubﬁféatF Pﬁ% ghésge%é‘ft}ngas

anphi bi ans5  fprethin, egnhexfmse ehephd, hlﬁSgeneﬁa&:s aﬂ' &@rgeabmydﬁe@eﬂlaibs@ﬁaot e a
particular a and newborn individuals-are

i ntended to g@ cl‘{ﬂjs oy a“ia PP?%EB%%# B’P‘&PHWFh thiﬁéﬂ%‘t«l%ﬂ elgngngan snvresal | y

engi neered arsutipds ATP 6f FINH2$hdkyged0 FIRAAEES &%h&lb’su%ﬂ%é%%%hﬁl@ wRbfel s. A
transgenic ani rrg@lt#ual |y ont ains material fromat |east one unrel ated

or gani sm sucht Gnflecang lnlf's"'e biriesiabyr it iS-Phwle-2-(Ghydere?- ani mal . The

term "chi ner ignamhingiyl)-i ShisdREarb S8 hEH (i@l BRled Hck 0 12
Cotober 2005 Vb 03/ 088308 PN Lot g b ity & Sgoﬁseﬂ\gﬁ’gnﬁes Flin in

whi ch t hethetldilrasgbue e, ipanadk i@ﬂ@s@@mnﬁsosmrfengm@mﬂbs stiptibusc el | s of the
ani mal . " Analgyfem (t&fBEdok @4 P4 fa@ﬂﬂ%é}%&’h @&Q@E@P%% “‘Abgﬁ,;, efitegts (e.g.
pronoter be it tl

‘induction or repression of a specif u3|ng t he
test animals eaﬁ’élwsfmﬂlﬂ’iwsdl@foﬂgm%’ﬂpméﬁmhem Aedr01-0604, BN, Arsahyt es i ncl ude,

but are not I C har onpounds,
pch)I ypept i des, &%%eﬁpfg%gés%mbego%{gﬁlug{d %’ ql%é dgposluysrﬁel%gbﬁ‘iah éggl ogs. Many

organi zat i ongeléﬂatglg pretoi. Nat i onal | nst | t ut es of Health, pharmaceutical and
her ol 597201 ot 05 Bk BL8E, ] e S0 hugic i >
having a wavelength of between about 200 nm (e.g., for UV-C) and about 1100 nm
(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 “ransgenic 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 '



10 fermentation broths or extracts. Such conmpounds/anal ytes can be enpl oyed
in the practice of the present invention. The term " posizhMsbesebgeti on
marker" refers to a gene encoding a product that enables only the cells
that carrywohg,g8pe to survive and/or grow under certain,..conditions. For
exanpl e, plant and animal cells that express the introduced neomnycin 15
resi stance (Neo' ) gene are resistant to the compound 418. Cells that do
not carry the Neor gene marker are killed by (418. O her positive
selection markers will be known to those of skill in the art. Typically,
positive selection nmarkers encode products that can be readily assayed.
Thus, posi ti VECEdPZRE igene isrfourd os incerichide bgemldgousteheis ekpesseddagbher a

particul ar D%f&%ﬁkéﬁkcéftﬁkﬁﬁxirﬂﬁen introduced into a cell, organ or tissue.
e rker

20 "Negative selection narker” refers to gene encoding a product that can

be used to sel ect'Auate” kiférh toeans Lampdunt bbsubstgice wthoscodifeerl(d. &, Madebncertain

condi ti ons. - Lt exanpl es of negative selection inserts include a
her pes si npl g}ﬂ(’Pe férsllsjlg}] %Jlr-g%}eg]ﬁf %’%Dgelr%(@n% %@@twgé@ﬁﬁt aggelsand ont aj ni ng an
active HSV- Thneffende ofithe presem pravbhteon. Shclgmelted thelvde tie R hesBAEE t8f gangcyl ovir
or simlar a%ﬁnt'sal Thus depglendl n _{l)ln the 25 substrate, sonme gene products
can act as erPHEFASEEPPIE F%ﬂglf MRS POl ReRTIdFk 8pRiides, The t erm

"honol ogous  pelyoidieaidts, amr! pdlRfuekotideAnilbes. emﬁ?&gﬁﬂﬁfcicﬂ\élé ., HeB@HBRYS between
two DNA nol ecul es or}fhﬁo tids at the site of essentia fgy identical
nucl eoti de seGBIESSE Hepith. pharpacrutical andrhemicn! camppsatione)ibare hareh dihorisgols

sequences Caﬂh@ﬁ@é-lm%g‘itaitfb%ﬁil'o&ﬁda%mﬂﬁjrﬁtdr@ﬂﬁhegigﬁ cSilstj tutions in the

nucl eoti de 30 sequence. Thus, | i near sequences o ucl eof I des can be :
essenti alfy faptagen braths ar goracts obish sompivedsianclytstcanle: sregoydddsthdo not

preci sely COLE@8RUITMOIeRh gk fisee. above). A "knock-out” nutation refers
‘to partial or conplete |oss mp expression of at 21 12 Cctober 2005 WO

02/ 08830- 5 PCT/ US§by tenm 7gpsitive sedection porkei anfetshie a garegatodigwproducamipl es of
knock-out rmu i i re not lLimted to,. gene-replacenment by
EbleQ Bﬁlg RELHE Rrat %Iylé( R EnlR %Vlvehaélfl.@}' %1]08'&5'8

het er ol ogous sequences, gene rupt1on & S8Yhences, and
del etion of ewwldivns.aForxemplatdantind dnéng eels that.cgpressPROIABbERICed Hedfyei,

Cent 11145 shh b NsR BRE e PR b b GoRdre Sandeme ks used
in the conteNeo'@bnd merkpr askilitd byGeTs, i Mer posiBvERBIERCRarREs willied BRndES in a
genetic nucl teoi tﬁos%%if gkifl (1:nh 8 ra:rrt%.s %ynlgéallg,l p%gft?vg éek?c%igﬁ ;narvlgel"[s Q:m\:lgglie grb)dgcts that
can be readily assayed. Thus, positive selection markers can be used to determine
whether a particular DNA constrct has been intfoduced 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. Cells éontaining an active HSV-TK gene are incapable
of growing in the presence of gangeylovir 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, lincar sequences of nucleotides can be essentially identical even if

some of the nucleptide residues do not precisely correspond or align (see, above).

A “knock-out” mutation refers to partial or complete loss of expression of at
21



genetic function is associated. A gene is a hereditary unit, for exanple of
an _ organism conprising a polynucleotide sequence (e.1g.Qctébdeid0Zequence
for 10 mamual s) that occupies a specific physical location (a "locus",
"gene | ocugp @hsssodenetic locus”) within the genome of gprakgAlbsM A gene
can encode an expressed product, such as a pol ypeptide or a polynucl eotide
(e.g., tRNA). Alternatively, a gene nay define a genomc |ocation for a
particul ar event/function, such as the binding of proteins and/or nucleic
acids (e.g., phage attachnent sites), wherein the gene does not 15 encode
an expressed product. Typically, a gene includes codi ng sequences, such as,
pol ypept i de dnmmdpm@osdmum@ﬁQ@msaﬁﬂn@hmoﬁmﬂbmgm&ﬁﬂu@ﬂ§ﬁ@hd§@ﬁhn@%n

transcription. cantrol ment s rom)t er sequences)

pol y- adenl yat f%”ﬁe 8’qg;?8?1beé’ cemgry I E%tg’iofﬂg Bigiveneas: 4e8t SFPEddilences (e. g.
enhancer seq u&mﬁsgous qu’hyn@klfaﬁﬂ &I&léﬂi@ of g8 &I H@f{l@ﬂts SR Sene (ccé) d;ﬁ;:@&m%? quences)
i nterrupted i ntrons”_(non-codi ng_20 sequences). In certain cases, a

gene may shaﬂé&g%dﬁgﬁ@égfﬁﬂﬂﬁ%éﬁBFﬂg? éeﬁ@Fgwufém§MKm1%V@Fﬂ§bé@ﬁ@béenes)
The "nati we stgqg@ﬂfegotygégen\égate@bgmﬁ@wnce" of a gene is the

pol ynucl eoti de sequence that conprises the genetic |ocus corresponding-to
the gene, e.g., al gpeyuseddpheaeatenind thonsesdhtieyeniicmie a saénrg of equences
required for R¥REERS PRt CnRRICRIPI %Xﬂ&gﬁ&&ﬁ“&é yfERSaRRduCt as they
are present in the wild-type genone of an I've sequence of
a gene can i riggigdundtiop isasenypled; A gean Sorliepditanyahit, fpnrcmamp}amf sequences,

transl ation n processi ng
signal si tesq{11 %lms%no?gsgﬁj%eﬁoq%mk% ¢¥ ﬁ%?egogpoﬁ%?*’%}}?{% % d d-type genes
may i ncli@de rrmﬂlmatlpjl thatmcelp@lserspecxf&:rmymaﬂ Idchtddn (8 Ot 'gadellednd@t bions i n

: I 3 th t.d t di s i bl
ot hol ogi cal ~EPFRR IR aGBaILbetPe AL Enitel f Grnetatoncods ropERedme or

"allelic var Imduo‘d”lsuc'h aByp Iy ppitiae eNERIyIHERORRIE ., IRNAE 2 ermitiiRgY, WHdd eot i de
sequence that is 05 WD, 02/ 088305 PCT/US02/ 11770 substi t ut ed

for at |east néayﬁ’(?%?‘? %ﬁe”é’fm‘f ﬁ%anﬁﬁ TRPAGICURT PRy plioasytiomidbe bindiag gkne.

"Li near vect q;!i'otelﬁi and/orii@elEic 265ds &%Ctgﬂaﬁgc ‘attachn@nV 865K SN G ch i g'ﬂ‘% For
exanpl e, rlglrcu r vectors, such as plasmds, can be |inearized by di gestion

with a st FPEQF 8h e@fﬁﬁé?flﬁrf’%eﬁm*réﬂ% Gfiege meludesepdige seqyinees, swehtase pl asni d.
Preferably, tpb@péatﬂmﬁ@aﬁig%qu\éﬁ&& U nbh S g Guch s lubh A FarshAfRL! 2€d such

that the ends are not withi
control elements (e.g., promoter sequences), poly-adenlyation sequences,
'transcriptional regulatory sequences (e.g., enhancer sequences). Many elcaryotic
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 popuiation, wild-type genes may
include multiple prevaient versions that contain alterations in sequenée 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 polymucleotide: sequence that is
' 22



sequences of interest. Before describing the pr esent invention in det ail,
it is to be understood that this inventionis not |im tfgb@tgbé}ambgcul ar
formul ati ons or nmethod paraneters as such may, of course, vary. It is also

t o be undeywgte@mekséshat the term nol ogy used herein is for, érh%oﬂnqﬂur pose of
describing particular enbodi nents of the invention only, and 1S not

intended to be limting. Al though a nunber of nethods and materials simlar
or equivalent to those described herein can be used in the practice of the
present invention, the preferred materials and nmethods are descri bed
herein. 15 2. MODES OF CARRYI NG OQUT THE | NVENTI ON Thr oughout this -
appl i cati on, sphytingedfopablistapetins of anaive oy widdyppudjubsdeeda sart ent

applications are F« b entifyin C|tat|on e _di scl osures of
these publicati ongE %%I;Vt%gtr?% s, Mn Ize'ﬂg tgﬁe%/? ap"g? Qavggégppp%aﬁpbns

ref erenced i rextpls, aﬁulappécm-atsu@mslp&lsmldtsCtad%ﬁﬁdabgedtﬁy&hgés@&ﬁwﬂfat he art to
which this mve&ntlon ert@lﬁ ecification and the

t hi
IES 1ct{or1|1 endony Tzsg?haﬁ ST At a.sgxg.lle site I ﬁ?le aﬁgmdt Kaeterabli, thele pl ur al

appended cl ai s

ref erences urdxp&smmecmmne@mbed h&ailaye ldieﬁﬁz%ti @&h&haﬁ SeWin8€are ndthWithin frer
exanpl e, reference t? ‘an expression construct” includes a mxture of two

or nore such “SYERTE T 0 General Overview In one aspect, the present

“invention rel at eSi’»etf@:eﬁés%ﬂﬁlﬁg kRIpr@BnGRARKIG in GG %o blGldbyeda
cytochrone P450 genes %th Ij3A11 andIC\;IFlB A4)’, ‘expr eSS|1§%g {ctglgﬂsi,ﬁes ttes
8[P

whi ch i ncl udd™eR %JS@BHJF avgHersformpdaions ovpeibad prearssters d dush amgl
transgeni ¢ 3QfanirfRhe FCQQ; Aot uhﬁlﬁst?&ﬂﬁﬁ%ﬁé BnifidS s]é(? Bereifl i fmnglt hods Of

usi ng the ceIIs and ransgeni ¢ ani mal s contal ni ng expression
cassetted0 f @Pfr@%‘a@ﬁﬂeécﬂbw mﬁ@élar ﬁgbodlmmse@nhmgvmdﬁ only,tzmshs ®mySt ens.

Met hods of ugﬁt&gjeg?@b%ﬁ el enents, expression 23 12 Cctober 2005 WO
02/.088305 PCIT/ US02/11 cassettes, ceI | s, and transgenic animals of the
present i nvent i or\ihoeghmiwimbsnpf metbodsand miaienials ithilaOor Sfubdietso kivyo! Vi ng

toxicity and dgchge 89 gén t?erﬂsgil 1n45%ﬁ%gg?>§/ﬁlg E’%ﬁ%&g’i%gétf% gr qnggt abol i sm

saf ety and/ or possi toxi ci
materials and methods are described herein.

15
' 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 éxpression 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 aﬁd CYP3A4), expression
cassettes which include those control elementé, 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 usmg the control elcments expression

23



el ements useful in the practice of the present invention include those
derived from5 nouse Cyp3All | ocus and those derived fromdbasudivoen CYP3A4
| ocus. Experinments perfornmed in support of the present invention

denonstr at :he effects of a conpound on nodul ati essi on
medi at ed Hgoégggﬁ% 1 or CYP3A4 transcriptional controlggFg%%%ﬁgﬁcan be
directly nonitored in live animals to provide information about the
effects of the conpound, e.g., toxicity. 10 I n one enbodi ment, the present
invention relates to (1) transcription control elenents (e.g., pronoters)
derived fromthe nmouse Cyp3Al 1 gene locus or fromthe human CYP3A4 gene
| ocus; (2) expswss,icels, cadgatspai: axims bSthe gresinc vt dh SCIddB Hu® Bre ngONt 1 Ol

el enents oper.atively Linked to genes codi n en roduct, such as, a
reporter, a %ﬁfgf ae/i%n?(m%%? Vpepte 6‘%‘,“’"13{5‘?’&8“]3 mer“ﬁ’ﬂﬁ‘?&r?ég Hgfhf’éhior SERHE@ERNA, 15
(3) reconbi nemng needbolisr,oafery idRG pSidibie OXIPIE el AAEHRENRDN cdfldol Tt hods  of

screeni ng folr s&f et an&/ or Poss'ng}lre toxicity using such cells (e.g.,
screeni ng fof “FXF EiY BHe PEagreh PIESRBYAHSN MRiuEh thesssridedfdomex pr essi on

medi ated by tloesctCRBACH idehé & (h&LALHRY FRRAREMSaPE P8 REGSENt i nvention),

-(5) aninmals ée. 9., transgenic or "liver push") conprising the :
“af or enent i onEPTPEHSPETIRY AN spRey 6f the pesssnn inyention demensimis RO theasset t es,

.and/ or vect Offig I i . ‘ d/or toxicit
e BT delﬁ%&n%c@)mﬁlaﬁ@ﬁ@f é%ére@@%ﬂ ﬂlgﬁxhtgcglgfggﬁ[%il%p y

usi ng such ani mals, and met hods of Screening y and/or toxicity
of conpoundSYH3i heaGER 1G] eairel clementscrr by disdetly mangord pitlive anieahtto ol

el ements ar epigak lolohehiSudl 86 LHER: Bnd OB EINoJgigent | on. For exanpl e,

transcription control elements derive ro eneS Py gene | oci
associ at & wi t h dnwge mebabokatste pSpme infetioh oglattd 01$) winsepliecéRetol
transcripti oqal ngsg{nt r ol nts w.thin a defjned pol ynucl eoti de sequence

|
can be identiTied by %’felﬁtg%gdq{ﬁ?) om ghe eyise CyPI AL gope jogug gydromrthe e g. |

sequence CONMPAKANIOYR3 ACRIneldcas (BNabsich ca?s@ﬁés@on!pfiﬁlk? bich ﬁ%ﬁs@fi{ét%
mut agenesi s, in view of the teachings of the présent specification. An

exenpl ary t reREBISIgReTSTCREBH el Iinkaddprapnes ernadive agere prbdict, issch3s, s soci at ed
‘Wi th oxidati Or[@;@lg}@ﬂeing?&]%ep%égggnﬁo%, ﬁ%ﬁ@ﬂé@%&@&é’% superfam |y of
ize a wde o]

henopr ot ei ns t hat netabo vari et endogenous and xenobi oti cs.
24 12 CclbbeP) roosbinmigeliOesposinPath dg0essivh ¢igetRar () avihads wrhediment s of

e e PR kB e R 1 e
: safety of compounds which modulated expression mediated by the transcription
conirol elements of the present invention), (5) animals (e.g., transgcnic 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 anirﬁals. |
A varjety of transcription control elemenis are useful in the practice of the
present invention, for example, transcription control elements derived from genes or
'7 25  gene loci associated with drug metabolism. Specific locations of selected
transcriptional control elements within a defined polynucieotide sequence can be
identified by -methods known to those of skill .in the a.tt,- é.g., sequence comparison,
deletion analysis, and/or linker-insertion nitagenesis, 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 éndogenous and xenobiotics. . .
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expression of the reporter sequence is induced in the transgeni ¢ ani mal s of
the present invention when, for exanple, after adm ni styabebrdbos
candi date drug, and safety 5 and/or toxicity of the drug can be eval uated

by non-i nvygi@sd:kgi ng nethods using the whol e ani mal ., Mard OHs,,f or ms of
the different enbodi nents of the invention, described here| n, my be

conbi ned. Non-invasive imagi ng and/ or detecting of light-em tt| ng
conjugates in nmammalian subjects was described in U S. Patent Nos.

5,650, 135, and 6,217,847, by 10 Contag, et al., issued 22 July 1997, and
April 17, 2001, respectl veI y. This imagi ng technol ogy can be used in the
practice of t Pratiglassanbodimevis of sush tiaprcuiptéon cohtrelivemeppasihidegmsef t he present

speci fi cati Onassécrhtéd.'ﬁltﬁ @%{)ﬂ?&gﬁ%t&qg e&e@%d?h%%n% %é%gnt al 3{1 fh& Wa%ntities

bi oconpatible entity an gén ratlng oI et
i ncl ude, butexgressipopf thé ripprd seqieneininbuced liethe Itmﬁsgsnic h\mﬁﬁls@f/mle ipfes@ftgani ¢

ol ecul e, TSy VREEANALEH Sanbyh PRy T LR ARSI e oo

Vi ruses, bacterla yeas’ of
pat hogens Sandngat hogetyiod tsudngt @anbe syahaind bypnlin@kies iisdsaly shdag agsg and

| i posones. p 0Cco at| le entities may  be all or some of
the cells thzra[p gﬂ% ’[“ﬁ'? Gf“l‘?ém%ﬁ Sﬂlf Odﬂ)‘é?%oﬁtﬁ%’@é@t’o%or exanpl e,

cells carryi r@sirﬂﬁdﬁmﬁfneﬁﬁywc@ﬁﬁﬁﬂttes of the present invention expressing
a 20 reporter sequence. q%ht emtting capahility is conferred on the
bi oconpati bl e enti eLVasired %g‘“gc%}q}%ﬁétﬁ?t@ﬁ obtighi-oniging cepdveateain ng noi et y.

Such noi et esnarﬂﬁhh@e;u&k@t%@ssmaibed EH)U%CP&@;& Nk y@s’oeﬁa‘é%h 6@195&% %Sw
enzymatl C reactl ons Whl Chégl ve of hot ons, and [ um nescent Su ances,

such as bi%I JrAntgs eletht spie %J‘H§1937maftfhfépfddﬁtm rg$pectivelyp Thisdningiad
LoV EnLT o, eithoBE) bl s GRRMM drkdile bt WRLER B GEL SN target cells

by havi ng at Ieas one copy o nerati ng g., a
| uci f erase, [eashiags of thepigpant memé@htloenbntdjc ARl metthmi flercasjegdis copainabl y

Dol yapt | do” PritRlobrithoie Ot B E8MPRMCRh R HoiF BiodkRhes Bl SPBRES L e
endogenous t dut Heneélliﬂnt&drto&maum@dbcubs mta:h aseycﬂmofgaﬁf;zsﬁo@aash(e;gg g., injection 30
a |l uciferase construct of a

mtoatrgns o o AV N ceIIs car
sui tabl e %%F bR S?ﬁ%‘ > PUCT %g%?fg%%ym g%%hii‘l YU USG5 RACERR VRIS athe
conj ugati on rfa;guemvm'bf&te: calls:la}imypeabf eiopérisngd pAtRfhenid @Rtdnteseiid Neering of a
fusion protei iRk sﬁcﬁ‘]%s L nSf(Pf mat i on, 25 12 COctober 2005 WO 02/ 088305
PCT/ US02/ 1 17?61’1 s and hiposomes. In another aspect, biocompatible entities may
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 Iuciferase, for example, Iumfcrm) The conjugation may mvoIve a

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



of a cell, mcroorganismor animal to express a |ight-generating protein.
Thus, in one aspect, the present invention relates to anbtiodfSbosyst ens
and nethods for toxicology studies of an analyte of interest. In the
practice ofydfes@h£sent invention, transgenic manmals Qg 5\6%]7%ushed
animal s are constructed where control 5 elenments, for exanple, a pronoter
or transcriptional regul atory sequence, of two or nore stress i nduced
genes are operably linked to reporter gene codi ng sequences (for exanple,
luci ferase). An appropriate substrate for the reporter gene product is
adm nistered to the animal in addition to an analyte of interest. .The order
of adnmi ni st r &3 GH Bicremganism Grenizabioexnressa ki generasinp protaal | y det er nmi ned
for each analyte MRl bl 8p&%kne LOLHEHIAR0PLIRARE ERRLAR, TGLALSY by any of
the control elenents i's eval uat e non-1 nvasi ve rr% t hods
usi ng t he whomethggs fﬁﬁlomqfﬁﬁtsstmihw @rae aa@xteof intgfest. Hetlp:r;emm oﬁ th&/?ﬂ&hdnon
ani mal s descr d to evalugte the in vivo effets of
hpéﬁop%a%s%p'%%ngﬁals &%ﬁrﬁr puslf]ed ammeﬁ ?‘FBIC%DSUBVE% léfﬁ‘i" ﬁ‘?lﬁﬁ t he

hi gh production vo

effects ofd H%n@m éomasglamrmhotbmntmnscylpmmiaaﬁegﬂatgme}ueﬁ& sfigfo @s P450. To

date there ar |y 3,000 HPV mcals within the set of
non- pol yner i CI%O emescé E(l%%%\/sr%? P%Bf%h#?élrwq%gf‘%fei’%‘#a 23 OBEI%%PFRFC%Q@M bed by
or gani sns  andexaimpk, lyem‘ﬁmb I zyn hveprawubsiiiedbd 1) repRedr e frbicPiesent
i nvention ther out| ne, effective way to evaluate toxicity of

t hese cheni caefdgm?lﬁte{?flg%&‘e ‘ﬂafi‘gﬂ%‘st Wtaﬂalété@ém‘ﬁresf -okiecrdsy 06f not only the

chemi cal it seddininibidtionbf Mescalolsibssced Qart Ebeérﬂﬁiflcaﬁﬁ dGtermiPELBKERNG aﬁ%@dUCt s) -
Chem cal rodL%cers and. i nporters have been invited by the Unlteg tates -

Envi ron ofpptgieglc F?‘Bﬁ“%g‘é FERFescepAyediateddy @ay akthp gerittol eloments isybannf or nat i on
on their h| gg‘\} LIRS UE hbRMv¥ P eUfBo; emcals are
chem cal s proéuced ?n or V| ngortgedé_ﬁg&lfﬁggﬁﬁﬁﬁ?éed é?%”t\{glghl n anounts over 1
mllion pounds per'hps igengraspehefithepresentcinventionpainiadsdepaibed bérpiatcembe i n t he
voluntary prQgeam ik em cal,s .t hat the
conpany will adopt fortetﬁgls%?lv %%eﬁ&mfth% %EOJUQ%%H%{}%HG%Q{HR@ Hg'%]f%%lf?rshed by
EPA, partici paeoplg. lumm@zmn@thwffdctspé&mffsmemcssmowmmfrg rdlatsk gene@ssessnent
of the adegqu f i $Li t a ion.  af.test plans;
dgauagy :% Pfﬁé 6 1Rg udal g ap%go%( Ongrﬂelg% Oélﬂ@[?n%ﬁ}ni‘cé‘& within ﬁg s 2 30

provi de test results as generated

~ char act eri zi mgngatymecih ehdrgiedls (p@ynmsmblheymczﬂshend/mlbalpbaﬂ)yatmﬁ@;r@m uses the

ool oyed by (hEn SR aahliRh 0GRy hAlp RISl "8BloR e By FoGim I DS i . a
cooper ati ve, hanbeen matmmuna,l effettivemiay t®evalfite toxicity of these chemicals i vivo,
which takes into account toxicity of not only thé 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 penerated; and prepare summaries of the data
30 characterizing each chemical. Currently, the voluntary program uses the same tests,
testing protocols,l and basic information summary formats employed by the Screening

Information Data Set (SIDS) program. SIDS isa cooperative, intemationél effort to
26 : ‘



12 Cctober 2005 WO 02/088305 PCT/ US02/11770 secure basic toxicity

i nformati on on HPV chemicals worldw de. Accordingly, iRbesdigder 080" epar ed
for the U S. donestic programw || be acceptable in the international
effort. O wihge@Rey oxi mately 3,000 chemicals that the U s or
produces at 5 rmﬁa than 1 mllion Ibs./yr., a recent ElgiTgfga ]%]}05 finds
that 43% of these high production volune chem cals have no testing data on
basic toxicity and only seven percent have a full set of basic test data
(http://ww. epa. gov/opptintr/chenrtk). This |lack of test data conprom ses
the public's right to know about the chemcals that are found in.the

envi ronnent, deonresasicvoricipy atematianeh PV dhghisals OrldWied. eA@:bﬁinﬁgljx basic tests
reed-to for screenin h production

whi ch have bee i nt ernat I

Vol e Loy Rt e T Hafgomﬁﬁapwgmw%@e@e@magb ger the
Organi zat i on ifefnafieenetae Cooperati on and Devel opment' s Screening

| nformati on Data ggat (OECD S DSéé)Brogram i nclude the follow ng: acute
toxicity; chroni ftisanprpmateld g 09 phrameal thatdhy Y dutmots of prreuses g

mut ageni cist y; m&e @i dillioh 184V5r. 1Pre8RMY P KRB Hindk A4358Y BEAIni@f these tests
rely on-animal nodels where the aninmal nust be sacrificed to obtain :

‘toxicity dat &rodusdon Y‘?i‘h@@@}Wa&ﬂaﬁﬁn%teéfwdlﬁia@@@ahémcmanfbonlnsee'ﬁmI f or
toxicity tes";!ef&nﬁﬁ@e @Y{Hl &t $11asi0 RSl Qe 1w g'?/a%pﬁ g@@o@ﬁgt ﬁ:ﬂ o ’?ﬁls model .

Accordi ngly, 'use of the transgenic aninmals ion to
eval uat e t oXrakiafyesi data qsvrrmwmﬁeesfthﬁp@hmngat hcwnmeabnmahsclmhnctammaw

testing. Furtfgﬁzx{d, BecAYRS Al hd ! Cg&&&eﬁﬂe@*ﬁ{(}& i's not always

necessary using trans eni c aﬁ|na eporter expression
casset t esllof the ﬂ‘lheserttsxx lmzzerttﬁamhmlchwbhms&mﬁitﬁﬂyngéehitb@dﬂ city testing

in live ani G The m Hazard Data

Avai | abi | i tg% ee‘%i‘?g ]fnghﬁﬁ’dﬁﬁ 6 VOE gﬁp}{) (f}ﬁ’gncaggg’f t(?X’Fﬁ}f 3&‘&&? SGBERY s

readi | y avai luabérehd OlgaimEatimtﬂm Mnamﬁtoemam@mﬁesmnt hSdreendfz basi c
toxicity tes ) hat all _.chemi cals in comerce today are
safe. A rece PP%E’% %éﬁﬁg‘éﬁ?@@ﬂla&% IPERETHIR frglude ﬂ}“ré‘i’n‘%‘”’ﬁﬂ FEERioxEd¥unpt i on.
The EPA has chemicasgsit; E@veﬂipﬂiehfailﬁépfb\dﬁédvéEﬂxﬁzltgl%ﬁtaéﬁﬁléz ee%%to%féﬁ%ﬁ@' s and
has |l earned that nost of them may have never been tes to determ ne how

toxi ¢ they arBYfEmgithie sevepeof ﬂ@’ﬁﬁ/ﬁ"’%?ﬁ]ﬁé‘m aml"Fﬁé“‘EP‘A“d?&fﬁibft atiwgl n to judge
the hazards amgt bd sksiiRb 1db¥aik A& Bha3The REREGAH a%nﬂeﬂé B(%U:gbeg h are .

information, and, in fact, substanfially nore detail austl ve

testing is naggeldfor Wxﬁggﬁgﬂ&%é@@lﬁi@we@(ﬁ%siﬁeeth@ﬁélme@éipgmt" modcl

Accordingly, use of the transgenic animals of the present invention to evalnate
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 casseties 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 companics need to do more to
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(http://ww. epa. gov/opptintr/Chenrtk). It is clear that conpanies need to
do nore to 27 12 Cctober 2005 WO 02/ 088305 PCT/ US02/ 1177 @desH3804 hi S
problem SIDS tests do not fully nmeasure a chemical's toxicity. The tests
only providg @esgidshi num set of information that can be ysgdhp Gkt erm ne
the relative hazards of chemcals and to judge if additional testing is
necessary. However, the transgenic 5 animals of the present invention’
provi de nodels for in vivo toxicity testing that .can greatly expand the
i nformation avail abl e about the hazards of these chemicals and their

met abolites. OSHA sets Perm ssible Exposure Limts (PELs) for hazardous
cheni cal s i naddiaw thispkypleace. It seens reasonable to expect that chenicals

w th PELs have begQDS%O t.hor hl testgd at_least for human health
effects. However, Severrt AdMHHEY Woishre ORitlspxcify ihe pisonlypyevids gyni f i cant

data gaps fr atininen fevobinfor@alidnhhf it bOoRedfo deREminb @i ElaSRI IRERING t est set.
chem cals with PELs have basic screening

Only 53% of these 1hi@%ﬁ v‘g u% \ ,

tests for al YO 81 PR UrdATRRA Istneh dpssrtys Hawevero e ragseenionl y 5% of
the non- PEL EiMiaGhemhcgabentiattndbl ploOME mdeat fob »efiSekRit Fé§t§r% tﬁ'ﬂgand'g% had no
health 15 test data available (http://ww. epa. gov/opptintr/chenrtk). Thus,

the bul k of EFEYY end theiwforpatine availpip sbausthk herzeds of Hesméhainirals adét a needed
'to support denes!QRiRMtes0f a PEL value to protect workers. The transgenic
animals of the present invention provide nmeans for testing toxicity that
provi de speci fi c, OPHAsed eraivsble Brpasieilinyits PEsXfot hazmdbusomhbmicoks it he

chem cal s t hgpsgl f i hese. ¢ tcals as 20 wel |.
Finally, chem calrgﬁ%cghﬁgéer?gée%{ﬁﬁa?%ﬁéﬁ'ré?t tgrtggeun(]:l?agls gagggﬁﬁgﬁvfﬁe%ncer n due
to the [PkeHioroghlydéstadntleastdoposun bedlih effaits. dilewmeves sverathd high veltmer

sensitive po I R regnant, wonen an eal t h-conpr.om sed
i ndi vi dual s) Q&Iﬂﬁ Hllsgﬁg]ﬁljﬁﬁsegdg ﬁépn@g?n%r&?tﬁgﬁ%g%ﬁ ﬁggg%i}?d}f:@]{ riofsptdhg est i ng
for nore of bisesercehiegiaales ripds% sf théxe highse el cheficak Kemh PHPY heheni cal s, a
o the. pr escht AUSHLE SHsAB o dssiran peineras RecopreatomeRBosar &
potential of ofmOSHYEEL PIPOVCH8infoalsHa@ Bl fout RbMch 1Sl hndd¥oidShoRealiieSt | NY

ri sks of such chem cals. The transgenic ani mal s

are needed to assess the-
are neeled 12 A% AERbIG (31l oo PR GO B chemmr k). Thus, the bule of FPY
chemicals without PELs lack even the minimal data needed to support development of
a PBL 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 likelthood 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, 2 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 transgeﬁic 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
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30 In a related aspect of the present invention, the transgenic aninals
described herein can be used to evaluate the in vivo effxottsbef20emdocri ne
di sruptors (ED). EDs are typically chemcals that interfere with the

nor mal f ungio@issags of the endocrine 28 12 Cctober 2005 %Tﬂ%ﬁﬂﬁ%%
PCTI US02/ 11770 system (including, for exanple, many pesticides and

fertilizers). The increasing need  for evaluation of HPV and potenti al
endocrine disruptors, both in view of public interest and mandates for
testing fromthe U S. Federal Governnent, are likely to be net by the
transgeni c ani mal s and acconpanying conpound screeni ng nethods of the 5

present i nventysiem (nﬁdndargafor ek@asie snanf petitidesma Sralifek) JeRCHere ARG febe
pr onot er s/ contro roI er eof re described in nore detail bel ow

2.2.0 Pronoters® ‘5"“8‘5% Bf‘ﬁé‘é.aﬁp‘?}s@%? garinedixyrprs, botdp viewgi gublicans geni ¢

-ani mal s descrmﬁ&&ﬂté:ﬁl;h@fdeuemfoewaﬁ@ Fordths Y SAG PHGR ARG, aredREG ¢S P! © gene
pr oduct , iferase gene, operably linked to a transcription

g c
control el er'ﬂs\rﬂ‘ft%yé‘lgjj GLransgeTi Apis pnd APHRITRFBHS CRFPOURe oreraingrnthadh ef hame

speci es ass t hfedehdinsgevhc ani mal (e.g., nouse pronoter used in construct
to make transgenic nouse) or froma different species (e.g., human ‘
pronoter used in coMEEkaRseesobstRskEclatedgrseie Mdthepwmelers/dhtolslenmotser can be

derived 15 frtﬁéfb@"é(re%@@ﬁb&fm'n%@fl&ﬁfbechvP one’ enbodi ment of the present
invention, the pronoter is derived froma gene whose expression is induced

- during oxidative rretabollsrn for exanple clearing of a drug via the liver.
Thus, when a drugzr?s BEpnotest ered to a transgeni ¢ animal carrying a vector

construct of the mhe%eﬁ&ssioﬂ\éﬁd%&tte@r\zecmece% P Sl edn anhﬂﬁé*&%‘% ggd the ani nmal
expresses |uciferase, which can then be nonitored In vivo Bj enpl ary :

transcri pltﬂi orMCEEFHEGIAIN & pesiieiive §nqoding a defsplgblo genesproduct; c.gs e hiciferadvezengyr esent
i nvention i NGBy 1RKE] f%raefra'ﬂ% {Iblmo'hﬁrgl é]é}nenp t;ﬁlﬁotedre Mpyed from the PASO-
&8 BBREF Y Enes

rel at ed genes and gene umans, erent
- (desi gnated magyP rfgeﬂwamemcmsasghem@@mname gumpenipromdrawed inThose

0ene? e ! SR kG ) SR ARy ana
over 90% of drargeteisdédin constiuat toumin Sransgerdt tbidat Bk prémoterday b&d&¥Rd genes
QUG TE e X L
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 in 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 famjlies. In humans, 40 different P450 genes (designated
“CYP” genes) and 13 psendogenes are currently known. Those genes are classificd
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 accountmg for 50-60% of the activity. Mouse
Cyp3Al1 is described, for example, m_Yanaglmoto 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. IHuman CYP3A4 is described, for
example, in Hashimoto H. et al. (1993). Eur J Biochem. 218(2):585-95; Goodwin B. |
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Cyp3Al 1 is described, for exanple, in Yanagi mto T. et al. (1997) Archives
of Biochem stry and Bi ophysics 340(2): 215-8 and Toi de # O&bbetl20061997)
Archives of 30 Biochem stry and Bi ophysics 338(1):43-49. Hunman CYP3A4 is

descri bed, wiparns@¥anpl e, in Hashinmoto H et al. (1993). JefucdsyBrachem
218(2):585-95; Goodwin B. 29 12 Qctober 2005 WO 02/ 088305 PCT7 0802/ 11770 et

al. (1999). Mol Pharnmacol. 56(6):1329-39; and Bertilsson G et al. (1998)
Proc Nat! Acad Sci US A 95(21):12208-13. Exenplified herein are
transcription control elenents derived nouse Cyp3All as well as
transcription el enents derived from human CYP3A4. 5 As one of skill in the
art will appréci 41¥9%. Mol Pleanmadol. t5066)1182% B9; nad BetilstdreG it &l €908) ImeeNhd i cati on,

transcription role el t q es be .derived .and isolated from
e.g., genom-cAéag%”eﬁcSe‘g; %Méf(%éﬁ eﬂlﬂg&‘% Rlefrin 8 TAPSETIPYPOFPEElOf ¢ he
t eachi ngs her dementddarived momeeCypB ARl &9 wd1BGItiapickiBiocsdihdney defil@edth sequences

of Cyp3A ]Jwere i t ed and sequenced as described in Exanple 1 below 10
Simlarly, awlgué?ﬁﬂe(ﬁ&eﬁfﬁat confers liver-specific expression was obtai ned

from the CYP3A4 genene of tkil asthbaewils igaRsherl idiads thll €hmeOMPnd FlcbinF4, GRE,
Ri f anpi ci n, Dex ‘r,esgnsi ve el enents are located in the 10.5 kb™ pronoter -

region of CYPSAHCAIRBJERIFGHIPEPD gntrol elempens sequeksaiepabe derived and oleted pr esent
appl i cat i on, ey, d£GuhahRYaRhRTERIE MAhAIGE0n HRRCHL Rl Brdhbe distal 2.5

Kb region of this Tocus. As 15 descri bed herein, en the activity of the
10. 5Kb ‘and t H&achmekherping Kpt eeBplReihe tragsstiptionadntrel clemgrirsequestesekper i ment s and

transgeni ¢ angymhs 1wt M R QAL EE U0 ighe mich hi gher
‘expression in 3!t;f%e I_‘iNverg t han the 18.5 KSCI%%%%%P negéevg'd, | i ver-push
experi mentds showedimbaly, & kaude Kint prderptier-spaifiosxpyessimswR2mbiaied frofi gher

o o bse) oYbPBIBEXE Lol i e LS shreRef B PRRIL B TRAISHHRE o | L ferase

20 expression 1n transgenic mce € ainrng th 0 er showed
luci ferase ridforti@n, Dex rhipghsbeteldnents arelocamwhinlige 10UCkH Romser RXPHOSSI ON i N

0 b R RIS o 3y P e o
di stal fragmesgulaérytcheneG¥Madbenidosbibed in thY ASELI.TED begicR R aRERSus. As
Gitos i i Sy PBRRHROTIRIGES fogtiy HO0S A-7Eh bdee DG PRESIEs Hetsppos (o
orientation) cafgateivn INEpSM ekpdrBifen(d Md Bah@eilic AMimER! A 13&Bpromoter was
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
s high in intestines. Thus; data obtained from liver push experiments and fransgenic
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 HINF-3b sites (in direct orientation).
Another exemplary method of isolating promotér sequences employs a
GenomeWalker® kit, commercially available from Clontech (Palo Alto, CA), and
described on page 27 of the 1997-1998 Clontech catalog. .
30

30



Anot her exenplary nmethod of isolating pronoter sequences enpl oys a
GenonmeVWal ker QO kit, commercially avail abl e from O ont ech2®abiserAob®, CA),
and described on page 27 of the 1997-1998 C ontech catal og. 30 30 12

Cct ober 20Q%, ¢ekQey 088305 PCT/ US02/ 11770 2. 2.1 Mouse CyRhldsedig,Human
CYP3A4 Transcription Control Elenments Sequences The subject nucleic acids
of the present invention (e.g., as described in 5 Exanple 1) find a w de
vari ety of applications including use as hybridization probes, PCR
prinmers, expression cassettes useful for conpound screening, detecting the
presence of Cyp3Al 1 or CYP3A4 genes or variants thereof, detecting the
presence of gene transcripts, detecting or anplifying nucleic acids

encodi ng addi ti ongl 3A1 r..CYP pr r .sequences _or honol ogues
thereof (as well g'éz;l S Orllﬁ%émg'}llﬂdjﬁﬁpg‘bgﬁg‘gﬂgr?’%cﬁpm Certyolof screening
assays. The. lasaii Séqueadsi on provi des efficient methods for determ ning

the toxicity of armacol ogi cal, agents which are active at the |evel of
Cyp3All or cvpsmgg%??é’Jec%ﬂnaﬁéC&qdﬁP?@ﬁ Pregenh iy entipR(s-8+ s drcred #lys f or

transcri pti omahmplspy 664 HlcGafictPof ApBektioRAREddIRR ulnS nYGAEALIYpRbed Ne

pr esent spechf cation, inc]udi ng%, but not limted to, cell 15 based
transcriptio URFES: CYEFSSIOR CAREELHER Meafwl dor cemppendsgiseiing. datediizshe and
pronot er - pr kginde b OFizAA 135 88YSA4 EQles SXAIRAE thleIer: dgﬂeaﬁig%g%eieg&é Jerase
reporter constructs are wused to transfect cells for cell-base
transcri-pti oBSEIERSSIPISFdtectns apinenlifying mislojc acidsdboeddig adiitiondl IGypak Bl pl at ed

onto mcrotibeeyphal Elgmﬁ&ﬁj seiRBftel Qrtﬁ)ﬁ{oﬁ)%l ed th&@&"(gse@elﬁz{sa%tfugﬁlg%dat e agents.

for conpounds which nodulate the transcriptional Teg f the 20
Cyp3Al11 éf Curdra). gehin apredetyoésseenag aspys.t or ed by | uci ferase expression

(5 S s o e S AT AR AR 2

reconbi nant nucl ei’'c "aci nol écul’e conpf
el enent s der pi@drrhacolvgalmpase whigh 3k aclive g eirdeledlGypan 1 i boavesMipare CYP3A4

oS, 15 PRl A SRR R SRS e SR 0O S5O
fragment s t heasedén thateckies of thdpdsent frcific ABABALIIIRG B nAMREOXidTRIL! Y 80% to
100_% an(i]S i n{;aesgc? {ra%grlipl%%% agsgj?sr, gc?eegn\lll\%%rg ’vivg ﬁl lrja%Qch?lici agiei‘i?zflsi, t211>1/d Igr(())moter-
protein binding assays. For example, the disclosed luciferase 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
Examples below).
As noted above, the present invention relates to a recombinant nucleic acid
molecule comprising transcription control elements derived from a mouse Cyp3Al1l
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 sequénce (i.e., the
30 sequences of the present invention). The present invention may also include a mucleic
acid sequence substantially complementary to said polynucleotide sequences, or

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



sequences disclosed, at |east 80-85% preferably 85-90% nore preferably
90-95% and nost preferably 98-100% sequence identity tg (disher 0@ ence
sequence (i.e., the 30 sequences of the present invention). The present
invention {Ry2@456 | ncl ude a nucleic acid sequence subsigitsal;

conpl ementary to said pol ynucl eoti de sequences, or fragnents thereof, as
well as, a nucleic acid sequence that specifically hybridizes to 31 12

QOct ober 2005 WD 02/ 088305 PCT/ US02/ 11770 sai d pol ynucl eoti de sequences or
fragments thereof. The invention includes further transcription control

el enent sequences (e.g., pronoter sequences) identified based on the

t eachi ngs of sdikpPymeskotidespgentdsoafhganentythaebfudi ng, but not limited to,
sequence i nformati .and..isolati qn nethods,.e.qg., 5 Exanple 1). The nucleic
aci d nol ecul es of rﬁhllgwlnt (\)/%WEII%%?‘?(%% T ey 68“‘&#8@6@P%9§q“59?e&rﬁ%£ect ed

cel s, |iver poshteaniquacss)aduitifisEtRsgedi he R Bf b 3tesdli Spd-tRARSI ves usef ul
in a variety @f 8)Iﬁglmhcatigns, and for screening for safety and/or possible
toxicity of ‘6%‘9%’0 M o it e g sedieacmEpmation avd dswlaven asdiolls me( see Exanpl es
2-4). 10 Thoskexapgid 1)ed in the art can practice the invention by follow ng

t he gui dance of the specification supplenented with standard procedures of
ol ecul ar bi ol ogy ¥§PU¢iRiE 2cid seplegpleppf tgﬁdﬂ‘@ﬂfeﬁlb?é% wicfid &wippeducingt he Cyp3Al 1
and CYP3A4 t rgsReic®tdiRNiveP hima®! S8 Senit BG figciiRn. into host
cell's, and expression of hel ésglgnéna%ua? Dl\lAs%mg]&oera F;t/ﬁ#lgiﬁsﬁ(tgegﬁsfa%ess%ﬁe%‘?(ypBAl 1
or CYP3A4 pr ofdtvanddy ofgpliestionplaed fophgredningtfer safetmaondlop possitistbeicitedf or

i ntroduced i ndy i celd L C1 ho at.e- nmedi at ed gene
transfer, el ecﬁpg%?rsgl%a?g{r?? I po?%%%?lt%%?%farggi}lsﬂﬁgée%%n@ie?ﬁé d the like. -
General it hods ardoseeskillod én the pit ganadticatis fieentdorchyehs oveing tenuiyceg f ound, -

for exanpl el - Kr | ne..Transfer and pressjon: A Laboratory
Manual , St octEéf %ﬁ%?éegsog %%S%D%%ﬂmrhe%@ﬁﬁrg rli’éocf’&%‘??sE‘)T}é?ﬁ?CBlaE&P1o§Y 95 5 vo can
be achi eved, ifdatiop@neéxizmipteizating dof e CSBAOT anduCTiF3 L0ratksérddtioy 8GRI S,
© including, b n imted to, . retroviruses, adengviruses,
adeno- associ ;é:leéncf %glsf lrhﬁ érgnsg‘??hoﬂgﬂtopgqs“ ?ﬁYIanEéE’,‘Pfﬁ%%%ﬁ%%r?]og%}ﬁd)mr ect
- injection of dpbibblylinkedtershidi0ypsLl 1 ol YEBAS JrénbiBisS FOPKARIIe, PRAQEDI nant

expr essi b]t% vecctors andét%egfgnbi nant cells containing the Cyp3All and CYP3A4
transcri pti o RBRPPIrngrEeb e atrosucsd ato secipient mamab felisdy calgrmbl v | i nked t o

a_desi g ed 25 phespRaOegnE @RRaRRAR ReroRitea! BR A0S RESI ilGidndkighe ce! s 1 n
VI VO. ee,

€ li%é.’ ng\qelrasl?'r?e’thods and vectors for gene transfer and expression may be found, for
example, in M. Kriegler, Gene Transfer and Expression: A Laboratory Manual,
Stockion Press (1990). Direct gene transfer to cells in vive can be achieved, for
20 e)_cample, by the use of modified viral vectors, including, but not Iimitéd 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, 363: 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 vive 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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Nat ure, 365: 691-692 (1993); Plautz et al, Annals NY Acad. Sci.,

716: 144-153 (1994); Farhood et al, Annals NY Acad. Sci .12 G&éber28a34 (1994)
and Hyde et al Nature, 362: 250-255 (1993). Furthernore, cells may be
transfor meggemoddsy0 and introduced directly at |ocalizeg. sithes Ry
injection, e.g., Intra-articular, intracutaneous, 30 intranuscular and the
like. I'n addition, reconbinant expression vectors can be delivered via a
liver push to aninmals, for exanple by intravenous injection (see, also,
Experinmental Materials and Methods, below). 32 12 Cctober 2005 WO 02/ 088305
PCT/ US02/ 11770 d oni ng and characteri zation of the Cyp3All-Iocus-derived
transcription conflosingehédenicteriastipn ofi the CYP3AUL loocuderitted ireeipiibanscri ption

control elene ri i anmpl e bel.qw. Cl oni and
characteri zat ?%%Og§lg?l‘rﬂg§%@rthés??g%ﬂ%%f’%ﬁrmifr%%ﬁ’é%’ém&@?tf‘ﬂS]S%F’Fté At he CYP3A4
| ocus are al sdesgdechin Baanpla 11 trowEx@npihg sndasbavtcrifatiGh af @abaptidatdmar of sone

regions of th ' .hon-codi ng, r egi of th us 3A11 |locus and the
hunan CYP3A4 Slgﬁnsts | %ﬂvﬁ’g grg ﬁ%@%ﬁgﬁgmr%ﬁgg%gg&eg}{rggﬁ Feagrlesdelorg  and
19). The p§ es€hdradterizarion aivomnedgitae sf e POhdHIAINE Ot disle o@flfe@ﬁ&u%é’@g%%l@r onot e
transcripti on, of %g oper abwﬁi@ﬁed het er ol ogous sequence, sai

pol ynucl eot i d&@°FFIEER 0y geus is TRgsRute i Frgmpke g (69 A%, Fiawesblise
Cyp3All gene.afdi®).aspect of the present invention conprises the

approxi mately 13 kb sequence (SEQ ID NO 12) and fragnents thereof, in
particul ar, fragneted eSspdpicatior nflpdrs ripslynwdecside effeshiveid psomatm  pronot er s
and/ or transcCiinRériRdn o€ ; I ] i - |
transcription c_ontE?oI e?ﬁ%ﬁ%‘%ﬁ?ﬂg&%@g %uﬁtsgquﬁg%h%{l%ﬁ(%%ﬁzé’%d& udes a
pol ynucl et i aeriyed fromdhs ¥ enwcadingregivn ofip 3miuse Grde 1¢ gonpr iGicagpeat of

pol ynucl eot i dge i@%ﬂﬁ@n@%%ﬂ&@%@&@?ﬁgﬁ 13 BEQbidnYe B ERRAN) des
I

1-11,002 of SEQ ID NO e aspe [ e pres i npri ses
t he appr oxi meangitpgmess thekpos dy patiodar( BE@chB chi@bleld furetchifig agrmsiptibher eof

in particul a?f{)“:@%@o?trﬁ%?@?ioﬁreeggfatdcrumti oning as transcription pronoters

and/ or transcription regu y SEqUencEd ™8 | n -.one enbodi ment, a
transcription contlnohe ehlerimdint,oftrankeeippee®anbl dldianbf B pichml MdaRioR

pol ynuc et | daP 8B heu Rl A 68T e SRS APPSRy 1 D N 13,
I n anot her erdedyiucieatde saquehdetnsi@y; P%iod Area@PidERlty &) RIBRBEIR - 1t /082 BF €sent
Invention i ”Qiéiﬁjﬁf N?): Pfl C¥1£]eua%;|>e%? (Ef tgéa 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 Cyp3A1l gene, said polynucleotide comprising a
25  polynucleotide having 90% identity or greater to nucleotides 5104-6218 of SEQID
- NO:13. In another embodiment, a transcription control element of the present
invention includes a polynucleotide derived from the mouse Cyp3Al1l gene, said -
polynucleotide comprising 2 polynucleotide having 90% identity or greatef 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 CypBAl 1 gene, said polynucleotide comprising a first polynucleotide having

90% identity or greater to nucleotides 5104-6218 of SEQ TD NO:13 and a second
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derived fromthe nouse Cyp3Al |l gene, said polynucleotide conprising a 25
pol ynucl eoti de having 90% identity or greater to nucl eotyodegolst@806$218 of
SEQID NO 13. In another enbodinent, a transcription control elenent of

t he presemiyod2/a¥@d 1 on i ncludes a pol ynucl eoti de deri veq,cfry[fggintl% nouse
Cyp3All gene, said polynucleotide conprising a polynucleotide having 90%

identity or greater to nucleotides 6792-9330 of SEQ ID NO 13. In yet

anot her enbodi nent, a transcription 30 control elenment of the present

i nvention includes a polynucl eotide derived fromthe nouse Cyp3Al 1 gene;
sai d pol ynucl eoti de conprising a first polynucleotide having 90%identity
or greater topqiveickotidedieying P0%-i6aisy wfrSEQId McNGtid3 629193309€58QdD33 12

Cct ober 2005 M@.{32/ 088305 PCT/ US02/ 11770 pol ynucl eotide having 90%identity
or greater to nucleotides 6792-9330 of SEQ ID NO 13. The pol ynucl eoti des
of the present i nvBmtiobmuclentiges ofahqmbsentialaeibi,de:., agonpndlsiiag t he 9.3 kb

sequence (SEQ. I D NO. r polyn des, conprising. S5 fragnents thereof
may al so be S:SOSm cral élgﬁ)gvﬁ’ E%S%ugégﬁiﬁgﬁg}@ qrgglé?‘ﬂ’éﬁoggﬁ CCORT¥PE certain
regul at or y5 chasgenerthatifasayasotbh assbéised with @ BdaBhrohdtep aSdlier B QHRE, €T may, for

exanpl e, conprise a ni num uni t. necessary to pronote transcription, e.g.,
a TATA box) .“TRE fﬁ@%@ﬁgﬂ?ﬁ?}‘é‘ﬁﬁ%‘ﬁ' tﬁ%ﬁ%‘d}é@}lﬂ%ﬁ@ basal premoter wpy.der t o,

i sol ated pol yoxasbRotdEREe a knifrh ST un@HBemdaly ol AAS8e ListriglRacd & b\ TATet hods
- of use of such golynucleotldes, vectors ‘conprising such pofynucleotides,
expression ca&dttes conpri sing such pol ynucl eoti des, vectors conprising

such pol ynucl eot i des prds@@ iRhiAaNkelSRE bt is%e{ﬁnﬁﬁeﬁitS',qsoﬁ#&g,%o%gthl@&?de?m | des,

l'i ver - push non- human ani mal s conprising such pol ynucl eoti'des, and :
transgeni ¥ réi<numelp thesedust desedhep) imstheds efinstoflBcippilymetbedss, @eters | n one

- enbodi ment t heapk [ ' ' nsgeni ¢, non- human ani mal

(e.g., arat opﬁg%nggﬁscg)p[a K,ggér%ﬁaggl %gr%g@if%s%%gfo\sf%’ 1816] |SI)}CE]UC| eot i de ‘

oper abl y | i nkwdynpelegtidespyoetorsconprning welypolymiclebtidus -rgemebinsni ¢ells pr ot ei n) . The

preoent, Ak PELISR G ARRONRLSRLL 6 L SR I8
pol ynucl eot i ¢eh20cidetides, @ad framspentid) @obhumanentods agnprgi@ichof the human CYP3A4
Egngéq %ﬁl éigs %%ﬁééu@%otﬁt&h ejfgz‘)%g gz%%diﬁlgﬁ{ %%tﬂrgsgntcgv%g{iénsigglu 62% traah)s%ggié,l an)%E ely 13
human animal (e.g., a rat or 2 mouse), comprising a 3A11-derived polynucleotide
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 hetcrologous- sequence, said polynucleotide
. 20 derived from the 5’ non-coding regibn 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 inclundes a |

polynucleotide derived from the human CYP3A4 gene, said polynucleotide
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and fragnents thereof, in particular, fragments capable of functioning as
transcription pronoters and/or transcription regul atory 5884600885 One
such exenplary fragnent is identified by SEQ ID NGO 15. |In one enbodi nent,

a transcriptd @Rsgentrol el ement of 25 the present inventjQndpbides a
pol ynucl eoti de derived fromthe human CYP3A4 gene conprising a

pol ynucl eoti de sequence having 90% or greater identity to nucleotides

1- 13,032 of SEQ ID NG 14. In one enbodinent, a transcription control

el enent. of the present invention includes a polynucleotide derived from

t he human CYP3A4 gene conprising a 30 pol ynucl eoti de sequence having 90% or
gr eat er i dentdcyprisimg SEQynirlédOde hdving $0% idettre br gresrad nodadtidesat 200@A%€r i pti on

control elene present. i nvent.ion i ncludes a | ynucl egti de derived
fromthe hunaér}lsﬁgiﬂ%g%hg? aotheg © g?%ﬁ‘%i %%?qsﬁg’tlgﬂcﬂ“é‘%gﬂglaﬁ@l"gg‘é% VO

02/ 088305 PCTprtisaRintcntien inchidpy 4 siln@cRopp! dpnval ik ihd GulayCrps 20%6r.dent i ty or
greater to nuchjeoyw?_‘els 1290- 2446 of SEQ I D NO 14. In another enbodi nment,
a transcri ptioH ROHPFEPUEICRIBHIND? Pelpclepridehanins PRGddrmtibprickraictifes a

pol ynucl edt i derctetides@dss-1 DM df SEQMTRO: 1EY R3Adtheedbodinkat, & tRlYipyG] eot i de
conprising a polynucl eotjide having 90% identity or greater to 5 nucl eotides

2758- 4111 of ‘SBEPyEsTRGR} Ohthe PefPIbiEEHER shideth priTIvcleatiderdsrivrqm then  cont r ol
el enent of t heRheSanAd KBkl 9@%&@4&9@&@1@%xgugh&&%aﬂ&%ﬁ fromthe
n eot |

human CYP3A4 gene, said polynucl eotide conpris pol ynuc e havi ng
90% i dent i t Y@ty pigeasr to pickgtifasciir 4661 Mf SEQEBISOYH. BE@otker NO: 14. | n

anot her embodigiRAiment alARSHEGEAPIOhN XL & th@é}rﬁ&?ﬂ}lve Eiﬁlté H)Elueéseas ent

invention includes a 10 pofynucleotide deriv rom uman CYP3A4 gene,
sai d pol yWuclpebineleotide dapvadsiamythe hpohy GHES &b péndssakigpolyngelo@ifei dentity or

ter t | - 9009 . of, SEQ | D NO_14. | t di ment,
o anscr i pt oRPabheE BoiitleoBP by 0Bt ket pitiG oG Mol "G T
pol ynucl eot i cé SEE IVEQ: 1fir dmartokter babaimEYR3Ahs@iptien congal ezt ynme! eot i de
conprising a

ol ynucl eoti de_havi O%iger_ltit of greater to 15
uct eot 1 ags S 1sGeRSbHE e reBRertoie Hipuoaithe Rapmrimitse, o
transcri pti osaid@otynadledide oBmprishig 4 fgyrpcies@Rhavily 90 iRtily 6 bidRStod
pol ynucl ﬁ tide deJ [ % %ggﬂ %&re E]lamar] CYP3A4 gene, sajd Pol ynucl eot i de
conpri si 3 a "Frlpet esé Y BLYF4EP R Fhgroelrperrmbogingt, gr eat er to
nucl eot i des 1208ripddBedfrohdnbof Nh@greﬂeﬁt infertBA AMMIROL YoHiRL RO dde having 90%
identity or qr eat eé to nucl eotides 2758
. erived from the human CYP3A4 gene, said polynucleotide comprising a first
polynucleotide baving 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% identit'y or greater to nucleotides 9401-12998 of SEQ ID

NO:14.

25 The polynucleotide_s 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 2 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, e.g., a
30 TATA box).
' The presgn_t 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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20 4111 of SEQ ID NO 14, a third pol ynucl eotide having 90%identity or
greater to nucleotides 4424-6010 of SEQ ID NO 14, a fowdhomslowpsicl eotide
having 90% identity or greater to nucleotides 6317-9099 of SEQ ID NO 14,
and a fift ucl eoti de having 90% identity or great | eoti des
9401- 12998ﬂgf69@§l%ﬁl D NO 14. 25 The pol ynucl eoti des of t"ﬁg"%%é@ﬁt

i nvention, e.g., a polynucleotide  conprising the approximately 13 kb
sequence (SEQ ID NO 14), or polynucl eotides conprising fragnents thereof
may al so be associated with a basal pronoter in order to confer certain
regul atory characteristics on the basal pronoter (a basal pronoter. may,

for exanpl e, coopnxingsaciapoiymickxidasnixprendaesis@itys dotppikiageddd transcri ption,

e.g., a 30 TATA box).. The present.invention ingcludes, but is not l[imted
to, isolat ed%@?‘i?ﬁ%ﬁ%f‘oﬁ“&%%w‘?ﬂfﬁ}“gé :'Yé‘}ld‘??‘&% PR SENs bed), net hods

of use of suetmpdingsuch payiudRSidedSBlPpEh ndB-hiBaBiiNRE CoRPm MR P2/ 088305
PCT/ U502/ 11770, conpr.i.si ng such pol ynucl eotj des, expression cassettes

conpri sing sBEHPUHEHTETuRITERPEERE, PSR SESHFOMETIFGE S456h pol ynucl eot i des,

r econbi napt B6lyhfeleoti@¥Pr i Si ng such pol ynucl eotides, |iver-push non-human
ani mal's conprising such pol ynucl eotides, and transgeni c, non-human ani mals
conpri sing such SXQBQfVFﬁ?&n&@ﬂWé‘s‘?f%eB?Péﬁtékfﬂ@@f@ﬁﬂiéwem inghadesve aspect of

the present inygeHic, Abn-nifAsh AIGS! tha R hiRLvdat
conprises a trr agséri pltli on cont rotl teCI %@rrﬁ%?g eri%%tgﬁc #%@n%%eﬁigh%#g%$CYP3A4
gene (e.g., &owdhsmueandoY et grae (rencepdivniicingidaGequonce lgvimg 08% drdent ity to
nucl eoti des }l- : - Q. f L Dk t 1Q heterol ogous
sequence (e. ér.e%%’eﬁ%%gf%gxﬁggﬂlgﬁt%g Séor%’g)rogglgﬁéﬁ l%*r(%()tl @ioﬁfl%glgr}f%lé%gﬁﬁl e, :

| uci f er ag@) . hdterolpgevsstprdeaterst, entdiingtarlight ganiating proteit) dorerample,mal  does not

conprise a l.ynucl got i de, encodi hPXR.(a human ri.f icin co-receptor),
at BT Be SERSORR Y uareerhis. S ou i gl oeSee! cSpmis el

that is, the ran
human PXR pr apeymcldbtide erexdinpheXR da hunsddsgampicinicodeRptof)e gL is, te MOUSE or rat)
has been gengrated that conprises 15 a transcription control elenment
derived fr onﬁ?ﬁ%ﬁrﬁ% Hﬁ’ﬁ}'@?ﬁg%ﬂmééﬁgs, “%ﬁ’fpr?%ﬁé‘sf%{ﬁ IE‘H‘I1 BUIH%EX%B’_EO*@«pF@SS t he
hu(rj’ra{]/ ri f anpeaiile; 8 taRQeRt fdehtIe., EXRIR & rft) hasDech nE4RUGRSERpris@SSet t es

an , ect % S a transcription control element derived 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 transcriptioﬁ 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 Cyp3All and CYP3A4
sequences of the present invention). Transéription control elements derived from the
sequences provided herein may be associated with, for example, a basa} transcription
25  promoter to confer regulation provided by such control elements on such a basal
transcription promoter. Exemplary expression consiructs are described in Example 1.
The present invention also includes providing such expression casseties in |
vectors, comprising, for example, a suitable vector backbone and optionally a
sequence encoding a selection marker é.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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The expression cassettes described herein may typically include the
follow ng conponents: (1) a polynucl eotide encodi ng a repodsssr 208eme, such
as a sequence 20 encoding a light generating protein, (2) a transcription
control el ggrpbssagerably linked to the reporter gene s ﬁﬁnv%herei” t he
control elenment is heterologous to the coding sequences of the Iight
generating protein (e.g., the Cyp3All and CYP3A4 sequences of the present
invention). Transcription control elenments derived fromthe sequences
provi ded herein may be associated with, for exanple, a basal transcription
25 pronoter .to confer_regul ati on provided by such control elenments on such
a basal tran@epqdipg pibigiic rpitanee (e ampically reispmes sidatheomgtlatonytos  ar e
described in SO | ntion. al i ncl.udes providing such
expr essi on cégéggﬁﬁgm%ﬁi&%%f%?@?gggﬁ%%gﬁfaéﬁa%ﬁ%é%%ﬁﬁﬁ%ﬁg%ﬁ%uitable vect or
backbone and miPedsoriptbKy(Satagraelardokn, €A0qB lngcidptEs (Sedtagene, AIKEL Ca) 9., a

positive or | Lon.marker. 30 Suitable vector backbones
general ly i nzh%gggeﬁeggmﬁﬁ%rglﬁlh %’Flaﬂ(a) e?"n’ecpt)cfrf‘cati on; a col E! plasm d-derived

(Z)(r) bgl \r;\o 01(‘) 25/r gggggatﬁipmt}etjgng]r?%?godnaﬁmemqwﬁxtrtﬁﬁﬁjﬁ%ﬁcesﬁwd@fbtﬁeﬁﬁ 36( 12 Cct ober
encodi ng ant.ibiotic resjstance (e.g.,

anmpi cillin régr?ﬁgﬁg%§k%ﬁ§@3t F#P%BH&&?%EV”@PP#@Hﬁﬁﬁﬁﬁ”éP%ﬁﬁnts:

Lo ot agene. Lo b L At 106, ki ARSI P and

other comer c“ilﬂ%a}‘?lph&{}’;iﬂ a&%%“ 8¢ gj‘f"-@ lighy gpnesatins groteias et dicifefesrds may be

used in the PhaBithGaAIObsERE. MASEMN adsB¥ eI R bt BleSlffiffd: @' € those that
produce a protein BKOdUCt which is easily neasured in a routine assay. -

Sui t abl e YepSfloEPelEnBeorimrinytng, enpiipatia pesaynin orerfspect! reporterdehamaaypfeeni col
acetyl transieghased (et exirb Q0 wiBRB3EH B Qﬁ(‘l%h gjétpa%%ﬁlﬁarg{mdulctg Gl erase) ,

and beta-gal actosi dase. Conveni ent assays 1nc u & Ret limted to
10 cal ori net r4rEctly mepswiedin the intgerdlulen mpdami or ines aytsact dithoingaaligect , reporter

genes may be 800l oyed, t. Rk r Lthin the cell and whose
extracelIuIa;nproductslgggCﬁ%?&%gﬁﬁf%§§§g3$%%gg%Qﬁﬁy%m%%%ﬁﬁﬁfﬁWQr medi um
or in an ext rgose podedis scereedciict tHeaste ambeficionagfof therdrbtivhagtr@Rbds | i ne. This

G et her 2t QuBREE yRBles URL B ForbiRRE i tF i 0P S0 B aue et onal
vari abl es t hambogiyneoo Hplrepategdna iser ljpheiabiathy plotdil) EWB&S@3hg thdlight Pr ef err ed
Fim; ﬁ?i ment, tggneera{ueng%ﬁo?trer ﬂ%&ens Idgsc?ibéd! }%petin, %ggrgsrs%nlcgr?bg év%%u%tleg 'accura%gy using the
o 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 gencratirig is luciferase. Luciferase
coding sequences useful in the practice of the present invention include sequences
obtained from lux 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. Paten; No. 5,670,356, issued 23 September 1997;
Kazami, I, 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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generating reporter proteins described herein, expression can be eval uated
accurately and non-invasively as described above (see, thQiuspcapphe,
Contag, P. R, et al., (1998) Nature Med. 4:245-7; Contag, C H, et al.,
(1997) PhowechesBhot obi ol . 66:523-31; 20 Contag, C H., ®ir@hri1741995) Mot
M crobiol. 18:593-603). In one aspect of the invention, the |ight
generating is luciferase. Luciferase coding sequences useful in the
practice of the present invention include sequences obtained from]l ux
genes (procaryotic genes encoding a luciferase activity) and luc genes

(eucaryotic .genes encoding a |uciferase activity). A variety of luciferase
25 encodi ng geHeSitfali&nEn 198 e httsuidd N-rrt el Gioakim. Bisphysodck Ik d-t 0, the
fol I owi ng: B. fs, 1699€kda Wosk, .V, eM0Qicntd Sia. 0B85 11608 i ssued 23
Sept ember 1997;  Kazam, J., _et’eal’.. i) S@ggtagﬁg’ 1]%%19 ‘%?%@"Zi%i"g‘g?’fi ssued 18
February 1997biolgminegesnhprotess inciides ighGgemRating pravgns & HElBqFRR;fadily. Wood,

-U. S. Patent 02897 1 J ;K. Whod . S. Patent No.
5, 641, 641, isN?ﬂaesgfrg%‘ 9u%§11%@%%ﬂzgﬁ3‘?]ﬂ%%%%% éﬂ“é"asﬁ%\ﬁ%ﬁ%’?% S. Patent
No. 5, 229,285eqieriulie R@echidsyreq8@3: soied of Gorgyi @mch anATHYNMD(PYB) dzhe U. S.

Patent No. 5,:;392, 658, ,i.SsU r.ch 1994; MJ. Cormer and WW Lorenz,
U S. Patent ﬁo@’?’%ﬁ%‘}#’%@‘??‘%gﬁé‘&ﬂ%%y 1995: de Wt, J.R, et al, Ml ec.

37 12 Cct oberco2BOEizin®20R6088805 PCT/ US02/ 11770 Cel | . ‘Biol. 7:725-737, 1987;
- Tatsum, H. N., et .al,. Biochi .Bi ophys. ta 1131:161- 165, 1992; and Wod,
K.V., et al, Sci er‘@ d'%?ﬁ?"%'@T%gfas‘%éﬁg?alﬁﬁ]ﬂ%é?}ss@?%‘ﬂmﬁ at 35pe WRinHe s cent

_proteins i nclNutegohs QHbntg @itk Rt EMREGH HaRnalavd N6 REAWNARLD Fam |y
(Prasher, D. C, 26:1326-1332 (1987 Luci ferases, as

10 et_al., Biochem 1 é% :

well as 5 aecfﬁf?)WP]ﬁLIl("l‘JWémﬁﬁF“g@ﬁlﬁ‘é% Progfinge 4660p T 1991; B Pagnt Nauch as ATP,

NAD( P) H, and 338,906 kied 2 $hi 1 SUPELOAGR vaB MG i 1J|J(%;@}Jﬁgsr\}gegergtgdg el entrizine
a

and oxygen. WIld-type firefly |uciferases typically have em ssion maxina
at about 550 SHHe 2PRiRaTd changesite Eistlacigia diudirg ticiforaseivilipgisomemrex e have al so

e S A SR S0 TG 00 ¢
five variant yp1l¢xg-gr§¢n |Iq9gf?rpga(\ai§,te@ geisséoreicaki ofabousidigineis aommercaly d changes to
s on oS P LRSI o AR R
yel | ow gr een ahguissionpsk ofiabni 0 emiisdesaibep dakexafnpkb@donbd @t MNT10S8)
comer cial 1y iy 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
(EGFEP) 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, Cloﬁtech
provides destabi]ized enhanced fluorescent proteins (dEFP) variants that feature rapid |

turn ovér rates. The sho_rter half life of the dEFP Variants makes them useful in kinetic
_ 33 .



15 avail abl e from Pronmega, Madi son, W under the nane pA&3. Ared
| uciferase wwth an em ssion peak of about 610 nmis deseropdssh: 2b0%
exanple, in Contag et al. (1998) Nat. Med. 4:245-247 and Kajiyama et al.

(1991) Por{voo@ﬁﬁhs?f 691- 693. The coding sequence of a@E&éﬂﬁE{’ﬂ?% derived

fromRenilla nmuelleri has al so been described (nmRNA, ccessi on No.
AY015988, protein Accession AAG4094). 20' In another aspect of the present
invention, the light-generating protein is a fluorescent protein, for
exanpl e, blue, cyan, green, yellow, and red fluorescent proteins. Several
| i ght-generating protein coding sequences are commerci ally avail abl e,

i ncl udi ng, butudigstnd dsmuamdative repoltersf DlsRalvdodigg s€juendceale agBabE ¥k 0, CA)

provi des 25 i guence or luciferagse and a riety of fluorescent
proteins, ingﬁ%g%%é&%%ﬁﬁgwiﬁ%%%hfo@&%%ﬁ§9V?FF%V?“ﬁﬁgmféﬂxﬁkﬂGVEscent
proteins. EnfixRedis agedfmortdcunpesae nteflnoégidsiof RERR). Raahéants are wel |
expressed in i d to exhibit brighter fluorescence

l,i.an syst e nd t ] ]
than wild-t ypéaagg‘.&%n%aﬂ%c eagﬂfstleEB P%‘éeiglﬁ?m??f“ﬂﬁpé?tﬁg SomPisersoma ptialddd green
fl uorescent piseiueinds HEGHR)sscs@B hanigee fag Yot d@mes @8l 1RG04 B @) 387.( ECFP) ,
Further, C ontech provides

and enhanced I fl uorescent protein (EYFP). _
destabiIized1§ﬁﬁ%ﬁ@h&mﬁNﬁﬁ?@§%@%Eﬁ%g%¥$$ﬁ§“§ﬁﬂFﬁ?~@%¥@%ﬁ%§ﬂ¥%%t feature
‘rapid turn euPendepGBNBANIEASRdEN0 MG 1dobdie Podmd VIR Lpts nakes
t hem usef ul iﬁﬁk?netic 38 12 Cﬁtob%r 2005 JO 05?6%3%%§(gb¥$%§%§/11770

studi es and RLVEEardREEAYvEcHdRdire iy ducifbmmedoreaamply, ssequeinedin the e avai | abl e

from O ont egB13 vectors). Further, coding sequences for a pumber of £l t i
(http://ww, cl ont ech. con /tbchi%féyvectorspdgé?grsEy?%ﬁ ﬁ%?gm%ﬁ?txt),

DsRed is !4 r évpikblgdioas@BNB AP, farienamplefagtession mygreesS Y5995, ukii3ee221Fur t her ,'
Fradkov, A F., I Mol I e I rom Di scosoma
#rBBo433] AFIAASEE Pgﬁé‘%s@, RENBYsq Wp6837 S BEAL Blyd

coral and 5 1ts nutant 0SsesSes a’ uni gue P escence
(FEBS Lett. HAG2973AY013588, A¥0I 2000 AFeyIISA sequence, GENBANK Accessi on No.

AF27271 1, protei n GENBANK Accessi on, No Gl - _Pronega
(Madi son, W) al slgIOd%&rgg\gl% égih ARG S adﬁé'ﬁ%E%en;bﬁcnpf’cﬁggf’%gﬁlfcligi%% ase (for
exanpl e, as puhibkkidnisdMamh 200, Xpiagen Cogberiey. . Infkuditibe furtePHiMgeaeuences for

a nunber ,of fl uorescent otei.ns are 10 avail abl e from GENBANK, for
13 (HisEPLoYsE S

exanpl e, “AccESTEAR) JgeBDle,Aphes syalyating Axpratsieain caliss §vde0,

- AF292559, AFRAREBSncAR2OR 2R hot AMLEOSMBumibkéaR Beta- k%30 dase S¥ALR988,
- AYD15994, and AN ZPERR%: (Clontech). |
Positive selection markers include any gene which a product that can be
readily assayed. Examples include, but are not liﬁﬁted 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.c. “TK”) and especially the TK gene of the
herpes simplex virus (Giphart-Gassler, M. et al,, Mutat. Res. 214:223-232 (18869)), a
nptll 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
mucleoside analogues, or antibiotics, etc., for example, gene sequences which encode
enzymes such as dihydrofolate reductas_e (DHFR) enzyme, adenosine deaminase .
(ADA), asparagine synthetase (AS), hygromycin B phosphotransferase, or a CAD
enzyme (carbamyl phosphate synthetase, aspartate iranscarbamylase, 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 nptll,
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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 additi ofg Oéurdrrens! i ght
generating 15 systens nay be enpl oyed, for exanple, when eval uating
expressi onwoueedshs. Such systens include, but are not 'ﬂd?ﬁsﬁﬂn%ﬁv

Lum nescent beta-gal act osi dase Genetic Reporter System (C(ont ech).
Positive selection markers include any gene which a product that can be
readi | y assayed. Exanples include, but are not limted to, an HPRT gene

~ (Littlefield, 20 J. W, Science 145:709-710 (1964)), a xanthi ne-guani ne

phosphori bosyl transferase (GPT) gene, or an adenosi ne

phosphor i bosy kierkéiled fidemseofeiRR e sybstate((BHBHGHOK BRL L] Techildpya) , a

t hym di ne Ki ng: %egﬁ%g%@e. "TK") and especially the TK gene of the herpes
si npl ex virus ? phartf-CGassler, M et al., Mitat. Res. 214:223-232 (1989)),
a nptll gene (Thohwmsiectsr tyRical coatains ifsedtion Siles 303nfek Rz (pbBRLJeotiBNSOUr, S L.
et al., Nature 25 33 :.3t48- 352 é}%%&g@ or, ot her genes which confer

resi stance t o"ANTITE A G TrEn hHeind fAFSGtasquentes ahitbe preswitcs, etc.
for exanpl®, geagioseTHeneRstvhkER a&ﬁﬁ&%bly%&%ﬂ%@&c‘ﬁlﬂﬂi‘ﬂﬁ?e A el ol ate
reductase (DHFR) .enzynme, adenosine deanunase (ADA), asparagi ne synthetase
(AS), hygr ony@FiBOPREEHAEE PLIlE Pegpenses engpding tmpositivesgledionaaarkeany]  phosphat e
synt het ase, appPlhBLEd tHePRTHRED MNVHRS 'ies%f'é‘,jfo‘?’gxﬂﬁﬂ?é’,qgéa%gﬁ BBhucifddi tion of
the appropriate substrate of the positive sSelection mar ker can be  used to
determ ne if ¥eRRERBIoBEHRS: anskcaper gromplei sepresnal wiqiconstrisiivkeitesi dn thisapayessed,

for exanpl e cghh&iMihg e SiPedif wifliRE |t | ection..marker nptl,
39 12 Cctober 2005 WO 02/ Bhau R Fkete Rt R B B eR B bsed to
t he subst Fht digaptigntpdiepeetoBRL Li fe Technol ogy, Gaithersburg, MD). The |
vector typically ' [ i ites far inserting pol ynucl eotide
sequences of int e@%ﬁﬁlgﬁg}e %‘t%f{aco@%%%Tﬂc ]ﬁﬁn&?ﬁéﬂ‘ﬂfﬁ%"é‘aﬁ%‘n’e g8f the
present 5 i nvegttivenclefivaserkars Snitabimegitive sclavtion plagdeariadlhde, bitGhdiged such

th h ] [ ' [ [ f th
encodi ng.  he TBECRVEE3t sef P SPRBR: T 008 pav Reel L sed aERUORG o1

Insertion sitad BS.atchoNo.SoApice), af @Ell &5 gehds@ACRMBONHELABRSs mbRGAGNI ti on

sites, and c f exanpl e, represent unique restriction sites. In this
way, thggvegtp%ﬁlp@ﬁ?{%@q’gif B T30S WAPnthe Replelp i deepegiissisriexinahd t he

sequences of fufhenegtive dlectib@dbRer Lt B thd1ypYRekHfRfe- guanine phosphoribosyl
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 casseltes 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., 2 luciferase gene, operably linked to a transcription control clement(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 1'eadi1y mserted to

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

sequence.



Optionally, the vector construct can contain a pol ynucl eoti de encoding a
negative selection marker. Suitable negative sel ection mardgbseri2ogs ude, but
are not limted to, HSV-tk (see, e.g., Majzoub et al. (1996) New Engl. J.
Med. 334: 9G4 Rfdssesand U. S. Patent No. 5,464,764), as mlgcﬁﬁogﬁ%s encodi ng
various toxins including 15 the diphtheria toxin, the tetanus toxin, the
cholera toxin and the pertussis toxin. A further negative selection marker
gene is the hypoxant hi ne-guani ne phosphori bosyl transferase (HPRT) gene
for negative selection in 6-thioguanine. Exenplary pronoters for use in the
practice of .the present invention are described above. 20 Vector
Construction: TheAReeyrdmgded pf thisiningpelymicleatidessnidistegdaibad  utili zi ng
met hodol ogi eg i R . .0l e or exanpl e,

" Ausubel or Naﬁclislgft%}@g)(é ?hﬁ@?lgv&f%%sq{%ﬁgq?%gc R&%h%fg ?(?%edgssapsg%ul PRation. As
described aBéasBherptneet wbdiGR: A BRI PSPRITHAIRL Bepst e dugiaseiiy cassett es

are assenbl eg hy (1o _r@ ' onponent.s into a suitable vector
backbone,  for rex’eg.npl z)e 2 %{‘?ﬂg% yﬁ%a%ﬁg%ﬁillca é)élr%aﬁ%%lb?’ﬁbgeam}l%ﬁ%aﬁl?er protein,
" such as adl i ghtermjoererAnimberpf piremeiers influgnee the dudeds§ efasstigenAmogper abl y

linked to a ol control elepment(s) of interest; 2) a_sequence
encodi ng a pt(t)ﬁselg‘{f?a\%ﬂlés%gsg{c}tE}ng?]ahﬁ%#%?’fa&g%@% t%‘ﬁﬁ F’Sﬂ&fﬁ%}ﬂl&%’lg&ié@hﬁz}%ce

encodi ng a negatiivaioselgchd die refativeebncehifating Of bri@ets, thiglat€sidor - const ruct

cont ai ns inﬁerti.ﬁn s%t e(f SECh hat .additi onal] sequences of interest can be
readi |y i nseft@d tg"sGR ink* THET BHme cE daabed hgjoparihe Bvamplet ect i on

mar ker and | idlef englfRaB6s Gidiro@lting YRR Ecanbd d@é&t@@ﬁf ag%ﬁgé o0 02/ 088305
PCTIUS02/,11770 A preferred nethod of obtaining pol ynucl eoti des, suitable-
regul at on§  SEgjiReReIsss followgd by Nisealisationyithi chisiom bragaide stainingraoé edur es for PCR
as taught i nuuveeRhanesaneeh. al ., PCR A PRACTI CAL APPROACH, (I RL Press at
Oxford University Press, ( 199:‘%%. PCR conditions for each application

~ reaction may be eWfneiewhpdipent, &ithberised toamplifitfersnehisgemegeabmics | nf | uence
‘the success gfraBes ' A DESE 3 ane_anneal j.ng .

t enper at ur e glélgﬁetslr g\g@yleg%?%rﬁlgimg%&% i %g,g&%g@'agﬂg‘;%%& ‘ég%r{:'%ﬂ? lyaiﬂ?rgrr\?’s pH, and
the rel ativecaduaerduced pomyotethndikmews in theap| Brefesablin the cdemisn(s) enticl eot i des.

Exenpl arys pri ri ow.in th anpl.es. \f | er

ol | 1 5 o eh RS AR L AR BRI D o B AR B bgli8se gel 10
el ect r ophor eBNg\ hat beoviaingl/frorh supedell zatreoor baily thoidt . oS setay o, deinsy,ai ni ng
and

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 inﬂénunation). 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 polynucleoﬂdes, 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
41 '



ultraviolet illum nation. In one enbodi nent, PCR can be used to anplify
fragments fromgenomc Ilibraries. Many genonic |ibrarieg @kspsapercially
avai lable. Alternatively, libraries can be produced by any nethod known in
the art. Pyefhalhy, the organisn(s) from 15 which the ?%Bhiiyn% no

di scerni bl e di sease or phenotypic effects. This isolate may be

obt ai ned fromany cell source or body fluid (e.g., ES cells, liver, kidney,
bl ood 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 i nfection ¥iecfadiorgamsat ip erder foompviesa swttleyetter forenample atagerizé btiginor body
fluid using : I i i fi ion. The purified
DNA i s then %\fé%h uc%rgﬂﬁﬁdteggaég @thiptr %%%%ﬁéﬁf{l%ggs i gﬁvéscgt/%tbg%tbo?eol}myex ampl e a

| anbda phage. cotersishen intrgtdtiog véaer, bt aaienionthaiie bsed dod remtoimd@ Site-Edsctegx anpl e,
short, rando | i yences, is by enzymatic digestion.

- Pol ynucl eot i dlg{seg%(r&gglionﬁgg? ‘%’gg?nr?fng‘ vect or backbones usi ng net hods known in
25 the artS For exBwgdine] consteettcanbelused itunedibl) (€ anfob entoaiiias iesiES under
suitable conditions, with a restriction enzyme to create conplenmentary -or
bl unt ends oncel%g’hl%r H%efr?&l%}f BPa LT %%fﬁdﬁaﬁn%ﬁm%‘g u aiﬁléff* IB5eM%e | oi ned

wi th a |igasesmildiesong theehyructs aieninbaizC pfsiab 8ies forekandld BHBESHERARRE
|igated to the term nj .of ol ynucl eoti de. These synthéetic |inkers can
contai n nucl é“gabiﬁfeﬁtr Eﬁfh@ﬁegl?lqaﬁét correspond to a particular 30
restriction site in the vector DNA. O her neans are known and, in view of
the teachings her24.m LieaPusk Anifigls The vect or backbone nmay conprise
conmponent g, functiopal in nore than.gne 41 12 QOctober 2005 WO 02/ 088305 .
PCT/ US02/ 11770 sel Steﬁﬂeslﬂoﬂa?ﬁ?sgqtﬁsiofla‘ﬁrpEFé?“tf‘HCﬁfoﬂ\}’Pﬁe"ed“té%lﬂﬁdl(@‘tV‘ect or, for
exanpl e, a baghemically)aito gh Bnin@f infoegek topbdtion tRMEkIR IS HERAMAhER P TARRPT er .

Al ternately, .the vector backbone nmay npri.se an integrating vector, i.e.,

% CO . . . R .
a vector that'®Yeds QfSRFIEREEG SRESHPDHRAVE beeaabfained i pusclavmd diverimdiracht o a

target genomBnjebtichs¥ nhiteddasHANBNAYGH Sddi@h, RSk W38 of SFRALAS &lish$e -+ fOr
introduction into ES cells or for liver-push assays), or stored frozen
(e.g., at -20Chethskhy digeleintpypsatsradmngisesitng ntked plavmiddINatintadtes ar e
| |r :agte(l?llr Ltz ie%n p;\‘g%gﬁhsc %g.lg% tslife%ele&m&lg gé/e, W st fho('ilg%’) §Ben2Yhi. ?&HS? .
1468; Budker et al. (1996) Gene Ther 3:593-598; Budker et al. (1998) Gene Ther
5:272-276; 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 mtravenously (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 L, even more preferably between
about 1 to 3 mlL, and most preferably around 2.5 mL. The DNA may be administered
in an agueous solution or in any phamiaceutiéaliy 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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2.4.0 Liver Push Animals 10 The expression cassettes of the present

invention may be introduced (extra- genomcally) into anoahism) 2bds order to

practice the methods described herein. H gh |evels of foreign gene

expr essi onwhaygsskgen obtained in nuscle and liver via diPquﬁ]tsozd'l?jﬂecti on of

naked plasm d DNA. In addition, high I evels of expression can also be

achi eved by direct, intravascul ar -adm nstration of naked plasm d DNA into

the 15 vessels supplying the liver or nmuscle. See, WIff et al. (1990)

Sci ence 247:1465- 1468; Budker et al. (1996) Gene Ther 3:593-598; Budker et

al . (1998) Gene Ther 5:272-276; Zhang et al. (1997) Human CGene Ther

8:1763-1772. FRewtelitqnd 500ha aryl even mate prefeobly)betwernmaboBe hearfizee ug0: 1735- 1737

reported thatghj S-.0f ' . ressi on, was. seen in

hepat ocyt es f%ﬁhglvq\?dﬁg’\{gaﬁe%oé% g{e%l‘iq%gg?geﬁ%twgwﬁ% ’eedg"gp% edV(ﬁ °BNA. Thus,

in a pref err cticetnd ovkir mpatiod kfschadmmess,amore pefeitieksBAcT inbadshsd ei n are

injected intr S i.n the.tail vein of a nouse) in anounts,

vol unes and %%I(r?glt%% ﬁsfe{aﬁggeggrﬂgntgﬁ ?cloél?sent to achi eve expression in

hepat ocyt es. Determnining such anounts and volunmes is within the purview of

one of skid | in tRe-GrEranggenicdnémalse, the 25 volume of DNA injection is.

preferably rel ati f etween about 1. 1q.10 nl, nore
A g o s B R ot B o P ants B mout

pref erabl y between about nore pre

to 3 nL, and swte piafapimad linyorderdo pobd@ceSrantgenitheinaNAonpypdies eRprcatiager ed in

an aqueous s Lon.or..4 n_any .pharmaceuti cal ly acceptahl e vehicle such as

Ri nger's Soﬁh%'ig%tﬁ?dsafﬁlgrprﬁsg c‘é’g‘f"’ﬁ{ﬂ?‘bc‘ﬁérw“g‘i’%ﬁé e&&’B&Fﬁﬂt\m thePresiise of skill

i'n the art argveatien, 8@ tchasgenicheihal fsari@xRmeredeni, forBathfgaOfnSe, raUs a. The

anount of, .DNA can _be sim | ar] determ ned and is preferably between about .
sty bt b

5-1000 g, Onorf8i5t Bige YRISH SFINDPIPIFIGR P @5 2 MPOBCINOHEPE 3BTl

PCT/ US02/ 117 #arr2boutusk@ adidladd i, ARChENSrARchic RE&LE falbympgtseen about 10
and 300 pg. ,Furthernore, thf injections are preferably relatively rapid,

e.g., the enti’& UHsEHEe fodent (G crpnse Gy ER)- A VpEetY sfirpeioematioariechniqiiesut es,

nor e pref er ablymwiiEBRwinhR e bt MTAMGRtRIM incRME he ToliRyiRs ef erably | ess than 30
seconds. 5 2.5.0 Trangg.eni c Animals The expression cassettes of the present

i nvention may be (hPitedaeierginisstion intvenuclyi fgpressisin cassetiosi cambe inivrainjdeted t o
produce ti5angygeRiyGn@hiimh scif ﬂcle%%ﬁ?opﬂ;ettpsr t@%eicl%jmr&glly transfer the
. Tecombinant 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 irequency. See, Capecchi, M., Cell 22:479-488 (1980). |
For example, the expression cassettes 6f the present invention may be
20 microinjected info the early male pronucleus of a zygote as early as possible after thé
~ formation of the male pronpcleus 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, . 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.

(i) ES Cell Transfection: The DNA containing the expression casséttes 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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t he met hods of the present invention. In a preferred enbodi nent of the
present invention, the transgenic aninmal is a transgeniie o@sshbood or -
exanpl e, a nouse, rat, or 10 guinea pig. Wen a light-generating protein is
used as a wWeRRkiLss I Maging is typically carried out usidgs At act,
living, non-human transgenic aninmal, for exanple, a |living, transgenic
rodent (e.g., a nouse or rat). A variety of transformation techniques are
wel | known in the art. Those nmethods include the following. (i) Direct

m croinjection into nuclei: Expression cassettes can be mcroinjected 15
directly into animal cell nuclei using mcropipettes to mechanically
transfer the ©Eekelssi hlhendppithionOs (H2hHitanas seive manimals Ageeref not
exposing the {NA;t BRAL, cﬁ?‘é&t ~fkhgr than the nucl eus and of
yi el ding stable reé_gbﬁbﬁlﬁjﬁgﬁé‘g&%%@ N1 gh elgu’@%rcé?/ See, Capecchi, M, Cell
22: 479- 488 (1980) .(ipdfectrrparglicn; ThelaNAxpntebgizaie cassson essabs ¢fftbe pr esent

i nvention nay. Q.0 in I 1 he, ear | l.e pronucl eus of a
zygote as earﬁ)rgggﬁl%%&slg{; g%ngél ]%?%e gl(r}{rdtdlq(tée% létgr%}?a |H6% C'cgi?g btyheiecﬁﬁ?oéatﬁflo%cl eus
nmenbr ane, andhpriednigre ahims! bdisag qhcoopsaed intie plencazof U & cheaBing the -

-~ pronucl eus. T 1 crol.njecti.on. accordi.n t hi s method shoul d be
undert aken m‘g‘ﬁ?e? %gﬁ %’3 BI[e'E e'éE'ﬁ%ct[rflcggg? I ?Sﬁ? %ﬂu@ %"i(?d ﬁtFeé‘g%FYer%@?SB?rgPéW%d bot h
are | ocat ed bwssbhuestiewinglhe inesduriaonet HBEBNAETIG. pordd.cieatdd@uant No.
4,873,191 to ner, .25 et. al. (issued Cctober 10, 1989): and Richa, J.,
.(2001) "Pr odue\éff\%l SROTBYOREERE 8’&&59&5‘6 R’iu 18%’}““%‘1“@% ﬁﬁlf%ras BINA dersetsyye Mar ch
2001 vol . 17:d@6&8d il big), PESerGal bt aI| Pws et ixeR. SENe PNAR Lo ai1gs ng t he

expressiof c tes of the present invention can also be introduced into
enbr yoni cﬂ)st gﬁrg% 3)S"“(‘E’B‘i"l"1§’."I“Elsé-cel | clones which undergo honol ogous

reconbi nati on wi t ivchies Ho%aﬁé%%ﬂﬁtaﬁ&ﬁj‘ﬁg?iqué%&%hHlsg‘&t s galggbgel | - mouse

chineras are .then produced. MoZygous ani ma are produce mat i ng of
heni zygous cHiaReiPacdiniofslisby phesaatiinds of direst wisaker fobexamiple, ud@e &dciGot ober 2005

V0 027088305 JROFhMSORE1LS Trsfarl ., d5IA Von aBt b, VBRI LBL 587 1B7a); (1992)

"Altering genes in aninm by gene targeting revie i rmunol ogy
10: 705- 30. (ianfl papbregk.cbdbr at i on: The DNA contai ni ng the expression

cassettesjsof the  pre . ' o | so. -be _i.ntroduced into the ani nmal
cells by electr opé‘?a?’iﬁgﬁ&ﬁl' %X&@E'{]%bg 0? g)c nW%ﬂ%,artglﬁfa e"@@m’ §esé°:feé
el ect r opor at étpdspmes) éollprmied by Ewsicnfor DAipogmbea withniy: tafpet @Xpfieesieagasset t e,
Electrical i rgﬁ'dlbl? %?edqg inl?ﬂoglf]]cef]f)ﬁ}\?ntg Elﬁh%gpgeﬂs. %%g a%higtl),yR.%%cli EE &?ulhli—l z¢€

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-
.susceptiblc 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 bailistic penetration by small particles with the mucleic acid
either within the matrix of small beads or particles, or on the surface, Klein, et al.,
Nature, 327, 70-73, 1981. | |
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bi omenbranes allow ng the introduction of the DNA. The pores created during
el ectroporation permt the uptake of nacronol ecul es suchizagcEhd 2085 ocedur es
are described in, e.g., Potter, H, et al., Proc. Nat'l. Acad. Sci. U S A
81: 7161- 716& ¢ksd084) ; and Sambrook, ch. 16. (iv) Cal ciggpRp9sphat e

preci pitation: The expression cassettes may also be transferred into cells
by ot her methods of direct uptake, for exanple, using calcium phosphate.
See, e.g., Gaham F., and A Van der Eb, Virology 52:456-467 (1973); and
Sanbr ook, ch.16. 15 (v) Liposones: Encapsulation of DNA within artificial
menbr ane vesicles (liposones) followed by fusion of the |iposones with the
target cell nenbr dngtechniquethgicabbe usé b invoduct DOULIDR thiNAiinat@nasd mal cel | s.

Viral caper acToiR g emRik S L6 Ensictic AR E I ad5h8o0sed to 200
i ncor por at e BidAdizl, " thy dthsif & Pitldee, Bhikor) BiraMdi®dh, Sekibsic Pras; ISERNP! e, DNA can

.be incorpor [yl Mo t ol yo viral capsids and then delivered to
pol yorma- sus?é%%?ﬁge& c@%gﬁa%@e%{e &E’ﬁ’?e,ér%qu ’a‘gj‘,a Gatogy Mapyal, ABHgHi an, Sci ence
220: 725 ( 5983Jogar, et al), ISBArCS7e643848) PuBlishE: 0ol WhFigNEx0br DEpEResLan: These
t echni ques a%e d%es_ ri bed in Sanbrook, ch.16. 25 (viii) Protoplast fusion:
Prot opl ast f G&P t‘?'ﬁbﬁi’t{?@ ¢ty 199QvRACoRcsEditien. ¥ Jscapartionds theayantage of opl ast s
carrying hi gBas8uidpsbedf foandloasBrhdffaphMlable Stk 2 WitlshnGM el he gani mal cel |'s,
usual Iy nedi ated by treatnent with olpyet hy1 ene glycol. Rassoul zadegan, M,
et al., Natuf@setailionay bakidlod durngejecmeanorition| herdoretfontensitive clloeher et hod
of i ntr 0duCt bam sAficiué b GoaRkHle AHrBRGRRRES, hidialtiok 8Os, tto AL Sti C

% deid Certner THin the

‘penetration by small particles with the nucleic W

matrix oftOsndiay bp prfsatde. Adses Mhere edighefficency hEDNWrificeporatitngs especddllyal . |

Nat ure, 327, ;70- . 5 /,088303 J US02/ 11770
Any t echni qu%arz ﬁéﬁb ’ %%ﬁgggmaggbéé&f%‘%ﬁﬁ%%%g% ellgcﬁ?bge pﬁ%@%ﬁ%ﬁqusg Il's of
choi ce can babayapkigae chiqreinggction infermasyie A edvanigmius Fembad bécaghs typAcdilgbor at ory

Handbook " 0% a1 lr L E U | ERIOT BBl RSO AR Press:
Brigid Retroviral vectors are also highly efficient but in some cases they are subject to other
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,
calcivm 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
‘selectable phenotype, in which case the targéted cells can be screened directly for
: homo]bgous recombination. For example, disrupting the gene hart results in resistance
to 6-thioguanine. In many cases, hdwever? 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 sélcction 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 proceéses
: 45 . :



5 Hogan, et al., ISBN. 0879693843, Publisher: Cold Spring Harbor Laboratory
Press, Pub. Date: Septenber 1999, Second Edition.). El ecxoapesratop®n has

t he advantage of ease and has been found to be broadly applicable, but a
subst ant i alwd ¢2agdzhon of the targeted cells may be kill gg ﬂ 0

el ectroporation. Therefore, for sensitive cells or cells ich are only
obtainable in small nunbers, mcroinjection directly into nuclei 10 nmay be
preferable. Al so, where a high efficiency of DNA incorporation is
especially inportant, such as transformation w thout the use of a

sel ectabl e marker (as discussed above), direct mcroinjection into nuclei
is an advant a@é@iﬁ@g RERBSSEP DI migsre ﬂgtrpmba:hltl;ﬂ pré&ma@iofis déritedr @E& eghsgalid s wil |
have stably i et ed .DNA. Retrovi ectors are al so
i ghl y of 1 ci SapApQE Ak bl el PLEGNEY UR it AuebRifLIDe trger

short comi ngs, ma@tldesmvudeeldndaysﬁkbklﬂed attisans£t0 dbsrveBBo 8 h@kedtes AMhSocafee! | -

Biol. 9:1621- n1”61%7a5(we%8 0 1uc1 e Iowe effic e[]&é echni ques are used, such
“as el ectropordation ¥ gﬁ%ﬂlﬁﬁgf T PO e RS BFOCPSPosone fusion, it
is preferable to hﬁﬂbre&pecsmltemﬁ@ﬂlcemﬁfﬁ[s@ﬁylh eAfR6ssioN Rissifeh 2Bt GRARSEI te so
that stable tr nsfor mants can be readily selected, as discussed above. 20

In some situath 5ﬁ%“erq“ﬁg PHUGIR 81 bigPofer F‘T‘ﬂ@er}?é{téﬁ" BPBiRSIHE OBRIRIGHIPR of t sel f resul t

in a select albélezrikb@djﬁﬂyﬂlﬁgprebﬁbd/%hs%ﬁesﬁﬁﬁnﬁ b evh @V OSARE skl lﬁmg"
" screened directly for onol ogous reconbi nati on. For exanple crsr upting

the gene har tPeFRawFRRed; (ﬁo?tét%l £iehdeS. RaipnsNon S $g0dAT. mad 6.LH $inissusds es,

however, the g7 Sifggvrmaal i1 19,2001 Xsp&c@Sdl)icdnfheSPC el ectabl e
phenotype and P, | ow efficiency tsr ansf%rngﬁgoﬁ %led(l:%&tﬁ%?eg%%z 25 as

cal ci um plos 7é‘5p°148c19p9|8t‘5?flf%mch§t BeP¥HTOBB e Blomedzsalp?;ezfcw abl e to include
~in the expr ?@ét%c&@%gﬁtfgn@ﬂﬂ% 864 ?@4 qQé@Eﬁ%&%‘ﬁ of al’falghio}oFE%%tﬂ‘faygl :

i ntegration the expression casse erioie Wil
sel ect abl e preeddYigigbioldgy C6exaRHH., 1997; Com@,ﬂﬁnmme@mmmbmm a neo

gene, then sglg nt e ach ecting cells
able to gr oweloﬁﬁéﬁgeg 2189% asﬁgg%lr?%%g Y"slseﬁl;1 8‘6‘3 pg‘étoa%‘&?\?té’r devieeysef ul
for practici rdpment foretxmopls, aodhargeheumecbckﬁm (CODesmean. Operably linking a

pronoter @f intergst to a reporter seguence enables persons of skill in
the art tg noni to?ﬁus’ i de rgi(’)%rty Pg cB HGI%‘?%’I‘“BFSE@ CXPESSYON (Ot ober

2005 WO 02/ o&aea&seefﬁpnmgéomﬁmem@memmm Dy eRei 1007 Cofpshhepaemg from

whi ch the pr rived.. The transgenic aninmals of the pr esent
i nvention t hgng%ietﬁﬁrhiwégrﬁsﬁgméﬁlﬁg é@’gft‘c“fr?e‘&f’%%"éﬁye@ 45¢d PoHecpESHRA11-

or CYP3A4-mediated drug metabolism. The transgenic animals of the present

mventjon 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. ..
Meghods 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
pp = St



i nvention provide a neans for skilled artisans to observe those processes
as they occur in vivo, as well as to elucidate the mechgnb&sserodsr! yi ng
t hose processes. 5 Wth respect to transgenic aninmals carrying expression

cassettes {fabogipd oy a light-generating protein as a rgRaihelRedUence,
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, U S Patent Nos. 5,650,135, and 6,217,847, issued 22 July 1997, and
April 17, 2001, respectively; Contag, P., et al, Nature Medicine 10
4(2):245-247, 1998; Contag, C., et al, OSA TOPS on Bionedi cal Optical
Spect r oscopy EREIER GIESIE dhe GraAd! Qﬂwmoﬂmnomgablﬂnﬂded toet aI

Phot ochem str & et al,
Mol ecul ar M c%glg?%hgoegg&ﬁl%‘eﬁéﬁgg?@%%ha?ggg%éjf OlrFr}éegl ngsg%/pl cal | y uses
at | east one ghdtdgedempamdondap’stl orélﬁﬁfﬁmtexprkmonemmseks of tlehar ge- coupl ed
devi ce (CCD) D56 &ats &éno-lr_llgfg]?(e thapthg prans emcn}?uce o? ?hg Preé?néﬁgé@nﬁpgggn; (r: Om ce

carrying expression cassettes conprising con
Cyp3All or5 CYR8MND smpen atnhgountls whddmpb@sﬁwﬁvdlﬂfaﬁﬁ@ezﬁmﬁmgbmg reporter

sequence may be used to,.monit CYP3A4- nedi at ed drug
me'? abol i sm yThe t r AR SHEHYE SR gﬁ%%’? (i‘haﬁaﬁt&“ﬁ“81§8 ?amgWé}ﬁ‘fr’i‘agerWélﬁméonprl se

the expressi wﬂmetrhm.amhsﬂd@mﬁ@ﬂ@;ﬁ%ﬁl&ﬂ@@éﬂ%@h&%ﬁﬁ%l ﬁe 20 a ”Eansd
ating such toxicity an

for screeni ng anal s e abl f nmodu

net abol i ¢ pr o @8@%8 Wanfeﬂﬁflgg‘%flcﬁt&&@ﬂﬂ *Wfﬂi@gﬁﬁﬂalé%%%llﬂﬁoﬁeng conmpounds
for safety, dh@ﬁ&tbﬂiz@mh@X!rﬁisééﬁx@dﬁﬂn@@@fnﬁﬁﬁﬁ@@yﬁ%l1%9291'5&&%@' ons. Methods of
adm nistragtion of the_analyte include, but aré not limted to, injection

(subcut ankbusl y, &piteiEy feptelesting %?%WFW%})S £-j eensragefpkiak D(Oﬂgﬁhr as nasal ,
25 rectal an%cﬁé@ﬂh@@&ﬁpoﬂn@ szﬁagﬁﬁc? hORGAssion BE FFEEDMS thef

P3
i ntramuscul ar. Other nodes of adm ni Strat: on inclidg or Al and pu m)nary
admi ni strat i di$te Fagpesalbasifedwsand transdermal applications. Dosage

treatment may be @, giHl€ AP3&REl r}ﬂgﬂ%r?er g%ne%xg)rg#mtn' Pl elug?%f?sesgg’x?eedu' e. For

exanpl e, the analyte of interest can eredsover ange of
concent r at i orgXpugssaiat weasined bp odlputalf ligy fonsthe bmr\t@mnThaemmaéeyb &emntb e 30

that rospanse My i EueRind 3l IR S0ry Prdmbaid ot BgsiPld ani bl ) -
Thus, in one ieduetiy avey bmbleuhlsmﬂ ﬂexahremaﬁ@e (n £, MntifisieRd byi0gz/RXPsBSSI on 46
12 Gctober 2%) h\/)oam(a/2 or 1118(:!%&:)‘}%% nlﬂ? g\-frér L(Jpref%ra%fy greater than or equal to two-fold
induction over basal levels) by rifampicin (e.g., aclrmmstered at 50 mg/kg body
we]ght)
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 basa} and induced, relatiile 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: phenobarbiiol (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 med:atmg CYP3A4

induction in cell cultures. The seven compounds described above have been shown to
47



cassettes conprising the Cyp3Al1l or CYP3A4 pr onot er operably linked to a
| uci f erase-encodi ng reporter sequence may be used to noniA@#obdreoekf ects of
a candi date conmpound on Cyp3All or CYP3A4 expression. The results of those

experi mentwodeggigd rate that the transgenic mce of the ﬁﬁg@ﬂhﬁ'onventi on
may be 5 used to screen conpounds which may be effective pharnaceuti cal

agents. The creation and phenotypic characterization of transgenic aninals
conprising a CYP3A4 transgene is described in Exanple 6 (see also Figure
22). The characterization nethods described in Exanple 6 nay al so be
applied to the characterization of transgenic animls conprising Cyp3All
transgenes. REVEEiFER i celhenlyet ections dasreesafgBhit ol. 2000 Gkges dey. 20000dent
useful in a mrdelafa5308C5LeRb ctin [ esgjon of, for
exanpl e, the hurr’anf CE(P3A4 _’S]‘gn(gbgig%gﬁgg%%ﬁg?]?;&&g'%aaélbﬁggmq%:cségﬁ'?%ﬁl‘on 1. An

i ncrease in PRpBrpprargibrdibirtemsNgnpd Bhgob wewothvehsktgeinducex@r €ssi on
measured by eyipR S ght | i.yer region, in response to treatnent
15 with dex or r#% .CQI&!FAQSL&‘T %%lgeg}?‘lg%%&ﬁnanfii véEY %P’&%&‘fﬁﬁ?ﬂ?l’sg BUEEF- % han or
equal to 10- hwhah hepdiecttt ondosgpeszdddx wauebsd Ciysdexdnes 1agpacet:E. g.

adm ni st ered . i.gh I i nduction in |jver ‘
(preferably 5@&?&%?& Dgs%g%q’lggfb?cgﬁ(@qsgﬂé) ?ﬁ%‘iﬁ%{lﬁsgwsmh%ﬁgm | evel s)
by rifanpi ci sho@ethet. ClotigniDex SREN,.edd Alif ih@ucod fhegrataelye CYRS ghlin} bt ahi t eri on

2. Geater i i i iver region relative to other body regions of
t he whol e anlg)][‘ﬂrrgllCt He% ?lltngﬁngﬁ A eﬁa@%ﬁ%%‘?‘&%"%?er?f%ge‘g‘ﬁ‘cF%thFﬂénﬁgF@FetP region is
- greater thanvaiougdegatest theselais abppexphi g6 afmalimalkhie bssfd ghiab&edhg t he ani mal ' s
body. A k(?weéYb?Xr?ﬁnd%erL.m estinal expression, both basal and induced,

relative to expression in liver is preferred. 25 Criterion 4 (may
optional |y be appfipedinentdperfoiedaseppart sfepoprtent ig@nton BURAC &L R, €. 0.,

| uci f erase d ession asured by. output of |light fromthe
liver regi Oﬂ?rel§e§9f<éf;ag%ﬂ§gm%lgég%%ep RRIAIRAS 0t 5%5611%]61@#}]%‘?‘?8 018'? nggﬁi‘)und
sel ected froEnCypBAF0hegemegrepire i a toinegeatvandi-luvhan( RReMaR)n ivibedi pi ne

(Nit), 5-pre e - 20 -16a-Carbonitrile (PCN), and clotrimazol e
(Cotrim. A %ﬁ%‘ﬁgfsﬁ%m%ﬁ%glﬁégé?‘gﬁe (Preg) may be enployed. It has been

report edld hat hPXRtocrdrheP460tii3eui ic a meeptahunes pakiing cS¥PRMn | nduct i on

i n cell cul te%?]%e e%@%sgﬁ\ﬂ%@efQIIEQ%@irlcégx?ecgringuecgis%gl?e\égd Q)ab\{cepivbcgael Qo 3}20\/\/!’1 to 47
metabolism of many exogenous chemicals (xenobiotics), including, but not limited to,
therapeutic drugs, as well as endogendus substances such as steroid hormones.
Changes in the level of expression of the CYP3A4 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 Ac'tiviﬁr
Activity of the transcription control element sequences comprising the
expression casseftes 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, prémoter activity in liver push or transgenic animals carrying thé
30 expression casseties of the present invention may be monitored using in vive

bicluminescence imaging (see Contag et al,, (see, for example, Contag, P. R., ef al.,
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12 October 2005 WO 02/088305 PCT/ US02/ 11770 activate hPXR in cell culture
to various degrees (Xie Wet al. 2000; Genes Dev. 2000 1BR$ctdber 2005
14(23):3014-23; Goodwin et al 1999; Ml Pharnacol. 1999 Dec; 56(6): 1329-

39). It appfabassifiat Rif, Cotrim Nf and Phenob were r bV better
i nducers of @%3,5\4 expression, while Dex, PCN and Preg P\%g?}gbz\f\ﬁ?éer

i nducers. 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 4 he-transgene CYP3A4-luc better than other three.

conpounds. HoWeBENatud Medluuas-7eremRs, d o, Phieg1donfiierRentfendibagsgene to
various degr t hese data support that this aninmal nodel 1s useful for

t
scr eeni ng 10%%%%13&; Conthseer . el pEPPhidvielMiseabiodr 185331683 upport of t he
. AL e . hoXR
present inventi onpMonfbsftRohbiat Eibﬁy inRbrR G, é3:.‘f> /&:@I& tﬁgéﬂhgg%%%%gl{ﬁ) gene

- product is not essential to the use of a CY ( ransgene
reporter in BrocesessHEhvhich Rghpratiatenis asseciatetl. Brmaydurtiev be eppleyed imxper i ment s

(sce. o g5 RERMBL B A afhvics On Y HOBIE OTB LIRS QYR koD pOr L

human gene that codes for~an "~ enzyne expressed rn Tirver. A4 gene
product is béks digerssippmgbe fillpwinglse¢tonk.he met abol i sm of many exogenous

~chem cal s (xenobi®fics), I i but not {imted to, therapeutic drugs,
‘as well as endogeﬁ%dﬁs§lgﬁlgé‘{%§%c%ggﬂggfﬁ‘&eﬁ%f%srﬁgffréj}lg}W%B?gr%lﬁéglm Séﬁ’g?‘n’&és in the
| evel of expegssiion cafsettds eomitiBrdproaner @qrendssalediddoedth P4stE®REId @n20 drug’ s

elimnation and s.such, have a |ar i mpact on the drug's effectiveness.
2.6.0 Moni toﬁfh%lcg?so%ﬁeeqﬁscﬁ@ﬁ?%otvﬁ H}&gg? 9%§°@PW%@?&%?@@PF‘B@PQ)n control -
el ement s$@qupessdE toidipy.i Si ng the expression cassettes and vectors of the
present inventi on]éli!riraa%%be nitored b detecting and/ or _quantifying the
protein products BHcOBEPigesRR L Cieqdsrpesions gbmatey | inked to

- those pronot a@nSodichbi® oP&iid dspdth Bf thiBivARMN B Syl inH Ml R ES er activity
depends on the reporter sequence enpl oyed, and ma IHCF de, for exanple,

enzymati c asSAY> e PHEwCr lixer Rysh pr tagiseenis ke Ehegesulss of @95]@’2@?13}1.5 equences
whi ch encodeexpl}iGBhi GRGTRt: Mlt RURLE 'c{ﬂ?yin%{l]xe t\ézlrgﬂrésgiaﬁ Consthudth gﬂf‘lé magi ng. For

exanpl e,%grom)ter activity in liver push ansgeni c aninmals carrying the

30 expreksi opresabiuention ngy beesdde dveviigatenthepoisiibln taxinitylbed mombslsmedf using in
vivo  biol umge %f ?rféfi-%ffe&%‘ﬂ'tﬁkgcﬁp%% 1 GPRYBIAL brofloter (7Gned o xSXAIBY €

- Contag, P. R, et al.,

- 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 ihv_ention 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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48 12 Cctober 2005 WD 02/ 088305 PCT/ US02/ 11770 (1998) Nature Med. 4:245-7;
Contag, C. H., et al., (1997) Photochem Photobiol. 66:33%3ber S0 ag, C.
H, et at., (1995 Mt Mcrobiol. 18:593-603). Mnitoring pronoter activity

in turn enghlesc.9pe to nonitor the biological pr oc_essespc\gjtﬁgﬂ\yg,jech t hat
pronoter is assoclated. It may further be enployed in 5 rethods ' of

screeni ng anal ytes whi ch nodul ate -t hose processes at the pronoter |evel
(see discussion in the follow ng section). Thus, in one aspect of the
invention, liver push or transgenic aninmals carrying expression cassettes
conpri sing pronoter sequences derived from P450-rel ated gene |oci such as

those descri hechsabawe nEmys JI0x USE tkshPmBMAIs R by tHebis JTeieaRObh sMand 10
possi ble toxicity. The effect of drugs. on Cyp3All or CYP3A4 expression is

still anot herechoifys grifrerte roFviquslydemlpEag. Tor Sxemale; mbialvminsscenton n vi vo

i magi ng of Cyfadmdscent Boteit¥padd). promot er -1 iver push or transgenic mice. The
results of the |iver push “experinents denonstrate that animals carrying

t he expression corld®f. P8¢ aspe¢t of fs imsenpipp isdhr usk o) ba ekppssivmyatseiteagadl t o
investigate tReoRARsLRliS sd@hldibdof LRl ! QYilyphy  ef fect
on the Cyp3All c?r CYP,B,AAS pr_orr%t errt? rrg%f%@%&%@geﬁgggﬁ%ﬁ%&%gﬁrg the
process of driRgrrasplebishlisapiiveagen (Smoepnindg) thatahodilas cRpeessiet fEES0 of
nonitoring pr t Mg 4 di - 20 enpl.oyed for the
pur pose of sc(rg‘ggg‘?’hz‘gggﬁgg 3%3? }e%’ é{%_f%&_ﬁ%ﬁ%ﬁ%ﬁﬁgﬁgﬁé’ rbgééf?& PE al nodul ate a
vari ety of bitoinedicten patirogye imesscedshndly poxceds tensbripgbadrdlyi direefyf gfettgngof whi ch
can be eval ugf %gcrﬁ;i deftt%f;jlgy' rég expression at the pronoter |evel. Screening
may be acconpa\ PERed” y Areansc OF in vitro assays enploying transiently or
stably trinsfect edfor sedehing parpdsedpappiptiste Bost caRppetpBIUKAGIE G | | ver push

and/ or transgeni.c .ani s .of the 25 present invention discussed above,
either by thg?&r{étﬂ}@%bgg}}]r]l P(’E%‘H‘j’tﬁ’ﬁ]@?q‘%ﬁ‘?%ﬂ%“%’ﬁéertl'a“\?\ﬁoﬁﬂth‘?/lﬂbafbr t ransf or med

cells or tissip@sdiditdecldav@nipasiig h MpoRULRS e kit ROSSpaRbIYBhEed to THRE
%d used to neasure the effects 01P vari ous candi date

particul ar aspsg met h of i
4 éﬁ%@'e‘i‘“ SCETRAYLY Of-IP3 D agae RoRPrredeiiyis inventiar Theul ar

conpounds on _ _ _
reporter SequasndI@BERE nbfl ek;nﬁc@%%g&élt&vmﬁaﬁ&%& bt (haf Jnh}?ge(p%rt he cells
y

or aninmals enpl oyed. 30 As di scussed above, pronoter activi In liver push
or trans gléni expsssian of t]@pd'lep%eﬁ gene. The expression exhibited by these cells can be

compared to expression from cells that were not exposed to the test substance. A
compound that modulates the promoter activity of the P450 promoter will result in
fnodulated reporter gene expression relative to the control. Sec, e.g. Examples, below.
Thus, one aspect of the invention is to screen for test compounds that regnlate
20 (i.e., 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 teporter gene;
25 (i) measuring the expression of the reporter gene in the presence of the test medium;
(1ii) contacting the host cells with a conirol medinm which does not contain the test
compound but is otherwise essentially identical to the test medium in (i), under
conditions essentially identical to those nsed in (iy; (iv) Iheasuring 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 {0 affect the
activity of the promoter.

Alternatively, the transformed cells may be induced with a transcriptidnal
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constructs enploying reporter sequences encoding |ight-generating proteins
may be 49 12 October 2005 WO 02/ 088305 PCT/ US02/ 11770 nmepstfsserpogeans of
ex vivo assay nethods or by nmeans of the in vivo imging technique

reference prewlosssd y (enploying, for exanple, a biolum %mfﬁo
fluorescent protein reporter). Thus, one aspect of 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 pharnmacol ogically
active agents (or compounds) that nodul ate expression of P450 (e.g.,
Cyp3All; CYP3A4, etc.) pronoter activity; either by affecting signal
transducti on pebdeneysh asiatl aradssiphd, forskolieclteyriF@gedrRlpheBofpdy directly
affecting transcription of_the P450 gene. 10 For screening purposes,
appropriate hoS{* gléq%i‘oé‘?r’ pEef E*agr/‘sclr’f’g‘@?f%?é‘l"it% Isasureh iR the g PSS BCeF p3 AL 1

pronot er - medi aiseste@X ppRESIeNogi@siRnt SfRAGHOLEIREY W.4. b Rhda@eBhESHPs: Vect or s
operably linked to the P450

conprising a re ortet_gﬁpe (zﬁg., | uci f erase) . ﬁ [

(e.qg., eitherPEPSATIIB cEypiEhoroRE) ot shge istholevell sxarepsienof &A. The
transformesl cebbSerabf M pré¥ AR theltQt YA RHS istcBRbars RAhARGERARARL heN
anal yzed for 15 expression of the reporter gene. The expression "exhi bited

by these cel'|¥2 waporrshda thitwew theebilissef adest teopmod kd affct2ASOege not
exposed to t heygaagl o%@%ﬁiﬂﬂPﬁanséliplﬁ&Q Qaﬂﬂpgiﬂell&nﬂ@ft xgal}gg'toggﬁ%es{ 16 Pt er

activity of the P450 pronoter w resu o reporter gene
expressi on refoftHoyedsicon bpéetergmedol . See, e.g. Exanples, bel ow. Thus, one

aspect of the inv L j . . CO unds, that regul ate 20
(e Stimiate optt Hh iRbireRel 0 b Ol oSBT M Bt Paso
(e.g., CyHBA)ihe plglilysfddest vanpoundivsordupitd Cyp3adior G PRACTR®ESptoR bY: (i) A
romoters). Screenin a | i d r_exanpl.e i) contactin
'Eost cel l )s i ncco\f\l,ﬁa?{#? %?1028?%&@8Wél}cg?nlgetr@rpbizf%{%&%ﬁfﬂ@’&eﬁ%l@oﬁ%ﬁamvy | i nkeg
to a report eris gpmebipinkedao b esporteragdhdnitic ANindidRE Bhe pldBotee SdivRPIRAYN under
condi ti ons mhicQ”aIIOM/fq expressi.on & the reporter. gene; 25 (ii)
neasuring-théx@xﬁ?%%g?%haé?”§£8m¥§§%?Pg © FPAECT 8% KD PN of the test

medi um (i i ixpeentmetthagpbine ghrsh teablenicdbiithe RstCORpHR: @Q&Ws’&ﬁ@lh& h does
not cont t.he test c%gﬁgund but is otherw se essentially Tdentical to
the test trediftif s [ Y teghrgaponndsiberirishie. dawkmepusly Yith.depfidrcal to t hose

used in (i); dondptinPeaRWHobREN With B BIIB&S) (R nRhsurhg %re%@fe?s%ﬁ%? g the
presence of the contral nmedium and (v) rélating the difference in
reporter gene in the presence of the test compound; andg {iv) relating the difference in
expression between (ii) and (iv) to the ability of the test compound to modulate
Cyp3A11- or CYP3A4-mediated transcription. '
T 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, Cyp3A11 or CYP3A4 has been
shown to be upregulated in proces.ses 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 stﬁdying
other physiological and pathological_proceéses that involve P450 (e.g., Cyp3Ail or
CYP3A4) gene expression. '

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

30  may be combined.
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30 expression between (ii) and (iv) to the abi Iit‘y of the test conpound to
affect the activity of the pronoter. Alternatively, the tr@astaroes cells
may be induced with a transcriptional 50 12 Cctober 2005 WO 02/ 088305

PCT/ USO2/ 134/8pkfdgicer, such as IL-1 or TNF-al pha, fors j
di butyryl -cAI\%0 or a phorbol -type tunor pronoter, e.g. !ﬁjﬂ],(}%?znnm

Transcriptional activity i's nmeasured in the presence or absence of 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 thapegidReled by the standard conpound. In this way, the

ability of a test gospardahReddspeksidnafnfns for ca@éﬂﬁ%htcﬁl% ? ese§¥P3A4 )

transcription and the relative toxicities of the test an andard
conpounds canpeitiga: dheraales Tewdleied for iflusttier prampescm]y, birbarp neis ent

invention proyisles: @einoeds [Wale? - the ability of a test conpound
to nodul ate QI/SSAll or cvp%‘%ﬁc?ftg‘%’g‘%%"iq%‘t“?’%’g‘%ﬁa“é’i“jay' contacting a host cell

in which thhe Cyp3All or CYP3A4 pronoter, disclosed herein, is operably

linked to a repor teaTBaREs Yo MefBopnducer of the pronoter activity under
condi tions which allow for, expression of the reporter gene; (ii) neasuring

the expression ofUlless digsiseotiervam éhej eaperivecngsbisemibed brfrein vere esformahpound:;

(ii1) exposi %iﬂg@?anﬂlédfh%?}%odgm |s to the test conpound either prior to,
simul taneously wth, or after contacting, the host cells with the inducer;

(iv) nmeasuring the expression of the reporter gene in the presence of the
. test conmpgund; and (iv) relating the difference in expression between (ii)
and (iv) to the ability of the test conpound to nodul ate Cyp3Al 1- or
CYP3A4- nedi at ed t rAansc PR AmplifigdioBecause di fferent inducers are known to

af fect different d of sjgnal _.transduction, it IS possible to identify,
with greater specir]%f Elﬁvﬁ?mp S (S redqHen Wi eoptained; ko 10 regetian gnal

transducti on ipdfehg@MeERt ¢ pE2S mEyMEEL10.01:1 Y33 hap hRens pshown to be
upregul ated in progesses of dru tabolism Therefore, such assays
provi de a nedii¥ ?f?u i?fé”ﬁ'fdiR’Wﬁﬁg&?HQ&t@Wﬂcﬁ@”E?P’eré‘?)PFﬂ)‘Bﬂhhé'l@-Zd%')toﬁeir ef f ect

on 25 CypBAlIDNA{BXPSA%endhilt)s 33.wgmﬂ}go; RPN TS Polly BRSO AHEC ani mal s
useful as nmodels for studyin ot her physi ol ogi cal and” pat hol ogi cal
processes t hatechipjesicre BasR wagcarriedyqy8aq fplleys: 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
(1) Primers were designed and used to PCR screen a mouse 129/SvY 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 Cyp3A11 promoter region was obtained. Similarly, a large DNA fragment
that contained CYP3A4 promoter was obtained by screening a similarly-sized human
library. |

The Cyp3All and CYP3A4 BAC DNA were isolated by CsC)

30 ultracentrifugation and digested with various restriction enzymes for 2 héurs.
Digested DNA fragments were separated on a 1% agarose gel. The gel was
depurinated in 250 mM HCL for 10 minutes and then denatured {wice in 20X SSC
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CYP3A4) gene expression. Various fornms of the different enbodi nents of the
i nvention, described herein, 30 nmay be conbined. 51 12 {xtebsér 2885 WO

02/ 088305 PCT/ 0S02/ 11770 EXPERI MENTAL Bel ow are exa_rltﬁl es of IspeC| fic
enbodi nment rying out the present invention e exanpl es_are

of fered for%vgiﬁ ust‘a{a%/l vg purposes only, and are not i nt'Stded*té™ inmit the
scope of the present invention in any way. 5 10 MATERI ALS AND METHODS

Unl ess indicated otherw se, the experinments described herein were perforned
usi ng standard methods. A. PCR Anplification For PCR anplifications, the
reaction mx contained: 5 pl of | OXreaction buffer (no Myd 2); 4pl25 nM
MyC12; 0.4 pl wgh 0251 NhDHI‘ﬂiﬁonminpte@ BNpl wafthehQrangiereddamtayoad war d pri mer ;

e

Technol ogi es) bloﬁing aﬁﬁﬁtma(suﬁagémsrh Rouh, @8). it oiferdhgliRWa®rak widC 30
_cycl es of 30 sec,. 30 seconds at 57C and | m.n 30 sec at 72C;, 7

m nutes at 72 ed §?C8?dé9¥ g hegpanubgtuger's dertinns yeing Y Crosglaikyr Pri ners were

desi gned afnd (@b, Bmmcmmdanﬁmgl IR 866V ThIRBARafe wiNABAC (bacteri a]
artificial chromsone) lib ]{T%Genorre Systens, Inc., St. Louis, MJ in
order to isol arﬁéybaid@yéemcﬁ% pevyrs @éhﬂ@hﬂélﬂiﬂ-’\ﬂm splutiop (Yomagaheailng, on
“average, contgjmmedaj.nserts of 120 kb with sizes 25 ranging between 50 kb to
240 kb was screenedj A large genom c DNA fragnent that contained Cyp3Al 1
pronot er region md#obﬁ@t“&rméﬂ?ar@ibﬁm@ﬂmg/m&ﬁlagmgﬁ ﬁﬂ%lzﬁte@@NﬁntForthat

f’f’B? o SGdTﬁZP%?% R G LR R ST ECR IR ey a2~ 2o
Example 1) was labeled according to the manufacturer's instructions using Gene -
Image Random-Prime Labeling and Detection System (Amersham, Piscataway NI).
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 Jolia,
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.
(it} Primers were designed and used to PCR screen a2 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 cssentiél]y as described above with the exception that PCR fragment

probes and isolated DNA probes were CYP3A4-sequence specific.

C. In Vive 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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30 ultracentrifugation and digested with various restriction enzynes for 2
hours. Digested DNA fragnments were separated on a 1% aggrosasebéeloos The gel
was depurinated in 250 M HCL for 10 mi nutes and then denatured twice in
20X SSC 52“,]@6%%94)61‘ 2005 WD 02/ 088305 PCTIUS02/11770 with 0.5M NaCOH f or
20 ni nut es. was then transferred onto Hybond N+ menSrai&*PAffer sham

Pi scataway NJ) with 20X SSC for 1-2 hours using a vacuum blotting
apparatus (Stratagene, La Jolla, CA). After transferring, the nenbrane was
cross-linked according to the manufacturer's directions using W
Cross-Linker 5 (Stratagene, La Jolla, CA) and rinsed with 5X SSC. The

menbrane was then pRagRY Mdidiszed f%%\/ép;%sﬁ Qgpeilifn@ntg %fesin%tw]ing‘éﬁpéaﬁ%ﬁ | di zat i on

solution (Stratagene, La Jolla, robes were prepared i ng PCR
fragments or peseIdiedd trnpethabef LieRaeimile( 1999 d1uinad Gebe Fhaamt e 1 786-4G3ENt

anplified by. P&Rxéﬁgled?ﬁ‘fxﬁimb?%g Qolut?onQb{ltain%n% t@&@é@%ﬁ%%é%‘gd

according to the manufacturer’s instructions using om Prine
Label i ng and Dyemetsr constrgis wern ifjésiedt iptoathg talPiveio avavegeridl )f less Benat ur ed probe
was added o0 %g%dgr ehybridi zation solution and the nenbrane hybridized
over ni ght at . After hybridization, the nmenbrane was washed twi ce wth
pre-warned 1X 15 SBECyP3A% BOSYRIA4ZD vk pidtiesshabelBRQ BRGRolrkd@Bror is

Subsequent ly,_the nmbr an s..washed twice-with pre-warnmed 0.5X SSC for
20 i nut es atneégséar gg%rhm??cﬁg\{\%ﬁ'ﬂ@mp%hﬁ?%ﬂ’éh’}w&ﬁ agBidesaPgtsng RSy (31 hour

usi ng bl ocki riginelriftiniain(cStrecdpRgBns oplichail P bé-ddminfsledatith thoeypatigd,uwi t h

anti body conj u%[a‘é%c‘l%éao al kal i ne }%gosphajt ase for 1 hour. After three washed,
substrate CDPZStHPARYC SONEYCH-of XBexprpiing plasmids wegrahtained figasDr. Svexposed t o
X-ray filrofogliderweenxd wdirbie and 3 hours. (ii) Primers were designed and
used to PCR screen a human genom c DNA BAC (bacterial artificial

chronosone) library (Genone Systens, Inc., St. Louis, MO in order to

i sol ate CYP3A4 prqypt elp LERESE TraRSehik A on average, contained
inserts of 120 kb with sr?lg'gs ranél;rng&te}eltme]%{r}}‘lgo kb to- 240 kb. A large

genom ¢ DNA 25 fr ddwivensgeniarnignhitdasonbal IBYPBAdrepropastiesing tgi on was obt ai ned.
e B ST SSSSRBLL o SRR P 1
CYP3A4- selfuenWegrepet il (issued October 10, 1989); Richa, 7., (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). Irnagﬁlg of

20  amimals was done as described below,

E. In Vive Iméging
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)

2.5 Photochem Photobiol. 66:523-31; Contag, C. H., et al., (1995) Mol Microbiol.
18:593-603); Zhang et al., (2001) Transgenic Res. 2001 Oct;10(5):423-34) using
cither an intensified CCD camera (ICCD; model C2400-32, Hamamatsu, Japan) fitted
witha 50 mm £ 1.2 Nil;kor lens (Nikon, Japan) and an image processor (Argus 20,
Hamarmatsu), 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, Xeno gen, Cdrporation,. 7

Alameda, CA.) controlled using LivingImage® software {Xenogen, Corporation,
54 o



C. In Vivo Expression Assays: Liver Push Protocol 30 In vivo gene
expression nedi ated by Cyp3All or CYP3A4 regul atory seqguengsserwoo® assayed
by neans of "liver push" assays. 53 12 Cctober 2005 WO 02/08830-5

PCT/ US02/ 1%70709105;13&%1 ds adm nistered for liver push experinments were
injected intravenously according to the nethod of Liu FSVEIYHT® (1999)
Human Gene Therapy 10:1735-1737. 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 |less than 8 5 seconds. For Cyp3A 1,
and CYP3A4, it was previously believed that a co-receptor is necessary for
i nduction by ajhRERI€AN. Accordingly, a plasmd expressing hPXR (a hunan
rifanpicin co-receptor) was optionally co-adnm nistered with the Cyp3A]
1-1uc or CYP3A4-|tie sebyigterluaiiern waxiRiesicdige dierigirapktiondaticavigg nten dase af ned from

Dr. Steven 1fKlJ ; = S D s ration of. Transgenic
Ani mal s The t rzg}r?s1 lg%\?id}g%]‘?@é?ﬁ%@% ri.lﬁ%g% hbsgg]Ck 7 R)r%égatﬁ?’lgﬁger 185’“&@ PHY" t he
m croi nj ect i ot iinagiog.sMiglvere sickthaizad witk rithiey dembs@ab(25-60 gg/kgboSy weghent No.

4,873,191 40 1 al .o (4 ssued October 10, 1989): Richa, J., 7
(2001) Nblstecu?ré]?agl o% ecb?\rgf'%hg%/miﬂ('/d:u i-()é)’g.enfﬁjémﬁerﬁ?gi/%é“ﬁ%%@b’?‘ﬁiﬂaént ed into
pseudo- pr egnaplitcefl envlicemimaigl tbkes, and 8@l dinge SEIARNEIe A¥d-PERsWUSIN MR Mer S

| uckFl-  ( GCCATTCTAT CGAACGATES, SEQI D NO 11) and | ucR4 L

{ COATTTTAGCACKTY HEFACK P FABT TSR TS S Nt Rebieghiaignamissin ani mal s
~was done as descthichieer bgibowas quantifiedising LiviRdinA8e@ SofiiarO(dehBighng was
performed as descri %238 previously (Contag, et a]. (see e.g., Contag, P.
R, et al., (‘Y998YafaYure Med. 4:245-7; Contag, C. H, et al., (1997) 25
Phot ochemgPhot obi OthesefifiaBidd ndthiod SRMARed fo track evelils iRtk

M crobiol. 18:593- 6883); %hgn gt al ., .Q(EZOOt?L) '?"F a_ﬁélgeﬁﬁs%&%%@vaﬂg%&@t;

10( 5) : 423- 34)Fo §xa1eple. & comppungngyhe g mitistered eDubiastdeampristedlishbdel

C2400- 32, Harmpah SRANInd { -\ ] ' 2 (Ni kon,
Japan) and an@i rra?eg Iglgoc eés%{ﬂhgkﬁgﬁgﬂféﬁoﬁ—@%g%%ﬂ?&f % %%%ﬁ%on§?%e
cryogeni cal | yoRBarmEHbrenessiRG pirch Swiaawing fuiay be Tepeatbdat, selbidyd time

intervals which is typically effective to track an effect of the compound on a level of

- 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
- (Fisber 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 thf_: method of Laemmli, U.K. (1970) and then transferred to a
nitrocellulose membrane (BioRad, Emeryville, CA).
Cyp3All protein was detected using primary Gbat-anti—Rat Cyp3A2 antibody
(GenTest, Woburn, MA, 01801). The secondary antibody was anti-goat-IgG-
peroxidase conjugated.antibody (Sigma, St. Lonis, MO).
30
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30 fitted wwth a 50 nmf 0.95 Navitar lens (Buhl Optical, Pittsburgh, PA)
available as an integrated inmging system (IVIS T | rraglgr(gctgg@tzgm
Xenogen, Corporation, Alameda, CA ) controlled using Livinglmge(r)

sof twar e (mggﬁg Corporation, 54 12 October 2005 WO 02/ 088305

PCT/ US02/ 1 ®reda, CA). The substrate luciferin was GTHEEEY i nto the
intraperitoneal cavity at a dose of 150 ng/kg body weight (30 ng/m
Luciferin stock) approxinmately five mnutes prior to inmaging. Mce were
anesthetized with either Nenmbutal (25-50 ng/kg body weight) 5 or in a gas
chanber with an i sof | urane/ oxygen m xture and isoflurane tubing was placed
on the aninals' noses, and placed ongihg,iMB0I ng stage under anesthesia.
Mce were typically |rraged fromthe ven?ral side for 1 mnute. Relative
photon em ssion over the liver reﬁE@?Om\ﬁ@NmBﬁrml ed using Livinglmage(r)
sof tware (Xenogenp sAf) - 10 These imaging nethod can be used to

“track events in a test subject over tinme. For exanple, a conpound nay be
“administered to acﬁmfb‘}]é@@ld@ﬂ@h@@r@ﬁm@ccmswmereg@mmmd msglesceiped t er ), and

phot on enisssiyog,fromthe subject after adm nistration of the conpound may
be nmeasured. Such nmeasuring may be repeated at selected tine intervals-
whi ch is typical | pBEIE€YpIAH St Figural khoas astlicaetic of tht bensaonesifthican a | evel

Chat ot 27t PEGSRSESERT AR SR Aa LB Moy LETDSRERENCY - 11 ver
exci sed and of lrhnﬂjpfﬂkﬂl gtomnmz@mendﬁng fropai-d . 6rkibltb @gﬁﬁ!p) W @R M@lispd ssue from
ai ng 2. Soni oBreRER B Py DUR G Hea NPT The protein o oo
concent r a6i O(GUTGAAWC@E&GMHEQGG(MIAQ@AM?CT@E@SS'E@QDW :Mlghe Bradf or d
Reagent (Sig ccording to the manufacturer's

r econmrendat i ?@Aﬁggfghmrmﬁr{fwéc@'fggﬁgc SPFEJ@TQH WEHE AepAEEGed by size

on a denat ur 5BQ 1B0% 09 wac kb artidiee: Apk153%) AR OASDA. 4 i hod of
Laenm i, U K Q1970) Zn%g t hen trlansfeﬁre i trdc%%%g}e menbr ane

( Bi oRad, Erre?%‘ﬁ 2, PBpScripfys Smtagens, be @H%@Ahﬁﬂ%tbg@ttdwsihr@mm pavhr y

Goat. an | - Rakn QAR FOKS LIFHAIGFSFREagolNflla i QG The secondary

ant i body was anti - goat -
15 pBSSK- Cvp3A1 IM: This construct contains a 6 kb fragment of the mouse

Cyp3A11 promoter and was constructed as follows. Primers designated
Cyp3Al1F].primer (GGTATGTGGTGCTTGTGTATGCATAC, SEQ ID NO:3) and
Cyp3A11R2.primer (CAGATAGGATTGAGTGAGCCAGAGG, SEQ ID N O0:4)
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 PstI fragment of
the BAC clone was isolated, subcloned into a sequencing vector and sequenced.

25  Subsequently, the Pstl subclone was digested with Smal/Pst] and the resulting 5.9 kb
Xmal/Pstl 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 fragrhent was cloned mto
Xmal/PstI-digested pBSSK~Cyp3A1 1S 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 Xhol site

of pBSSK-Cyp3A11S.
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per oxi dase conjugated anti body (Sigma, St. Louis, M) . 30 55 12 Cct ober
2005 WO 02/ 088305 PCT/ US02/ 11770 Exanple 1 VECTOR CONSTRY@di&MNrAnpdvbuse
Cyp3All Cyp3Al All and ot her expression constructs were constructed as
descri bed g'obﬁ}ogs‘é"a pBSSK-Cv 30 AIlS: Figure 5 shows a schenatic of the
construct designated pBSSK-Cyp3Al 15. Briefly, the constfdtt%HE®made as
follows. A 1.6 kb fragnment of the Cyp3Al | pronoter (extending from-1.6 kb
to +65 bp) was PCR anplified from nmouse genonm ¢ DNA using

Cyp3All1TopEcoRl . priner 10 ( GTTGAATTCCAGCTAATGAGGGCAAAGTITCTCAG, SEQ I D NO
1) and = Cyp3Al1Bot Xhol . primer (ATCCTCGAGCTTCTCTGTGITCTCCCTACAACTG  SEQ

| DNO 2) . (See, al %GL3IQ§&Q@: £o@base pdiP . . \pphysi cs
338:43-49). pBlueScriptSK (Strat ag_gne%?rkgﬁ%%??né@a%&%g %@%\gd W th
EcoRl and XHsfic dremesn MadgorpViysaintondiopBgllbprifieragment | i gated into the

vector. 15 pRESKAGMMAITIMGILLEIRARTYAELG KRBT FESED 1B Nb ST LAGHENL of the

nmouse Cyp3All pronoter and was constructe rsntcﬁ%nsignat ed

Cyp3Al | FI . got Fnd [ BOmATGSEHEGT TOTCHETSTATINA AGEQAID, SEQIP NOg). Cyp3ALl
R2. primer g( ( SEQ I D.-NO. 4).,. were used.tpo screen BAC
cl ones of Srmot%s%;]-gen rﬁ-ﬁgé%%%% see%%%%?n %hak(é)F %%“%gﬁonﬂn%(’weﬁcdﬂg' above) .
One posi ti ve aBAlbielinaplawasl wetbektre dragadviadiyneWi hyddr @8tifaing HGON andi gest s
and Sout hern, I s _descri ahove, USin he- 1.6 kb pronpter
fragnent as ﬂ?%]@%%onrugg"'ea y %ﬁg‘gﬁw%g gﬂ%@ﬁ%@hi‘b%ggké’?@nﬁagm@ Wt ed BAC
“clone, the Piigited magiveReIbHindentBACIckase ™R SeshBRk b6k, dsiHagkened into a

sequenci ng ve r. .and .sequenced. 25 Subsequently, the Pstl subcl one was
di gested wit R&E%Tﬁaﬁgﬁ ﬁ@ﬁ&‘?ﬁ@“‘iﬁ sulting 5.9 kb Xmal/Pstr fragnent

i sol at ed.10pBSSK- GYEBAL-CYFBABS: ditg @ SHedCyys AN S5BbRs ks aBstisiel RouPag kbone
(1 ncl uding tg(pa, dolvlﬁtre m pronoter region extending fromthe 3 Pstl site
to the Xhol SVPRAUERALSHngPene CyprAld TopKppkprimst | fragnent was cl oned into

(GTTGGTACCCAGCTAATGAGGGCAAAGTTCTCAG, SEQ ID NO:7) and
Cyp3A11Bot HindIIIprimer |
{ATCAAGCTTCTTCTCTGTGTTCTCCCTACAACTG, SEQ ID NO:8). The PCR

15  product was cloned in to the pGL3-I-Basic vector which had been digested with Kpnl
and HindIM. The resulting construct, pGL3-I-Cyp3A118, is shown in Figufe 2.

pGL3-I1-Cyp3A11M: pBSSK-Cyp3A1IM was digested with Xmal and XhoI

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-Cyp3A1iL: 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 pBSSK-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. Tt 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 Nhef 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 inchided the upstream
region of the promoter éxtending from Nhel to Xhol in the vector backbone. After
30  ligating the Nhel/Kpnl fragment of the 10 kp Kpnl fragment into the pGL3-1 - o
: Cyp3A11M backbone, the resulting pGL3—I—Cyp3A1 1L contained approximately 9 kb

of promoter sequences, including additional downstream sequence extending from the
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Xmal / Pst | - di gest ed pBSSK- Cyp3Al 1S backbone. Thus, after ligation, the
resulting 30 pBSSK-Cyp3Al I M (Figure 6) contai ned the 5.9 difiosaiyebfist BAC
.fragnent and, additional downstream pronoter sequences extendi ng fromthe
3" Pstl “}IQ@?’ %gg site of pBSSK-Cyp3Al 1S. 56 12 Cctobher 2005 WO

02/.08830-5 P02/ 11770 pGL3-1-Basic: A 208 base pai r iGHtP8H ¥ Pagrent was
anplified from pCAT- Basic (Pronega, Madison, W) using Intron Top

Bgl I . pri mer (TCGAGATCTTGCGGCCGCTTAACTGCAGAAGTTG SEQ ID NO 5) and Intron
Bot Hi ndl I LPlimer (GCCAAGCTTGCGGCCCCTTAAGAGCTG, SEQ ID NO6). 5 A
yel |l ow-'green luciferase with an em ssion peak of about 540 nmis
comercial ly in&mil[t\ﬁzbltetherﬂ@kmgasm site\ﬂfgt}nﬁ-ﬁ(]ygmxﬂmn’@ﬁ@msd‘}{%% son,
t he nane pGLS and this Bl a]igm d was digested wth Bglll and H ndul .
i ntron fragnen?nsﬁlé%lstslli‘@f‘f o léléff' d into the Bgll-Hindl Ucut pG3 vector.

resul ting vector, Glﬁadd:tﬁﬂ;&b%Kb?st%Hﬂil\mmbﬁ{ﬂ:ﬂlgdgfcfﬁmé aljro
ied fromthe

a3-1- 3Al p3A1l S t
pq, p3AL1 -QIIBRC c fﬁﬂkg %@gl@bg%@sp&kcdw%ﬁ%l I\AB/aiC 2{(2133 ISequenc:c data
. (GTTGGTACCCAGEEAAT R t
H ndl | . primer ATCAAGCTTCTTCT GTGTTCI'?@CF e 1)OKBIT%DI '5?% ]The PCR
15 product vvag &pah&ggrpant was Qlﬁédé@ﬂﬁh¢1§%$®cb&m@emgmmm&n di gest ed
with Kpnl Azt | i s shown
in Figure 2 pg it lee?)éﬂil,ﬁtaﬁ&%fl %Kg‘g%ggg\@t%mﬁ% mjtlrm% V\? ﬁy%( and
- Xhol and t hescr}@@mntg%@y resulgingfneagmestiuct WagalesghatadtpG1 BALCypBABHXL C V\,hl ch had
been previ ousl . i's

9 % X Xhol . The resulting construct
shown in Figure .h gﬁkg@i%fA %&fﬁ%%m% descri bed above, Southern
“blotting Ws carr lli?qbemmtmtmperfolrﬂn&l mehlqmﬁeﬁtlﬁ@&sexhtmmﬁi Hige ﬂaeldéd 6 kb

pronoter -fra d|t %]ﬁg Pst agnment used
to generate g%@%k‘ Rlp;‘o’?%ilseé’a]ﬁ) Jpqg%EfQ( ng) o %“%F%Q?“i"@fgfﬁf’mfi ed.

The 10 kb Kprthe Cyp@mﬁrgenmussumtehﬁﬂﬂ(ﬂe pReGueERGeB0A THLSlehSd drQhe Sites
identified fromthe sequence. was determned that the 10 kb 25 fragnent

over | apped t HECBOE I5E8 ROI&%%%WWP&WI%@%%pmeahm@wureaw. ti onal
upstream sequUSBEQED NOE 2R VEe faRR) ifdude hiodfc idGédededcadinMiebnigidog (Figure

W under
The PCR
The

15  ATG codon. Table 1 indicates the sequences from the Cyp3A11 gene Jocus, 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 Cyp3A11 gene | of Cyp3Aill gene
Fragment from | locus fragment locus fragment
the Cyp3A11 | relative to Figure | relative to Figure
. gene locus 1A 1A
pGL3-I-Cyp3Al1S 1.6 kb 9,334 10,978
pGL3-I-Cyp3A1IM | 6.0kb 5,024 10,978
GL3-I-Cyp3A11L 8.9 kb 2,096 10,978
GL3-I-Cyp3AlIXL |11kb 1 10,978
B. Human CYP3A4
CYP3A4 and other expression constructs were consiructed as described
below.
25
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PGL3-I-CYP3A4L: a 13Kb human CYP3A4 promoter was constructed from a human




6). Both pG.3-1-3A1 1M and the 10 kb Kpnl subcl one were di gested w th: Nhel
and Kpnl. This resulted in a pG.3-1-Cyp3Al | M backbone tfiahahing!2eded the
upstream region of the pronoter extending from Nhel to Xhol In the vector
backbone. i gati ng the Nhel/Kpnl fragnment of t nl
f ragnment iﬁ%&ﬁﬁﬁ%&%GLS-l - Cyp3Al I M backbone, the resﬁﬁ?ﬁ%ﬂbg%fg-l-cypSN
1 L contained approximately 9 kb -of pronoter sequences, including

addi ti onal downstream sequence extending fromthe 57 12 Cct ober 2005 WO

02/ 088305 PCT/ US02/ 11770 internal Nnhel to the flanking Xhol site of
pGL3-1-Cyp3Al_ IM The resulting construct is shown in Figure 4. .

pGL3- | - Oy p3Al BRC clene (§eraenel by Incstedignopiss. Inameing ptierkKBATsubel ones, an  11Kb

Xmal fragnment d\%ﬁg QRRSl : ence data 5
showed this 11K %‘gﬁ@ ragﬁ:le%t o%%?gﬁééﬁcéﬁ%ﬁgggmﬁy??%grrent. A
2.1 Kb Kpnl 3A4BptdhimentATCAAGET TCCIRTCASCITRIG KHTSOTET TGS, BEQGIN! site of

A3-1- 3 he.ori en } 2 b nl fragnent was confirmed
Ey DNA S(Aelclgu'glhlccz)i:'L fﬁ% a?ﬁ‘iew‘P’ees ﬁfa(ﬁl(gggn(g&?%‘gﬁﬂl}ﬂl‘lfgfjd @5‘:‘?&3‘3 g‘?ﬁal plished a

GL3-'| - CypBAl 6324p CEPIBp0in0 o 3pdio & BB tdf P Bperinents
Berforngzp?n SYpp F oféfg% gf??én%i?%?énpiéﬁﬁﬁgge p?é%?éggﬁﬂ%gSFgginately
9, 330 base pa?rg ?1{—' RRROEOERSCquREr| BpiferEs)) BNASEasass averetbtaead IF bm  t he

Cyp3Al 1 generegimﬁIaSIresipﬁﬁiilﬁgéta_fﬁpﬂf)xihﬁﬁl)mngB!t@‘—mmpﬁﬁﬁﬂieQ@BaM_si&?,qUence of

the pronoter_regi conprising transcription control elenents Is presented
in Figure 1A T ‘{@%’ (}%’Ba‘i‘%@.’te qunyear fpgler $ N 3b)findinpesitetywere idest ifiestin dis e s

i ncl udi ng t hercph! irdé keamtiddeATifcE Ry Faphie ¢ | Ndi cates the sequences from
the Cyp3All gene | ocus, upstream of the protein coding region, which :
conprise the abovéiaékkﬂﬁgéﬂ@ﬂbﬁé@ﬁ@bﬁ@nﬁﬁﬁ@gﬂsmémwdw@thGYBaﬁmmg posi ti ons
in Table 1 argqg I din. Fqure A 20
Table 1 Vectgﬁn%gﬁgag%fgx]#§?5%3§%$Sﬁ§%%ggfﬁﬁﬁﬁgﬁgﬁﬁé%ﬁg?ﬁﬁfﬁhﬁ%ize of of
Cyp3All genedfAbyBEsAtsultingeirsmit wapreiied fOLSA-GYBSA4M afherkllogucnfagnent t he

Cyp3A1IreIatgggmﬁﬁLﬁﬁgﬂ&ggelative to Figure gene |ocusl AlA

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 figore 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 Figare
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-I-CYP3A4M 10.5 kb 12461 12,998 -
pGL3-1- CYP3A4L 13kb 1 12,998
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A.3-1-C 3Al 1S1.6 kb9, 33410, 978 pGE.3- 1- Cyp3Al1M6. 0 kb5, 02410, 978 G.3-1-C
3Al1l L8.9 kb2, 09610,978 G.3-1-C 3Al 1XL11 kb110,978 B. HuRam&afR324oLYP3A4
and ot her expression constructs were constructed as descri bed bel ow. 25
PGL3- | - CYPRkinsosl3Kb human CYP3A4 pronoter was constr%?ﬁgﬁithw a human
58 12 Cctober 2005 WO 02/088305 PCT/ US02/ 11770 BAC cl one creened by

I ncyte Genomics, Inc. using prinmers 3A4Top ‘

( GTTGGTACCCTGCAGTGACCACTGCCCCATCATTG, SEQ ID NGO 9) and 3A4Bot Pri mer

( ATCAAGCTTCCTTTCAGCTCTGTGTTGCTCTTTGC, SEQ ID NO 10). Goodwin, et al., (W
9961622 Al, published 2 Decenber 1999) published a 5 632 bp CYP3A4 pronoter
sequence from approximately 6 kb to ¢?ately 5.4 kb of the 13 kb
promoter sequence. Upstream (5') DNA re obtained for the

regi on correspondi ng to approxinmately -%gﬁgﬁlggs% 0.5Kb (Kpnl site to BanHi
site). Putative Hdpatrgehseaynuetecgndictdias desgtibedldNBve3b) bi ndi ng sites were

identified in thisy mgg%o@%gxggcg @#%i ng construct is shown in Figure 9.
10 pG.3-1-CYP3AMAM_ 7 : gnent from pG.3-1-CYP3A4L containing
10.5 kb proonoter rRegllynexpesssict amelductndescripBEHIEL BipleallZagem éntraénodelyl a, CA) .
The resultin A s.calle 3-1 - CYP3A4M The resulting construct

i's shown in %f‘% llifr%g %g ml\i—\]&gaﬁlg ém%?&a%)gé@qeﬁ)%{ﬁe t‘f[ﬁ)"'e?}ﬁsgas‘:‘érr{i’@'t%?ﬁtﬁeé‘ki mately 13
kb of sequencgod. der¢avkekpteseinn tdrstrii/BinicE¥RIAkrpeRRdWAGUD0 pst ream of the
prot ei n codi ian. ~ The. fiqure includes genom c sequences including the
initiation A@‘@%ﬁ.‘%@?@bé ﬁ?‘fea‘ﬂ?’fféﬁ?‘"‘t%ﬁw‘flh%l petaseapethasgrod 08 BRpr i si ng
transcri pti orndGnhicolve! teaRd bih 011088/ iof RESMpIBAT 0. tH3LBhESGL and

l'i ver-spegjfic. basal ression in nmouse liver is presented in Figure 17B

ex
(SEQ I D NG  TH7IPISH haxp been prvigyiiy abun (orieduse Gyisi{eld sxpressinm Yraaghvpsyet gene
| ocus, upstreanIes7)uhe; B@E@I@i@]ﬁ@ﬁd&%}aﬂ@% R ad RGN n G QWYL & t%c{kgi bove

described constructs. The starting ending positions I1n Ta are

gi ven rel at i ARl 4958 oERYRh sbmpi@n RiDend dexamiethasose (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 pgof
15 Cyp3AlIM and 0 pg of hPXR showed nearly 5 fold induction of luciferase activity
approximately 48 hours after dexametbasone 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 sﬁbjected to liver push with 5 pg of
20 Cyp3Al11L 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 dru g treatment.
Thus, modulation of expression mediated by Cyp3A11 transcriptionail control
25  elements can be directly monitored in live animals to provide information on toxicity

of a compound.,

B. Tiiration of hPXR

It was previously belicved that rifampicin uptake required co-administration of

30 arifampicin co-receptor such as hPXR. In particular, BPXR 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 |




17A. 25 Table 2 Vector NanmeApproximateStarting Position of Ending Position
Si ze of CYP3A4 geneof CYP3A4 gene Fragnent from ocus fragpenridbeer®st r agnent
the CYP3Adrelative to Figurerelative to Figure gene |ocus; 17A17A

GL3- 1- CYP3@Qd B /asssuskb2, 46112, 998 GL3-1- CYP3A4L13 kb112, %%i 2/{1%000t ober
2005 WD 02/ 088305 PCT/ US02/ 11770 Exanple 2 LIVER PUSH A i ver push
assays were conducted as descri bed above. A Muse Cyp3Al 1 Constructs 5
Briefly, expression constructs described in Exanple 1A were intravenously
injected into mce and i maged as descri bed above two weeks | ater
(pre-treatnment group). For each expression construct, 3 mce were then
treated w t h33Q@@3@l-7af DMSO (sol vent control); 3 mce were treated with
0.1 ng/ g dexanet hasone. (100 pl); nd 3 mce were treated with 0.1 ng/g of
Ri fanpicin (100 p ?.esﬁgﬁsé‘%?rﬁél%&ﬁ’é‘? ﬁ’ﬂ?‘ﬁf RUFl SERBIUBSTHS WAL ¥arpBs AmprRyi ous| v
shown to i ndyeEPXlY pidfthe byPSRI@SIEh 0shs¥aNagsted ifExandle 1.( A9@bnAs Ch Bi ochern
Bi ophys 340(2):215-8. In additional, mce wre treated wth a single dose
of DMBO, rif &9sith (5rnH)LoER daiehfrspulfenelampicin uptake of hdudienef dosages.
The nice ger Qiclhian dcHReeAati@by 43 AiTBy @)fpsﬂktﬁmflﬁﬁed,% 2AANLAI Stration.
As ‘'shown in Figure 10, inmaging mce subjected to liver push wmth’5 g of- 15
Cyp3Al 1M anédpctipned lssmsestsprastiomecidlly decréasecwhamdigitcr dosagek of BERf er ase
activity appeRyssmtely 48 hours after dexanethasone adm nistration.
DMSO-treated mce showed little or no induction, while rifanpicin-treated
m ce showed sonme Thdusininisirtion of g cifdepicrs eo-spgtanis nattrefujred Br riparffichour s
after drug t{@%&errent. As shown in Figure 12, imging mce subjected to
liver push w 5 pg of 20 Cyp3Al 1L and 1 g of hPXR showed nearly 8 fold
i nductiohdof luciferase activity approximtely 6 hours after rifanpicin

adm ni st ati on. QS 1 abed g shaved

Briefly, expression constructs described in Example 1B were intravenously

injected into mice and imaged as described above two weeks Jater (pre-treatment
group). For cach expression construct, a 2.2 mi volume of plasmid mixture (pGL3-I-
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
ﬁentral side for 1 minutes using Xenogen IVIS imaging system. Relative photon
emission over the liver region was quantified using Livingfmage software. ‘
As shown in Figure 14, mice subjected to liver push with 5 g of pGL3-I-
| CYP3AA4L and 0 pg of hPXR showed approximately 15-fold induction of Iuciferase
25  activity apprdximately 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 ug of pGL3-I-CYP3A4L and 1 ug of hPXR
30  showed approximately 40-fold induction of uciferase 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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little or no induction, while dexanethasone-treated m ce showed
approximately 4 fold induction in luciferase approxi myglgeddsr 26osd8 hours
after drug treatnent. Thus, nodul ati on of expression nediated by Cyp3Al 1
transcri ptiygRahsssRnt r ol 25 el ements can be di rectly nonj &R@&%#ﬂ live
animals to provide information on toxicity of a corrpoung. . Titration of
hPXR It was previously believed that rifanpicin uptake required

. co-admnistration of 30 a rifanpicin co-receptor such as hPXR In
particul ar, hPXR has been shown to nediate induction of CYP3A4 expression
i n human hepat ocytes by the drugs dexanethasone and rifanpicin, see
Pascussi JM aéminglratiolval Phannacol (2000 Aug) 60 12 Oct ober 2005 WO

02/ 088305 PCTI US 361-72. - t this notion, we conducted
liver push exper ?ﬁr{e&%gowﬁﬁé varby‘?mmoélﬁ%ﬁxgsl'%ﬁ%“gﬁﬁwfiﬁ@%% berpressi on
constructs degeessbedh ihn likxarph ecll0.55b ploaer: (PGLIH-gUPB&4Nlby 13 and 16, PXR
is not required fort B’Ii cin uptake or induction of luciferase activity
‘medi at ed by %g%zAll M Indeed, in certain cases, induction of

| uci f erasg expression actual | y decr eased when hi gher dosages of PXR were

used. ‘Thus, admnistration of a rifanpicin co receptor is not required for
ri panpi ci n uptake. 10 C. Human CYP3A®AMEBRESr ucts Briefly, expression

constructs descri bﬁﬁcﬂ:trHEesa@ﬂJP%Tﬁ%ﬂ@ﬁsbﬁﬁgf@v&v&%ﬁ’cﬂﬂﬁfdﬁ%ﬂ0 m ce

and i maged as descri bed above two weeks later (pre-treatnent group). For
each expression construct, a 2. 2PRMOEERIFROUENCH| asmi d ni xture (pGL3 | 15

CYP3A4M or pGL3- |C§Xfo%ﬁéﬂ-&an%§crbéﬁ%& bl pUG6k Gt R n%m%%n am FVB

?éf%é?@lg
femal e nouse over a period of |ess tha seco
subst r at &0 | utek apifity tearodulafedespddl l at Y Pt lpremteanediatedémlurgunateme dos e of

190 0L k9 DoMtratGh A colfe POBULA (1o B S o3 B0 e IS dEnE Lhen

~anest hetized in a gas chanbe faner oxyge
| uci f erin i njigatctamine él?remegaeMadw,WIammaypBQm -Leodr GV RB2g-TLitbi Ng on noses

were placed 90%6111:% eimg%gé lﬂgceé }n?(g% V%app]atrersag]% seJ 8?]11gﬁ—?hrough—put screening
of a compound library. Trensfections are carried out according to the manufacturer's
15 insiructions 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- OR CYP3A4-MEDIATED METABOLISM
A, Mouse Cyp3All

Transgenic mice carrying the Cyp3A11 promoter-LucYG- expression cassetie

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 ef the present invention may be used to monitor Cyp3A11 promoter-mediated |

expression of bioluminescence in vivo.
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ventral side for 1 m nutes using Xenogen IVIS imagi ng system Relative
photon em ssion over the liver region was quantified userRy:tddeyPOOE Nage
software. As shown in Figure 14, mce subjected to liver push with 5 g of
PA3-1- CYRYMhsdfd 0 jig of hPXR showed approxi mately 1n:fald induction of
luciferase 25 activity approximately 6 hours after R f agm nirstration;
approxi mately 13-fold induction 6 hours after dexanethasone treatnent and
little or no induction at any time follow ng DMSO adm nistration. As shown
in Figure 15 (data shown for second dose; twelve days after first dosing,
mce were treated with a second dose and i naged), mce subjected to liver
push with 5 pg of pG.3-1-CYP3A4AL and | g of hPXR 30 showed approxi mately
40-fol d induction pfy| Ucidgase activity approximately 12 hours after Rif
admi ni stration; approximatety 60-fold induction 12 hours after

dexanet hasone t r edkmmsgeniamitelvictd geperated neing the Y BARCER3 A6Y-Iici R GE QLI oW ng

DMSO 61 12 Oc 2005 10 /1 US02111770 adpi ni strati on,
Furt her nor e, éﬁggﬁ OnﬁtFl\l(g\z’rtr)Sb%F P@%ﬁ%ﬁ%ﬁgﬁ&éﬁ T3 wersiet erthaghdr

expr essi otrﬁ : mnﬁhhi 1:2:.(ij gaglﬁmncdfkéagﬂ%hsmg_ﬁpmmmhgr&@ 3a b}g%ﬂé%ﬁﬁ&ﬂé E)/?/A
approxi mately 25 g , ommy. S :
THECYP3AL1| C\?ﬁéi‘&eﬁﬁwgéégédfé%é%ﬁ%&ﬁﬂgsee%&hbwe%r@rﬂé%&qror safety

and/ or possi BGLI-DKYCBAYL, e TR hb figesteOnEH BT 2@t 4 ¥b &&td@iﬁﬁg’: ate Cyp3Al

| or CYP3A4 p{}g{;{é}( r-r%edi ated bi ol um nescence in transfected cells. Host
cells (e.qg., ﬁ%?e‘}‘ BPmaien achiiesic autondandiipeflydneifpsise cONAwpsipugifiékct ami ne

(Promega, MadikdiRRgardd gdib} BlelyRRAd4- Luc or CYP3A4-Luc constructs and are
plated into 96 well plates and used for high-through-put screening of a-

conpound 14 brary. The arafeddragenats sices then sacke dicseiniceted wsingde ¢edl stdge

manuf act ur er 'syH embRsd. M HeldnBiR) q@p r. l,s. After .transfection,
the cells are treatlgrd wth selsg{:e{ez%&{;]o ﬁaglﬂeﬁdlg&g)ge?ldgﬁﬁelg{lﬁn?H’é%eél ©36 hours
"and, subsequdpeidprs watesaseshn¢dbiaPER hydigdgingiatdithp assiiug trysgémc duhiler ( Pronega)

?Egl ?Z f gggda\yﬁr‘% fr%x{;gd %ﬁl tﬁé‘éﬁ%ioff gﬁcat%%lx%%%% eEc%cr)rding 51 m%lhsotdse &s&%&%mga) For
‘ _ 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
Identitication Of Repe_at Sequences and Promoter Regions
20
- A In The Cyp3All 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  (ATQ) 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 position1to
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 1-1 1,002 of
SEQID NO:12.

The approximately 9.3 kb sequence from the mouse Cyp3A11 promoter was
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20 EXAMPLE 4 IN VI VO MONI TORI NG OF CYP3A1l1l- OR CYP3A4- MEDI ATED METABOLI SM
A. Mouse Cy 3p All Transgenic mice carrying the Cyp3All 1previzicePodaiCYG
expression cassette are obtained with known nethods for generating )
transgeni Cyiysssksee the discussion 25 above). These ari; ‘TﬁJsﬁz/ﬁ _{o't'mders )
were bred to non-transgenic nmates to produce litters (' F s"). F
animals fromthe founders are inmaged fromthe age of one.to SI.X weeks
according to the nmethods described above. The observed signal intensities
were quantified. 30 These experinments denonstrate that the expression
cassettes and transgenic aninmals of the present invention may be used to
noni t or Cyp3Ased jir §T5mcé€@d]33réixbr@ss¢amh @inatwhmdr amonedderiaeentn Vi vo.

62 12 Cct ober %Q]Q §9 ) wa31 Qle P;F Transgenl C
nice were gener af e SI n ey FRAL
construects. Ftbreeb&\&lfanﬁhél@@mm/lﬂenhntspimsmwgmedb@elslmmwrﬂh Bﬁm 5 and
ntron. and SRR Foe+ bR 0gagaat R T el st agebe oy
el ectroel Wt | amsochtd witGL Strbtr GYRIAH bubfdnkiny 1ﬁhﬁ£&f(h% W@Sdlgﬂ.'gﬁtsét%d Wi tg vaul f?nd
ter chinmeric intron, and firefly
Itlrjlgi 1} 2r ggecg%@&l f }% 6&@%‘&3\{@?&@@? rigaing dbis prauence dithdas Iilon. 10 The
purified fragegmrhse Mexlitmeﬂh%guﬁﬁﬁffh@p%)@hﬂhl?@fl%(idédﬁ%p(sé%ﬁl £18¢l | stage FVB
enbryos. The errbri]gs were then i nplanted into pseudo-pregnant” mce. The

f ounders were scr ﬁ‘@dfl‘ﬁklthPG?PraﬁﬂlaF"%?’ k3 Ahkiscaprice wantalie’ wviraibgeni c
ani mal s wer dppRERSkek b@@a‘i‘rh@tt I8 QEnoRR&y s Rin Sro.e B %1 REfliA3gL,f O the

nmet hods descri bed above. observed signal I ntensi uantified.
Luci f er asié | é’(ﬂ?é?‘%caﬁé@eé‘t%eﬁpw&@thavﬂrhlﬂh@rmlmtg ko@wxp@@am@mamL ani mal s

and I n the | nkgstss Al At GYERSAMADIII apfs ALy 2. SNt 111 cation

O Repeat Se%uences and Pronot er
503-5103, and 6129-6791) were 1dent1fled having high homology (91%) to 1.1

elements (Figure 18). Another region (approximately 623-2503) was shown to be
highly homologous to the mouse 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 CYP3A4 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 Ala répeats.
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20 A. I n The Cyp3All Pronoter Region. Figure A (SEQ ID NO 12) conprises
the nucl eoti de sequence of a transcriptional control eliergébelpoms t he
nouse Cyp3All gene locus. In the figure, the sequence represents 12,275
nucl eoti deg, sal , the translational start codon 25 ocat ed at
positions ?fogi(())%%ll 005, a TATA box is located at posi tl(!?%s@%ii%ﬂgm to
10,887, a major transcription start site begins with the. C at position
10,914.. An approximately 9.3 kb region of the Cyp3Al | gene is from

nucl eotide position | to 9,330 of Figure | A and the approximately 9.3 kb
sequence is presented alone in Figure 1B (SEQ 1D NO 13). The present

i nvention al so i nEivagdmaty nongepset iegivnorfahe PProgomielpl 3 kb €W&A4sequence

conprising a | eot.i de D NO 12. The
appr oxi mat el ypoﬁ%é}ﬁgélgrg&%%ﬁ%% I?Q&J%P?ﬂmn%@s%g@%?g'ﬁﬁnﬁz P0Mks 63 12
Cct ober 2005 SNO-9ZO088IIAB1-PZIY8US02/ 11770 used in a BLAST search of GenBank.
In one search, a match to a nouse LI elenent (LINE famly of repeated

sequences) (Locus MJSLI MB) was identified. There are three known famlies
of- LI elefents in the Mus genone (MeBgfaplh6lL., and Hutchison, C A, J Ml

Evol 2001 Jan; 52(1) nts are believed to be 5 associated
with a retrot ransposg:ﬁ“‘“srﬁﬁ?‘él’ﬁl? &ﬁ[ﬁﬁf‘rﬂ‘lfeﬁ E“Sg"é!éfo%"é?e Gne et al.,
‘Genorme Res 2001 Cplasrhid bods@hetioh677-85) . Aligning th| S sequence with the 3A11

sequence identi flgd a region wth approxi matelﬁ 1 %identity (see Figure
18). In addition, é"ﬁ%%?ﬁpﬁﬁﬁfé’w desigmed pssguinlly sedpgerited ivBxangtmal Bized usi ng

the Repeat Mg €73 a t _
edu/ cgi - b| n/ Reé&@;?wa]gﬁ{esr ;)QEJ%C e cf)ﬁtggi%ﬁlf&%gﬁ%n:é‘?%ﬁ?gﬁ%gy ({tﬁ ng1%%\\}%5 hi gh

honol ogy 1P o KGieswed brBeRmaine §@@9@&%&TT@G§ACECNE§A®FWA€M LTR el enent e) .
Three 1 egi ongGaRRTC APEELY (S%Q%I%% )%érgf%]fvél%%%’to%{]dll%%io 1%53 %dg%"’e ot her

i dentified having high honol
regi on (apprAQCM@@TW%@G?T%@T@IHEWTC@‘TE‘GC&|(§EQ3leﬂmd))ogous to the

nmouse MaLR f Blos | 5 fam repeats is
al so t hought @t{%:g Oél(ag] ggg‘?at e%%gn %E 3%7&%‘5%’1‘)&51’%{’0 é‘f’ P’é{’f‘i‘%rﬁgéfﬁfﬂsq i ke
super - f ami | yueed aigplifRa G2, k@mmmoﬂﬁ)gﬂcwmﬁﬁéﬁhuﬁﬁﬁ)g&ﬁmc we. primary
non-r epe% r es%lg p% D(NA pc})])?mgrp Bsr@%%ttggéng Ta JoIlz?) C&S ’Fhe PCR pr l(JiEcrt](v:v%s digested

with Kpnl/HindIIE and purified from agarose gel using 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 chimerie 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/BglII fragment, a 950 bp BglI fragment, and a 10
kb Kpnl fragment subcloned from the BAC clone were inserted sequentially into the
previous construct. The final construct pGL3-1-CYP3A4 contains a 13 kb human
CYP3A4 promoter region, 233bp chimerie intron, and modified firefly luciferase

25 cDNA. All the joints in the comstruct 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 Transsenic (Te) Mice

30 The transgenic lines were created by the microinjection method (see, e.g., U.S.
Patent Ne. 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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were identified (approxi mately 5104-6218 and 6792-9330). 20 B. In The
CYP3A4 Pronoter Region. Figure 17A (SEQ ID NO 14) conprb$Rfdehgodrucl eoti de
sequence of a transcriptional control elenment fromthe hunman CYP3A4 gene

| ocus. In jogiir e, the sequence represents 13,035 n J in total,
t he trans_l'gthi%é/tr)\églgd*start codon (ATG is |ocated at posi ;ﬁ%ﬁgﬁiﬁ%@w to
13,035, a TATA box is located at positions 12,901 to 25 12,904, a nmjor
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 fromnucleotide position 1 to 2,461 of
Fi gure 17A anti:2d1e8) wippF¥Bi doabedmbryosd> kb sequence is presented alone in
Figure 17B (SEQ ID NGO 15). Simlar analyses to those described above were
carried out on the 30 approximately 13 kb CYP3A4 pronoter region. A sunmmary
of the resultg, of Schichingd@aali¥si s are presented in Figure 19. Two different
ki nds of repeat sequences were,  identified: LI elenments and Al a repeats. 64

12 COct ober 2005 WH'@Bapdauys: ey Mescorened by PERAsinglngifgrage pidmers bpaddt r egi ons
of the appy OXdnARERY ofgickds YD 5O RATERECOR TVRIA TRRUGA

(appr oxi rrate|§1,1290-(2)4%é, 82758-%?53 PRy T e L asi el ihhee
9401- 12998) . 5' SEHP ¥Cs1 &emddae itanmst (S- CYP3A4- | uc FvB Transgeni c Mouse
Line A Pl asfpgagarsidpeh Q%;L T desi gned

essential ly as descri be%@é%@%qérr’[%%g , E%r i%ﬁﬁﬁ@%N%@%ﬁ%sg "BAC cl one
cont ai ni ng t Isikspeere @¢P3sd tp saemt Bgroffspdgigon was 10 screened by PCR using
primers (5" -GITGGTACCCTGCAGTGACCAC TGCCCCATCATTG 3' (SEQ I D NO 9)
corresponding to nt -1105 to -1080 and 5'- - . »
ATCAAGCTTIOCT TTCAGUI PR Siid@@pCTTTGC-3' (SEQ ID NGO 10) corresponding to nt
+40 to 69 of CYP3A4 pr ter regigon. T riers wer | used to anplify.
a 1.2 kb prormteréfgélg(?%%ﬁm W‘%ﬂﬁﬂ? f%ﬁ?%‘%ﬁ %@ﬁﬁﬁggwgi@ 48 pfu DNA
pol yner ase ( $heatfagend,antd, DNAl&IdeCA e ITheraRERiRr R LanwBspddir@est ed  with
KpnJ/ Hi ndHI elmd ri,I,i ed tlrﬁm agarose .gel,using, Genecl ean Kit (Qbi ogene,
Car | sbad, cayterke. 1The regylty %Jﬁfat%%f'f‘teFf@g‘?eeﬁﬁ%&gﬂefféﬁ%%‘f—mca"gm- Basi ¢ vect or

15 (i) Southern Hybridization Analysis
The 1.8 kb Hind[1I/Xbal fragment from pGL3-Basic containing the entire

Inciferase cDNA (Promega Corp.) was used as probe for Southern hybridization. Ten
Hg of heterozygous genomic DINA 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. Inthe figur_e: Exemplary screening results of FVB/N-TgN(CYP3A4-iuc) mice by
Southern hybridization are presented in Figure 21. In the figure: Lane 1, 10 pg of
CYP3Ad-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 evaluatin_g 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 Potassinm Salt, as Cat # XR-1001, from Lot # 1402172
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(Promega, Madison, W) containing the nodified firefly luciferase cDNA
sequences. A 233 bp H ndi fragnment containing a chinmerihéddoePodsr om

pCAT- 3- Basi ¢ vector 20 (Pronega, Madison, W) was then inserted between the
CYP3A4 pr { ion and the luciferase gene. A 1.88 gl |
fragrrent,og%)g%ss%%ngl H fragnent, and a 10 kb Kpnl fraﬁ%@dg@l oned from
the BAC clone were inserted sequentially into the previous construct. The
final construct pA.3-1-CYP3A4 contains a 13 kb human CYP3A4 pronoter
region, 233bp chineric intron, and nodified firefly luciferase 25 cDNA. All
the joints in the construct were confirmed by DNA sequencing (Stanford PAN
Facility, StaidroBiosyGA)AG, Hvdtzertdndr e sequence of CYP3A4-|uc transgene is

shown in Figure C (SEQ | D, NO: B, Ceneratjng_ CYP3A4-luc Trans eng is
(Tg) Mce 30 The tr%é“ﬁtg%ot?e FW@%@E“@P’@MB%Rg%Lrﬁf%%“‘?ﬂollﬂné&@?ton net hod
(1 366’1939)9' . Ut B129Ratceriadye: (cg% a?@@)]lgﬁl\gfeﬂip_i&QGﬁ][#N’ﬁiStiﬁ'S-Préén@&-B‘@—@)L@NElOberl
, ;an (L "Production _of transgenic mce" ecul ar
bi ot echnol ogyﬁk%?%bw_§’% (635[)#&1535@@9 giserhenphesitgldCo BEg8psCre all
PCT/ US02/ 151 7 TfhrdnbisctiiorS Bigei (80 LEME MIOY PherRBRHYA Svas prepaed f&MHsGebd M ce
y

Ei ghteen founder mce were screened by PCR using luciferase priners LucFl
5 and LucR4 ofd@ithenpindN¥R. 3 priner (5 - GAAATGTCCGTTCGGTTGGCAGAAGC - 3

{SEO 1D NoL 19) ). T o R R L AP Y <o g
10 (i) PCR Scieagent snifigaion of Giciimgsubttsteend dpigamys asdelldws Deke BICR scr eeni ng
i1 tor mate; Lo d: 150k D8 L SO ELNLARR st o BRI mur ARG F eR0Re 7

i denti fi ctt i dmaging Oyiee MMt XTiggen Cerporafon, AlameBauaies maHykisind%as bon

entite 1 uct 4B AAes B AR e R s b B ner

hybri di zat i orand Tiexe injpgted P htet dasoaisgangk g@havsbablivwptepaednItEahiwob h BanlHI

O et e h ARG R a S ORI a0 B o Bt o bcion 21+ The

: 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 evaliated 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 ) 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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20 was 12 kb. The results of an exenplary hybridization anal ysis are shown
in Figure 21. In the figure: Exenplary screening resul 5 tober 2005
FVB/ N- TgN( CYP3A4-1uc) mice by Southern hybridization are presented in

Fi gure 21. Sfigure: Lane 1, 10 pg of CYP3A4-Iuc .. DNA; Lane
2, 17 pg o}ybg _%—g%asi C positive control. These resul ts%@&@%ﬁ}’éte t he

presence of the transgene in the transgenic mce. 25 D. Phenotyping Data as
- Applied to Selection Criteria General nethods for evaluating the animal
lines were as follows.., Tg founders were bred to wild-type FVB mce to
generate FI mce. A female transgenic founder was bred to a wld-type FvB
mal e and a mal e tindptigem bvef cagivaey Deasint Réfd This live HaadhviiBOintebtind! bagge FvB
femal es. A Lucifegjin. stock solution of 30ng/m was prepared in sterile PBS.
Luciferin. was purpcfﬁase'd as D Luciferin Potassium Salt, as Cat # XR-1001,
from Lot # 14021/ 2 66 (2 Oliwebe] 280&EdWOIRRHARAICEhMATIIBADBAL 34¥0 from
Bi osynth AG Sw tl%%rlleand bD;xamet hasone (Cat # D1756), rifanmpicin (Cat #
R3501), pregnenol one Yeég{ as eﬁérf?@)n; clotrimazole (Cat # C6019). Nifedipine
~ (Cat # N7634), 5-Pregnen- 3hifd#8220d Bhodebardaashaniction byeD&Gak vt iR0534) ,
and phenobar bi t al \§ %t # P3761) were all 5 purchased from Si gma (St. Louis,
"MD). Phenobar bi t at ﬂ)"f‘@g%frr onspangiasah (xaTession Fhlives ag grsaterhameal The
route of adm ni sté@tdssion aftetie; M5O ARG Bonded tah Brhdlesvas | P. The dose of
reagent admnistration of luciferin substrate and drugs was as foll ows.

Dose of luciferin: 150 ng/kg of a 30ng/m luciferin stock was injected IP
five minutes bef org dbth B BiAMGddhebing ST XERRUER W @0, Al ameda,
California) system Dose.of chemgclal s:e. Al It é’rugs, Ql?mél{]%@c{ e egglglcﬁelﬁg)ti on of
phenobar bY t afBecifiestionp (i fslnetipniof covREpressinh inghediven bireetR25R1248, #82dose of 50
g/ kg (phenolayrdik als repaL.ed: - Ka). « Q_was

adm nistrated as a vtg:ﬁ?%tl_hg Cgl%?]lto {r?g(lus E[thgé gﬁircggﬁlg’%ﬁho T rgggé({nr%%tm%g

typi cal | y foregRng(edyintesting) Fbinkoii2rypd #0083 fadsfied taid fitafist; mat {iybatdle ani mal s

'V ST box (RERagah T BA sRAEPRATE BublS Brnl SRR Mgt PGS, A
ani mal s wer ebadydged invefing e Idamd #82 bt #208 enris€ied this criterion.
15 Mice satisfying the ahove 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
(CYP3Ad4-luc) expression ‘was induced in liver region by Dex as well és 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—2.0_-ONE—l6a—CaIbonitrile (PCN), dexamethasone
(Dex) and clotrimazole (Clotrim). Expression was evaluated in both genders.
Exemplary resulis 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-Juc). |
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adm ni stration, and imaged at high resolution (binning 2) for 10 seconds or
1 mnute, for nales and fenales, respectively. 20 | nduabigdos 2608°3A4- 1 uc
by typical CYP3A4 inducers Dexamet hasone (50 ng/kg body wei ght) and

Ri f anpi ci nwlo3Q048dskg body wei ght) was eval uated in the Paqidgﬁ* oF m ce
fromeach founder (i.e., mce PCR positive for the presence 0 t-h

transgene) were inaged at T=0 (pretreatnent) and at T=3 hours and T=6 hours
“followi ng adm nistration of DVSO, Dexanethasone (Dex), or Rifanpicin (R f).
This 25 was performed on groups of three mce (including both genders) from
nine of 18 .founder lines. Primary screening results fromDex and Ri f
treatments are deStheirtsalls oitaalemmPI@@)anﬂyﬁesf i#dutBon ASYPRB0Iuc dAtkeddtOnshoved

i nduction in the. |ntest| g i.nt est nal basaI expressi on
than |iver barlé flicg g rpéesept(?ﬂ o @g‘-‘fﬁ g% H_@?}%Agé Eltg?lg%ﬁ MiRE WEE i WAseEy?t Dex and
Rfinli ver 'Bﬂ]j(pratﬂahtﬁﬁzhl)lﬁﬁi Tbﬁlhodaaidn@dszﬁgaﬂnﬂnmlﬁﬁéﬂ SFMBOSRLRANLES ST ON

than |iver %)rog % Lon ré]gi? i ne #233 showed strong 1 nduction in

i ntestine an oyol (RpeniBh il (Reosifed P rremnag-3h-Pio

i nductionin :10 @HE r@wm@me@@m@%@e{hﬂm};@|O§e,b|aﬂgclgggn£blg 109[ sti nal
basal expression. (d) Line #221 showed no induction by eit rug and-had

very |ow | evidf isghe ’6‘5’5‘5‘?&[9@)@&?‘@@5 Beiere epch éyagmgrsessmzmamvem@]esmm@d st ronger
i nduction by Jex1seag/Mp hcifefin, PR é?;@ﬁtsb n{ﬁzl?gfndﬁ&g)h%%foﬁﬁl?etg gal

expression in |iver was greater th n basa resston inin 'ne; mal es
responded st rBkgErch Iﬁalﬁeﬁré#aqf wih thelsemgentnd Shmremebta]egmm@dtmgantm bft he

sel ection criggfica slescE! Lté?éilltseez?(gzk hlgfyl 111(5]10[19[?@[_% %())r %itl)l% Cat Lo (1)

i nduction of gene exp res ion I nes B3 chgo" and #208
sat i sfi edl® himsouse tremd with th(elcm)lpcgméalncawn innickiegend at thebsthen bi PgEl . egi on than

in other re in Li nes, #82 and.#208 satisfied this
criterion; qiétﬂ %ﬁé %egtgsaa ér % psrhé)smgogﬁmikﬁ indugtion eXpepiments wheze the resplisyn or
equal to basake Bxpned fireach urbanhdm(shpwaﬁ bish@bottolieof Hanel YD) (a6 afplied tdY €St ne) -
Li nes #82 and_ #20 sat is criterion, 15 Mce satisfying the above

fi
criteria wer &tV 8RS Vglgé‘fl%% GSTTEMmORs BR eash aopse Werg porégraned B?s‘éeé‘erst@du nes
#82 and #208 sbtvenedsaid@ngror Bty lisBowkYPAREID 8RR f bak Braph showing

15 similar induction experiments where the results are presented for each treatment
(shown at the bottom of Panel D) as applied to a group of three female mice.
Measurements on each mouse were performed as described above. Associated error
bars are shown. | _ '

- The results of this analysis demonstrate that CYP3A4-Iuc 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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| i ver and had higher basal luciferase levels in the nmale |iver region, they
were selected for secondary screening. 20 Secondary screapidssr 2bofes #82
and #208 nmet the first set of criteria, in particular, transgene
( CYP3A4- | ugh 8@5sRSSi on was induced in liver region by %/I%&%WO' as Rif,
and transgene expression in the animals showed higher [iver basal
expression, at least in males. These two |ines | ooked al nost identical in
primary screening. Line #82 was 25 further characterization with seven
conmpounds believed to i nduce CYP3A4 expression, including pregnenol one
(Preg), phenobarbitol (Phenob), rifanmpicin (Rif), nifedipine (Nif),
5- pr egnene- 3b- OL- 2¥haNECBreddsr bonitril e (PCN), dexamet hasone (Dex) and
clotrimazole (Clotrim. Expression was-evaluated in both genders.
Exenpl ary results are presented in Figure 22, panels A-D, described bel ow.
Li ne #82 30 resporidetimetet fafide@Rfddknianayie elias motulkicy eXpresibi 6f 4 lepsitapas
chosen as final |line. designat.ed tas. FvB/ N-TgN CYP3A4-l ast). 68 12 Cctober
2005 WO 02/ os%ﬁﬁé‘%&‘?ﬂﬁgb?%’i%‘%ofﬁ’é“?@&ﬁ fequegpe 5 mediated NYArYSEREIY si s of
i nducti on Sf OYR3IAderhies defi@atbRHAN 8 hivan FTIPIAL LonB) iR aRfASRRt S ilgtolidgur e 22,
panels A-D. In the fjgure, mce were imaged at T=0 (pretreatnent) and T=6
“hours fol | owi 4 BARHTEHSEEon of DMBO, pregnenol one (Preg), phenobar bit ol
(Phenob), rifanpi cimirdidbrdng saidiah@ge R DRarsPlrfo), living PSRAN SN iR e Pdent
20- ONE- 16a-Carbonitrlle (PCN), dexanethasone (Dex) and clotfinazole
(Clotrim. NPUPESPRENEEHCEHEPHEITENPrsNg a Balyarcdeoside Herived§pmghss essi on,
mi ce were | njigglACran o ia boOEAdHad bkl I oFANG e APLERENLS.

for n I m c & ed with the

exenpl ary induction data né mal e , each nouse trea
conpound ¥howcleptiden d- 1352198 SBQ TPANO:bb tthersinof) saidaméinuGeotidaimdpe@bhyr esent s

exenplary in i , i . 1 ach 10 mpuse.treated with
t he corrpoundq}sh%m% %ﬁ._ géﬁa%nggﬁlg{rgﬁéf%%%@gnnﬁmﬁo I GRAPPTESS af fsast ne g

pr esle?t s a betranglriﬂitmﬁ] h?mohgemém;['dnar(itiib evqlgnssibﬁnf m«b?rd'{ng&&%m?c}[&hﬁm?&dge D
results are .pr : or . Lreat nen a e bottom of Pane

as appl i ed td?%@&? cj)lﬁpec])]fvert(ﬁ?lgegwl%’ %@ﬁg%?lgﬁggggpﬁ?ﬁ?%}?s%ﬁ%ach nouse were
per f or med aE l'lfmpilblnﬁﬂﬁﬂh above. Assoc: at ed grror bars are shom\.mPaneI hD
presents ar graph.showing 15 sim.|ar, i nduction, experinents ere the
results are prese oélﬁorﬁrlﬁex@g:éﬂoq ?géglfiﬁg‘igﬁ'g SCAUFISHAT mfergshehysin b pifest opanel D)

as applied t ahalegs @hpxppdssioh E)B@_Lid @AW Sedile SR of interest indicates that the analyte

affects mediated by transcription control elements derived from the human CYP3 A4

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

i
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 lving, 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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transgeni c rodent

Measurenents on each nouse were perfornmed as described above. Associ ated
error bars are shown. The results of this anal ysis denomsp&abs 200t
CYP3A4-1uc Tg m ce having 20 desirable phenotypes, as outlined in the
above critglg@unss@n be identified by the nethods taughtPCt}ﬁfsgj'/ﬂ,,mAs i's
apparent to one of skill in the art, various nodification and vari ati ons of
t he above enbodi nents can be nade w thout departing fromthe spirit and
scope of this invention. These nodifications and variations are within the
scope of this 25 invention. 69 12 Cctober 2005 WO 02/ 088305 PCT/ US02/ 11770
What is Caimed Is: 1. Anmethod for identifying an anal yte that nodul ates

~expression of a r&pBht erthod elung o elainwhes, eilBredxXpRISHIOST @kl c6dihg r eporter

sequence is rgeqli at e(}. Qé ttr. an(icr(%]f)t LO{J .5 control e]enments derived froma
human CYP3A4 SGERES G ot pIRSHah ndhe 1Yig. fransesrie mrdent by dexpmpdhiaped conpri si ng
adm ni st er i ngdsiisteradat| Itoge/kObody tWeghbgeni ¢, |iving rodent; said transgenic
rodent conprising, an expression cassette conprising a polynucl eotide
derived fromthe human CYP3A4 gene, said pol ynucl eotide having at | east
95% or greater identhd yethed dOmpee gl 108 WhdrehDb B0 ofSERcbHaNO 14, wherein
(i) said polynucleotide is operably |inked to a coding sequence of '

i nterest, (i FYIUERE Oﬁmtﬁfﬁ%éﬂlé‘gﬁ?@@t 8, §ersgenic fadaritby sampicinanscri pt i onal

control el emgibinistach ;(tifl'oixﬂgﬂ%tmdf%%igﬂ{] of said codi ng sequence of interest
e

is induced in the liver of t iving, transgenic rodent by dexanethasone
or rifanpicin; and 15 nonitoring expression of said codi ng sequence of

i nterest wherein an . 2|, : ression sai.d codi ng
sequence of int er{fel'sr%ﬂl‘?e:f %g@%%%éal%‘ﬁg?hﬁﬁg l%dﬁg loa(e ﬁg%? 431e0(1:1t0 {"%8‘1!‘13% ed by
transcri pPi osequenseob Intertst isegneater chaniov eqlial to d MfoH éndutiio by@éieaidhasgene. 20 2.
The net hod of eglbsgame%lsv\her ein (iv) basal expression of said coding
sequence in the Tiver Fegion of the living, transgenic rodent is greater
than or equal to | that in other regions of the body of the |iving,

8. The method of claim 6, wherein induction of exprcssioh of the coding

sequence of inlerest 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

bicluminescent protein or a fluorescent protein.

- 25
' 12. The method of claim 11, wherein the bicluminescent protein is luciferase.
13. The method of claim 12, wherein said expression cassette comprises SEQ
D 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
7 o |



3. The nethod of any of clains 1-2, wherein said transgenic rodent does not
25 have sequences encoding a functional hPXR (a human rijbaygldel Boos
co-receptor). 4. The nethod of an of clainms 1-3, wherein expression of said

coding seguenRps:af interest is induced in the living, tﬂc@ﬁ'ﬁ&ﬁﬂ% rodent by
at | east one conpound selected fromthe group consisting of "phenobarbitol,

ni fedi pine, 5 30 pregnene-3b-OL-20-ONE- 16a-Carbonitrile and clotri mzol e,
wherein induction of expression is seen in the liver region of the |iving,
transgenic rodent. 70 12 October 2005 WD 021088305 PCT/ 0OS02/ 11770 5. The
met hod of any of clains 1-4, wherein expression of said coding sequence of
interest is ilncweswsdt jroteinhgellomflunggscent proege aidered Gdendcetiypratemanet hasone

adm ni-stered at 50 -ng/ kg body weight. 6. The nethod of any of clains 1-4,
wherei n expression of said coding sequence of interest is induced in the

| iving, transgeni t5.rBadentéthdyofnnf angrits 0-1426Nersih s4i@ FREntas a BRuddHr kGatbody
weight. . 7. The nmethod of claimb5, wherein induction of expression of the
coding 10 sequence of interest is greater than or equal to 10-fold

i nducti onsby dexap®tNassdenic ekt cbﬁgading,aﬂeipiessiancéfsbﬁte%inp% f claimbé,
wher ei n i nductjon ogipeeg%_r ession of the _coding sequence of interest is

greater thanP8¥YRRs: NeqgoRShRE GRS asye. s1id apintsiantidn/kavingt bas al
level s. 9. Thawmthadsaler a9t Alolsh-By o3 SR 16 9flcgh pauence of

interest s a _reporter sequence. 'he method of claim9, erein the
reporter seqtidthEAyRkoHdsis gperalfniinkeddme pedinargayrnes efi interesti (i) Tive net hod of
claim 10, whggehiidobi8e tdrithilce OR NEEALL BELsRE Jn.,1 [ ol im.nescent protein
or a fl uoresgeﬁt _proteei_ r??ﬂ?_z% 12. The né?{fﬁﬁﬁ%lgo%@é?%ﬂ}ﬂti L’%nrﬂelpei n the :
bi ol um né&ceetprpsionef spid epdingseduencesd intdr8st isTinducne inhibellid ofthaliming?, wher ei n

said express h%g&ﬁé &%Eﬁt%y%gmgth%&%c %Ingal’eriC 1i. 17. 30

17. An expression cassette comprising a polynucleotide derived from the
mouse Cyp3All gene, said polynucleotide having at least 95% identity to nucleotides
15 1-11,002 of SEQ ID NOx:12, said polynucleotide operably linked to a coding sequence -
of interest, wherein the polynucleotide comprises at Jeast 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 polynucieotide
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%_ideﬁtity or greater fo
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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14. The method of claim 11, wherein the fluorescent protein is selected
from the group consisting of blue fluorescent protein, 1©@y@3doddrgoggescent
protein, green 71 12 Cctober 2005 WD 02/088305 PCT/ US02/11770 fl uorescent
protein, ygll@Mkshisuorescent protein, and red fluorescent, protein, 15. The

. method of any of clainms 1-14, wherein said rodent is a nouse or a rat. 5

16. A transgeni c rodent conprising, an expression cassette conprising a
pol ynucl eoti de derived fromthe human CYP3A4 gene, said pol ynucl eotide
having at |east 95% or greater identity to nucleotides 1-13,032 of SEQ ID
NO 14, wherein (i) said polynucleotide is operably linked to a coding
sequence of interest, (ii) the. polynucleotide conprises at |east one
transcriptional control el enent, and (iii% 10 expression of said coding
sequence of interest 8 SKMERSIOBFsSFHie 9 &lofm g rwhsren the remoyfpisgquenta ansgeni ¢
rodent by dexairBdddasPRegdkratih @awﬂpl n. 17. An expression cassette
conprising a polynucleotide derived fromthe nouse Cyp3Al 1 gene, said

pol ynucl eoti de having at |east 95% identity to nucleotides 15 1-11, 002 of
SEQ 1D Nasl2, sal dobah BiasRhcAGRReLARN Y1 Willldfhnt fh. £AMLAG Aaayence. of
interest, wherein the polynucleotide conprises at eastt one Cranscri pti onal
control el endatiolupgnesapnt@xgieip o5 # rpreges eratgnconpri si ng, a pol ynucl eoti de
derived fromthe 20 nouse Cyp3Al 1 gene, said polynucl eotide conprising a
pol ynucl eoti de having at |east 95% identity to the sequence of SEQ ID NO
13 or fragments of23aflh¢ egutssiaboassette bfOlamo?l,ivgumisthe biohedhdsctes pofeilSEQ | D NO
13, sai-d pol ylﬂé{i?elrﬁgti de or fragnents thereof operably lIinked to a coding
sequence of i'nterést, wherein the polynucleotide or fragnents thereof -
conprise B |east one transcriptional control elenment. 25 19. The :
expressi on casset claim 18, wherein id polynucleotide conprises a
first pol ynucl eot}2 e%h%%Pﬁeﬁs@%%Sf%@ﬁfFf?ﬂ?‘Zﬁ“8’?@3‘(%‘? HF‘BFWE’EIP&?IPE%S 5104-
6218 of SEQ IsBlebell frbd thegrop s@Gienieh TGNt fiSthayviagndR%ehdentity or
greater to nucleotides 6792-933Q of SEQ ID NO 13. 30 20. The expression
cassette of dFHsS'EE: tilgfres\%mP@tﬂn’tyﬁ]é‘”& Rt eR e ced 67d flqoreseankst s a
reporter sequygfesn.

15
25. A vector comprising
(2) the expression cassette of any of claims 18-24; and

(b) avector 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. Arodent whose liver comprises an expression cassette of any of claims
7



72 12 October 2005 WD 02/ 088305 PCT/ US02/ 11770 21. The expression cassette
of claim20, wherein the reporter sequence encodes a |ightbctgssrenasi ng
protein. 5 22. The expression cassette of claim 21, wherein the

l'i ght - genegatyhpgsRrotein is a biolum nescent protein o&c§nﬁkyﬂgﬁscent
protein. 23. The expression cassette of claim 22, wherein the

bi ol um nescent protein is  luciferase. 10 24. The expression cassette of
claim 22, wherein the fluorescent protein is selected fromthe group

consi sting of blue fluorescent protein, cyan fluorescent protein, green

fl uorescent protein, yellow fluorescent protein, and red fluorescent
protein. 15 2EB-24A vector conprising (a) the expression cassette of any of
clainms 18-24; and (b) a vector backbone. 20 26. The vector of claim 25,
wherein said vector backbone further conprises a selectable marker. 27. A

cel I conprising an2expe eskhtf chaf s EiviRredf sadoda: il AbEE olBrfd- 25 28. A
cell conprising a vector of claim25. 29. A transgenic rodent conpri sing

t he expression cassette of any: of clains 18-24. 30 30. The transgenic

rodent of xlaim 293, Wﬁéﬁb@f&@deﬂtiﬁyﬂl‘é%ﬁnﬁ e thal Y 3Hat0d relrsﬁtr)n ofyl. A rodent
whose |iver conprises an expression cassette of any of clarns ~ 73 12 :

Qct ober 2005 STB2FEBEBOLV RGN BEOSH0 PYGd Bpoiter S@@H@W&Iﬂﬂﬁd@by of clai 'm 31,

wherein sai d gpdeptioh §0rﬁr0m%§nt95erﬁff:& fbm IéouggF\égéA%t 0Od T O o) deﬁlgc} | fying an
~anal yte that nodul'ates expression of a reporter sequence, WYSTE? n
expressi on oflivég iddendpeidiresthgleapopricieg i s nedi at ed by
' adrninistering to a transgenic, living rodent said analyte, wherein said

10 transgenic rodent comprises an expression cassette of any of claims 20-24; 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 Cyp3Al1 gene.

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 Cyp3Al11 gene, in a living rodent,
said method comprising | | ' |

admynistering 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 sequenée in a cell,
30  wherein expression of said reporter sequence is mediated by transcription control
: elements derived from mouse Cyp3All gene, said method comprising:

-monitoring the expression of a reporter sequence in a cell, said cell comprising
74 '



transcription control elements derived from nouse Cyp3Al | gene, in a
transgenic, living rodent, said method conprising adm njsb85d1Sohs @ -
transgenic, living rodent said analyte, wherein said 10 transgenic rodent
conprises ‘%ﬂ%ﬁgﬁssi on cassette of any of clains 20-24; cﬁlﬂﬁozf i toring
expression of sard reporter sequence wherein an effect on e l'evel of
expression of said reporter sequence indicates that the analyte affects
medi ated by transcription control elenents derived from nouse Cyp3All
gene. 15 34. A nethod for identifying an anal yte that nodul ates expression
~of a reporter sequence, wherein expression of said reporter sequence is
medi at ed by arexpmesidiptassstie obamyod tlamisePel, s/heleini expdssianarnsaidupertéy p3AL1
gene;, in a liyj : i d.nethod. conpri.si admnistering to a living
rodent a vect%’bﬁ%’séﬁﬂﬁgé%ld%%}r%fcgﬁwﬁg&gwr%sﬁﬁpé%eélfabeﬁ%yiﬁni?ggg@tCtOBtr any of

cl ai ms 20- 24, clacmtsdesived irmig nicoses@ypd Alogdest sai d anal yte; and nonitoring
expression of said reporter sequence wherein an effect on the |evel of
expression of said reporter sequence indicates that the analyte affects
nmedi ated Wy transcription control elenments derived from nmouse Cyp3Al 1
gene. 25 35. The nethod of claim 34, wherein adm nistering the vector
mxture to the rodent conprises intravenous injection of said vector

m xture. 36. A nethod for nonitoring expression of a reporter sequence in a
cell, 30 wherein expression of said reporter sequence is nediated by '
transcription control elenents derived from nouse Cyp3Al 1 gene, said

nmet hod conprising: nonitoring the expression of a reporter sequence in a
cell, said cell conprising 74 12 Cctober 2005 WO 02/ 088305 PCT/ US02/ 11770
an expression cassette of any of clainms 20-24, wherein expression of said
reporter sequence in the cell is indicative of expression nedi ated by
transcription control elenents derived from nouse Cyp3All gene. 75 -
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