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We have isolated and characterised genomic clones spanning the mouse peroxisome
proliferator activated receptor alpha gene (PPAR). The gene contains eight exons spanning
at Jeast 30 kilobases. The DNA binding domain of PPARa consists of two exons, each
encoding one of the zinc fingers. Three exons encode the ligand binding domain and 3'
untranslated regions of PPARa. There are two 5' untranslated exons and one exon encoding
the N-terminal domain. The 5’ flanking region is GC rich and contains several putative SP1
binding sites. The structure of the PPAR« gene is unique but shares similar features with
related members of the nuclear hormone receptor family. o 1994 Acagemic press, nc.

The peroxisome proliferator activated receptor (PPAR) is a member of the steroid
receptor gene superfamily. It mediates transcription of responsive genes which include those
encoding peroxisomal enzymes and members of the cytochrome P450 family of drug
metabolising enzymes (1-8).

The first PPAR to be cloned and characterised was obtained from mouse (9). It was
found to resemble other members of the nuclear hormone receptor superfamily, especially in
the region responsible for DNA binding. In particular, PPAR is most closely related to
members of one of the three subfamilies of receptor genes that includes the thyroid hormone
and retinoic acid receptors (10).

The PPAR was initially shown to be activated by compounds that cause peroxisome
proliferation (9). More recently, fatty acids have been identified as receptor activators (11,
12) and non-metabolisable fatty acids were found to be potent activators (3, 13). Fatty acids
have also been demonstrated 10 be the component of plasma which can activate PPAR,
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confirming their physiological relevance to this receptor (14). None of the receptor activators
described above has yet been shown to be a ligand for the PPAR nor has it been
demonstrated whether the receptor can be activated by other means, such as by covalent
modification, rather than by binding of a ligand.

Studies of the promoters of several peroxisome proliferator responsive genes have
shown that they contain specific binding sites for PPAR (1, 2, 6, 7, 15). These sites, termed
peroxisome proliferator response elements (PPREs), resemble the recognition sequences of
other nuclear receptors and are composed of direct repeats of a hexanucleotide sequence
separated by a single nucleotide. Furthermore, binding of PPAR to a PPRE requires
additional cofactors, such as the retinoid X receptor, in a similar fashion to its closest
relatives within this receptor family (7, 12, 16, 17).

The homologues of mouse PPAR have been cloned from rat (11), Xenopus (18) and
human (19), with two related but distinct PPARs also isolated from Xenopus (18). It is likely
that other forms of PPAR exist in other species since another, more distantly related receptor
(NUC 1), has been cloned from man and is reported to be expressed in both mice and rats
(20). We have investigated the genomic organisation of one of the PPAR genes, the mouse
PPAR« gene. The structure of this gene and its 5' flanking region are discussed in relation to
other nuclear receptor genes.

MATERIALS AND METHODS

Isolation and characterisation of mouse PPARa genomic clones

A mouse 1295V genomic library in lambda FIX (Stratagene) was screened with probes
prepared from the rat PPAR cDNA (11). Probes labelled with 32P-dCTP were prepared
using a Megaprime DNA labelling system (Amersham) and hybridisations were performed
under high stringency conditions. DNA was prepared from purified 1 clones using standard
methods (21) and restriction enzyme mapping was performed using Not I, Pst I and Bgl 11
Restriction fragments which hybridised to the rat cDNA were subcloned in pBluescript and
were sequenced using PPAR specific primers. Alternatively, purified lambda DNA was
sequenced directly. DNA sequencing was carried out using a Taq DyeDeoxy terminator
cycle sequencing kit (Applied Biosystems) and samples were analysed on an Applied
Biosystems Model 373A DNA sequencing system according to the manufacturers
instructions. Oligonucleotide primers were synthesised using an ABI 308B DNA
synthesiser.

RNase protection analysis
For mapping of the transcription start site, a Not I - Pvu I restriction fragment (nucleotides
-949 - +1086, fig. 2) encompassing a 70 nucleotide region homologous to the 5' end of the rat

¢DNA and approximately 1 kb of upstream sequence was subcloned in pBluescript. After
linearisation with Not 1, a 1.1 kb radiolabeled transcript was synthesised from this plasmid

using T3 RNA polymerase and 32p.UTP (Amersham). For analysis of differential splicing
in exon 1, a 380 nucleotide Hae 11T fragment (beginning at nucleotide + 34, fig. 2) which
encompasses the 3' ends of both exon 1a and 1b was used to prepare a probe. This probe
contained approximately 100 nucleotides of sequence transcribed from the plasmid vector in

addition to the PPAR genomic sequences. PolyA* RNA (1ug) isolated from adult male
kidney or liver (Clontech) was precipitated together with 16 g yeast tRNA and 105 cpm

RNA probe. Control samples contained only tRNA. The RNAs were denatured at 85°C for
10 min and annealed for 16 h at 400C in 80% formamide, 40mM PIPES (pH6.4), ImM

EDTA, 0.4M NaCl. The RNAs were digested with RNase (40ug/ml RNase A, 2g/ml
RNase T1 in 0.3M NaCl, 10mM Tris.HCI (pH 7.4), SmM EDTA) for 45 min at 370C, before
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treatment with proteinase K, phenol extraction and precipitation with ethanol. The products
were run on 5% denaturing polyacrylamide gels which were exposed to film overnight. End

labelled DNA markers used to estimate the size of the products were X174 digested with

Hinf I and end labelled with 32P-7ATP (Amersham). The sizes of products were confirmed
using RNA markers transcribed from the polylinker of pBluescript (data not shown).

RESULTS AND DISCUSSION

Structural organisation of the mouse PPARa gene

A 1library containing mouse genomic DNA was screened with probes generated from
the rat PPARa cDNA. Nine positive clones were isolated and of these, three distinct clones
(A2b, 10 and A18b) were chosen for further study. The exons present in these clones were
mapped by hybridisation to the cDNA. There are eight exons in the mouse PPAR« gene and
it is at least 30 kb in length. Although the three clones characterised contain all of the PPAR
exon sequences, they do not overlap each other. The two gaps in the gene occur within
introns 2 and 6. Figure 1 shows restriction maps of clones A2b, A10 and A18b and the
position of the PPAR exons within them.

The nucleotide sequences of the PPAR exons and flanking introns were determined and
these genomic sequences are shown in figure 2. Exon 3 contains the initiating methionine
and encodes the first 69 amino acids. The third intron lies between the regions encoding the
N-terminal domain and the DNA binding domain (DBD) of PPAR, while the fourth divides
the DBD and is located between the two zinc fingers. The position of this intron varies
between groups of receptor genes, but in PPAR it is in a similar position to introns in the
thyroid hormone receptor (TR} and retinoic acid receptor (RAR) genes (22, 23). In PPAR,
however, this intron occurs 1 nucleotide earlier. The position of the fifth intron separating
the DBD from the putative ligand binding domain (LBD) is conserved amongst all nuclear
receptor genes studied to date. Presumably this was the site of an intron in the primitive
nuclear receptor gene since it is even conserved in COUP-TF, which has only two introns
(24).

A2b 210 A 18b

Al o B SR S A A & A s b AN h & b R R b

8§l i P 1
12 3 4 56 7 & EXONS

DBD

t Not1 T Pstl ? Bel 1

Figure 1.
Restriction map of lambda clones 2b, 10 and 18b. The sites for Not I, Pst I and Bgl II are

shown together with the positions of PPAR exons 1a, 1b and 2-8. Introns 1-7 are estimated
to be approximately 0.8 kb, at least 5 kb, 11 kb, 1.7 kb, 1.7 kb, at least 5 kb and 1.8 kb,
respectively.
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=051, L. e GLGGCCECGECTCCC TGCGACCGTCC TCGATGCCE TTC AGCCTCTGLC T TCCCLCHUCCOGCCAC ACCCACCE TEGCACC TTGGCCACC TG TT

_B59 GCCGCETGCCCCAGCTCGETCTTCCTTTCTCCCCATT TC TCATCCTGGGACTC TGAAGATCAGATT TCGCC TG TCCG TCCACC TECCC ACGAAC TCCCGGGACTCGEGGAACARGE TG TG
-739 CGATCTTAGACCAGCTCAACGAGGGT ACCTGGAGGARAGE TCAACCCAGACCCGCAGCT TTCAACT TCAGTCC TGGCCGG TGCGCGGGGCTCGG AGC AGG AGGGAGTGCGU GCCARGGLS
-619 CACCCTTCCCACCGACTGTTCTCCCCCGTCGGGTGACCTTGGGCMZTCCCTTCACCTAACCCGCCTC&GT’I‘TACCAACGGATGCCCGGGCCCCGAGGCACTMATGGGCATCGAEGAGAG
-499 CTGCCCCGEECCTC TTAGGCCEEGOCE TCCCCCGCAGCAGCT AATC AGAC AC TGCCGTCE AGGEGG TR TG TC TCGCE CTGAGC COGGGCCCGEGCT TAGGRGELGGACTTTCCCRGECEE

~1379 TCACCTCGCCGCGGGACCCCGCAGGGGACGTCL GTGTCG GGCTGGCACGEGCGCOC G TAGGC GG TGCCAGGCEGGGGCCCCGCACGC TRCGGTCCCACE

-259 ACAGGGGTGACGGGRGEGEAGGTAGCCGCTTACGCCCOCTCCTGGCGLC TCCTCC TGGGCGCGLTTGGLCL TGCGGACCCGCAGGCGGAGTGCAGCC TC AGGTGCCC AGGGGC TGGAGGGT

-13% ACGCGCGAGGRECREGGAGCC AGGLGTCCCC TGTCCCGGGACAGTGACG TGGGTGGAC TCGETGRCGC ATGCGC GCGGAC TAGGGGRGCGGG TCTGG AGACCCACA
- 19 GCCACTGGAGAGGGLACACGE TAGGARGGGC ACACGCG TGCGAG TTTTCAGGGC CCGCGGAAC TG TCCGCC ACTTCG AGTCCCC TEEAGS: TGCGCCEEC TCCGRACATTGETGTT
102 GCAGCTGTTITCGGGGE TEGAGGGTTCGTGE AGTCC TCGARCTGGAGCGACGE TEEG TCC TCTGG T TR TCCCCTH AC ACGGGCGECGAC ATCEGGCGC TCCCTTCTCAC

222 GGCGTGGTGCATTTGGGCGTATC TCACCGGGAGGCGT TTCCTGAGACCCTCGGGGARC TTAGAGGAGAG (gt aact ggag . . INTRON1a. . ) GTARCTGGAGGC TCCCTGACAGACTGA
328 TTCTCCECTCACAGCCTAGGE TTTGC TGG66 ACCTGAGRAACGCTGCCGgt gggtttga. . . INTRONIb. . . cgtt ct acagCCAAG TTGAAG TTCAAGGCCCTGCC TTCCCTG TG RAC
434 TGACGTTTCTCGE TOGTCAAGTTCGGGAACAAGACGTTGTCATCACAGYt aaagagqa . . - INTRON2 . . . cct cocacagCTTAGCGC TCTGTGGCCTGCCTGGCCACATCCATCC AAC

541 ATGGTGGACACAGAGAGCCCCATCTGTCCTC TCTCCCCACTGGAGGC AGATGACC TGGAARGTCCC TTATC TOAAGAATTCTT AC AAG AAATGGGAAACATTCARG AGATTTCTCAG TCC
1 metvalespthrqluserproilscysproleuserprolevglualaaspaspleugluserproleusergluglupheleuglnglumetglyasnileglngluileserginser

6§61 ATCGGTGAGGAGAGCTC TCGAAGCTTTGGTTTTGCAGACTACC AGTAC TTAGGAAGCTGTCCGGGC TCCGAGGGCTC TGTCATCACAG aagt getg . . o INTRON3. . .ccatctgta
41 1leglyqluqluserserglyserpheglyphealaasptyrglntyrleuglysercyaproglysergluglyservalilethra

768 gACACCCTCTCTCCAGCTTCCAGCCC TTCCTCAGTCAGCTGCCCCGTEATCCCCGCCAGCACCGACGAGTCCCCCGGCAGTGCCCTGARCATCG AGTGTCGAATATGTGGGGACAAGGCC
70 spthrleuserproalaserserproserservalsercysprovalileproslaserthraspgluserproglyseralalevasnileglucysargilecysgiyasplysals

888 TCAGGGTACCACTACGGAGTTCACGCATGTGARGGCTGTAAGt aaggagqe . . - INTRONA . . . gacyt cacagGAGCTICTTTCAGCCAAC TATTCGGE TEAAGC TGGTG TACGAC AAG
120 serglytychistyrglyvalhisalacysgluglycysly sglyphepheargargthrs learglevlysleuvaltyrasplys

995 TGTGATCGGAGCTGCAAGATTCAGAAGAAGAACCGGAAC AAATGCCAGTACTGCCGTTTTCACARG TGCCTGTCTGTCGGGATG TCACAC ARTGGT agqt L agy - - INTRONS . . .ccaa
279 cysaspacgsercyslysileglnlyslysasnargasnlyscysglntyrcysargphehislyscysleuservalglymetserhisasns

1103 crccagCAATTCGE TTTGGAAGAATGCCAAGATC TGAAAAAGE AAARC TCAAAGCAGAAATTCTTACE TGTGAACAC GACC TG AAAGATTCGGAAAC TGC AGACC TCAAATC TC TGGGCA
170 laileargpheglyargmet proargserglulysalalyslevlysalagluilelevthreysgluhisaspleulysaspsergluthralaaspleulysserleugly}

1223 AGAGAATCCACGAAGCCTACCTGAAGARCTTCAACATGARCAAGG TCARGGCCCGGGTCATAC TCGCGGGABAGACC AGCARCAACCCGYt aggt gott - . . INTRONG . . .tecetrgt
208 yaargiiehisglualatyrleulysasnpheasnmetaanlyavallysalaargvslileleualaglylysthrserssnasnpro

1330 agCCTTTTGTCATACATGACATGGAGACCTTGTGTATGGCCGAGAAGACGCTTGT CAAGATGG TGGCC AACGGC GTCGAAGACAAAGAGGC AGAGGTCCGATTC TTCCACTGC TGCC
278 prophevalilehisaspmetgluthrleucysmetalaglulysthrlevvalalalysmetvalalaasnglyvalgluasplysglualagluvalargphephehiscyscysq

1450 AGTGCATGTCCGTGGAGACCGTCACGGAGC TCACAGAATTTGCCANGGC TATCCCAGGC TTTGCARAC TTGGAC TTCAACGACCAAGTCACCTTGC TAAAGTACGG TGTGTATGAAGCCA
277 lncysmetservalgluthrvalthrgluleuthrglupheslalysslaileproglyphealassnleuaspleuasnaspglnvalthrieuleulyatyrglyvaleyrglualat

1570 TCTTCACCATGC TG TCCTCC TTGATGAMCAAAGACGGGATGC TGATCGCGTACGGCAATGGCTTTATCACACGCGAG TTCCTTAAGAACC TGAGGAAGCCGTTC TG TGACATCATGGAAT
317 lephethrmet leuserserleumet asnlysaspglymet eyl lealat yrglyasnglypheilethrargglupheleulysasnlevarglysprophecysaspilemetglup

1690 CCAAGTTTGACTTCGCTATGAAGTTCAATGCC TTAGAACTGGATGACAGTGACATTTCCC TATTTGTGGCTGC TATAATTTSC TGTGG AGGt gagtgqtc . . . INTRONT. . .trgageq
157 rolyspheaspphealamet ysph laleugluleua raspileserleuphevalalaalaileilecyscysqiva

1797 tagATCGGCE TGGCCTTCTARACATAGGCTACATTGAGARGTTGC AGG AGGGGATTGTGC ACGTGE TTARGC TCCACCTGC AGAGC ARCC ATCC AGATGACACCTTCCTCTTCCCAAAGT
387  spargproglyleuleuasnileqlytyrileglulysleuglngluglyslevalhisvalleulysleuhislevginserasnhisproaspaspthrpheleupheprolysl

1917 TCCTTCARARAATGGTGGACCTTCGGCAGE TGGTC ACGGAGCATGCGE AGC TCGTACAGG TCATCAMGAAG ACCGAG TCCEACGCAGC GC TGCACCCACTGTTGCAAGAGATC TACAGAG
426 euleuglalyametvalaspleuargglnleuvalthrgluhisalaginleuvalglovalilelyslysthrgluseraspalaalalevhisprolevleuglngluiletyrargs

2037 ACATGTAC TGATCTTTCCTGAGATGGCAGGCCGTTGCCAC TGT TCAGGGACCTC CGAGGCCTGCGGCCCCATACAGG AGAGC AGGGAT TTGC AC AGAGGGCC TCCC TCC TACGE TTGGGS
466 spmettyrEND

2157 ATGARGAGGGCTGAGCGTAGGTAATGCGGGE TCTCCCCACATCCTTTC TGAATGGGCACT TCTAKG ACTACCTCC TACCGAAA TGGGGG TGATCGGAGGC TAATAGGATTCAGAC AG TGA
2277 CAGACAATGGGAGCCCCAGTCTGGTC TTAACCGGCCCAATGTTAATCARTGCAC AGCACTCTACGTTGCGTTTATAATTCGCCATTAATTAACGGGTAACCTCGARGTCTGAGCGGTCTG

2397 TTCCCTTCCTGCCACCCTTC TGGATATGTGC ACTC TC TTAAATCCC TGAAAAC TAATCTGCACTTT TTAACC TTTGAAAACC TACAAG TC ARGG TG TGGCCCAAGG TTAGCCATTITAMAT

2517 GTGGCAAARMAAARARBATATGTTTATTGGGAAGACT TCAC TTGAGTTTCCTGGC TCTAAGAAAGAGAGCTGGCTTC TGAGAACATTCGAGAATAGTTTGATAAGC TATCCCATCACTCT

2637 CTCTGTGGGCTCAC TGTTC TEGAGGE TGTARC TGAC TCATGAGGG TG

Figure 2.

Sequence of the mouse PPARx exons and flanking intron sequences. Intron sequences are
shown in lower case letters. The major transcription start sites are underlined

and are designated nucleotides +1 and +2. The 5’ flanking sequence is shown

beginning at nucleotide -951 and GC boxes are in bold type and underlined. The first A of
the polyA tail of the cDNA (ref. 9) is also indicated.

Interestingly, the C-terminal domain of PPAR is contained within just three exons. The
sixth intron is located at a position conserved between PPAR and TR. The seventh intron is
in a position conserved between receptors and divides the region thought to mediate receptor
dimerisation (25).

A single difference in the deduced amino acid sequence was found (at amino acid 75,
fig. 2) between the mouse cDNA and genomic sequences. In the mouse cDNA there is an
arginine at this position (9), whereas the genomic sequence and also the rat, Xenopus and
human PPARx cDNAs all encode alanine at this position (11, 18, 19).
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PM LiKt

Figure 3.

RNase protection analysis of the mouse PPARa mRNA. L, liver RNA, K, kidney RNA, t,
tRNA control, P, undigested RNA probe, M, DNA markers (40, 42, 48, 66, 82, 100, 118,
140, 151, 200, 249, 311, 413, 417, 427, 500, 553, 713 and 726 base pairs).

a) Mapping the transcription start site. The major protected RNA products of 105 and 106
nucleotides are indicated by an arrow.

b) Mapping introns in the 5' untranslated region. The protected products of 255 nucleotides
(arrow) and 380 nucleotides (closed triangle) are indicated. Undigested probe is also marked
{open triangle).

Analysis of the 3' end of the PPAR« gene

There are no recognisable AATAAA elements in the 3' end of the cDNA or the
sequences immediately 3' to this in the genomic DNA clones (see fig. 2). It is possible that
the mPPAR cDNA (9) was produced by mispriming through an internal polyA tract in the
mRNA (beginning at nucleotide +2523 in the genomic DNA sequence, fig. 2). This is quite
likely since the cDNA, which was cloned using an oligo dT primer, is several kb shorter than
the PPARo mRNA observed in Northern blots (S. Green and W. Wabhli, personal
communication). It is therefore probable that exon 8 extends much further in A clone 18b, or
that additional 3' non-coding exons exist further downstream. Further analysis of PPAR
mRNA and ¢cDNAs will be necessary to map the 3' end of this gene.
Mapping of the transcription start site and analysis of the 5' flanking region

The mouse genomic DNA clone A2b contains a region homologous to the 5' end of the
rat cDNA. Using complementary RNA probes generated from this genomic clone we have
mapped the initiation site of the mouse PPARa mRNA by RNase protection (fig. 3a). Major

products of 105 and 106 nucleotides were produced, indicating that the major initiation sites
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are located on G and C residues (designated nucleotides +1 and +2 respectively, see fig. 2).
In addition, there are at least two minor initiation sites apparent at nucleotides -4 and +5. In
these assays, the PPAR mRNA levels were significantly higher in liver than in kidney.

The sequence in which transcription initiates is reminiscent of the start sites for many
other receptors from this family. There are seven putative SP1 binding sites or GC boxes
(26) in the 5' flanking sequence and one in the first exon (see fig. 2), and the entire region is
extremely GC rich. No TATA or CCAAT elements are present in the 5' flanking region. The
high GC content (71%) and presence of GC boxes is very common for promoters of receptor
genes. These features have been noted in the promoters of the glucocorticoid, androgen,
thyroid hormone, retinoic acid and progesterone receptors as well as in the NGFIB promoter
region (27-35).

In the rat, PPAR expression is reported to be induced by treatment with peroxisome
proliferators (5). It is therefore likely that the promoter for this receptor contains elements
which resemble PPREs of other peroxisome proliferator responsive genes. However, we
were not able to identify any putative PPREs in the first 1 kb of the 5’ flanking sequence.
Transfection studies using portions of the upstream sequence contained in A2b will be
necessary to elucidate this issue.

It is not known what factors control expression of PPAR, but it is possible that this gene
is regulated by other nutritional or hormonal signals. A search for hormone response
elements in the 5' flanking sequence reveals only one perfect hexanucleotide half site
element (TGACCT; nucleotides -586 - -581, fig. 2), but an inverted, imperfect repeat spaced
by 4 nucleotides is present (AGATCAGATTTCGCCT; nucleotides -804 - -789). There is
also a complex set of 5 imperfect direct repeats starting at nucleotide -732, spaced by -1, +3,
+5 and -1 nucleotides. The functional significance of these regions remains to be
determined.

It is possible that species differences regarding response to peroxisome proliferators
(for a review see 36) may be determined in part by the concentration of PPAR in the cell. It
will be interesting to determine whether the promoters of mouse and human PPARq are
regulated differently and whether the pattern and level of expression of this gene differs
between rodents and man.

Analysis of the 5' untranslated region

The presence of introns in the 5' untranslated region of nuclear receptor genes is not
uncommeon; for example, the glucocorticoid receptor and retinoic acid receptor have separate
5' non- coding exons (32, 37-40). Since the sequence of the rat and mouse cDNAs diverge 5'
to the border of exon 2, we investigated the organisation of this region of the gene in more
detail. As can be seen in fig. 2, the sequence of the 5' end of the mouse cDNA is located
within a predicted intron relative to the sequence homologous to the 5' end of the rat cDNA.
We performed RNase protection experiments using a probe overlapping by 71 bp the one
used to map the transcription start site (shown in fig. 3a) to distinguish between differential
splicing of the same primary transcript or different transcription start sites (fig. 3b). A strong
band of approximately 255 nucleotides was observed, corresponding to transcripts spliced at
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the same position as the rat cDNA (intron 1a, fig. 2). A faint band of 332 nucleotides,
corresponding to the position of the intron in the mouse cDNA (intron 1b, fig. 2), was only
observed in long exposures of the film, indicating that this is a minor variant of the
transcript. A rather strong band of approximately 380 nucleotides was also observed,
indicating protection of the entire genomic DNA region of the probe, suggesting that further
variants with splice sites downstream of the sequence given in fig. 2 also exist. There was no
evidence seen for transcription start sites in addition to those mapped in fig. 3a.

In the case of the RAR genes, many cDNA isoforms are generated by differential
splicing in the 5' untranslated region (32, 38-40). The first exon of PPAR« is differentially
spliced to give two distinct mRNAs which have been observed in cDNA clones (9, 11) and it
is clear from our RNAse protection experiments that at least one further splicing variant
exists. It will be interesting to see whether the expression of these different isoforms has any

functional significance.

CONCLUSIONS

The position of introns within the PPAR gene adds support to the idea that this
receptor is more closely related to TR and RAR than to other members of the nuclear
receptor superfamily, although there are important differences which show that this gene
structure is unique. The structure of the Xenopus PPAR gene is similar to that of the mouse
PPAR« gene in the DNA binding and ligand binding domains (W. Wabhli, personal
communication). This suggests that PPAR gene structure is likely to be conserved between
other subfamily members and between species.

Expression of PPAR is restricted to peroxisome proliferator responsive tissues; PPAR
transcripts have been detected prenatally in liver and brown adipose tissue and post-natally
also in kidney and heart (41). The clones characterised in this study provide useful material
for the study of the control of PPAR expression, and will also be useful in future studies to
disrupt PPAR by gene targeting aimed at obtaining information about the function of this
protein in regulating lipid homeostasis.
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