
Title: ISOLATION AND IDENTIFICATION OF MOUSE AND HUMAN TRANSCRIPTION
CONTROL ELEMENTS AS SOCIATED WITH CYTOCHROME EXPRESSION  Abstract: The
present invention relates to transcription control elements derived from
mouse and human genes associated  with cytochrome expression, e.g.,0
Cyp3A11 and CYP3A4, respectively. Isolated polynucleotides, expression
cassettes, vectors,  recombinant cells, and transgenic animals, may
comprise such transcription control elements as described herein. 12
October 2005 WO 021088305 PCT/US02/11770 ISOLATION AND IDENTIFICATION OF
MOUSE AND HUMAN  TRANSCRIPTION CONTROL ELEMENTS ASSOCIATED WITH  CYTOCHROME
EXPRESSION 5 FIELD OF THE INVENTION The present invention relates generally
to the field of molecular biology and  medicine. In particular, the
invention relates to transcription control elements derived  from genomic
locii of the murine Cyp3Al 1 gene and the human CYP3A4 gene, as  



well as methods of using the same. The invention further relates to
isolated 10 polynucleotides derived from regulatory regions of the murine
Cyp3Al I gene and the  human CYP3A4 gene, reporter constructs comprising
those isolated polynucleotides,  cells transformed with those reporter
constructs, transgenic animals comprising those  reporter. constructs, and
methods of use of such cells and transgenic animals for identifying
compounds that modulate expression mediated by the murine Cyp3Al 1  15 gene
and the human CYP3A4 gene derived transcription control elements. The
invention further relates to in vivo assay methods which employ animals
transfected  with such reporter constructs. BACKGROUND OF THE INVENTION 20
Toxicology studies of substances have traditionally relied on unicellular
organisms (for example, the Ames test or the yeast carcinogenic assay
described in  U.S. Patent No. 4,997,757) or in vitro systems for toxicity
testing and the prediction  of human risk. However, there are many factors
that make it difficult to extrapolate  from such data to human risk
including cellular affinity of the substance, uptake and 25 distribution
differences between single cells and whole animals, metabolism of the
substance, and cascade effects where the effect of the substance is
mediated through a  cellular process. These same factors can affect the
progress of pharmaceutical  research and development as well when
attempting to determining and/or predicting  the effects of an analyte in
an animal system. 30 Further, the end-point of traditional animal based
toxicology studies is  typically determination of an LD50 (the dose at
which 50% of the test animals die).  Dead animals may be subjected to.
further analysis, for example, histopathology, but  1 12 October 2005 WO
02/088305 PCT/US02/11770 such analysis is generally labor intensive and
relatively insensitive. MacGregor, et al  (Fundamental and Applied
Toxicology, 26:156-173, 1995) have reviewed molecular  end-points and
methods of routine toxicity testing including the following: damage-
inducible genes in individual cells; bacterial models of toxicity;
screening of stress- gene expression using hybridization or polymerase
chain reaction; hybridization  probes for detection of chromosomal
aberrations; single cell electrophoresis assays;  and in vivo animal
studies involving animal sacrifice and subsequent analysis of 



tissue/cellular damage. P450 enzymes have been shown to be involved in the
biosynthesis of steroids  10 and cholesterols and in metabolizing drugs or
xenobiotics. P450 enzyme induction is  a result of fluctuations in levels
of steroids and cholesterols, or of repeated exposure  to drugs or
xenobiotics. Changes in P450 enzyme levels result in changes in plasma
and/or tissue levels of the drugs they metabolize, which in turn affects
the stability,  efficacy and toxicity of those drugs. Among P450
superfamilies; the Cyp3A family 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 Cyp3A forms have been isolated  from
human, rat, guinea pig and mice, including Cyp3A11 in mice and CYP3A4 in
humans. Therefore, P450 enzyme expression, particularly the 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 IA (SEQ ID NO: 12) comprises the
nucleotide sequence of a 30 transcriptional control element from the mouse
Cyp3A11 gene locus. In the figure,  the sequence represents 12,275
nucleotides in total, the translational start codon  (ATG) is located at
positions 11,003-11,005, a TATA box is located at positions 2 12 October
2005 WO 02/088305 PCT/US02/11770 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 Cyp3Al I gene is from nucleotide position 1 to  9,330 of
Figure Wand the approximately 9.3 kb sequence is presented alone in Figure
lB (SEQ ID NO: 13). 5 Figure 2 is a schematic of the pGL3-I-3A11S vector
construct containing the  1.6 kb Cyp3AI I promoter sequence. 



Figure 3 is a schematic of the pGL3-I-3A11M vector construct containing the
6.0 kb Cyp3A11 promoter sequence. Figure 4 is a schematic of the
pGL3--I-3A11L vector construct containing the  10 9.0 kb Cyp3AI 1 promoter
sequence. Figure 5 is a schematic of the pBSSK-3A1IS vector construct
containing the  1.6 kb Cyp3AI1 promoter sequence. Figure 6 is a schematic
of the pBSSK-3A11M vector construct containing the  6 kb Cyp3AI I promoter
sequence. 15 Figure 7 is a schematic of the pGL3-I-Basic vector construct.
Figure 8 is a schematic of the pGL3-I-3A4M vector construct containing the
10 kb CYP3A4 promoter sequence. Figure 9 is a schematic of the pGL3-I-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 jig of the pGL3-I-3A11M construct and 0 gg ofhPXR
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 pg of pGL3-I-3A1 IM. Panel A, 0 q.g hPXR + 5 jig
3A11M-luc. Panel B, 1 pg hPXR + 5 g 3A11M-luc. Panel C, 2 g hPXR + 5 pg 3A1
IM-luc. Panel D, 5 pg hPXR + 5  pg 3A11M-luc. Figure 12 depicts the results
of liver push experiments wherein FVB mice  were liver-pushed with 5 gg of
the pGL3-I-3All L construct and I p.g of hPXR  30 plasmid. Figure 13,
panels A-D, depict the results of hPXR titration experiments  performed in
order to optimize the amount of hPXR plasmid co-administered with 5 3 12
October 2005 WO 02/088305 PCT/US02/11770 pg of pGL3-I-3A11L. Panel A, 0 pg
hPXR + 5 pg 3A11L-luc. Panel B, I pg hPXR +  5 pg 3AI IL-luc. Panel C, 2
rig hPXR + 5 pg 3A1IL-luc. Panel D, 5 pg hPXR + 5 pg  3A11L-luc. Figure 14
depicts the results of liver push experiments wherein FVB mice  



5 were liver-pushed with 5 pg of the pGL3-I-3A4L construct and 0 pg ofhPXR
plasmid. Figure 15 depicts the results of liver push experiments wherein
FVB mice  were liver-pushed with 5 pg of the pGL3-I-3A4L construct and I pg
of 11PXR  plasrnid. 10 Figure 16, panels A-D, depict the results of hPXR
titration experiments  performed in order to optimize the amount of hPXR
plasmid co-administered with 5  pg of pGL3-I-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 ID NO:
14) comprises the nucleotide sequence of a  transcriptional control element
from the human CYP3A4 gene locus. In the figure, the  sequence represents
13,035 nucleotides in total, the translational start codon (ATG) is
located at positions 13,033 to 13,035, a TATA box is located at positions
12,901 to  12,904, a major transcription start site begins with the A at
position 12,930. An 20 approximately 2.5 kb region of the CYP3A4 gene,
useful to facilitate expression as  described herein, is from nucleotide
position 1 to 2,461 of Figure 17A and the  approximately 2.5 kb sequence is
presented alone in Figure 17B (SEQ ID NO: 15).  Figure 17C (SEQ ID NO: 17)
presents the entire sequence of CYP3A4-luc transgene  used to generate
FVBIN-TgN(CYP3A4-luc) mice. 25 Figure 18 presents a schematic diagram of an
approximately 9.3 kb promoter  region sequence, located 5' to the Cyp3Al 1
coding sequences in the mouse genome,  where the diagram shows the
approximate locations of repeat elements from two  known families. Figure
19 presents a schematic diagram of an approximately 13 kb promoter  30
region sequence, located 5' to the CYP3A4 coding sequences in the human
genome, where the diagram shows the approximate locations of repeat
elements from two  known families. 12 October 2005 Figure 20 presents
exemplary results of PCR screening CYP3A4-luc Tg mice.  Figure 21 presents
exemplary Southern hybridization analysis data for  FVB/N-TgN(CYP3A4-1uc).
Figure 22, panel A, B, C, and D, present exemplary results of the effects
of xenobiotics on  



expression of CYP3A4-luc in the #82 line of Tg FvB mice. SUMMARY OF THE
INVENTION The present invention relates to transcription control elements
derived from mouse and human  genes associated with cytochrome expression,
e.g., Cyp3A11 and CYP3A4, respectively. The present  invention comprises
isolated polynucleotides, expression cassettes, vectors, recombinant cells,
liver-push  non-human animals and transgenic, non-human animals that
comprise the transcription control elements  described herein. In a first
aspect, the present invention relates to 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 a human CYP3A4 gene, in a transgenic, living rodent,
said  method comprising administering said analyte to a transgenic, living
rodent, said transgenic rodent  .comprising, an expression cassette
comprising a polynucleotide derived from the human CYP3A4 gene,  said
polynucleotide having at least 95% or greater identity to nucleotides
1-13,032 of SEQ ID NO: 14,  wherein (i) said polynucleotide is operably
linked to a coding sequence of interest, (ii) the polynucleotide  comprises
at least one transcriptional control element, and (iii) expression of said
coding sequence of  interest is induced in the liver of the living,
transgenic rodent by dexamethasone or rifampicin; and  monitoring
expression of said coding sequence of interest wherein an effect on the
level of expression of  said coding sequence of interest indicates that the
analyte effects mediated by transcription control  elements derived from
the human CYP3A4 gene. 12 October 2005 In a second aspect, the present
invention relates to a transgenic rodent comprising, an expression
cassette comprising a polynucleotide derived from the human CYP3A4 gene,
said polynucleotide having  at least 95% or greater identity to nucleotides
1-13,032 of SEQ ID NO: 14, wherein (i) said  polynucleotide is operably
linked to a coding sequence of interest, (ii) the polynucleotide comprises
at  least one transcriptional control element, and (iii) expression of said
coding sequence of interest is  induced in the liver of the living,
transgenic rodent by dexamethasone or rifampicin_ In a third aspect, the
present invention relates to an expression cassette comprising a
polynucleotide derived from the mouse Cyp3A11 gene, said polynucleotide
having at least 95% identity  to nucleotides 1-11,002 of SEQ ID NO: 12,
said polynucleotide operably linked to a coding sequence of  interest,
wherein the polynucleotide comprises at least one transcriptional control
clement. In a fourth aspect, the present invention relates to an expression
cassette comprising, a  polynucleotide derived from the mouse Cyp3Al1 gene,
said polynucleotide comprising a polynucleotide  having at least 95%
identity to the sequence of SEQ ID NO:13 or fragments of at least about 100



contiguous nucleotides of SEQ ID NO: 13, said polynucleotide or fragments
thereof operably linked to a  coding sequence of interest, wherein the
polynucleotide or fragments thereof comprise at least one  transcriptional
control element. In a fifth aspect, the present invention relates to a
vector comprising the expression cassette  described herein; and a vector
backbone. In a sixth aspect, the present invention relates to a cell
comprising an expression cassette  described herein. In a seventh aspect,
the present invention relates to a cell comprising a vector described
herein: In an eighth aspect, the present invention relates to a transgenic
rodent comprising the expression  cassette described herein. 5a 12 October
2005 In a ninth aspect, the present invention relates to a rodent whose
liver comprises an expression  cassette described herein. In a tenth
aspect, the present invention relates to 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 Cyp3A 11 gene, in a transgenic, living rodent,
said  method comprising administering to a transgenic, living rodent said
analyte, wherein said transgenic  rodent comprises an expression cassette
described herein; 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 Cyp3A I i gene. In an eleventh aspect, the
present invention relates to 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 Cyp3A I i gene, in a living rodent, said method  comprising
administering to a living rodent a vector mixture comprising an expression
cassette described  herein, 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. 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 Cyp3Al1 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 control elements derived from mouse Cyp3A11 gene. In one
aspect, the present invention relates to transcription control elements
derived from  cytochrome P450 genes (e.g.,Cyp3A11 and CYP3A4), expression
cassettes which include those control 5b 1 2 October 2005 elements, vector
constructs, cells and transgenic animals containing the expression
cassettes, and methods  of using the cells and transgenic animals
containing the expression cassettes, for example, as modeling,  screening
and/or test systems. Methods of using the.control elements, expression
cassettes, cells, and  transgenic animals of the present invention include,
but are not limited to, studies involving toxicity and  drug metabolism,
and methods for screening drug metabolism, safety and/or possible toxicity.
Exemplary  transcription control elements useful in the practice of the
present invention include those derived from  mouse Cyp3Al 1 locus and
those derived from the human CYP3A4 locus. In particular, the invention
relates to transcription control elements derived from genomic Iocii of
the murine Cyp3AI1 gene and the human CYP3A4 gene, wherein these
transcription control elements are  associated with a reporter sequence. In
particular, recombinant nucleic acid molecules comprising SEQ  ID NO:12,
SEQ ID NO:13, SEQ ID NO: 14, and SEQ ID NO:15, as well as fragments
thereof, are  described. The invention further relates to in vivo assay
methods which employ animals transfected with  such reporter constructs. In
one aspect, the present invention comprises a polynucleotide, or fragments
Sc 12 October 2005 WO 02/088305 PCT/US02/11770 thereof typically greater
than 100 contiguous nucleotides, derived from the mouse  Cyp3A1I gene, the
polynucleotide (or fragments thereof) having at least 95% identity  to
nucleotides 1-11,002 of SEQ ID NO:12 (or corresponding fragments thereof).
The  polynucleotide (or framents thereof) may be operably linked to a
coding sequence of 5 interest. The polynucleotide (or fragments thereof)
typically comprises at least one  transcriptional control element. An
expression cassette may comprise the  polynucleotide and coding sequence of
interest. In another aspect, the present invention comprises a
polynucleotide, or  fragments thereof typically greater than 100 contiguous
nucleotides, derived from the  10 mouse Cyp3A11 gene, the polynucleotide
(or fragments thereof) having at least 95% identity to the sequence of SEQ
ID NO: 13 (or fragments thereof at least about 100  



contiguous nucleotides of SEQ ID NO:13). The polynucleotide (or framents
thereof)  may be operably linked to a coding sequence of interest. The
polynucleotide (or  fragments thereof) typically comprises at least one
transcriptional control element. 15 An expression cassette may comprise the
polynucleotide and coding sequence of  interest. In one embodiment, the
polynucleotide comprises a first polynucleotide  having 95% identity or
greater to nucleotides 5104-6218 of SEQ ID NO: 13 and a  second
polynucleotide having 95% identity or greater to nucleotides 6792-9330 of
SEQ ID NO:13. .20 In one aspect, the present invention includes isolated
polynucleotides and/or  expression cassettes comprising a polynucleotide
having at least about 95% identity to  the sequence of SEQ ID NO: 13, or
fragments thereof, operably linked to a coding  sequence of interest,
wherein the polynucleotide or fragments thereof comprise at  least one
transcriptional control element. 25 In another aspect, the present
invention includes isolated polynucleotides  and/or expression cassettes
comprising a polynucleotide having at least about 95%  identity to the
sequence of SEQ ID NO: 15, or fragments thereof, operably. linked to a
coding sequence of interest, wherein the polynucleotide or fragments
thereof  comprise at least one transcriptional control element. 30 In some
embodiments the coding sequence of interest is a reporter sequence,  for
example, a light-generating protein. Such light-generating proteins
comprise  bioluminescent proteins (including but not limited to,
procaryotic or eucaryotic 6 12 October 2005 WO 02/088305 PCT/US02/11770
luciferase) and fluorescent proteins (including but not limited to, blue
fluorescent  protein, cyan fluorescent protein, green fluorescent protein,
yellow fluorescent protein, and red fluorescent protein, as well as,
enhanced and/or destabilized variants  thereof). 5 The present invention
also includes vectors comprising the isolated  polynucleotides and/or
expression cassettes of the present invention. Such vectors  typically
include a vector backbone, and may be linear or circular, comprise one or
more origins of replication (e.g., a shuttle vector), be site-specifically
or randomly  integrating, and comprise one or more selectable or screenable
markers. 



10 In one embodiment the present invention includes cells comprising the
expression cassettes and/or vectors of the present invention. In another
embodiment,  transgenic non-human, animals (e.g., rodents, including, but
not limited to, mice, rats,  hamsters, gerbils, and guinea pigs) may
comprise the expression cassettes and/or  vectors or the present invention.
In a further embodiment, the present invention 15 includes non-human
animals that comprise a subset of cells comprising the expression
cassettes and/or vectors of the present invention, for example, non-human
animals  whose livers 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
present invention via intravenous injection. 20 In yet another aspect, the
present invention includes methods of using the  expression cassettes,
vectors, cells, and non-human animals of the present invention.  In one
embodiment, the invention includes a method for identifying an analyte that
modulates expression (for example, of a reporter sequence) mediated by
mouse  Cyp3A1 I gene-derived transcription control elements and/or a human
CYP3A4 gene 25 derived transcription control elements in a transgenic,
living, non-human animal.  Such a method typically comprises administering
to the animal an analyte (e.g., a  drug). The animal comprises one or more
of the expression cassettes or vectors of the  present invention typically
including a reporter sequence. Expression of the reporter  sequence is
monitored. An effect on the level of expression of the reporter sequence 30
indicates that the analyte affects expression of the gene corresponding to
the  transcriptional control elements which comprise the expression
cassettes and/or  vectors employed in the method. 1 2 October 2005 WO
02/058305 PCT/US02/11770 Another method comprises identifying an analyte
that modulates expression  (for example, of a reporter sequence) mediated
by mouse Cyp3Al 1 gene-derived  transcription control elements and/or a
human CYP3A4 gene-derived transcription  control elements in a transgenic,
living, non-human animal. In this method a vector 5 mixture, comprising an
expression cassette of the present invention, is administered to  the
animal concomitant with, before, or after administration of an analyte. The
vector  mixture comprises one or more of the expression cassettes of the
present invention  typically including a reporter sequence. Expression of
the reporter sequence is  



monitored. An effect on the expression of the reporter sequence indicates
that the 10 analyte affects expression mediated by the transcriptional
control elements that  comprise the expression cassettes and/or vectors
employed in the method. In one  embodiment the vector mixture is
administered by intravenous injection. In a further embodiment of the
present invention, the expression cassettes  comprising the transcription
control elements of the present invention and a reporter,  15 are used to
monitor the expression of the mouse Cyp3A11 gene or the human CYP3A4 gene
in a 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, non-human
animal typically comprises, an  expression cassette comprising a
polynucleotide derived from the human CYP3A4  gene, the polynnucleotide
having at least 95% or greater identity to nucleotides 1- 13,032 of SEQ ID
NO: 14 (or fragments thereof), wherein (i) the polynucleotide (or
fragments thereof) is operably linked to a coding sequence of interest,
(ii) the 30 polynucleotide (or fragments thereof) comprises at least one
transcriptional control  element, and (iii) expression of the coding
sequence of interest is induced in the liver.  of the living, transgenic,
non-human animal by dexamethasone or rifampicin. 8 12 October 2005 WO
02/088305 PCT/US02/11770 In one embodiment, expression of the coding
sequence of interest is induced  in the living, transgenic animal by
dexamethasone administered at 50 mg/kg body  weight, and/or expression of
the coding sequence of interest is induced in the living,  transgenic
animal by rifampicin administered at 50 mg/kg body weight. Further, 5
induction of expression of the coding sequence of interest may be greater
than or  equal to 10-fold induction by dexamethasone over basal levels,
and/or, induction of  



expression of the coding sequence of interest is greater than or equal to
two-fold  induction by rifampicin over basal levels. In one embodiment,
basal expression of the coding sequence in the liver' 10 region of the
living, transgenic, non-human animal is greater than or equal to that in
other regions of the body of the living, transgenic non-human animal. In
another embodiment, the transgenic, non-human animal does not have
sequences encoding a functional hPXR (a human rifampicin co-receptor). That
is, the  animal does not express a function human PXR gene product. 15 In a
further embodiment, expression of the coding sequence of interest is
induced in the living, transgenic, non-human animal by at least one
compound  selected from the group consisting of phenobarbitol, nifedipine,
5-pregnene-3b-OL- 20-ONE-16a-Carbonitrile and clotrimazole, wherein
induction of expression is seen in  the liver region of the living,
transgenic animal. 20 In the transgenic, non-human animal the coding
sequence of interest may, for  example, be a reporter sequence. Such a
reporter sequence may, for example, encode  a light-generating protein
(e.g., a bioluminescent protein or a fluorescent protein).  One exemplary
bioluminescent protein is luciferase. In one embodiment of the  invention,
the transgenic, non-human animal may include an expression cassette 25
comprising SEQ ID NO:17 (an exemplary CYP3A4/luc transgene). Exemplary
fluorescent proteins include, but are not limited to, blue fluorescent
protein, cyan  fluorescent protein, green fluorescent protein, yellow
fluorescent protein, and red  fluorescent protein. The transgenic,
non-human animal may be a rodent, including, but not limited  30 to, mouse,
rat, hamster, gerbil, or guinea pig. The present invention also includes a
method for identifying an analyte that  modulates expression of a reporter
sequence, wherein expression of the reporter 9 12 October 2005 WO 02/088305
PCT/US02/11770 sequence is mediated by transcription control elements
derived from, for example, a  human CYP3A4 gene, in a transgenic, living
rodent. In the method the analyte is  administered to the transgenic,
living, non-human transgenic animal described above.  Expression of the
reporter sequence is monitored. An effect on the level of 



5 expression of the reporter sequence indicates that the analyte affects
mediated by  transcription control elements, e.g., derived from the human
CYP3A4 gene. These and other embodiments of the present invention will
readily occur to  those of ordinary skill in the art in view of the
disclosure herein. 10 DETAILED DESCRIPTION OF THE INVENTION The practice of
the present invention will employ, unless otherwise indicated,
conventional techniques of molecular biology, microbiology, cell biology,
transgenic  animal manipulation, and recombinant DNA, which are within the
skill of the art.  See, e.g., Sambrook, Fritsch, and Maniatis, MOLECULAR
CLONING: A 15 LABORATORY MANUAL, 2nd edition ,(1989); CURRENT PROTOCOLS IN
MOLECULAR BIOLOGY, (F.M. Ausubel et al. eds., 1987); the series METHODS  IN
ENZYMOLOGY (Academic Press, Inc.); PCR 2: A PRACTICAL APPROACH  (M.J.
McPherson, B.D. Hames and G.R. Taylor eds., 1995); ANIMAL CELL CULTURE
(R.I. Freshney. Ed., 1987); `Transgenic Animal Technology: A 20 Laboratory
Handbook," by Carl A. Pinkert, (Editor) First Edition, Academic Press;
ISBN: 0125571658; and "Manipulating the Mouse Embryo : A Laboratory
Manual,"  Brigid Hogan, et al., ISBN: 0879693843, Publisher: Cold Spring
Harbor Laboratory  Press, Pub. Date: September 1999, Second Edition. 25 1.
DEFINITIONS In describing the present invention, the following terms will
be employed, and  are intended to be defined as indicated below. Unless
otherwise indicated,, all terms  used herein have the same meaning as they
would to one skilled in the art of the  present invention. 30. The terms
"nucleic acid molecule" and "polynucleotide" are used  .interchangeably to
and refer to a polymeric form of nucleotides of any length, either
deoxyribonucleotides or ribonucleotides, or analogs thereof Polynucleotides
may 10 12 October 2005 WO 02/088305 PCT/US02/11770 have any
three-dimensional structure, and may perform any function, known or
unknown. Non-limiting examples of polynucleotides include a gene, a gene
fragment,  exons, introns, messenger RNA (mRNA), transfer RNA, ribosomal
RNA, ribozymes,  cDNA, recombinant polynucleotides, branched
polynucleotides, plasmids, vectors, 



5 isolated DNA of any sequence, isolated RNA of any sequence, nucleic acid
probes,  and primers. A polynucleotide is typically composed of a specific
sequence of four  nucleotide bases: adenine (A); cytosine (C); guanine (G);
and thymine (T) (uracil (U)  for thymine (T) when the polynucleotide is
RNA). Thus, the term polynucleotide 10 sequence is the alphabetical
representation of a polynucleotide molecule. This  alphabetical
representation can be input into databases in a computer having a central
processing unit and used for bioinformatics applications such as functional
genomics  and homology searching. A "coding sequence" or a sequence which
"encodes" a selected polypeptide, is  15 a nucleic acid molecule which is
transcribed (in the case of DNA) and translated (in  the case of mRNA) into
a polypeptide, for example, in vivo when placed under the  control of
appropriate regulatory sequences, (or "control elements"). The boundaries
of the coding sequence are typically determined by a start codon at the 5'
(amino)  terminus and a translation stop codon at the 3' (carboxy)
terminus. A coding sequence 20 can include, but is not limited to, cDNA
from viral, procaryotic or eucaryotic nnRNA,  genomic DNA sequences from
viral or procaryotic DNA, and even synthetic DNA  sequences. A
transcription termination sequence maybe 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 colons preferred by the
selected cell to represent the DNA  copy of the desired polypeptide coding
sequence.. `Encoded by" refers to a nucleic  acid sequence which codes for
a polypeptide sequence, wherein the polypeptide  sequence or a portion
thereof contains an amino acid sequence of at least 3 to 5 amino  acids,
more preferably at least 8 to 10 amino acids, and even more preferably at
least 30 15 to 20 amino acids from a polypeptide encoded by the nucleic
acid sequence. Also  encompassed are polypeptide sequences, which are
immunologically identifiable with  a polypeptide encoded by the sequence.
II 12 October 2005 WO 02/088305 PCT/US02/11770 A "transcription factor"
typically refers to a protein (or polypeptide) which  affects the
transcription, and accordingly the expression, of a specified gene. A  



transcription factor may refer to a single polypeptide transcription
factor, one or more  polypeptides acting sequentially or in concert, or a
complex of polypeptides. 5 Typical "control elements" include, but are not
limited to, transcription  promoters, transcription enhancer elements,
cis-acting transcription regulating  elements (transcription regulators,
e.g., a cis-acting element that affects the transcription of a gene, for
example, 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 promoters, transcription
termination signals, as well  as polyadenylation sequences (located 3' to
the translation stop codon), sequences for  optimization of initiation of
translation (located 5' to the coding sequence), translation  enhancing
sequences, and translation termination sequences. Transcription promoters
can include, for example, inducible promoters (where expression of a
polynucleotide  15 sequence operably linked to the promoter is induced by
an analyte, cofactor, regulatory protein, etc.), repressible promoters
(where expression of a polynucleotide  sequence operably linked to the
promoter is induced by an analyte, cofactor,  regulatory protein, etc.),
and constitutive promoters. "Expression enhancing sequences," also referred
to as "enhancer sequences"  20 or "enhancers," typically refer to control
elements that improve transcription or  translation of a polynucleotide
relative to the expression level in the absence of such  control elements
(for example, promoters, promoter enhancers, enhancer elements,  and
translational enhancers (e.g., Shine and Delagarno sequences)). The term
"modulation" refers to both inhibition, including partial inhibition, as
25 well as stimulation. Thus, for example, a compound that modulates
expression of a  reporter sequence may either inhibit that expression,
either partially or completely, or  stimulate expression of the sequence..
"Purified polynucleotide" refers to a polynucleotide of interest or
fragment  thereof which is essentially free, e.g., contains less than about
50%, preferably loss  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 12
October 2005 WO 02/088305 PCT/US02/11770 



containing the polynucleotide with a chaotropic agent and separation of the
polynucleotide(s) and proteins by ion-exchange chromatography, affinity
chromatography and sedimentation according to density. A "heterologous
sequence" typically refers to either (i) a nucleic acid 5 sequence that is
not normally found in the cell or organism of interest, or (ii) a nucleic
acid sequence introduced at a genomic site wherein the nucleic acid
sequence does  not normally occur in nature at that site. For example, a
DNA sequence encoding a  polypeptide can be obtained from yeast and
introduced into a bacterial cell. In this  case the yeast DNA sequence is
"heterologous" to the native DNA of the bacterial 10 cell. Alternatively, a
promoter sequence from a Tie2 gene can. be introduced into the  genomic
location of afosB gene. In this case the Tie2 promoter sequence is
"heterologous" to the native fosB genomic sequence. A "polypeptide" is used
in it broadest sense to refer to a compound of two or more subunit amino
acids, amino acid analogs, or other peptidornimetics. The 15 subunits may
be linked by peptide bonds or by other bonds, for example ester, ether,
etc. The term "amino acid" typically refers to either natural and/or
unnatural or  synthetic amino acids, including glycine and both the D or L
optical isomers, and  amino acid analogs and peptidornimetics. A peptide of
three or more amino acids is  commonly called an oligopeptide if the
peptide chain is short. If the peptide chain is 20 long, the peptide is
typically called a polypeptide or a. protein. "Operably linked" refers to
an arrangement of elements wherein the  components so described are
configured so as to perform their usual function. Thus, a  given promoter
that is operably linked to a coding sequence (e.g., a reporter  expression
cassette) is capable of effecting the expression of the coding sequence 25
when the proper enzymes are present. The promoter or other control elements
need  not be contiguous with the coding sequence, so long as they function
to direct the  expression thereof. For example, intervening untranslated
yet transcribed sequences  can be present between the promoter sequence and
the coding sequence and the  promoter sequence can still be considered
"operably linked" to the coding sequence. 30 "Recombinant" describes a
nucleic acid molecule means a polynucleotide of  genomic, cDNA,
semnisynthetic, or synthetic origin which, by virtue of its origin or
manipulation: (1) is not associated with all or a portion of the
polynucleotide with  13 



12 October 2005 WO 02/088307  PCT/US02/11770 which it is associated in
nature; and/or (2) is linked to a polynucleotide other than that  to which
it is linked in nature. The term "recombinant" as used with respect to a
protein or polypeptide means a polypeptide produced by expression of a
recombinant  polynucleotide. "Recombinant host cells," "host cells,"
"cells," "cell lines," "cell 5 cultures," and other such terms denoting,
e.g., procaryotic microorganisms or  eucaryotic cell lines cultured as
unicellular entities, are used interchangeably, and  refer to cells which
can be, or have been, used as recipients for recombinant vectors or  other
transfer DNA, and include the progeny of the original cell which has been
transfected. It is understood that the progeny of a single parental cell
may not 10 necessarily be completely identical in morphology or in  genomic
or total DNA  complement to the original parent, due to accidental or
deliberate mutation. Progeny  of the parental cell which are sufficiently
similar to the parent to be characterized by  the relevant property, such
as the presence of a nucleotide sequence encoding a desired peptide, are
included in the progeny intended by this definition, and are  15 covered by
the above terms. An "isolated polynucleotide" molecule is a nucleic acid
molecule separate and  discrete from the whole organism with which the
molecule is found in nature; or a  nucleic acid molecule devoid, in whole
or part, of sequences normally associated with  it in nature; or a
sequence, as it exists in nature, but having heterologous sequences 20 (as
defined below) in association therewith. Techniques for determining nucleic
acid and amino acid "sequence identity"  also are known in the art.
Typically, such techniques include determining the  nucleotide sequence of
the mRNA for a gene and/or determining the amino acid  sequence encoded
thereby, and comparing these sequences to a second nucleotide or 25 amino
acid sequence. In general, "identity" refers to an exact nucleotide-to-
nucleotide or amino acid-to-amino acid correspondence of two
polynucleotides or  polypeptide sequences, respectively. Two or more
sequences (polynucleotide or  amino acid) can be compared by determining
their "percent identity." The percent  identity of two sequences, whether
nucleic acid or amino acid sequences, is the 30 number of exact matches
between two aligned sequences divided by the length of the  shorter
sequences and multiplied by 100. An approximate alignment for nucleic acid.



sequences is provided by the local homology algorithm of Smith and
Waterman, 14 12 October 2005 WO 02/088305 PCT/US02/11770 Advances in A lied
Mathematics 2:482-489 (1981). This algorithm can be applied  to amino acid
sequences by using the scoring matrix developed by Dayhoff, Atlas of
Protein Sequences and Structure, M.O. Dayhoff ed., 5 suppl. 3:353-358,
National  Biomedical Research Foundation, Washington, D.C., USA, and
normalized by 5 Gribskov, Nuci. Acids Res. 14(6):6745-6763 (1986). An
exemplary implementation  of this algorithm to determine percent identity
of a sequence is provided by the  Genetics Computer Group (Madison, WI) in
the "BestFit" utility application. The  default parameters for this method
are described in the Wisconsin Sequence Analysis  Package Program Manual,
Version 8 (1995) (available from Genetics Computer 10 Group, Madison, WI).
A preferred method of establishing percent identity in the  context of the
present invention is to use the MPSRCH package of programs  copyrighted by
the University of Edinburgh, developed by John F. Collins and Shane  S.
Sturrok, and distributed by IntelliGenetics, Inc_ (Mountain View, CA). From
this  suite of packages the Smith-Waterman algorithm can be employed where
default 15 parameters are used for the scoring table (for example, gap open
penalty of 12, gap  extension penalty of one, and a gap of six). From the
data generated the "Match"  value reflects "sequence identity." Other
suitable programs for calculating the percent  identity or similarity
between sequences are generally known in the art, for example,  another
alignment program is BLAST, used with default parameters. For example, 20
BLASTN and BLASTP can be used using the following default parameters:
genetic  code = standard; filter = none; strand = both; cutoff = 60; expect
= 10; Matrix =  BLOSUM62; 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.ncbj.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 polynucleotide comprising X contiguous nucleotides, wherein (i) the X
contiguous  nucleotides have at least about 50% identity to Y contiguous
nucleotides derived from  any of the sequences described herein, (ii) X
equals Y, and (iii) X is equal to from 6 15 12 October 2005 WO 02/088305
PCT/US02/11770 up to the number of nucleotides present in a selected
full-length sequence as described  herein (e.g., see the Examples, Figures,
Sequence Listing and claims), including all  integer values falling within
the above-described ranges. A "fragment" of a  polynucleotide refers to any
length polynucleotide molecule derived from a larger 5 polynucleotide
described herein (i.e., Y contiguous nucleotides, where X=Y as just
described). Exemplary fragment lengths include, but are not limited to, at
least about  6 contiguous nucleotides, at least about 50 contiguous
nucleotides, about 100  contiguous nucleotides, about 200 contiguous
nucleotides, about 250 contiguous  nucleotides, about 500 contiguous
nucleotides, or at least about 1000 contiguous 10 nucleotides or more,
wherein such contiguous nucleotides are derived from a larger  sequence of
contiguous nucleotides. The purified polynucleotides and polynucleotides
used in construction of  expression cassettes of the present invention
include the sequences disclosed herein as  well as related polynucleotide
sequences having sequence identity of approximately 15 80% to 100% and
integer values therebetween. Typically the percent identities  between the
sequences disclosed herein and the claimed sequences are at least about
80-85%, preferably at least about 90-92%, more preferably at least about
95%, and  most preferably at least about 98% sequence identity (including
all integer values  falling within these described ranges). These percent
identities are, for example, 20 relative to the claimed sequences, or other
sequences of the present invention, when  the sequences of the present
invention are used as the query sequence. Alternatively, the degree of
sequence similarity between polynucleotides can  be determined by
hybridization of polynucleotides under conditions that form stable
duplexes between homologous regions, followed by digestion with
single-stranded 25 specific nuclease(s), and size determination of the
digested fragments. Two DNA, or  two polypeptide sequences are
"substantially homologous" to each other when the  sequences exhibit at
least about 80-85%, preferably 85-90%, more preferably 90- 



95%, and most preferably 98-100% sequence identity to the reference
sequence over a  defined length of the molecules, as determined using the
methods above. 30 Substantially homologous also refers to sequences showing
complete identity to the  specified DNA or polypeptide sequence. DNA
sequences that are substantially  homologous can be identified in a
Southern hybridization experiment under, for 16 1 2 October 2005 WO
02/088305 PCT/USO2/11770 example, stringent conditions, as defined for that
particular system. Defining  appropriate hybridization conditions is within
the skill of the art. See, e.g., Sambrook  et al., supra; DNA Cloning,
supra; Nucleic Acid Hybridization, supra. Two nucleic acid f ragments are
considered to "selectively hybridize" as  5 described herein. The degree of
sequence identity between two nucleic acid  molecules affects the
efficiency and strength of hybridization events between such  molecules. A
partially identical nucleic acid sequence will at least partially inhibit a
completely identical sequence from hybridizing to a target molecule.
Inhibition of  hybridization of the completely identical sequence can be
assessed using 10 hybridization assays that are well known in the art
(e.g., Southern blot, Northern blot,  solution hybridization, or the like,
see Sambrook, et al., Molecular Cloning: A  Laboratory Manual, Second
Edition, (1989) Cold Spring Harbor, N.Y.). Such assays  can be conducted
using varying degrees of selectivity, for example, using conditions
varying from low to high stringency. If conditions of low stringency are
employed, 15 the absence of non-specific binding can be assessed using a
secondary probe that  lacks even a partial degree of sequence identity (for
example, a probe having less than  about 30% sequence identity with the
target molecule), such that, in the absence of  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 forma hybrid molecule.
A nucleic acid molecule that is capable  of hybridizing selectively to a
target sequence under "moderately stringent" typically  hybridizes under
conditions that allow detection of a target nucleic acid sequence of at 25
least about 10-14 nucleotides in length having at least approximately 70%
sequence  



identity with the sequence of the selected nucleic acid probe. Stringent
hybridization  conditions typically allow detection of target nucleic acid
sequences of at least about  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.
Haynes and S.J. Higgins, 17 12 October 2005 WO 02/088305 PCT/US02/J 1770
(1985) Oxford; Washington, DC; IRL Press). With respect to stringency
conditions for hybridization, it is well known in the  art that numerous
equivalent conditions can be employed to establish a particular  stringency
by varying, for example, the following factors: the length and nature of 5
probe and target sequences, base composition of the various sequences,
concentrations of salts and other hybridization solution components, the
presence or  absence of blocking agents in the hybridization solutions
(e.g., formamide, dextran sulfate, and polyethylene glycol), hybridization
reaction temperature and time  parameters, as well as, varying wash
conditions. The selection of a particular set of 10 hybridization
conditions is selected following standard methods in the art (see, for
example, Sambrook, et al., Molecular Cloning A Laboratory Manual, Second
Edition, (1989) Cold Spring Harbor, N.Y.). A "vector" is capable of
transferring gene sequences to target cells. Typically,  "vector
construct," "expression vector," and "gene transfer vector," mean any
nucleic  15 acid construct capable of directing the expression of a gene of
interest and which can  transfer gene sequences to target cells. Thus, the
term includes cloning, and expression vehicles, as well as integrating
vectors. "Nucleic acid expression vector" or "expression cassette" refers
to an  assembly that is capable of directing the expression of a sequence
or gene of interest.  20 The nucleic acid expression vector includes a
promoter that is operably linked to the sequences or gene(s) of interest.
Other control elements may be present as well..  Expression cassettes
described herein may be contained within a plasmid construct.  In addition
to the components of the expression cassette, the plasmid construct may  



also include a bacterial origin of replication, one or more selectable
markers, a signal 25 which allows the plasmid construct to exist as
single-stranded DNA (e.g., a M13  origin of replication), a multiple
cloning site, and a "mammalian" origin of replication  (e.g., a SV40 or
adenovirus origin of replication). An "expression cassette" comprises any
nucleic acid construct capable of  directing the expression of a
gene/coding sequence of interest. Such cassettes can be 30 constructed into
a "vector," "vector construct," "expression vector," or "gene transfer
vector," in order to transfer the expression cassette into target cells.
Thus, the term  includes cloning and expression vehicles, as well as viral
vectors. 18 12 October 2005 WO 021488305 PCT/US02/11770 A variety of
"reporter genes" also referred to as "reporter sequences" and  "marker
sequences," i.e., genes or sequences the expression of which indicates the
expression of polynucleotide sequences of interest to which the reporter
gene or  sequence is operably linked. Preferred are those reporter
sequences that produce a 5 protein product that is easily measured,
preferably in a routine assay. Suitable reporter  genes include, but are
not limited to chloramphenicol acetyl transferase (CAT), light  generating
proteins (e.g., luc-encoded, lux-encoded, fluorescent proteins), and beta-
galactosidase. Convenient assays include, but are not limited to
calorimetric, fluorimetric and enzymatic assays. In one aspect, reporter
genes may be employed  10 that are expressed within the cell and whose
extracellular products are directly  measured in the intracellular medium,
or in an extract of the intracellular medium of a  cultured cell line. This
provides advantages over using a reporter gene whose product  is secreted,
since the rate and efficiency of the secretion introduces additional
variables that may complicate interpretation of the assay. In a preferred
embodiment, 15 the reporter gene is a light generating protein. When using
the light generating  reporter proteins described herein, expression can be
evaluated accurately and non invasively as described above (see, for
example, Contag, P. R,, et al., (1998) Nature  Med. 4:245-7; Contag, C. H.,
et al., (1997) Photochem Photobiol. 66:523-31; 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 urn and  800 nm). Bioluminescent proteins produce light through a
chemical reaction  (typically requiring a substrate, energy source, and
oxygen). Fluorescent proteins 25 produce light through the absorption and
re-emission of radiation (such as with green  fluorescent protein).
Examples of bioluminescent proteins include, but are not limited  to, the
following: "luciferase," unless stated otherwise, includes procaryotic
(e.g.,  bacterial lux-encoded) and eucaryotic (e.g., firefly luc-encoded)
luciferases, as well as variants possessing varied or altered optical
properties, such as luciferases that  30 produce different colors of light
(e.g., Kajiyama, N., and Nakano, E., Protein Engineering 4(6):691-693
(1991)); and "photoproteins," for example, calcium  activated photoproteins
(e.g., Lewis, J_C., et al., Fresenius J. Anal. Chem. 366(6 19 12 October
2005 WO 02/088305 PCT/US02/11770 7):760-768 (2000)). Examples of
fluorescent proteins include, but are not limited to,  green, yellow, cyan,
blue, and red fluorescent proteins (e.g., Hadjantonakis, A.K., et  al.,
Histochern. Cell Biol. 115(1):49--58 (2001)). "Bioluminescent protein
substrate" describes a substrate of a light-generating  5 protein, e.g.,
luciferase enzyme, that generates an energetically decayed substrate
(e.g., luciferin) and a photon of light typically with the addition of an
energy source,  such as ATP or FMNH2, and oxygen. Examples of such
substrates include, but are  not limited to, decanal in the bacterial lux
system, 4,5-dihydro-2-(6-hydroxy-2- benzothiazolyl)-4-thiazolecarboxylic
acid (or simply called luciferin) in the Firefly 10 luciferase (luc)
system, "panal" in the bioluminescent fungus Panellus stipticus  system
(Tetrahedron 44:1597-1602, 1988) and N-iso-valeryl-3-aminopropanol in the
earth worm Diplocardia longa system (Biochem. 15:1001-1004, 1976). In some
systems, as described herein, aldehyde can be used as a substrate for the
light- generating protein. 15 "Light" is defined herein, unless stated
otherwise, as electromagnetic radiation  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 "transgenic animal" refers to a genetically engineered animal or
offspring of  30 genetically engineered animals. A transgenic animal
usually contains material from. at  least one unrelated organism, such as
from a virus, microorganism, plant, or other  animal. The term "chimeric
animal" is used to refer to animals in which the 20  1 2 October 2005 WO
02/088305 PCB'/US02/11770 heterologous gene is found, or in which the
heterologous gene is expressed in some  but not all cells of the animal.
"Analyte" refers to any compound or substance whose effects (e.g.,
induction  or repression of a specific promoter) can be evaluated using the
test animals and 5 methods of the present invention. Such analytes include,
but are not limited to,  chemical compounds, pharmaceutical compounds,
polypeptides, peptides,  polynucleotides, and polynucleotide analogs. Many
organizations (e.g., the National  Institutes of Health, pharmaceutical and
chemical corporations) have large libraries of  chemical or biological
compounds from natural or synthetic processes, or 10 fermentation broths or
extracts. Such coznpoundslanalytes can be employed in the  practice of the
present invention. The term "positive selection marker" refers to a gene
encoding a product that  enables only the cells that carry the gene to
survive and/or grow under certain  conditions. For example, plant and
animal cells that express the introduced neomycin 15 resistance (Neor) gene
are resistant to the compound G418. Cells that do not carry the  Ned gene
marker are killed by G418. Other positive selection markers will be known  



to those of skill in the art. Typically, positive selection markers encode
products that  can be readily assayed. Thus, positive selection markers can
be used to determine  whether a particular DNA construct has been
introduced into a cell, organ or tissue. 20 "Negative selection marker"
refers to gene encoding 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 containing an active HSV-TK gene
are incapable  of growing in the presence of gangcylovir or similar agents.
Thus, depending on the 25 substrate, some gene products can act as either
positive or negative selection markers.  The term "homologous
recombination" refers to the exchange of DNA  fragments between two DNA
molecules or chromatids at the site of essentially  identical nucleotide
sequences. It is understood that substantially homologous  sequences can
accommodate insertions, deletions, and substitutions in the nucleotide 30
sequence. Thus, linear sequences of nucleotides can be essentially
identical even if  some of the nucleotide residues do not precisely
correspond or align (see, above).  A "knock-out" mutation refers to partial
or complete loss of expression of at 21 12 October 2005 WO 02/088305
PCT/US02/11770 least a portion the target gene. Examples of knock-out
mutations include, but are not  limited to, gene-replacement by
heterologous sequences, gene disruption by  heterologous sequences, and
deletion of essential elements of the gene (e.g., promoter  region,
portions of a coding sequence). A "knock-out" mutation is typically
identified 5 by the phenotype generated by the mutation. A "gene" as used
in the context of the present invention is a sequence of  nucleotides in a
genetic nucleic acid (chromosome, plasmid, etc.) with which a  genetic
function is associated. A gene is a hereditary unit, for example of an
organism, comprising a polynucleotide sequence (e.g., a DNA sequence for 10
mammals) that occupies a specific physical location (a "locus", "gene
locus" or  "genetic locus") within the genome of an organism. A gene can
encode an expressed  product, such as a polypeptide or a polynucleotide
(e.g., tRNA). Alternatively, a gene  may define a genomic location for a
particular event/function, such as the binding of  proteins and/or nucleic
acids (e.g., phage attachment sites), wherein the gene does not 



15 encode an expressed product. Typically, a gene includes coding
sequences, such as,  polypeptide encoding sequences, and non-coding
sequences, such as, transcription  control elements (e.g., promoter
sequences), poly-adenlyation sequences,  transcriptional regulatory
sequences (e.g., enhancer sequences). Many eucaryotic  genes have "exons"
(coding sequences) interrupted by "introns" (non-coding 20 sequences). In
certain cases, a gene may share sequences with another gene(s) (e.g.,
overlapping genes). The "native sequence!.' or "wild-type sequence" of a
gene is the polynucleotide  sequence that comprises the genetic locus
corresponding to the gene, e.g., all  regulatory and open-reading frame
coding sequences required for expression of a 25 completely functional gene
product as they are present in the wild-type genome of an  organism. The
native sequence of a gene can include, for example, transcriptional
promoter sequences, translation enhancing sequences, introns, exons,
and_poly-A  processing signal sites. It is noted that in the general
population, wild type genes may  include multiple prevalent versions that
contain alterations in sequence relative to 30 each other and yet do not
cause a discernible pathological effect. These variations are  designated
"polymorphisms" or "allelic variations." By "replacement sequence" is meant
a polynucleotide sequence that is  22 1 2 October 2005 WO 021088305
PCT/US02/11770 substituted for at least a portion of the native or
wild-type sequence of a gene- "Linear vector" or "linearized vector," is a
vector having two ends. For example, circular vectors, such as plasmids,
can be linearized by digestion with a  restriction endonuclease that cuts
at a single site in the plasmid. Preferably, the 5 expression vectors
described herein are linearized such that the ends are not within the
sequences of interest. Before describing the present invention in detail,
it is to be understood that this  invention is not limited to particular
formulations or method parameters as such may,  of course, vary. It is also
to be understood that the terminology used herein is for the  10 purpose of
describing particular embodiments of the invention only, and is not
intended to be limiting. Although a number of methods and materials similar
or equivalent to those  



described herein can be used in the practice of the present invention, the
preferred  materials and methods are described herein. 15 2. MODES OF
CARRYING OUT THE INVENTION Throughout this application, various
publications, patents, and published  patent applications are referred to
by an identifying citation. The disclosures of these  publications,
patents, and published patent specifications referenced in this 20
application help to describe the state of the art to which this invention
pertains. As used in this specification and the appended claims, the
singular forms "a,"  "an" and "the" include plural references unless the
content clearly dictates otherwise.  Thus, for example, reference to "an
expression construct" includes a mixture of two  or more such agents. 25
2.1.0 General Overview In one aspect, the present invention relates to
transcription control elements  derived from cytochrome P450 genes
(e.g.,Cyp3AI l and CYP3A4), expression cassettes which include those
control elements, vector constructs, cells and transgenie  30 animals
containing the expression cassettes, and methods of using the cells and
transgenic animals containing the expression cassettes, for example, as
modeling,  screening and/or test systems. Methods of using the control
elements, expression 23 12 October 2005 WO 02/08S305 PCT/US02/11770
cassettes, cells, and transgenic animals of the present invention include,
but are not  limited to, studies involving toxicity and drug metabolism,
and methods for screening  drug metabolism, safety and/or possible
toxicity. Exemplary transcription control  elements useful in the practice
of the present invention include those derived from 5 mouse Cyp3A11 locus
and those derived from the human CYP3A4 locus.  Experiments performed in
support of the present invention demonstrate that the  effects of a
compound on modulation of expression mediated by Cyp3Al I or  CYP3A4
transcriptional control elements can be directly monitored in live animals
to  provide information about the effects of the compound, e.g., toxicity.
10 In one embodiment, the present invention relates to (1) transcription
control  



elements (e.g., promoters) derived from the mouse Cyp3A11 gene locus or
from the  human CYP3A4 gene locus; (2) expression cassettes comprising such
transcription  control elements operatively linked to genes encoding a gene
product, such as, a  reporter, a protein, polypeptide, hormone, ribozyme,
or antisense RNA, 15 (3) recombinant cells comprising such expression
cassettes, (4) methods of screening  for safety and/or possible toxicity
using such cells (e.g., screening for toxicity or  safety of compounds
which modulated expression mediated by the transcription  control elements
of the present invention), (5) animals (e.g., transgenic or "liver  push")
comprising the aforementioned transcription control elements, expression 20
cassettes, and/or vector constructs, (6) methods of monitoring safety
and/or toxicity  using such animals, and (7) methods of screening for
safety and/or toxicity of  compounds using such animals. A variety of
transcription control elements are useful in the practice of the  present
invention, for example, transcription control elements derived from genes
or  25 gene loci associated with drug metabolism. Specific locations of
selected transcriptional control elements within a defined polynucleotide
sequence can be  identified by methods known to those of skill in the art,
e.g., sequence comparison,  deletion analysis, and/or linker-insertion
mutagenesis, in view of the teachings of the  present specification. An
exemplary transcription control element can be one that is 30 associated
with oxidative metabolism of drug, for instance the P450 superfamily of
hemoproteins.that metabolize a wide variety of endogenous and xenobiotics.
24 12 October 2005 WO 02/088305 PCT/US02/11770 Particular embodiments of
such transcription control elements include those  associated with the
mouse Cyp3Al 1 gene and the human CYP3A4 gene. In this way,  expression of
the reporter sequence is induced in the transgenic animals of the present
invention when, for example, after administration of a candidate drug, and
safety 5 and/or toxicity of the drug can be evaluated by non-invasive
imaging methods using  the whole animal. Various forms of the different
embodiments of the invention,  described herein, may be combined.
Non-invasive imaging and/or detecting of light-emitting conjugates in
mammalian subjects was described in U.S. Patent Nos. 5,650,135, and
6,217,847, by  



10 Contag, et al., issued 22 July 1997, and April 17, 2001, respectively.
This imaging technology can be used in the practice of the present
invention in view of the  teachings of the present specification. In the
imaging method, the conjugates contain  a biocompatible entity and a
light-generating moiety. Biocompatible entities include,  but are not
limited to, small molecules such as cyclic organic molecules; 15
macromolecules such as proteins; microorganisms such as viruses, bacteria,
yeast and  fungi; eucaryotic cells; all types of pathogens and pathogenic
substances; and  particles such as beads and liposomes. In another aspect,
biocompatible entities may  be all or some of the cells that constitute the
mammalian subject being imaged, for  example, cells carrying the expression
cassettes of the present invention expressing a  20 reporter sequence.
Light-emitting capability is conferred on the biocompatible entities by the
conjugation of a light-generating moiety. Such moieties include fluorescent
molecules, fluorescent proteins, enzymatic reactions which give off
photons, and  luminescent substances, such as bioluminescent proteins. In
the context of the present 25 invention, light emitting capability is
typically conferred on target cells by having at least one copy of a
light-generating protein, e.g., a luciferase, present. In preferred
embodiments, luciferase is operably linked to appropriate control elements
that can  facilitate expression of a polypeptide having luciferase
activity. Substrates of luciferase can be endogenous to the cell or applied
to the cell or system (e.g., injection  30 into a transgenic mouse, having
cells carrying a luciferase construct, of a suitable  substrate for the
luciferase, for example, luciferin). The conjugation may involve a
chemical coupling step, genetic engineering of a fusion protein, or the
transformation 25 12 October 2005 WO 02/088305 PCT/U502111770 of a cell,
microorganism or animal to express a light-generating protein. Thus, in one
aspect, the present invention relates to animal test systems and  methods
for toxicology studies of an analyte of interest. In the practice of the
present  invention, transgenic mammals or liver pushed animals are
constructed where control 5 elements, for example, a promoter or
transcriptional regulatory sequence, of two or  more stress-induced genes
are operably linked to reporter gene coding sequences (for  example,
luciferase). An appropriate substrate for the reporter gene product is  



administered to the animal in addition to an analyte of interest. The order
of  administration of these two substances can be empirically determined
for each analyte 10 of interest. Induction of expression mediated by any of
the control elements is then  evaluated by non-invasive imaging methods
using the whole animal. Thus, in one aspect of the present invention,
animals described herein can be  used to evaluate the in vivo effects of
high production volume (HPV) chemicals, for  example, by examining the
effects of HPVs on expression of toxicity related genes 15 such as P450. To
date there are approximately 3,000 HPV chemicals within the set of
non-polymeric chemicals (polymeric chemicals tend to be poorly absorbed by
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 vivo,  which takes into account toxicity of not only the
chemical itself, but of metabolites 20 thereof (e.g., breakdown products).
Chemical producers and importers have been invited by the United States
Environmental Protection Agency (EPA) to provide basic toxicity information
on  their high production volume (HPV) chemicals. HPV chemicals are
chemicals  produced in or imported to the United States in amounts over 1
million pounds per 25 year. Each chemical companies participating in the
voluntary program will make a  commitment to identify chemicals that the
company will adopt for testing. Following  the guidelines established by
EPA, participating companies will perform the  following tasks: assessment
of the adequacy of existing data; design and submission  of test plans;
provide test results as generated; and prepare summaries of the data 30
characterizing each chemical. Currently, the voluntary program uses the
same tests,  testing protocols, and basic information summary formats
employed by the Screening  Information Data Set (SIDS) program. SIDS is a
cooperative, international effort to  26 12 October 2005 WO 02/058305
PCT/US02/11770 secure basic toxicity information on HPV chemicals
worldwide. Accordingly,  information prepared for the U.S. domestic program
will be acceptable in the  international effort. Of the approximately 3,000
chemicals that the U.S. imports or produces at  5 more than I million
lbs./yr., a recent EPA analysis finds that 43% of these high  



production volume chemicals have no testing data on basic toxicity and only
seven  percent have a full set of basic test data
(http://www.epa.gov/opptintr/chemrtk). This  lack of test data compromises
the public's right to know about the chemicals that are  found in the
environment, homes, workplaces, and products. 10 There are six basic tests
which have been internationally agreed to for  screening high production
volume (HPV) chemicals for toxicity. The tests agreed to  under the
Organization for Economic Cooperation and Development's Screening
Information Data Set (OECD/SIDS) program include the following: acute
toxicity; chronic toxicity; developmental/reproductive toxicity;
mutagenicity; ecotoxicity and  15 environmental fate. Several of these
tests rely on animal models where the animal must be sacrificed to obtain
toxicity data. The transgenic animals described herein are  useful for
toxicity testing and avoid the need for a "death as the end-point" model.
Accordingly, use of the transgenic animals of the present invention to
evaluate  toxicity will provide for a more humane means of toxicity
testing. Further, because 20 "death as the end-point" is not always
necessary using transgenic animals carrying the  reporter expression
cassettes of the present invention, costs associated with toxicity  testing
in live animals can likely be reduced. The EPA's Chemical Hazard Data
Availability Study found major gaps in the  basic information that is
readily available to the public. Most consumers assume that  25 basic
toxicity testing is available and that all chemicals in commerce today are
safe. A  recent EPA study has found that this is not a prudent assumption.
The EPA has reviewed the publicly available data on these chemicals and has
learned that most of  them may have never been tested to determine how
toxic they are to humans or the  environment. The EPA cannot begin to judge
the hazards and risks of HPV consumer 30 chemicals without basic
information, and, in fact, substantially more detailed and  exhaustive
testing is needed to assess these high exposure chemicals
(http://www.epa.gov/opptintr/chemrtk-). It is clear that companies need to
do more to 27 12 October 2005 WO 02/088305 PCT/US02/11770 address this
problem. SIDS tests do not fully measure a chemical's toxicity. The tests
only provide a  minimum set of information that can be used to determine
the relative hazards of  



chemicals and to judge if additional testing is necessary. However, the
transgenic 5 animals of the present invention provide models for in vivo
toxicity testing that can  greatly expand the information available about
the hazards of these chemicals and  their metabolites. OSHA. sets
Permissible Exposure Limits (PELs) for hazardous chemicals in  the
workplace. It seems reasonable to expect that chemicals with PELs have been
10 thoroughly tested at least for human health effects. However, even the
high volume chemicals with PELs have significant data gaps from the human
health portion of the  basic screening test set. Only 53% of these high
volume chemicals with PELs have  basic screening tests for all four of the
human health endpoints. In contrast, only 5%  of the non-PEL HPV chemicals
had all four health effects tests and 49% had no health 15 test data
available (http://www.epa.gov/opptintr/chemrtk). Thus, the bulk of HPV
chemicals without PELs lack even the minimal data needed to support
development of  a PEL value to protect workers. The transgenic animals of
the present invention  provide means for testing toxicity that provide
specific, in vivo data concerning  toxicity not only of the chemicals
themselves, but of metabolites of these chemicals as  20 well. Finally,
chemicals contained in consumer products are a major concern due to  the
likelihood of their exposure to children, as well as other sensitive
populations  (e.g., pregnant women and health-compromised individuals).
Although the chemical  industry has completed basic testing for more of
these chemicals than is the case for 25 other HPV chemicals, a more
complete evaluation of in vivo toxicity using the  transgenic animals of
the present invention would be desirable. Given the great  exposure
potential of consumer products, significantly greater amounts of testing
are  needed to assess the risks of such chemicals. The transgenic animals
described herein  help to meet this need. 30 to 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 12 October 2005 WO 02/088305 PCTIUS02/11770 system (including,
for example, many pesticides and fertilizers). The increasing need  



for evaluation of HPV and potential endocrine disruptors, both in view of
public  interest and mandates for testing from the U.S. Federal Government,
are likely to be  met by the transgenic animals and accompanying compound
screening methods of the  5 present invention. Several classes of
stress-related genes, and the promoters/control elements  thereof, are
described in more detail below. 2.2.0 Promoters The expression cassettes,
vectors, cells and transgenic animals described 10 herein contain a
sequence encoding a detectable gene product, e.g., a luciferase gene,
operably linked to a transcription control element, e.g., a promoter. The
promoter  may be from the same species as the transgenic animal (e.g.,
mouse promoter used in  construct to make transgenic mouse) or from a
different species (e.g., human  promoter used in construct to make
transgenic mouse). The promoter can be derived 15 from any gene of
interest. In one embodiment of the present invention, the promoter  is
derived from a gene whose expression is induced during oxidative
metabolism, for  example clearing of a drug via the liver. Thus, when a
drug is administered to a  transgenic animal carrying a vector construct of
the present invention, the promoter is  induced and the animal expresses
luciferase, which can then be monitored 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 families. In humans, 40 different P450 genes (designated
"CYP" genes) and 13 pseudogenes are currently known. Those genes are
classified  into 16 families based on amino acid sequence sirrrilarity.
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). IA2, 2C9, 2D6 and 3A4  contribute the most, with
CYP3A4 accounting for 50-60% of the activity. Mouse  Cyp3Al 1 is described,
for example, in Yanagimoto T. et al. (1997) Archives of  Biochemistry and
Biophysics 340(2): 215-8 and Toide K. et al. (1997) Archives of 30
Biochemistry and Biophysics 338(1):43-49. Human CYP3A4 is described, for
example, in Hashimoto H. et al. (1993). Eur J Biochem. 218(2):585-95;
Goodwin B. 29 12 October 2005 WO 02/088305 PCT/US02/11770 



et al. (1999).Mol Pharmacol. 56(6):1329-39; and Bertilsson G. et al. (1998)
Proc Nat!  Acad Sci U S A. 95(21):12208-13. Exemplified herein are
transcription control  elements derived mouse Cyp3Al 1 as well as
transcription elements derived from  human CYP3A4. 5 As one of skill in the
art will appreciate in view of the teachings of the present  specification,
transcription control element sequences can be derived and isolated  from,
e.g., genomic sequences, using method known in the art in view of the
teachings herein. For example, the transcription control element sequences
of  Cyp3A1 lwere isolated and sequenced as described in Example 1 below. 10
Similarly, a sequence that confers liver-specific expression was obtained
from  the CYP3A4 gene. It has been suggested that HIF4, COUP-TF/HIF4, GRE,
Rifampicin, Dex responsive elements are located in the 10.5 kb promoter
region of  CYP3A4 (Goodwin et al., supra). However, prior to the present
application, no  regulatory elements had been described in the distal 2.5
Kb region of this locus. As 15 described herein, when the activity of the
10.5Kb and the 13 Kb promoters were  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  is high in intestines. Thus, data obtained from
liver push experiments and transgenic  animals demonstrate that the -2.5 Kb
distal fragment of the CYP3A4 promoter dramatically enhances liver-specific
gene expression. Potential transcription factor  25 binding sites in this
2.5 Kb include: four potential HNF-3b sites (in opposite  orientation) and
two HNF-3b sites (in direct orientation). Another exemplary method of
isolating promoter sequences employs a  GenomeWalkerO kit, commercially
available from Clontech (Palo Alto, CA), and  described on page 27 of the
1997-1998 Clontech catalog. . 30 30 12 October 2005 WO 02/088305
PCT/US02/11770 



2.2.1 Mouse Cyp3A11 and Human CYP3A4 Transcription Control  Elements
Sequences The subject nucleic acids of the present invention (e.g., as
described in 5 Example 1) find a wide variety of applications including use
as hybridization probes,  PCR primers, expression cassettes useful for
compound screening, detecting the  presence of Cyp3AlI or CYP3A4 genes or
variants thereof, detecting the presence of  gene transcripts, detecting or
amplifying nucleic acids encoding additional Cyp3A11  or CYP3A4 promoter
sequences or homologues thereof (as well as, structural 10 analogs), and in
a variety of screening assays. The present invention provides efficient
methods for determining the toxicity  of pharmacological agents which are
active at the level of Cyp3AlI or CYP3A4 gene  transcription. A wide
variety of assays for transcriptional expression can be used  based on the
teaching of the present specification, including, but not limited to, cell
15 based transcription assays, screening in vivo in transgenic animals, and
promoter- protein binding assays. For example, the disclosed luciferase
reporter constructs are  used to transfect cells for cell-based
transcription assays. For example, primary  endothelial cells are plated
onto microtiter plates and used to screen libraries of  candidate agents
for compounds which modulate the transcriptional regulation of the 20
Cyp3A1 1 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 Cyp3Al 1  gene locus or from a human CYP3A4
locus. In particular, recombinant nucleic acid 25 molecules comprising SEQ
ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14 and SEQ ID  NO: 15, as well as
fragments thereof, are described. The fragments have  approximately 80% to
100%, and integer values therebetween, sequence identity to  sequences
disclosed, at least 80-85%, preferably 85-90%, more preferably 90-95%,  and
most preferably 98-100% sequence identity to the reference sequence (i.e.,
the 30 sequences of the present invention). The present invention may also
include a nucleic  acid sequence substantially complementary to said
polynucleotide sequences, or  fragments thereof, as well as, a nucleic acid
sequence that specifically hybridizes to 31 1 2 October 2005 



WO 02/088305 PCT/US02/11770 said polynucleotide sequences or fragments
thereof. The invention includes further transcription control element
sequences (e.g.,  promoter sequences) identified based on the teachings of
the present specification  (including, but not limited to, sequence
information and isolation methods, e.g., 5 Example 1). The nucleic acid
molecules of this invention are useful for producing  transfected cells,
liver push animals and transgenic animals that are themselves useful  in a
variety of applications, and for screening for safety and/or possible
toxicity of  compounds that modulate P450-mediated metabolism (see Examples
2-4). 10 Those skilled in the art can practice the invention by following
the guidance of  the specification supplemented with standard procedures of
molecular biology for the  isolation and characterization of the Cyp3A11
and CYP3A4 transcription control  elements, their transfection into host
cells, and expression of heterologous DNA  operably linked to said Cyp3Al1
or CYP3A4 promoters. For example, DNA is 15 commonly transferred or
introduced into recipient mammal cells by calcium  phosphate-mediated gene
transfer, electroporation, lipofection, viral infection, and the  like.
General methods and vectors for gene transfer and expression may be found,
for example, in M. Kriegler, Gene Transfer and Expression: A Laboratory
Manual,  Stockton Press (1990). Direct gene transfer to cells in vivo can
be achieved, for 20 example, by the use of modified viral vectors,
including, but not limited to,  retroviruses, adenoviruses,
adeno-associated viruses and herpes viruses, liposomes,  and direct
injection of DNA into certain cell types. In this manner, recombinant
expression vectors and recombinant cells containing the Cyp3Al I and CYP3A4
transcription control elements of the present invention operably linked to
a desired 25 heterologous gene can be delivered to specific target cells in
vivo. See, e.g., Wilson,  Nature, 365: 691-692 (1993); Plautz et al, Annals
NY Acad. Sci., 716: 144-153  (1994); Farhood et al, Annals NY Acad. Sci.,
716: 23-34 (1994) and Hyde. et al  Nature, 362: 250-255 (1993).
Furthermore, cells may be transformed ex vivo and  introduced directly at
localized sites by injection, e.g., intra-articular, intracutaneous, 30
intramuscular and the like. In addition, recombinant expression vectors can
be  delivered via a liver push to animals, for example by intravenous
injection (see, also,  



Experimental Materials and Methods, below). 32 12 October 2005 WO 02/088305
PCT/US02/11770 Cloning and characterization of the Cyp3A11-locus-derived
transcription  control elements and the CYP3A4-locus-derived transcription
control elements are  described in Example 1, below. Cloning and
characterization of transcription control  elements derived from the CYP3A4
locus are also described in the Examples below. 5 Characterization of some
regions of the 5' non-coding regions of the mouse Cyp3A11  locus and the
human CYP3A4 locus is presented in Example 5 (see also, Figures 18  and
19). The present invention includes a polynucleotide effective to promote
transcription of an operably linked heterologous sequence, said
polynucleotide 10 derived from the 5' non-coding region of the mouse
Cyp3A11 gene. One aspect of  the present invention comprises the
approximately 13 kb sequence (SEQ ID NO: 12)  and fragments thereof, in
particular, fragments capable of functioning as transcription  promoters
and/or transcription regulatory sequences. In one embodiment, a
transcription control element of the present invention  15 includes a
polynucleotide derived from the mouse Cyp3Al 1 gene comprising a
polynucleotide sequence having 90% or greater identity to nucleotides
1-11,002 of  SEQ ID NO: 12. One aspect of the present invention comprises
the approximately 9.3  kb sequence (SEQ ID NO: 13) and fragments thereof,
in particular, fragments capable  of functioning as transcription promoters
and/or transcription regulatory sequences. 20 In one embodiment, a
transcription control element of the present invention includes a
polynucleotide derived from the mouse Cyp3Al 1 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. Cyp3AII gene,
said polynucleotide comprising a 25 polynucleotide having 90% identity or
greater to nucleotides 5104-6218 of SEQ ID  NO: 13. In another embodiment,
a transcription control element of the present  invention includes a
polynucleotide derived from the mouse Cyp3Al I gene, said  polynucleotide
comprising a polynucleotide having 90% identity or greater to  nucleotides
6792-9330 of SEQ ID NO: 13. In yet another embodiment, a transcription 



30 control element of the present invention includes a polynucleotide
derived from the  mouse Cyp3A11 gene; said polynucleotide comprising a
first polynucleotide having  90% identity or greater to nucleotides
5104-6218 of SEQ ID NO:13 and a second 33 12 October 2005 WO 02/088305
PCT/US02/11770 polynucleotide having 90% identity or greater to nucleotides
6792-9330 of SEQ ID  NO:13. The polynucleotides of the present invention,
e.g., a polynucleotide  comprising the 9.3 kb sequence (SEQ ID NO: 13), or
polynucleotides comprising 5 fragments thereof may also be associated with
a basal promoter in order to confer  certain regulatory characteristics on
the basal promoter (a basal promoter may, for  example, comprise a minimum
unit necessary to promote transcription, e.g., a TATA  box). The present
invention includes, but is not limited to, isolated polynucleotides  10
(for example, those just described), methods of use of such
polynucleotides, vectors  comprising such polynucleotides, expression
cassettes comprising such polynucleotides, vectors comprising such
polynucleotides, recombinant cells  comprising such polynucleotides,
liver-push non-human animals comprising such  polynucleotides, and
transgenic, non-human animals comprising such 15 polynucleotides. In one
embodiment the present invention includes a transgenic, non- human animal
(e.g., a rat or a 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 heterologous sequence, said
polynucleotide 20 derived from the 5' non-coding region of the human CYP3A4
gene. One aspect of  the present invention comprises the approximately 13
kb sequence (SEQ 1D NO: 14)  and fragments thereof, in particular,
fragments capable of functioning as transcription  promoters and/or
transcription regulatory sequences. One such exemplary fragment is
identified by SEQ ID NO: 15. In one embodiment, a transcription control
element of 25 the present invention includes a polynucleotide derived from
the human CYP3A4  gene comprising a polynucleotide sequence having 90% or
greater identity to  nucleotides 1-13,032 of SEQ ID NO; 14. 



In one embodiment, a transcription control element of the present invention
includes a polynucleotide derived from the human CYP3A4 gene comprising a
30 polynucleotide sequence having 90% or greater identity to SEQ ID NO: 14.
In another  embodiment, a transcription control element of the present
invention includes a  polynucleotide derived from the human CYP3A4 gene,
said polynucleotide 34 12 October 2005 WO 02/088305 PCT/US02/11770
comprising a polynucleotide having 90% identity or greater to nucleotides
1290-2446  of SEQ ID NO: 14. In another embodiment, a transcription control
element of the  present invention includes a polynucleotide derived from
the human CYP3A4 gene,  said polynucleotide comprising a polynucleotide
having 90% identity or greater to 5 nucleotides 2758-4111 of SEQ ID NO: 14.
In another embodiment, a transcription  control element of the present
invention includes a polynucleotide derived from the  human CYP3A4 gene,
said polynucleotide comprising a polynucleotide having 90%  identity or
greater to nucleotides 4424-6010 of SEQ ID NO: 14_ In another embodiment, a
transcription control element of the present invention includes a  10
polynucleotide derived from the human CYP3A4 gene, said polynucleotide
comprising a polynucleotide having 90% identity or greater to nucleotides
6317-9099  of SEQ ID NO: 14. In another embodiment, a transcription control
element of the  present invention includes a polynucleotide derived from
the human CYP3A4 gene,  said polynucleotide comprising a polynucleotide
having 90% identity or greater to 15 nucleotides 9401-12998 of SEQ ID
NO:14. In yet another embodiment, a  transcription control element of the
present invention includes a polynucleotide  derived from the human CYP3A4
gene, said polynucleotide comprising a first  polynucleotide having 90%
identity or greater to nucleotides 1290-2446 of SEQ ID  NO: 14, a second
polynucleotide having 90% identity or greater to nucleotides 2758 20 4111
of SEQ ID NO:14, a third polynucleotide having 90% identity or greater to
nucleotides 4424-60 10 of SEQ ID NO: 14, a fourth polynucleotide having 90%
identity or greater to nucleotides 6317-9099 of SEQ ID NO: 14, and a fifth
polynucleotide having 90% identity or greater to nucleotides 9401-12998 of
SEQ ID  NO:14. 25 The polynucleotides of the present invention, e.g., a
polynucleotide  



comprising the approximately 13 kb sequence (SEQ ID NO:14), or
polynucleotides  comprising fragments thereof may also be associated with a
basal promoter in order to  confer certain regulatory characteristics on
the basal promoter (a basal promoter may,  for example, comprise a minimum
unit necessary to promote transcription, e.g., a 30 TATA box). The present
invention includes, but is not limited to, isolated polynucleotides.  (for
example, those just described), methods of use of such polynucleotides,
vectors  35 12 October 2005 WO 02/088305 PCT/US02/11770 comprising such
polynucleotides, expression cassettes comprising such  polynucleotides,
vectors comprising such polynucleotides, recombinant cells  comprising such
polynucleotides, liver-push non-human animals comprising such
polynucleotides, and transgenic, non-human animals comprising such 5
polynucleotides. A preferred embodiment of one aspect of the present
invention, includes a  transgenic, non-human animal that comprises a
transcription control element derived  from the human CYP3A4 gene (e.g., a
polynucleotide sequence having 90% or  greater identity to nucleotides
1-13,032 of SEQ ID NO:14) operably linked to a 10 heterologous sequence
(e.g., encoding a light-generating protein, for example,  luciferase). In
one embodiment, the transgenic, non-human animal does not comprise  a
polynucleotide encoding hPXR (a human rifampicin co-receptor), that is, the
transgenic, non-human animal does not express a functional human PXR
protein. For  example, a transgenic rodent (e.g., a mouse or rat) has been
generated that comprises 15 a transcription control element derived from
the human CYP3A4 gene, but the animal  does not express the human
rifampicin co-receptor (see Example 6). 2.3.0 Expression Cassettes and
Vectors The expression cassettes described herein may typically include the
following  components: (1) a polynucleotide encoding a reporter gene, such
as a sequence 20 encoding a light generating protein, (2) a transcription
control element operably  linked to the reporter gene sequence, wherein the
control element is heterologous to  the coding sequences of the light
generating protein (e.g., the Cyp3A11 and CYP3A4  sequences of the present
invention). Transcription control elements derived from the  



sequences provided herein may be associated with, for example, a basal
transcription 25 promoter to confer regulation provided by such control
elements on such a basal  transcription promoter. Exemplary expression
constructs are described in Example 1.  The present invention also includes
providing such expression cassettes in vectors, comprising, for example, a
suitable vector backbone and optionally a  sequence encoding a selection
marker e.g., a positive or negative selection marker.  30 Suitable vector
backbones generally include an Fl origin of replication; a colEl
plasmid-derived origin of replication; polyadenylation sequence(s);
sequences 36 12 October 2005 WO 02/088305 PCT/US02/11770 encoding
antibiotic resistance (e.g., ampicillin resistance) and other regulatory or
control elements. Non-limiting examples of appropriate backbones include:
pBluescriptSK (Stratagene, La Jolla, CA); pBluescriptKS (Stratagene, La
Jolla, CA)  and other commercially available vectors. 5 A variety of
reporter genes may be used in the practice of the present  invention.
Preferred are those that produce a protein product which is easily
measured in a routine assay. Suitable reporter genes include, but are not
limited to chloramphenicol acetyl transferase (CAT), light generating
proteins (e.g., luciferase),  and beta-galactosidase. Convenient assays
include, but are not limited to 10 calorimetric, fluorimetric and enzymatic
assays. In one aspect, reporter genes may be  employed that are expressed
within the cell and whose extracellular products are  directly measured in
the intracellular medium, or in an extract of the intracellular  medium of
a cultured cell line. This provides advantages over using a reporter gene
whose product is secreted, since the rate and efficiency of the secretion
introduces 15 additional variables that may complicate interpretation of
the assay. In a preferred  embodiment, the reporter gene is a light
generating protein. When using the light  generating reporter proteins
described herein, expression can be evaluated accurately  and
non-invasively as described above (see, for example, Contag, P. R., et al.,
(1998)  Nature Med. 4:245-7; Contag, C. H., et al., (1997)
PhotochemPhotobiol. 66:523-31; 20 Contag, C. H., et al., (1995) Mol
Microbiol. 18:593-603). In one aspect of the invention, the light
generating is luciferase. Luciferase  coding sequences useful in the
practice of the present invention include sequences  



obtained from 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. Patent No.
5,670,356, issued 23 September 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. 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, Malec. 37 12 October 2005 WO 02/088305 PCT/US02/11770 Cell.
Biol. 7:725-737, 1987; Tatsunni, H.N., et al, Biochim. Biophys. Acta
1131:161- 165, 1992; and Wood, K.V., et al, Science 244:700-702, 1989.
Another group of  bioluminescent proteins includes light-generating
proteins of the aequorin family  (Prasher, D. C., et al., Biochem.
26:1326-1332 (1987))- Luciferases, as well as 5 aequorin-like molecules,
require a source of energy, such as ATP, NAD(P)H, and the  like, and a
substrate, such as luciferin or coelentrizine and oxygen.  Wild-type
firefly luciferases typically have emission maxima at about 550 nrn.
Numerous variants with distinct emission maxima have also been studied. For
10 example, Kajiyama and Nakano (Protein Eng. 4(6):691-693, 1991; U.S.
Patent No.  5,330,906, issued 19 July 1994) teach five variant firefly
luciferases generated by  single amino acid changes to the Luciola cruciata
luciferase coding sequence. The  variants have emission peaks of 558 nm,
595 nm, 607 nm, 609 nm and 612 nm. A  yellow-green luciferase with an
emission peak of about 540 nm is commercially 15 available from Promega,
Madison, WI under the name pGL3. A red luciferase with  an emission peak of
about 610 nm is described, for example, in Contag et al. (1998)  Nat. Med.
4:245-247 and Kajiyama et al. (1991) Port. Eng. 4:691-693. The coding
sequence of a luciferase derived from Renilla muelleri has also been
described  (mRNA, GENBANK Accession No. AY015988, protein Accession
AAG54094). 20' In another aspect of the present invention, the
light-generating protein is a  



fluorescent protein, for example, blue, cyan, green, yellow, and red
fluorescent  proteins. Several light-generating protein coding sequences
are commercially available,  including, but not limited to, the following.
Clontech (Palo Alto, CA) provides 25 coding sequences for luciferase and a
variety of fluorescent proteins, including, blue,  cyan, green, yellow, and
red fluorescent proteins. Enhanced green fluorescent protein  (EGFP)
variants are well expressed in mammalian systems and tend to exhibit
brighter fluorescence than wild-type GFP. Enhanced fluorescent proteins
include  enhanced green fluorescent protein (EGFP), enhanced cyan
fluorescent protein 30 (ECFP), and enhanced yellow fluorescent protein
(EYFP). Further, Clontech  provides destabilized enhanced fluorescent
proteins (dEFP) variants that feature rapid  turn over rates. The shorter
half life of the dEFP variants makes them useful in kinetic  38 12 October
2005 WO 02/088305 PCT/US02/11770 studies and as quantitative reporters.
DsRed coding sequences are available from  Clontech
(http://www.clontech.conVtechi"nfo/vectors/vectorsD/text/pDsRed.txt).
DsRed is a red fluorescent protein useful in expression studies. Further,
Fradkov,A.F., et. al., described a novel fluorescent protein from
Discosoina coral and  5 its mutants which possesses a unique far-red
fluorescence (FEBS Lett. 479 (3), 127- 130 (2000)) (mRNA sequence, GENBANK
Accession No. AF27271 1, protein sequence, GENBANK Accession No. AAG16224).
Promega (Madison, WI) also  provides coding sequences for fire fly
luciferase (for example, as contained in the  pGL3 vectors). Further,
coding sequences for a number of fluorescent proteins are 10 available from
GENBANK, for example, accession numbers AYO 15995, AF322221,  AF080431,
AF292560, AF292559, AF292558, AF292557, AF139645, U47298,  U47297,
AY015988, AY015994, and AF292556. Modified lux coding sequences have also
been described, e.g., WO 01/18195,  published 15 March 2001, Xenogen
Corporation. In addition, further light generating  15 systems may be
employed, for example, when evaluating expression in cells. Such systems
include, but are 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 limited to, an HPRT gene
(Littlefield,  .20 J. W., Science 145:709-710 (1964)), a xanthine-guanine
phosphoribosyltransferase (GPT) gene, or an adenosine
phosphoribosyltransferase (APRT) gene (Sambrook et  al., supra), a
thymidine kinase gene (i.e. "TK") and especially the TK gene of the  herpes
simplex virus (Giphart-Gassler, M. et al,, Mutat. Res. 214:223.232 (1989)),
a  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  nucleoside analogues, or antibiotics, etc.,
for example, gene sequences which encode  enzymes such as dihydrofolate
reductase (DHFR) enzyme, adenosine dearninase  (ADA), asparagine synthetase
(AS), hygromycin B phosphotransferase, or a CAD enzyme (carbaznyl phosphate
synthetase, aspartate transcarbamylase, and 30 dihydroorotase). Addition of
the appropriate substrate of the positive selection  marker can be used to
determine if the product of the positive selection marker is  expressed,
for example cells which do not express the positive selection marker nptlf,
39 12 October 2005 WO 02/088307 PCT/US02/11770 are killed when exposed to
the substrate G418 (Gibco BRL Life Technology,  Gaithersburg, MD). The
vector typically contains insertion sites for inserting polynucleotide
sequences of interest, e.g., the Cyp3Al 1 and CYP3A4 sequences of the
present 5 invention. These insertion sites are preferably included such
that there are two sites,  one site on either side of the sequences
encoding the positive selection marker,  luciferase and the promoter.
Insertion sites are, for example, restriction endonuclease  recognition
sites, and can, for example, represent unique restriction sites. In this
way,  the vector can be digested with the appropriate enzymes and the
sequences of interest  10 ligated into the vector. Optionally, the vector
construct can contain a polynucleotide encoding a  negative selection
marker. Suitable negative selection markers include, but are not  limited
to, HSV-tk (see, e.g., Majzoub et al. (1996) New Engl. J. Med. 334:904-907
and U.S. Patent No. 5,464,764), as well as genes encoding various toxins
including 15 the diphtheria toxin, the tetanus toxin, the cholera toxin and
the pertussis toxin. A  further negative selection marker gene is the
hypoxanthine-guanine phosphoribosyl  



transferase (HPRT) gene for negative selection in 6-thioguanine. Exemplary
promoters for use in the practice of the present invention are  described
above. 20 Vector Construction: The vectors described herein can be
constructed  utilizing methodologies known in the art of molecular biology
(see, for example,  Ausubel or Maniatis) in view of the teachings of the
specification. As described  above, the vector constructs containing the
expression cassettes are assembled by  inserting the desired components
into a suitable vector backbone, for example, 25 (1) polynucleotides
encoding a reporter protein, such as a light-generating protein,  e.g., a
luciferase gene, operably linked to a transcription control element(s) of
interest;  (2) a sequence encoding a positive selection marker; and,
optionally (3) a.sequence  encoding a negative selection marker. In
addition, the vector construct contains  insertion sites such that
additional sequences of interest can be readily inserted to 30 flank the
sequence encoding positive selection marker and luciferase-encoding
sequence. 12 October 2005 WO 02/0S8305 PCT/US02/11770 A preferred method of
obtaining polynucleotides, suitable regulatory  sequences (e. g.,
promoters) is PCR. General procedures for PCR as taught in  MacPherson et
al., PCR: A PRACT1cAL APPROACH, (IRL Press at Oxford University Press,
(1991)). PCR conditions for each application reaction may be empirically
determined. A number of parameters influence the success of a reaction.
Among  these parameters are annealing temperature and time, extension time,
Mg2+ and ATP  concentration, pH, and the relative concentration of primers,
templates and deoxyribonucleotides. Exemplary primers are described below
in the Examples.  After amplification, the resulting fragments can be
detected by agarose gel 10 electrophoresis followed by visualization with
ethidium bromide staining and  ultraviolet illumination. In one embodiment,
PCR can be used to amplify fragments from genomic  libraries. Many genomic
libraries are commercially available. Alternatively, libraries  can be
produced by any method known in the art. Preferably, the organism(s) from
15 which the DNA is has no discernible disease or phenotypic effects. This
isolated  DNA may be 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 inflammation). DNA is extracted from 20 the cells or body
fluid using known methods of cell lysis and DNA purification. The  purified
DNA is then introduced into a suitable expression system, for example a
lambda phage. Another method for obtaining polynucleotides, for example,
short,  random nucleotide sequences, is by enzymatic digestion.
Polynucleotides are inserted into vector backbones using methods known in
25 the art. For example, insert and vector DNA can be contacted, under
suitable  conditions, with a restriction enzyme to create complementary or
blunt ends on each  molecule that can pair with each other and be joined
with a ligase. Alternatively,  synthetic nucleic acid linkers can be
ligated to the termini of a polynucleotide. These  synthetic linkers can
contain nucleic acid sequences that correspond to a particular 30
restriction site in the vector DNA. Other means are known and, in view of
the  teachings herein, can be used. The vector backbone may comprise
components functional in more than one 41 12 October 2005 WO 02/088305
PCT/US02/11770 selected organism in order to provide a shuttle vector, for
example, a bacterial origin  of replication and a eucaryotic promoter.
Alternately, the vector backbone may  comprise an integrating vector, i.e.,
a vector that is used for random or site-directed  integration into a
target genome. 5 The final constructs can be used immediately (e.g., for
introduction into ES  cells or for liver-push assays), or stored frozen
(e.g., at -20C) until use. In some  embodiments, the constructs are
linearized prior to use, for example by digestion with  suitable
restriction endonucleases. 2.4.0 Liver Push Animals 10 The expression
cassettes of the present invention may be introduced (extra- genomically)
into an animal in order to practice the methods described herein. High
levels of foreign gene expression have been obtained in muscle and liver
via direct  injection of naked plasmid DNA. In. addition, high levels of
expression can also be  achieved by direct, intravascular adminstration of
naked plasmid DNA into the 



15 vessels supplying the liver or muscle. See, Wolff et al. (1990) Science
247:1465- 1468; Budker et al. (1996) Gene Ther 3:593-598; Budker et al.
(1998) Gene Ther  5:272-276; Zhang et al. (1997) Human Gene Ther
8:1763-1772. Recently, Zhang et  al. (1999) Human Gene Tver 10:1735.1737
reported that high levels of foreign gene  expression was seen in
hepatocytes following tail vein injections of naked plasmid  20 DNA. Thus,
in a preferred embodiment, the expression cassettes described herein are
injected intravenously (e.g., into the tail vein of a mouse) in amounts,
volumes and  durations that are sufficient to achieve expression in
hepatocytes. Determining such  amounts and volumes is within the purview of
one of skill in the art. For example, the 25 volume of DNA injection is
preferably relatively large, for example between about I  to 10 mL, more
preferably between about 1 to 5 mL, even more preferably between  about 1
to 3 mL, and most preferably around 2.5 mL. The DNA may be administered  in
an aqueous solution.or in any pharmaceutically acceptable vehicle such as
Ringer's  Solution. Other acceptable vehicles are known to those of skill
in the art and are 30 described, for example, in Remington's, supra. The
amount of DNA can be similarly  determined and is preferably between about
5-1000 pg, more preferably between 42 12 October 2005 WO 02/088305
PCT/US02/11770 about 10 and 500 pg and even more preferably between about
10 and 300 pg.  Furthermore, the injections are preferably relatively
rapid, e.g., the entire volume is  injected over a period less than 2
minutes, more preferably less than 1 minutes and  even more preferably less
than 30 seconds. 5 2.5.0 Transgenic Animals The expression cassettes of the
present invention may be introduced into the  genome of an animal in order
to produce transgenic animals for purposes of practicing  the methods of
the present invention. In a preferred embodiment of the present  invention,
the transgenic animal is a transgenic rodent, for example, a mouse, rat, or
10 guinea pig. When a light-generating protein is used as a reporter,
imaging is typically  carried out using an intact, living, non-human
transgenic animal, for example, a  living, transgenic rodent (e.g., a mouse
or rat). A variety of transformation techniques  are well known in the art.
Those methods include the following. 



(i) Direct microinjection into nuclei: Expression cassettes can be
microinjected  15 directly into animal cell nuclei using micropipettes to
mechanically transfer the  recombinant DNA. This method has the advantage
of not exposing the DNA to  cellular compartments other than the nucleus
and of yielding stable recombinants at  high frequency. See, Capecchi, M.,
Cell 22:479-488 (1980). For example, the expression cassettes of the
present invention may be 20 microinjected into the early male pronucleus of
a zygote as early as possible after the  formation of the male pronucleus
membrane, and prior to its being processed by the  zygote female
pronucleus. Thus, microinjection according to this method should be
undertaken when the male and female pronuclei Are well separated and both
are  located close to the cell membrane. See, e.g., U.S. Patent No.
4,873,191 to Wagner, 25 et al. (issued October 10, 1989); and Richa, J.,
(2001) "Production of Transgenic  Mice," Molecular Biotechnology, March
2001 vol: 17:261-8. (ii) ES Cell Transfection: The DNA containing the
expression cassettes of the  present invention can also be introduced into
embryonic stem ("ES") cells. ES cell  clones which undergo homologous
recombination with a targeting vector are 30 identified, and ES cell-mouse
chimeras are then produced. Homozygous animals are  produced by mating of
hernizygous chimera animals. Procedures are described in, 43 1 2 October
2005 WO 02/088305 PCT/US02/11770 e.g., Koller, B.H. and Smithies, 0.,
(1992) "Altering genes in animals by gene  targeting", Annual review of
immunology 10:705-30. (iii) Electroporation: The DNA containing the
expression cassettes of the  present invention can also be introduced into
the animal cells by electroporation. In  5 this technique, animal cells are
electroporated in the presence of DNA containing the expression cassette.
Electrical impulses of high field strength reversibly permeabilize
bioanembranes allowing the introduction of the DNA. The pores created
during  electroporation permit the uptake of macromolecules such as DNA.
Procedures are  described in, e.g., Potter, H., et al., Proc. Nat'l. Acad.
Sci. U.S.A. 81:7161-7165 10 (1984); and Sambrook, ch. 16. (iv) Calcium
phosphate precipitation: The expression cassettes may also be  transferred
into cells by other methods of direct uptake, for example, using calcium  



phosphate. See, e.g., Graham, F., and A. Van der Eb, Virology 52:456-467
(1973);  and Sambrook, ch.16. 15 (v) Liposomes: Encapsulation of DNA within
artificial membrane vesicles  (liposomes) followed by fusion of the
liposomes with the target cell membrane can  also be used to introduce DNA
into animal cells. See Mannino, R. and S. Gould- Fogerite, BioTechniques,
6:682 (1988). (vi) Viral capsids: Viruses and empty viral capsids can also
be used to 20 incorporate DNA and transfer the DNA to animal cells. For
example, DNA can be  incorporated into empty polyoma viral capsids and then
delivered to polyoma- susceptible cells. See, e.g., Slilaty, S. and H.
Aposhian, Science 220:725 (1983). (vii) Transfection using polybrene or
DEAE-dextran: These techniques are  described in Sambrook, ch. 16. 25
(viii) Protoplast fusion: Protoplast fusion typically involves the fusion
of  bacterial protoplasts carrying high numbers of a plasmid of interest
with cultured  animal cells, usually mediated by treatment with
polyethylene glycol. Rassoulzadegan, M., et al., Nature, 295:257 (1982).
(ix) Ballistic penetration: Another method of introduction of nucleic acid
30 segments is high velocity ballistic penetration by small particles with
the nucleic acid  either within the matrix of small beads or particles, or
on the surface, Klein, et al.,  Nature, 327, 70-73, 1987. 44 1 2 October
2005 WO 02/088305 PCT/US02/11770 Any technique that can be used to
introduce DNA into the animal cells of  choice can be employed (e.g.,
"Transgenic Animal Technology: A Laboratory  Handbook," by Carl A. Pinkert,
(Editor) First Edition, Academic Press; ISBN:  0125571658; "Manipulating
the Mouse Embryo : A Laboratory Manual," Brigid 5 Hogan, et al., ISBN:
0879693843, Publisher: Cold Spring Harbor Laboratory Press,  Pub. Date:
September 1999, Second Edition.)_ Electroporation has the advantage of
ease and has been found to be broadly applicable, but a substantial
fraction of the  targeted cells may be killed during electroporation.
Therefore, for sensitive cells or  cells which are only obtainable in small
numbers, microinjection directly into nuclei 10 may be preferable. Also,
where a high efficiency of DNA incorporation is especially  



important, such as transformation without the use of a selectable marker
(as discussed  above), direct microinjection into nuclei is an advantageous
method because typically  5-25% of targeted cells will have stably
incorporated the microinjected DNA. Retroviral vectors are also highly
efficient but in some cases they are subject to other  15 shortcomings, as
described by Ellis, J., and A. Bernstein, Molec. Cell. Biol. 9:1621- 1627
(1989). Where lower efficiency techniques are used, such as
electroporation,  calcium phosphate precipitation or liposome fusion, it is
preferable to have a  selectable marker in the expression cassette so that
stable transformants can be readily  selected, as discussed above. 20 In
some situations, introduction of the heterologous DNA will itself result in
a  selectable phenotype, in which case the targeted cells can be screened
directly for  homologous recombination. For example, disrupting the gene
hart results in resistance  to 6-thioguanine. In many cases, however, the
transformation will not result in such  an easily selectable phenotype and,
if a low efficiency transformation technique such 25 as calcium phosphate
precipitation is being used, it is preferable to include in the  expression
cassette a selectable marker such that the stable integration of the
expression cassette in the genome will lead to a selectable phenotype. For
example, if  the introduced DNA contains a neo gene, then selection for
integrants can be achieved  by selecting cells able to grow on G418. 30
Transgenic animals prepared as above are useful for practicing the methods
of  the present invention. Operably linking a promoter of interest to a
reporter sequence  enables persons of skill in the art to monitor a wide
variety of biological processes 45 12 October 2005 WO 02/088305
PCT/US02/11770 involving expression of the gene from which the promoter is
derived. The transgenic  animals of the present invention that comprise the
expression cassettes of the present  invention provide a means for skilled
artisans to observe those processes as they occur  in vivo, as well as to
elucidate the mechanisms underlying those processes. 5 With respect to
trausgenic animals carrying expression cassettes that employ a
light-generating protein as a reporter sequence, the monitoring of
expression of  luciferase reporter expression cassettes using non-invasive
whole animal imaging has  been described (Contag, C. et al, U.S. Patent
Nos. 5,650,135, and 6,217,847, issued  



22 July 1997, and April 17, 2001, respectively; Contag, P., et al, Nature
Medicine 10 4(2):245-247, 1998; Contag, C., et al, OSA TOPS on Biomedical
Optical  Spectroscopy and Diagnostics 3:220-224, 1996; Contag, C.H., et al,
Photochemistry  and Photobiology 66(4):523-531, 1997; Contag, C.H., et al,
Molecular Microbiology  18(4):593-603, 1995). Such imaging typically uses
at least one photo detector device  element, for example, a charge-coupled
device (CCD) camera. 15 Thus, in one exemplary embodiment, transgenic mice
carrying expression  cassettes comprising control elements derived from
Cyp3Al 1 or CYP3A4 operably  linked to a luciferase-encoding reporter
sequence may be used to monitor Cyp3A11- or CYP3A4-mediated drug
metabolism. The transgenic animals of the present  invention that comprise
the expression cassettes of the present invention also provide 20 a means
for screening analytes that may be capable of modulating such toxicity and
metabolic processes and thereby identifying and characterizing compounds
for safety,  possible toxicity and pharmaceutical applications. Methods of
administration of the analyte include, but are not limited to,  injection
(subcutaneously, epidermally, intradermally), intramucosal (such as nasal,
25 rectal and vaginal), intraperitoneal, intravenous, oral or
intramuscular. Other modes of administration include oral and pulmonary
administration, suppositories, and  transdermal applications. Dosage
treatment may be a single dose schedule, or a  multiple dose schedule. For
example, the analyte of interest can be administered over  a range of
concentration to determine a dose/response curve. The analyte may be 30
administered to a series of test animals or to a single test animal (given
that response  to the analyte can be cleared from the transgenic animal).
Thus, in one exemplary embodiment, transgenic mice carrying expression 46
12 October 2005 WO 02/088305 PCT/US02/11770 cassettes comprising the
Cyp3A11 or CYP3A4 promoter operably linked to a  luciferase-encoding
reporter sequence may be used to monitor the effects of a  candidate
compound on Cyp3A11 or CYP3A4 expression. The results of those  experiments
demonstrate that the transgenic mice of the present invention may be 5 used
to screen compounds which may be effective pharmaceutical agents. The
creation and phenotypic characterization of transgenic animals comprising  



a CYP3A4 transgene is described in Example 6 (see also Figure 22). The
characterization methods described in Example 6 may also be applied to the
characterization of transgenic animals comprising Cyp3A11 transgenes. 10
Criteria for selecting a transgenic animal, e.g., rodent, useful in a model
for  screening compounds affecting the expression of, for example, the
human CYP3A4  gene are generally as follows: Criterion 1. An increase in
reporter gene expression, e.g., luciferase gene  expression measured by
output of light from the liver region, in response to treatment  15 with
dex or rif. High induction in liver (preferably greater than or equal to
10-fold induction over basal levels) by dexamethasone (e.g., administered
at 50 mg/kg body  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 basal and induced, relative to
expression in liver is preferred. 25 Criterion 4 (may optionally be
applied). An increase in reporter gene  expression, e.g., luciferase as
reporter and expression measured by output of light  from the liver region,
in response to treatment with at least one of compound selected  from the
following group: phenobarbitol (Phenob), nifedipine (Nit), 5-pregnene-3b-
OL-20-ON&-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 12 October 2005 WO
02/088305 PCT/US02/11770 activate hPXR in cell culture to various degrees
(Xie W et al. 2000; Genes Dev. 2000  Dec 1;14(23):3014-23; Goodwin et al
1999; Mol Pharmacol. 1999 Dec;56(6):1329- 39). It appears that Rif,
Clotrim, Nif and Phenob were relatively better inducers of  CYP3A4
expression, while Dex, PCN and Preg were weaker inducers. However, a 



5 human hepatocyte study suggested Dex was a good CYP3A4 inducer (Ledirac
et al,  2000; Drug Metab Dispos. 2000 Dec;28(12):1391-3.). The results
presented herein  show that Clotrim, Dex, PCN, and Nif induced
the-transgene CYP3A4-luc better than  other three compounds. However, all
drugs except for Preg induced the transgene to  various degrees, these data
support that this animal model is useful for screening 10 CYP3A4 inducers.
Experiments performed 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 Cyp3A11) transgene reporter in a transgenic, non-human, animal
or in liver-push  experiments (see, e.g., Examples 2 and 6). 15 Cytochrome
P450 CYP3A4 is an important human gene that codes for an  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 cassettes and vectors of the present invention may be monitored
by  detecting and/or quantifying the protein products encoded by the
reporter sequences 25 operably linked to those promoters. The particular
method used to monitor promoter  activity depends on the reporter sequence
employed, and may include, for example,  enzymatic assay methods, as well
as, in the case of reporter sequences which encode  light-generating
proteins, in vitro or in vivo imaging. For example, promoter activity in
liver push or transgenic animals carrying the  30 expression cassettes of
the present invention may be monitored using in vivo  bioluminescence
imaging (see Contag et al., (see, for example, Contag, P. R., et al., 48 12
October 2005 WO 02/088305 PCT/US02/11770 (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). Monitoring promoter activity
in turn enables one to monitor the biological  



processes with which that promoter is associated. It may further be
employed in 5 methods of screening analytes which modulate those processes
at the promoter level  (see discussion in the following section). Thus, in
one aspect of the invention, liver push or transgenic animals carrying
expression cassettes comprising promoter sequences derived from
P450-related gene  loci such as those described above may be used to
monitor drug metabolism and 10 possible toxicity. The effect of drugs on
Cyp3A11 or CYP3A4 expression is still another  embodiment of this aspect of
the invention by in vivo imaging of Cyp3Al I or  CYP3A4 promoter liver push
or transgenic mice. The results of the liver push experiments demonstrate
that animals carrying the expression constructs of the 15 present invention
may be used to investigate the possible 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 invention discussed above,
either by themselves or in conjunction with other  wild-type or transformed
cells or tissues that have been introduced into those animals. The
particular assay method used to measure the effects of various candidate
compounds on promoter activity will be determined by the particular
reporter  sequence present in the expression cassette carried by the cells
or animals employed. 30 As discussed above, promoter activity in liver push
or transgenic animals carrying  constructs employing reporter sequences
encoding light-generating proteins may be 49 12 October 2005 WO 02/088305
PCT/US02/11770 measured by means of ex vivo assay methods or by means of
the in vivo imaging  technique reference previously (employing, for
example, a bioluminescent or  



fluorescent protein reporter). Thus, one aspect of this invention is the
use of the expression cassettes and  5 vectors for use in screening for
toxicity (via induction of P450 promoter activity) or  pharmacologically
active agents (or compounds) that modulate expression of P450  (e.g.,
Cyp3A11, CYP3A4, etc.) promoter activity, either by affecting signal
transduction pathways that necessarily precede transcription or by directly
affecting  transcription of the P450 gene. 10 For screening purposes,
appropriate host cells, preferably liver cells for  monitoring Cyp3Al 1
promoter-mediated expression, are transformed with an  expression vectors
comprising a reporter gene (e.g., luciferase) operably linked to the P450
(e.g., either Cyp3Al1 or CYP3A4) gene promoters of this invention. The
transformed cells are next exposed to various test substances and then
analyzed for  15 expression of the reporter 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  modulated reporter gene
expression relative to the control. See, e.g. Examples, below. Thus, one
aspect of the invention is to screen for test compounds that regulate  20
(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 reporter gene; 25 (ii)
measuring the expression of the reporter gene in the presence of the test
medium;  (iii) contacting the host cells with a control medium which does.
not contain the test  compound but is otherwise essentially identical to
the test medium in (i), under  conditions essentially identical to those
used in (i); (iv) measuring the expression of  reporter gene in the
presence of the control medium; and (v) relating the difference in 30
expression between (ii) and (iv) to the ability of the test compound to
affect the activity of the promoter. Alternatively, the transformed cells
may be induced with a transcriptional  50 12 October 2005 WO 02/088305
PCT/US02/11770 



inducer, such as IL- I or TNF-alpha, forskolin, dibutyryl-cAMP, or a
phorbol-type  tumor promoter, e.g., PMA. Transcriptional activity is
measured in the presence or  absence of a pharmacologic agent of known
activity (e.g., a standard compound) or  putative toxicity (e.g., a test
compound). A change in the level of expression of the 5 reporter gene in
the presence of the test compound is compared to that effected by the
standard compound. In this way, the ability of a test compound to affect
P450 (e.g.,  Cyp3A11 or CYP3A4) transcription and the relative toxicities
of the test and standard  compounds can be determined. Thus in a further
aspect, the present invention provides methods of measuring  10 the ability
of a test compound to modulate Cyp3AI I or CYP3A4 transcription by: (i)
contacting a host cell in which the Cyp3A11 or CYP3A4 promoter, disclosed
herein,  is operably linked to a reporter gene with an inducer of the
promoter activity under  conditions which allow for expression of the
reporter gene; (ii) measuring the  expression of the reporter gene in the
absence of the test compound; (iii) exposing the 15 host cells to the test
compound either prior to, simultaneously with, or after  contacting, the
host cells with the inducer; (iv) measuring the expression of the  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  Cyp3AI 1- or CYP3A4-mediated transcription. 20 Because different
inducers are known to affect different modes of signal  transduction, it is
possible to identify, with greater specificity, compounds that affect  a
particular signal transduction pathway. Further, Cyp3Al I or CYP3A4 has
been  shown to be upregulated in processes of drug metabolism. Therefore,
such assays  provide a means of identifying the toxicity of compounds t by
their effect on 25 Cyp3Al1 or-CYP3A4. This invention also provides
transgenic animals useful as models for studying  other physiological and
pathological processes that involve P450 (e.g., Cyp3AI I or  CYP3A4) gene
expression. Various forms of the different embodiments of the invention,
described herein,  30 may be combined. 51 12 October 2005 WO 02/088305
PCT/US02/11770 



EXPERIMENTAL  Below are examples of specific embodiments for carrying out
the present invention. The examples are offered for illustrative purposes
only, and are not  intended to limit the scope of the present invention in
any way. 5 10 MATERIALS AND METHODS Unless indicated otherwise, the
experiments described herein were performed  using standard methods. A. PCR
Amplification For PCR amplifications, the reaction mix contained: 5 pl of
IOX reaction  buffer (no MgC12); 4 p125 mM MgCJ2; 0.4 p1 of 25 rnM dNTP
mix; 0.5 p1 of 10  pmoles/ul forward primer; 0.5 p1 of 10 pmoles/dal
reverse primer; 1 pl (0.2 pg) of 15 DNA (BAC or genomic); 38.35 p1 of H2O;
and 0.25 pl of Taq Polymerase (Life  Technologies). The PCR was carried out
as follows: 3 minutes at 94C; 30 cycles of  30 sec at 94C; 30 seconds at
57C and 1 min 30 sec at 72C; 7 minutes at 72C; and  stored at 4C. 20 B.
Southern Blotting (i) Primers were designed and used to PCR screen a mouse
129/Sv7 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 Cyp3Al I promoter region was obtained.
Similarly, a large DNA fragment  that contained CYP3A4 promoter was
obtained by screening a similarly-sized human library. The Cyp3Al 1 and
CYP3A4 BAC DNA were isolated by CsCI 30 ultracentrifugation and digested
with various restriction enzymes for 2 hours.  Digested DNA fragments were
separated on a 1 % agarose gel. The gel was  depurinated in 250 mnM HCL for
10 minutes and then denatured twice in 20X SSC 52 12 October 2005 WO
02/088305 PCT/US02/11770 



with 0.5M NaOH for 20 minutes. DNA was then transferred onto Hybond N+
membrane (Amersham, Piscataway NJ) with 20X SSC for 1-2 hours using a
vacuum  blotting apparatus (Stratagene, La Jolla, CA). After transferring,
the membrane was  cross-linked according to the manufacturer's directions
using UV Cross-Linker 5 (Stratagene, La Jolla, CA) and rinsed with 5X SSC.
The membrane was then  prehybridized at 60C for 1-6 hours with
prehybridization solution (Stratagene, La  Jolla, CA). Probes were prepared
by labeling PCR fragments or isolated DNA. For  example, the 1.6 kb
promoter fragment amplified by PCR (as described in, e.g.,  10 Example 1)
was labeled according to the manufacturer's instructions using Gene Image
Random-Prime Labeling and Detection System (Amersham, Piscataway NJ).
Denatured probe was added to the prehybridization solution and the membrane
hybridized overnight at 60C. After hybridization, the membrane was washed
twice with pre-warmed 1X 15 SSC, 0.1% SDS for 20 minutes at 60C each time.
Subsequently, the membrane was  washed twice with pre-warmed 0.5X SSG for
20 minutes at 60C each time. The  membrane was blocked at RT for 1 hour
using blocking solution (Stratagene, La Jolla,  CA) and incubated with
antibody conjugated to alkaline phosphatase for 1 hour. After three washed,
substrate CDP-Star was added for 5 -minutes- The membrane was  20 exposed
to X-ray film for between 1 minute and 3 hours. (ii) Primers were designed
and used to PCR screen a human genomic DNA  BAC (bacterial artificial
chromosome) library (Genome Systems, Inc., St. Louis, MO)  in order to
isolate CYP3A4 promoter sequence. The library, on average, contained
inserts of 120 kb with sizes ranging between 50 kb to 240 kb. A large
genomic DNA 25 fragment that contained CYP3A4 promoter region was obtained.
Southern analysis  was performed essentially as described above with the
exception that PCR fragment  probes and isolated DNA probes were
CYP3A4-sequence specific. C. In Vivo Expression Assays: Liver Push Protocol
30 In vivo gene expression mediated by Cyp3A11 or CYP3A4 regulatory
sequences were assayed by means of "liver push" assays. 53 12 October 2005
WO 02/08830- PCT/US02/11770 



Plasmids administered for liver push experiments were injected
intravenously  according to the method of Liu F., et al., (1999) Human Gene
Therapy 1i0:1735-1737.  For example, 2.2 ml of a PBS solution containing
the desired Cyp3A11 or CYP3A4  promoter constructs were injected into the
tail vein over a period of less than 8 5 seconds. For Cyp3A11, and CYP3A4,
it was previously believed that a co-receptor is  necessary for induction
by rifampicin. Accordingly, a plasmid expressing hPXR (a  human rifampicin
co-receptor) was optionally co-administered with the Cyp3Al1-luc  or
CYP3A4-luc constructs. PXR-expressing plasmids were obtained from Dr.
Steven- 10 Kliewer at Glaxo-Wellcome. D. Preparation of Transgenic Animals
The transgenic animals described below were prepared using the
microinjection into single cell stage embryos (see, e.g., U.S. Patent No.
4,873,191 to  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
lucFl  (GCCATTCTATCCGCTGGAAGATGG; SEQ.ID NO:11) and lucR4
(CGATTTTACCACATTTGTAGAGGTTTTACTTGC; SEQ IDNO:16). Imaging of  20 animals
was done as described below. E. In Vivo Imaging In vivo imaging was
performed as described previously (Contag, et al. (see  e.g., Contag, P.
R., et al:, (1998) Nature Med. 4:245-7; Contag, C. H., et al., (1997)  25
Photochem Photobiol. 66:523-31; Contag, C. H., et al., (1995) Mol
Microbio1. 18:593-603); Zhang et al., (2001) Transgenic Res. 2001 Oet;
10(5):423-34) using  either an intensified CCD camera (ICCD; model
C2400-32, Hamamatsu, Japan) fitted  with a 50 mm f 1.2 Nikkor lens (Nikon,
Japan) and an image processor (Argus 20,  Hamamatsu), or with a
cryogenically cooled camera (Roper Scientific, Trenton, NJ) 30 fitted with
a 50 mm f 0.95 Navitar lens (Buhl Optical, Pittsburgh, PA) available as an
integrated imaging system (IVISTM Imaging System, Xenogen, Corporation,
Alameda, CA.) controlled using Livinglmage(r) software (Xenogen,
Corporation, 54 1 2 October 2005 WO 02/088305 PCT/US02/11770 



Alameda, CA). The substrate luciferin was injected into the intraperitoneal
cavity at a dose of 150 mg/kg body weight (30 mg/ml Luciferin stock)
approximately five minutes prior  to imaging. Mice were anesthetized with
either Nembutal (25-50 mg/kg body weight) 5 or in a gas chamber with an
isoflurane/oxygen mixture and isoflurane tubing was  placed on the animals'
noses, and placed on the imaging stage under anesthesia. Mice  were
typically imaged from the ventral side for 1 minute. Relative photon
emission  over the liver region was quantified using Livinghnage(r)
software (Xenogen,  Alameda, CA). 10 These imaging method can be used to
track events in a test subject over time.  For example, a compound may be
administered to a subject (comprising a light- generating reporter), and
photon emission from the subject after administration of the  compound may
be measured. Such measuring may be repeated at selected time  intervals
which is typically effective to track an effect of the compound on a level
of 15 reporter expression in the subject over time. F. Western Blot
Analysis Following final imaging, animals were sacrificed, and their livers
excised and  immediately frozen in liquid nitrogen. The liver tissue from
each animal was then 20 homogenized separately in 4 volumes of PBS buffer
using a Sonic Dismembrator  (Fisher Scientific, PA). The protein
concentration of each of the homogenates was  measured using the Bradford
Reagent (Sigma Chemical Co., St. Louis, MO)  according to the
manufacturer's recommendations. Proteins in the tissue  homogenates were
separated by size on a denaturing 10% polyacrylamide gel 25 according to
the method of Laeezmnli, U.K. (1970) and then transferred to a
nitrocellulose membrane (BioRad, Emeryville, CA). Cyp3A11 protein was
detected using primary Goat-anti-Rat Cyp3A2 antibody  (GenTest, Woburn, MA,
01801). The secondary antibody was anti-goat-IgG- peroxidase conjugated
antibody (Sigma, St. Louis, MO). 30 55 12 October 2005 WO 02/088305
PCT/US02/1.1770 Example 1 



VECTOR CONSTRUCTION A. Mouse Cyp3A11 Cyp3A11 and other expression
constructs were constructed as described 5 below. pBSSK-Cy 3p Al IS: Figure
5 shows a schematic of the construct designated  pBSSK Cyp3Al IS. Briefly,
the construct was made as follows. A 1.6 kb fragment of the Cyp3AlI
promoter (extending from -1.6 kb to +65 bp) was PCR amplified  from mouse
genomic DNA using Cyp3Al lTopEcoRl.primer 10
(GTTGAATTCCAGCTAATGAGGGCAAAGTTCTCAG, SEQ ID NO: 1) and  Cyp3Al IBot
Xhol.primer (ATCCTCGAGCTTCTCTGTGTTCTCCCTACAACTG,  SEQ IDNO:2). (See, also,
Toide et al. (1997) Arch. Biochem, and Biophysics  338:43-49).
pBlueScriptSK (Stratagene, La Jolla, CA) was digested with EcoRI and  Xhol
and the 1.6 kb Cyp3A11 promoter fragment ligated into the vector. 15 BSSK-C
3A11M: This construct contains a 6 kb fragment of the mouse  Cyp3A11
promoter and was constructed as follows. Primers designated Cyp3AI I
F1.primer (GGTATGTGGTGCTTGTGTATGCATAC, SEQ ID NO:3) and  Cyp3Al 1R2.prirner
(CAGATAGGATTGAGTGAGCCAGAGG, SEQ ID NO:4)  were used to screen BAC clones of
mouse genomic DNA (see, also, Materials and 20 Methods above). One positive
BAC clone was selected and analyzed by restriction  digests and Southern
blotting, as described above, using the 1.6 kb promoter fragment  as the
probe. Based on these Southern blots of the selected BAC clone, the Pstl
fragment of  the BAC clone was isolated, subcloned into a sequencing vector
and sequenced. 25 Subsequently, the Pstl subelone was digested with
Smal/Pstl 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 )hol
site was isolated. The 5.9 XmaJlPstl fragment was cloned into
XmaI/Pstl-digested pBSSK-Cyp3AlIS backbone. Thus, after ligation, the
resulting 30 pBSSK Cyp3Al IM (Figure 6) contained the 5.9 kb Smal/Pst BAC
fragment and,  additional downstream promoter sequences extending from the
3' Pstl to the Xhol site  of pBSSK-Cyp3Al IS. 56 12 October 2005 



WO 02/088305 PCT/US02/11770 pGL3-I Basic: A 208 base pair intron fragment
was amplified from pCAT- Basic (Promega, Madison, WI) using Intron Top
BgIH.primer  (TCGAGATCTTGCGGCCGCTTAACTGCAGAAGTTG, SEQ ID NO:5) and Intron
Bot HindflLPrimer (GCCAAGCTTGCGGCCGCTTAAGAGCTG, SEQ ID NO:6).  A
yellow-green luciferase with an emission peak of about 540 nm is
commercially  available in a plasmid vector from Promega, Madison, WI under
the name pGL3 and  this plasmid was digested with BglI and Hindi. The PCR
intron fragment was then ligated into the Bg1lI-Hindi cut pGL3 vector. The
resulting vector, designated  pGL3-1-Basic is shown in Figure 7. 10
pGL3-I-CyR3A11S: The 1.6 kb Cyp3A11S promoter was amplified from the
Cyp3A11--BAC clone using Cyp3Al ITopKpnl.primer
(GTTGGTACCCAGCTAATGAGGGCAAAGTTCTCAG, SEQ ID NO:7) and  Cyp3Al lBot
HindIIl.primer (ATCAAGCTTCTTCTCTGTGTTCTCCCTACAACTG, SEQ ID NO:8). The PCR
15 product was cloned in to the pGL3-I-Basic vector which had been digested
with KpnI  and Hindli. The resulting construct, pGL3-I-Cyp3Al 1S, is shown
in Figure 2. pGL3-I-Cyp3A11M: pBSSK-Cyp3Al 1M 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 GL3-I-C 3A1IL: 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 PstI 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. It was determined that the 10 kb 25 fragment
overlapped the 5.9 pBSSK Cyp3A11M fragment and also contained.  additional
upstream sequence. The overlapping portion included an Nhel site (Figure
6). Both pGL3-I-3A11M and the 10 kb Kpnl subclone were digested with:NheI
and  KpnI. This resulted in a pGL3-I-Cyp3Al 1M backbone that included the
upstream  region of the promoter extending from NheI to Xhol in the vector
backbone. After 30 ligating the NhellKpnl fragment of the 10 kp KpnI
fragment into the pGL3-I - Cyp3A11M backbone, the resulting pGL3-I-Cyp3AIIL
contained approximately 9 kb  



of promoter sequences, including additional downstream sequence extending
from the  57 12 October 2005 WO 02/088305 PCT/US02/11770 internal NheI to
the flanking XhoI site of pGL3-I-Cyp3A1 IM. The resulting  construct is
shown in Figure 4. GL3-I-C 3A11XL: In addition to 6Kb Pstl and 10Kb Kpnl
subclones, an  11Kb XmaI fragment was also subcloned from 3A11 BAC clone.
Sequence data 5 showed this 11Kb XmaI fragment overlapped with the 10Kb
Kpnl fragment. A 2.I  Kb Kpnl fragment was cloned from the 11Kb subclone in
the KpnI site of pGL3-I  Cyp3A11L. The orientation of the 2.1Kb KpnI
fragment was confirmed by DNA  sequencing. The resulting new construct was
designated pGL3-I-Cyp3Al 1XL  containing 11 Kb Cyp3A11 promoter region. 10
Experiments performed in support of the present invention have provided
approximately 9,330 base pairs (Figure IB; SEQ ID NO: 13) of sequence
derived from  the Cyp3A1 I gene locus, upstream of the protein coding
region. The sequence of the  promoter region comprising transcription
control elements is presented in Figure IA  (SEQ ID NO: 12). The figure
includes genonnic sequences including the initiation 15 ATG colon. Table I
indicates the sequences from the Cyp3A11 gene locus, upstream  of the
protein coding region, which comprise the above described constructs. The
starting and ending positions in Table 1 are given relative to the sequence
presented in  Figure IA. 20 Table 1 Vector NameApproximateStarting
PositionEnding Position Size ofof Cyp3Al1 geneof Cyp3A1I gene Fragment
fromlocus fragmentlocus fragment the Cyp3Al1relative to Figurerelative to
Figure gene locusIA1A GL3-I-C 3A11S1.6 kb9,33410,978 pGL3-I-Cyp3Al1M6.0
kb5,02410,978 GL3-1-C 3A11L89 kb2,09610,978 GL3-I-C 3A1lXL~111-b110,978 



B. Human CYP3A4 CYP3A4 and other expression constructs were constructed as
described below. 25 12GL3-1-CYP3A4L: a 13Kb human CYP3A4 promoter was
constructed from a human 58 12 October 2005 WO 02/088305 PCT/US02/11770 BAC
clone (Screened by Incyte Genomics, Inc. using primers 3A4Top
(GTTGGTACCCTGCAGTGACCACTGCCCCATCATTG, SEQ ID NO:9) and  3A4Bot Primer
(ATCAAGCTTCCTTTCAGCTCTGTGTTGCTCTTTGC, SEQ ID  NO:10). Goodwin, et al., (WO
9961622 Al, published 2 December 1999) published a 5 632 bp CYP3A4 promoter
sequence from approximately 6 kb to approximately 5.4 kb  of the 13 kb
promoter sequence. Upstream (5') DNA sequences were obtained for the
region corresponding to approximately -13Kb to --10.5Kb (Kpnl site to BamBI
site).  Putative Hepatocyte nuclear factor 3b (HNF-3b) binding sites were
identified in this  region. The resulting construct is shown in Figure 9.
10 pGL3-I-CYP3A4M: A 12.5 kb 13amIR fragment from pGL3-1-CYP3A4L
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 figure includes genomic
sequences including the initiation ATG codon. A 2.5kb  fragment of the
promoter region comprising transcription control elements, identified
herein, that affect liver-specific basal expression in mouse liver is
presented in Figure  17B (SEQ ID NO:15). 20 Table 2 indicates the sequences
from the CYP3A4 gene locus, upstream of the  protein coding region, which
comprise the above described constructs. The starting  and ending positions
in Table 2 are given relative to the sequence presented in Figure  17A. 25
Table 2 Vector NameApproximateStarting Position ofEnding Position Size
ofCYP3A4 geneof CYP3A4 gene 



Fragment fromlocus fragmentlocus fragment the CYP3A4relative to
Figurerelative to Figure ene locus17A. 17A GL3-I-CYP3A4M10.5 kb2,46112,998
GL3-I- M ;13 kb112,998 59 12 October 2005 WO 02/088305 PCT/US02/11770
Example 2 LIVER PusH ASSAYS  Liver push assays were conducted as described
above.  A. Mouse C 3A11 Constructs 5 Briefly, expression constructs
described in Example 1A were intravenously  injected into mice and imaged
as described above two weeks later (pre-treatment  group). For each
expression construct, 3 mice were then treated with 100 p1 of  DMSO
(solvent control); 3 mice were treated with 0.1 mg/g dexamethasone (100
PI);  and 3 mice were treated with 0.1 mg/g of Rifampicin (100 p1).
Dexamethasone and 10 rifampicin have been previously shown to induce
Cyp3AII expression Yanagimoto et  al. (1997) Arch Biochefn Biophys
340(2):215-8. In additional, mice were treated with  a single dose of DMSO,
rifampicin (Rif) and dexamethasone (Dex), at the same  dosages. The mice
were then imaged a various time points after drug administration. As shown
in Figure 10, imaging mice subjected to liver push with 5 pg of  15 Cyp3Al
IM and 0 g of hPXR showed nearly 5 fold induction of luciferase activity
approximately 48 hours after dexamethasone administration. DMSO-treated
mice  showed little or no induction, while rifampicin-treated mice showed
some induction in  luciferase approximately 48 to 96 hours after drug
treatment. As shown in Figure 12, imaging mice subjected to liver push with
5 pg of  20 Cyp3A11L and I Vg of hPXR showed nearly 8 fold induction of
luciferase activity  approximately 6 hours after rifampicin administration.
DMSO-treated mice showed  little or no induction, while
dexamethasone-treated mice showed approximately 4 fold  induction in
luciferase approximately 24 to 48 hours after drug treatment. Thus,
modulation of expression mediated by Cyp3Al 1 transcriptional control  25
elements can be directly monitored in live animals to provide information
on toxicity  



of a compound. B. Titration of hPXR It was previously believed that
rifampicin uptake required co-administration of  30 a rifampicin
co-receptor such as hPXR. In particular, hPXR has been shown to  mediate
induction of CYP3A4 expression in human hepatocytes by the drugs
dexamethasone and rifampicin, see Pascussi 3M, et al., Mal Pharrnacol (2000
Aug) 60 12 October 2005 WO 02/088305 PCT/US02/11770 58(2):361-72.  To test
this notion, we conducted liver push experiments with varying amounts of
hPXR and the cyp-expression constructs described in Example 1. As shown in
Figures 11, 13 and 16, PXR is not required for rifampicin uptake or
induction of  luciferase activity mediated by CYP3A4L or Cyp3A11M. Indeed,
in certain cases,  induction of luciferase expression actually decreased
when higher dosages of PXR  were used. Thus, administration of a rifampicin
co-receptor is not required for ripampicin uptake. 10 C. Human CYP3A4
Constructs Briefly, expression constructs described in Example 113 were
intravenously  injected into mice and imaged as described above two weeks
later (pre-treatment  group). For each expression construct, a 2.2 ml
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  ventral side for 1 minutes using Xenogen IVIS imaging
system. Relative photon  emission over the liver region was quantified
using Livinglmage software. As shown in Figure 14, mice subjected to liver
push with 5 g of pGL3-I- CYP3A4L and 0 jig of hPXR showed approximately
15-fold induction of luciferase 



25 activity approximately 6 hours after Rif administration; approximately
13-fold  induction 6 hours after dexamethasone treatment and little or no
induction at any time  following DMSO administration. As shown in Figure 15
(data shown for second dose;  twelve days after first dosing, mice were
treated with a second dose and imaged),  mice subjected to liver push with
5g of pGL3-I-CYP3A4L and I M of hPXR 30 showed approximately 40-fold
induction of luciferase activity approximately 12 hours  after Rif
administration; approximately 60-fold induction 12 hours after
dexamethasone treatment and little or no induction at any time following
DMSO 61 12 October 2005 WO 02/088305 PCT/US02/11770 administration.
Furthermore, the 13Kb promoter (pGL3-I-CYP3A4L) mediated much higher
expression in the livers than the 10.5 Kb promoter (pGL3-I-CYP3A4M) by
approximately 25 fold. 5 EXAMPLE 3 HIGH THOUGH-PtJT TOXICITY SCREENING VIA
THE CYP3AIIfCYP3A4  PROMOTER SEQUENCE Compounds can be screened for safety
and/or possible toxicity by monitoring  10 their ability to modulate Cyp3Al
1 or CYP3A4 promoter-mediated bioluminescence  in transfected cells. Host
cells (e.g., liver cells) are transfected, for example using  lipofectamine
(Promega, Madison, WI) with Cyp3Al 1-Luc or CYP3A4-Luc  constructs and are
plated into 96 well plates and used for high-through-put screening  of a
compound library. Transfections are carried out according to the
manufacturer's 15 instructions or standard protocols. After transfection,
the cells are treated with  selected compounds for approximately 36 hours
and, subsequently, the cells are lysed  with passive lysis buffer (Promega)
and assayed with the Dual-Luciferase Reporter  Assay System (Promega) for
luciferase activity. 20 EXAMPLE 4 IN Vivo MONITORING of CYP3A11- OR
CYP3A4-MEDIATED METAEOLISM  A. Mouse C 3Al I Transgenic mice carrying the
Cyp3AlI promoter-LucYG- expression cassette  



are obtained with known methods for generating transgenic mice (see the
discussion  25 above). These animals ("founders") were bred to
non-transgenic mates to produce  litters ("F1 animals"). F1 animals from
the founders are imaged from the age of one to six. weeks  according to the
methods described above. The observed signal intensities were  quantified.
30 These experiments demonstrate that the expression cassettes and
transgenic  animals of the present invention may be used to monitor Cyp3A11
promoter-mediated  expression of bioluminescence in vivo. 62 12 October
2005 WO 02/088305 PCT/US02/11770 B. Human CYP3A4 Transgenic mice were
generated using the pGL3-I-CYP3A4M-luc or pGL3-I- CYP3A4L constructs. For
pGL3-I-CYP3A4M, the plasmid was digested with BamHI  5 and the 12.5 kb
fragment containing the 10.5Kb CYP3A4 promoter, a chimeric intron, and
firefly luciferase cDNA was purified from agarose gel by electroelution.
For  pGL3--I-CYP3A4L, the plasmid was digested with Pvul and the 15 kb
containing  13Kb CYP3A4 promoter, a chimeric intron, and firefly luciferase
cDNA was purified  from Agarose gel by electroelution. 10 The purified
fragments were then each microinjected into single cell stage  FVB embryos.
The embryos were then implanted into pseudo-pregnant mice. The  founders
were screened by PCR and imaging and the resulting transgenic animals  were
imaged from the age of one to six weeks according to the methods described
above. The observed signal intensities were quantified. Luciferase levels
were 15 highest in the livers of pGL3-I-CYP3A4L animals and in the
intestines of pGL3-I- CYP3A4M animals. Example 5 Identification Of Repeat
Sequences and Promoter Regions 20 A. In The Cyp3Al1 Promoter Region. Figure
1A (SEQ ID NO: 12) comprises the nucleotide sequence of a  transcriptional
control element from the mouse Cyp3A11 gene locus. In the figure,  



the sequence represents 12,275 nucleotides in total, the translational
start codon 25 (ATG) is located at positions 11,003-11,005, a TATA box is
located at positions  10,884 to 10,887, a major transcription start site
begins with the, C at position 10,914.  An approximately 9.3 kb region of
the Cyp3A1 I gene is from nucleotide position 1 to  9,330 of Figure 1A and
the approximately 9.3 kb sequence is presented alone in Figure 1B (SEQ ID
NO: 13). The present invention also includes a transcriptional  30 control
element sequence comprising a polynucleotide of nucleotides 1-11,002 of
SEQ ID NO: 12. The approximately 9.3 kb sequence from the mouse Cyp3A11
promoter was 63 1 2 October 2005 WO 02/089305 PCT/US02/11770 used in a
BLAST search of GenBank. In one search, a match to a mouse Ll element
(LINE family of repeated sequences)(Locus MUSLIM9) was identified. There
are  three known families of Ll elements in the Mus genome (Mears, M.L.,
and Hutchison, C.A., J Mol Evol 2001 Jan;52(1):51-62). L1 elements are
believed to be  5 associated with a retrotransposon subfamily in mice
(e.g., Goodier J.L., et al.,  Genome Res 2001 Oct; I 1(10): 1677-85).
Aligning this sequence with the 3A1 I  sequence identified a region with
approximately 9rl % identity (see Figure 18). In addition, the
approximately 9.3 kb 3A11 sequence was analyzed using the  RepeatMasker
program (htt p :I/ft . enome.washin ton.edu/c i-bi.nlRe eatMasker  10 which
can identify regions that have high homology to known repeated sequences
(e.g. LINES, SINES, and LTR elements). Three regions (approximately 1.623 ,
2503-5103, and 6129-6791) were identified having high homology (91%) to L1
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
3A1I 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 repeats. 64
12 October 2005 WO 02/088305 PCT/US02/11770 Five primary non-repeat regions
of the approximately 13 kb CYP3A4  promoter region were identified
(approximately 1290-2446, 2758-4111, 4424-6010,  6317-9099, and
9401-12998). 5 Example 6 Generation of a CYP3A4-lue FvB Transgenic Mouse
Line  A. Plasmid construction A CYP3A4-luc reporter was designed
essentially as described in Example IB,  briefly as follows. A BAC clone
containing the human CYP3A4 promoter region was  10 screened by PCR using
primers (5'-GTTGGTACCCTGCAGTGACCAC TGCCCCATCATTG-3' (SEQ ID NO:9)
corresponding to nt -1105 to -1080 and 5'-
ATCAAGCTTCCTTTCAGCTCTGTGTTGCTCTTTGC-3' (SEQ ID NO:10)  corresponding to nt
+40 to 69 of CYP3A4 promoter region. The primers were also  used to amplify
a 1.2 kb promoter region of CYP3A4 from human genomic DNA 15 using pfu DNA
polymerase (Stratagene, La Jolla, CA). The PCR product was digested  with
Kpnl/HindlIl and purified from agarose gel using Geneclean Kit (Qbiogene,
Carlsbad, CA). The 1.2 kb promoter region was cloned into pGL3-Basic vector
(Promega, Madison, WI) containing the modified firefly luciferase eDNA
sequences.  A 233 bp HindTII fragment containing a chimeric intron from
pCAT-3-Basic vector 



20 (Promega, Madison, WI) was then inserted between the CYP3A4 promoter
region and  the luciferase gene. A 1.88 kb KpnTIIBg1II fragment, a 950 bp
Bgllt fragment, and a 10  kb KpnI fragment subcloned from the BAC clone
were inserted sequentially into the  previous construct. The final
construct pGL3-I-CYP3A4 contains a 13 kb human  CYP3A4 promoter region,
233bp chimeric intron, and modified firefly luciferase 25 cDNA. All the
joints in the construct were confirmed by DNA sequencing (Stanford  PAN
Facility, Stanford, CA). The entire sequence of CYP3A4-luc transgene is
shown  in Figure 17C (SEQ ID NO: 17). B. Generating CYP3A4-luc Trans enic T
Mice 30 The transgenic lines were created by the microinjection method
(see, e.g., U.S.  Patent No. 4,873,191 to Wagner, et al. (issued October
10, 1989); and Richa, J.,  (2001) "Production of transgenic mice" Molecular
biotechnology March 2001 vol. 65 12 October 2005 WO 02/088307
PCT/US02/11770 17:261-8) using FVB donor embryos. C. Screening Tg Mice
Eighteen founder mice were screened by PCR using luciferase primers LucF1
and LucR4 or primers Luc 3 primer (5' - GAAATGTCCGTTCGGTTGGCAGAAGC  - 3'
(SEQ ID NO:18)) and Luc 4 primer (5' - CCAAAACCGTGATGGAATGGAACAACA - 3'
(SEQ ID NO:19)). These same  primers were also used to screen Tg offspring.
.10 (i) PCR Screening Figure 20 presents exemplary results of PCR screening
CYP3A4-luc Tg mice.  In the figure: Lane 1, DNA ladder; Lane 2, negative
littermate; Lane 3, positive  littermate. The results demonstrate the
identification of CYP3A4-luc Tg mice. 15 (ii) Southern Hybridization
Analysis The 1.8 kb HindEUXbal fragment from pGL3-Basic containing the
entire  luciferase eDNA (Promega Corp.) was used as probe for Southern
hybridization. Ten  g of heterozygous genonlic DNA was digested with BamHf
and 17 pg of pGL3- Basic was loaded as a positive control (Figure 21). The
expected size of transgene 20 was 12 kb. The results of an exemplary
hybridization analysis are shown in Figure  21. In the figure: Exemplary
screening results of FVB/N--TgN(CYP3A4-luc) mice by  



Southern hybridization are presented in Figure 21. In the figure: Lane 1,
10 pg of  CYP3A4-luc Tg genomic DNA; Lane 2, 17 pg of pGL3-Basic positive
control. These  results demonstrate the presence of the transgene in the
transgenic mice. 25 D. Phenotyping Data as Applied to Selection Criteria
General methods for evaluating the animal lines were as follows. , : Tg
founders  were bred to wild-type FvB mice to generate Fl 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/nil was prepared in sterile PBS. Luciferin,  was purchased
as D-Luciferin Potassium Salt, as Cat # XR-1001, from Lot if 14021/2 66 12
October 2005 WO 02/088305 PCTIUS02/11770 from Biosynth AG, Switzerland.
Dexamethasone (Cat # D1756), rifampicin (Cat # R3501), pregnenolone (Cat  #
P9129), clotrimazole (Cat # C6019). Nifedipine (Cat # N7634),
5-Pregnen-3b-OL- 20-ONE-16a-Carbonitrile (Cat # P0534), and phenobarbital
(Cat # P3761) were all 5 purchased from Sigma (St. Louis, MO).
Phenobarbital was prepared in PBS buffer  and others in DMSO. The route of
administration for the drugs and for luciferin was IP. The dose of  reagent
administration of luciferin substrate and drugs was as follows. Dose of
luciferin: 150 mg/kg of a 30mg/ml luciferin stock was injected IP five
minutes before 10 imaging in the IVISTM (Xenogen Corporation, Alameda,
California) system. Dose of  chemicals: All drugs, with the exception of
phenobarbital, were prepared in DMSO  and were injected IP at a dose of 50
mg/kg (phenobarbital was prepared in PBS at 100  mg/Kg). DMSO was
administrated as a vehicle control. The 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
IVISTM 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 Rifammpicin (50 mg/kg body weight) was evaluated in
the  animals. Fl 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.  (c) Line #233
showed strong induction in intestine and slight 67  12 October 2005 WO
02/088305 PCT/US02/11770 induction in liver region by Dex and Rif. This
line had high intestinal basal  expression. (d) Line #221 showed no
induction by either drug and had very  low level of basal expression. 5 (e)
Line #82 and 208 showed stronger induction by Dex and Rif in  liver than in
other regions, and basal expression in liver was greater than basal
expression in intestine; males responded stronger than females. The data
were evaluated against the selection criteria described earlier in the  10
specification; (i) induction of gene expression in the liver - Lines #225,
#233, #82 and #208 satisfied this criterion; (ii) greater induction in the
liver region than in other  regions (e.g,, intestine) -- Lines #82 and #208
satisfied this criterion; and (iii) basal  expression in liver that is
greater than or equal to basal expression in other parts of the  body
(e.g., intestine) - Lines #82 and #208 satisfied this criterion. 15 Mice
satisfying the above criteria were typically selected for subsequent
analysis. Because Lines #82 and #208 showed strong induction by Dex and Rif
in  liver and had higher basal luciferase levels in the male liver region,
they were  



selected for secondary screening. 20 Secondary screening: Lines #82 and
#208 met the first set of criteria, in particular, transgene  (CYP3A4-luc)
expression was induced in liver region by Dex as well as Rif, and
transgene expression in the animals showed higher liver basal expression,
at least in  males. These two lines looked almost identical in primary
screening. Line #82 was 25 further characterization with seven compounds
believed to induce CYP3A4  expression, including pregnenolone (Preg),
phenobarbitol (Phenob), rifampicin (Rif),  nifedipine (Nif),
5-pregnene-3b-OL-20-ONE-16a-Carbonitrile (PCN), dexanrethasone  (Dex) and
clotrimazole (Clotrim). Expression was evaluated in both genders.
Exemplary results are presented in Figure 22, panels A-D, described below.
Line #82 30 responded most of CYP3A4 inducers in liver, this line was
chosen as final line  designated as FVB/N-TgN(CYP3A4-late). 68 12 October
2005 WO 02/088305 PCT/US02/11770 The results of an exemplary analysis of
induction of CYP3A4-luc transgene in  Tg mice are presented in Figure 22,
panels A-D. In the figure, mice were imaged at  T=0 (pretreatment) and T=6
hours following administration of DMSO, pregnenolone  (Dreg), phenobarbitol
(Phenob), rifampicin (Rif), nifedipine (Nif), 5-pregnene-3b-OL 5
20-ONE-16a-Carbonitrile (PCN), dexamethasone (Dex) and clotrimazole
(Clotrim).  NT is the non-treated control. Before each imaging session,
mice were injected i.p.  with 150mg/kg luciferin. Panel A presents
exemplary induction data for nine male  mice, each mouse treated with the
compound shown in the legend at the bottom of  Panel C. Panel C presents
exemplary induction data for nine female mice, each 10 mouse treated with
the compound shown in the legend at the bottom of Panel C.  Panel B
presents a bar graph showing 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 male mice. Measurements on each mouse were
performed as described  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-luc Tg
mice having  20 desirable phenotypes, as outlined in the above criteria,
can be identified by the  methods taught herein. As is apparent to one of
skill in the art, various modification and variations of  the above
embodiments can be made without departing from the spirit and scope of
this invention. These modifications and variations are within the scope of
this 25 invention. 69 12 October 2005 WO 02/088305 PCT/US02/11770 What is
Claimed Is: 1. A method for identifying an analyte that modulates
expression of a reporter  sequence, wherein expression of said reporter
sequence is mediated by transcription 5 control elements derived from a
human CYP3A4 gene, in a transgenic, living rodent,  said method comprising
administering said analyte to a transgenic, living rodent,' said transgenic
rodent  comprising, an expression cassette comprising a polynucleotide
derived from the  human CYP3A4 gene, said polynucleotide having at least
95% or greater identity to 10 nucleotides 1-13,032 of SEQ ID NO:14, wherein
(i) said polynucleotide is operably  linked to a coding sequence of
interest, (ii) the polynucleotide comprises at least one  transcriptional
control element, and (iii) expression of said coding sequence of interest
is induced in the liver of the living, transgenic rodent by dexamethasone
or  rifampicin; and 15 monitoring expression of said coding sequence of
interest wherein an effect on  the level of expression of said coding
sequence of interest indicates that the analyte  affects mediated by
transcription control elements derived from the human CYP3A4  gene. 20 2.
The method of claim 1, wherein (iv) basal expression of said coding
sequence in the liver region of the living, transgenic rodent is greater
than or equal to  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 rifaznpicin
co-receptor). 4. The method of an of claims 1.3, wherein expression of said
coding  sequence of interest is induced in the living,.transgenic rodent by
at least one  compound selected from the group consisting of phenobarbitol,
nifedipine, 5 30 pregnene-3b-OL-20-ONE-16a-Carbonitrile and clotrimazole,
wherein induction of  expression is seen in the liver region of the living,
transgenic rodent. 70 12 October 2005 WO 02108830-5 PCT/US02/11770 5. The
method of any of claims 1-4, wherein expression of said coding  sequence of
interest is induced in the living, transgenic rodent by dexamethasone
administered at 50 mg/kg body weight. 6. The method of any of claims 1-4,
wherein expression of said coding  sequence of interest is induced in the
living, transgenic rodent by rifampicin  administered at 50 mg/kg body
weight. 7. The method of claim 5, wherein induction of expression of the
coding  10 sequence of interest is greater than or equal to 10-fold
induction by dexamethasone  over basal levels. 8. The method of claim 6,
wherein induction of expression of the coding  sequence of interest is
greater than or equal to two-fold induction by rifampicin over  15 basal
levels. 9. The method of any of claims 1-8, wherein the coding sequence of
interest  is a reporter sequence. 20 10. The method of claim 9, wherein the
reporter sequence encodes a light- generating protein. 11. The method of
claim 10, wherein the light-generating protein is a  bioluminescent protein
or a fluorescent protein. 25 12. The method of claim 11, wherein the
bioluminescent. protein is luciferase. 13. The method of claim 12, wherein
said expression cassette comprises SEQ  ID NO: 17. 30 



14. The method of claim 11, wherein the fluorescent protein is selected
from.  the group consisting of blue fluorescent protein, cyan fluorescent
protein, green. 71 12 October 2005 WO 02/088305 PCT/USO2/11770 fluorescent
protein, yellow fluorescent protein, and red fluorescent protein. 15. The
method of any of claims 1-14, wherein said rodent is a mouse or a rat. 5
16. A transgenic rodent comprising, an expression cassette comprising a
polynucleotide derived from the human CYP3A4 gene, said polynucleotide
having at  least 95% or greater identity to nucleotides 1-13,032 of SEQ ID
NO: 14, wherein (i)  said polynucleotide is operably linked to a coding
sequence of interest, (ii) the  polynucleotide comprises at least one
transcriptional control element, and (iii) 10 expression of said coding
sequence of interest is induced in the liver of the living,  transgenic
rodent by dexamethasone or rifampicin. 17. An expression cassette
comprising a polynucleotide derived from the  mouse Cyp3A11 gene, said
polynucleotide having at least 95% identity to nucleotides 15 1-11,002 of
SEQ ID NO: 12, said polynucleotide operably linked to a coding sequence  of
interest, wherein the polynucleotide comprises at least one transcriptional
control  element. 18. An expression cassette comprising, a polynucleotide
derived from the  20 mouse Cyp3A11 gene, said polynucleotide comprising a
polynucleotide having at least 95% identity to the sequence of SEQ ID NO:
13 or fragments of at least about  100 contiguous nucleotides of SEQ ID NO:
13, said polynucleotide or fragments  thereof operably linked to a coding
sequence of interest, wherein the polynucleotide  or fragments thereof
comprise at least one transcriptional control element. 25 19. The
expression cassette of claim 18, wherein said polynucleotide  comprises a
first polynucleotide having 95% identity or greater to nucleotides 5104-
6218 of SEQ ID NO: 13 and a second polynucleotide having 95% identity or
greater to  nucleotides 6792-9330 of SEQ ID NO:13. 30 20. The expression
cassette of claims 18-19, wherein the coding sequence of  interest is a
reporter sequence. 



72  12 October 2005 WO 02/088305 PCT/US02/11770 21. The expression cassette
of claim 20, wherein the reporter sequence  encodes a light-generating
protein. 5 22. The expression cassette of claim 21, wherein the
light-generating protein  is a bioluminescent protein or a fluorescent
protein. 23. The expression cassette of claim 22, wherein the
bioluminescent protein is  luciferase. 10 24. The expression cassette of
claim 22, wherein the fluorescent protein is  selected from the group
consisting of blue fluorescent protein, cyan fluorescent  protein, green
fluorescent protein, yellow fluorescent protein, and red fluorescent
protein. 15 25. A vector comprising (a) the expression cassette of any of
claims 18-24; and  (b) a vector backbone. 20 26. The vector of claim 25,
wherein said vector backbone further comprises a  selectable marker. 27. A
cell comprising an expression cassette of any of claims 18-24.  25 28. A
cell comprising a vector of claim 25. 29. A transgenic rodent comprising
the expression cassette of any of claims 18-24. 30 30. The transgenic
rodent of claim 29, wherein said rodent is a mouse or a rat. 31. A rodent
whose liver comprises an expression cassette of any of claims  73 12
October 2005 WO 02/088305 PCT/US02/11770 18-24. 32. The rodent of claim 31,
wherein said rodent is a mouse or a rat. 5 33. 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 Cyp3Al 1 gene, in a
transgenic,  living rodent, said method comprising administering 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 Cyp3A11
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 Cyp3Al 1
gene, in a living rodent, said method comprising administering to a living
rodent a vector mixture comprising an expression  20 cassette of any of
claims 20-24, administering to said rodent said analyte; and monitoring
expression of said reporter sequence wherein an effect on the level  of
expression of said reporter sequence indicates that the analyte affects
mediated by  transcription control elements derived from mouse Cyp3Al 1
gene. 25 35. The method of claim 34, wherein administering the vector
mixture to the  rodent comprises intravenous injection of said vector
mixture.. 36. A method for monitoring expression of a reporter sequence in
a cell,  30 wherein expression of said reporter sequence is mediated by
transcription control  elements derived.from mouse Cyp3A11 gene, said
method comprising: monitoring the expression of a reporter sequence in a
cell, said cell comprising 74 12 October 2005 WO 02/088305 PCT/US02/11770
an expression cassette of any of claims 20-24, wherein expression of said
reporter  sequence in the cell is indicative of expression mediated by
transcription control  elements derived from mouse Cyp3A11 gene. 75 


