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Peroxisome proliferator-activated receptor « (PPAR«) plays a cen-
tral role in the cell-specific pleiotropic responses induced by struc-
turally diverse synthetic chemicals designated as peroxisome pro-
liferators. Transcriptional regulation by liganded nuclear receptors
involves the participation of cofactors that form multiprotein
complexes to achieve cell- and gene-specific transcription. Here we
report the identification of such a transcriptionally active PPARa-
interacting cofactor (PRIC) complex from rat liver nuclear extracts
that interacts with full-length PPAR« in the presence of ciprofi-
brate, a synthetic ligand, and leukotriene B4, a natural ligand. The
liganded PPARa-PRIC complex enhanced transcription from a per-
oxisomal enoyl-CoA hydratase/L-3-hydroxyacyl-CoA dehydroge-
nase bifunctional enzyme gene promoter template that contains
peroxisome proliferator response elements. Rat liver PRIC complex
comprises some 25 polypeptides, and their identities were estab-
lished by mass spectrometry and limited sequence analysis. Eigh-
teen of these peptides contain one or more LXXLL motifs necessary
for interacting with nuclear receptors. PRIC complex includes
known coactivators or coactivator-binding proteins (CBP, SRC-1,
PBP, PRIP, PIMT, TRAP100, SUR-2, and PGC-1), other proteins that
have not previously been described in association with transcrip-
tion complexes (CHD5, TOG, and MORF), and a few novel polypep-
tides designated PRIC300, -285, -215, -177, and -145. We describe
the cDNA for PRIC285, which contains five LXXLL motifs. It interacts
with PPAR« and acts as a coactivator by moderately stimulating
PPARa-mediated transcription in transfected cells. We conclude
that liganded PPARa recruits a distinctive multiprotein complex
from rat liver nuclear extracts. The composition of this complex
may provide insight into the basis of tissue and species sensitivity
to peroxisome proliferators.

eroxisome proliferators such as ciprofibrate, nafenopin, Wy-

14, 643, and di(2-ethylhexyl)phthalate are known to induce
marked peroxisome proliferation in liver parenchymal cells in
rats and mice (1, 2). Peroxisome proliferator-activated receptor
a (PPARa), a member of the nuclear receptor superfamily, plays
a central role in the induction of cell-specific pleiotropic re-
sponses, including the development of liver tumors by structur-
ally diverse peroxisome proliferators (3-5). The PPAR subfamily
consists of three isotypes, namely PPAR«, PPARYy, and
PPARB/S, and like all other nuclear receptors, PPARS possess
a highly conserved DNA-binding domain that recognizes per-
oxisome proliferator response elements (PPREs) in the pro-
moter regions of target genes (3, 6). PPARs also contain two
transcriptional activation function (AF) domains, termed AF-1
in the N-terminal domain and AF-2 in the hormone-binding
domain (3). After ligand binding, PPARs heterodimerize with
retinoid-X receptor (RXR), and PPAR-RXR heterodimers
bind to PPRE to initiate the transcriptional regulation of target
genes (3, 6).
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The molecular mechanisms by which nuclear receptors
achieve transcriptional activation of specific genes in a tissue/
cell-specific fashion remain largely unknown. Nevertheless, it is
becoming increasingly clear that many cofactors interact with the
liganded nuclear receptors for the successful completion of gene
transcription (see refs. 7 and 8 for review). These include the
p160/steroid receptor coactivator-1 (SRC-1) family with three
members (SRC-1, TIF2/GRIP1/SRC2, and pCIP/ACTR/
AIB1/RAC3/TRAMI1/SRC-3) (see refs. 7 and 8 references
therein), CREB-binding protein (CBP) (9), adenovirus E1A-
binding protein p300 (10), and PPAR-binding protein PBP
(TRAP220/DRIP205) (11, 12), PGC-1a (13), and PRIP/ASC-
2/RAP250/TRBP/NRC (see refs. 14 and 15 for additional
references). They all contain one or more conserved LXXLL
(where L is leucine and X is any amino acid) signature motif,
which has been found to be necessary and sufficient for ligand-
dependent interactions with AF-2 domain present in the C-
terminal ligand-binding domain of the nuclear receptor (16). It
appears that these coactivators exert their nuclear receptor
transactivation enhancing function by forming two large multi-
protein complexes, one anchored by CBP/p300 and the other by
PBP (7, 12, 17). The current model of transcription proposes that
the initial CBP/p300-mediated complex performs the acetyla-
tion-methylation functions (7, 8, 18-20). A transition from
CBP/p300-dependent to a mediator-dependent stage of tran-
scription involves the thyroid hormone receptor-associated pro-
tein (TRAP)/vitamin D receptor-interacting protein (DRIP)/
activator-recruited cofactor (ARC) complex of coactivators
anchored by PBP (12, 21-23). Recently, we found that PIMT, a
PRIP-binding protein with RNA methyltransferase activity,
interacts with CBP/p300 as well as PBP under both in vitro and
in vivo conditions, suggesting that PIMT bridges CBP/p300-
anchored and PBP-anchored coactivator complexes (15, 24).
This finding raises the possibility that both complexes can merge
into one megacomplex in the process of transcription (15, 24).

In an effort to identify specific nuclear proteins that interact
with PPARa, we have focused our attention on the rat liver
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because rat and mouse are highly sensitive to peroxisome
proliferator-induced transcriptional activation of PPARa-target
genes (2, 5). Rat liver nuclear extracts that contain presumably
all of the cofactors for mediating PPAR«-dependent transcrip-
tion were used to capture the PPARa-interacting cofactor
(PRIC) complex of proteins. The results presented here dem-
onstrate that PRIC is a conglomeration of some components of
both CBP/p300-anchored and PBP-anchored complexes, as well
as several polypeptides that have not been previously known to
be associated with transcriptional complexes. This PRIC com-
plex also contains the bridge protein PIMT.

Materials and Methods

Plasmid Constructions. pPGEX-PPAR«, pCMX-PBP, pCDNA3.1-
CBP, pCDNA3.1-SRC-1 and pCDNA3.1-PRIP, GST-PPARY,
GST-RXRa, pCDNA3.1-PGC1-FLAG, and GST-ERa have
been described previously (15, 24). pGL-PBE-PPRE was con-
structed by using the 3.3-kb promoter of rat peroxisomal L-PBE
(enoyl-CoA hydratase/L-3-hydroxyacyl-CoA dehydrogenase bi-
functional enzyme) gene (25).

Purification and Fractionation of Rat Liver Nuclear Extracts. Male
F-344 rats were fasted overnight to deplete liver glycogen and
were killed 1 h after administering a single dose of ciprofibrate
(250 mg/kg body weight) by gavage. Liver nuclei were isolated
and purified by sucrose density gradient centrifugation (26),
solubilized by homogenizing in buffer C [20 mM Hepes, pH
7.9/0.42 M NaCl/1.5 mM MgCl,/0.2 mM EDTA/0.2 mM
EGTA/25% (vol/vol) glycerol/0.5 mM DTT/1 mM PMSF] and
dialyzed for 6 h against 100 vol of buffer D [20 mM Hepes, pH
7.9/0.1 M KC1/0.2 mM EDTA/0.2 mM EGTA/20% (vol/vol)
glycerol/1 mM DTT/1 mM PMSF]. The precipitated material
from the dialysate was removed by centrifugation at 20,000 X g
for 20 min and the supernatant fractionated on Bio-Rex-70 ion
exchanger (Bio-Rad). The column was extensively washed to
remove unbound proteins, and proteins bound to Bio-Rex-70
were sequentially eluted with a KOAc step gradient (0.3 M, 0.6
M, and 1.5 M) in buffer D and 1-ml fractions were collected.
Fractions eluted at 0.6 M and 1.5 M were pooled and dialyzed
in buffer D and this dialysate, designated purified liver nuclear
extract (PLNE), was used in the identification of PPARa-
interacting proteins.

Isolation of PPARa-Bound Protein Complex. Full-length mouse
PPARa cDNA was expressed as a glutathione S-transferase
(GST)-PPARa fusion protein in Escherichia coli BL21(DE3).
GST-PPARa fusion protein immobilized on beads was incu-
bated for 12 h with 5 mg of PLNE in the presence of ligand (1
uM LTBy or 10 uM ciprofibrate) in a 500-ul reaction mixture,
which was adjusted to 180 mM KCI. After incubation, the beads
were washed with 40 vol of binding buffer with 0.1% Nonidet
P-40. The bound proteins were eluted with 0.2% Sarkosyl,
concentrated with Microcon concentrators, and subjected to
SDS/PAGE. Gels were analyzed after silver or Coomassie
brilliant blue staining.

Histone Acetyltransferase (HAT) Assay. HAT activity of the protein
complex bound to GST-PPARa was assayed essentially as
described (27). Briefly, the 30-ul reaction mixture contained 50
mM Hepes at pH 7.9, 10% (vol/vol) glycerol, 1 mM DTT, 1 mM
PMSF, 10 mM sodium butyrate, 1 ul of [*Clacetyl-CoA (57
mCi/mmol, Amersham Pharmacia; 1 mCi = 37 MBq), and 10 ul
of eluted protein mix (2.5 ug of protein) and was incubated for
1hat 30°C. The reaction products were analyzed by filter binding
assays or by electrophoresis.

In Vitro Transcription Assays. PLNE proteins bound to GST-
PPAR« were eluted with 0.2% Sarkosyl or 20 mM glutathione
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(GSH) in binding buffer, and eluted proteins were tested for the
transcription initiation ability. Rat L-PBE gene promoter (3.3
kb) was used as the template for transcription assay. Typically,
25 ul of transcription reaction contained 5 wl of 5X transcription
buffer [100 mM Hepes, pH 7.9/500 mM KOAc/50 mM
Mg(OAc),/25 mM EDTA/50% glycerol], 0.125 ul of 0.5 M
DTT, 0.1 pl of creatine kinase (2 mg/ml), 3 ul of phosphocre-
atine (64 mg/ml), 100 ng of DNA template, and 15 units of
RNase inhibitor and was primed with 1 ul of translated PPAR«
or RXR or both (28). The incubations included 4 ul of minimal
nuclear extract and 6 pl of Sarkosyl- or GSH-eluted proteins that
bound to GST or GST-PPAR«a. Total volume of the reaction mix
was adjusted to 25 ul with RNase-free water. The reaction was
started with the addition of NTPs containing [*?PJUTP and
incubated at 30°C for 1 h. The reaction was terminated with the
addition of 7 vol of stop solution (0.3 M Hepes, pH 7.9/0.3 M
NaOAc/0.5% SDS/2 mM EDTA/3 pg/ml tRNA) and extracted
with an equal volume of phenol/chloroform/isoamyl alcohol
(25:24:1, vol/vol). The radiolabeled RNA was precipitated with
cold ethanol on dry ice for 15 min, and the transcription run-off
products were electrophoresed on a 10% urea/TBE gel (TBE is
100 mM Tris/90 mM boric acid/1 mM EDTA, pH 8.3) and
autoradiographed.

Protein Sequencing. Protein bands were excised, digested with
trypsin in situ, and analyzed by matrix-assisted laser-desorption/
ionization reflection time-of-flight mass spectrometry
(MALDI-TOF MS; PE Voyager DE-Pro) in the Analytical
Services Laboratory, Northwestern University. Peptide se-
quences were identified by using MS-Fit (Protein Prospector,
University of California, San Francisco).

PRIC285 cDNA Cloning, Northern Blotting, and in Vitro Translation. On
the basis of MALDI-TOF peptides derived from PRIC28S, a
full-length ¢cDNA sequence was obtained (KIAA1769 from
Kazusa, Japan) by checking human expressed sequence tags in
GenBank. The sequence was confirmed and the cDNA was
cloned into pcDNA3.1 and pCMV-PRIC285-FLAG. Northern
blotting was performed with CLONTECH human multiple
tissue and human cancer cell line blots. PRIC285 was translated
in vitro by using the TNT coupled transcription—translation
system (Promega).

GST Pull-Down Assays, Cell Culture, and Transfection. GST alone and
GST fusion proteins were used for GST pull-down assays by
incubating with 10 pl of [*S]methionine-labeled proteins
obtained by in vitro translation using the TNT coupled tran-
scription—translation system. Immunofluorescence studies were
performed with HEK293 cells transfected with pCMV-
PRIC285-FLAG and PPAR« expression plasmid as described
(15, 24). The coactivator activity of PRIC285 was assayed by
using HEK293 cells transfected for 5 h with 1.25 ug of luciferase
reporter plasmid DNA, 0.75 ug of the appropriate expression
plasmid DNA, and 0.5 pg of B-galactosidase expression vector
pCMVB (CLONTECH) DNA by using N-[1-(2,3-dioleoy-
loxy)propyl]-N,N,N,-trimethylammonium methylsulfate
(DOTAP)-mediated transfection method (Roche Molecular
Biochemicals). Cell extracts were prepared 36 h after transfec-
tion and assayed for luciferase and B-galactosidase activities.

Results

Interaction of Nuclear Proteins with Liganded Immobilized PPARa.
Nuclei were isolated from the livers of rats 1 h after a single
intragastric dose of ciprofibrate to ensure the translocation of
PPARa into the nucleus and initiation of transcriptional activity
of target genes (29). Liver nuclear extract was fractionated on a
Bio-Rex-70 column, and pooled fractions, designated PLNE,
containing RNA polymerase II as well as PPARa and RXRa
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Fig. 1.

PRIC Peptide sequence(s) miz Accession no. Identity
300 NWLLEEQTR; 1188.6007, AAK26242  PRIC 300
LLROQEAFLTTSR 1434.7907
285 HFYVAKGNPIHAR; 1509.8073; KIAAL769/ PRIC 285
LDCGMAFAGDEVLVQLLSGDE 22681064 ABOS51556
265 SEPMEVEEK; 1077.4780; P45481 CBP
EESTAASETPEGSQGDSK 1809.8468
242 TNTIAMEGEPTAIPSQPFEVE; ESA 2259.2523; AY034072 CHDS
EGONVFPTYPLEGSELKSEDMDFENK  3290.4439
237 TKPVLSSLER; 1129.6497; KIAADI92/ TRAP230
SOSAINTWFTDLAGTEPLTQLAKK 26193172 CACA4632
227 QNLSELEQLNENLEEK; 1799.7331; AADO9135  TRIP230
LTEQLDVEEEQIEELE 1944,1080
226 LNQARSMSGHPEAAQMVR; 1982.9505; KIAADDST!  ch-TOG
AAALATVNAWAEQTGMKEWL 3290:4439 BAADTEO2
EGEDLSEELK
217 RSSRPASASSSTE; 1321.6298; AAF35860/ PRIP/ASC-2
QOFNTQNQSNVMPGPAQIMR 22890863 AAF13595
215 VYMHLPQTDNEE; 1473.7793; AAB5E418  PRICZIS/RPB1
VPQPAILKPRPLWTGK 18010774
211 TCSACRVOQGR; 1080.5037; AAFO0099 MORF
KDLSVFEVDGNMSK 1568.7624
183 EELSEEGYLAK, 1267.6052; JEO3T8 DA Mtase
QTTITSHFEGPAK 1415.7641
177 KAATEGSSEK; 1007.5246; KIAAD292/  PRICITT
QEGFPPEGYFPSGE 1538.7711 BAA22961
165 FPQPIPVSR; 1040.6121; AFO00294  PBP
KSHSIKPESWSK 1413.7126
158 EVIAYILER: 1105.6049; AAD30202  Sur-2
SHAWGILHTLLEMFS YR 2061.0840
152 GTASSPSYRFILNDGTMLSAHTEQKEP 2470.1520; AABO1228  SRC-1
SLGAMPVQVTPPRGTFSPNMGMQPR  3057.5703
151 LSQUSCSTNPSSGQEKDPK 19956457 AACO5020  p/CIP
TYGVPDPSNTGOMGGAR 1707.7145
145 NNTLTLPEELSKDE; 1601.8317; KIAAI221/  PRIC145
KESSVGGEDLDSYPDFLHE 2122.9723 BAABGS3S
135 LDIFEFLNHVEDGLE; 1788.93 58, KIAAD829 TIP-120
SPLMSEFQSQISSNPELAAIFESIQK 2881.4535 ABO20636
128 TSSLSLFFRE; 1185.6547; 055081 RBR-2
LCSLHDGLVLEAK 1397.7860
110 LSCHGEAEECIGLCR; 1831.9303; AAFT8764 DRIPL0O/
VCSLAVCAVAWLVAHVR 1939.0959 TRAP100
106 MHHIQPHYR; 1218.5679; AADI2724 CRSPI130
SHAWGILHTLLEMFSYR 2060.9843
105 SQLPIAKPLETE; LGAPS 1324.7091; CAC34476  TAFII 140
NMPPTFPYISSPSISPPTPEPLHE 3059.8822
101 QKAFVEPYFK; 1256.7015; Q99708 CTIP/RB-§
HLETLPFSNTCISR 1687.9631
96 VDEETSODSLSONK; 1579.7324; AAKS4355  PIMT
YPDOTLSSEPWNLPDTK 1990.9951
91 TENSWSNEAK; 1164.5276; AADS1615  PGC-1

TLSVELSGTAGLTPPTTPPH K 2104.0381

Purification and identification of proteins interacting with PPARa. (A) Identification of ligand-dependent PPAR«a-interacting complex. SDS/PAGE

analysis and silver staining of proteins bound to GST alone (lane 1), GST-PPAR« in the absence of ligand (lane 2), and GST-PPAR« in the presence of natural ligand
LTB4 (lane 3) or synthetic ligand ciprofibrate (Cip, lane 4). (B) Mass spectrometric and limited sequence analysis data. PRIC subunit number, peptide sequence(s),
experimental monoisotopic mass (m/z), SwissProt database accession number(s), and identity are included. Of the 25 PRIC peptides, 18 (bold-faced) have one

or more LXXLL motifs.

(data not shown), were incubated with a GST-fused full-length
PPAR« in the presence of ciprofibrate, a synthetic ligand, or
LTB,, a natural ligand. PLNE is enriched in cofactors necessary
for the formation of PPARa- responsive transcriptional complex
in rat liver nuclei. To ensure the capture of proteins that interact
with the C- terminal AF-2 domain for ligand-dependent and
N-terminal AF-1 domain for ligand-independent transactivation,
we chose to use the full-length PPAR«. These domains interact
with a variety of coactivator and corepressor proteins that in turn
interact with RNA polymerase II to bring about the formation
of preinitiation complex on the promoter region of the target
genes (7). Proteins in PLNE that interacted with full-length
PPARaq, designated PRIC complex, are those that are exclu-
sively bound in the presence of ligand, either ciprofibrate or
LTBy, (Fig. 14). An array of identical proteins (molecular mass
80-300 kDa) bound GST-PPARw in the presence either of
ciprofibrate (Fig. 14, lane 4) or of LTB, (Fig. 14, lane 3).
Protein-sequencing data revealed that each PRIC polypeptide
identified matched sequences represented by human or mouse
partial cDNAs and expressed tags (GenBank) (Fig. 1B). Some of
these proteins had identities to sequences of known nuclear
receptor coactivators, including those isolated by using the
PPAR-ligand binding domain as bait in a yeast two-hybrid
screen, thus confirming the efficacy of the strategy of GST
pull-down using full-length PPAR« and purified rat liver nuclear
extracts. These proteins include CBP, TRAP230, PBP, PRIP,
SRC-1, TRAP100, CRSP130, PGC-1, and PIMT. Genes that are
novel (such as PRIC300, -285, -177, and -145), or that are known
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but not previously described in connection with transcriptional
complexes [such as CHDS (30), TOG (31), MORF (32), and
RBR-2 (33)], encode some of the other peptides of this complex.
Of considerable interest is the presence of CBP, SRC-1, PBP,
PRIP, and PIMT in PRIC complex because all of these have not
been found collectively in the previously described TRAP/
DRIP/ARC complexes (7, 12, 21, 22). Of about 25 PRIC
peptides, 18 contained one or more LXXLL motifs required for
interaction with nuclear receptors (Fig. 1B).

HAT and Transcriptional Activity of PRIC Complex. We measured the
HAT activity of PRIC complex because this activity is a pre-
requisite for transcription. Proteins bound to GST-PPAR« in the
presence of ligand, when eluted by GSH or Sarkosyl, exhibited
significantly higher HAT activity than those eluted from nonli-
ganded PPAR« (data not shown). This observation is consistent
with the reports that some of the proteins found in PRIC
complex possess intrinsic HAT activity (e.g., CBP and SRC-1).
To investigate whether the proteins in PRIC act as a coactivator
complex for PPAR«, an in vitro transcription assay system was
used to ascertain the transcriptional enhancement capability of
this complex. The addition of Sarkosyl-eluted proteins (Fig. 2,
lane 7; contains PRIC but no PPARa), or the GSH-eluted
proteins (Fig. 2, lane 8; contains PRIC along with PPAR«) that
bound to GST-PPAR« increased the activation of PPARa by
>5-fold as compared with various controls (Fig. 2, lanes 1-6).
With both GSH and Sarkosyl eluates addition of ligand did not
result in substantial additional increases in transcriptional ac-
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Fig.2. Purified rat nuclear PRIC potentiates PPAR«a transcriptionin a cell-free
system. In vitro transcription reactions were set up as described in Materials
and Methods. A 3.6-kb promoter of the rat L-PBE gene served as template for
the transcription assay, with minimal nuclear extract as the source for basal
transcription factors and DNA-dependent RNA polymerase Il. Purified PPARa
or RXR protein was added to the template DNA before the addition of nuclear
extract and other components. The reactions were allowed to proceed for 60
min at 30°C, and labeled RNA transcript was extracted and separated on a
urea/TBE gel and autoradiographed. GST eluate and control eluate represent,
respectively, fraction bound to GST alone and to GST-PPAR« in the absence of
added ligand. GSH and Sarkosy! eluates represent proteins bound to GST-
PPARa in the presence of ligand.

A EEEREY - @
3 4 3 L] 7 ] 9 1w 11 1213 14 15

2

tivity (Fig. 2, lanes 8 and 14), and this is attributed to the presence
of traces of natural ligand in the complex. The inclusion of rat
liver nuclear extract was to provide factors TFIIBs and TFIIDs
and RNA polymerase Il required for the transcription (34). GSH
eluate, which contains PPAR« in the PRIC, did not require
PPAR« supplement (Fig. 2, lane 12), whereas Sarkosyl eluate,
which removes the PRIC components from GST-PPAR« fusion
and thus does not contain PPAR«, appeared to depend upon
PPAR« supplement for transcription (Fig. 2, lanes 13 and 15).
These findings suggest that an external PPAR« is required
to bind to PPRE present in the L-PBE promoter and that
both GSH- and Sarkosyl-eluted PRIC complexes exert robust
coactivator function.

Characterization of PRIC285 ¢cDNA. cDNA and genomic sequence
analysis of all four novel PRIC peptides, PRIC300, -285, -177,
and -145, showed that all except PRIC177 contained one or more
LXXLL motifs (data not presented). In this study we chose to
report the characterization of PRIC285. The full-length cDNA
encoding this protein is confirmed on the basis of amino acid
sequences (underlined in Fig. 3) derived from cognate polypep-
tides in the GST-PPARa complex. PRIC285 contains five
LXXLL motifs found in nuclear receptor coactivators and also
revealed the presence of UvrD-helicase motif found in the REP
family of helicases (35). The full-length human PRIC285 cDNA
has an ORF of 6,240 nucleotides that encodes a 2,080-aa protein
with an estimated molecular mass of 285 kDa. The gene encod-
ing human PRIC285 is localized on chromosome 20q13.3 and
consists of 18 exons (data not presented). Exon 7, the longest of
all, encodes 1,238 aa and has three LXXLL motifs. A computer
search of the database revealed no protein that has significant
overall similarity to PRIC285. Nevertheless, PRIC285 has a
region between amino acids 1584 and 1991 with substantial
similarity to UvrD/REP helicase (35). To determine the size of
PRIC285 protein, we performed in vitro transcription and
translation and found that the synthesized a protein has an
estimated molecular mass of 285 kDa (data not presented).
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MSSSPSRSAADIYIREYFHSHVSGGHPEATPLRVMYTDRPLSQTDPVTLQYCCLTDDRQA 60
FRPPTRAELARHRVVVTTTSQARELRVPVGFFSHILIDEAAQMLECEALTPLAYASHGTR 120
LVLAGDHMQVTPRLFSVARARAAEHTLLHRLFLCYQQETHEVARQSRLVFHENYRCTDAI 180
VSFISRHFYVAKGNPIHARGKVPPHPRHYPLMFCHVAGNPDRDMSMASWLNLAEIAQVVE 240
KVQEAYNTWPSCWGGREQRCICVVSHGAQVSALRQELRRRDLGQVSVGSFEILPGRQFRV 300
VVLSTVHTCQSLLSPGALAPEFFTDARVLNTVLTRAQSQLVVVGDAVALCSFGACGKLWE 360
SFIRECVERHSVCPEGLSMEQVEQGVAQRRRWPPRGTQAGAAGNWEAAPEPVGDLAEEQA 420
AVVTAMVKAEPGDEALSPASRDITATTAQTEAAAAPAGDAVKEDVVPGACAAGAAAAAGY 480
ESTEAEDAEADFWPWDGELNADDAILRELLDESQKVMVTVGEDGLLDTVARPESLQQARL 540
YENLPPAALRRLLRAEPERYRHCSFVPETFERASAIPLDDASSGPIQVRGRLDCGMAFAG 600
DEVLVQLLSGDKAPEGRLRGRVLGVLKRKRHELAFVCRMDTWDPRIMVPINGSVTKIFVA 660
ELKDPSQVPIYSLRKGRLQRVGLERLTAEARHSRLEWVQIVLWRQGFYYPLGIVREVLPE 720
ASTWEQGLRILGLEYSLRVPPSDQATITKVLQKYHTELGRVAGRREDCRAFLTFTVDPQG 780
ACNLDDALSVRDLGPRCEVAVHITDVASFVPRDGVLDVEARRQGAAFYAPGREPVPMLPA 840
SLCQDVLSLLPGRDRLAISLFLTMEKASGQLKSLRFAPSVVQSDRQLSYEEAEEVIRQHFP 900
GAGRELPARLDSVDACVVAACYFSRLLRRERLRSDCFYEQPDEDGTLGFRAAHIMVKEYM 960
IQFNRLVAEFLVGSECTRTVTPLRWQPAPRSQQLKALCEKHGDRVPLSLHLGHHLHGGGG 1020
SPPDTRLHLLASLWKQVQFAARTQDYEQMVDLVTTDDMHPFLAPAGRDLRKALERSAFGR 1080
CARGHQQQGGHYSLQVDWYTWATSPIRRYLDVVLOQRQILLALGHGGSAYSARDIDGLCQA 1140
FSLOQHALAQSYQRRARSLHLAVQLKAQPLDKLGFVVDVEAGSRCFRLLFPSNRETLPDPC 1200
PVPYGSLQLAEHPHALAGRPGLRLLWRRRVYSAQGSSPPLPLPGTVPDPHTLAVETALWK 1260
QLLELVELQRWPEAAALIQEKGEASQRRELVQVQRSHCGHFLEVARELGSGDTLQVQLGT 1320
SLOHGFLVPSPQLWTVAPGFSLCLEHVERPGDCFSGRVYRAPRDRYRDVDEYACVWEPFC 1380
ALESATGAVAENDSVTLQHLSVSWEASRTPQGQLQGAFRLEAAFLEENCADINFSCCYLC 1440
IRLEGLLAPTASPRPGPSSLGPGLNVDPGTY TWVAHGQTEDWDQERRADRQEAPRRVHLF 1500
VHHMGMEKVPEEVLRPGTLFTVELLPKQLPDLRKEEAVRGLEEASPLVTSIALGRPVPQP 1560
LCRVIPSRFLERQTYNIPGGRHKLNPSQNVAVREALEKPFTVIQGPPGTGKTIVGLHIVEF 1620
WFHKSNQEQVQPGGPPRGEKRLGGPCILYCGPSNKSVDVLAGLLLRRMELKPLRVYSEQA 1680
EASEFPVPRVGSRKLLRKS PREGRPNQSLRSITLHHRIRQAPNPYSSEIKAFDTRLQRGE 1740
LFSREDLVWYKKVLWEARKFELDRHEVILCTCSCAASASLKILDVRQILVDEAGMATEPE 1800
TLIPLVQFPQAEKVVLLGDHKQLRPVVKNERLOQNLGLDRSLFERYHEDAHMLDTQYRMHE 1860
GICAFPSVAFYKSKLKTWQGLRRPPSVLGHAGKESCPVIFGHVQGHERSLLVSTDEGNEN 1920
SKANLEEVAEVVRITKQLTLGRTVEPQDIAVLTPYNAQASEISKALRREGIAGVAVSSIT 1980
KSQGSEWRYVLVSTVRTCAKSDLDQRPTKSWLKKFLGFVVDPNQVNVAVTRAQEGLCLIG 2040
DHLLLRCCPLWRSLLDFCEAQQTLVPAGQVRVCRRPTMPS* 2080

Fig.3. Deduced human PRIC285 amino acid sequence with five LXXLL motifs
(boldfaced). Two peptide sequences found by mass spectrometry are under-
lined. The putative UvrD/helicase domain is between amino acids 1584 and
1991.

Northern analysis revealed a prominent ~9.5-kb PRIC285
mRNA transcript in various human tissues such as skeletal
muscle, colon, spleen, liver, kidney, lung, peripheral blood, and
placenta (Fig. 44), and in certain cancer cell lines such as HeLa
cells, colorectal adenocarcinoma, and melanoma cells (Fig. 4B).

Interaction of PRIC285 with PPARa and Other Nuclear Receptors. To
determine whether PRIC285 directly interacts with PPAR«, we
evaluated the in vitro binding by using bacterially generated
GST-PPAR« fusion protein and in vitro translated PRIC285. As
shown in Fig. 4C, PRIC285 interacted with PPAR« but not with
GST. The addition of ligand, either LTB, or ciprofibrate, slightly
enhanced the interaction of PPARa with PRIC285. We also
examined the interaction of PRIC285 with PPARYy, TRB1, ERa,
and RXRa and found that it exhibits ligand-dependent interac-
tion (Fig. 4C). The in vivo interaction of PRIC285 with PPAR«
has been determined by using immunofluorescence microscopy
mainly to ascertain whether they are colocalized in the nucleus.
A plasmid containing three FLAG epitopes linked to the N-
terminal portion of PRIC285 was cotransfected into HEK293
cells along with PPARa plasmid. Immunofluorescence with
anti-FLAG revealed that the expressed PRIC285 protein is
localized in the nucleus (Fig. 4D, green). As expected, PPAR«
localization using anti-PPARa antibodies revealed the nuclear
localization of this receptor (Fig. 4D, red). When PRIC285 and
PPAR« images were merged in cells expressing both proteins, an
appreciable degree of overlapping localization of these two
molecules was discerned (Fig. 4D, yellow), and this colocaliza-
tion was more striking in high-resolution images of the nucleus
(Fig. 4E).

PRIC285 Potentiates the Transcriptional Activity of PPAR« in Mam-
malian Cells. We examined the functional relevance of the binding
of PRIC285 with PPAR« by transiently coexpressing PRIC285
and PPAR« with the reporter luciferase gene, PPRE-TK-LUC
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Fig.4. Northern blotting, binding of PRIC285 to PPARe, and colocalization. (A)
Northern analysis of human multiple tissue blot (CLONTECH). Lanes 1-12 repre-
sent, respectively, brain, heart, skeletal muscle, colon, thymus, spleen, kidney,
liver, small intestine, placenta, lung, and leukocytes. Arrow indicates PRIC285
mRNA. (B) Northern analysis of human cancer cell line blot (CLONTECH) probed
with a partial PRIC285 cDNA probe. Lanes 1-8 represent, respectively, HL-60 cells
line, HeLa cell S3, chronic myelogenous leukemia (K-562), lymphoblastic leukemia
MOLT-4, Burkitt's lymphoma Raji, colorectal adenocarcinoma SW480, lung car-
cinoma A-549, and melanoma G-361. Arrow indicates PRIC285 mRNA. (C) [35S]Me-
thionine-labeled full-length PRIC285 generated by in vitro translation was incu-
bated with GSH-Sepharose beads bound with purified E. coli-expressed GST-
PPAR« or GST. PRIC285 bound to PPAR«in the absence of ligand, and the addition
ofligand increased the binding ~2-fold. PRIC285 also interacts with PPARy, RXRe,
ERa (estrogen receptor @), and TRB1 (thyroid hormone receptor g1). (D and E)
Colocalization of PRIC285 and PPAR« in the nucleus as visualized by conventional
fluorescence microscopy (D) and by DELTAVISION deconvolution microscopy (E).
PRIC285 was expressed transiently in HEK293 cells by using three FLAG epitopes
linked to the C terminus, and it was visualized by using anti-FLAG antibodies
(green). PPARa was also transiently expressed in these cells and localized by using
anti-PPAR« antibodies (red). Merging of the PRIC285 and PPARe localization
images of the same cell reveals overlapping localization (yellow) of these
two proteins. 4X,6-Diamidino-2-phenylindole (DAPI) staining shows nuclei in D
(Lower Right).

merged merged-DAPI

TRP1

PRIC285

PPARw merged

in HEK293. PRIC285 coactivates a PPRE in the presence of
PPARa even in the absence of exogenous ligand, implying the
presence of natural ligands in the cells and medium (Fig. 5).

Discussion

In this study we used rat liver nuclear extract to identify specific
nuclear proteins that interact with PPAR« for the main reason that
rat liver is highly sensitive to PPARa ligand-mediated inductive
effects, including the activation of several target genes, peroxisome
proliferation, and the development of liver tumors (1, 2, 5, 36). We
have used a full-length PPAR« in GST pull-down assays to capture
a portrait of proteins that interact not only with AF-2 domain in a
ligand-dependent fashion but also with proteins that interact with
other parts of the receptor, including the AF-1 domain. The use of
C-terminal AF-2 activation domain of nuclear receptors resulted
mostly in the identification of PBP-anchored TRAP/DRIP protein
complexes (12, 21, 37, 38). As pointed out before, the nuclear
receptor coactivators presumably exist in two complexes, one with
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Fig. 5. PRIC285 functions as a coactivator for PPARa. HEK293 cells were
cotransfected with 1.5 ug of reporter construct PPRE-TK-LUC, 0.25 pg of
PCMV-PPARq, 0.25 g of PCMV-RXR, 0.5 png of PCMV-PRIC285, and 0.5 pg of
pcDNA3.1 as indicated. Transfections without the indicated plasmid were
compensated by adding the same amount of pcDNA3.1. The activity obtained
on transfection of PPRE-TK-LUC without exogenous PRIC285 was taken as 1.
Results are the mean of three independent transfections.

the p160 family anchored by CBP/p300 and the other known
variously as TRAP/DRIP/ARC complex anchored by PBP (7).
Although there is a debate as to whether these two complexes form
sequentially (39), or combinatorially (40), emerging evidence points
to proteins that facilitate the linkage of these two complexes even
if transiently (15, 41). One such protein is PRIP/ASC-2/RAP250/
TRBP/NRC, which links CBP/p300 to TRAP/DRIP130 (41), and
the other is PIMT, an RNA methyltransferase, which interacts
directly with CBP/p300 and PBP (15, 24).

Consistent with this bridging function is our finding that the
PRIC complex consists of components of both p160/CBP/p300
complex and PBP-anchored complex (Fig. 1). First, of the 25 or
so peptides found in PRIC, the identification of SRC-1, p/CIP,
and the anchor CBP, all of which have HAT activity, establishes
that PPARa clearly associates with so-called platform proteins
(7, 8). Second, the complex contains PBP, TRAP230, TRAP/
DRIP100, and TRAP/DRIP/CRISP130, which are found in the
PBP-anchored multiprotein complex that links to the basal
transcription machinery (12). Third, PRIC reveals the presence
of linker proteins PRIP and PIMT, which have recently been
shown to link the p160/CBP complex with PBP-anchored com-
plex (15, 41). Thus, it is more than likely that by virtue of PRIP
and PIMT and possibly other linker proteins, the two complexes
may merge into one megacomplex on DNA template at least in
rat liver. This complex can then facilitate signal transduction
passing through a specific set of proteins of this complex to
account for the cell/species-specific PPARa-mediated tran-
scription. The identification of one composite complex with
PPARa does not exclude the possibility that it can arise from
both sequential and combinatorial assembly of components. The
presence in PRIC complex of CBP, SRC-1, p/CIP, PBP, PRIP,
and SUR-2 [a member of the mammalian mediator complex
(42)], and of HAT activity together with the transcriptional
enhancement capability of PRIC establish the authenticity of the
PPARa transcriptional complex we isolated.

It is remarkable that of the 25 PRIC peptides, 18 have one or
more LXXLL motifs, and 11 of these (CBP, TRAP230,
TRIP230, PRIP, PBP, Sur-2, SRC-1, p/CIP, DRIP/TRAP100,
CRSP130, and PGC-1) (Fig. 1) have been previously described
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in association with nuclear receptors or coactivator complexes
(7, 15, 43). Three of the remaining 7 proteins with LXXLLs,
namely TOG (31), CHDS (30), and TIP120 (44), appear to
belong to the SWI2/SNF2 family (45), 1, RBR-2, is a member
of the retinoblastoma gene family (33), and the remaining 3 are
novel proteins (PRIC300, -285, and -145). SWI2/SNF?2 proteins,
some of which are helicases, play a role in transcription control,
DNA repair, and chromatin remodeling (45). TIP120, a TATA-
binding protein-interacting protein, is known to cause transcrip-
tional stimulation by all three eukaryotic RNA polymerases (44).
Therefore, the presence in PRIC complex of TOG, CHDS, and
TIP120 strongly suggests a role for these proteins, possibly in
promoter-specific transcription. In this study, we have shown
that PRIC285, which has an UvrD helicase-like domain in its
C-terminal region (amino acids 1584-1991), acts as a nuclear
receptor coactivator and interacts with other nuclear receptors.
We have also found that TOG, a microtubule- and tubulin-
interacting protein (46), also interacts with PPAR« in the GST
pull-down assays (unpublished data), which is consistent with the
presence of five LXXLL motifs in this protein (31). Further
studies are needed to ascertain the coactivator functions of these
newly identified proteins in PRIC complex that contain the
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LXXLL motif necessary for the interaction with nuclear recep-
tors (16).

In the PPARa-interacting cofactor complex, we found only 7
proteins without LXXLL motifs, implying that these may not
directly interact with PPARa but serve as accessory proteins that
interact with coactivators. These include a rat homologue of
human MOREF, which is a histone acetyltransferase (32), DNA
Mtase, a DNA (cytosine-5) methyltransferase (47), TAF;140
(48), CTIP/RB-8 (a retinoblastoma-binding protein) (49),
PIMT, an RNA methyltransferase (15, 24, 50), PRIC215, and
PRIC177 (Fig. 1). Elucidation of the functional role of these
proteins both singly and collectively is necessary to fully appre-
ciate receptor-specific transduction of signal through the assem-
bled transcriptional complex. The composition of rat liver PRIC
complex should serve as a prototype for discerning clues re-
arding cell- and species-specific differences in peroxisome
proliferator-induced pleiotropic responses.
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