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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
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_ 15 typically accounts for 14 31% of total P450 present in human liver microsomes and

for 50-60% of the drug metabolic activity. (Toide et al. (1997) Arch. Biochem. and
Biophysics 338:43-49). Clones encoding 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 sequent:e 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 cotlon

(ATG) is located at positions 11,003-11,005, a TATA box is located at positions
2 ' :



Figure 3 is a schematic of the pG.3-1-3A11M vect 6r construct containing the
6.0 kb Cyp3All pronoter sequence. Figure 4 is a schematiiQ @olidn@005
pA.3--1-3A11L vector construct containing the 10 9.0 kb Cyp3Al 1 pronoter

sequence. Wigddgses 1S a schematic of the pBSSK-3AllS Ve%@ﬁlsﬁﬂﬂ%ﬂr uct
containing the 1.6 kb Cyp3All pronoter sequence. Figure I's a schematic

of the pBSSK-3A11M vector construct containing the 6 kb Cyp3Al | pronoter
sequence. 15 Figure 7 is a schematic of the pG.3-1-Basic vector construct.
Figure 8 is a schematic of the pG.3-1-3A4M vector construct containing the
10 kb CYP3A4 pronoter sequence. Figure 9 is a schematic of the pA:3-1-3A4L
vect or const 10884 ®ol&87 mgjot tnsdriptiok brakCYiRSiMEin WANBIET aSRMIeNEE91L0 Figure

10 depicts the results .of .liver S xperiments wherein FVB mce were
li ver - pus hedtl\ﬂ BPWO%H?%%%Y é? k?’ﬁ%ﬂl%&*égq € %i MeersHs Fpmapcisefifc goggemnt PXR
pl asmi d. Fi go300 diFighanal sdtheDppaemhtdly bB&bkefmbhdeSs fbseARYRoké 1 ati on

experinments erfar [n order to optimze the anount of hPXR plasm d.
co-adm ni SteF@Hr% %hjzgop]gq’)'of pGL3-1-3A1 IM Panel A, 0 g.g hPXR+ 5 jig

3A11M | ucs Panel Bguk 29§a MR Rark &F 8- 3@(’1‘34131%)&}‘% vebRP&dnstruct gorﬁaiﬁﬁéﬁlef 5 pg 3Al
| Mluc. Panel D, 5 %éhPXR + 5 pg 3A11Mluc. Figure 12 depicts the results
of liver push é‘é@p%ﬁ’g hPMREFRIMBICE/B mice were |iver-pushed with 5 gg of

the pGL3-1-3Al LpgRRsti MedheARE: dr o S1of 1- 8B Rs vgcQorQlof’i‘ﬁﬁktq:bP@n%éé: 13,

panels A-D, depict the results of XR titration experinen rformed in
order to opt PRk YPRAL hpiometer efquerRXR pl asnmi d co-adm nistered with 5 3 12

%g_(gebir 5288532?1 i %%ggﬁe%@t%%%%ﬁ%? : ﬂ;"epté’;f G e, 2
- rig hPXR1& 596&bIApBAL] promoRammber. 5 pg hPXR + 5 pg 3Al1L-luc. Figure 14
_ depicts the resul ﬁiﬁur%fS isl; zltélc LB, ti%xﬁswggltl% v\éwgtg{ c:ecjngtruli\t/%ngjgigg the
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 pGL3-1-3A11M construct and 0 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 pGL3-1-3A11L construci and 1 ;Lg-of hPXR
30 plasmad.
' 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 _



5 were liver-pushed with 5 pg of the pGL3-I-3A4L'construct and 0 pg of hPXR
plasm d. Figure 15 depicts the results of |iver push experdaeimdrsoaher ein
FVB mce were liver-pushed with 5 pg of the pG.3-1-3A4L construct and | pg

of 11PXR whashskeé 10 Figure 16, panels A-D, depict thgdifsil4i$00f hPXR
titration experinments perfornmed in order to optim ze the anount of hPXR

plasm d co-adm nistered wwth 5 pg of pGE.3-1-3A4L. Panel A 0 pg hPXR + 5
pg 3A4L-luc. Panel B, 1 pg hPXR + 5 Vg 3A4L-luc. Panel C, 2 Vg hPXR + 5 pg
3A4L-luc. Panel D, 5 pg hPXR + 5 pg 3A4Lr-luc. 15 Figure 17A (SEQ I D NG
14) conprises the nucl eotide sequence of a transcriptional control elenent
fromthe humams @YR3A4-3elid. Pacls, 0 hphPXR 3 gas el 11the Pasa@)engePKRPF esent s

13,035 nucleotid jn.-total, . the t st.atio start  codon 1G . is
| ocated at pogsllLl § ?%%L%O%é\%l & W@gﬁg;’ 5é‘g'lg’/f‘rlli}‘ﬂlb"xﬁ?l?l ﬁogﬁg t+ P& ti ons
12,901 to 1232904;u@& major transcription start site begins with the A at

position 12,930. -‘An 20 roximately 2.5 kb region of the CYP3A4 gene,
useful to facili t?*{‘]%m’ek‘g%é%ﬁ b, regults’of dee ugfeerpRiamenth wherein FVBanisa el eot i de

position ¥ t owdde #6ek-pakhdivaitl uddRhapCL3-NeA4B BRIsQ¥d: TR @L%omb sequence is
presented alone in Figure 17B (SEQ 1D NO 15). Figure 17C (SEQ ID NO 17)
presents the Hg-e sequence of CYP3A4-luc transgene used to generate

FVBI N- TgN( CYP3A4- IpiGe 18 &SictABe RisGIL £ 1; : ' g@-&;@Bc wRkagram of an
approxi mately 9.3 kb pr ogrf%t e%ﬁ Eggﬁo(ﬁlliéﬁélﬁ%@%%@sa‘?g{@ e the Cyp3A 1
codi ng sequertt®s lives-puphed mihsengelibneGL3-Ihadle conyeud pedt ago&liPds t he

-~ appr oxi mat e ggfgs ;dons of repeat elenents fromtwo known famlies. Figure
19 presents schemati c diagram of an approximately 13 kb pronoter 30
regi on selfuence, [Figvat Kd patelst &1, Hepi@YiRGwshlis oflRXR Segioarepsinientst he hunan

O e AT, Py SR Sl RS FRCEL
exenpl ary r esugdf pGbE-IPGRLs BarebA| 01 gg BVERACS h ¢/8AMIGInG) el B, B GUIPKIRZA 5pr esent s
crenl o) SOUPBUA DE o AR AL, EYENASN oA 1)
of xenobi ot i GA4@Auc, :

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 presénts 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.
4



expressi on of CYP3A4-luc in the #82 line of Tg FvB m ce. SUWARY OF THE

| NVENTI ON The present invention relates to transcri pti on2camibepo@ enent s
derived from nouse and hunan genes associated with cytochrone expression,
e.g., Cyp3All and CYP3A4, respectively. The present invention conprises
~isolated pol ynucl eoti des, expression cassettes, vectors, reconbinant cells,
|l i ver-push non-human ani mal s and transgeni ¢, non-human ani mal s t hat
.conprise the transcription control elenents described herein. In a first
aspect, the present invention relates to a nethod for identifying an
analyte t hateigiDiuhalas QKRS kRO IRACRERN CPEAOURNGR, Wher el n
expression of said reporter sequence is nediated by trtanscription control
el enment's derfiged?2f fresmna ceipRry SYRALyGRIMon dlalfsid dagi¥s0ENi C, |iVving rodent,
said nethod conprising admnistering said analyte to a transgenic, |iving
r odent , FERNdITgN(@¥BY®ehiuc). r odent . conprising, an expression cassette
conprising a _polynucl eotide derived fromthe human CYP3A4 gene, said

pol ynucl eot i ‘B8H A% 1egelat. B.dastnd 5 opresent gremplay résdémef] thy effestnefcicedtidtide on

1- 13, 032 of .SE NO 14,  wherejn (i) said polynucleotide is operably

| i nked ?XB?CEtg‘o&d’gpkgsé‘EH‘ﬁé‘hté%#%]mis Hﬂéﬁ’ré"'g‘?‘c‘(-i i) the polynucleotide conprises
at |l east one transcriptional control elenent, and (iii) expression of said
codi ng sequence of interest is induced in thhe liver of the living,

- transgeni ¢ rQogia R of PraTRNIBSARR Or rifanmpicin; and nonitoring
expression of said coding sequence of interest wherein an effect on the
llevel of exprhepsds@ iftntiol 3éleCOAHaR@HRRAUSRERE cRinehtDHENES Froh MHi&AI R Sullat the
anal yte effects nediated by transcription control elenents derived from

t he hurgenes@visgiddd gith eytodiRorféxphresion? 095 CiiB Al 1 38€ ONH3 A% p&pécrivdlyIe TRE PRt
invention relates to a transgenic rodent conprising, an expression

casset tigvegmmpmompiiseg isalajsd bylsmncleetdtes, deprebsion vapskites; eevidrd) eschrabiaan: GYR3kd-geine,
sai d pol ynucl eotide having at |east 95%or greater identity to nucleotides
1--13, 0FoPGpmasERnimals 3G, trapsgeniynep-ipan| quimalsahas comprisg tscfassstipiiha cosfrab plemerts y

i nked to .a coding sequence of interest, (ii) the polynucleotide conprises
at Ieag?xlﬁ@wFthscriptional control element, and (iii) expression of said
codi ng sequ e |.nte LS ..induced in the liver .of the |ivi

transgeni c ?Qge%?J%?&%e@gﬁﬁ?ﬁgéﬁﬁ%&%rng 2%65%?%T¥$% §m¥ll$%m%§%®%%?m{he

pr esentmddiMRabpRRsidEdf %tr%%n&rqaetﬁ:@nc%m{eﬁeﬁ%x%ss%ﬁ &lid fp&iR 'E]ﬁe%{;erﬁg m@fliiated by

pol'ynucl eoti de derived fromthe nouse Cyp3All gene, sai d polynucl eotide

havi ng tahsctigt®atcothleictlent ddrived frén RUGHEOTYHES dend lin Q%n@éni@,'ﬁ@nlg RS sadd,
'sai d pol ynucl eoti de operably linked to a codi ng sequence of Interest,

wher ei metiod qouprsmg bdnohisteingc st anabyes toas tlagsgstic, Aivingt toddns Ghidpianeeait redent r ol
clenment. In a fourth aspect, the present invention relates to an expression
casset COMFEHSr ISTXRIFSSIR capseltaenpTites 4 préygelpgtide derfved fromiles Impas €YR) A8 40, gene,

ent o PRREOLBTOERTR! bt Bty B S Br rSenibi L 8 e T Nt 100
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.




 level of ‘expression of said reporter Sequence i ndicates that

contiguous nucl eotides of SEQ ID NO 13, said pol ynucl eotide or fragnments
t hereof operably linked to a coding sequence of interesbodderebds t he

pol ynucl eoti de or fragnents thereof conprise at |east one transcriptional
control elenment. In a fifth aspect, the present invention relates to a
vector conprising the expression cassette described herein; and a vector
backbone. In a sixth aspect, the present invention relates to a cel

conpri sing an expression cassette described herein. In a seventh aspect,
the present invention relates to a cell conprising a vector described
~herein: | n amaskght bspas,phepresetthevepicasdntts fonvendgbinrodealt atresising, @ ekpras®geni c
rodent conprising the expression cassette described herein. 5a 12 Cctober
2005 | n°assefE pATPrigiap @ eelynuclsatids derive frompildinmiap € YPaA4 ees, seid palyperdiotide lwtioge

l.iver conﬁrlss§ an expression ca sg%te descri bed herein. In a tenth
aspect , 2% & pP&s 8hF e {/é‘?s'f'ﬂ“éintor@cg? S tlo!3P3etth gl 10y NOu et imbyretng (hsaid
anal yte_that dul at es .expression of a reporter .. uence erein.

expr es SPBRYSF Otlsq%’?ulsd0 BFép rht"gr &4 ﬁge)nﬁ% %eq}l%ncﬁggﬁn%feétd (lﬁf}ﬁa‘ ]fotlsﬁlﬁ‘kslﬁ%mf)f?%s%so%t r ol
el enent ' | 1l.gene... i a [ i\l ent,
card mEThol e IBUEE A e R Brest B SPGB
anal yt eindwb@inhdliveadthellivABR SSRGS rddQH 8P HexaQ BRI ridhpR¥Pr €SSi on cassette
descri bed herein; and nonitoring expression of said reporter seguence
wher ei n an dhf @chirdasgette thee prebend fimventinhe fefita@NtoOfin SRPreksiot PAELRS cORFHLIICE
“indicates that the analyte affects nediated by transcription control

el ement pelyuelpajidel dérivethirem deen@yp@yh3All gapenseid polymateotificchaging lat lassp @ jdetitiie
present invention relates to a nethod for identifying an anal yte that

nodul at @dudsgifesslst g2 of SHQ KR Pt 1 % pid ejrimsisetide\gresnldy Hokss pr 2eaiingfeqrncs i d
reporter, sequence_ i s .nmedjated by. transcription.control elenments derived
from nolﬂtgré;Sth P50 fhe P‘)l?j‘@’ﬁ%?udie ﬁo%‘}/qsf’s\i"it% tp feripiaanpl sopiEy! figetc onpri si ng

adm ni steri t R . >ct oF . mi xture conpri si an _expression
cassette deglg ri g%]glh Eﬁéércgl%ﬁé %%E%t ﬁfi’i\?ﬁ%’r%l ﬁeéat So&(’see'anl FHodeht S d“atar 5%@? and

moni t or oG QeREEESIva @t 13 Rcls GPOAT BensS SHH PG Fucl MRS ShnPrid ae[{.oﬁﬁ,(a&e&qae the

he anal yte

af f ect shaviigdi &k dshyidbdigN&Cihi Réquerte GO BEQOID BIOSITER! SagdRfits \bE6t fehd TP UBE
Cyp3All gene. In a twelfth aspect, the present invention relates to a

met hod dopgupmsmutlestidegeiSEQr BSNSO08, saitl palynwobjoodd @ riragieeptethereofioperablyg Hhited tvdner ei n
expressi on of said reporter sequence is nediated by transcription control
el enent@dige seaperse fof dnprauskerdy peApolynyelpaide onifidementsh tereeloemmpiis atgleast one
noni-toring the expression of a reporter sequence in a cell, said cell
conpri 1% ”Bﬁ?“%lfﬁ?tgjéﬁlf’laﬂ“'cassette descri bed herein, wherein expression of

saidr ?pOI’ t % asfﬁ:ﬁlluaes{)]&:?, tf;enpr%s%gt ff\'a\?f,!nliori lselaitergdt!a %a\;eict\(l)re cgnflpnesfr(lg rtl?esésxipl%rs]sig}e galssae&ee d
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.
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by transcription control elenments derived from nouse Cyp3All gene. In one
aspect, the present invention relates to transcription ¢o@fpbr &lBMeENt S
derived from cytochrome P450 genes (e.g., Cyp3All and CYP3A4), expression
cassettes which include those control 5b 1 2 October 2005 el enents, vector
constructs, cells and transgenic animals containing the expression
cassettes, and nethods of using the cells and transgenic aninals
cont ai ni ng the expression cassettes, for exanple, as nodeling, screening
and/or test systenms. Methods of using the.control elenments, expression
cassettes, cells, and transgenic animals of the present invention include,
but are not |limted to, studies involving toxicity and drug netabolism
and met hods érmizk p@esi they Pgrenginnetiahesides iy a sulpmtwhoseriiyensonpoisssian [capresoivi ci t y .
Exenplagg t%gaﬁfggﬁtion control elenents useful in the practice of the

pr esent “FHILITTOR 1992 ude those derived. from mouse Cyp3Al 1 |ocus and

t hose derivqugﬁgﬁu%he man_ CYP3A bh%& IQ ular.. the invention

relates to transeriprion chntrol™ e #%st '&%%ﬁi R %§ ithe
tes ption control el enents defi o ﬁ_ O 2POLE b
the nu rﬂn%la%é Q%ﬁ%s@ioﬂ @fherc]%lﬁgr Jemﬁn&ymezgg@?@géor%ﬁ @gcti ﬁ‘% gégﬂentcggi%diated by

- transcription control elements are associated w a reporter sequence. In
par ti cutacripfi@CNRbNAdMentd WeH el GroaC nbusd @y Al 18%n& TR faSdobific, ey rhdeniNQid 2,
SEQ ID NO 13, SEQ ID NO 14, and SEQ ID NO 15, as well as fragnents
t her eofmetadecongheisiog admidisteiTipetoi nr@nfdnan lifing tdiesit saidl mblee, Wherbin s¥ill iANRGEAY
met hods which enploy animals transfected with such reporter constructs. In
one aspedat cerpysisgs ansexpressiqnveapseiiodesorthe hersios arsl porditpring xposssidecf wid fepagnent s
Sc 12 Cctober 2005 WD 02/088305 PCT/ US02/ 11770 thereof_tgpically greater
than 106TEBYRIrLA shfet o dieilerskofl cyprpssiva of sdopariseseaysaesandiyss St fhe gualide ¢ he.

| l.eotid f ts t f), havi t | t 95% i dentit t
e oottt ni s GHPER Y e Br Bt BUstAaPAY. FPBgnent s | her eof ).
Th I i : - b | v | inked .t
codi nb. sequenes ot Rl AR ANELE el s RRLSPRS Pkiyne Sy

typi calghoiuRRIBI&8sn &l rbBRG sefiBRe, WHARSGHIBE ¥R &id SRR YqudbETRRE el
~expression cassette may conprise the polynucleotide and codi ng sequence of

i nt er estanschiptiAN@htiélr el @SAR Cderivddnord RSN CypIAM € Nehd) Bn GO 86t Asaid method
pol.ynucl eotide, or fragnents thereof typically greater than 100 conti guous
nucl eotcoupgsinghdminigating roombivitparodehOa maptos enixByp 8idptisige aeexptdsgorpabspiudeheibtd de
(or fragments thereof) having at |east 95%identity to the sequence of SEQ
1 D NO hemging agmipisisgiageiarsgidirpdenessid aelyiee aet merbisting ¢@Eession 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.
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
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contiguous nucl eotides of SEQ ID NGO 13). The pol ynucl eotide (or franents
thereof) may be operably linked to a coding sequence ofy,idk&ieshgs The
pol ynucl eotide (or fragments thereof) typically conprises at |east one
transcriptional control elenment. 15 An expression cassette may conprise the
pol ynucl eoti de and codi ng sequence of interest. In one enbodi nent, the
pol ynucl eoti de conprises a first polynucleotide having 95%identity or
greater to nucl eotides 5104-6218 of SEQ ID NO 13 and a second

pol ynucl eoti de having 95% i dentity or greater to nucl eotides 6792-9330 of
SEQ | D dNiehi3, vectdfeohfirubtf @R GhnsgdnitanPhBS@Rhinind VR Mk prERioh 5L Snd 2QhARL €d
pol ynucl eoti des and/ or expression cassettes conprising a pol ynucl eoti de
havi ng dtusihg the tceltsbodi traBbéiid ahinmdld ¢optatning thdexpiRgatecendf foBEQmpl, NOnodkBag, O
fragments thereof, operably linked to a coding sequence of interest,

wher ei rereppingoidipn trs! evsteingl dMeshods rcdgsiemths cofren @lrtnemanqapne&emaiasseﬂtee,a@tls,ané
transcriptional, control elenent. 25 In another as ect the resent

i nvent iTGRSEFRE Frigals of &g P@%%EF“WFI%WEIP% batdiessnot Hmgs ving eadyand es

S conprisjin e haVLng at t about 5‘V i entl ty _to the

- sequenc@'iéug%)h1 a%g’E%"?/ (ﬁﬁtgﬁ O Spreqning ey ?q’t"ﬁ%’i‘ SYFY ‘érrf%lfff toF‘FWk@G‘snipéa%
codi ng o N clve 1tmllde [ qfragne

t her eofnsaﬁélH Eb%%slgéoéh%%gsgésrefglnwé gllnés]ﬂé:él p e\é l’fl%:no%? e%’% &né%tf% some

“enbodi FRALSCpBR1 CRelisREH HEIUERLE 7o Mﬁ%@é@t@ Msepor ter sequence, for
exanpl e, a light-generating protein. Such |ight-generating proteins

conprise  biopaiitule SieaMentinQtlfkdS tlhhdSptisd |c&ﬂrobél§méh%tdehtdﬂlﬁog%eh&mc locii of
procaryotic or eucaryotic 6 12 Cctober 2005 WO 02/ 088305 us02/ 11770

| uci f etlzegeyring RoipIA 1l geresodiht Monat@EVRIA4 (geme vhigtéin el tianseeiptidni conttob eledents 4¢ ue
- fluorescent protein, cyan fluorescent protein, green fluorescent protein,
~yel | owaﬁiSPEl@f?‘b%]éﬁfeps'ft%tséquﬁﬂcealﬁd?ﬂﬁ@@!alt rmnles@emclqm widinplecudss opmpiisingsSEQ

h bj_| d t t t
as0 i RnTce YetEENE o haRi o RG Fhens sbidnoto laoalw@m%fai%%g e Sqré >

expr es settes of .the sent. i nventj.o ch vector
i n(F:)I udgésgl%eg?ﬁm SRR bonéc:r reéaﬁe(ﬁ? e Vﬁ’@gﬂpds ‘i”h’éi] ?“&H\g‘fyaﬁmm"’i%'ﬁi#g

mor e og‘_l,(glr&,%mgfcoﬁsg.pgtg cation (e.g., a shuttle vector), be site-specifically
or .-randomy integrating, and conprise one or nore selectable or screenabl e

mar kers. In one aspect, the present invention comprises a polynucleotide, or fragments
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' 10 I n one enbodi ment the present invention includes cells conprising the
expressi on cassettes and/or vectors of the present |nveqbuggom+a Ggrot her
enbodi ment, transgenic non-human, aninmals (e.g., rodents, 1nc 8|ng, but

not lim teq,otogmssgasce rats, hansters, gerbils, and guinea, xﬁbﬁﬁ%
conpri se the expression cassettes and/ or vectors or thé presen |nvent| on.

In a further enbodi nent, the present invention 15 includes non-human
animal s that conprise a subset of cells conprising the expression

cassettes and/or vectors of the present invention, for exanple, non-hunman
animal.s whose livers conprise cells transfected mnth the constructs of the

‘present i nverthereafftyp1&]ﬂgtgreramntﬂamrrmlcmgmmalssudmmd&edgeda@mhﬁﬂe mbée exanpl e,
/or vectors of the

by adm nistr th Si.0 assett of 1

present i nve?lefjf g’f}lg?%fle ﬁ‘FP&@E‘}%ﬁ?Q‘i‘? g‘é%’f‘%ﬁs tﬁ?@‘%l a‘?‘%&“é‘ﬁ‘ﬁt%@f‘d%&ct t he
present invenbneedtded LdEe0GHIMPD ND: ns(bﬂ%nteé}ﬁndlﬁg( Rh8A&HQRe6EF SEld €S,
vectors, cells H}lﬂ»\%ﬁﬁﬁ? human aninals of the present i nvention. |n one

embodi ment , tHY i amsais dRrE e b pErablylinkerbtor s qoding gepocawil yt e t hat

-nodul at es sexphe®si. dhe pbPhudeltP{o8 fraBhers MR HPicafPOMBREE) 2t TBEiAL ed by
nouse Cyp3Al | gene-derived transcription control™ el ements and/or a human

' CYP3A4 gene ZBmgdptionelcantahdempenst A8 sxgetion shsselcansmogprise e t r ansgeni c,

living, non- méngaacmmeahdcoaﬂg%@q@nmmgrestym cal 'y conprises adm nistering
‘to the animal” an analyte (e.g a drug). The aninmal conprises one or nore

of the expression %mﬂ@sctdhem@qnbmelﬁionpmepnm epelmucientidndi on typical Iy
including a S e te ence is

noni t or ed. Ag& g@% fétg%h eieﬁ;ﬁ#ﬁﬁﬁﬁye%}%i@tﬁ éﬂei)(o%;&gfs:t éﬁs of %E ﬁJes ‘%BB?’f@Pn quence .30
i ndi cat esl0t hanoush€ypdaell \eere, dfefpetynsclectide ersrﬂagmemf; thietvef)danieg adedsesyeondi ng to .
the transcri. cont rol conprise .t ression
‘cassettes and?tnhm\%%etsg DI omﬁ &R@r g thejeod a &?SB%E’P EZ%’O

02/ 058305 PC‘Ebhﬂ@lBﬁshfuZ%@m&mofﬂE@ I Mo%). ApEpslyEREotideri frﬁMéﬂch@z@oﬁnm yte

t hat nodul at es pres for exanple, of a reporter sequence) nedi ated
by nouse Cyp3AY %foﬁ%rﬁ@y E‘E‘F“Td\(}%a o %?’Fg‘éerl’icf)Pf‘BWeébrﬁhF@PW@F%ﬁ? ©fand/ or a

human CYP3A4 rgeimentsl gietesBdydic-A0 S6inpieh ﬁ’cﬂeas?&féttfaﬁicnﬁ!l&ﬁﬁéﬂn%ol dlerfert F @nsgeni c,
l'iving, n-hunman animal. In this pethod a vector 5 mi xture, conprising an

expression ¢ ADCAPESS I Capiie BE% SUPRIISE thrdipbingleotids apdiprdinesequeaes afo  t he

ani mal conconitkdit NbricmbBERRAE theQolyhdiedtiad Eoptisst 4 Akt folyRkicaflicanal yte. The
vector mxture conprises one or nore of the expressio cassettes of the

present i nveRfyiH> W“E%{IOWWP‘NE‘IWPH@PC’@S 57éﬁcﬁztl§|ﬂf SeQieMy 13 oy essi on of
the reporter ;s8aYEAFRICkALde having 95% identity or greater to nucleotides 6792-9330 of

SEQ ID NOG: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 ‘



"nonitored. An effect on the expression of the reporter sequence indicates
that the 10 anal yte affects expression nedi ated by the t{za@aﬁgérpjdognal.
control elements that conprise the expression cassettes and/or vectors

enpl oyed i §dPRsd3pd hod. I n one enbodi nent the vector mﬁéﬁ’ﬂf '
adm ni stered by intravenous injection. In a further enbodi rresﬁ%/h?ﬁo t he

present invention, the expression cassettes conprising the transcription
control elements of the present invention and a reporter, 15 are used to
nonitor the expression of the nmouse Cyp3All gene or the human CYP3A4 gene
inacell. In this enbodi nent expression of a reporter sequence is

moni tored i n lubigersse) dndahdraddnt AS®iG incihidihf BuimRPRLiAT toSE L& &R r esponds

to expression of gen corres}g_ondi glg]{)ﬁ t he transcr%@;i onal control

el enents whic Ote%g&'ﬂ“i TP 8t RIS §SPON RLRETE Pt AR b luressemr s enpl oyed
in the methodprofetll hitbred fidGke BRI Y36, AMLIIRE, HEABENSER/0? UERRBLE Sacpipgr € n an
effect on the expression of the reporter sequence indicates that the

anal yte _affec@l?e%fkpressi on nediated by the . transcriptional control

el ements that CoNMeHPestonvBNRIORS iRMEEFRRL &ﬁnrﬁgﬂl Ue NAGEPTS enployed in
the nethod. In anothér aspect, the present Inve |oﬁ conprises, a ‘

transgeni c, rishelaalides PEl/anvkpRessionecagsetiesof therpresert igventicm syelniefornon- human
ani mal typi cal):y I SESciof r ' - e conprising a

pol ynucl eot i dgi’ldaeI i ‘ve{cllldl fr o%ot %kﬁﬁgmaﬁlﬁmgﬁj‘ﬁéﬁgﬁél,?cugag’e%ﬁngﬁ/en%ﬁé’lreoti de
havi ng at | edgerc98gne pf igplratien (eigd ershiitly veceor) be bivotpecifisally-or t:3dO@BR of SEQ | D

NG 14 (or fr, I i.).the pol ynucleotide (or
fragment s thé?%%??ﬁ’?’sa& %(%{enr?pg S%’ o™ V%}Eﬁog}%jpetle%l%hc%a?g R FEEE of interest,
(ii) the B0 pol ynimbeotmisbeintent the peegene itventioneichale} cAlpmbSes: e | east one
transcripti o_neal Iecscmt[g ol it e%}gﬁentc Sanfd (i |é _exgr,esm on of the coding
sequence of iTPEFAYt FEUESIHTORHFNS PiHRe presrat inventipn. Mempihgs smbodimpesihs geni c,
non- human anitrmbgehie mdetan®ah, habenae gl radehMéIedifk, bt nbe [iRbORCMIROQR, WO

02/ 088305 PCT/ US02/ 11770 In one embodi ment, expression of the codi hg
sequence of Cﬁﬁ%ﬁeﬁsga - PMRYERSE PIgS hURRODNE RS g SxRrPssios gavsetees am/pial by

dexanet hasonereadssion il @ésest idenfith. 52 K RO GfbodtEd lftho preRl{ AenBBPT €551 0N Of
e

~ the codi n% sequence o_f interest is induced in th I'ving, transgenic
ani mal  byPr i ABGes PAT-BRmandnads tat compsier htbray obesdly cobrigng thienprdssion 5
than or  equel o Toor ol G Haaa g ok e Tl ek Mo BBy AT DCPS
and/ or, i nducthogmlivses comprise cells transfected with the constructs of the present invention.
- Such non-human animals may be generated, for example, by administration of the
expression cassettes and/or vectors of the preseni mvention 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 and/or

vectors employed in the method.
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" expression of the coding sequence of interest is greater than or equal to

two-fold induction by rifanpicin over basal |evels. In.ﬁﬂgdgﬂgggpgent,
basal expression of the coding sequence in the liver' 10 reglion of the

living, trags@Redses non-human animal is greater than or gequal fo that in
ot her regions of the body of the living, transgenic non-human animal. In

anot her enbodi nent, the transgenic, non-human ani nal does not have :
sequences encoding a functional hPXR (a human rifanpicin co-receptor). That
i's, the animl does not express a function human PXR gene product. 15 In a
further enbodi ment, expression of the coding sequence of interest is

i nduced in the |ivAnghertetndgempises fRlefifingan agddytodlt Dyhdited Kpstsiene

conpound selgcted fromthe group cansisti of phenobarbitol, nifedipine,
5- pr egnene- Bb&ﬁ_‘?m%{ed%]éri%ﬂgfﬁeﬂﬁﬂﬁ%ﬂ? e Rmyse Pl oiere-detietei n

i nduction of expEgEHnebntic: eRREits kil/ortd Rulah (VPR GERNDhed BfisdipioR 9,
transgenic aninmal. 20 In the transgenic, non-human ani mal the "codi ng

sequence of i TRMGPEIETISHLSD atEpsecris e nonsBlmany awppalt By thisaupthoddevecigtich a

reporter sequ@p@geRyuprikil aeXdraRbion cRRSRUEthe Prdsiid Hhve SRR Al LLel N
(e.g., a biolum nescent protein or a fluorescent protein). One exenplary

bi ol umi nescenthe ghrigiabeancomitang with.ciefpse or piter sAwinistipeli ofen tnaftet e veitawent i on,
the transgeni Gixuie Boklied ot tr ek j . ' ; te 25
conpri sing SEQl)j D I\!(b tﬁ?(%n er@rr% ayzé%géggﬁﬁ?%%gg{%tﬁ%%%lﬁg%i@?rpI ary
fl uorescent pobcabhaclidiog adwortensequgnes. Hupredsiomiof te réportetieqeentd wor escent

D ooy Aol SRR ARk B 8 Blohess B S QL SERR (RELSIfly k! | oW

fl uorescent proteln, or escen .
non- humanitni sralytenafects expressvd ewtdjatddrigl thediramgeripihal o@itroll ElBint@6tha80 t 0, nouse,.

rat, hanster, rhi or _guinea pig..The present invention also includes a
net hod for idce@'?iﬁrlg?/%hﬁﬁxlgﬁggﬂﬁfj%?tg“gﬂ‘g?rVeﬁ%mﬁ“}i’?"é@&?ﬁ?% PONPPea report er
sequence, whemsiodinenpthessitommiafurd RednBRtEsy BrdntRtigh&ion2005 WO 02/ 088305
PCT/ US02/ 11770 sequence is nmedi ated by transcrjption control elements
derived from for BRAFPCESObedIpRLY th&éﬁﬁ&“’g’%‘ﬁ@}h hexprespigmeasentee, | ving
rodent. In t h@nipeibng thelth@scaipady/doRirbFeleri dTiRiRESA it Rnlidieanla3RRIER! C,

human .t ransgeni ¢ ani nal descri bed "above. Expressi‘on of the

| Ir Ie\r;IOP Ler nﬁgq FEREE I RBHT thsresBressign of thegppuse fypHel | sspeer the human
CYP3A4 gene ina cell. In this embodiment 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 ‘



5 éxpr ession of the reporter sequence indicates that the anal yte affects

medi ated by transcription control elenents, e.g., deriy f.r.om > human
CYP3A4 gene. These and ot her enbodi nents of the present 1;32%\)/%?1 E‘irghgl\)‘/evi |
readi ly ocquyexfogssod hose of ordinary skill in the art i er;eaﬁlyg?ﬁi‘ﬂ;ohe
di scl osure herein. 10 DETAI LED DESCRI PTI ON OF THE | NVENTI e practice of
the present invention wll enploy,. unl ess otherw se indicated,

conventional techniques of nolecul ar biol ogy, mcrobiology, cell biology,
transgeni c ani mal mani pul ati on, and reconbi nant DNA, which are within the
skill of the art. See, e.g., Sanbrook, Fritsch, and Maniatis, MOLECULAR
CLONING A 15 LABORARORWbIdNEM expRadoreslithd @ding 6dRSRY: of GRRRENTndREI OCOLS | N
MOLECULAR BI QLQGY, .(F.M Ausuhel et al. eds., 1987); the series METHODS |IN
ENZYMOLOGY - ( A‘é‘g@elﬂﬁléé BRgENIC fipjmal by dscirghasane R et alAYPREAsEPPdy( M J.

McPherson,  B. WeightaaiforaRgtedsion. of TiaWoing &Gence bP@RYsst DM WAL iPRlelivild TURE

(R 1. Freshney. Ed., 1987);. ‘Tr_a_ngge_nl_c Ani mal Technol ogy: A 20 Léboratory
Handbook, " by @sgquicenipyl by sifampieip gimprsfered gt 9P mdhgibody welgbla dirher, Press;

| SBN:' 012557 1i68&tioR BflexpRfbpbH 8 i:&gn'&t éeguemﬁ%t%w@ bé_g‘raéa]re?ﬁlqlé:g-{ ory
Manual ," Brigid Hog’;afn, et al., ISBN: 0879693843, Publisher: d Spring
Har bor Labor atagrhjo 1irfeld indugiiny bydigxemetiBsprecrybicrasal doels, Bdbvorieduedint ofon. 25 1.

DEFI NI TI ONS | 38864 bbbk il | g terns will
be enpl oyed, _aﬁd ~are int enf%?g@{s?%@n&%@%%ﬁ%%%@%tFir]nE):?géf%gﬂw@{}gl& Unl ess
ot herwi se i ndiréugtien by rifginipiciepyes basabledelher ei n have the same neaning as they

woul d to one skill i t. Of . present..invention., 30. The terns
"nucl ei ¢ acid nol e]tggréeé}n%oﬁgn&%&a%%8@%8&0?81@&68 ding jsdipnoe Pﬁ?%?vc?ﬁangeabl y to
and ref eriQ o ragipobithre liviog ftomsgeoic, mueheeiniaden] Bigraty thagbgédual toitiab Ry

deoxyri bonucl epti des or..ribonucl eot.i des, or, ana) ogs thereof Pol ynucl eoti des
3 (i b0 BB

may 10 12 Octobar” ENHEFPERHS POt A AR RAL  y

t hr ee- di mensi onal Is tridiiet BnBodimest, 0 YraRgefiq moh-Biia 4HM641I0AEs nok AN OF
Fragmont . exXBHEns e GHE A HER BB RN R AP i it AR, b bosomal
RNA, ri bozynesimal @R¥¥hot £8eR8RiARASN REAMTKH KL bHRSet. br anched
pol =yn ucl elqjt | des, FI)1|1 g %nnghgrs émb%%%n%g,séxpression 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 reporter
) ‘ _



' 5 isolated DNA of any sequence, isolated RNA of any sequence, nucleic acid

probes, and priners. A polynucleotide is typically conpesgdowd 2805pecific
sequence of four nucleotide bases: adenine (A); cytosine (C; guanine (GQ;

and thym ngoledhsséesr acil (U) for thymne (T) when the pgly ﬁg?,ﬁ%l de is
RNA) . Thus, the term pol ynucl eoti de 10 sequence is the aI phabeti cal

representation of a polynucl eotide nolecule. This al phabeti cal
representation can be input into databases in a conmputer having a central
processing unit and used for bioinformatics applications such as functional
genom cs and honol ogy searching. A "coding sequence" or a sequence which
"encodes"” a seleoted npdigaidyttiaderipiien cohfiolalomenlseledveaaidn, T8 kenpie, avhi ch i s

transcri bed (| n t and transl ate the case of nMRNA) into
a pol ypepti de™ &I&ME’@B iny ﬁtr%ﬂsg%‘l e fﬂcgﬁteg g’ﬁé@t‘ hodke anglgei’s o1 of
appropriate reﬂguﬂlﬂéleﬁyb the GHBBeRs living! nondRifiah Blans@bBO B! describBE alRRENdar i es
of the codin uengtetgg{e;a%é pically determined by a start codon at the 5

I

(amino) ter S19h SEH1eB 1%@8’;5“06%(3‘}11 ‘%icfe‘:‘tfl’féthele"ﬁ@&r boxy)
terni nus. 5A &@ﬁleﬁbgamq&taﬂﬁcﬁteigeqﬁa{&e lif¥Gdatéd hat B bindlie B@dcrd hdlidi&fhyt 0 CDNA

fromviral, procar?/otl c or eucaryoti c nnRNA, enom ¢ DNA sequences from

viral or prodEPsrsRtien ol elemaenssys &4- €A &opdh and SYRAAcaeme. A
transcription ter mhBalbh®BhSEIHRRER DS ﬂr&@%ﬁr‘i‘x@n@m ﬁr&%ﬁﬁ{?ﬂ&a codi ng

' sequence. Ocher "control elenents” may al'so be assocl at

sequence. tpga o5 ergineryokilisin dlaschiriig V&V"gkfltlﬁxbpﬂqseh@ hemin. be optim zed for

expr essi on |n a 25 selected cell by using the colons preferred by the
selected cell to represent the DNA copy of the desired pol ypeptide coding
sequence.10 ‘Encod@d:TbyJEDﬂESeREmemdNﬂtmoraci d sequence whi ch codes for

Cher eof - cont ai ne. A Siieh LB bl ToRBuoH R oy S SBESaindilel ac s,
nor e pr ef er alsbyveatiodab@slinidhet of ﬂz@]eamn’mﬁbl@qd, fhirotaslolg e vETbidBEE tiafi@b@e abl y at
e s omuenc o DR hSE Lo B R BEBb i Sl G o o ¢ ©
i munol ogi calSky elgd@ﬁfrbfdoﬁﬂr&sc\m Add ManiddR] MPEBLUIARBOCONRGGHY the sequence.
s BB A i RGBT
transcri pti oMOBECUBARBIOLOUY, (F Ve ARXiL851 0., ©R72usREM: hMiefligsge. A
IN ENZYMOLOGY (Academic Press, Inc.); PCR 2: A PRACTICAL APPROACH
(M.J. McPherson, B.D. Hames and G.R. Taylor eds., 1995); ANIMAL CELL
CULTURE (R.I Freshney. Ed., 1987); “Transgenic Animal Technology: A
20 Laboratory Handbook,” by Carl A. Pinkert, (Editor) First Edition, Academic Press; -
- ISBN: 0125571658; and “Manipulating the Mouse Embryo : A Laboratory Manual,”
Brigid Hogan, et al., ISBN: 0879693843, Publisher: Cold Spring Harbor Laboratory
Press, Pub. Date: September 1999, Second Edition.

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

deoxyribonucleotides or ribonucleotides, or analogs thereof. Polynucleotides fnay
10 | '



transcription factor may refer to a single polypeptide transcription
factor, one or nore polypeptides acting sequentially oriaocesneens, or a
conpl ex of polypeptides. 5 Typical "control elenents"” include, but are not
limted towglghadgsr i ption promoters, transcription enhgpger.glepents,
cis-acting transcription regulating elenments (transcription regulators,
e.g., a cis-acting elenent that affects the transcription of a gene, for
exanple, a region of a promoter with which a transcription factor
-interacts to induce or repress expression of a gene), transcription
initiation 10 signals (e.g., TATA box), basal pronoters, transcription
term nation signraysireedimendidral Atuched, iddi@ay batdrBhng AMHUERE RSovwd] @cated 3' to
the translatign stogJ quon])l, srerggen _e%' foG .optimzation of initiation of
transl ation {PEeTed B 1Uy0g HE aPﬁb"%‘%‘ﬁ giiftes ynclude 3 geneat gls fragmBRinci ng
sequences, aBthob,iAMGspintREEERNANRRNGG, SARIERKES ﬂbJsroaﬂﬁﬁmpﬁmgmpg, onot ers
can include, for exanp|e, inducible gronnters (where expressioh of a

pol ynucl eot | §8NA1 Ecanbina pa'yapdsoiesy TapGiRed golyenclaetdsy platmids vestorsnduced by
an anal yte, GOhREINA of BHULGIAlY isBlaRiRNK o%?-séqueﬁc%?ﬁﬁ@é %E::lcﬁ%rg%ﬁ%mt ers

(where expression of a pol yhucl eotide sequence opera to the
promoter is PMOUERES-by an anal yte, cofactor, regulatory protein, etc.),

-and constitutive Rr e i i al so referred
to as "enhancer sfgggleyﬁ%(géﬁlde?%%ﬁ&%h %Sggp?%"@%?‘%g%%%fi ér to control '
el ement st hatudlagpobases: pdaniner(Aptaytonine (C); puaains|(@);iand thyfime (FplwailcUpot i de

relative to i I 0, ence of such . control elenents
(for exanpl ef"pg‘ﬁgﬁ%{ @ﬁg{hglgtrhgﬁéﬁg?&%ﬁ gﬁ(@?@ D@Hﬁgli"?ctg?n gﬁ’ig}pgﬁ?g@ and -
t r ansl at il@naseqeenicaiscbe slpliabetical reSivkeneatian df DpdlagrlcbtdesSasis@Rc ey . The term
"nmodul ation" _refers.to both. inhibition, includin artial inhibition, as
25 well as s?lpffﬁf??té(iall%e lfeselnﬁ]%lé) n C?’b‘% B i databases Jn A GomPRIEH ISV Ing A Gt es
expr essi on oOfroeessing pair figr us&BﬁWBibﬁﬁor!fﬂiﬁcs&ip?ﬁ@ﬁoﬁs&h&bﬁstfuﬁé’l‘ﬁﬁal XRnAsS| on,
either partially or conpletely, or stimulate expression of the sequence..
"Purified po?@r%&o is‘g%“h"?gef ers to a polynucl eotide of interest or

fragment ther eofA whid sb@eﬁ@e‘s%ﬂagéﬁh&ﬂée%%ﬁ,"e&ogesvagamt@dwﬁﬁﬁ&%sha” about
50% preferably_ | oss 0 than about” 70% and nore preferab ess t han

about 904 of ™eirde FidmelerrigihichiHramcribad (ip dhoyaasrcaf SRV Alpad trgndlated fiml | v
associ at ed. FeelBbaRRN A)fioRWolyb¥iiRg, B0l | £k | t are well
known in the art and in(_:)l l}gefﬁbfyg%@texarrplx}é?lﬂ%f ‘:"%ﬁﬁﬂiﬁ%ﬁp% ed{@tg@{:tg | 12 12
Oct ober 2005°opEP I ADIGRTNE PETAISOEAUERTEEFor “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 sequénce of at least 3 to 5 amino
acids, more preferably at least 8 to 10 amino acids, and even more préferably at least |

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

a polypeptide encoded by the sequence.
11



contai ning the polynucleotide with a chaotropic aigent and separation of the
pol ynucl eoti de(s) and proteins by ion-exchange chromat ograph¥perddgbsni ty
chromat ogr aphy and sedi nentati on according to density. A "heterol ogous

sequence” {wWwih2eadsby refers to either (i) a nucleic acid p%ﬁ%%fﬁﬁ)e that is
Il

not normally found in the cell or organismof interest, or a nucleic
aci d sequence introduced at a genomc site wherein the nucleic acid
sequence does not normally occur in nature at that site. For exanple, a
DNA sequence encoding a pol ypeptide can be obtained fromyeast and
introduced into a bacterial cell. In this case the yeast DNA sequence is
"het er ol ogous” t 0At‘hemsapiiorefald igficdllieetRaes £ pioddin (W9 peIehdptidAiigsnat i vel y, a
pr onot er seqﬁncfsietfrom a Tie2 gene _ca{n be introduced into the genomc

| ocation of APGeBIGLRBSCIPLPY frdaccordwelylibe speession. ohd EReFifsd geiencde i s

" het er ol ogoustandcsiptidiefa&tat inderefed 3B 48510 PbIGpHRALEREE iptin TRRYRERE de 1S used
in it broadest. sense to refer to a conpound of two or nore subunit am no

aci ds, ani no PEYPPILRAHYE ScaBsniBiiner ingeraeTtgesrafompler @& polypretidss. subunits nay
be |inkedsby pept irgdgcondsotiie it @tiR8idebOR AR not Hﬁmﬁ&%{'ﬂ?&tﬁcr}r?‘p%if)ﬁr’ ether,
er natura :

etc. The term"amno acid" typically ref ers to elt and/ or
unnat ur al or PrEYARdIncTigiomnbarcerzlemems Icisdictieg tgdngeiptien egdlatige h the D or L

optical i 50”Efeﬁlent@’@@ans&{?éiﬂf?re%ﬁiaﬂ)r@,'a%:,3%%5%{],@; agﬁéﬂtﬂ"%‘g{)@g%t i cs. A peptide of

three or nore am no aci s~ como éd an o trde if the
- peptide chai franssrigipgraf 2 gede, fdrexpepe.iadegichaf apromo@0wito npich b enpeptiorde i s

typically ca . i protein. "Qperably |inked" refers to

an arrangene %{C%g f ﬁ%@@%ﬁﬁ@&\%\% glfegferslsa‘ixﬁee SSI%%?%&?@%E%W%’QE G138l are :

confi gur éd seigras feq..JRATObon)] besilipramsatak, tfanneipiiomierninstson sinalg) 4 QR1Pr OnOt er
that is oper linked to a codin uence (e.g., a reporter expression
cassette) isgpcé;\dp}é%iﬁ%yli%%onéﬁugﬁﬁefﬂ'&ca%r@egktg? g%"s“f*’ﬂﬂ’?@F’P F?F{Qnﬂée(ﬁ“ﬁ&e%fé’(ﬁuence 25
when the pr opgtimieatiynee snidet@n pf @a8htion 5@ 1A EhE Eoddy @hikake)CoRkiQbn € ement s
need not be i guous wWith the codi Fn%@s_equence, so long as they function

%Ont.l N
to direct th&PaBYT EGUTGHE ppbirasto SR SPenGen LrapEHPHRR RIFEPERS| at ed

yet transcri bednSeg eResnplsanlbldireneRts (M8t WesRedig 0Pk B(g%tﬁ'cfeoﬁﬁtg uence and
the codin sgﬁuence and the pronoter sequence can still .be considered

"oper abl y° | i FAEBEPCC PBeTRM R liplgsdite e deguierde indagyd brae eriytinanfittodescr i bes a
nucl ei ¢ aci dregBi@eHh:BtiE 8fes, @pﬂ%&h&%l‘d@%}é (Q@lel%fex A& G po otide
semi synthetic, or synthetic origin which, by vi }?t ue oerf Pt@% grn or
nani pul at i onsedpeRre PRSIy linked ¢ hePexmaigttinindided by amapdyte,icofaciof, t he
_ pol ynucl eot i feu ot protdh, 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 polynucleotides .

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



. nucl eotide or amnino

12 Cctober 2005 WD 02/ 088307 PCT/ US02/ 11770 which it is associated in
nature; and/or (2) is linked to a polynucleotide other t#aggbhdtoggg0 Which
it is linked in nature. The term "reconbinant” as used with respect to a

protein orweahyiget i de neans a pol ypeptide produced by %ﬁ%q of a

reconbi nant pol ynucl eoti de. "Reconbi nant host cells,"” cells,"
"cells,"” "cell lines," "cell 5 cultures,” and other such terns denoting,
e.g., procaryotic mcroorganisns or eucaryotic cell lines cultured as

uni cel lular entities, are used interchangeably, and refer to cells which
can be,  or have been, used as recipients for reconbi nant vectors or other
transfer DNAcoapgingibd prigueihetidsrvatenshacifortidvgentrand sapatatioebf thevhi ch has been
transfected. Lt i that. the nrogeny of a.single parental cell
may not 10 né’cfeyé1 s(g?#@ggg%tdg}g&r%}'g@eﬁoﬁ “Tae G?C?‘é"?/m%??\g%%[ B89y or in genomic
or total DNAchmompigepbptnd odinleatation gicoiingpadanity. due to accidental or

del i berate nmutatiqn, Progen of the . ental cell which are sufficiently
simlar to the pa%e‘rlllfite Og&Sgy%ﬁlé?nﬁ%tté{?lF%de%ﬁftOFWErF%‘I‘%‘%FéFﬁ‘fECﬁ operty, such
as the présenamenfe that iunk acrirall @ fwad UEME CcIBRRGINREA oF i8Sk SdiPeRise, are
included in t%g rogen% i({ﬁtended by this definition, and are 15 covered by
the above t et SCQRTCS; WEIdNEcd L 8 genpmic Hisoyierrdn theapdeip ped paguencadetsei ¢ aci d

mol ecul e sepas@ioemallitoccth if itelett fHaOMe! 76r WHRER, :PDH%%%I&X@ dlodhl gh the
nmol ecul e is found jn nﬁture; or a nucleic acid nolecuale devolrd, in whole

or part, of Se¥PEAERSARSAREIMe] figuntsestapdinirfiycad intq 2 bavtariat eetle In this a
sequence, as cisk HRXJeldt DNAsARLHE & “HBidtor UMY Ha%%%ﬁﬁ%&’gle%%&%%@?es 20 (as
defined bel ow) in ‘associati'on therew tli. Tecfml ques for deternining nucleic
acid and18ni AL Alicanatively pepremotetisaguéncy fromal Ke? gane cmisvintroducédiatoahs . |
Typical Iy, sughntieshiic - Tel rojning the nucl eoti de sequence of
the nMRNA forga gene and;égﬁfd gﬁgﬁﬁﬁﬂﬁ%&? éwgnﬁ%% 6013%Frdsequse&ﬁfénce encoded

t her eby, and letplagius(tathesative sl enuesc smuencsecond nucl eotide or 25 ami no
acid sequence. In,g Lol deptity” refers to.an exact nucleotide-to-
ABaEERter L EETH L broal S E 24 o dn EESTaRoupGH o or

pol ynucl eot i thes smbunipahiypayids, aeins egdendes, o @ik @ejtidyflneticd Wpneor nor e

sequences: (pol.ynucl eot id am.n cid) can be, conmpared by determ ning
their " pi?ce%b}/lfl#ezﬁﬂo?ey]?“%e“%?épe&‘p% 5O e‘ﬁﬁ‘?‘@“‘ﬁf Of ISP T, whet her
nucl ei ¢ aci detor Therienn "anhel ad@opypiBLBSefetsIo bifier 3QuALHIRT vBlangXaRt Mmat ches

bet ween two al i.gned sequences divided by the Iength of the shorter
sequences anﬂmhﬁﬂf F"Bﬂogﬁﬁﬁf@ﬁ&g SYPE AT bethyihg 18 oBFiogHeb isemersranducl ei ¢ aci d.

amino acid analogs and peptidomimetics. A peptide of three or more amino acids is

commonly called an oligopeptide if the peptide chain is short. If the peptide chain is
20  long, the peptide is typically called 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 ‘



sequénces is provided by the | ocal honol ogy al gofi thmof Smth and
Wat erman,. 14 12 COctober 2005 WO 02/ 088305 PCT/ US02/ 11770 2A0MamGesosn A |ied
Mat hemati cs 2:482-489 (1981). This algorithmcan be applied to amno acid

sequences Wy odedst@ the scoring matrix devel oped by Dayhgffusfts of
Protein Sequences and Structure, M O Dayhoff ed., 5 suppfr. g’é?@ 358,

Nat i onal Bi onedi cal Research Foundation, Washington, D.C., USA, and
-normalized by 5 Gibskov, Nuci. Acids Res. 14(6):6745-6763 (1986). An
exenplary inplenentation of this algorithmto determ ne percent identity
of a sequence is provided by the Genetics Conputer Goup (Mdison, W) in
t he "Best Fi t "Whigh It istagsogiagsidi ie artinghandin €2) idléfkediio 2 péyraniedéiesttienthat ias met hod
are described, i e i | 0.S & l.ysi.s Package Program Manual,
Version 8 (1995) gvlgu}?%ge@ﬁgﬁ%drhgm%gg%e irceé\p@ry%lﬁtaérus W@%@S?t di son, W).
A preferred racthiodr pblypsptiddinesisiapglypept e ptodickd by iekpressivntoli @ reco@bingxt of the
present inventj 1.S:1.0.6se t he package ,of prograns copyrighted by
t he Uni ver si [%?lbglp Cl@fdﬁbur% by é“\llte%%fs){ﬁggé’b Oﬁﬁgﬁ?’ Feel I%?]ﬂ@;e&ndceﬁhane S.

Sturrok, &nd aiitstes,I' bk @hbr lbychl tatnsl dendEp et ¢. GFocat yatic nlidyBovaladnis ofi ew, CA). From
this suite of ackagﬁi t he Sn}lth-V\aher man al gorithm can be enpl oyed where
default 15 paPStEHEE §pe HLwad porsetitleasaytivn ireo gt iterchengetbtampl e, gap open
penal ty of 12cfegmpelleXhicnedntR, HEAM babn AlsePRGeciFRs Br J@BmBhatividtorsich OM t he
data generated the "Match" value reflects "sequence identity."” er
suitabl e prodtirEansir A iUl thermeogsay efdhe originpd pell whiclhhasdieen | arity
bet ween sequepgsscta. &t BAR:&bbdihk ' i anot her
Qﬁé’ﬂo %e'eﬂ? Bf]@sﬁéplé Far&ﬂ!ﬂ &l ﬂﬁglngt

al i gnnment_ program is BLAST, used wt aul t aneters or exanple, 20
BLASTN and BIrASHRribLbe eamplpiedy idesticabintinsptioddy swimggnomfcau tatal ¥ Anet er s:

genetic codeympRiRndatd ol 7 S = h: cutoff = 60; expect
= 10; Matrix =% BLOSUNBZ;or%IS%: et Aol qfﬁlﬁés’%%&gﬁ‘?-:hé’g%es‘%‘#tgu%]y Proggpgy, SCORE:
- Dat abases = oh8i-pasdiahedinthictGen BefikientlyBiElar 1o (BOBdrent (PBBchtraenBaitly CDS
transl ations i [ R S te.+ PIR. . Details of 1hese prograns
can be found ﬁgetre]tg\r%ﬁen% ggg%l’gsf I(E%% aﬁéhélppﬁ%g%ﬁé’{ A iPidgsequenct encoding a

htt p:// ww. nelbjited peptgierare pickudedin BheASIzenPireendéd Bikihisldefifitibhi@ndide can readily
determ ngst h%operré)(%gthgaarc&ggr aneters to use for a given sequence in the

above. prograns. exé)r‘ﬁ:) , the search paraneters nmay vary based on the

size of the sequeAadisbiatedpelyhidsviidduseculsds 2 GXAMIPh@d ndlechle BERSANLAL | Ve
embodi ment Ofdis'([:rre]: e fporn(lat%ec r\]vthoieno\éga%simogit%ﬂcl? thie rrlx(i:olle%glee is? E)ui]c% %I naa;[u?(g ora
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, respectively. 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 '



30 polynucl eotide conprising X contiguous nucl eotides, wherein (i) the X
contiguous nucleotides have at |east about 50% identit yot@uoher 94 guous
nucl eoti des derived from any of the sequences described herein, (ii)

equal s Y, @ifhafodssds) X is equal to from6 15 12 Cctober %qgjsml%%/ 088305
PCT/ US02/ 11770 up to the nunber of nucl eotides present in a selected
full-length sequence as described herein (e.g., see the Exanples, Figures,
Sequence Listing and clains), including all integer values falling within
t he above-descri bed ranges. A "fragnment” of a polynucleotide refers to any
| engt h ‘pol ynucl eoti de nol ecul e derived froma |arger 5 polynucl eot.i de

~descri bed herelivnces ineApplivd Moartteinglic P/ 30uiGh €981 Yl ekhis A ftiem ¥amYbeappjidis t

descri bed). empl ary fragnment l.engths .include, hut are not |limted to, at
east aboui TEBRAY SETL Bl it SeSorng mBGSevdins ey By heibetie

nucl eoti des, padueiniSeddces B BirgnebIM I OaPiRf 6 5, suffR 031853200 Rehguous

nucl eot i des, ngtt)ncl)%l'tclcaFSO conti guous _nucl eotides, about 500 conti guous

nucl eot i des, Bepepreh Faidationn B ashipgiey dbts UBG. msdiosmstlizadby or nor e,

wher ei N sHCH GRREHIVINBUSABHERQO 4886748169658 08¢ € Anfeh GbE: liﬁ’lgﬂﬁfentaé uence of
contiguous nucl eotides. The purifi edé&gl_ynucl eoti des ar%’_d ol ynucl eoti des
used i n consPf tstalansithyn to doespine perspnt ddeatibyof 8 seqypnoehepmpviderbint the nvent i on

i ncl ude the sREYRPEBSHALSEIR Redmet ¢ S . polynucl eot i de
- sequences havin sequgnce idgﬁlgiatynbwzal%glrmo%%%rtaﬁteﬁtf/ﬁt%g%%&f?lb T%%O% and

i nteger val udsfagihpsrapdesrderthis Megiod atel dpsarihed ipdhacWinronsiteSagitrice Analysis ween t he
sequences di i i nc re.at | east about
80-85% pr ef g%&gg&;ﬂ%ﬁf@g&ﬁg%ﬁb %988(1-1 A)g’%%ag’geu%? %%P%ﬁ? {OWPUEL st about -
95% and 10 noSroypr Madisarh W) aA frefasdd radimd of 885bliskig pareent idda i yhe (i Ncl udi ng
‘all integer | U falling withi.n these | bed ranges). These percent
identities a¥§n,tex?§¥th8 ?ﬁ%tgfvelﬁﬁ’nﬂ%ﬁoﬁ?@%h&%it%% %ﬁer?ggmg@&ﬁences, or ot her
~seque {1 ces of cds;iyeiglpm@lsﬁfhﬁ Unitwegsity o BdinbWi gH) de\t':l!rt?e& 8¢l iltﬂﬂ(fle EfoH’IEash EﬁHCEiS}ﬁﬁ@S e n]E

i nvention ar sed as.the qu S ence. ernatively e degree o
‘sequence Si 1%”1*? aﬁ%{l’\?@@r‘l eﬁﬁ?%ﬁ@%&%@g- OgymtageVigw; ©fyi ]ﬁé@ltg‘?
hybri di zat i osuiefof paikyges eheehiit BaLcRaLAgBRE bid RSndRY whek MahRb! €
dupl exes 1j})et ween honol o?‘ﬂ,ls regi ons, faollowed by digestion wth
si ngl e- s{7 anbFEAPIETs AssPq fog thesErragdabiestior expraple) S open renaitwrftlZogapof t he

di gested fragi@Rion perddh§ oPds, 2B a gdp¥7 sRP| BRREd 88 SEEURBAYRSNVLG .
“substanti alg% honol ogous” to each other when the  sequences exhibit at

| east about ¥BUegEHgeihSequspemiisntin Glther swivble pprsstnes fabtalcuding 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 herein, (ii) X equals Y, and (iii) X is equal to from 6
: 15 ' '



95% and nost preferably 98-100% sequence identity to the reference
sequence over a defined length of the nol ecul es, as detgrgimed 2d64ng t he
nmet hods above. 30 Substantially honol ogous al so refers to sequences show ng

conpl et e | @Rythioktod © the specified DNA or pol ypeptide sgql ﬂﬁdﬂmD'\lA
sequences that are substantially honol ogous can be identifiedin a

Sout hern hybri di zati on experinment under, for 16 1 2 Cctober 2005 WO

02/ 088305 PCT/ USQ2/ 11770 exanple, stringent conditions, as defined for that
particular system Defining appropriate hybridization conditions is within
the skill of the art. See, e.g., Sanbrook et al., supra; DNA C oning,
supra; Nucl eit® iaBicaumbprdfangleatidenpressupina. selfoled fulldbmgilseguince ds deagitedt s ar e
considered t @, t.] j i ze" escrihed.herein,. The degree of
sequence ide(r%lte Ty 'e’ts\%\%@lﬁétx %ﬁéug*géi%é %glll%l%e %Fmegcﬁgézgm %f Bdpding

ef fici ency anafeger velnes falliof withiwrthalaloat-earieadenigss. betimgeenisuch nol ecul es. A

" partially id i ] ci,d seguenc 11 at. least partially inhibit a
conpl etely i g’@%‘?‘%‘%’itﬁg g%f%g?]%e yfl?%% Iﬂ);;yd.‘lﬂlc 8?@16@1?08136{%{15 FEul e.

| nhi bi ti oA ofpolyhydiedtdi de-tibad lefeid fie., Yompligioas yuddendsi ¥Rdre SEYULRRE can be

assessed usi J_.B {ﬁy%ri di zaéj on ajsa S 'thﬁe are wel| known in the art -

(e.g., South&FHIBIEt FXRBY A drsmErdeneths dyiytie; Bt apnynok limiterips b fastapotthe | i ke,

see Sanbr ook 6 cefitigions midiHo€idss| @lealll BBIITD.coMigubaPRiRbGIY, MBUah, Second

Edi tion, (1988‘3J Cold Spring Harbor, N,Y.). Such assays can be conducted

usi ng varyi n§oUiBgPEIwcpti 1@E’t“'iQ\QP{C%UEFW-‘@R@W%,&"%izﬁ@;c%léiﬁl@ﬁwi ons

varying fromnhaustides, Abah 566 Ednﬁ@%)ﬁucl#c{tid@sﬁBfiz%:tl,tléa&%oﬁfmb@%nﬁ ddudgency are
icC

enpl oyed,, 15 the absence of non-speci i nding can be ass®&ssed using a-

secondar y0pr B¥aeatidgt or merekhegsippnch coptigppus nugleefidee afdeseddencelaiggent i ty (f or

exanpl e, a PEQREnRRYLAFichERTuliBARes @about 30% sequence identity with the
target nol ecule), such that, in the absence of non-specific binding

events, the secon#ksBurified pelypiddotigestantpdlyndiepedesasechie comtrgaion of\hen

utilizing a pybrddhzakieRoPas ge%?ﬁ%rﬁi n t a nuclejc acid probe is
20 chosen t hatﬁ?l S corrpii ement a?’y 6 & tg)?lgl%(i%‘yc?\ct}@?r%’ﬁ%enﬁ%?iAfcké‘ﬁﬂﬁ?&%% and t hen
by sel ecti onwebfs mitedoplymatieotgiondjuehe@mn satifpesepuabeidamily bhgpioaigedly sequence
"sel ecti\fglyg le i H v-or  bind, top each_oth to forma hybrid nol ecul e.
A nucl ei ¢ acl (lgi% rr%lr‘SeBc‘% id lt“%’g‘fl vlaisuescg'ﬁrg%ftgemo?yﬁ ity I?F‘i?atn;?@t‘éﬁﬁ ively to a
target sequebgweamitieseqhiomdedistieky hatiniangmoichihiicgantes ardty Rhitdhags under
conditions t l%g% t;l I g%éé/_ag)g{ (—igf;t itorg otf9 % arget nucleic acid sequence of at 25
| east about TOS1% TR0 Tt BT AT 28rgvh %E’rﬁ%mg]cy 3t fa¥ @boy 8P Gxqndat el y 70%
sequence mpst preferably at least about 98% sequence identity (including all integer values
falling within these described ranges). These percent identities are, for example,
20 relative to the claimed sequences, or other sequences of the present invention, when
- the sequences of the present invention are used as the query sequence.
Alternatively, the degree of sequence similarity between polynucleotides can
be determined by hybridization of polynucleotides under conditions that form stable
duplexes between homologous regions, followed by digestion with single-stranded-
25  specific nuclease(s), and size determination of the digested fragments. Two DNA, or
two polypeptide sequences are "substantially homologous" to each other when the
sequences exhibit at least about 80-85%, preferably 85-90%, more preferably 90-
95%, and most preferably 98-100% sequence identity to the referenice sequence over a
defined Iength of the molecules, as determined using the methods above.
30 Substantially homologous also refers to sequences showing complete identity to the
sPecified. DNA or polypeptide sequence. DNA sequences that are substantially

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



identity with the sequence of the selected nucleic acid probe. Stringent
hybri di zation conditions typically allow detection of tgrgabbétsebgi c acid
sequences of at |east about 10-14 nucleotides in |length having a sequence
identity ofyoanRabey than about 90-95% with the sequencei,chswﬁ el ected
nucl eic acid probe. Hybridization conditions useful 30 for probe/target
hybri di zati on where the probe and target have a specific degree of
sequence identity, can be determned as is known in the art (see, for
exanpl e, Nucleic Acid Hybridization: A Practical Approach, editors B.D.
Haynes and S.J. Higgins, 17 12 Cctober 2005 WO 02/088305 PCT/US02/J 1770
(1985) Oxf ordexambhi?tﬁme@hcmm}onﬂ, %_d@me@®)thawarhc1ﬂaespmh Defimdiig | ngency

conditions fo art that nu rous

equi val ent co%gwgfﬁgbégﬁkagﬂn C&&dlltm% ge igiy es V\%}} OE nget’FéuEngmg ri ngency

by varying, fdrlexampbDaA tEllmemg,csbsjmy\ijezéaaﬁdfyerzdzwmmj epgih and nature of 5
ari ous sequences,

probe and target uen e conposit..o S
“concentrations of Slgwa usC?eécna(‘Jc“P? e er‘foﬁflgg?qfé’n 'é‘fﬂth?lyg?ﬁbr@&ﬂ?p%ents t he

presence dr dxb&émdeemfn thedkgrﬂagofag@mh& itlentity R cacB w6 hicdid g sol uti ons
(e.g., for mam et hyl ene gl ycol), hybr| d| zati-on

de . fate, and oI
reaction tenp& %ersé‘ ‘e”ﬁ}é?“a‘ﬁ%? ta %)?ﬂﬂlélaqmné‘é’emﬁ/%ﬁ“y?%u

condi tions. Trh@leﬁﬂésﬁ@t p@mlgfld@u@cﬁﬁ)ﬁél&u Iaélﬂ s&ﬁ&ne@fwlﬂ-gt Igéépﬁdrﬁgll?%ﬂlﬁfla
conditions is selected follow ng standard nmethods in th see or

exanpl e, SantfPgBKCicleidentical sogpanse ﬁP@rhy@‘Bﬁlp&@ aEgBelagd: %ﬂlwhlﬁluabf Second
Edi tion, (198{8!)311@@41@)1}%@Eﬂertﬁnitﬁﬁ[%pfacntMaleeéluen& ca\{%graégfz sed §s1rﬁspab l'e of

transferrl 0o dene sequences fo target cel P carl t or
const r uctl0 ekiidigaiongssayeibeigre welhkepwigs the ﬂrtr(aasSemthmbioaﬂ\]oithmmaﬂntany

nucl ef ¢ 15 a6 hfof ARSI GRRRTKE L sEht 88 L9 WRegRERRRLoR O 2 gene of

interest and which tan transfer gene sequences’ Thus, the
termincl udesﬁaépi@mm@lwtamsmpdE@Ewmrﬁl%éh(!dtiéprm@ﬁam NSa;a $whagagt i ng

vectors. "Nu cto "expression .cassette" refers
to an assemcg:alg'b%C &%&gﬂé%?fxaﬁ IQ%‘#'g i 8¢ cleﬁ%wﬁyhé’p 8%‘?%%&‘%“5‘%‘“8“% equence
or gene of i maemr@ﬂrom 1@®to‘ﬂhgl :mmgemyc TaainditeXPIfasS | Ls@;ﬂgétﬁjitn@renjp tgdes a

promoter fhat d.to the sequences or gene(s i nterest.
Ot her contsr olthée 3%%? S ?eﬁg gﬂn@é‘é ﬁ?nhge as ﬂ‘eﬁ using Eﬁ?ﬁ"g@f’éy ?fﬁz’fbfé‘é% ettes

‘descri bed hergknevmy faerial oeprai dieehushdchddntiey (RIr@fdthysle, QRS ihg lesd Ma@ddi tion

to the co on f the e I’eSSl cassett.e, he plasm d construct nma
al out%O@ b sequence 1 ntity w1t1(1) ﬁle target moleculcg suchpthat in the absence of Y

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
o identity with the sequence of the selected nucleic acid probe. Stringent hybridization
~ conditions typically allow detection of target nucleic acid sequences of at Jeast ebout
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 | '



al so include a bacterial origin of replication, one or nore sel ectable
markers, a signal 25 which allows the plasm d construct {x008¥bhSt2085
single-stranded DNA (e.g., a M3 origin of replication), a multiple
cloning siw®eagdis2a "mammal i an" origin of replication (P%'lﬁJsmrﬁw%VA'o or
adenovirus origin of replication). An "expression cassette" conprises any
nucl ei ¢ acid construct capable of - directing the expression of a

gene/ codi ng 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 terdP8PitHordeWadiingtomPCamRL Biegdessi on vehicles, as well as viral
vectors. 18 12 Cct R 502/.11770 A.vyariety. of
"reporter genes” e;? ggfersé\%grérse gtglgcjy;kgg(ﬁ@gjﬁggtﬂ ?Jr%'ssgyé%lélé’nlgléémuiiﬂ VIRET Ker
sequences, " iarkthat nyames gquivde eorcli®ns ben terepiplysd oresablishhipahiculadi cat es t he

expr essi on of QHSI . de sequences. gf interest  t ich the reporter
gene or sequseuﬁ1 gxl s o‘% rla‘%l%glr e]xi%nn]%%g-ﬁe %ﬁ%‘?’lggtfaé%or%{rtge feﬁé'\gém‘?@%'brﬁo@r
sequences & hatrolproduagetacdieprestbesaropposia oftthatarioss ®Rasdnkes, measur ed,
preferably in a rfuti ne.a sa% ui.t abl e ,regqcirter genes include, but are
not 1imted tSPCHRIBYLISAAF A other by pridiation sqlationcempenents, the prsence gener at i ng

proteins (e. gibsenbeiof BogkoTiGents UxheRRRPStion JoWObRSE SN orRhRkdR! MSdran and bet a-
gal act osi dase. fConvgni ena1 age'rséys include, but are not limted to
cal ori net ri c, P RebFiEentglyean, hyRadizationreaisn teppersiise amlies | report er

genes may be erplety€ds wall ad, Rabin2 AR XRHIRRSE drndsLBL R RE &‘t:i!:d]?ras@lldoﬁmose
dinth £ l'u

extracel | ul ar gr_qdupt s are directly measure e intrace ar nmedi um
or in an ¥kt hybdiggtiongandiviqns dvselertaf fllowing stamdert negthodiintthe wti(seglfér | i ne. Thi s

provi des advanhagesseorislaNIvBleb AR IbRhe- IR N EnYRBRAVRLAAYE i S Secreted,

since the rate and efficiency o e Sec [ addi'ti onal '

vari abl es t hdiditipgy (188 4l Spreng HarkarpNatmt i on of the assay. In a preferred

enbodi nent, 15 the « s ' Ligh nerating pr .. en using

the Iight generat ?‘ngvgaglfeﬁgéa gl?]ggl;%%égﬁlsng 5éec%§%e§3%ﬁgfag$eﬁ?§%>?bﬂ’é‘§‘ﬁ\?’on can be

eval uat ed accuekurebysiang’ feapressimasitor! anddgerdesastebecogbape {ngetclefor

exanpl e, nt.ag, t . 1998) Nature. Med. 4:245-7; Contag, C. H.,

oAl S (oo bupial conftic 8oprk boRSYs:a e ptifrerscnd iyichgpn |
(1995) Ml Mtengdigehe schBerb&3o 6@t ceIRO Thus, kiicghin BeR@aldnBg, Aot ei n" or

"I'i ght-em ttie)rg es%{OOt ei,j.n" i s a.biolumnescent or fluorescent protein

capabl e of prodaeioNg Pl Moh e RIGeIRIA VeFESr ange of 200 nmto

"Nucleic acid expression vector” or "expression cassette” refers to an

assembly that is capable of directing the expression of a sequence or gene of interest.
20  ‘The nucleic acid expression vector includes a promoter that is operably linked to the
. sequences or gene(s) of interest. Other control elements may be present és 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'catibn, 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 expression vehicles, as well as viral vectors.
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1100 nm preferably in the'visible spectrum(i.e., between approxi mately
350 urn and 800 nm). Biolum nescent proteins produce |ighdcbbsagh a -
chem cal reaction (typically requiring a substrate, energy source, and
oxygen). FypRssent proteins 25 produce [ight through the Al Q?HQ.R;[I on and
re-em ssion of radiation (such as with green fluorescent protein)
- Exanpl es of biolum nescent proteins include, but are not limted to, the
following: "luciferase,” unless stated otherw se, includes procaryotic
(e.g., bacterial |ux-encoded) and eucaryotic (e.g., firefly | uc-encoded)
| uci ferases, as well as variants possessing varied or altered optical
properties, such aﬂsveirwcy (ffé‘F@Eﬂ&' gehat’ als® Ebfdafed dol 6 réfiokitAdegiinczOb@l S of | i ght
(e.g., Kajiyam Nakano, E., Protein Engineerin 6) : 691- 693
(1991)); and 'W&%ﬂ“@ﬁ‘c&? n&C- BT Ol Skaeptes the expretsinm of sy %\)‘&él'éﬁﬂesﬁ%t opr ot ei ns
(e.g., Lew s,expretsion &ftp nuclecﬁfd@%@j;!hﬂb%s dt inBRA to wWalBThe RPUSE odik ok2 Cct ober
2005 WD 02/ 088305 PCT/ US02/.11770Q 760- 768 (2000)). Exarrplges of
fluorescent pIrEtErHis OP?féq’thEkedb@fef%eé aFfposeireROTtESeaeEcestha orndugeed | ow, cyan
bllue, and 3 edyhiiGrOReEML iPE al .
Hi stochern. % I %{ 115?1213@;15%1-@&?%&@ Egcﬁra qh Bl"‘@'@@gg‘S egﬁgér?tle IS' %I%eél n
substrate" de¥ees lb‘égdeab@@mqt dmitedto calolrargpbpmg@meqtalttrmgferase @P&)ehgil,t e.g.
| uci ferase e r slrate
(e.g., luci fengr%%%lf)gtmagtr%a%mgﬁé? lﬁég?c ?'%hgﬁ{i%[“gﬁ“téa o@écéﬁfﬁ;%%’% a d| #on of an
ener gy sour cegalactogidisea SopvERieol aswwlﬁﬂ@ludaﬂmt mxylglénmteﬂxanqumaﬂé such

.substrates i ted tg, decanal in the cterial |ux
‘system 4,5- OH %tm%ld? %313?&;%5&1 t%%%%’?ﬁi rﬁg?{feyﬁs’neﬁnfaﬁ'tbﬁ%g@@%ﬂ boxylic
acid (or K rrphz;t arfadxbxeslseti Mcﬂ'lfne;hﬂz ce)ll anth whbe ekiracellblyr prodicucdré @irsage (| uc)

Yot r ahedr on DersBy e BLECITLASESTR o SEeqara gle moase B PG 2 1 n 1 he
earth wor m Dicpltwededi linel 'Dllﬁgﬂrosridsi am;(tEge@ab@ﬁihmé&r%a@ﬂérgleﬁ@&hos&%?cﬁmct I'n some
systems, as dESCFI%Ed her ei ehyde can be used as.a substrate for the

|i ght- gener dt F*f§'Hr YLE; aTBangE ﬁﬁ‘f‘“y ofdhessercHannfedusphadditiondss st at ed

ot herwi se, asAARGURRIRYRGhbEcatAiteAkittibn JAaNKIHG AR efHRIL AL R %ﬁt ween
about 200 nm (e.g rlrlﬁgUVtC): and ?tgout 1100 anmy ¢ infrared).’ The

wavel engt ofth"\/liegcl"rfﬂr &eTeiiyh Pgl}t SARFESING ProjRie nWAPD WD til?agéhlt)gﬂ“«%@mﬁ m to
appr oxi mat el e3R8 ABlelds describRBlNge @xﬁl’pégiétn cin BOQ2RBQ8 ta&%%el?% fpout 8, 000

- angst r ons)

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; 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. 2.,
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 | '



20 "Animal " typically refers to a non-human ani mal, including, wthout
limtation, farmanimals such as cattle, sheep, pigs, gqQatcicyd bey ses;
donmestic nmanmal s such as dogs and cats; |aboratory animals including
ferrets, hagaseanst rabbits, rodents, such as mce, rat%Tﬂ%B’ﬁh%S’
gerbils, and guinea pigs; non-human primates, including chinpanzees. The
term"animal" may also include, without 25 limtation; birds, including
donmestic, wild and gane birds such as chickens, turkeys and other

gal | i naceous birds, ducks, geese, and the like, as well as anphi bi ans,
fish, ‘insects, re7pti | es, etc. The term does not denote a particul-ar age.
Thus, adul t, DeRBripd /W0 Examplesefdlunssdoot moteinsl ingludedus aramet limiteedndled t o be
covered. A"t ' [ " enet.icall ngj ne d, ani mal or
o fapring of 250 acent B PR anl ahdchf B bR S B F S ot

usual | y cont ailn#issmhieni Gdll Bipbid 5(8t49-385@8@1)one unrel ated organi sm such as
froma virus, m CLpor ni S0 her ﬁ term"chimeric

|.ant r..o ani.nal . Th
animal" is used to rerer 16 n?t%lsgbsgﬁtev\#fis%rwef ﬁé“bfﬁatefgﬁ BHEEHEHIF005 WO

02/ 088305 PCRirttciBORL ] hitFeratraneynd, dgogmegesen biferdeiodll, de@iyed Bubbliitsh the
het er ol ogous gene is .expressed in.some, but not all cells of the aninmal.

" Anal yt e" ref@]gs ?‘{Cb‘gféﬁx’%éa %tﬂﬁap%@t %Hel?ya%*éﬂmé@@me?ffa@@p@rgr 8Oce,

i nduction orsuclesr A8 bORVNH20a@RGidn ExRORIRIfRndh &iBfrRe iﬁ%ﬂ%}!ﬁﬁ% using the

test aninmals amﬂ SBJTet hods of the present invention. Such anal ytes include,
prE &

but are not I1° o decapy) gbe Bacteighip sisiesn. 45rdibydae dushrdpxednpounds,

pol ypept i des, bepgiiihA8H)-4-RMoY0MEHBAE LEE Bor By DALY ML 0gs. Many
organi zatjons (e.g., the Nati onal)_gﬁl nst i%qtrgit es” of eHeaff%%? nl;l)ﬁlgrlq%gceuti cal and
cheni cal dor geFkEase H4y) spgve. Tranayein|thegrielpingscont furgve Prusdlus giptibisol ogi cal ,
conpounds fr QmatiidheRbn 3¥ Mdretd €S 10 fe nt at.i.on broths or
‘extracts. Sucgg cotz(npOl_J%dsIIl qnaldgﬁaﬁlgg’clggggagégﬁg? S%Icf{%?ﬁh’ﬁ?g?"l’ﬁ?"éé‘% t?l%e of 'the
present i nverseityorrRéplecardin lopesiysicmd Boeheae tI5A0 bl 1 976) efnesomet 0 a gene

encoding a prs?ﬂéi’ﬁg, al H@s 'be%rh@R e%]d&,r};'dé’c A %u%xeeci altssar_%ps%%x%e;aﬂé{h% Pé he gene to

survive and/ of grow under certarn -con i ons. [ant and
ani-mal cel | s getattingypotems t he i ntroduced neomycin 15 resistance (Neor) gene

BN IR Ty T T SRt S W S
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 '



to those of skill in the art. Typically, positi ve sel ection nmarkers encode
products that can be readily assayed. Thus, positive sejlxasibwep 208% kers can
be used to determi ne whether a particular DNA construct has been

i ntroducedyigyRsdeLel |, organ or tissue. 20 "Negative s ' rker"
refers to gene encodi ng a product that can be wused to ?&%@@W@é y kill

and/or inhibit growth of cells under certain conditions. Non- |imting
exanpl es of negative selection inserts include a herpes sinplex virus
(HSV) - thym di ne kinase (TK) gene. Cells containing an active HSV-TK gene
are incapable of growmng in the presence of gangcylovir or simlar agents.
Thus, dependilsrapeaupaemess Hiund or bt ehickstbebotgeheopr wdeskspreasd acbmas eit her

positive or RGEAk-YS8El8kL ] mar kers. The term "honol ogous
reconbi nat i on” refaerg to t en%e?%}'change of DNA fragnents between two DNA

nmol ecul es olr chr offanilss” aifzrs tmre]ans coepahd eEa_ﬁu@ftrsuilcaIﬁ\lhyjseI dffbenté. £ ahdigeh eot i de
sequences. It r od .t hat stanti onol ogous, sequences can
PR RRELPE Rt DRtk Bk diard s e T e AU oot 1 de 30

accommodat e i ions, de ons,
sequence. SThussthdds nEdi peee divestiono SudhmhBok it tan R foessieats al | y
i dentical evep .if . sone %gé%lhe nuc) goti de residues _do not precisely

correspond of "APFYfOrRRawds. ghaimareutical copRods, falyPentideaPrRSies ef ers to parti al

or conpl et e Ipolysudidotide aebsdlpicRbtiRianddgsl 2SR} QAD8fza4 VO LERF05
PCT/ US02/ 11770 | eaSt[‘ﬁ%a Oéhi on the taraget gene. EExlza &%gg\é\g% knaoc@out

. xamnp
mut ati ons i nCPHHESS @ Hepceufighpdechemisal epappaationp)| harelkn tibtayies of

het er ol ogous cﬁ@ﬂb@@@a&aog&qn&n%ﬁﬁdd%Mtﬁmo-Qﬁﬁﬁ‘e'iiQBf&%?s geauences, and
del etion _of essential elenents of the gene ee.g., ronot é&r region,
portions 18f &regipvien ety enedycts. ASuck goroketndyanatptas i breringoyey i tal | y

identified Sphyidhg dRhaBQLYRGAGNer ated by the nutation. A "gene" as used

t
-in the context of the ‘present invention is a sequence of nucleotides in a
genetic nucl ei c aEbaiefm fipasiiys extestiop maskei dpferstta a gensichtodiy aftoduct genet i ¢
function is gs$REeiLAHEH ' her edi tar nit far exanple of an
or gani sm corrpr}_%_sion%jy ae%dgfgﬁﬂ%lﬂggﬁ geé)estl:]lﬁv ‘ﬁec%‘d)(%’égrﬁw,u"gerﬁﬁﬁmgequence for 10
manmmal s) t hatondgmpi Ber exampleqildric endotmysidl calls thaeapre@nhd idtrodvdsdifomyclene

encode ai® exhyaebbee5yil e teutla] .02 sI5arn e abe e S arismme ot 1 do-
(e.g., tRNA) Nedlgber matkenat Yilledbgenes. Ome pIsfivd R ieBtERMITS wiPsatiowa for a
ggir Ej.iSCl(.Heal’ ey, 53/5@"2%@{13@%@%“ .gﬁi‘?azlgfp%%@?{i n icng of pr oé ei ns CIand'/:h(;tr nucl ei c
.g., pha t ) DOSING FeRCHOR Farkgis fBcade B dngs
- 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 t}he 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



15 encode an expressed product. Typically, a gene includes coding
sequences, such as, polypeptide encodi ng sequences, and2rddoisRA00%)
sequences, such as, transcription control elenments (e.g., pronoter
sequences) woRRhk¥s@denl yati on sequences, transcriptionalp LREH AR Y
sequences (e.g., enhancer sequences). Many eucaryotic genes have "exons"
(codi ng sequences) interrupted by "introns" (non-coding 20 sequences). In
certain cases, a gene may share sequences w th another gene(s) (e.g.,
over | appi ng genes). The "native sequence!.' or "wld-type sequence" of a
gene is the.polynucleotide sequence that conprises the genetic |ocus

cor r espondi ngledsba phrtiog €raarsa.ggne. Exaples 6ktodk-0fitynARBnORERNId, dadirBdof r ane
codi ng seque'ce§ re uired,for e?ﬁ ession of a 25 conpletely functional gene
product as t h8yErS EEPELRILTHI PY hetiologons Seaeneniosvas SFmugaton b gani sm The
native sequengeréibgaisgeendes !’imﬁ Bkt pis@ﬁtia@%l@rﬂ&h@q:f tflf_? e E. épérbﬁ’lﬂé¥
pronot er sequences, tranflatlon enhanci ng sequences, introns,” exons,

and_pol y-A prEeeSOriags f yepdmespqusace)| & “KeockpE gotaiion is fypically igentidied|

popul ati ors, iyl tHe pdERBYHE RESrafBYby thd Yok, Mul ti pl e preval ent versions that
contain alterations_in sequence relative to 30 each other and yet do not
cause a di scer ni bl‘e"§5HE HsIus 8 de copteiaf theTiesset ipvgnticat is asguence of desi gnat ed

" pol yror phi S ile@ides & 4 Brefic MRidiAlciO@BromoBYne. LEBLAC nce” i's meant
a polynucleotiag_ééﬁupn%% t%atf?s dgﬁ?n§§%%%g@g&ﬁQ%gEQ@&$§%§§88305

PCT/ US02/ 117 78neiganqtiopissagsacptedath geoa dsta grqdoaryivoi, fof expimglenéitn ve or

W | d-type seqlepe . = ctor' or_ilinearized vector," is a
vect or havi ng ?ﬁ%ﬁé%%%@“%@$§%§%#%P§%E€¥ EirF8p 4 I as pl asnids,
can be | ilfeamanedalpythdiogapics anpatificphasical dshtidnqh Fotusegemusdwease that cuts

- at a single site,.. h asimd. Preferabl the 5 expression vectors
described her élénne tlg?oé:hf ?r‘?}été‘rnﬁgée‘%f’ ek ﬁIt ?%%ﬁgaxﬁ% ‘gﬁﬁ? cap g“cﬁ 2R GXPFEIEdt he

sequences of prothvet, esth.as Bpblypeptidesicd pdiymglebti (RESTNNR). | AERALTDY i gandet ai |,
it is to be understood that this_ inventjon is not limted to particular
for mul at i ons "8V WEPHD EBIHGNEISP forgpadisilar sigpfuncioncsych adhe indipg of ¢t i s al so

to be under stpageint faWortnielei QLT RQ. QBN USREhIRAT 8icd), #Berkif 'ihetglége dokd ppur pose of
describiqg particul ar enbodi nents of the invention only, and Is not
0

i ntended 'to B9 AT ERATESSCIpTPtist ghypiaitiritaspe BFludesichdias semercenseshizal s simi | ar
or equi val enfpolypegtid@efeoding sequences, and non-coding sequences, such ag, transcription
contro] 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



descri bed herein can be used in the practice of t he present invention, the
preferred materials and nethods are described herein. 1l @etobhdDods OF -
CARRYI NG QUT THE | NVENTI ON Throughout this application, various

publ i cati ofgep@k@nt s, and published patent applicatio erred to
by an identifying citation. The disclosures of these r%T?{:Sg ;{12{?5

patents, and published patent specifications referenced inthis 20
application help to describe the state of the art to which this invention
pertains. As used in this specification and the appended clains, the
singular forns "a," "an" and "the" include plural references unless the
content cl earsustifited for aslewst hponips of the Thive or fvid-typr asgpbce of @ateence to "an

expression construgt. incl ude hﬁ‘e dtve%tﬁé f:i‘rae‘@‘étmhiﬁ"ﬂ\%g}’{a S c%@agents 25

2.1.0 General OverView In one as fates to
transcri pti orexeoples ciculal esvems sucfntelpilaumﬁﬂsfdaﬂm UydaBigdir 9 ReddaDwBIEN €S

(e.g., Cyp3Al d CY 3 ssion cassettes whjch |ncI ude t hose
control el errerFﬁtmglo\Il]e‘:’Ef:l %%Sﬁglﬁgﬁ@? & 2 singfq site i the plasidy Saferably Gheni mal s

cont ai ni ng tfmpmxmremto@s’ﬂa@ﬁﬁﬁ&héreﬁ aredlidariRt BRASHA the thliHSe hbGwiteh 8 and
transgeni c aninal s c?nt ai ni ng the expression cassettes, for exanple, as-

model i ng,  s¢PEERTHRG 8Hd7%r test systems. Methods of using the control
el enents, expresJBedhe a&@@@e&%e&@ﬁ\%ﬁ&@%@%%%ﬁ b S804 b ehfs0

cassettes, cells, and transgenic ani mals of @Er esent 1 nvention include
but are not PYGHIPRH npolimissd fa ipaiclanornylsitgns @13(111 ad/pagarobtets aﬂyunlemanol ism

and met hods fRbngsd, 9891 Rds al6h 4%e WRERRO ¢ ﬁﬂ]ﬂf‘gﬁn’gwﬂ}gﬁ? ?IQS’%SS }:,e practice

toxicity. Exenplary tfranscription contro

of the pridsemuropsalessihingmeltislar emnsiémenes oftdinfentiom Bnlypudds Yp3AL1 | ocus
and those derjvefats omihitg, human CYP3A4 T ocus. Experinents performed in
support of the present mv%ntion denonstrate that the effects of a

conpound on nodulfdthicugh a)!ﬁur@)cp pEgsthads ang diagtield simyilafyipRlvalentad those P3A4
rect rmnltordlnllveanlmals

transcriptional.£9 an_be
to provide i ?\%gr ma E:lréci][rllca b%rr%efg ﬁléfﬁ%?rla‘g%?ghgﬂ”feﬁ L ESHBTnYC Ptegred t oxicity.
10 I n one enhedhrianngd neliedpareslesntibédheasid.i on relates to (1) transcri ption
control

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



“elenments (e.g., pronoters) derived fromthe nouse Cyp3All gene | ocus or
fromthe human CYP3A4 gene | ocus; (2) expression cassetfoasctesdbdsi ng such
transcription control elenents operatively |linked to genes encodi ng a gene
product, syeh.dssesd reporter, a protein, polypeptide, QQﬁﬂggﬁﬂT%ibozyne,
or anti sense RNA, 15 (3) reconbinant cells conprising such expression
cassettes, (4) nethods of screening for safety and/or possible toxicity
usi ng such cells (e.g., screening for toxicity or safety of conpounds

whi ch nodul at ed expressi on nediated by the transcription control elenents
of the present invention), (5) animals (e.g., transgenic or "liver push")
conpri si ng t hesafeoreelentd pasgenia aisals bithé prRse®ORVERIon &lcRIIBPuS arc @¥Pr €SSi on 20

cassettes, and/ vect.or. constructs, met hods of nonitoring safety
and/ or t oxi c:ﬂ yt% EJOS%H%le%ﬁlgﬁlvgﬁit%‘i’@,anéﬁ%?g(rﬂ&ﬁg‘f‘ﬁd’ﬂg n}?ﬂmé%foééfﬁ?qﬁ‘@lgf or
saf ety and/ otriganeitabiolisin GifetyCaKD podiblskioRy. SR pRRy FRlsriptHn ¥adtiget y Of
transcriptio co};ltrol el %Frrents are useful in the practice of the present

i nvention, f5PUSYARSTE T eRHCErs HihegeeBiinyeationinghide thesefisriveddermr om genes
or 25 gefie hooic @9SAci aicadand thdve des@aTREAROLSM CBPSL) b, | ocations of
-selected traﬁscrjotional control elenments within a defined pol ynucl eoti de
sequence canPRRETITCERETIPIEY Th{HDRRE FbdE PresRiTvew iondemensyftedhat e i n the art,
€.g., SequengRectUTRbPOthd ondRdBiakion ofRRlN g chpd§ri nsertion

mut agenesi's, in ViEMlg? thémteachfnggﬁ%? tﬁe'mg?ggéﬁ ¢ Eggﬁffcation. An
exenpl ary traiSenrt gepssHipiianat qosirolellempratstcan bndibaetip monttdved ini lve 3finabsoci at ed
W th oxi dat i vgvietahAd:sieh: Bb Y ' the PA50 superfam |y of
hennproteinsﬁtﬁat netéﬁolizgta m?gg;ggP%g?@%gﬁfgﬁagagﬁgbs and xenobi oti cs.
24 12 Cci®ber 2005 owde0BUBBBHe PETnUBORAtbA TlePar(l ) tedab@ptieniadbment s of
such transcréléénn qpntrou eL&g&q}gﬁ%&&!ude t hose ~associated with the
nmouse Cyp3Al “1°Q %@'D&r’?&o’fl?ngrs 1y AR .YP?r’?'n“t%ﬁ“S]Wf fromythe essi on of
the report er nBRAUEYEINS Senk NS D) dxPrebish éa&s@ﬂ&%ﬁipﬁsiﬁ@kﬁﬁ'ﬁ%nd@' ide present
invention when, for exanple, after administration of a can | dat e drug, and
safety 5 and?oFHokIRIETE Qreptively dinkpd g sensh ctvediog alzere mddisy swbresimvasi ve

i magi ng et hegstedsd ik Q4E na IRl ' f the different
enbodi nents o the'?ﬁﬁen ig%% degﬁéi’gloﬁgﬁ%?ﬁéﬂﬁé% e conbi ned.

Non- i nvabl ve3) raginhiganisdlisnompeisiog sichgxmtssionghtseten] ¢4) mvtodotjsugatias i n
ROl AT S Bl RS o SRS BR Y tnb it Y B, MoSin ol Bt 5 2N

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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10 Contag, et al., issued 22 July 1997, and April 17, 2001, respectively.
Thi s i magi ng technol ogy can be used in the practice of tfiepRrESSdhs
invention in view of the teachings of the present specification. In the

i magi ng melleadesssie conj ugates contain a bioconpatible A<y ARd a

| i ght-generating noiety. Bioconpatible entities include, ut are not
limted to, small nol ecul es such as cyclic organic nol ecul es; 15
macr onol ecul es such as proteins; mcroorgani sns such as viruses, bacteria,
yeast and fungi; eucaryotic cells; all types of pathogens and pat hogenic
substances; and particles such as beads and |iposonmes. In another. aspect,
bi oconpat i bl ePastiglaricabodigyents b sugh [ranserigiinmesootiolichecoslidgudeatse const i t ut e t he
mammal i an subj.ect: ' ' ; I e, cel Lryin he expression
cassettes ofq#ﬁg%%€§%£%¥k?%%§ﬂ?ﬁ%%dé%%?%%@#%ﬁmgmnE%T§§6§%F93“ H®hce.

Li ght - eni t t i rexpeeapeipl the yepprercevkreristidord e aogerp atinals ef 88 pidsé@s by t he
conj ugation J | - erating noiety. Such noieties inc|ude fluorescent
nol ecul es, fﬁhggéﬁﬁgﬁ'mg§QXgﬁﬂgzﬁ%%%§Wﬁ¥?%“Wé’EP? H%“ﬁ%?%ﬁn LY of

photons, &nd ani{orioxstyerithesingsdanbe eeuasdddy nas-iliadive hAaSGRModP LRSI NS. I N

t he cont ext t he pres 25 i.nvention, light emtting capability is
typically co%ee?"?‘%l& aBW“?-g& Fagus Loz é’%%gﬁ@\rﬁ“g‘@m'%ﬁdlrp‘@%%?fgtﬁwév@é‘ﬁy of a

1'i ght - gener atdengibied htreinNmagbgcombandduci f er ase; present.. In preferred

enbodi nments, |uciferase is,ogerably |.i nked to appropriate control elenents
that can  facilit QB BEFEIErERe BI04 dpfsrting o liphiemiting Aepjvaates frer ase

activity. Subsimables sabjctiGhf @afRd 0. SDP1ERARESNONS 350 RS 158k wr appl i ed
to the cell or system( injection 30 into a transgenic nouse, having

e.g.
cel I's carfyi fgPma tcals ’é?“&g a2 dund Y uend Awsil 13, 2001 tradpiectivelyu Bisrioging or t he
luci ferase, fi@nEMafPlfoe dstCin e fribhice dF16e ﬁn%gu,nrﬂl%r*n R By LNl ve a ‘
chemical coupling step, genetic engineering of a fusion proEeln, or the
t ransf or mat i derchmzg of e piskrat speoficatin® DPhe 8880% ROV JBR2bdjlFTA coftam cel |,

m croor gani s Ll 3 ght - gener.ating.protein. Thus, in one
aspect, the pr escgg@a??vg}g? { gﬁr%pir%%zlg%}g%%gg"ﬁ%ﬁ%gl?cgﬁ%é@%?%ﬁﬁs 1Qf:llﬂg‘a”rnet hods
f or toxi col odyt &t mdi lesitagifio mmali malloctles efchiantwiie stganit mdldelegr acti ce of the

| i ver, pushed animals are

present iznvent.i eni.c.mamual s or .
const ruct'ad é%og&c]%%!e?g? oS BRI fPACTOqrgRnisigs Sl 85 Viysas, Biisti v and
transcri pti ofedgireegaryetioonis; at aypen ofpativierds\wad Pathogddhi Suistdnessaignduced genes

are operably linked to reporter gene codi ng sequences (for exanple,
I'uci f er ase) . PARC 55?%‘61? :&éq%é a’écﬁféﬁog‘?rﬁffseﬁ'fa&PthF%aép%ﬁ’&cP@Pa%f@tlﬁ?W@bt i's

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 biqumiﬁescent 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 h.aving luciferase activity. Substrates of
luciferase can be endogenous to the cell or applied to the cell or system (e.g., injection

30 into atransgenic mouse, having cells carrying a luciferase construct, of a suitable
substrate for the luciferase, for example, luciferin). The conjugation may mvolve a

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



adm nistered to the animal in addition to an analyte of interest. The order
of administration of these two substances can be enpiri@aldibLebes m ned
for each analyte 10 of interest. Induction of expression nediated by any of
the controlelRe@ s is then evaluated by non-invasive jBgiong et hods
using the whole animal. Thus, in one aspect of the present i1nvention,

ani mal s descri bed herein can be wused to evaluate the in vivo effects of

hi gh production volune (HPV) chemicals, for exanple, by exam ning the
effects of HPVs on expression of toxicity related genes 15 such as P450. To
date there are approximately 3,000 HPV chem cals within the set of.

non- pol ymer i cOlcaéH; ’@%EF%W%E&&WFWlee@%@htﬁmrﬁttmgp@tqamorI y absor bed by
organi sns and thu the

or gani sms and t husngenseal kp.dnaney Eé@:\ﬂ‘fﬁ?ﬁ%ﬁhgﬂ%%es\kgﬂlﬁx Frel W oREnt . ty of
these cheni calsthpds for tpaicologhstadies aflap sndlyte of Jatewwmtmaqum (yftbé pRednt onl y t he
cherm cal |t sehben Bl leo L BRI 85 20plher Sl S Boublignldonn, prpduct ).

Chem cal prodaucers an nporters ave een | nvi at es

‘Envi r onment al el@n@t&a&n e@mnﬂg,amgnmétﬁm)trahmnpmmi denlesi eqiedyd, 6f fwb drNf Or mati on

on their hi ction vol urre mcals. HPV chemcals are
chenical s p?lg ngslglnrl] U5 SRELT r?bﬁ P'ﬁﬁg%ﬁ’%‘ﬁ“g’f%“@ g SeaeRgEhtfer over 1
mllion poundescapnp}e BBlfgtmp &@ﬁﬁh&%ﬁﬁate@%@fﬁp&%r@&ﬁéﬁr@d@ﬁfs' ng in the
vol untary pr muytnment to identify chemcals that the

|
conpany Wil |l aglrﬁﬁ%‘nft\é\n%?‘){ﬂaﬂ“?ﬁbma Ppoigiatgralyts et gigrerei Threddaef abl i shed by

EPA, partici palnlifigiraoneahe@IwaishtstaR€s ok 1 & r1caﬁ]9|dlat€%ﬂ&i ﬁ)fa&iﬁﬁ andps essnment
of the ad qu y of exi tlng dat a;  desi gn and subm ssion of test plans; -

provi de t S ests Tnductionns exrression spdianddy anp ok ilipraentiobelerénts gheat a 30

Char acter 71 rh@al%@t@hlby? g dlve Wi E bkt (15 HOLKL BihaP' 00T am uses L he

sanme tests, testing protocols, and basic information summary formats

enpl oyed by t he SAhB®AR PR§ aspast rthmpressnt ipganbioSeningi dos)ribpd bgexam:anb‘fb DS is a

cooperative, i grdhatlienal; t 58305

oo Ceoy) 11y 45 &I abelRln Fh) Ofidey %@hfﬁspé%ﬁﬁa’o‘%%g%e Y bR

wor | dwi de.  Ac@pplenyl sxamining the eifclsof HitVeparceptedson of haidity felaetbgest i ¢ progr am

will be ce naI ef.f t he. approxi mately 3, 000
G &5@?%93456 ﬁ“B"Bate kh@[fa&é‘gp Hael ogphp%ﬁ%%ca{sﬁgﬁ,q B SRr o y

chemicals th

“Ibs./yr., a rr@a@nmeFiACbﬂmqupslﬂnenclshemﬁedls Mook pobrdssbsbrbghby

organisms and thus generally have low toxicity). Before the present invention there

has been no routine, effective way to evaluate toxicity of these chemicals in vive,

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 ;ubmission
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 : ‘



production vol ume chemnicals have no testing data on basic toxicity and only
seven percent have a full set of basic test data 12 October 2005
(http://ww. epa. gov/opptintr/chemrtk). This |ack of test data conprom ses

the publicyg) hjpdls t 0 know about the chem cal s that arePCtr%Hg“m t he
envi ronnent, ﬁorres‘, wor kpl aces, and products. 10 There are sSiX basic tests

whi ch have been internationally agreed to for screening high production
vol unme (HPV) chemicals for toxicity. The tests agreed to wunder the
Organi zation for Econom c Cooperation and Devel opnent's Screeni ng
Infornmetion Data Set (OECD/ SIDS) programinclude the foll ow ng: acute
toxicity; chrsmenire basixiogicity infutemedrD@REEPV ahdniied Wokib s, €AW,y ;

mut ageni city;. gcot oxi ci t nd .EJS nvironnmental fate. Several of these
tests rely on™ ﬁ?]ﬁtéqn%édg%\‘ﬁ% é-gﬁf@esaﬁplf?&mm%&be@éceg%kim f¢ed to obtain
t oxi city dat antefdofdl afiggeni ¢ ani mal s descri bed herein are wuseful for

toxicity testing gpd avoi d . the need for a "death as the end-point" nodel.
Accordi ngly, use Off PHPPEFIREEEAIVE0 shimealsthaithe He. rnosie At prodiceneti on to

eval uate 3 0xhere thanvii thillidR1BY/yel ea feGint BP ARASySAHIRR BN S Bsclifp] Ci Y
testing: Further, because 20 "death as the end-point"” is not always

‘necessary usimgiucHemeluns eheavgalidiaze pariestingnigtatondasie wisity end enlpsessi on
cassettes of J-hendi:6s8RIn dhVSALik R d ' -\ I\Ci-Ly testing
inlive ani rreﬁes ?:ar{lj1 l'i kel 37 be rleducggj%&rﬁg{%%%%%%%ﬁg%wgy&h@@fJgﬁl)f{)at a
Avai | abi | ity Istkudyest odptrdcompramisegdlspublic's Hight tdlamivcaboniftbe chetriicais thitate | s
readily avail i sm%rs assune that 25 basic
toxicity testf?%gd%lntsﬂ%ae&glﬁ?a {éhgﬁmg@?agﬁ’ C é(r)ﬁm(? s in coomerce today are
safe. A Ilecent EPAestarx beas téstuwitich lnat bedni isteinatisially agrpgdudést assunption.

The EPA has revi ewed. the blic ilable a on.these chem cals and has
| ear ned t hat “HOSt © IgBP Oéi%{%yoi’fﬁ\?zﬁﬁgb‘g}mﬁc@gﬁ%ft@é’?’éﬂ%ﬁ)”ﬁ@?@?ﬁ&% how

toxi c they anadérchdOrganigativn foihEconeikidodpdreivh.and DevdikAncmbSt@tenitRQi N to j udge
the hazards a}n{i? ritskﬁ?ﬂgf HP%/ @g}{@ﬁger 30 chem . cal s without basic

i nf or mat i on, ARGRAtCR Rafgdet (QF } Fregampicide dhedplovdng fepte Iieist i ve
testing is neafad tboicihs IewiopilesPreBlodfictR¥ RAKY; SmeB&M&@! &otoxicity and

(http:// .epa. gov/opptintr/chenmrtk-). It is clear that conpanies need to
do more o 2 PrETEPEh R Sotais SEBTtsoTTawseh WP therssk t hi s

probl em S| Damisesd saciifeeddd olitiih hokidiagtdr ﬁ‘h@tr&lﬁgéﬂ-iccﬁliﬁla"‘is H(%éliil?d?%rej g tests
0

only provide a _ mninumset of infdrmation that can be use eterm ne

the rel ati ve "Fesldpgioxisity testing and avoid the need for a "death as the end-point” model.
' 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 1o
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chenmicals and to judge if additional testing is hecessary. However, the
transgenic 5 aninmals of the present invention provide nogehgob&2obf Vi Vo
toxicity testing that can greatly expand the information avail abl e about

the hazar dygahetdigse chemicals and their netabolites. %%soﬁﬁ%ﬁo
Perm ssi bl e Exposure Limts (PELs) for hazardous chemcals in the

wor kpl ace. It seens reasonable to expect that chemcals with PELs have been
10 thoroughly tested at |east for human health effects. However, even the
hi gh vol une chem cals with PELs have significant data gaps fromthe human
heal th portion of the basic screening test set. Only 53% of these high

vol une cheni eddiresswhis prdBleios have basic screening tests for all four of the

human heal t h endpaqi L. lLnc rast, only 5% of the non-PEL HPV chemi cal s
had al | four heal PIOGRIES BSTRM Sossivg azfgéﬁlﬁﬁd ttCie dibe festEmniyasevidhg a

avai | abl e ( htuipimuhvsenoBifor@aNdnaRA hinbd issh@Metekohine TRUSIridRAM b of HPV
chem cal s wit hout 1PELds I_achk,eve_n, the mniml data needed to support
devel oprent  §FeMIGAlpERd QAydse ihagddiipeal dsting s ecessary. Haveveratis genszeniani mal s of

the present LWRRLIIaR prisaiaLiPASidb Rloaliert biilyd BXif} ks I OVi de
specific, in vivo data concerning toxicity not only o the chem cal s

t hensel ves, BtRAILExpEad thednipieasion Availnkbls abauh tharhezserds of thespthemisials andti nal |y,
‘chem cal s comedigsholiizsconsuner products are-a major concern due to the
li kel i hood of their exposure to children, as well as other sensitive
popul ations (e. g9SHprelpdsrmissiperEnpesnt Liwis (PRLsOlophanideecthemithlindual s) .

Al t hough t hezehai i basi C. i or nore of

t hese cheni cglfés th}gﬁéeigs%ﬁljésr%%és{%a%% 3? %Ewotﬁ %gﬁerﬁg@g ‘c"ﬁéﬁfﬁi‘%ﬁ%‘a‘ Shor e

conpl et e 1@vatheaighly tested; ah leastvior Hugen bedlth effsitn gléWever, evanagph solame mal s of
the present | f | . desirable. Gven the great. exposure
potential of hlgﬁ\éﬁéhdénﬁﬂh %E%Sdﬁ%’? gl,gn@ic aﬁi%?tﬁggﬁ‘? Ip d:P%QHTEE% fﬁ%ﬂlﬁﬂ’%"%‘*‘ff thest i ng
are needed boiassesiag tdsesel. iRikE539h obilied hehesle® GemThR With®FI g8 ani mal s
described heyein help to _neet. this need. %3 to a related aspect of the
present inve %Sfcosﬁfee?lﬁgtets'i'sat?&@éfﬂ‘?rd’féhrﬁ AQ hepdh epdnobtls- Iheiinst @O %e used to
eval uat e t heof the vorvPEEHPACHS Ak @A OE fouP Boallh SHAHR R4S arfaEdY, nAlS he@{he

typi cal | ischem' als th rnterfere with the normal functioning of the

t
endocri n& 28t A B GBS 2oy srmhgpdoThus] thy ulls & HEW (i ncl udi ng,
for exanpl e, cliFBidalPesHuE PEESadWrch Betnhihin®d8 neea-moisﬂﬁ{oﬁad%{/é]gpn%?gf

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
28 o '



for evaluation of HPV and potential endocrine disruptors, both in view of
public interest and mandates for testing fromthe U S. edastdr 2605er nnent ,
are likely to be net by the transgenic ani mals and acconpanyi ng conpound
screeni ng weldesseof the 5 present invention. Several quﬁﬁgﬁnq%
stress-rel ated genes, and the pronoters/control elenments thereof, are
described in nore detail below 2.2.0 Pronoters The expression cassettes,
vectors, cells and transgenic animals described 10 herein contain a
sequence encodi ng a detectabl e gene product, e.g., a luciferase gene,
operably linked to a transcription control elenent, e.g., a pronoter. The
pronoter  maysybenf (i@indiyef axene ewing pestibide @ tErBRABINTE AREABs e J- -
nouse pronot e u%gd in fﬁ§95tiUCt I ke transgenic nmouse) or froma
different specl &€ (&8 o B ABAPO' BB TR g Hsgurters. g hdin vigen of pablivak e
transgeni ¢ noingegst anheanduesivk esstigaford e d 81 76k lGoveRiBnA D) 1HER S0 BE

odi nent of the present invention, the pronoter is

interest. In-on egb p f

derived f romrae%gﬁ © TSR IC3I RS &1dAcquapanping cEPQad Faiepning iepshody ef the

met abol i s faEsencixddhpbe cl earing of a drug via the liver. Thus, when a
drug is admnistered to_a transgenic animal carrying a vector construct of
the present i nventSeysial qlasees of sirass-ealatedsgenesn arscibel prormdtersieontinlistemientsx pr esses

| uci f erase, wﬁ&g&;g@qk&ﬂggi@qmgpmﬁgg&ﬁgwin vivo. 20 Exenplary transcription
control elenments (e.g., pronoters) tor use in the present invention
~include, but are not limted to, pronoters derived fromthe P450- rel ated
genes and gene fari}9BeOmetershunans, 40 different P450 genes (desi gnated
"CYP" genes) and h%ecReRbERARRRSHAl Rt LA LY rRAM anfiAS K GHAGS are
classified into 16 famlies based on am no acid sequence sirrrilarity.
Families ¥ Jemsincontaip asomencagetoding aidateelebig zenstratsbict, 6.3, a Aniferaseqren@09% of

drug oxi dati QpeaBiyIHIFENS d tSm@plibP U6 ! S e 269,
2019, 206, 260 and IAd) 1R %69, i clenpod Kl Shufnleie R By “fost, with
- CYP3A4 accour®dyy frar theeamsospeoits asthe maspanic animMiie s emo@y paodotd usal idescr i bed,

for exanple, . i . 997),..Archives of  Biochem stry and
Bi ophysi cs 3éfgﬁ%ﬁ:@ﬂg%hgﬁgmﬁg%ﬁggewéé o 3@(%@??13%&%@@@ of 30
Bi ocheni st r y paerdotBi wpth jrsicosri@B® @mike 43ssg¢nic Moamh THERBAMotbScatl 66 8drive@d, for

E R e o

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 famjliés. 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 aécounting for 50-60% of the activity. ":'Mouse |
Cyp3Al1 is described, for example, in_Yanégimoto 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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et al. (1999). Mol Pharmacol. 56(6):1329-39; and Bertilsson G et al. (1998)
Proc Nat! Acad Sci US A 95(21):12208-13. Exenplified ppan&beranes
transcription control elenents derived nouse Cyp3Al 1 as well as

transcri ptiy@neégments derived from human CYP3A4. 5 As oqfsefsKi Il in the
art will appreciate in view of the teachings of the present specification,
transcription control el enment sequences can be derived and isolated from
e.g., genom c sequences, using nmethod known in the art in view of the
teachi ngs herein. For exanple, the transcription control el enment sequences
of Cyp3Al Iwere isolated and sequenced as described in Exanple 1 below 10
Simlarly, a €edEindbMohBbarmactl.S6&)1153E89;sipé&BedilssoraX it als clioos) mesNabt ai ned

R fami o ot RE0% o SRR MR ettt Mo G s o pr oot er
region of CYH3Aht{ GovedvinduetCypBAll SUpsIBds. trallWBNEH elerftintQderivét kd18 Pr esent

application, no rcf-}g%{ﬁ ory elenents had been described in the distal 2.5
Kb regi on of lf“rri?aél " As 15 described herein, when the activity of the

10. 5Kb and t he 13 Adboreiod Hall &f the ¥e Wl aﬁﬂ%ﬁh@éﬁ@ié@oﬂthé’t@ic‘hﬁ?§@ﬂﬁé tdpfrent s and
transgenic animal s, thel 3Kb pronoter was found to nedi ate nuch higher -

expressi on i nPERHCYtORLFasqriREn ol demenksegapnsabRaabe derived aediisokieder - push
exper | Ment s SaHRL | fabmichieyub SR QA nBGh kvl Yo WATPBr ol d - i gher
e

than activity observed using . ) pronoter. Furthernore, |uciferase
20 expressi orfcRRingp Bereige Aprexaipls. e framscribting copteol B soquenwtsef  showed

uciferase  IERANY Pherk SooMdifia bodubhcel Uedesctil hPRLMEN] PEASE eXPression in
is Mg us,

'10. 4 kb-transgenic aninals In 1ntestines. data obtained from
liver pusW experi rmilariyanscquensa s oinders Hvirnpdoficapreesdr adsebtart fiche - 2.5 Kb

di stal frag Y r ter . dr [ enhan l'i ver-specific
gene expresgﬁgéc?ggtg{gg%?%aﬁéﬁég%gg{r}?gﬁ?tf%ﬂm actzlt){zat%‘):"?lﬁ PHd ﬁgﬁsi tes in this
2.5 Kb i ncl uddifanfpicin, Potrespoisite ditienBlurslobasd itk WRPESirbRoepfekRALAL | On) and
“two HNF-3b si i n, di.rec rien ion). Anather exenplary method of
i sol ating pr o(tjrr‘g?3 éégd @Eé) Své”ﬁlceéglegf‘fffﬁgﬁo‘%e‘)e@ﬂﬁrﬁgg@l?ﬁeé?%a pPlcalioty ifrer ci al | y
avai | abl e fr aeguGitarytetaten(sPad deehlde@ribédh theadistal XIEEE FdoRthrafs Rage /&7 of the
g e

ég%? bégg?lfg;o Ecer'\ﬁ:gd ﬁ(?rtei%,l \919611 the é%:(t)ivi%}? otltl%e %.%I%?Enrd tgg ?351{1\:{\80%20/&(1)‘? \%2}325

compared in liver-push experiments and transgenic animals, thel3Kb promoter 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
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2.2.1 Muse Cyp3All and Human CYP3A4 Transcription Control Elenents
Sequences The subject nucleic acids of the present invent©fole 2005 as
described in 5 Exanple 1) find a wide variety of applications including use
as hybri di gafg2e8s6 obes, PCR priners, expression casset%@%w for
conpound screening, detecting the presence of Cyp3Al Il or 4 genes or
variants thereof, detecting the presence of gene transcripts, detecting or
anplifying nucleic acids encoding additional Cyp3All or CYP3A4 pronoter
sequences or honol ogues thereof (as well as, structural 10 analogs), and in
a variety of screening assays. The present invention provides efficient

met hods for determning the toxicity of pharmacol ogi cal agents which are

active at the |evel, .0 Al r 3A4 anscription. A w de
variety of assaysSszlr {v{(’%‘géﬁﬁ%ﬁl%ﬁ mﬁ%&i@iﬁ%%@&ﬁ“ﬂé“‘hgwmlbased on the
teachi ng of tHkangteSeenapeci fication, including, but not limted to, cell
15 based transcriﬁl i on, assaés, screening in vivo in transggni_ ¢ aninmals, and
pronot er- prot ei n’ BT WHCAGSEEAYS o p ventiopKee dissdesgedin uci f er ase

reporter songiiigitd) Hi®a wilseridtp of 4ypOsdiBRY n6IBlihS ufe h§&idizPas fbes, ‘
transcripti o?,g%ssays. For exanple, primary endothelial cells are plated

onto microti BBI  SXRAFREION Saaetes nadylderrroppping Ceaning, detselinditbrat e agent s
f or conpoundsgreddiios Br CRBUWIALE CHIPEAL LARS 6F TaPLhQ Elﬁ}eof,%géé&ﬂ% tf?J'%rQJenéé“& 20
by lucifera

Cyp3Al 1 or CYP3A4 gene pronoters, "as nonitore e expression
(See Exanpl 8FPepneshipts: detecting evpreitibyieg nuckeic pidssaendingradditivnd Cyp2Abt es to a

r econbi nant BH@W@’&LE’% t 9%]&[' j I.pLion control

el ements derived froma %l%g%%%gr&ﬁ %ggﬁggfi%fg%gé%j;&fgr%mugihun&n CYP3A4

| ocus. | A0 paeralegy), and inraevedetyiofismitenimg@k®yc aci d 25 nol ecul es conpri si ng SEQ-

ID NGO 12, SEQ I v A .and SEQ D, NO. 15, as well as
fragnents ther eo:‘:),r %%r%é%ég‘%%ﬁo%%&ﬁ?ﬁrg r%eﬁ}ogs 1%?5\‘}8‘[6”%5165 BeithHESl y 80% t o
100% and i nvEgpermacaloges! 4ztxes ehiehweaniivese titdaetof CeBRAIL yr CPP3SE8LNCES

di scl osed, af_._l|east 8Q-85% preferabl 5-90% npre preferably 90-95% and
nost pref er a%f“i;sgré@p%%%’ @%%ﬁgeﬁ%%feqsﬁ&{of tgnserptonal expresyiN 8 be Bgfdence (i . e.

the 30 sequebmedomthetdrehing eSba prebanv §uatifieibn, MEIEdiRF, DL LAVER, tLan My al so
i ncl ude Z nu%!éeic acid sequence substantially conplenentary to said
pol ynucl &dt i BRSSL BRISEHRHOR 2SSAYS, Sqrenifigeih po MHEAagonIC 2unalip BRd premoternuc ei ¢ aci d

sequence t haprofeeisihdihg adshys. ForRkAEHIE O diRioddd theiorfRtQReter &0 Pucts 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 SEQID
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 '



WO 02/ 088305 PCT/ US02/11770 said pol ynucl eoti de éequences or fragments
thereof. The invention includes further transcription captOdgbeeberent -
sequences (e.g., pronoter sequences) identified based on the teachings of

the presen{yoRghséd cation (including, but not Iimted %&T,U%gg efce
information and isolation nmethods, e.g., 5 Exanple 1). The nucleic acid

nmol ecul es of this invention are useful for producing transfected cells,

| iver push animals and transgenic aninals that are thensel ves useful in a
variety of applications, and for screening for safety and/or possible
toxicity of . conpounds that nodul ate P450-nedi at ed netabol i sm (see Exanpl es
2-4). 10 Thos&idpilyiveltofide setpeneastor Gagmenathéicefe t he i nvention by. fol | owi ng

t he gui dance of the .specificatian supplenented with standard procedures of
nol ecul ar bi ol ogy oerm‘{)eﬂéon 1“%@{16& %}f?rg‘ CRioR £BREH FlemenioRausRess ies-oy p3ALL

and CYP3A4 t rpmsoter piguentes) dduntifibd baddetBiné Sackid® of th: hARST 85LiRRidt 0 host
"cells, and ex(ﬁ%c?%?i on of het er ol ogous DNA Qperablﬁ/ linked to said Cyp3Al 1l
or CYP3A4 pro Rg, DOt @R P esedsuee nformaticnapdvseiajion mehefloered or

i ntroduced i nEomipgei)pi ent manmmal cel |'s by cal cium phosphat e- medi at ed gene
transfer, electroporation, lipofection, viral infection, and the Iike."
General methods andepeeeisredmylecslenal thisdrvention aamuscli frraseluging ey be f ound,
for exanple, trdnsivbtciEdiRANRF r yafe = cels i .On. Labor at ory
Manual , Stockton Pr ess’g _195]683.%9%}&&&??%%%8&% ansgéﬁ?%q%gfségesl%se@?vo can
be achi eved, P&rangyekampraionhynd fos sarersngffommtity andébrypbssitile weictpos,

i ncludi ng, b i ; ' i '
i ncluding, buwonpehndsiod b @ﬁg?é-ﬁ{e&ﬁ%éh Hé?a%§1asrrrl?§§egﬁg;‘cr%@'f§§§

adeno- associ ated viruses an pes Vi ruses, ) a‘ﬂd di rect
i.nj.ectiontbf DNA ilipes skiled & the ext in gryqiies the invehtiorsbyalkneing tHeQ@@RERie ANt :

expressi on vegd g I m@i nt..cel l.s .cont ai ni he Cyp3Al | and CYP3A4
transcription c%ta?lgngg IS]Z[rngn ?P%fmfhﬁganﬁrg?é%f’g r‘?ﬂf’&%ﬂqﬁ?‘fﬁla{) legy sy the nked to
a desired 25 ifdttonehd goustgeamnadheitypdal | ¥eredrig spesidive cdmioget cells in
© Vvivo. See, e.g. g’ son tur 365: 691-692 (1993); Plautz et al, Annals
N Rea. - sei omptk R R by s b bap! MmN ACad.  soi -
© 716: 23-34 ( Iperbdlyadinkedyaaid 3p3al1 oY RIAR, prdficiors2 By e’%éélpfe,lﬁﬁg)is .
Furt her e, CceI I S TR étbe %r ansformed ex vivo and introduced directly at
| ocal i zedsi t88"5)] F%‘ EXFORY, oEecyeed iptarpeipignt magima pellsibytcalgiven aneous, 30
i nt ranuscul aphedpilatthgedlatddqrend Rarfdfliclde@bporfiRAPRIRANM, vEXRELSHOhatEST Or s can
be deliver eiié\“ a liver push to aninmals, for exanple by intfavenous
injection (s&&e gpgeéz}l methods 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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Experinmental Materials and Methods, below). 32 12 Oct ober 2005 WO 02/ 088305

PCT/ US02/ 11770 C oning and characteri zation of the Cyp3Ablodiesdisageri ved
transcription control elenents and the CYP3A4-|ocus-derived transcription

control el geEPlsisgy € described in Exanple 1, below. d qgpi
characterization of transcription control elenents der ﬁi\?gﬁ%%%{’t he CYP3A4

| ocus are al so described in the Exanples below. 5 Characterization of sone
regions of the 5 non-coding regions of the nouse Cyp3Al11 |ocus and the
human CYP3A4 | ocus is presented in Exanple 5 (see also, Figures 18 and
19). The present invention includes a polynucleotide effective to pronote
transcription of aflospperabrharicienikain lvéthe Cypdyblubcsedpieat @ansG fition

pol ynucl eoti d i f ' non-codi ng.regi o f the nouse
Eyp3ALL gene. ! SERLHE A bO BTSRRI D BBt s ceaetinae

appr oxi mat el ydas@riteld is Equrapie ¢, eBEQ ClBniNQmdl)rac@iichtibh apwEBEHtibResBQf . 1N

particul ar, f nt.s. capabl tioni S transcriptian ronot ers
and/ or t ransc'%l?%?;ﬁsoﬁer%vg’g Erloénttg? (;&Eé‘%gg’ﬁ‘éseaéle 5?91‘?%?@’6@%@8 FrERies helow.
tr ?ns cr : pt f 0 SChzgantmzlatia}c efiemt rapfork bEthp a/elscgl%odif@\t@gﬁds@mhe%ugmmgqq a

ol ynucl eot i erived fro use ) ene conprising a
Bol gnucl eot i d@cgsea&ﬂéwg*@%@%%g&é%ﬂs Fﬁ?sg%f?‘%m E?‘(gﬁ@ﬁ{eii(ﬁerap%sonﬁgl?ré&)ﬁ des
1-11, 002 of &HQ9.D NO 12. One aspect of the present invention conprises

the approxi mately 9.3 kb sequence (SEQ ID NO 13) and fragnents thereof,
in particul ar, fragifeRessnidnsatincladesppalynidentidecliestive rpemetpt i on pronot er s

and/ or L1 ans Cidididn oAb RIMIMIREAHARERSous2BeecO 0 SITNAGLIRA . 2

transcription control elenent ‘of the present Tnventi

pol ynucl et i aeriyed fromdhs ¥ enwcadingregivn ofip 3mus Cyrdnd 1 gomp rOmsianmcioof

pol ynucl eot i dge »SEGHERERiARY] % : L.dent it 1.0, NO 13.
I n anot her enb%gi ment al t}'ﬂé] g%:e??néta? rﬁ%@%ﬁeilf%% kbeﬁ%géreé]ﬁ%/(%& ]E?ﬁgop&ésent

i nventi on i ncinddiagmgnts dheyasfich puticuda, fratmenseapablearifidedoningisaranQyp8é | gene,

areater 1o nuaneot rESREatAgeR GReBEBRD 13 "1 anot her enbod fent
a transcription cdnbnoémigidénanta tedhsdipgorptoptendlemdnovBhé pREent MGHPAS a
Compr i si ng & BAG P et e 461178 TS0uY B opS8TT e apBpidi  nuct cot | des
6792- 9330 of rsEQutlboidesedudnce Having DOBIL pRaler RBRAH o MRLcoidks 111388 L Pt on
SEQ ID NO:12. Ogne aspect of the present invention comprises the approximately 9.3
kb sequence (SEQ ID NO:13) and fragments thereof, in particular, fragments capable
of functioning as transcription promoters and/or transcription regulatory sequences.
20 In one embodiment, a transcription control element of the present invention includes a
polynucleotide derived from the mouse Cyp3A11 gene comprising a polynucleotide
sequence having 90% or greater identity to SEQ ID NO:13. In another embodiment, a
transcription control element of the present invention includes a polynucleotide
derived from the mouse 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
' ‘ 33 '



30 control elenent of the present invention includes a polynucleotide
derived fromthe nouse Cyp3All gene; said pol ynucl eoti de casgdrizshng a
first polynucleotide having 90% identity or greater to nucl eotides

5104- 6218 @iy o3fakdzsL NO 13 and a second 33 12 Cctober 20Qp,WQ,0aLH88305
PCT/ US02/ 11770 pol ynucl eoti de having 90% i dentity or greater 1o nucleotides
6792-9330 of SEQ ID NO 13. The pol ynucl eotides of the present invention,
e.g., a polynucleotide conprising the 9.3 kb sequence (SEQ ID NO 13), or
pol ynucl eoti des conprising 5 fragnents thereof may also be associated with
a basal pronoter in order to confer certain regulatory characteristics on
t he basal prop@yecleptiddlaying Ipteddetior ompraier fomcleetiduapVe2-9330WPEEQEADA M ni mum
unit necessar dl% pronote transcription, e.g., a TATA box). The present

i nvention includes, but is not limted to, isolated polynucleotides 10
(for exanpl e, thosrﬁlejpob}mudeﬂiﬁesi d:fehbpremﬁxhﬁmhaomfe A 3®oBhudettie

polynucleotld yector risi nucl eot i des, expression
cassettes corrprl AP tsugcgz%k%%ﬁng %ﬁ%@@ &ié%ﬂ’%”é“c H‘Bﬁ"slcginﬁﬁm%ch

pol ynucl edt i mmmmmfmytalso% bsssoclﬁzeﬂrmth aibRg@1 SrembteP Rl ot 6 SR des,
l'i ver-push non-human_ani nal s conpr i tLl‘?gr_@such pol énucl eoti des, and

transgeni c, nORAHIRETRIYH ChpLersy algyeupotyia @ﬂal/ﬂ%lp‘@bmﬁﬂé@l’ I n one
enbodi ment  t hexapprRsedtipris®¥ afdin@m UntGk&E8sy B JréBRs §8RESH B! ani nal

" (e.g., arat or_a nouse), corrpr|5|nng a gﬁyll ptcrllerlved p@?ﬂ%eotﬂgﬂ

oper abl y i nk¥Pt0 a reporter gene (e.g., a light-generating protein). The
present invention T&%&Qﬁ%v@ntﬂﬁ' ﬂ{dh!lt&E Ghat is‘ilSt 15hit G, i ard P oﬁ)fnﬂgﬂéﬁdes

transcription of an op erabl¥ i nked het er ol ogous seq uence :
pol ynucl et i dé&orzpamrle, thesg just daseritied), methednoiowel phaychr quyrmuleolﬁdes hectortsman CYP3A4

gene. One aspg [ t he .approxi mately 13
kb sequence (SE rl%%gls\llgﬂ%fg&ﬁa igéf%?&tsi'oﬁ@asgqggg%ﬁp Bin SB%.]I"[I cul ar,

fragment s caﬁ@blnédeﬂldﬁﬁlrve@tpﬁrwmgnm smplaprﬂmmcpbum remmmeﬂs and/ or

transcription, One such exe y fragnment
i dentified by @E%%%E']%@bo E%%%gshléveé Bet dnor?&r]i‘fmnﬁ lfria r?gf?ﬂ‘ 25 %‘ﬁhcont r ol
el ement of 2%olsnecipetilernnd irmsgatid, aon-hnsdnmésalacqgyngeta@ot | de derived from
0,
o s e 50 SRR B R RS A, 07
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. Inone 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 havmg 90% or greater identity to SEQ ID NO:14. In another
embodnnent a transcr1pt1on control element of the present mvention includes a

polynucleotlde derived from the human CYP3A4 gene said polynucleotide
- 34



In one enbodiment, a transcription control elenent of the present invention
i ncludes a pol ynucl eotide derived fromthe human CYP3A4 geng.6896ESI N a
30 pol ynucl eoti de sequence having 90% or greater identity to SEQ ID NO 14.

I n anot her woaysheghdrent, a transcription control el enent };gT,I}S@%Bg; esent
i nvention includes a polynucleotide derived fromthe hunan ,&4 gene,

sai d pol ynucl eotide 34 12 Cctober 2005 WO 02/ 088305 PCT/ US02/ 11770
conprising a polynucl eotide having 90%identity or greater to nucl eotides
1290-2446 of SEQ ID NO 14. In another enbodi nent, a transcription control
el ement” of the present invention includes a polynucleotide derived from

t he human CYR3#prigmpe, polysadlebtide hyvingrdgbidentity oogpiter3o Rgclevtided yoochemt | de
havi ng 90%id j greater, to ucl eoti des 2758-4111 of Q I D NO 14.
I n anot her e%%o@(ﬁ%ﬁb'%' ﬁ?%’host%ef PP ORI b ITITIPtRR ST g]‘élf‘e"ttﬁ ey esent

i nvention i nopragesingention jwdécofdifincletide\detvddriam thb aumhtoep3 LYR3A4 gene,

sai d pol ynucl eoti de co i sing.a polynucl eotide having 90% identity or
greater to nuéf &#X“&&@‘%fﬁ%ﬁ%g gPOIéEEﬁePW%YmEEE%II?FD&FYd%"%éerateéFﬁ)odi nent, a
transcriptd omueRotidesl2768-TER SBH IDNONEE FEAbtheAMAInRAL IaRGhife8R 10

pol ynucl eotide derived fromthe human CYP3A4 gene, said pol ynucl eoti de

conpri sing a P kfEEbe] Heprksspt Rycryiondncidet 3 plymyelegidsderivedtiomtel eot i des
6317- 9099 f  oe i i - 1 Jt trol
OfhuRf@ P3N gedd sail Bo@ﬁ'&ﬂé&lﬁﬁe Wﬁiﬂ%ﬁ@%ﬁgﬁl&ﬁiﬁ@ ﬁzﬁtrgl egﬁd\'/%g 3 ]E: ?g mr 0

el ement of the present 1nvention includes a p eot1 de

the human CyPdemityercaterdonuriqotiispided-6010 dSEEORPNOSHndn anofiet ynucl eot i de
havi ng 90% | dgfointn?a t3h &R dofudfidtiet S3hl %@&ﬁ@&a&.ﬁgﬁﬁg%“a SEQ 1D

NO 14. In yet another enbo , a transcription con enment of the
present i ¥Werpoliancleotise ddaeddrquothy hunheGYPYst gabey saidgalyinndeotidae human CYP3A4 .

gene, said p i | Sk first ol ynucl eot.i de | 90%
identity or ;&IP é@#gdrlgfg %blﬂﬁg:?e%ﬁ? %ﬁ Z’én %%ngold %ﬁ%orogeaé%@ 1“5?603\‘@55 6%2’?" \ég&;gecon‘d

pol ynucl eot i dd SEQADNMJOABdn aheiitel tyb@imert.eatmecriptontthtreniidmes o258 20 4111

of SEQ ID NO 14, a thj.rd. polynucleot.id avi 90% j dent | or greater to
nucl eoti des 442 I-ltébvefgo ]Pag‘liféalpﬁk .le%ﬁf'gg“feggl?’wh/‘b{ﬂw 4 #8%havi ng 90%
[ dfant i t?/ or gaﬂﬁbﬁmuﬂébti’dﬂeélﬁ@ﬁdh@eﬁp(ﬁﬁﬁﬁe&ﬁﬁglaﬂﬁg ﬁ@ic}fﬁi@‘@a glehter ®Nd a fi ft]t]
pol ynuc tide havjn 0% identity or greater to nucleofides 9401-12998 o
SEQ I D N 1&’.‘1‘«‘15%“%84%5}?2?8%8{%%%?('aé\?:gﬁ- Ippet Ppdermbolimeahei on, e.g., a

pol ynucl eot i @@mnscription control element of the present invention includes a polynucleotide

{mh,

derived 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% idéntity or greater to nucleotides 2.758-
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 polynuceotides 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 regnlatory 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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conprising the approximately 13 kb sequence (SEQ'I D NG 14), or
pol ynucl eoti des conprising fragnents thereof may al so be @ssasi-abged with a
basal pronoter in order to confer certain regulatory characteristics on

the basal BHHRisys (a basal pronoter may, for exanpl e,x‘cqmg i’,ﬁjcrma m ni mum
unit necessary to pronote transcription, e.g., a 30 TAT boxg]. he present

i nvention includes, but is not limted to, isolated polynucleotides. (for
exanpl e, those just described), nethods of use of such pol ynucl eoti des,
vectors 35 12 Cctober 2005 WO 02/ 088305 PCT/ US02/ 11770 conpri sing such
pol ynucl eoti des, expression cassettes conprising such polynucl eoti des,
vect or s conpremsprnipgsuchp@plukotdes pdxipthedon caeeaeddonmriting eldhs conpri si ng such
pol ynucl eoti d L i ver-push non-human ,animal.s conprising such

pol ynucl eot i Bglsglfmcéﬁ%‘g?sr g‘?‘fﬁ‘)é%?ﬂ‘@m’r’i‘gﬁ- RudRptigs: LooBRBRPrSRy such 5

pol ynucl eot i despristagiefl polydicoidadivee plish@bn AR ReRREE cOhphdf; REesent

i nvention, includes, transgenj ¢, non-hunman_ani mal_ that conprises a
transcripti oﬁ*‘-’l&'&}}?‘f@&gesew@ﬁ@ﬁfgea@ril%falmwwaiswenmﬂﬁ&ﬂw%M gene (e.g., a
pol ynucl et i gelyspmeameze having 90% or greater identity to nucleotides
1-13,032 of SEQ ID NO 14) operably linked to a 10 heterol ogous sequence
(e.g., encoding a®Prejere Aimenhef ane atneetef thegwesentamysnidon, ifclwdes®r ase). I n

one enbodi Mefbuspddi€ nbh-ARRGSRIifal (AR s TR 1o hae a
pol ynucl eot i de S%ncoclllli ng hPXRl(gthu%gﬁﬂgiﬁgg%g?Sm tlogggﬁté@%%%l%%ghﬁgt is, the
transgeni c, HenthaiarandaY 04 gtoe &-mot pavapclestidesedugnestiapima P0%uoman  PXR

prot ei n. FOr o Gl fy P LBARITDI 58085 16014) BelIBIFH g3l ) has been

gener at ed thgrte conprises a transcrip n-contr n erived from-

t he humai? CYR3adlogewmscqurnte (elze eanmiding] a lighbgmendhg propie $& ekdgpliiunan
rifanpicin c-receptpr (se anpl,e 6). 2.3.0, Expressi Cassettes and
Vectors The %)%%?rgsseg i %non(% 3?@%%5@%8?8%%%’8& "ﬂ%’rhgfnﬁ" e af%? WACPRIPHSGC| ude t he
followi ng comipnehibtde {ukpdiag PEXR tuklreatrifaapieneodedgiod), eOOker gene, such
as a sequencg 20 encod}ln a li glgit Sgcgﬁener ati ng?r[ér_ot in,. (é%%a transcription
control el enBfitEBPerad V%aq?w PHPY [EPTRE B B?nagé‘ﬁ‘@a“s BIREn- Fierein the
control el eneainples a hahpet agiontSek a ndi& Go8l) RE EaAkRBGERY 1Ak cddiRiskd ght
generat i g protein 3A11 and CYP3A4__sequences of the present

(e.qg., the '
i nvention). %F%Fﬁ%réﬁtioﬁtcg’étwlégﬁle}l erixpchiiin the bymap (Y3 AF @R b 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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sequences provided herein may be associ ated vvith,' for exanple, a basal
transcription 25 pronoter to confer regul ati on provi ded fyo&ssdr 200mt r ol
el enents on such a basal transcription pronoter. Exenplary expression

construct swareeeskesCcri bed in Exanple 1. The present i nvq;tt[l'll%?yﬁl?%o i ncl udes
provi di ng such expression cassettes in vectors, conprising, tTor exanple, a

sui tabl e vector backbone and optionally a sequence encoding a sel ection
marker e.g., a positive or negative selection nmarker. 30 Suitable vector
backbones generally include an FI origin of replication; a colE

pl asm d-derived origin of replication; polyadenylation sequence(s);
sequences 36 epodipg HRdiolzgestaney G2, GeRBIkn REFI40S) 2nd dhF0regitantiong

tibioti i NG 15 R 0k t d .ot.her | at
ant bl ot [ 1 aShBLARGRE b AR) Clbleld o S5k ANCENaand ghuer regul atory or

o= i
control elenents. Non-nl Imti ngﬁgégir?ﬁ es o?p%a roprrate es include:

pBl uescr i pt SKRISiserptaldhgatagene, Jallbla, C@x)pBlpBtumES (Sipitigend, Buvaitaagane, La
Jol la, CA) %goﬁ}epggm&g%ﬁyg %I ll)lgvgc\{ai | abl e vectors. 5 A variety of
e use A 1 he

reporter genes nay pra%rf‘i ce of the present invention.
Preferred Sare thosevatkst ofpemaiacgenas fpabeaisad pripdpatticsdt 48 I;;ieﬁelﬁaSi ly ,
nmeasured in a routin ssay. . Suitable reporter genes include, but are not
limted to cﬁfl‘éepg%hgrr‘?%é%ﬁg%égqsﬁha{ PIQTce @ Pralein prsgist whishgeasner at i ng
protei ns (e. gneashrud irf £roated) assaydBidiabRb&ogiad @atOBEIH@S But O BRiENMo assays

i ncl ude, but gfe nat | i%r’n'tefi to 10 calorinmetric, fluorinetric and enzymatic
assays. In orf Oéaéﬂgﬁ",co EHHrapichen s Relehh genewipe ayasin (has lustferassipr essed
Wi thin the cehli betadalbbRgi@aseX ICoAGHidnt hdkysREAHICHR aRN ot lix‘fhtécﬁ‘&t 'y measured in
the intracellular nmedium or in an extract of the intracellular nedi um of

a cul tured ceplorimeiis, Mugrimetils ¥ caaynati penay e feeneagract, teporier @nesepgriieer gene

whose pr oduClenipky 8@ L@ xprads e Giekil Bye'cBh anﬁ\;}gosgfe{{&'a%ia 5 ol 1§, secretion
i ntroduces 15 additional variables that may conplicate m‘ferpretatl on of
the assay. | rlirgcthriaeasuted in the vwetlilan meditiveor in po etterct ofaheiniraceliuttd ght

generating prigin.s WigH 4k he. |1 gk nerating treporter proteins
described herein, express| onﬂgréénhﬁ}g PTG eHFﬂ ecUra Séqgfre%oﬁﬁrgene
non-i nvasi velwhossprddunt isi shadtedsinee thesae and dficiexgroitie, sedCaidndgroddeesR. , et al .,

(1998) ture.. 2 4 (. Cont a C. H, . et al., (1997)

Phot oc he#gh otag%llwgr%l V%%a% %ggwélfay ﬁ?fn%}?ﬁt? Ipjerpistation ,Olr b aé?F‘Y', g’(“]@@cﬁ’}e%l

M crobi ol . 18n58@80G}he rtpvriengena selipht gdnefaify HidwaNtWash usidzend light
generating is 1lerj iferas%. Lr%ci fderaﬁe codi 2}8 sequences useful 1n the
practice of CR& Dredehvrel HOEHE dEHPHerRE cagtsncas be evalnated accurately

and non-invasively as described above (see, for example, Contag, P. R., et al., (1998)
Nature Med. 4:245-7; Contag, C. H., et al., ( 1997) Photochem Photobiol. 66:523-31;
20 Contag, C, H., et al., (1995) Mol Microbiol. 18:593-603).

In one aspect of the invention, the light 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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obtained fromlux genes (procaryotic genes encoding a luciferase activity)
and luc genes (eucaryotic genes encoding a |luciferase aothMblafpood variety
of luciferase 25 encodi ng genes have been identified including, but not

limted towdtdagsdhed | owing: B. A Sherf and K V. Wod, Uy, Ras,g94, No.
5,670, 356, issued 23 Septenber 1997; Kazanii, J., et at, U S Patent No.
5,604, 123, issued 18 February 1997; S. Zenno, et al, U 'S. Patent No.
5,618, 722; K V. Wod, U S Patent No. 5,650,289, issued 22 July 1997, K V.
Wod, U S. Patent No. 5,641,641, issued 24 June 1997; N. Kajiyanma and -30 E.
Nakano, U.S. Patent No. 5 229 285, issued 20 July 1993; MJ. Cormer and
WW  Lorenz, Ce¥- SiolpLy i3I8 75 Taammigh oy, ¢ gk Bidhig. Riopkts. AG@A13IME- Cor mi er

and WW  Lor g37 1994: gha WabERL V! i 2 ¢ de Vet
J.R, et al, Malec. 37 12 Qct_gtlglgtral’?é%%ge\/\%@g@?32%%%@9‘%6%?‘%970 Cel I .
Bi ol . 7:725- 7@ylimiggeent matesy itetideHiglt-gensratink proBiimotiitie acBiopHysily Act a
LISL 161 1654032 e0d YOfends, o8y s eRarald. 1005102, 1989

Anot her group o .bl.O um nescent protel ns’i'n des Pat i ng
proteins of tisauebylilerigledudas fequirc(aRoaish ef gneily, Gch aeATRINAD@)BCAEMe

26:1326-1332 987)) - i ases...as well as 5 aequorin-like nolecules,
require a sodé%éﬁlgfa)sgﬁéé%g%’/%&é&gﬁm%%m&fP, NAD(P)H, and the |ike, and a

substrate, suohleagizinaend exyigen.or coel entri zi ne and oxygen. W/ d-type

- firefly lucifer as%_léﬁgi ?.a%dﬁ hfave em.s f n maxi na at about 550 nrn.
Nunmer ous variants Wt h arStYie? e@ﬁ?ségﬁlﬁiy YG TSR Baxdns ¢t ey S8miHi ed. For
10 exanpl e, Ke@jrigrounevasinits Nak aRand Bnetieh hakigh hadd S0 694 36934, AQ91; U. S

Patent No.., 5, 330, QIgG., issgqejgI 19 July 1994) teach five variant firefly -
| uci f er as¥s FEABPLEBRe aad Nefago Grivtesr G A(6XARNEXS 19Y; Unb PrigetiM.a cr uci at a

| uci f erase_caIB3uposciawed 1S Tuly] 4) ad MRl GERA R ThGRIRL REGKSa8) 558 nm
595 nm 607 nm 609 nmand 612 nm_ A yellowgreéeen luciferase with an

em ssi on peaksfe AHBeECIGAmngsH tp thed yamtsr e ratm Jucirasa carting stqaetioeo T onega,
Madi son, W ugdgls b s r I f hi] 1 Ssi on peak of
about 610 nmis dséscriebed, n?%égf(?r?p e,slg?%hlcgé@gg égt;tngﬁna?l%g%)% Nat . Med.
4: 245- 247 andeieiyisygmipcéeragd with aroguiysidagrenk ofabgut 40GS1is 68Bmerthdly codi ng
sequence jaf VA i r nilla nmuelleri s.al so.been

descri bed (%%AI‘\II}AA?E ﬁ%%%&gg%%@%%n . ﬁ%f%@%&}‘%r %ﬂ%‘rﬁ"%&%% on
AAGH4094) . 20n emissignprikert abheédd nwfis ddveripd dorekamiply @rTdneig et 1h@998)

|1 ght - gener aty DD 9985841 fadajiyama 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 .



fluorescent protein, for exanple, blue, cyan, gréen, yel l ow, and red
fluorescent proteins. Several |ight-generating protein ©aoimnersegsences
are comrercially available, including, but not limted to, the foll ow ng.

Contech (Ry) @@, CA) provides 25 coding sequences fqy.Jugiferase and a
variety of fluorescent proteins, including, blue, cyan, green, yellow and

red fluorescent proteins. Enhanced green fluorescent protein (EG-P)
variants are well expressed in mammalian systenms and tend to exhibit
brighter fluorescence than wild-type GFP. Enhanced fl uorescent proteins
i nclude enhanced green fluorescent protein (EGP), enhanced cyan -

fl uorescent ptugicernd SOVEECERE rermitdrse DkRnteding atduencef hrdavgBbRFonpr Ot €i n

(EYFP). Furt .ech rovides,destabi|lized enhanced fl uorescent
protei ns (dE §m?/cgr(ﬁggéi’?‘gw%yhcg(fn%fcéﬁ?lﬂlrteeﬁ OgYe&lorf?‘(ﬁCWr@g'@?‘t(iﬁ%@Fmrhe shorter
hal f |ife of DsRed tleREd fasreait prowik eshilheepusabubnmdiss. Kivp@td ¢ 38 12 Cct ober

2005 WO 02/ 088305 PCI/ US02/ 11770 studi.es and as quantitative reporters.
DsRed codi ng%gaed%%ﬁ?é-’seyaﬁ?edeé?fﬁeg3BP‘éeqﬂP%rﬁ§ce@P6?‘f‘F’B(f’1‘?m Discosoma coral and

(http: // wéw. dis amiaeshwidenisastels A nfialhy RE @ Mlowaeder EBRet PRSERdatXt) .
DsRed is a rﬁg fd ldgr%%ﬁﬁg\tﬁgrot ein useful in _exg}ressi on studies. Further,
Fradkov, A F. 12B{004) (n E4eResd CENTBVEE Acraseip e efk2787 bl @1otei r om
- Di sc0s0i na C@éqibnc@NGEND ANIS ABB4EASH S0 MU GTH2D9S F85 8 ' -red
fl uorescence (C%E%SPLett. 479 (3 1%7- §L30 452000)%{%%&&6@3’?&%%%& GENBANK

. ) .
Accessi on NoPr%(FﬂZ‘?fQ@ﬁl“glﬁeq‘ﬁﬁﬂéftSéPfer§ &l decifeese ARKe As centgingrhintb:  AAGL6224) .
Pronmega (Madi,g®n; ). L | r fire fly
| uci ferase (for giﬁ%np)l Zzl,lélg'é’ Cgaoi%g?ﬁgn ?%Etgﬂ%ﬁgﬁggﬁvesg 0 é%t%&%jf?t her, :
codi ng sdfuenraisble dongGRNBABK, fir ckimple.aseresion pmdteei NE0LHODS, WF3a9241L abl e from

AF202560,  AFSSSRR AR R R A AR ARG ether,
AY015988, AYUE3DU4AYAMGPSAFRYOEH6S, athdiF2925d6] ux codi ng sequences have al so
A R s et e M R T
enpl oyed, f opulgikiplseViarakn200ieXatogah CoGoRKOR. BB SHToh, TurgRt light sSteftingy St ens
- include, ;but are not Iei m Oeg to, Lur’rf'enescent bet a- gal act osi dase Genetic
Reporter g\/sts BIREEHH eeﬂlﬁ Yop Y FRYRC WA IBHINg R RE O M EtiidSughy gene
whi ch a prodsystenishadludeaiut @ not limited to, Luminescent beta-galactosidase Genetic
' Reporter System (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,
39 ‘



readi |y assayed. Exanples include, but are not limted to, an HPRT gene
(Littlefield, .20 J. W, Science 145:709-710 (1964)), axeabbérreoguani ne
phosphori bosyl transferase (GPT) gene, or an adenosi he

phosphori begylreansf erase (APRT) gene (Sanmbrook et al. ,P@%%g%mﬂa
t hym di ne ki nase gene (i.e. "TK") and especially the TK gene of the herpes
sinplex virus (G phart-Gassler, M et al,, Miutat. Res. 214:223.232 (1989)),
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

resi stance to anino acid or nucleoside anal ogues, or antibiotics, etc.

for exanpl e, g:@rkdleéememqmsedmmﬂmrsummmd:ezuSQGﬂwy@BmufélTeaﬁnoqhgiyydrofoI ate
reduct ase (DI—IET g@é%nﬁ adenosi ne dearni nase (ADA), asparagi ne synthetase
(AS), hygrorrym n C)sgpotransferase or a CAD enzyne (carbaznyl phosphate
synt het ase, aspartﬁtwebmatygmaﬂ;lmmehm&ﬁertﬂﬂ@t@%ﬂh&%ﬁﬂfg%!ﬂﬁ@&%e Addi tion of
the appropriate substr, E} OS}%IIVG sel ection nmarker can be used to
determne if PHETFS %fd% reﬁtf Fhe® 6‘8@? 1140d Seibdbdtiseriiensss REtbe presentx pr essed,

for exanpl® CabbmionhiThdse dRemioh si@%RMASH &eﬁh?n&ﬂﬁie&kﬁéﬁtl%a%hﬁ?é mﬁﬂ*vcf@t‘éé(er nptlf,
39 12 Cctober 2005 WO 02/088307 PCT/US02/ 11770 are kil en exposed to
the subst rat e®¥£180p ehise Sldppd the pupenrecsmaeriethe postitietshlestiipumagker VD) . The

vect or typi CalbiferfeAbRHRProhSE! ﬁﬁs%/%oﬁ 'sﬁ&%ref ﬁ:l'r e%@%gé zésﬂ‘ﬂ:tfe%ydéﬂﬁél?a?%' de

sequences of interest, e.g th sequences
present 5 i nviERRgnEien STFPFe%l qanfer @iaﬁlnlesiep@sﬁnaﬁreqwresﬁwwbIsye& e thisdea, such

that there arge ldorthh BSdigesRitwifil trhgfégﬁ]op?fa{et}:% s d6q B s%ﬁ?&c%s? gﬁg% ér

encodi ng the positive selectlo ucl erase an
| nsertionlGi tlégptedrinto tlfedfecteXarrpl e, restriction endonucl ease recognition

sites, and can, f uni que I’etI’ICtJOI’l sites. In this
way, the vector . Qjé) tﬁﬁﬁﬂ}g hgwe‘trt&gm%a’t—uﬁ cfaﬂémg%f‘é]ﬁ yiugleotidnseegdies ang t he
sequences of Ilegttteqessltctlo:tl()ndrk&gaswbieme@aﬂvheelawﬁﬁ elarkef3Ihd 10kt Yare AdR€ VeECt OF

ey Sl AR PO R MG LI R B T 65 | T ¢ e

to, HSV-tk (smeU.2 Rytent.Noj74040768), adwell 4s188)endbiinoENGbus tdxindBbind@g4: 904- 907

and U. S. t wel | genes encodi ng vari ouS toxins
5

i ncl udi ng 15%‘?1%‘%?’3?%%‘?‘1 g f%ﬁ‘?ﬁtoxwh@efﬁl%rﬁwlﬁ%‘ﬂltw Peri@sisdpEnet a toxin and

the per t ussi Suitlotinggatife sé‘ldxthbﬂi@ﬂérk’@ﬁ%ﬂé isMBe BpbRmtliR e Rk ShogfltBoby ¢ he

hypoxant hi ne tganafnl ne ?{cﬁphorl bos

erase ( gene for negatlve 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.



transferase (HPRT) gene for negative selection in 6-thioguanine. Exenplary
pronoters for use in the practice of the present inventi@Quabker2gdescri-bed
above. 20 Vector Construction: The vectors described herein can be

const ruct eqvo difekdsbzi ng net hodol ogi es known in the art of,qRlesylar biol ogy
(see, for exanple, Ausubel or Maniatis) in view of the teachings of the
specification. As described above, the vector constructs containing the
expressi on cassettes are assenbled by inserting the desired conponents
into a suitable vector backbone, for exanple, 25 (1) pol ynucl eoti des
encoding a reporter protein, such as a light-generating protein, e.g., a
| uci f erase gene, OPEFERHPYEhAK abPYEniag pelpmstepiidesi soiiatdorevlabriel ement (s) of

nterest: —(Zq@n@SQENFEnRAINMGR AR ¥R EPON ALK and.

~optionally (3)" a.sequence encoding a negative selection er. In

addi tion, = t hé/asBberenn & 6hJiGRIct PRASHICAL ASPRAACHEARL Bress itt@dford lihvet ditgt

addi tional seguen¢esyofpd : neadily inserted to .30 flank the
sequence encggélén’g. pog)iot id\;weéoglgﬁlg}ésté&gﬁacﬁg%?g%mgﬁg Ctl%ﬂa%gea%”é@@ gdi ng

~ sequence. 512 dgetiwbet 2005bMOf PRAOSE3OFIPEE/ hdSORA AT edbtiph.eAmbRed . et hod of

obt ai ni ng po i ,.Suktabl e requl at or sequences (e. Qg. :
pr onot er s) ig%g%%r%ﬁ%%g moFote ﬁrfpgrsﬂﬁg%?n%ﬁﬁgﬁ’geqsgﬁ‘d’rﬁe’ M$&+ %‘gf’ﬁgr son et
al ., PCR A Phirefiiatioh, ARRROACHIat{velbndenesin af praséorteplaley giasi ty Press,

(1991)). PCR,caonditions.for_each application reaction my be enpirically
det er mi ned. ﬂemﬁkwcgf’“ Sr gﬁ"é’f‘ﬁ@?@ %FWFWS@%é“{bﬁ%b%Iﬁ‘E@é@%%éﬁmﬁesF eacti on.

Among  t hese Afiar anplifRators i rahRg ilaPlierl CEORDE AbiESd BEhatdsiBe €xtension ti e,
My2+ and oncentrat | H and the relative concentration of priners,

_ TP . ¢ on, p na. 3 .a

t enpl at e%éanaleﬁ Grerip Srllowed By vieadizatiopevith clridivpytremsids stainezded cri bed bel ow
in the ExampuRsvioleMfilugfinadp! i fication, the resulting fragnents can be
detected by agarose gel 10 el ectrophoresis followed by visualization with
et hi di um br oni de ¥to8F §mkedimart. PGR e usedto anplifinfragaenriton] genomie erbodi nent

[ibrar es. ar o canyar aoAr o VRRFETHS SRR ARI ARy, ARMRIERLIRRE Pho" ¢
produced by eanPepEedveel Wntwnndthedtkinewaiint the Bt.ePrefeedblyy thetdnganisfgioan(s) from
ool at od' DNATR R e A o AR PGPl PR b P (oo, | ES
cell's, IiverDNG mimele obtained from any cell source or body fluid (e.g., ES cells, liver, kidney,
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,
i synthetic nucleic acid linkers can be ligated to the termini of a polynucleotide. These
synthetic linkers can contain nucleic acid sequences that cotrespond 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 '



bl ood cells, buccal cells, cerviovaginal cells, epithelial cells from

urine, fetal cells, or any cells present in tissue obtajsdobdr BbOPSY.
urine, blood, cerebrospinal fluid (CSF), and tissue exudates at the site

of infectiq@hsdspf | anmation). DNA is extracted from 20 msgﬂllg% or body
fluid using known nmet hods of cell lysis and DNA purification. e purified
DNA is then introduced into a suitable expression system for exanple a
| anbda phage. Anot her net hod for obtaining polynucl eotides, for exanple,
short, random nucl eoti de sequences, is by enzymatic digestion.
Pol ynucl eoti des are inserted into vector backbones using nethods known in
25 the art. Fleckdpagansm ipgrisy fo maddaedutle vBNer, fasxieple erikeeia driginnder
suitable congiti j 5t i ct] t.e conpl ementary or
bl unt ends on@e%%]%ﬁﬁ%l gcatr}lugarg ﬁ%ﬁ%@(ﬁé%%t?ﬁ%ﬁthgeg% %rg’f%‘ %kg(rmealﬂ be j oi ned
with a |igaseconfirise pmtdguating vecteyg. fretecior tiacs esed farcamtiokd arlsipe-girevaad be
ligated to thﬁte%?a'iiﬂ%ﬂ{to g{arc%t ol ynucl eoti de. These synthetic |inkers can

[

. CTIOINE, .
~contain nucl elrc~ac sequences at correspond to a particular 30

restrictich site iThetfiel comsttuets ciiNBe useli remedimalyge. a1 Br kdbdRctidnthio E® Vi ew of

the teachingshergi can be used. The vector backpone may conprise
conponents f ardt %ﬁ’é ﬂv?rf?“%b?séaW% ShSoRe gﬁﬁenfﬁg fﬁttgﬁgg uniglyise. \iseme 088305

PCT/ US02/ 117 7énizdimdiis the@bIALS Bie e @18@ pridido RO BoandIShitdsBoy R aR Or . for
exanple, a bactegi al or.ilgfié{g of replication and a eucaryotic pronoter.

Al ternately, THEOK ESEEHOBRBEESay conprise an integrating vector, i.e.,
a vector that is used for randomor site-directed integration into a

target genone. 5 DxoflinalPhnsimsets can be used i mediately (e.g., for -
introductioon into.ES cells or for liver-push assays), or stored frozen

| )
(e.g., at =200 untFPFIEEOnCASsalof the RERSE! yRRtion maydedpirrdnseddexiranr e

linearized prgepsmically)Sfio ah @finRKamHdee idPradticQ s inhe@bdidsBribed Befe RO Beh
eases. 2.4.0 Liver Push Aninmals 10 The expresSsion

restriction eindnffl_ 4. Q AN ! = XD
cassettes of 'tYf ‘% BCEREIG R FombaYs Peapeobiaitet doipade péliverada ditasbni cal | y)
into an ani mehjeltionrekedtPsBEAONIAC B&lﬁ%d?i?ﬁi@ﬁ’%%ﬁ@?%[p}egﬁgn O8RbRe H gh

| evel s of foreign gene expression have been obtained’in nmuscle and |iver
via direct i%piE ligset. REREHCIradmingtraen of prked athainid IINA into gie | evel s of

~ Xpressi ofF Cans@lssGndifing A e dn e I5LE Woite b W1 RO SHibRL A1 TAGRst rati on of
naked plasmd DNA into the
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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T

15 vessel s supplying the liver or nuscle. See, WIff et al. (1990) Science
247:1465- 1468; Budker et al. (1996) Gene Ther 3:593-59§8p, Rydierosd al .
(1998) Gene Ther 5:272-276; Zhang et al. (1997) Hunman Gene Ther

8:1763- 17740 onpsent | y, Zhang et al. (1999) Human Gene T\§lusdfid435- 1737
reported that high levels of foreign gene -expression was seen in

hepat ocytes follow ng tail vein injections of naked plasmd 20 DNA Thus,
in a preferred enbodi nment, the expression cassettes described herein are
injected intravenously (e.g., into the tail vein of a nouse) in anounts,
vol umes and _ durations that are sufficient to achi eve expression i.n

hepat ocyt es. @Qtl‘emﬁﬂﬁﬁ%ﬁgewve@mmrsfeﬁahh beoteametmul 10 wdt3D pgt he purvi ew of
one of skill I I ection is
preferably re dgtttly\;lgorg t]Itleealeg;gtlio ? é%rﬁgéfgmb]&%%t%%wgﬁga% Il 'fnt‘ret‘boqﬁ KL, nore
preferably begisetehordyoweridd ks tEanrﬁ_mmetsennmpEfqnatbesf kersatbdyl heloweand about 1
to 3 nL, and I?Imperler&%{agﬂ,llgss%r Olslﬂsecon m.. The DNA nay be administered in
an agueous SO Fon.Jor I n-any phar naceut i cal | y acceptabl e vehicle such as
Ringer's Solution. Qther acceptable vehicles are known to those of skill
in the artS and ar éil!)'lb‘emgﬁmbéanmﬂer exanpl e, |n Remi ngton's; supra. The

amount of DNA can Tlﬂ?efﬂr L%etteggftﬁég}jeé%& 0 10n ref%%bﬁlyl bet ween about

5-1000 pg, nore prefera y bet ween er

PCT/ US02/ 117 7@naboef anl@inged th GO tp grodna: temegenicmnienay fof @nﬁhhyof‘qﬂctmg about

10 and 300 p roore the tio refer y relatively
rapid, e.g q{l%%lgtg?fﬁsi O?éhe Brmn YR 1011 ﬁﬁé‘@{“g eg\f’értbgﬁmﬁﬁtr (516311"%‘%’? than 2

m nut es, m)r enme(ﬁteltt&btaytsgeﬁﬁzanirﬂhan altrafibgetic@sdeat) Gor eRMBYle, MERsHHA] & ably | ess
t han 30 Sgcony 'Il'ﬁgn%%em Cc Ani sl s The expressi on cassettes of the
present invert fHShpﬁaﬁt?gat FEUEAHRE PIREEE! 1 Hisd a8 & FRPRECToMmaging AntyRigRly n or der
to produce t rcanigen wingn MRhds, vaﬁfg, MRS gchi @binat G xarhPg, {78t hods of
the present invention. In . a preferred enbodi ment of the present invention,

the tr ansgenlhé( DN FASECTIGTOdeT KexthsBPISE OF Bilefitvariety ot ssnsiopnationdedinigses, rat, or

10 gui nea pi QreMl]ElEho@mhhﬂi&taﬁgqﬂgie%étﬁtﬂismc%ﬂﬂlfbl?o“'dﬁfd as a reporter,
i-magi ng is typical carried out using an intact vi ng, non-hunan

transgeni c ani mal {0 ﬁéTFCtél%‘afﬁﬁlﬂeéthlhmtq 1ugleh Expressiaiageaiics capbemicrgisieged a nouse
or rat). jA V%ﬁb&fyﬁnt@fanﬁﬁa@{?éfﬁcﬁ?&én&”mfcﬁ%ﬁlﬁh&%?necl%fn%aﬁﬂransé?91""” 'nthe art.

Those net hods include the follown
- recombinant DNA. This method has the advantage of not exposing the DNA to

cellular compartments other than the nucleus and of yielding stable recombinants at
high irequency. See, Capecchi, M., Cell 22:479-488 (1980). |

For example, the expression cassettes ef the present invention may be

20 microinjected info the early male pronucleus of a zygote as early as possible after the
~ formation of the male prortucleus 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,

43



(i) Direct mcroinjection into nuclei: Expression cassettes can be
mcroinjected 15 directly into animal cell nuclei usingaro&sspbpettes to
mechani cally transfer the reconbinant DNA. This nmethod has the advant age

of not expasidgsdsie DNA to cellular conpartnents other %ﬂa&oggmnucl eus
and of yielding stable reconbinants at high frequency. See, pecchi, M,

Cell 22:479-488 (1980). For exanple, the expression cassettes of the
present invention nay be 20 microinjected into the early mal e pronucl eus of
a zygote as early as possible after the formation of the male pronucl eus
menbrane, and prior to its being processed by the zygote female -

pronucl eus. Th&sKolsrch & apdedmithies. Qo 51981 yterive eeries imammals bspanel d be

undert aken whgpsctilt® RBLG1 FGed UglREzfre well separated and both
are |ocated crggs%@to t he cell rrenlglrngjrrll%} g'e@,s 39'. g., U S -Patent No.

4,873,191 to Wagndi) Eismtraporafion: TheslsNado@einoigahe dxresdi®B&ssettanef th cha, J.
(2001) "Prod L.ON: - S i | ecul.ar.. Bi. ot echnol ogy, March
2001 vol : 17%%9%1]9';(“1“% Q%Saq %reqeﬁn ra(rctlezifnété:)tl}iltﬁ3 oaﬁl?ma}ﬁ%ll%%ﬁﬁeégrﬁlfoé?tf??‘n t he
expr essi ord cagsdechpigue fanimiaé cell nesdactroparsted in thnpresncadfIIN b eoritsibing theced i nt o
~enbryonic ste "ES Lls. . ES, cel cl.one i ch under.go honol ggous
reconbi nat i on%ﬁef ﬁ%éats%ﬁa'e%ﬁle ﬁréca%/gmuh)sf; s %Hrhég I%W§hfrF‘?6§1}g§Bﬁ“Eﬁb] | - nouse
chi neras ar e hitwemiprace ubewting Hennzydyotith @l TPNA. Biicpordic@saadiiy nating of
her ni zygous chi mera_ani nal Procedures are described in, 43 1 2 Cctober
12005 WD 02/0 CSBPGSEESTST e Hpts ?%P?CT?{BCPI?C@??S seehyas DOV Bepreippeare 0.
(1992) | "Alt i(r)de&gibggﬁlﬁ&gi, Brot@dR] qu};btsal.pyroﬂﬁlfhﬁ'l. Afcﬁél._%ﬁi p.tl\l}l@AA, sﬁlﬂmt 4al165 e;/iheW of
~ i nmunol og ; - 30. i ect roporati on: e cont ai ni ng the ‘
expr essi o ca@ég‘ls’ta@gséé’t"ioﬁ CEp}%fsent invention can al so be introduced into
the animal cells k) el dRoiaidARipihiion: Tl Blrfeckif RGNS map iR cOl| S are

el ectroporated in the presence o contai niing the expressSion cassette.

El ectrical i rfffapesed 8o asliyy eihenmpthads efdfrest wisaker for biampire psimmiildiime

bi 0anenbr anes,naighaei 919, & PeGiAlkoUEHi 0 VM ey BBE 52 eat ed

during el ect%r oggr ation %’erm’t ’?ﬂ’e uf)df'gflggfd%%ébeﬁacPo%}gg'?'a?géﬁéazﬁ’ as DNA.

Procedur es ard®dSgebrepk.lsbdéin, e.g., Potter, H, et al., Proc. Nat'l. Acad.
0

phosphat & pr oci pi tAL R e R on N AR Rl pemPiegd KT ans or o
into cells byligaspees) faiohmed by Gfsici of eetlipoptngek evithftke tagyedell eembisiiengn cal ci um
also be used to introduce DNA into animal cells. See Mannino, R, and S. Gonld-
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, 1987, | |
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phosphate. See, e.g., Gaham F., and A. Van der Eb, Virology 52:456-467
(1973); and Sanbrook, ch.16. 15 (v) Liposones: Encapsulm@-@a)@fzoﬁlﬁ\lA wi t hin
artificial menbrane vesicles (liposones) followed by fusion of the

|'i posonmes widdyekdies t arget cell nmenbrane can al so be usgghiRed/ibf0duce DNA
into animal cells. See Mannino, R and S. Gould- Fogerite, BioTechniques,
6:682 (1988). (vi) Viral capsids: Viruses and enpty viral capsids can also
be used to 20 incorporate DNA and transfer the DNA to aninmal cells. For
exanpl e, DNA can be incorporated into enpty polyoma viral capsids and then
delivered to pol yoma- susceptible cells. See, e.g., Sli laty, S. and H
Aposhi an, Sci enceARPGchEGue th@38) be (oeil kg infoduas DRGY intinthel shimgl et ybr ene or

DEAE- dext | desc anbr ch. 16. 25
Qvi 1) ProtoftaSe o BB e e T U, Y ieliiby MLAVREGES € he fusi on
of bact eri aHapdmioalbastas! maahﬂwr@dmxgnuﬂm@ﬁ,%@ﬁemmr@@ rrsngl;] i nterest

| t | e II te treatment Wt
'\;lamolt Sef ﬁyl ELE‘% ﬁ% i E%XSS@& fgﬁagmﬂiafyd}"én“aé9§ﬂ@§7 (1982).
(i x) Ball Bst Eh)gmelaei]r EEBBNI’US?MB#B?PuHEhéTOQDIQfSphﬁE HRBLELABAR) pRUC! ei ¢ aci d
30 segnents bal listic penetration by small particles with

h |
t he nucl eic 38? 35*‘ ‘éls\fl’l?f b % FPnoachrt Fditen x Fyctreperpiiondwathe adyantage of cl es, or

on the surfaese akld RisbeciBioudd to be w@awa? plicABIE, buf Qs rant A Fhciidhorthe?  CCt ober
2005 WO 02/ 088305 PCT/ USQ2/ 11770 An echni que that can be used to
~introduce DNErgsiidrellhmanhe kiflpd duings eé‘lfopoé%@!l CReredre er snpitieyets ¢e. g.

" Transgeni c ééllsr{ﬂhch-rﬁgbﬁl?|091Q}ﬁab1€‘1rl-§%%rrﬁhl%g ngﬁﬁg gnglx'm ety Pinkert,

‘(Ediitor) First Edition, Academ c Press; ni pul ating-

" the Mbusd0EnBHy be preferabie d¥iss, ihgre w&m!nalfﬁcierey p@DHAﬁnmgaanones espbciallyl SBN:

Pr Pub. Date:
-gggﬁggggf?)l%‘gﬁy%gcong Eﬁmjﬁm ?J}Qﬁd{% @%B%%ggl on 8 Céﬁ@’é‘f?ﬁ?&e of
ease and hasalyyen direny ndcrt)mjebecmmanhb}pl mﬁmﬁmatlag@ms bﬂﬂqoldigﬁﬂlb}ﬁttjgjrigﬂ?l) ]
uring e .
fraction of theg ofﬂx?&%@gellg gvﬂ aye syaglglenflcglrwa gp%cr%megltecgbg\l?ﬂp :

Therefore, for se nable in smal |
nunmbers, ni cReimjiettdcons adt BB higylyleﬂ'ﬁcﬁbnﬂbkﬁ|1@$01ﬂ&a§@¥hé?%rd3§u§fe@tr abligr Al so,
Wher €a Iilg ghsh%frt]::(lngnjngsp QY escrﬂ%yl and t IBQcpns{efn ?\/Isoqg:c Celll | 1ol. 9:1621-
1627 (1989). Where lower efflclency 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 SG]GCtIOH for integrants can be achicved
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 . :



i nportant, such as transformation without the use of a sel ect abl e mar ker
(as discussed above), direct mcroinjection into n_ucI ei 12 Qctaber@dyggant ageous
nmet hod because typically 5-25%of targeted cells will have stably

i ncor por at e d2fasssps croi njected DNA. Retroviral vectors q;&llﬁbﬁﬂ7ﬂl ghly
efficient but in sonme cases they are subject to other ortcom ngs, as

described by Ellis, J., and AL Bernstein, Mlec. Cell. Biol. 9:1621- 1627
(1989). Where lower efficiency techniques are used, such as _ o
el ectroporation, calciumphosphate precipitation or |iposone fusion, it is
preferable to have a selectable marker in the expression cassette so that
st abl e transf@raEne $Xprasyidse! theadid @Oms&éice(ﬂueqdomatsr didadweds €hk afgysic 20 | n

sone situatio het er i.tself result in
a selectabl em}ﬁael%gitglgg%édt% fil tt%gge Qrﬁgﬁ}e %féfsé"d‘ cé‘eg\é\%t%s oL 1§ PFES%cr eened
directly for inhewioh pgxmb armaonfwr slallddomtisahOn obseavith@e peicBdstisitg dchig gene
hart results in.resist @.(%oelu?lﬁ 6-t hi oguani ne cases, however, the

ivivo 3s vielt a 2t fhe ypefrmisgyy UB%‘yWnE‘éSF SECEBPe phenot ype and,

~transformation wi resu

if aloweffici encthm reapmf m)l‘tfmﬁgeﬂlﬂ ahiaQbthYigs 843P caetefMmal dnpIphPsSphat e
precipitatio bei ng used, it is preferable to include in the ‘expression

cassette a sglfgé@z% fAmEREqEeIp a%%’i?ﬂ"‘fel’ié‘iqu?r}?é’ the mppitoring oEgEsHOMObf t he

‘expr essi on cadssffise rdﬁﬁﬁbﬂ”ﬁp@@d’&f@sé&ttés' usin@ a6k iﬁaﬁvé@ﬁ&&&ﬁﬁhﬁnﬁ%ﬁ? ALy pe For
~exanple, if the introduc contains a neo gene hen sel 1on for

integrants cafohes tFﬁde&QEFag By e et Fargt My PHSBBPS and641 bidosed 18. 30

Transgeni c ammiy%pveaeana@@u@ﬁz@@p\f&}g&&ﬁew?@%& 0% RV Je&'e ipne methods
of the present invention. Operabl i nkin grom)ter erest toa -

reporter @eqfé@c@i?é‘ﬂakﬂ—"@sc‘ﬂéﬁgs%ﬁ @f(l%ﬂ(?ﬂ?PS wnBiomedlaaltOpttmlrmm tor a wide
~variety of bl%b&wsgﬁ;lyanm@gﬁléﬁesé%zéé%ﬁg%b DRV A2 ORIR0R PPomot er i s

PCT/ US02/ 11770 1 nvolVvi ng eXpression 0O ene fror‘h
derived. The adZhstgbiviagy oA §310ﬂ9&7héoqﬁag$}§ﬂtt euaﬂ]\ltédﬂbammbaabmt@ﬁpr ise the

expression c¢ f e i NV ntlon ans for skilled
ar Ito i sans to ﬁgﬁggg%to %ols? ggprsg@gzns éltngag’ l(iaﬁeuse(%% ]E?S?O?erﬁ\??o\fge tector deyide] a5 to
el uci dat e th@hﬂ@@h@ﬂ%ﬂ&ph%ﬁgﬁmﬂ@]&dﬂmm(IE@?E&&;&% t 5 Wt h respect to
trausgenig ani nal g, carr res n cassettes a

li ght - gengr ating ?}1 ot &1 Aeax ergl))ﬁgr Hi’f’%megeﬁﬁ’éﬁ%c micﬁéar%’i‘ﬂ ‘T"BFEESH@“ of

expr essi on ofcasstitrsichmprisieg cmraeﬁemrlmaﬂcggﬁ@qtdrmm%%eﬁw P:a?\eﬁtSI ve

V\Nggl € 5??3'58? llélgl;mdqﬁ dtqlécr}%iafe -800P mg g%:t%rglgbsgguegcgo nrllegya‘t?e used to monziltor Cyp3Ali-
S 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. ..
Methods of administration of the analyte include, but are not limited to,
injection (S;chutaneously, 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



22 July 1997, and April 17, 2001, respectively; Contag, P., et al, Nature
Medi ci ne 10 4(2):245-247, 1998; Contag, C, et al, OSA TORSeserBoegedi cal
Optical Spectroscopy and Di agnostics 3:220-224, 1996; Contag, C. H, et al,
Phot ochem Giyggsgaied Phot obi ol ogy 66(4):523-531, 1997; CopLAaRefdd . et al,
Mol ecul ar M crobi ol ogy 18(4):593-603, 1995). Such imaging typically uses
at | east one photo detector device elenent, for exanple, a charge-coupled
device (CCD) canera. 15 Thus, in one exenplary enbodi nent, transgenic mce
carrying expression cassettes conprising control elenments derived from
Cyp3Al 1 or CYP3A4 operably |inked to a luciferase-encoding reporter
sequence nay EselisePRGISHE Hict G348y berGYE3 A5t provPEdpenabli kirtkeditodr ug

met abol i sm ﬁh&r&é@%&%ﬁ@}%g?éggm% k! o BLB IS Rbnivd: BeHLOR L NAL - coNpI | Se

the expression cassettes of esent” i nvention a provi de 20 a means
f or screeni ngeaadidity cempeindtoniiyp3 A @dPEFIAG capressiobu Tt rasglissif civsé oxi city and
metabolic pro bdentifying a characteri zi ng,conpounds
for safety, %‘%g‘zﬂg%’ftg&%é@?ﬁtg%%ggﬁrﬁ ern?{rcaceﬁto ?@‘5?@5 HVEIQ{OPg}?g be\et hods of
adni ni strat i osedfo dchven amapophds which maehe diftctiar ghatimicedtical dgefls.t 0, i nj ection
(subcut aneousl y, idermally, intradermal l.y), iptramucosal (such as nasal,
25 rectal and vagﬁﬁlﬁIcfe,aﬁ?%#é’g‘éﬁt@%‘g'ﬁﬁa?wf'ﬁ@é\‘?&i‘l@ﬁ%ﬁmccﬂ“ﬁmi%"romPHSlng

i ntranuscul ara CoPhes tamga iofesathet i Biandld ®Red a6 BigaeopplThand pul monary
adm ni strati on, suggq?si tori transdermal applications. Dosage

nd .
treat ment ey BEC Waln?ﬂiﬂ’gg‘@esgrg?‘@éﬂp&m 6 ay glst bg pliedfedhe schedul e. For

exanpl e, the aaatitigioh of MRER anbdls ASnpRENL Typs £1 B5hn9¥SEs. @ range. of
concentratjon to determ ne_a dose/response curve. The anal yte nay be 30

admi ni stetted to a ‘SEFTAer siecting trapaesmin wieil @&, rpdatrigeial ipesodakforral (g ven .
that respons %creteﬂn% BSmARALY ARG thDExptds €8t 66 erre%H)eﬁlQ fhel HuRNE 24P @42N! Mal ) .

Thus, in one exenplary enbodi nent, transgenic m ce€ carrying expression 46
12 Cctober 20%T8¢ #p2owrgygsdsliomsT/ US02/ 11770 cassettes conpri sing the

Cyp3All or CYP3A4 RLiQfRtEALPRELAL ' t Juci ferase-encodi ng
reporter sequence nay be use1 to %rﬁ*?t%r%lfkggﬁggg??%)&ész.g.oﬁlcxaerasg Rdi dat e
conpound on G¥pE#Fidn peas@rddAduipwmf dgigifom thd ieermregaer, irsregfonécho geatmexper i nent s

o scr con conmatihd® b ARRHENC G e dor bbb AR than T £8P kgRPR The”
creation and iphetiot gy basehlaveds) be dexaat:ihasonefe. 4.1 alntgiesied 2650 M@kg b6BMPr i Si ng
' weight) and/or induction in liver (preferably greater than or equal to two-fold
induction over basal levels) by rifampicin (e.g., administered at 50 mg/kg body
weight). '
20 Criterion 2. Greater induction in the liver region relative to other body regions
. of the whole animal. '
Criterion 3. Basal expression seen in the liver region is greater than. or equal to
basal expression in other regions of the animal’s body. A lower level of intestinal
expression,. both basa] and induced, relative to expression in liver is preferred.
25 Criterion 4 (may optionally be applied). An increase in reporter gene
expression, e.g., luciferase as reporter and expression measured by output of light
from the liver region, in response to treatment with at least one of compound selected
from the following group: 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 mediating CYP3A4

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



a CYP3A4 transgene is described in Exanple 6 (seé al so Figure 22). The
characterization nethods described in Exanple 6 may al sojdaeciapyrzoggd to the
characterization of transgenic aninmals conprising Cyp3All transgenes. 10

Criteria faoieéseting a transgenic animal, e.g., rodenty thsgf ks N a nodel
for screening conpounds affecting the expression of, for exanple, the
human CYP3A4 gene are generally as follows: Criterion 1. An increase in
reporter gene expression, e.g., luciferase gene expression neasured by
output of light fromthe liver region, in response to treatnent 15 with.
dex or rif. H gh induction in liver (preferably greater than or equal to
10-fol d i ndul¢tiais Hhvdy nsald anltureipetaiqusisiperdesdie hd sb 200 Geups Deard2fioni st er ed

at 50 ng/ kg brEy.1amai. o h.QR il i.ver ref ) reater
t han or equal tg’ ty\/\}%b ?@%%ﬁpﬂéﬁ? ieg%qg\b/%?&%;g%}ﬁa¥%v1egfgg)§’6’§g%?1&%%'?19)i cin

(e.g., adm nP2x Brappeagt thERifrgldgmbNifynd Risingh twere r28tiEly bedte iaducrs ofr eat er

i nduction i nckhgali 0l tve . to ot her body,regigns of the whole
animal . Criteri oﬁhf){ﬁ %?gog‘r {Ngl%p]?%!égha]nang%ée YRS PRES %%"F r]gﬁ‘fv‘f)‘f?l"ias gr eat er
than or efuahumu hdpawayte endy @egéson Dax vokhebvod EYPBAS indficek Te:daid &ral' s body. A

| ower | evel i i : iQ ( S and i nduced, relative to
expressi on i %6(?(1 ]\c’/%l?gsl}/ﬂgagrbé g%?@@?ﬁ%%ﬁﬂép}%g ihe(ﬁ‘?ﬁgtsgﬁﬁ? 1 be

appl i ed). Anshomctheiddetrion Dea pgtEN,end Jiiaduced iresigem, C P4 lut Ueid @aase as

| responce. PREEE ELARARE TR or it b itterdforithibtine’ SEhieets 1 r om the
~ follow ng greupus gégeemiibesidualsugptten H)is animblantdei i8 @sefiifbn)screBnifg egnene- 3b-

OL- 20- ONg; 16 itrile (PCN), and clotrimazole (Clotrin). Additionally
30" pr egneno?ggg)&%%g%ré'nay be enpl oyed. It has been reported that hPXR is .

t he xenobi otic rdomptimentspaifatedin sCMRBLeE thd prebeat inentibmingRhtk tguieur es. The
seven conpo i have heen shown tp 47 12 tober 2005 WO
02/ 088305 Pw%ggegﬁalﬁf%ggc?%% %‘;“%55‘2%1‘?%# oL peonsgl to (feaise B%QP%{}% degr ees
(Xie Wet al (or 290931 itmegeidavpor@0B trddegenik, Adk Bd)an3filAald3in Regwin et al
1999; Mol P 9, X - 1329- 39). It appears that Rif,
Clotrim N %ﬁ%ﬁ%ﬁ%ﬁ%%%m%g?ﬁéé?%@@y better inducers of CYP3A4
expressi Bn, whi | eCyBeochrorRON QY Brdgs seingoviedkaman Rehd Cigk SodekidpRNeEr, a
enzyme expressed in liver. The CYP3A4 gene product is believed to be pivotal to the
metabolism of many exogenous chemicals (xenobiotics), including, but not limited to,
therapeutic drugs, as well as endogenous substances such as steroid hormones.

Changes in the level of expression of the 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 Activity
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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5 human hepatocyte study suggested Dex was a good CYP3A4 inducer (Ledirac
et al, 2000; Drug Metab Di spos. 2000 Dec;28(12):1391- 31)30C]};1)%r9@§51|ts
presented herein show that Cotrim Dex, PCN, and N f induced

t he- transgﬁ,ge,?)@gg’%M luc better than other three corrpoq,g:c}ﬁI odAQugver, all

drugs except reg i nduced the transgene to various degr ees t hese data
support that this aninmal nodel is useful for screening 10 CYP3A4 i nducers.
Experiments perforned in support of the present invention indicate that the
presence of a functional hPXR gene product is not essential to the use of a
CYP3A4 © (or Cyp3All) transgene reporter in a transgenic, non-human, ani nal

or in liver- pissh) NexREVIEABAMS- 7 E6fag, €. U et EX@mb)?ﬁq&ocﬁ&ﬂ PRdtobibP Cytochrome
P450 CYP3A4 |§ an i‘gtportant hunman 1I%ene t hat codes enzyme expressed

inliver. T YeareCp ol ( QS)B\é?hMWe@IOﬂdW@&@%t al to the
met abol i sm of rranmoﬁmeﬁg&%ﬁotenﬁm%%&éﬁm AL lfdnitol BELIIAGy Dut not

.limted to, therapeutic drugs, as well as en ogenous S es such as
steroi d hor nBrRsesses \OHuvBiES thahprometer é\ﬁéﬂocmedekpmefmmb@émplhﬁed@t’PSM gene

can dramagi C?Heth)éd@&lf s‘?:fé%}]glﬁg 20 1 AEMDhiSh Igll)%lﬁ%gﬁ%) }%}O&Q%s a 0§r§ Qter % ye a ! ar ge

i npact on the drug’s effectiveness. oring |V|ty
Activity of f{saediseuspigem tht fodlnwingrseetoh).el ement sequences corrprl sing the
rese invent.ion be. nmoni t or ed

_expression casset

by detecting and?@?s %&gn%‘s%%loﬁgmtlﬁvmp &?‘rP“ %}&{?8?831113,%188 cfaﬁ/’mghe
reporter seqavem:se:sm%ssctp:enabbrys;ﬂg priseocket @qﬁdﬁx@@&isﬁﬁdﬁ%ﬁrﬁP&SO-{Eh&d@@ﬁé i cul ar
nmet hod used act i ends on the reporter sequence
enpl oyed, angchﬁly @Pi?g{gsngﬁfabé’%ﬁﬂﬁ' e“%g g‘ﬁ’&‘fqrélr"és‘gﬁﬁrboﬁﬁﬁ%s as wel |
as, in the cp@@:b{eftomeipprter sequences which encode |ight-generating

proteins, in vitr in vivo i For exanpl e, pronoter activity in
| iver push or traﬁsegeéﬁi:tc"fgmgﬁﬁpgiayg ﬁﬁTWWGXMSWFgmwﬁEassettes of

~ the present ifb&IMabABS HYash&t BDBE HRER GBS iHGvd ﬁnagin\gq)fdalb_)%wﬂrnescence
i magi ng (see Contag et al (see, for exanple, CO , et al., 48 12

Cct ober  2005CWE &3 Prasiediverpnsiusppmsacpiegnica. gBim) resqlts of the it push 245- 7:
Contag, C. He)ﬁfeﬁﬁleﬁk/gem&fgggtahaf)m&% Q%@éﬁ%@%ggr%%mn cgrﬁstr‘t:ig[g’ of?ﬁie Contag, C.

H, et al. M cr obi ol nitoring promoter activity
inturn %ableé‘seﬂbWéeftt@nWﬁ ibe gpedith @Vbsttghf@qﬁecmsmble toxicity and metabolism of

drug by their effect on the Cyp3A11 or CYP3A4 promoter-mediated gene expression

during the process of drug metabolism.

2.7.0 Screening Analytes
The methods of monitoring promoter activity discussed above may be
20  employed for the purpose of screening analytes (e.g., candidate drugs) which
 modulate a variety of biological processes, the toxic and metabolic effects of which
can be evaluated by determining expression at the promoter level. Screening may be
accomplished by means of in vitro assays employing transiently or stably transfected
cells, and may also be conducted using the liver push and/or transgenic animals of the
25  present 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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processes with which that promoter is associated. It may further be
enpl oyed i'n 5 nethods of screening anal ytes whi ch modul §beydidiaseodd ocesses
at the pronoter level (see discussion in the follow ng section). Thus, in

one aspect 4@f ki nvention, liver push or transgenic arycgﬂllsﬁyﬁ;%r yi ng
expressi on cassettes conprising pronoter sequences derive rom

P450-rel ated gene loci such as those described above nay be used to
nonitor drug netabolismand 10 possible toxicity. The effect of drugs on
Cyp3All or CYP3A4 expression is still another enbodi ment of this aspect of
the invention by in vivo imaging of Cyp3Al | or CYP3A4 pronoter liver push

or transgeni cmédstied by hRaksF Uk S Asaf AEmbAWR by RieBHs EXRER LI RbEnferonst r at e
that aninmals car %‘i ng. the expression constructs of the 15 present invention

may be used t@®chniiesgiprgatedreiuslydearipyiaefoneemply. abiglvminesesat ¢'sm of  drug by
their effect Mprdsbét ofdr). CYP3A4 pronot er - nedi at ed gene expression

during the process_of drug netabolism 2.7.0 Screening Anal ytes The net hods
of nonitoring pronderngatestiof igingnties sdhero bthagyprpssion2esseiteplayed for t he

pur pose ofs SCleRN BPuRNALY LB (6 tgxicitf@fﬁqlxﬂﬁﬁtgn & Phgg%fu\%yt&??té@ ylate a

variety of biological processes, the toxic and neta Ic e of which
can be eval udtheunagplogisaley aeting regniesXproogwpwnds)thattnivelujareorptestion €\Pg50  Scr eeni ng

.

may be acconpl Y 53 j j : 4SS enpl.oyi ng transiently or
stably tr ansgg‘c‘,gt’ g%ﬁg%e’l S, %ﬁhﬁéﬁgﬁg}%@%&%@ gﬁﬁ@?’gﬁeﬁ@ﬁ%@]he l i ver push
and/ or transgemsdiction priiiveaye fhat ieeeRarilp peselttransiptitn arbydirselisseetigbove,

either by th el ves or.. i njunction with other wld-type or transforned
cells or ti ng}glgﬂiﬁﬁg O%tg‘\ﬂ’/gzl@(e)?eah&i ntroduced into those aninals. The :

particul ai) assay et fvosbning@drpos:s apiprific hbe calfsf pefefabBf livépsdliols candi dat e
conpounds on Er oot eﬁ,@cti vity will be determ ned by the particul ar

Y
reporter se 'OE AR KM Bt el b earestion SesEplormed it by t he cel | s

or ani mals enmpeyish vedRrADuRIiSIEL S SQBr@IRNS . dIIRIRESE) RElbY lihked (B thel VEr push
or transgeni ﬁ’ ap! mal s carryi n? constructs enploying reporter sequences
encodi ng | i gl é&ner GEFngYRIAIL &F R PAfY gsae mrometer{iiypsventoos T 02/ 088305

PCT/ US02/ 117 {inieasidrets RY ndRaRsosaf toSkriohls Y &;%aaa{ceﬁr%mgfangfyz&iyfo ans of
the in vivo imging technique reference previously (enployrng, tor

exanpl e, 18 bicdPGHHMe Seerepter 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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fluorescent protein reporter). Thus, one aspect of this invention is the
use of the expression cassettes and 5 vectors for use i{»g&abgPops for
toxicity (via induction of P450 pronoter activity) or pharnmacol ogically
active agemfsofoedzesonpounds) that nodul ate expression of, 41‘1':’5%2/11(7%9 ,
Cyp3All, CYP3A4, etc.) pronoter activity, either by affec i ng Si gnal
transducti on pat hways that necessarily precede transcription or by directly
affecting transcription of the P450 gene. 10 For screening purposes,
appropriate host cells, preferably liver cells for nonitoring Cyp3A 1
pronot er-nedi ated expression, are transforned with an expression vectors

conprising a nﬂp@rtsach@dheléré‘l*@? alplha,lﬁirikeﬁﬂ,sﬂiutﬁpﬁl’mi’,)bﬂalpﬂmgl fyge t he P450
(e.qg., elthert%/OESAlltor CY, i,@g m)ters of this invention. The
transformed c8P1% PR Ha%E g@g@ SCFB“ IHYLY paupsueh B EESERT t hen
anal yzed for atkbneexph ehsiracoledic idat srapeO @crmﬁg(heg Jﬁ@d%%ﬁ?&in@oﬁxh' bi t ed
by these cells can be conmpared to expression tromcells that were not

exposed to t hEREEOMG e Hn R4St RRoBR o GHRTER &Y therlsuellof pxsessing ophenot er
activity of theom43end i r6dendd drkhet&s hﬁrﬁpduﬂd IS%H]E%I@& {%dth%t%rf&rtéﬂﬁf @ene

expression relative to the control. See, hus, one
as pect of t heStindprhrompRuRds Tpgiseiedis sty @%PSt@@nmmﬁﬂsafquaMSﬂéggl ate 20

(i.e., stimil ey2An or @YP@A@ trﬂﬁ&%’ﬂ@ﬁ( RIERS bedtivk ?o‘f(?tllt%es SRdL ?«%f&g%)’anﬁﬁﬁ P450

(e.g., Cyp3A) - 1ocus derived transcription contro
pronot ers). Ser@eRndsganhy derminedconpl i shed by, for exarrpl e, (i) contacting

host cell's 1 n whi ofyulhe. RARD QLA SeoofliaRhando 1SS LR pRELAELY | nied

to a reporter gene wth a test m con al ni under-
condi ti on¥) V\/nﬁh@ Rbikilyl of w tésb comapopndeanainiaef Cyi3A 11 epCY PRA4 gemeiptidh bgri )

mod um (i1 PR RRe n AR LR AL SRRl FeliamRch docs.

not contain tikepdrasy lmkndrtpawpdrthtgend witiphihREWdes 6f tﬁé?x@ﬂbte@h&tl‘ﬁty deptical to
the test nedium,i.n conditi ns essential ]y identical to those

used in (i); %0“%10%‘5@11}? Fﬁ%" Of BXRESSHPR aLPR FPPGTter Sea GRTBTasy 84S n t he

presence of tdxpreés)di’ﬂ sfahe f@dltdﬂfgbne&ﬂd‘le(a\ﬁen&@&iﬁhé & cb ?()ﬁﬂdf {iBeRPSsthel Be 30
and (iv) to the ability he test conpound to

expressio g
affect th aﬁiﬁsweﬂ§/ ot*‘ feﬁ‘é:OH‘PB‘fﬂSlteétPef PEPE 9r ﬁﬁlﬂllt%%ﬁly Ve or pfigsisf ormed cel |'s

gaC}I/'/ B g 0 |2? gli(;?igmmﬁr{g, EhelhoA e Ny Wit ihe falicer;3B) htallhp BR' x&Q%nWPtr%Z/ 088305
reporter gene in the presence of the test compound; and (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.

51



i nducer, such as IL- | or TNF-al pha, forskolin, di butyryl -cAMP, or a
phor bol -type tunor pronoter, e.g., PMA Transcri pti onal12a0&bdart2pos s
nmeasured in the presence or absence of a pharnacol ogi c agent of known

activity (W(Qa fpstandard conpound) or putative toxici a test
conmpound) . 2ﬁgnge in the I evel of expression of the Sécé;f)lésg%’glrmgene in

t he presence of the test conpound is conpared to that effected by the
standard compound. In this way, the ability of a test conpound to affect
P450 (e.g., Cyp3All or CYP3A4) transcription and the relative toxicities
of the test and standard conpounds can be determ ned. Thus in a further
aspect, the presgitmipmenti on provides nmethods of nmeasuring 10 the ability

of a test conpoundediSy ARANkASIES @éﬁ@cﬁkc émﬂ&ﬁm@ﬁ?%@@%ﬁ{ﬂ@ }69& by: (i)

contacting a host cell in which Cyp3All di scl osed
“herein, is opdediony The easyles ereéfﬁB@édmtllévstlgemqustsmty lanrua,reeot of the

prom)ter act i yid Xecg’t'aqﬁ{ltthg%gélvl’htﬂgﬁmélgﬂ{ﬁbe Al aw fQr expression of the

reporter gene; nmeasurin expression o T reporter gene in the
absence ofsthe test conpound; (iii) exposing the 15 host cells to the test

conpound either priQint@s SoMerggsouUsly with, or after contacting, the
host cells with the inducer; (iv) neasuring the expression of the reporter

gene in the preseﬂé‘éeséﬁndﬂ%d%m%ﬁ??@amlm@ﬁdiemfwd haatiaieregperfosnati f f er ence
in expressmlghr}%eS difiois.@and (iv) to the ability of the test conpound to
nodul ate Cyp3Al YP A4 nmedi ated transcription. 20 Because different
i nducers are known to affect different nodes of signal transduction, it is
~possible }p identify, with greater specificity, conpounds that affect a-
particul ar signal transduction pathway. Further, Cyp3Al | or CYP3A4 has
been shown to be Aipr e®iRadmglifieatiphocesses of drug netabolism Therefore,

Thetr of foct on 24 ebGEAFRINSeppdrricitn S cnbinefon o ok prgvoos
traﬂs?enl c ?rbummfeaolmgflg 4BBZ5HDNEM§CT20(B4§%&KDB|IEHWI§IX ®bysbelgi c;al and
pat hol ogi ca t ve P450 (e.g., Cyp3 or CYP3A4) gene
expr essi on. \I&?ﬁq‘&fﬁg IS"IaWCp 6‘?“?91@ fflpé’F@kF/”éWHﬁ'ﬁ?Pféﬁ?fslH¥(0t9dég)|0|f1vent|on
descri bedisherBNA,BABbrEBYorkE); 398D NTEH,00dndlP2 SRR B8 PAYNEr MR §R/ 088305

PCT/ US02/ 11770
Technologies). The PCR was carried out as follows: 3 minutes at 94°C; 30 cycles of

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

20 B. Southern Blotting
(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 heurs.
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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EXPERI MENTAL Bel ow are exanpl es of specific enbodi nents for carrying out
the present invention. The exanples are offered for il ugtoabbMeopyr poses
only, and are not intended to limt the scope of the present invention in
any way. 5 | ALS AND METHODS Unl ess i ndi cated ot herw se. _the

experi ment ?J(g[glsl\%gl ed herein were perforned using stancrfFﬂjsﬁ%llﬁ@ds. A. PCR
Amplification For PCR anplifications, the reaction mx contained: 5 pl of

| OX reaction buffer (no MyCl2); 4 pl25 mM MgCJ2; 0.4 pl of 25 rnM dNTP
mx; 0.5 pl of 10 pnoles/ul forward prinmer; 0.5 pl of 10 pnol es/ dal
reverse primer; 1 pl (0.2 pg) of 15 DNA (BAC or genomc); 38.35 pl of H2O
and 0.25 pl ofitF&GMPOOHE e Em{phick eDNReessnidnaghested obkeHaRdwWas carri ed out

as follows: 3 _mnputes,at 94C, .30 c s of 3 c.at 94C;. 30 seconds at
57C and 1 m n5B EaR AP P CFFF?{%/HC‘@ i z?fé%éf}%ﬂl‘%é%ﬁsé‘aﬂéﬁ vVagunQ B,
Sout her n Bl ot blottigg @ppardtnd (Pangsme kea @5, Qe hiRPHadifenshd heBERbsAESRE a mouse
. 129/ Sv7 genom ¢ ‘bacterial artificial chronposone) library (Genone

Dl}l(A BAC gig r.cia [ .
Systenms, | nc. Srogglmnked aeodingieyhe mangyfagiurers dirpclignsaismed) O smad ket onot er

sequence. A | {Somaupynes DTclia/CAYandQihs@MREIRSE SSCOThAnBREahd w5 they Of 120 kb
wi th sizes 25 ranging between 50 kb to 240 kb was screened. A | arge genomc

DNA fragnent PrREbTidizsheehedocy pbayrs with prshphrisizatiengobriondSiratized, hed.
Simlarly, a jaageaPNA fragnent that contained CYP3A4 pronoter was

obt ai ned by screening a simlarly-sized human |ibrary. The Cyp3A 1 and

CYP3A4 BAC DNA werRrobosgiczs prepassd todlaelig®POR tiragments ori ifaiged DYA. dHod di gest ed

UL LA SSgbl BRSNS oy BRORSE SO, Lgnarents et e
10 ni nut e$d andxanipdnl)deasdabeled detondingtoithe RENIBHErS InshkBctOnt ohey GERO5 WO .
02/ 088305 PCT{n’H@Q ﬁlaﬂ‘tﬂbzg—prime Labeling and Detection System (Amershaﬁi, Piscataway NI).
Denatured probe was added to the prehybridization solution and the membrane
hybridized overnight at 60°C. o
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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with 0.5M NaCH for 20 m nutes. DNA was then transferred onto Hybond N+
menbr ane (Amersham Piscataway NJ) with 20X SSC for 1-2 {100&8b4r3009 a
vacuum blotting apparatus (Stratagene, La Jolla, CA). After transferring,
t he nmenbr a%d’%ﬁs;a“ oss-1linked according to the manufacturer's directions
using W Cross-Linker 5 (Stratagene, La Jolla, CA) and rids&d W th sx ssc
The nmenbrane was then prehybridized at 60C for 1-6 hours with
prehybri di zati on solution (Stratagene, La Jolla, CA). Probes were prepared
by | abeling PCR fragnents or isolated DNA. For exanple, the 1.6 kb
pronoter fragment anplified by PCR (as described in, e.g., 10 Exanple 1)
was 1 abel ed acoor WO REERAUGARLAR celiShs Ueld AAS. BN GRIP | mO°
m away :

Random Prime Labeling and Detection System (Amrersha I'sca
Denat ur ed pr offEORe ta dercmethes effdu By eftwfbfl089)FamianGeso Thirimril 0alVa51h&7. menbr ane

hybri di zed ov j hybr i .di lon, . t I washed
twce with pr1(2(!-;1{/25'\}&%{?[[]a 18%%(%? %@é §%U%Q§ngn@ %&hez%mﬁ% nﬂpgg‘qgf)lagg%%ch tinme.
Subsequent | y, proheteeoistracie wersnjesiesinedhd tail gein wivdrhe peried whlessden®@. 5X SSG f or
20 m nutessat, glseach time. The menbrane was bl ocked at RT for 1 hour
usi ng bl ocking solution (Stratagene, La Jolla, CA) and incubated with -
anLi body conj ugat dﬂ)l‘ﬂypazgkla%ﬂdfmmsmhm pﬁeioﬁ@y;] belie{?dr?ghat aRblr&epiohisee was hgd,
substrate CDP-Star S. e or 5.-.m putes-: The nmenpprane was ___20 expose
to X-ray fil rrrlle?%)srs “Bﬁ?%@%gi“m’ﬂfﬂ”c ‘§°’f‘?ﬂsﬂ$}ys?‘p{"’ﬁlﬂd BPrEsEEdiAE @ desi gned
and used to R@Rmeifeapick douBRMgRRBGorNAo-BAGIn(RAGIGIM Bt casdAifiicd al

Inc., St. Louis, M) 1n order to

chronosone) |i ‘{Genome Syst ens, . )

i solate cvpsﬂb‘éﬁ% e C%‘@&H@%c%’@'f’%eﬁsms PisTpids grgrephstinggdtomBn Stavare d

i nserts ofo 12@ndoarwt GhxsiWwasomangi ng between 50 kb to 240 kb. A large :
genom ¢ DNA 25 fragnment that contained CYP3A4 pronpter regi on was obt ai ned.
Sout hern analysis was perforned essentially as described above with the

exception that PCRyf ramati@{‘qeq.gn&g&cﬁ]@,{,%ed DNA probes were
I'VO EXp

CYP3A4-sequence specific.” C. In _ ression Assays: Liver Push Protocol
30 In vivo gene exXpeéesigenic guigialstdestribsd ®jpBadt popaCYRSAdteegul at ory

SoaenCes oA S 1Y SRR Qlee bR (UL, BSSANS: 3% 45, BhgPer 2005
. 15  Wagner, et al. (issued October 10, 1989); Richa, J., (2001} Molecular biotechnology
17:261-8). The embryos were implanted into pseudo-pregnant females and the
offspring screener by PCR using primers lucF1
(GCCATTCTATCCGCTGGAAGATGG; SEQ ID NO:11) and lucR4
(CGATTTTACCACATTTGTAGAGGTTTTACTTGC; SEQ ID NO:16). Imaghg 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,
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Plasm ds adm nistered for |iver push experinents were injected
intravenously according to the nethod of Liu F., et al .12 @d8R9proskinan CGene
Therapy 1i0:1735-1737. For exanple, 2.2 ml of a PBS sol ution containing

t he desi req, % g’f‘&sl or CYP3A4 pronoter constructs were injected into the
tail vein Over a period of |ess than 8 5 seconds. For Wpﬁ;ﬂisf?’"ﬂpd CYP3A4,
it was previously believed that a co-receptor is necessary for induction
by rifanpicin. Accordingly, a plasm d expressing hPXR (a hunman rifanpicin
co-receptor) was optionally co-adm nistered with the Cyp3Al 1-luc or
CYP3A4-1 uc constructs. PXR-expressing plasnids were obtained fromDr.
Steven- 10 Kl hpweHa ata)d axo-\el |l come. D. Preparation of Transgenic Aninals
The transgenic ani mal s descri bed bel ow were prepared using the

m croi nj ection i ntBesibriiate feasferin yaniiectedtinty 0% idtsaperitopealicavityaiS: ddRabent  No.

4,873,191 to 4 9 ha
(2001) Mol eculSa:blrsm%)ﬁ‘f)B&I h‘?’]‘% htgéo mé@ﬁ%?%ﬁ%&%@ ap@??%%%ey rlgmiuf?ﬁlpgﬁli ed into
pseudo- pr egnaletimh@ing| Micearrde ariegthoizEd pith rijhes Nembuial (25350 RERUSUN efpht)Er S
| ucFl I D NQ. lLucr4 .
(COATTT TACCACKT AT AT Gty et e PRl biE 50 ani ral s
Wasf donedas ctgmdlobgd: dnérhadstnokes, dndl pldcsdor magnarggllglsth ¥ nN@r hﬂmkm MR
performed as descri revyi_ous Cont, t.a see g., Contag, P.
R, et al:, (%36%5*’ ‘fﬁ@? E}ﬁaege%\{/él tLiél ‘Ziglgags&%ehfa’gluﬁcf{ewwe @Pfoalenm{omg?) 25

- Phot ochem PhaodvebiheNiver663i6R @adduan@aatidte LG 26 slware (BRSRN, M

M cr obi ol. 18A593 6%31% Zhang et al. 2001 Transgeni ¢ Res. 2001 Cet ;
10(5): 423- 34) ]GEIF% i ther an intensified CCD camera (1 CCD; nodel

C2400- 32, 1¢HaMaat StheseliaR@iny nfettot e be/uswtoe}m'él@emsf ;ftf.%t éﬂ&%rvexj &he (N kon,
Japan) and an_i mage processor (Argus 20 Hamanmat su)

cryogeni cal | )Foééﬁﬂ TaRe, AP aundrpRyde adminisiered foce SUb]F@tr(FQmPHSN&)ﬁi@bt-fl tted with
a 50 mnf 0. %%né}la«ﬁgtxeﬁorlean&@gt%h efRslofi 3o é&&bi%wg;&? aiinkeff arBR € as an

i ntegrated inagi ng system I magi ng n, rpor at | on,
Al ameda, CA. )corpaRRanieke ru@aswgd L$umm@amgag(may bs ofpewted & sewmgm

Corporation, ipdlisqyil 9 Bipfcar P Ol t%%{agﬁ B3Pl St the §)cx)112p/ogix:1|'d7 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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Al ameda, CA). The substrate luciferin was injected into the intraperitoneal
cavity at a dose of 150 ng/ kg body weight (30 ng/m Luciibahiibbssoek)
approximately five mnutes prior to inmaging. Mce were anesthetized with
ei ther Ne to%ss%g's' 50 ngy/ kg body weight) 5 or in a gas chanmber with an

i sof | urane/’oxygen i xture and i sofl urane tubing was pl d&EBH ¥ He ani mal s’
noses, and placed on the imagi ng stage under anesthesia. Mce were
typically imged fromthe ventral side for 1 mnute. Relative photon

em ssion over the liver region was quantified using Livinghnage(r)

sof tware (Xenogen, Al aneda, CA). 10 These i magi ng nethod can be used to
track events in a test subject over Eidple 1FOr exanple, a conmpound nmay be
adm nistered to a subject (conprising a Pi ght- generating reporter), and
phot on emi ssion fromthe subject aVEE€RORCONITRECF®NI on of the conpound nmay
be measured. Suchamgsikicigsigy be repeated at selected time intervals

~which is typically effecti've to track an effect of the conpound on a I|evel
~of 15 reporter expyeSslilagnd et ¢xpressivi emstroisewert corstrudied Addissosibed Bl ot

Anal ysi s kol kowi,ng final imaging, animals were sacrificed, and their livers
exci sed and Tmediately frozen in liquid nitrogen. The liver tissue from
each ani mal was tbB¥SROyhbabifefigees separaatieinatic of the valstiir de9fnaRB@S buf f er

usi ng a Soni 1 I re.. (1 sher Scientifi.c T tein

concgnt rati oﬁB%ﬁ@EAg#SQt%%&ﬁbgﬁ%ﬁ%Wngg 2 gede ?f‘e“g@%wsed‘{l EQB‘% AERENBr adf or d
Reagent ( Si gnfth€iyp &l primoter @ktendinglrom VMB)kb 8¢6Dbslivtg POR dlifificd

manuf acturer'frs recommndatjgﬁ%f. .Pr(%%’gi nfﬂ,ig the ti ssue honpgenates were
separat ed by "8F/EOGRELOFEHENGY 1HG DB HHTPEEPSAMINEHe gel 25 according to-
t_hte met lhlodl oth%ﬁAW@AGS;M;;E@&%@B%{FﬂP@%%A@,n§ﬁ@g%ﬁb;ﬁpan? _ -
ni trocel | ul ose rape (Bio neryville : rotein was

det ect ed usi ﬁépﬁﬁ%ﬁf‘ffhéﬂweéﬁ%TCﬁB?G@EWﬂdTﬁ&Q@g@%ﬁCT%burn, MA,
01801). The SBQUNGRDV).3BLaRGYIoMe: ANlLioognalen | MEm-HSRHASEAEON Ugat ed

anti body (Sigma, St. Louis, ) . Oct ober 2005 088305
PCT/ US02/ 1. 13%4%%?@Bgze§cnptSK (Stratagene, La Jolla, CA) was digested with EcoRI and

Khol and the 1.6 kb Cyp3All promoter fragment ligated into the vector.

15 - pBSSK-Cyp3AlIM: 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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VECTOR CONSTRUCTI ON A. Mouse Cyp3All Cyp3All and ot her expression
constructs were constructed as described 5 bel ow. pBSSK-{®o&sbetlohs: Figure
5 shows a scherrati c of the construct designated pBSSK Cyp3Al IS Briefly,
t he const r yef )ﬁ% _made as follows. A 1.6 kb fragnent of the {%’P I

pr onot er (exte ‘ng from-1.6 kb to +65 bp) was PCR anpliF{€# ¥ om nouse
genom ¢ DNA using Cyp3Al | TopEcoR . prinmer 10

( GTTGAATTCCAGCTAATGAGGECCAAAGITCTCAG SEQ ID NO 1) and Cyp3Al 1 Bot

Xhol . primer (ATCCTCGAGCTTCTCTGIGTTCTCCCTACAACTG, SEQ IDNO 2). (See, also,
Toide et al. (1997) Arch. Biochem and Bi ophysics 338:43-49). :

pBl ueScri pt SK (St p&t 39eN8ic: A209 Blsh Bair et YaSndk 9435 beHdt and Xhol
and the 1.6 kb Cyp3A1l pronoter fsrgzmrrrentIl i gat ed intlg] the%nglg(?or 15 BSSK-C

3A11M This. &?ﬁ’ét( qEEER ddipmsVh tfémﬁbltfqnaTg illpfim¢the nouse Cyp3All

DT e S B R R ABI TS ROINGD S 1 e
(CAGATAGGATT@QGH@&@EMXQC@E@CDTGOG@CCWA&GT@ SENABINGAL cl ones of
nouse gengm Q %ﬁg% hén(f? “Nﬁtag Ll%n agn gqol\égg ds chgl\éle C‘ﬁﬂl Se positive

BAC cl one was se e ana out hern
blotting, as a&tebbbmbeglaatbxd\nectonﬁmm@’rctdma JMﬁdnidn Wflﬂﬂiﬁetrﬁie fafd @MePtand as t he

probe. Based e n..b BAC cl one t he Pstl '
fragment of t@ﬂ%ﬁlﬁﬁa“’ﬂ?gﬁs vé‘é’lﬂi] %g]ﬁ]:ﬁ“g cﬂ'ﬁb@ﬁ%ﬁég mirg TN ASHRSTNg vect or
- and sequencedigati@binGuids B(gl]BHﬁﬂdm cﬁtmm%&toﬁﬂb@k@ﬂﬁmg\@éct@i* gRahada i th

Smal / Pst|l and L&ggg esul é‘f’ g Xmal / Pst| fragnent isolated.

pBSSK- Oyp3A1YE e & JWWB mal / Pst| and the backbone (including the
downst r ean pr ondt BGLI-BTyHIA EVSE EE il RO CRRAE Eprdmof2s (Nlas Oﬁlifﬁdtﬁ%mttﬁ@ ) hol

site was |soI5at ed. Thég% 9 XmaJl Pstl fragment was cloned into

Xmal / Pst | - di neHSALYES AdERPIEPIIPRS, after |i gatl on, the -
resul ting Sot@ﬁﬁ%meedi\Mf@g@m@A&@metég@ £86 1B Pl / Pt BAC

fragnment and, additional downstream pronoter sequences exte ing fromthe
3" Pstl to t kap3hldiBos HmgT gAmpBSSK- Cyp3Al 1S, 56 12 Qct ober 2005

(ATCAAGCTTCTTCTCTGTGTTCTCCCI‘ACAACTG, 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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WO 02/ 088305 PCT/ US02/ 11770 pA.3-1 Basic: A 208 base pair intron fragnent
was anplified from pCAT- Basic (Pronmega, Madison, W) using:tbstrrons Top
-Bgl H. prinmer (TCGAGATCTTGCGGCCGCTTAACTGCAGAAGITG, SEQ ID NGO 5) and Intron
Bot Hi ndfl 642%3 { GCCAAGCTTGCGECCGCTTAAGAGCTG, SEQ 1D NO 61#. A
yel | ow gr e PUEP erase with an emission peak of about FAG/Y1127
commercially available in a plasmd vector from Promega, Madison,
the nane pG.3 and this plasm d was digested with Bgll and Hi ndi.
intron fragnent was then ligated into the Bglll-Hi ndi cut pG.3 vector.
resulting vector, designated pG.3-1-Basic is shown in Figure 7. 10
PGL3- | - Cy R3ALibS:rnal hehelltohdanking b1 Stepif @ODEFICyWAA1 BIPThE iegliifd om t he

Cyp3Al1l- - BAC cl one usiEng %QSAI | TopKpnl . pri mer

( GTTGGTACCCA &fCAG SEQ ID NO 7) and Cyp3Al | Bot

H ndl 1| . primer (ATCASCCTIGRICKCT G GohCOEEA PARGHG 0KSEQ N RiNIn8), an The PCR
15 product mﬁllﬁﬁ'ﬁﬁf fri n to the p3.3-1-Basic vector which had been di gested

with Kpnl an agApREt WAk Sehgoned Aoy 31kt BAGckne. Segisagd datss, i s shown
~in Figure 2. gchdd ineynaAthM rRBSHsve Pl i {.tRoxmal and
Xhol and the_resulting 6 kb f%gl%rrent i aﬁg%&%?ggg%%ghg%&lgzﬁl ch had
been previ ousKy Kral fespeslwas ¢lenesdagim the d1 BénewbcloMhin theeSprltsitmnof mdskr uct i s
shown i n Fi gueeyakii20T iehfals ; ' 2 n blotting
was carried oufp On_l’z‘?}ﬂ]@%@%‘%‘gﬁ%gﬁ%ﬁIgﬁﬁ%‘%ﬁ%’%gﬁ&g‘%@% ter

- fragment as asepvassmge. The rasidiinginow coustruttyens@lesignaRsitpGLBrlaypeAt 1Xked t o

generate pBS%h@ﬁHf}ﬁ%ﬂkE(@p@llﬁQaﬂﬁ@@re%i%%gmam was also identified. The 10
ub-ctoned, .

kb Kpnl fragnent was s sequenced and restriction sites
“identifietdfrom t Hixpsemersnpeforhtd masppoetof theipraenttib@htidniRvd frokdde®5 fragnent .

pet r onim seauREaT AR oo RHRE SR P I Sr NG o faeten dci e Fpmi gur e

W under
The PCR
The

6). Both pGL3ht C3FEAN genellobingupstiekh oK brossibed dpare s el SaRhetohd h: Nhel
and Kpnl. This resulted in.a &3-}-_%$3AI 1M backbone that included the
upstream redi"SHOGE &8 Cﬁ%‘m@ﬁ SPERGFIRG Ol RIS Pregestodiin Figure the vect or

backbone. Af t(SEQID NOYAY.i Tig: figae iNedek Kabimié sRaEmRa in&fldiﬁ%]ﬁlc 119&%_{5 Kpnl
f ragment Hﬂ o] t‘geﬂ&&& | - Cyp3Al1lM backbone,” the resulTing p 30- Cyp3AIl L
cont ai ned aprﬁ i ne|T>?b]§ 1 ipdicates the sequences from the Cyp3A11 gene locus, upstream

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

starting and ending positions in Table 1 are given relative to the sequernice 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-Cyp3A1IL 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 PGL3-I-CYP3A4L: a 13Kb human CYP3A4 promoter was constructed from a human
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of pronoter sequences, including additional domnétrean1sequence ext endi ng
fromthe 57 12 Gctober 2005 WO 02/088305 PCT/US02/ 117704 (ish&ralpohhel - to
the flanking Xhol site of pGE.3-1-Cyp3Al IM The resulting construct is

shown in Figgy G.3-1-C 3A11XL: In addition to 6Kb Psl;d 90Kb Kpnl
subcl ones, an Zﬁ}sl%&sb Xmal fragment was al so subcl oned fromTé'%%"éAC cl one.

Sequence data 5 showed this 11Kb Xmal fragnent overlapped with the 10Kb
Kpnl fragnent. A 2.1 Kb Kpnl fragment was cloned fromthe 11Kb subclone in
the Kpnl site of pGA3-1 Cyp3AllL. The orientation of the 2.1Kb Kpnl
fragment was confirnmed by DNA sequencing. The resulting new construct was
desi gnat ed pGBaY clenpd8meenekby InsyigtGenpiniss, 0d ukibg Oym&A2A4Popnot er regi on. 10

[ ' i ' e provided
appr oxi mat ol y G A0 B e TR AL B AT SN B ence
derived from 34MRot@isBAINTCHAGETTECTITCAGKY Imm(ﬁflf(]chﬁjmmt GiSEERH t: (r)\g

ion. Th th ion.co I Si ranscrip
controi el emeneerte Boflub e al R RIGERLRR P GREY Prrds K St gur e
i ncl udes geno6ad tp @*émmmmoten@aqudicagomrfppﬂommait@ﬁsiamtola@plt%‘x'ﬁw@a& 9.:}-ktb-r|]—ab| el
i ndi h f th Al ene | ocus, upstream_ o e
prot o ncodi 1§ FeT BREARI-E LB Hpr | BeEe LO0dcegssies ME SoRmPUBeS. The
starting and epwhrgrepsidiionsppixitaklye-13K81e- W e Kpa! aleiy Bahfl 2§, sequence
presented in Figure | A 20 Table 1 Vector NameApproximateStarting
Posi t i onEndi-ng BOSi HPERCYEF Duelss BrtocihGRE 3Ydimbite dppaa idegafiel imtignent

from ocus fragpwal TeEkSufik et REWYRIFNIE €1 ative to Figurerelative to
Fi gure gene | ogﬁsl AlA G 3-1-C 3A11S1. 6 kb9, 33410, 978 pE.3-1-Cyp3Al 1M5.0 -

kb5, 024101978 G3-RAIS-BEYRS &My 325 db Bomdl gra@nsat ffro@ [SH13-XCYPIA4D 110, 978
: containing 10.5 kb promoter region was cloned into pBSSK (Stratagene, La Jolla,

CA). The resulting plasmid was called pGL3-I-CYP3A4M. The resulting construct

is shown in Figure 8.
Figure 17A (SEQ ID NO:14) presents approximately 13 kb of sequence

15 derived from the human CYP3A4 gene locus, upstream of the protein coding region.
The 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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B. Human CYP3A4 CYP3A4 and ot her expression constructs were constructed as
descri bed bel ow. 25 12G.3-1-CYP3A4L: a 13Kb human CYP3A42pifspt ehoanas -
constructed froma human 58 12 Cctober 2005 WO 02/ 088305 PCT/ US02/ 11770 BAC
cl one (Scragng I ncyte Genom cs, Inc. using priners B211770.

(ar TGG%’ ACCCT GC%E?’%ACCA%TGCCCCATCATTG SEQ I D NO 9) and %ﬁ;{[&ot B mer
(ATCAAGCTTCCTTTCAGCTCTGIGITGCTCTTTGC, SEQ ID NO 10). Goodwin, et al., (WO
9961622 Al, published 2 Decenmber 1999) published a 5 632 bp CYP3A4 pronoter
sequence from approximately 6 kb to approximately 5.4 kb of the 13 kb
pronoter sequence. Upstream (5') DNA sequences were obtained for the

regi on corresponding to approxi mat el yExapgi$2t o --10. 5Kb (Kpnl site to BanBl
site). Putative Hepatocyte nucl ear %%;{%SQRS%I-‘MF-SF)) bi nding sites were
identified in this region. The resulting construct is shown in Figure 9.
10 pG.3- 1 - CYP3A4MIiper pRstsaskays mmon@wcredgnémgwqdmweé%-s i (C\S(FSAilL L
containing 10.5 kb e g Q.. cloned into p r at agene, .
Jol | &, C%\ . The r‘%gﬁ@%‘g%gﬁng l&\%g% cal l ed pA.3-1-CYP3AAM The resulting
construct 2 is showridfly, @iptrasien @nstEicgudescribdin(EBERpleD) ANekre Iftav@ioasient s

i ly. .seguence. 15 decrived fromthe human CYP3A4 gene -
?gg Lg?“ Hgtste r égﬂ% tg{& %[tﬁén%rag#éﬁ]%e% 8Sdﬁier§81breé6€°c}’ﬁ wo Y’ﬁg‘sfl?t%rtﬁ”@'tfeﬁ@i‘%es genomi ¢
sequences i ncgroeh)ndiot deeh exyirdskiah c@BtAESG mvd dre tﬁflzrﬂtrs%_a{%ﬁ Wj{hrl@g_r}n\gaf t p;_ te ge

t regi omprising transcription control elements, identific
Eura?gio n,ert hatg %@c@l"?’g8?1%?3621?1‘?30‘”%%?%&%‘%‘&}%%ﬁgfﬁfiqxléﬂ;ﬁfbﬁg%ﬁ ﬂlpglgd}), is

- i N deil@uniee wiibBr ith 0. INGE /4 BF RifARpidall ) | d). | DdiafRkES sequences
P e YR S one uegt,SEqustrgg%n/]éo? %ﬁgpl 1glr?ot ekia)n cogﬁlﬁ% rg%i on, which

‘he CYP3/ [ | ) C ( hi ¢
conpr | se Bhe HBBHEREE b o o char o e Cart oy ncimop pos 1 o
. - . R n . 3 .
in Table 2 arg (gl?%ﬂréiﬁﬂz@éﬂe%@z%?zyﬁ B 2eauer QEacﬂflﬁ%%g}?ngvbeg% Srllugéﬁr \slﬂé

t or _Name roxi nateStarting Position o 1on Size
-(I)_? glyggivggn@ﬁng@%#gg\gf B&{ﬁ@, rifampicin (Rif) and dexamethasone (Dex), at the same

dosages. The mice were then imaged a various time points‘ after drug administration.

As shown in Figure 10, imaging mice subjected to liver push with 5 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)
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Fragnment from ocus fragnentl ocus fragnment the CYP3Adrel ative to
Figurerelative to Figure ene | ocusl7A 17A GA.3-1-CYP3A4NWEDcbkpZe066112, 998
G3-1- M;13 kb112,998 59 12 Cct ober 2005 WD 02/ 088305 PCT/ US02/ 11770
Exanpl e 2 h\{5ksEissH ASSAYS Liver push assays were condyghed, gs,described
above. A Muse C 3Al11 Constructs 5 Briefly, expression constructs
described in Exanple 1A were intravenously. injected into mce and inmaged
as descri bed above two weeks later (pre-treatnent group). For each
expression construct, 3 mice were then treated with 100 pl of DWMSO
(solvent control); 3 mce were treated wwth 0.1 ng/g dexamet hasone (100
Pl); and 3 fB@e36kFe treated with 0.1 ng/g of Rifanpicin (100 pl).

Dexanet hasone and_10 rhf aﬁgi cin haye B en previously shown to induce
Cyp3AI | expressi oh® PEHEFIRBYD wecondjcte %X@@?‘?h FPEHTBItOWRR VHYIBE 3pRYRs

340(2) : 215- 8of kPR thE e¥}Rbnpro¥hios coMireort d@a4HRE iMEtdnpidl Sh@osngpse of DVBO

rifanmpicin (R f) and dexanethasone (Dex), at the sane dosages. The m ce

vere then i naats d1virandds. Rk %F%PEEQJPI’é‘?ﬁﬂ’@icﬂgl%ﬁiohi@th{@ni()ﬁn. As shown

i n Fi gur es 10yuciferag R8vily £6dise®bPevPIAL0 of CYBMA 1 PAS Rndd 15 Cyp3A
| Mand 0 g of hPXR sh‘gs\?ed r:earlg 5 fol doi nduct 1 on % e‘ltl’HI(l:? er acgrées’acti vity

appr oxi mat el ypdugions fusifemsegxperssiemeatrdly derscasethwhrindtigtat lomges DRBER! r eat ed

m ce showedyljetidlg® or no induction, while rifanpicin-treated nmce showed
sonme induction in luciferase approximtely 48 to 96 hours after drug
treatment. As sholivsi adnfhiguation dPa rifamepitiimep-recgorsuijteafuérad fob ribinagitinpush wi t h
S pg of 20 Qyp3Al1L and | Vg of hPXR showed nearly 8 fold induction of
luci ferase activity approximately 6 hours after rifanpicin admnistration.
DVSO-tredfed mce showed Ilittle or no induction, while :

dexamnet hasone-tr ﬁw%r oximately 4 fold induction in
l uci ferase appro rs after drug treatnent. Thus,
modul ati on of exmBadBi epreeidh as@cuby dEyRBAn Bxdi AN 88 heRtiheRahousgnt rol 25
el ements. Canin?e%tegliétg %;[lclt ang?r?llagte(c)lraggleslcrqbédl a\lggvee}:\r}vlor\gvaelel?s ]E]t%l‘ E’gt\;flza?nelenlt nformati on
on toxicity P
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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of a compound. B. Titration of hPXR It was previously believed that
rifanpicin uptake required co-adm nistration of 30 a ribaygiverPoos
co-receptor such as hPXR In particular, hPXR has been shown to nediate

i nducti on 4 expression in human hepatocytes by

dexanethagggg;gg 3rifarrpicin, see Pascussi 3M et al., k@ﬁﬂgﬁgﬁfﬁacol (2000
Aug) 60 12 COctober 2005 WO 02/088305 PCT/ US02/ 11770 58(2):361-72. To test

- this notion, we conducted liver push experinents with varying anmounts of
hPXR and the cyp-expression constructs described in Exanple 1. As shown in
Figures 11, 13 and 16, PXR is not required for rifanpicin uptake or

i nduct i on of adihusirhigrmase activity nedi ated by CYP3A4L or Cyp3Al1M | ndeed,

in certain cases, .| ti.nn | uci f e. e ion . actual |y, decreased
when hi gher dosagFe%lhgﬁH'%%R © \%\%%bep reRlE {pﬁ%—slég%f@%) ﬂeg’é‘{eidé??cg%‘gg“ri fanpi ci n
Co-recept or bxpressibn fredp liver tao ther IOSAKIPprotno e HGIkEL-C Y3 Ltvifyran  CYP3A4
Constructs Briefl. feﬁfl on constructs described in Exanple 113 were

‘i nt ravenousl ?ppr?ﬂ?{’gtfg’ﬁf) o mce and inmaged as descri bed above two weeks

| ater (prg-treatnment group). For each expression construct, a 2.2 m
volunme of plasmid mxture (pG.3-1 15 CYP3A4M or pGL3-1-CYP3A4L) was
intravenously injected into a 22 gra@?‘?AIWVBE3fenal e nouse over a period of

less than 8 secondEichTBrbUBEIPIE TokiG S IEMERRE YA HE CH3aN 1 ¥eepIAY ect ed
into the peritoneal cavity at a dose of 150 ng/ kgﬁﬁdyﬁv\érigljht 3'I(Arlzij ng/ m

luciferin stock). Mce were the@%@i\é@?&i@‘iﬂ%ﬂ@n a gas chanber with
| Sof | ur ane! oxy 9o Hhihlbe 8t bka kS GLhMol A6k L ANGRIAgHLF S m ce
with 20 isoflurane tubing on noses were placed on the i ing s efgge and -
i maged f Hdym theie abilisrie magduliiedeypB4d 1 or GYRIACp omsiengpelioted hmmhivsBericangi ng .
system Rel afive 0ot om 1SS oV % liver. regi.on was guantified
" using Livingl mage sof t war g&tﬁﬂsgﬁ'ém%‘%ﬁg ﬁarl?rtreanfﬁ?te mf%reex%@f g%‘f%d to |iver
push wi th 5 Ypasécta@ngHrom@rPRiadisora W) &ithiQypdA ! WRXRrSIWREEG-Tappr oxi mat el y

15-fold i ndugotnkt%tsogndlayecﬁlgtg ARS96 well plates and used for high-through-put screening

of a compound library. Trgnsfections 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 Qf the present invention may be used to monitor Cyp3A11 promoter-mediated |

expression of bioluminescence in vivo.
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25 activity approximately 6 hours after Rif adm nistration; approxi mtely
13-fold induction 6 hours after dexamet hasone treat nentizaroddrPbd® or no
i nduction at any tinme follow ng DVMBO adm nistration. As shown in Figure 15
(data sho f ond dose; twelve days after first dqgi Lce were
treated wmﬁﬁﬂgﬁlss%@%nd dose and inmaged), m ce subjected t(;)” |%7’{e5:7%push W th
59 of pG@.3-1-CYP3A4AL and I M of hPXR 30 showed approxi mately 40-fold

i nduction of luciferase activity approxinmately 12 hours after Rif

adm ni stration; approximately 60-fold induction 12 hours after
dexanethasone treatnent and little or no induction at any tine follow ng
DMSO 61 12 Cctober 2005 WO 02/ 088305 PCT/ US02/ 11770 admi ni strati on.
Furthernore, the r, (pG.3-1-CYP3A4L) nedi ated nmuch hi gher
expression in the%ﬁ‘ﬂé}iﬁ%‘% he 10.5 Kb pronoter (pG.3-1-CYP3AAM by
approxi mat el y 25 fhubgerbc SKAMRLEcBerie@hsilig bR BHITY FEAUMIIE b r BGREENI NG VI A

THE CYP3AI | f PRQV()!E S nds cap be screened faor safety
and/ or possi (b?/gg oRi %?ntsﬁucb%?%r?ﬁgﬁgggﬂ%%%&?#ﬁéﬁqs 15 digesteg Wi dismitle oyp3Al

1 or CYP3/& pandnint E.5 kiefligfeaticdaioningrihg 6 SEB CEYP3iAR pharadte! £etiRericmibs. Host
for exanple using |ipofectam ne

cells (e.g., liver.cells transf ect ed,

( Pronega, I\/aoilngtgﬁ?ﬂW)“fV%SF?‘if)g\‘fp‘gﬁlpui‘gi%’go%ﬁgwllbﬂ_ﬂ@m%% 9t s and are
plated into 9&Mel-CYPBALEsShapteknis @ds Hi08stdd il B QuORe PSkb ShE&GRE N9 of a
conpound library. Transfections are carried out according to the

‘manuf act ur er’ @%W‘f RIEWPEH S cBivesie tinpar andgireiboleeifesase Ppglé\rqumaﬁﬁﬂbct i on,

the cells ar &rdrh A3hiRek Yl biele§R)eRELSD conmpounds for approximately 36 hours
and, subsequently, the cells are lysed wth passive lysis buffer (Pronega)

and assaydd with tThe prifad frageienis wateaheRegach minroinjasisdintsinglecall(sigenega) f or

Luci f erase aGty bl o20nEXANRLE i o EMTORING ol QYPSAT o R
e e ATeR filhyod T SRS wtre deninf Rt g?ﬁ%‘g% Rl b Cecirrh?yi ng the
"Cyp3Al | pr ondperdetsyreyeseresrest ssRER andciamgimg tied the resulting transgenic animals

were imaged from the age of one to six weeks according to the methods described

_ above. The observed signal intensities were quantified. Luciferase levels were
15 highest in the livers of pGL3-I-CYP3A4L animals and in the intestines of pGL3-I-
CYP3A4M animals.

Example 5
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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are obtained with known nethods for generating tfansgeni c mce (see the
di scussion 25 above). These animals ("founders”) were Bpeskidter 2005
non-transgenic nates to produce litters ("F1 animals"). F1 animals from

t he found ismaged fromthe age of one to six. wee ing to the
met hods dg{'asv?rﬂi%ggsédsabgve. The observed signal intensiti elsi’%%emr%gﬁﬁzﬂantl fied.
30 These experiments denpnstrate that the expression cassettes and
transgenic animals of the present invention nay be ‘used to nonitor Cyp3All
pronoter-nedi ated expression of biolumnescence in vivo. 62 12 Cctober
2005 WO 02/088305 PCT/ US02/ 11770 B. Human CYP3A4 Transgenic nice were

gener at ed usi #§d inreBlodp B sqardibSianRerkuln we sp@lGa matcT¥P3 Abliseddngémantt s.  For

-1-CYP3 : i i t 1 | ..5 an e 12.5 kb
1P %Srr:sntc Ycoﬁfl(zi;fltﬂﬂlllE %@h@%gﬁg%%&%iﬁ‘oggso&r@sg ﬁ@ ﬁ(a:%lfiﬁ%ﬁjleg' &Hffr? 8%, and
firefly | uciftraseowDimiliwof bliekfncet if the Mua geroneaMaals, ML pdrdct r oellgt Lgn.
E gFlt alofﬂ_ﬁg ! 1%@}%%@&*‘@4@%@@ &léﬁiﬁ?qgsﬁﬁgg r-[r\tll\’1 regf']f’,e%lréf!t? ‘%?‘g@hngb? uci ferase
cDNA was [ur i dsiceidtedfwitina Rgetrasgosge bubhymis) iﬂ@rﬁédxe.|glL;ﬁo@ﬂf:rl 1119.E dihe, pt; (/ iBf i ﬁg o
f ments were then e icroinjected into single cell stage enbryos.
TLdenbr YOS vé?lsm{ﬂ[%ﬁaﬁ@p&%ﬁﬂ@&?ﬁ %&68535%@6‘6‘3&?‘%%?&03 Hidhe 3 f ounders
ver e scr eenedeyenfGleR AR d i RGNt RAH MBI DUt it kAN8GROHE). ani mal s were

imaged fromthe age of one to six weeks according t'o the methods described
aboge. The obser vgﬂa‘g{“&’ﬁ’aﬁ‘eiaﬂﬁr@ﬁma@ye%?’ e ? &1 teanarice wagianalyaed usinztbe | evel s

were 15 hi ghegdpediRatiee chglfa%l (%ttﬂ.ﬁ/ﬁﬁ.%ﬂe?v@!ﬁﬁ é%ﬁe&ﬂé?f—ﬁlg?%@ggdﬂa@keg €
i ntestines of pG.3-1- E_Y 3AAM ani nal s. anpl e entrfrca O Repeat
SequencesYand'iiyimpddantifagsiorrsthathays highhopmeogsyip 3pdvin Rpertet equeRegi on. Fi g ulr e
1A (SEQ | D NQ. ¢ J2NFSOTIS® &1 L€ AYEd 00 1h 8- SRAYERGR xRl dy 1 EANSCT i pLi ONa
control el e#e%] fromthe nouse Q?pgli % generﬁéocuggﬁrl n %%yfll guare,
2503-5103, and 6129-6791) were identified baving 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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t he sequence represents 12,275 nucl eotides in t ot al, the translational
start codon 25 (ATG is located at positions 11, 003-11, G8%ctébef Adds bOX 1S
| ocated at positions 10,884 to 10,887, a nmjor transcription start site

begi ns Wi t{otdhRsssfs at position 10,914. An approxi mat el egi on of
the Cyp3Al1 | gene is fromnucleotide position 1to 9,3 6%%%0%6{9re 1A and

t he approximately 9.3 kb sequence is presented alone in Figure 1B (SEQ ID
NO 13).. The present invention also includes a transcriptional 30 control
el enent sequence conprising a pol ynucl eoti de of nucleotides 1-11, 002 of
SEQ ID NO 12. The approximately 9.3 kb sequence fromthe nouse Cyp3All
pronoter was 63 1FDe@rmetyaon2g@st G0 U8 xPEWISHRD CYPFA4used in a

BLAST search n arch e Ll el enent
(LI NE fani | yng{mOr e3‘5@%&”‘%é%ﬂﬁ@ﬁ%i@%ﬁ%%ﬂ&%lﬂf%%ﬁ%%? 2\’7\1%%%36#?4?@%& . There
are three kOolRoFQNadH61-62998). el enents in the Mius genone (Mears, ML.,
and Hutchison, C. A, J Mdl Evol 2001 Jan;52(1):51-62). L1 elenents are
believed to be 5 associated with a retrotransposon subfamly in mce

(e.g., CGobdier J.L., et al., GCenoneEkasple@0l Cct; | 1(10): 1677-85). _
Aligning this sequenge W th t{ue | ~sequence identified a region with
approxi mately 9rl % ﬁ&ﬁ?f?i‘?‘}“ %Qg’%ééwg‘%%ﬁaﬂﬁgﬁ%%wmt he

appr oxi mat el W, 9. 3pkémidAddsisegpsence was anal yzed using the Repeat Masker
program (htt p :1/ft . enonme.washin ton.edu/c i-bi.nl Re eat Masker 10 which

can identify regiOfs‘HHdrnEpertsivR derametl eygatialy kidsaprited peltasnls Bhuences
25035103, ang R130 S101) nece eemiping Yol GYPIASABRKEILAR B "1 L1
el ement s 10 Fi gupeacd By PCRuging primeis 4 SAT TGEBACLCARICAGT BRECA603) ' was shown to
VALR 10 1 émhig@%‘%ﬁé??%ﬁ@?ﬁﬁ?a?ﬁ%&ﬁ%ﬂd b el SRBAISHOR B S a1 an
r et r ot r ans poSdRAAGUETCUPBFCAGET CYGTRET L TCRTEGC- BERBQIIDNA:964 Dec;
3ALI soquenct ™ brds R oG bEERPIAT enales raiona 1o EBRERNB%: 330) . 20
B. In The CYR8dio Bnuifpedr2 kb fRegoterregion of CYP3A4 from human genomic DNA
15 using pfu DNA polymerase (Stratagene, La Jolla, CA). The PCR product was 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 Qector
(Promega, Madison, WI) containing the modified firefly luciferase cDNA sequences.
A 233 bp HindIII fragment containing a chimerié 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 chimerié 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 Nq. 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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Figure 17A (SEQ ID NGO 14) conprises the nucl eotide sequence of a
transcriptional control elenment fromthe human CYP3A4 ggagyddpeksegs N the
figure, the sequence represents 13,035 nucleotides in total, the

transl ati I <t codon (ATG is |located at position o 13, 035,
a TATA bogﬁi%sﬁz?égcgt ed at positions 12,901 to 25 12,904, %g}%j&gﬁﬂto
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
Figure 17A and. the approximately 2.5 kb sequence is presented alone in

Fi gure 17B ( SEQAIB)NGng F¥B. dobbidnhtayosanal yses to those descri bed above were
carried out on the 30 approximately 13 kb CYP3A4 pronoter region. A summary
of the results of this analysis are presented in Figure 19. Two different
‘kinds of repeat segtemaedsWeice identified: L1 elenments and Al a repeats. 64
12 Oct ober 2005 WD 02/088305 PCT/ US02/ 11770 Five primary non-repeat regions
of the approxi mat &lighieen fRpderpisasercsersersd by PCRgisg lgifeesss pramers Livekd

(appr oxi et el 4d 12804 3fdnerd (544245 8P Z;G%G@ﬁ;

9401-12998). 5 Exanple 6 Ge%%% E%%T (gf a CYPS%A%?ngéFvB ra%tgg%ﬁf}g Mouse
Line A Pl asi PROHINQED) wod LacEyrgpaiuc reporter was desi gned
essentially RGNS A ri | ohOMWS . BAC cl one
cont ai ni ng tﬁtgchurrand CYPBIkgG%%%Cg}A@%an %ESQ@)SNQ&Q 'eﬁ%" e@‘f/nePCR usi ng
priners (5 - GNPEGTRECEFCIHATCAOSAT IRESBBEATCATTG 3' (SEQ I D NO 9)
corresponding to nt -1105 to -1080 and 5'-
ATCAAGCTTCCTTTCAGCTCTGIGITGCTCTTTGC-3' (SEQ I D NG 10) corresponding to nt
+40 to 69%0of CYP3M RCBRoteningr egi on. The priners were also used to anplify

a 1.2 kb pronoter . egi of CYP3A4 from h enom %NA 5 . using pfu DNA
pol ymer ase (Strat gbgé‘geewﬁ’fgseﬂtéIef‘e:i?lﬁﬂf(?sgffﬁnéwwwﬁé \%é‘sl‘][’ﬂi %®d with
Kpnl / Hi ndl | | Iarg flurd: fliaael 1f DNAadar; 05@ Jabgatisd RebraRBECIne 8MNpdsitive (I 0gene,
Carl sbad, CA).. Th 2 kb pronoter region_was cloned into pG.3-Basic vector
( Pronega, Nad’i“%?ﬁ%e' \lﬁlje TE%'}F? PRI e His 1Wralfisaben of CYRIA uc Jgimhiet- ase e DNA
sequences. A 233 bp Hi ndTlIl fragnment containing a chineric intron from

pCAT- 3- Balsi c vector e ,
1 5 (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 BamIIl 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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20 (Pronega, Madison, W) was then inserted between the CYP3A4 pronoter
region and the luciferase gene. A 1.88 kb KpnTlIBgll|l fpeagmeat 2o 950 bp
Bgl It fragment, and a 10 kb Kpnl fragment subcloned fromthe BAC cl one
were inserggd,agquentially into the previous construct.,.Jhe.fi:94

construct pA.3-1-CYP3A4 contains a 13 kb human CYP3A4 prorm?er reg| on,
233bp chinmeric intron, and nodified firefly luciferase 25 cDNA All the
joints in the construct were confirned by DNA sequencing (Stanford PAN
Facili ty, Stanford, CA). The entire sequence of CYP3A4-|uc transgene is
shown ‘in Figure 17C (SEQ ID NO 17). B. Generating CYP3A4-luc Trans enic T
M ce 30 The tfram3&gesynih AG isitzagand. creat ed by the mcroinjection nethod

105" 1080): " and R daginadell oI DL bercnlCat # RS gisekredcanp! ecul ar
tF)) |C$} 8 g 8 2 ? lli%# B9k cROGhanow (CaﬁiIB:SSB@ 3%@&@5&?2@&% msﬁﬁl‘s%&%@ﬂ 3b-_?L- v

Si gQnor enbr . Screeni ng ce
Ei ght een foun?gee)&rﬁzﬁ% (?%]P‘E‘“?gg(gétﬁ%%psﬁﬁl) prerphg %ﬁﬁmﬂl@‘f%?yﬂ-ﬂ erﬁﬂrs LucF1
and LucR4 r ra:rm@erdsmﬂslgamm WBis, 12O). Ph%%ﬁﬁ[@@gﬁ TEEARRCC - 3"
(SEQ I D NO 18)) and Lgﬁz pri ner (5 TGGAACAACA 3

(SEQ I D N019f§“)3l otheppia M%ﬂe primers were also used to screen Tg of fspring.
.10 (i) PCR SCfeenmagoﬁb%d%m%&ra%ﬁﬁﬁ@ﬂesdrﬁ’g%%%&@&’c 8&?%{ Saéo%cree“' ng

.CYP3A4 luc Tg m ce In the figure: Lane ane negative
littermate; LU&pgenBadmypisiratiopef uciferinsuheitate andldeigs wsnibst follabenrinse oﬁt e the

pnalysi s The 85 ﬁﬁﬁ?fﬁ%xﬁ s PO Rt sk busRRTIP O Bl APy e

entire |k fimegoe imORAVISHY dKa@gerGamrpor)atluramameei (}’:n$1fq@me}3@stémr DS@eu&iher n

a7 pe of g oA el A GE YRR YRR L N ARl o) P The
expected siz eandfwerer mmtgé e atZ(HO\msf 5D2ngdky; (pil[&mb:lireﬁﬂ lntas p&ba:@dlmm liaoy

hybri di zati on are in F| n the figure: Exenplary
screening r esﬁ@ @Vl Igljaﬁl_a WP %comr%le TB? duration of treatment

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 (b)  Line #225 showed induction by Dex and Rif in liver and
intestine, but had higher intestinal basal expression than liver basal expression.

(¢)  Line#233 showed strong induction in intestine and slight
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Sout hern hybridization are presented in Figure 21. In the figure: Lane 1,
10 pg of = CYP3A4-luc Tg genom c DNA; Lane 2, 17 pg of p&:3HBasksodpsitive
control. These results denonstrate the presence of the transgene in the

t ransgeni ! x> D. Phenotyping Data as Applied to Sg| i iteria
Gener al rrec‘tNF\ﬂc‘))ggss?%r evaluating the animal |ines were asq) gﬁfsgﬁ\ﬁﬁg . Tg
founders were bred to wild-type FvB mce to generate FI mce. A fenmale
-transgeni c founder was bred to a wild-type FvB male and a mal e transgenic
founder was bred to a few 30 wild-type FvB fenmales. A Luciferin stock
solution of 30nmg/nil was prepared in sterile PBS. Luciferin, was purchased
as D-Luciferin Poindsaionnn Beer regicady@ex atid REE TP ine Haddngh iotestivh] Hx46121/ 2 66 12
Oct ober 2005 WO 0@#@%%%85 PCTI US02/ 11770 from Bi osynth AG Sw tzerl and. ,
Dexanet hasone ( Cat 56), rifanmpicin (Cat # R3501), pregnenolone (Cat #
P9129), clotrinazol e (@t AnEG22Y}hovhddfedidotiie HyGCithertirby/£34hd very

5- Pregnen- 3b- OL- %9»‘10\&'?%??&'1car bonitrile (Cat # P0534), and phenobarbital
(Cat # P3761) wer& af "B PutCHESES  r om Signa (St. Louis, MD).
Phenobarbbtal was prepay ed Lt 8RBSnd 26 @owedfbn@érRTSHibdb nd Ri€inl OUt € of
adm ni stration folr. the drugs and for, luciferin was |IP. The dose of reagent
“admini-stration of "YEEAR &} PHOTEHAS, 2iddasal gXrupssige Mdhker Has Erstleighan bapise of

luciferin: 150 nOédsgessibn i iXQEBEhalkd@ifoRdddnuShas han@sndigy ected I P five
m nutes before 10 imaging in the I'VISTM ( Xenogen Corporation, Al anmeda,

California) system Dose of chemcals: Al drugs, with the exception of

phenobar bi tal , weri QEARAE ehidafd YRR @NIWRT S ke o dose of 50
mg/ kg (phenobar bi t al vvas.prep;re%% Fg%%qgt 100 r?g%%g‘ge'?cjd%ﬁ}%%)“ﬁ%g \

admi ni st 1%t edpeaiicatiope KD indactionred eerle. exisesiaduin ghei lver -of.ines #226M938, #88as .
typically fo d thi I Ot I 4.0 .ni stratjon the ani mals
wore ancet ot req Gor e e e B Kb g8 o

| VI STM box (X&iwogeere. Gotepoehat Lons #58 adeddel satiFadithiocried)n; bat (idymegilng. Al |

animals were_j : n frer chemi cal . administration d i maged
at high res o?)tptg'i% %ﬁﬂ' ' ir)u{hﬁt §§ a%g%hg‘l ' %qgglcg% ggsalo?xp?sﬂ?rh'ﬂto ex P?‘t?r"?ﬂifl es and
9 \ ning
femal es,  r eshmiyt{c.gelngestine) — Lines #82 and #208 satisfied 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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20 Induction of CYP3A4-luc by typical CYP3A4 inducers Dexanet hasone (50

ng/ kg body weight) and R fammpicin (50 ng/ kg body wei ghtiy oésbegadsiat ed i n
the animals. FI mce fromeach founder (i.e., mce PCR positive for the
presence ofyoldiBsssds’ ansgene) were imaged at T=0 (pr etrea}%qmsh ’ﬂ% at T=3
hours and T=6 hours follow ng adm nistration of DMSO X anet hasone ( Dex),
or Rfanpicin (Rif). This 25 was perfornmed on groups of three mce
“(including both genders) fromnine of 18 founder lines. Primary screening
results fromDex and Rif treatnents are described below (a) Lines # 75,
195, 230, and 240 showed induction in the intestine region, wth higher
intestinal basal é&hpresks omntehanplhiyneslyiastihdexpi 6ASTYRINA-BO thafkcdd HE #225
showed i nduct on.cb)éIeDex atnﬁ. %f i E | i velrégtgdlné'&n%esti ne, but had higher
intestinal basalSXpriasEPsh " HENC Fiverelh asdl IdRpfgdeimiRe weedpagedg #233
showed st r ongl+h@teiettaRni) Bnd TEERdurR IR SHinBikirafoh of BMSO! RB&EnA08> WO

02/ 088305 PCTLUSO2/ 110%7%1 nggct' on_in_liver re i_(_)r;r{gy Dex and Rif. This
line had hi ghti5s-@opioRaPipHERmobl pifpmpicin g, Iel&’%lmlr iy Snregicandb Qlo

i nduct i on Sy F-ONer1cdCigboantle TBANY, BENamet HAWNE EBEY) 204 clgﬁ'l%?ajzolgrx(]@foﬁ- jon. 5 (e)
Line #82 and 208 showed stronger induction by Dex and R f I IVer than in
ot her regi ons\T e PsEFatedcopials Befors ench imaging sessiogr miseavera injented ap.al
expressi on i nyimtspdeh D AucilBpin e - .es, .-The data
wer e eval uat ed agai nst t(ﬁg%ks]e?g{ce? ?‘gﬁ&gﬁgteerrnl{pgd?gg@%étpggélfaggﬂn%e@mfan the 10
speci fi cat i or?ict:iepch wepse ticegad with erempuprdebeimin thalegdnd at ibe bottom b nes #225,
#233, #82 an i STl thi j Lon: (ki).greater.induction in the
liver regi on(]i)tzlﬁ%l(rgﬁilﬁéﬁ(%}!t(‘}‘iE]Lre %FSG%F%P‘%H(%%P&P?I%% {é)é%nln%éﬁmal? mtcleheé"gﬁ #82 and #208
sat i sfi edl® himsouse ireased with tha gompauind shdvasialthe legend asitt bttdnod BavelrC.t hat i s

greater than al, expression.in other parts of the body
(e.g., int estliiglﬁae1 3 %P%%sb%p }ésﬁ](? R’W@%ﬂ‘?@lﬁl@dﬂ? {raengs Whess thggesulis M ce
sati sfying t he mbeved foricher iratmet ¢shoypuahd bottonedteaha )@ kpplie &eguent

anal ysi s. Because i nes 1#82 arﬁ #208 showed strong induction by Dex and Rif
in liver and had hi"ghBF° BALA M FATUPIETS 8 4ok ovse Yere priéorpgd as desgrdedy egi on,

t hey. wer e above. Associated error bars are shown. Panel D presents a bar graph 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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sel ected for secondary screening. 20 Secondary screening: Lines #82 and
#208 met the first set of criteria, in particular, transgaygonrdSU3A4-1uc)
expression was induced in liver region by Dex as well as R f, and
transgene gyRbessison in the animals showed higher liver Jbasal, gxpression,
at least in nales. These two |lines | ooked alnost identical 1n primry
screening. Line #82 was 25 further characterization with seven conpounds
believed to induce CYP3A4 expression, including pregnenol one (Preg),
phenobar bi tol (Phenob), rifampicin (Rif), nifedipine (Nf),

5- pregnene- 3b- OL- 20- ONE- 16a- Carbonitrile (PCN), dexanrethasone (Dex) and
clotrimzol e (O otWhatjis CEipedds'si on was eval uated in both genders.
Exenplary results are presented in Figure 22, panels A-D, described bel ow.
Li ne #82 30 responded nost of CYP3A4 inducers in liver, this |ine was
chosen as final |ilneA metwi gnadeatityhsy n\BiiNe TghGGCIRN3Bd elpidseidn oibrepdtCt Ober
2005 WO 02/ 088305 PC'%USOZ/ 11770 The results of an exenplary anal ysis of

i nducti on of CYP3RAITEN PRASYINY sl reppgichiegungs & il demscRpioyur e 22,
panel's A-G | dontrbiesldniegey derived €6 WeiBal CUBBA4 Sne, iR 30rab ek 18 BM,, and T=6
hours follow ng adm pi strati on of DVSO pregnenol one (Dreg), phenobarbi-tol
" (Phenob), rif% 1@?‘?#]‘(‘315‘3“)3{“gni fedipine (N f), 5-pregnene-3b-OL 5

20- ONE- 16a- Car boniaifidistertdpGhi ansl s Q&E&Q@?&ﬂe 1i{iR8¥gdef) %i&lr%génﬁ@x%%ﬁ

(Cotrim. NI is the non-treated control. Bef of e each 1 magi'ng session,

m ce were i njCEPEHTE. 49 CXDIFFHGR CRSOIIRPIIFIDE B Peiviyrleotidndérivad frmgknt s

exenpl ary i ndiigdah @Y rdaldehOlailll o 68, 7 W th the
conpound shown ian_t he Iggeengala?&?ﬂe Bgﬁlﬁ)gr‘{]ﬁlgfat%%g%g?q%%?%%%gg& [t)or esents -
exenpl ar yi} ndwekpiédes dalBD3R of SERAR N& ik Ivdersinc@), sadaolyniiPeotla scorerabht ed wit h
t he conpound j . m of ..Panel C. anel B
presents a balﬁlh}g&fﬂfa&pdh&g hlg\?meiugg%:]%ﬁ%?&ﬂﬁ%ﬁg &j%’lg‘ﬁuceef B%er THERPE G\’\E&%}é’ " he
results are tpuegiphomd cénirol elembntt and diiirexpresfish ofwaiddodingaedehdeninéreffanel D)

liedt f . el 1 Ce. h
per formed as Rd e el R, Fnledl LBy BT LPE e b, Pancl D

presents a baifagpiajpharshowi ng 15 sim | ar induction experinents where the
shown _at the bottom of Panel D)

results alge presented for each treat ne‘ﬂit] % F
as applied to a gPSUL°OE TRIEER FREE0 ¥ UeNGE QL HETEHPECIB AN 84k OFrouse
vere per for mahk ksel deegieshiod oAAV@ANASERCARIE thi&Edt Mdicates 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.

70



bars are shown. The results of this analysis denonstrate that CYP3A4-|uc Tg
m ce having 20 desirable phenotypes, as outlined in thezabausrenoseria,
can be identified by the nethods taught herein. As is apparent to one of
skill in t{e @hissesvari ous nodification and variations ofy. %

enbodi nents can be nmade w thout departing fromthe spi r|t an scope of

this invention. These nodifications and variations are wthin the scope of
this 25 invention. 69 12 October 2005 WO 02/088305 PCT/ US02/ 11770 What is
Claimed Is: 1. A nethod for identifying an anal yte that nodul ates
expression of a reporter sequence, wherein expression of said reporter

~sequence is nedi aﬁeahd:)meﬂmanﬁmylopt]nm 154, edidielrodxpRlsQoestisaiddedihyed from a

human CYP3A4 ge [ ransgeni c i,ving rodent sai d net hod conpri sing
adni ni st eri nggglﬁ?dﬁ 05%?&%%8 ‘i‘% d Pyt B i “SgP‘?‘W‘f’iiﬁntr]%’d’éﬁtmthaé%Bd transgeni c
rodent conphisinigeredut SOMRYESEId9vegdsset te conprising a pol ynucl eoti de
derived fromthe human CYP3A4 gene, said pol ynucl eotide having at | east
95% or greater identity to 10 nucl eotides 1-13,032 of SEQ I D NO 14, wherein

(i) said pol ynucl gothélgeihsd SRSk dBLRims!1L4) k@BretrxBresQ8H HYameugnce of
interest, (ii) the polynucleotide conprises at least one transcriptional

control el enéffﬂuenc&r?élr(t?fteﬁt}s ipdyspdidholivies, tenigenie demtdysifqumsivce of i nt er est

is induced |Qd1§]jﬁﬁtéréd/§r50%g,ggl}e,dyl‘,\}él g, transgenic rodent by dexamethasone
or rifanpicin; and 15 nonitoring expression of said coding sequence of

interest wherein an effect on the level of expression of said coding

sequence of it er i Ach 6Ll MR R Ak & ey ALLERL aodlal d by

transcription contro ements defive rom ene 20 2.
The met hdd ofcqubuiwf interodh @rgedater (liaw pr bqskth leafpldemmuﬁml Iryfdesmdhasﬁxiﬂ ng
sequence in Fbe?b!agaj/%(/ gegl on of the living, transgenic rodent is greater
t han or equa in other regions of the body of the living,
transgenic rodent. 3. The nmet hod of any of clains 1 2, wherein said
transgenic r odent8 S miBla of claim 6, wherein induction of expression 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 sequencc 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 |



25 have sequences encoding a functional hPXR (a human rifaznpicin
co-receptor). 4. The nmethod of an of claims 1.3, whereiny@giRssh@n of said
codi ng sequence of interest is induced in the living,.transgenic rodent by

at | east opg %g@pund selected fromthe group consisti obar bi t ol
ni f edi pi ne, éu@ pregnene-3b-CL-20-CNE—16a-CarbonitriIeggﬁgkgﬁgiﬁinazole,

wherei n i nduction of expression is seenin the liver region of the I|iving,
transgenic rodent. 70 12 Oct ober 2005 WD 02108830-5 PCT/ US02/11770 5. The
met hod of any of clains 1-4, wherein expression of said coding sequence of
interest is induced in the living, transgenic rodent by dexanet hasone

adni ni st er ed flapres@niuydiely, dldy fveragtent prétein] kel e fiherdscefit pastyinof cl ai ns 1- 4,
wher ei-n expression-of said coding sequence of interest is induced in the
living, transgenic rodent by rifanpicin admnistered at 50 ng/ kg body

wei ght. 7. The metfcbheabethddaifmmpbot adime @i18, wheis kii@ Fodefit i€X pbesr@Ratof t he
coding 10 sequence of interest is greater than or equal to 10-fold

i nducti on by dexanet hasone over basal levels. 8 The nethod of claim®,

wherein i aduct i oni@f A expess oaBnt@bmbhieng afl bxliessD R MR oRriditY £ €St 1S
greater than or equal to two-fold induction by rifanpicin over 15 basal
level s. 9. TReVA{IeGEe darivas romhediupamCYP3gd sxire said Rolyprsleotids hryingejuence of

i nt er est iSleﬁstr%&pértg@éate‘i%H@c@@@nuc?&tiéé%-l—ﬁmzr@gﬁ@wo.fih,%ﬂ%@n jherein the
reporter sequence encodes a light- generating protein. 11. The t hod of

cl ai m 10, wh&tidpelyRusieofifels opeyahie Halted i a pedingeiennsnge of intpics) Grilisescent protein
or a fluoresggutudoBhEldhnrde ot e ] f [ , ein the
bioluninescegt? %iékein #g_luc??gﬁgsggﬁ%gﬁg?ﬂgoﬁggﬁ%h%éfm@ﬂgpn112, wher ei-n
sai d expi@sspxmessias vbsaikcadpngpriwess @iiredi B iNiced ik th@Bver of the living, _

transgenic rodent by dexamethasone or rifampicin,

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 protein12aydsbet 20gE escent
protein, green. 71 12 Oct ober 2005 WD 02/ 088305 PCT/ USQ2/ 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 |inked 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 Cyp3All gene, said

pol ynucl eoti de having at |east 95% identity to nucleotides 15 1-11, 002 of
SEQ ID NOs5 12, saig. gab¥piedRathdaRehakby, Jiepkes. ﬁightggeﬁ&mr%%r&gﬂu.enc.e of
interest, wherein the polynucleotide conprises at Feast>one Eranscr | pti onal
control el endatiolupgnesapnt@xgieip o5 # rpreges eratgnconpri si ng, a pol ynucl eoti de
derived fromthe 20 nouse Cyp3All 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,
wherei n 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 conprising

‘the 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@Eﬂnc'ﬂi@mm&f\by of clai 'm 31,
wherein sai d qadeptioh §orﬁrom%§nt956rﬁf:& #bm roudScy B ATR LR i O tgfanlsgde%l%g Ifying an

~anal yte that nodul'ates expression of a

living rodent, said method comprising

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 '



reporter sequence, wherein expression of said reporter sequence is nedi ated
by transcription control elements derived from mouse CypdAhqd,Heags 1N a
transgenic, living rodent, said nmethod conprising admnistering to a
transgeni cyglobydsi@ rodent said anal yte, wherein said 1%&%%5‘27&9@ c rodent
conprises an expression cassette of any of clains 20-24; an noni toring
expression of said reporter sequence wherein an effect on the |evel of
expression of said reporter sequence indicates that the analyte affects
nmedi ated by . transcription control elenents derived from nmouse Cyp3All
~gene. 15 34. A nethod for identifying an anal yte that nodul ates expression
of a report em eruarcesseithef @iyt ekipsedsidhp whabinsapdssi@pdsii¢icpsrguence i s
medi at ed by i.ptian. cantrol el enments geri ed from nouse Cyp3Al 1
gene. in a1 i CTRIRE LB el SO ol ol PP BV ORG o a |1 vi ng
rodent a vectdementsdenived tammpiousd Ogp3an 1 gxg essi on 20 cassette of any of
clainms 20-24, admnistering to said rodent said anal yte; and nonitoring
expression of said reporter sequence wherein an effect on the level of
expressiors of said reporter sequence indicates that the analyte affects
medi ated by transcription control elenments derived from nmouse Cyp3Al 1.
gene. 25 35. The nethod of claim 34, wherein adm nistering the vector

m xture 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 nedi ated by
transcription control elenents derived. from nouse Cyp3All gene, said

met hod conprising: nmonitoring the expression of a reporter sequence in a -
cell, said cell conmprising 74 12 Cctober 2005 WO 02/088305 PCT/US02/ 11770
an expression cassette of any of clains 20-24, wherein expression of said
reporter sequence in the cell is indicative of expression nediated by -
transcription control elenents derived from nouse Cyp3All gene. 75
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