Pancreatic Expression and Mitochondrial Localization of the
Progestin-AdipoQ Receptor PAQR10
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Steroid hormones induce changes in gene expression by binding to intracellular receptors that then translocate to the nucleus.
Steroids have also been shown to rapidly modify cell function by binding fo surface membrane receptors. We identified a can-
didate steroid membrane receptor, the progestin and adipoQ receptor (PAQR) 10, a member of the PAQR family, in a screen for
ygenes differentially expressed in mouse pancreatic p-cells. PAQRT0 gene expression was tissue restricted compared with other
PAQRSs. In the mouse embryonic pancreas, PAQR 10 expression mirrored development of the endocrine lineage, with PAQR10 pro-
tein expression confined to endocrine islet-duct structures in the late embryo and neonate. In the adult mouse pancreas, PAQR10
was expressed exclusively in islet cells except for its reappearance in ducts of maternal islets during pregnancy. PAQR10 has a
predicted molecular mass of 29 kDa, comprises seven fransmemibrane domains, and, like other PAQRSs, is predicted to have an
intracellular N-terminus and an extracellular C-terminus. In silico analysis indicated that three members of the PAQR family, PAQRs
9. 10, and 11, have a candidate mitochondrial localization signal (MLS) at the N-terminus. We showed that PAQR10 has a func-
tional N-terminal MLS and that the native protein localizes to mitochondria. PAQR10 is structurally related to some bacterial he-
molysins, pore-forminyg virulence factors that target mitochondria and regulate apoptosis. We propose that PAQR10 may act at
the level of the mitochondrion to regulate pancreatic endocrine cell development/survival.
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INTRODUCTION

Steroid hormones signal through intra-
cellular receptors that translocate to the
nucleus and function as transcriptional
regulators of target genes. Other steroid-
induced events are rapidly triggered in-
dependent of transcription via signaling
pathways classically associated with cell
membrane receptors, including ion chan-
nels, second messengers, and protein
kinase cascades (1). These so-called
nongenomic effects of steroids include
estrogen-induced proliferation of breast
cancer cells (2), estrogen-induced vasodi-
lation (3), and the progesterone-initiated

acrosomal reaction in sperm (4). The
mechanisms underlying this rapid signal-
ing by steroids are poorly defined. Stud-
ies have identified membrane-associated,
steroid-binding proteins in different tis-
sues and species, and there is evidence
that some nongenomic steroid effects are
mediated by classical G protein—coupled
receptors (GPCRs) or involve cytoplasmic
activation of the nuclear steroid receptors
[reviewed in (5)].

Membrane progestin receptors
(mPRs) have recently been identified (6)
that belong to a new family of seven-
transmembrane proteins termed prog-
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estin and adipoQ receptors (PAQRs),
present in all species except those in the
Archae (7,8). This family includes 11
mammalian genes (PAQR1-11), YOL002¢
and related genes from Saccharomyces
cerevisiae (9), and the gene for hemolysin
IIT from Bacillus cereus (10) as well as he-
molysin-related bacterial genes. Phylo-
genetic analysis (8) allows the mam-
malian PAQR family to be divided into
three main subgroups: the adiponectin-
related receptors, which include PAQR 1
(adipoR1), PAQR 2 (adipoR2), PAQR 3,
and PAQR 4; the mPRs, which include
PAQR 5 (mPRy), PAQR 6, PAQR 7
(mPRa), PAQR 8 (mPR), and PAQR 9;
and the hemolysin Ill-related receptors,
PAQR 10 and PAQR 11.

Conlflicting evidence exists regarding
the membrane topology and subcellular
localization of PAQR family members,
as well as the mechanisms by which
they bind ligands and transduce signals.
The mPRs PAQR5, 7, and 8 are thought
to have extracellular N-termini similar
to classic GPCRs (11), whereas the
adiponectin-type receptors PAQR1 and
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2 have intracellular N-termini (12). Tang
et al. (8) predicted a common type I
membrane topology for all members of
the PAQR family, with an intracellular
N-terminus and extracellular C-terminal
domain, but experimental confirmation
of these structural predictions is lacking
for most PAQR family members. Indeed,
more recent studies (13,14) reveal that
PAQR?7 has both intracellular N- and
C-termini and localizes predominantly
to the endoplasmic reticulum. The
mPRs are proposed to signal as GPCRs
(11), whereas adiponectin receptor sig-
naling is not coupled to G proteins but
involves activation of AMP kinase and
the perixosome proliferator—activated
receptor (PPAR)-o (12). Here we de-
scribe the structure, tissue, and subcel-
lular localization of PAQRI10, following
its cloning from mouse pancreatic islet
B-cells.

MATERIALS AND METHODS

cDNA Cloning and Sequencing

The BA12 clone encoding PAQR10
(15) was isolated from a BTC3 cDNA li-
brary constructed in the lambdaZAP Ex-
press vector (Stratagene, La Jolla, CA,
USA). Total RNA was extracted from
BTC3 cells using RNAzolB reagent (Tel-
Test, Inc., Friendswood, TX, USA). Poly
A" RNA was prepared from total RNA
using Poly A Tract mRNA Isolation Sys-
tem (Promega Corp., Madison, W1,
USA). Double-stranded cDNA was then
synthesized by AMV reverse transcrip-
tase using a RiboClone cDNA synthesis
Systems (Promega) and ligated into
lambdaZAP Express phagemid vector
(Stratagene). The library was packaged
using a GIGAPACK 1II system (Strata-
gene) and had a titer of 6 x 10° pfu/mL.
Screening by hybridization was per-
formed with the B-cell-specific BA12
DNA originally identified by PCR-based
representational difference analysis (15),
?P-labeled with the Megaprime DNA la-
beling system (Amersham-Pharmacia
Biotech, Uppsala, Sweden). After three
rounds of screening, insert-containing
pBK-CMV plasmids were excised from

phage clones and the resulting pBK-
BA12 sequenced.

Plasmids were sequenced by the
dideoxy-terminator method using a 320A
sequenator (Applied Biosystems, Foster
City, CA, USA). The BLAST algorithm
was used to scan databases for protein
and DNA homologies.

Northern Blot Analysis

A mouse multiple tissue Northern blot
(BD Biosciences Clontech, Palo Alto, CA,
USA) was probed with a **P-labeled
cDNA probe corresponding to full-length
BA12. Hybridization was performed for
2 h at 68°C in ExpressHyb Hybridization
Solution (Clontech). Filters were washed
in 2x saline-sodium citrate (SSC) solu-
tion, 0.05% SDS, for 30 min at room tem-
perature followed by 0.1x SSC, 0.1% SDS
for 30 min at 50°C, and exposed to Hy-
perfilm MP (Amersham Pharmacia
Biotech) for 24 h at —70°C.

Tissue Screening by RT-PCR

Mouse tissues were dissected from 6-
to 8-wk-old C57Bl/6 mice and washed in
ice-cold phosphate buffered saline (PBS);
RNA was extracted using RNAzol B
reagent. DNase I-treated RNA was re-
verse transcribed with 200 units MMLV
RT (Life Technologies, Invitrogen Corp.,
Carlsbad, CA, USA) in the presence of
0.5 uM random hexanucleotides (Bre-
satec, GeneWorks Pty. Ltd., Thebarton,
SA, Australia) and 200 uM dNTPs. One-
tenth volumes of the first-strand synthe-
sis reactions were amplified by PCR in
PCR buffer (Perkin Elmer Inc., Shelton,
CT, USA) containing 200 pM dNTPs, 1
unit Taq polymerase, and 1 uM each of
sense and antisense oligonucleotide
primers specific for PAQR10 (forward
primer 5'-CGCGGCGATGTTCACTCTGG
CCAG-3’ and reverse primer 5-CAGGC
AGATCTTGGCACAGTTCAC-3), PAQR1
(forward primer 5-GGCAATGGGG
CTCCTTCTGGTAACA-3" and reverse
primer 5-GAACGAAGCTCCCCA
TAATCAGTAG-3"), PAQR7 (forward
primer 5-CACTGGTGGAGGGAA
AAGAA-3" and reverse primer 5-AGCTG
GAAACAGTGTGCAAGA-3"), PAQR9

(forward primer 5-CGGGTCTCTT
CGACATCATT-3" and reverse primer
5-TTACTGCAGAATTCGGTGCTG-3"),
PAQRI11 (forward primer 5-GATCA
ATGCGGTTCAGGAAT-3" and reverse
primer 5-TCTCCCAGCAGTCATCAGAC
A-3") and B-actin (forward primer
5-GTGGGCCGCCCTAGGCACCA-3
and reverse primer 5-CTCTTTGATG
TCACGCACGATTTC-3"). PCR reactions
were performed for 35 cycles (95°C/30 s;
56°C/1 min; 72°C/1 min), and ampli-
fied products were analyzed on 1.5%
agarose gels.

Expression Constructs

Plasmid constructs were generated to
produce versions of PAQR10 protein
tagged either at the N-terminus, the
C-terminus, or both. To construct a ver-
sion of PAQR10 FLAG-tagged at the
N-terminus (FLAG-PAQR10), full-length
sequences were amplified from pBK-
BA12 with a specific forward primer
(5"-CCCGAAGCGGATCCTGGTGTT-3)
to introduce a BamHI restriction enzyme
site and a reverse primer (5-GACCC
CTCGAGTCTGGGCCAC-3') to intro-
duce a Xhol site. The PCR product was
digested with BamHI and Xhol and lig-
ated into Bg/II/ Xhol-digested pCMV-
Tag1 vector (Stratagene).

PAQR10 Myc-tagged at the C-terminus
(PAQR10-Myc) was constructed with the
same forward primer and a reverse
primer (5-GGCCACTCACTCGAG
CACCTTGGT-3’) to introduce a Xhol
site. The PCR product was digested with
BamHI and Xhol and ligated into pCMV-
Tag1 vector similarly digested with
BamHI and Xhol. The same PCR product
digested with BamHI and Xhol was lig-
ated into Bg/II/ Xhol-digested pCMV-
Tagl vector to generate double-tagged
PAQR10 (FLAG-PAQR10-Myc).

PAQRI10 tagged with enhanced green
fluorescent protein (EGFP) at the
N-terminus (GFP-PAQR10) was con-
structed using the same forward primer
and a reverse primer (5-TCACTGCAGA
TGTTGCTTTGA-3') to introduce a Pstl
site. The PCR product was digested
with BamHI and PstI and ligated into
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BglIl/ PstI-digested pEGFP-C2 (Clontech).
A different reverse primer (5-CACTC
ATCTGCAGACCTTGGT-3), introduc-
ing a Pstl site, was used to construct
PAQR10 EGFP-tagged at the C-terminus
(PAQR10-GFP). The PCR product was di-
gested with BamHI and PstI and ligated
into BgIII/ Pstl-digested pEGFP-C2
(Clontech).

Cell Culture and Transfection

All culture media were from Invitrogen-
Gibco (Carlsbad, CA, USA). SV40-
transformed mouse cell lines BTC3 and
oTC1 (16) that secrete the hormones in-
sulin and glucagon, respectively, were
kindly provided by Dr. Doug Hanahan
(University of California, San Francisco,
CA, USA). Both cell lines were cultured
in Dulbecco’s modified Eagle’s medium
(DMEM) containing 25 mM glucose, 10%
FCS, and antibiotics under a 10% CO, at-
mosphere at 37°C. For transfection, fTC3
cells were seeded at 80% confluency in
6-well plates and transfected with 5 ug
DNA /well using Lipofectamine 2000
(Invitrogen) according to the manufac-
turer’s instructions.

CHO-KI cells plated at a density of 1 x
10° per well were transfected with 1 pg
DNA using Lipofectamine 2000 within
24 h of plating.

Antibodies

FLAG-tagged proteins were detected
using an anti-FLAG M2 monoclonal anti-
body (Sigma-Aldrich, Castle Hill, NSW,
Australia). Myc-tagged proteins were de-
tected using anti-Myc-Tag monoclonal
antibody (clone 9B11; Cell Signaling
Technology, Inc., Beverly, MA, USA).
GEFP fusion proteins were detected by di-
rect fluorescence in the FITC channel. A
rabbit polyclonal anti-prohibitin anti-
body (RB-292; NeoMarkers, Fremont,
CA, USA) was used to determine enrich-
ment in mitochondrial localization as-
says. Rabbit and rat antisera were gener-
ated against a peptide corresponding to
amino acid residues 20-36 (NDRVPAH
KRYQPTEYEH) of PAQR10. Peptides
were synthesized with an extra cysteine
residue at the N-terminus and then cou-

pled to diphtheria toxoid (DT) via a
maleimidocapoyl-N-hydroxysuccinimide
(MCS) linker. Free and coupled peptides
were purchased from Mimotopes Pty.
Ltd. (Clayton, Victoria, Australia). DT-
coupled peptides (0.5 mg) were emulsi-
fied with Freund’s complete adjuvant
and injected at multiple subcutaneous
sites into two rabbits each. Following
two booster immunizations 6 and 8 wks
later, rabbits were bled and sera stored at
—20°C. Rabbit immunoglobulins (IgGs)
were purified from antisera by protein
G-Sepharose (Amersham-Pharmacia
Biotech) affinity chromatography. To pro-
duce rat antisera, two Wistar rats were
injected intraperitoneally with 50 ug DT-
coupled peptide in Freund’s complete
adjuvant; after two booster immuniza-
tions 4 and 8 wks later, rats were killed
and their blood collected and sera stored
at —20°C.

Immunohistochemistry

Adult C57BL /6 mice were housed
under standard 12-h light/dark condi-
tions and provided with food and water
ad libitum. All experiments were ap-
proved by the Animal Research Ethics
Committee, Melbourne Health. For the
collection of fetal tissue, timed pregnant
mice were killed by CO, narcosis at ges-
tational times e10.5, e12.5, €13.5, €15.5,
and el7.5 d; tissue was also collected
from newborn mice. Pancreata dissected
from embryos and adult mice were fixed
for 2—4 h in 4% paraformaldehyde (PFA)
in PBS, dehydrated, and embedded in
paraffin. Tissue sections (4 um) were
placed on uncoated glass slides, deparaf-
finized in xylene, and rehydrated in
graded alcohols. Endogenous peroxidase
was blocked by immersion in 0.03% hy-
drogen peroxide for 15 min. Rat anti-
PAQR10 sera were diluted 1:200 in PBS,
added to the slides, and incubated for 60
min at room temperature in a humidified
chamber, followed by incubation with
HRP goat anti-rat secondary antibody
(Silenus, Hawthorn, Victoria, Australia)
diluted 1:300 in PBS for 30 min at room
temperature. The sections were then vi-
sualized using 3,3"-diaminobenzidine as
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chromogen and counterstained with
Mayer’s hematoxylin. To confirm the
specificity of staining, anti-PAQR10
serum was preincubated for 16 h at 4°C
with 20 pg/mL of the immunizing pep-
tide before addition to the slides. Digital
images were captured with an Axiocam
camera from an Axioplan2 compound
microscope (Carl Zeiss, Gottingen,
Germany).

Mitochondrial Localization

Mitochondria were enriched from
oTC1 and BTC3 cells by selective perme-
abilization with low concentrations of
digitonin (17). Briefly, cells were har-
vested by trypsinization, resuspended in
ice-cold PBS, collected by centrifugation
(800g for 5 min) in microfuge tubes at 1 x
10° cells/sample; cell pellets were resus-
pended in 100 pL ice-cold lysis buffer
(80 mM KCl, 250 mM sucrose, 200 pg/mL
digitonin in PBS). After 5 min on ice,
samples were centrifuged at 10,000g for 5
min; the supernatants containing mainly
cytoplasmic proteins and mitochondria-
enriched pellets were recovered. Samples
were solubilized in 4x SDS sample buffer
before SDS-PAGE in 10% to 20% Tris-
glycine Novex gels (Invitrogen) and
Western blotting.

Confocal Microscopy

Transfected CHO-K1 cells were grown
to 50% confluency on sterile 18 x 18-mm
microscope glass cover slips (Chance
Propper Ltd., Smethwick, Warley, En-
gland) in 6-well culture plates. Twenty-
four hours after transfection, Mitotracker
red (Molecular Probes, Inc. Eugene, OR,
USA) at a 0.25 nM final concentration
was added to the medium for 30 min at
37°C. The cover slips were washed twice
in PBS, fixed in 4% paraformaldehyde,
and incubated with mouse anti-FLAG
and anti-Myc primary antibodies for 60
min at room temperature, followed by
sheep anti-mouse IgG conjugated to
FITC (Silenus-AMRAD Biotech, Boronia,
Victoria, Australia). Confocal images
were obtained with a Leica TCS4 SP2
spectral confocal scanner and a Leica
DMIRE2 microscope (Leica Microsys-
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tems, Gladesville, NSW, Australia)
equipped with a 100x oil immersion
objective.

RESULTS

We previously reported candidate
genes specific for pancreatic -cells
identified by PCR-based representa-
tional difference analysis of the mouse
pancreatic insulin-producing BTC3 and
glucagon-producing o'TC1 cell lines
(15). One of the PCR-generated se-
quences (BA12) was used to isolate and
sequence a cDNA clone from a BTC3
c¢DNA library. The isolated BA12 clone
contained a single open reading frame
encoding a protein of 247 amino acids.
A BLAST search of the deduced BA12
protein sequence showed it to be identi-
cal to monocyte to macrophage differ-
entiation 2 (Mmd2) factor, which had
been identified in a screen for mouse
gonad-specific genes (18), and to prog-
estin adipoQ receptor 10 (PAQR 10) an-
notated in GenBank (accession no.
AY424299) as a member of the PAQR
family. Initial analysis of the BA12
amino acid sequence using the Predict-
Protein program (http:/ /cubic.bioc.
columbia.edu/ predictprotein/) re-
vealed a protein with a predicted mo-
lecular mass of 29 kDa, comprising
seven transmembrane domains oriented
with an intracellular N-terminus and an
extracellular C-terminus. This topology
was consistent with that predicted by
Tang et al. (8) for all members of the
PAQR family. The protein also con-
tained a mitochondrial targeting se-
quence (MTS) at the N-terminus and a
predicted cleavage site between Arg at
position 28 and Tyr at position 29. Com-
parison of the mouse and human
PAQR10 cDNAs in the UCSC Genome
Bioinformatics databases (http://
genome.ucsc.edu/) revealed that mouse
and human PAQR10 genes are encoded
by seven exons with similar splicing
sites. Mouse PAQR10 maps to chromo-
some 5qG2 and the human gene to
chromosome 7p22.1. These mouse and
human chromosomal regions show sig-
nificant syntenic homology.
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Figure 1. Tissue expression of PAQR10
MRNA. (A) Northern blotting. A mouse
multiple tissue Northern blot (Clontech)
was hybridized with a PAQR10-specific
cDNA probe as described in Materials
and Methods. (B) RT-PCR. Total RNA ex-
tracted from different tissues was (+) or
was not (=) reverse transcribed and sub-
jected to PCR with specific oligonu-
cleotides for PAQRI0, PAQRI, PAQR7,
PAQRTI, and B-actin (infernal control).
Amplified products were analyzed on
1.5% agarose yels. PAN, pancreas; LIV,
liver; KID, kidney; S.IN, small intestine; COL,
colon; HRT, heart; LUN, lung; THY, thymus;
SPL, spleen; BRA, brain.

Northern blot analysis (Figure 1A) re-
vealed a 2.3-kb PAQR10 transcript
strongly expressed in testis and brain and
weakly in liver, heart, and kidney. By RT-
PCR, we examined expression of PAQR10
in different mouse tissues in comparison
to PAQR1, PAQR7, and PAQRI11 by RT-
PCR (Figure 1B). PAQR1, PAQR7, and
PAQRI11 were selected as being represen-
tative, respectively, of the adiponectin re-
ceptor, mPR, and hemolysin III subtypes
of PAQR family members. PAQR10 was
expressed in pancreas, liver, kidney, small
intestine, colon, heart, thymus, and brain,
and in BTC3 but not aTC1 cells. In con-
trast, PAQR1, PAQR7, and PAQR11 were
expressed in all tissues, except the pan-
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Figure 2. Developmental expression of the
PAQR10 gene. Total RNA was extracted
fromm mouse embryos at €10.5 and e12.5
or from dissected pancreas at €13.5,
e15.5, e17.5, and newborn stages. RNA
was (+) or was not () reverse franscribed
and subjected to PCR with specific oligo-
nucleotides for PAQRT0, Ngn3, PAQRI,
PAQRY, PAQRT1, and B-actin (internal
conftrol). Amplified products were ana-
lyzed on 1.5% ayarose yels.

creas, where PAQR7 and PAQRI1 expres-
sion was negligible or absent. Expression
of PAQR7 and PAQR11 was, however,
consistently detected in the BTC3 cell
line. In the oTC1 cell line, a single,
slightly larger PCR product was observed
for PAQR?, consistent with mRNA pro-
cessing by alternative splicing.

In investigating the expression of
PAQRI10 in the pancreas during mouse
embryonic development, we took advan-
tage of the fact that Ngn3, a basic helix-
loop-helix transcription factor, marks the
pancreatic endocrine lineage (19). More-
over, gene profiling in e13.5 and e15.5
Ngn3-deficient mice indicated that ex-
pression of PAQR10 is dependent on that
of Ngn3 (20). PAQR10 expression was
mapped in relation to that of Ngn3 and
PAQR family members representative of
the three subtypes (Figure 2). PAQR10
expression was low in whole embryos at
€10.5 and e12.5. In the pancreas, PAQR10
expression was highest at €13.5 and
€15.5, when the pancreatic epithelium is
undergoing branching morphogenesis
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and differentiation toward the endocrine
lineage, and then progressively de-
creased in older embryonic (e17.5) and
newborn pancreas, when it is presum-
ably restricted to B-cells. This pattern of
PAQRI0 expression mirrors that of Ngn3.
Of the other PAQR family members,
PAQR1 and PAQRY showed consistent
expression throughout pancreas develop-
ment, and PAQR11 was expressed during
embryogenesis but was undetectable in
the newborn pancreas (Figure 2).

In the embryonic pancreas, expres-
sion of PAQR10 protein was restricted
to branching epithelial structures at
e15.5, being absent from parenchyma
(Figure 3A). At el7.5, expression was
detected in endocrine islet structures
and in the ducts (Figure 3B), a pattern
maintained in the newborn (Figure 3C).
In the adult pancreas, PAQR10 expres-
sion was restricted to islet cells, pre-
sumably B-cells, being absent in ducts
(Figure 3D). Notably, however, promi-
nent expression was observed in both
islets and ducts of the maternal pan-
creas during pregnancy (e9.5) (Figure
3E). The punctate pattern of cytoplas-
mic staining of PAQR10 (Figure 3F)
suggested localization to mitochondria.
We therefore determined if the MLS at
the N-terminus of PAQR10 directed the
subcellular localization of the protein.

Bioinformatic analysis (Table 1) indi-
cated that of the 11 family members
only PAQR 9, 10, and 11 were predicted
to localize to mitochondria. For
PAQRI10, TargetP predicted a mitochon-
drial targeting sequence of similar
length in mouse (29 amino acids) and
human (28 amino acids), with an identi-
cal cleavage site. To determine if the
MTS of PAQR10 was functional, we ex-
amined the subcellular localization of
endogenous PAQR10 in BTC3 cells and
of tagged versions of PAQR10 after
overexpression in CHO cells. A 29-kDa
band corresponding to PAQR10 was de-
tected by Western blotting in total cell
lysates and in enriched mitochondrial
fractions of BTC3 but not aTC1 cells
(Figure 4A, left panel). Mitochondrial
enrichment was confirmed by blotting
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Figure 3. Expression of PAQR10 in the developing and adult pancreas. Immunohisto-
chemistry with rat anti-PAQR10 serum was performed on PFA-fixed sections of mouse
pancreas, as described in Materials and Methods. Shown are sections of pancreas from
e15.5 (10x) (A) and e17.5 (20x) (B) embryos, newborn female mouse (20x) (C), adult fe-
male mouse (20x) (D), and €9.5 maternal mouse pancreas at 40x (E) and 100x (F). For
controls, maternal mouse pancreas at €9.5 was stained in the absence of primary anti-
body (G), with rat anti-PAQR10 serum blocked with immunizing peptide (H), or with nor-
mal rat serum (1) (all 20x).

Table 1. Prediction of mitochondrial localization of mammalian PAQR family members.

Protein TargetP Predotar iPSort MitoProt Overall Prediction
PAQRI 0214 > 0.00 (=) - 0.0091 (=) -
PAQR2 0.206 (=) 0.00 (=) - 0.0082 (-) -
PAQR3 0.091 (= 0.02 (=) - 0.0943 (-) -
PAQR4 0.470 (M) 0.03 (= - 0.4352 (PM) PM
PAQRS 0.270 (=) 0.38 (PM) - 0.0254 (-) -
PAQR6 0.388 (M) 0.55 (M) - 0.3055 (-) PM
PAQR7 0.142 0.23 (PM) - 0.2474 (-) -
PAQRS 0.465 (=) 0.01 (=) - 0.6927 (M) -
PAQRY 0.931 (M) 0.37 (PM) M 0.7932 (M) M
PAQRI10 0.616 (M) 0.39 (PM) M 0.8140 (M) © M
PAQRT1 0.645 (M) 0.48 (M) M 0.9670 (M) M

Mitochondrial localization prediction programs: TargetP (36), http://www.cbs.dtu.dk/
services/TargyetP/; Predotar (37), hitp://urgi.infobiogen.fr/predotar/; iPSort (38), http://
biocaml.ory/ipsort/iPSORT/: MitoProtll (39), http://ihg.ysf.de/ihg/mitoprot.html. M, mito-
chondrial localization; PM, possible mitochondrial localization; -, no mitochondrial
localization predicted.

“Human sequence prediction, value for mouse PAQR10 is 0.1452 (-).
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Figure 4. Mitochondrial localization of PAQR10. (A) Mitochondrial localization assay. Total
M. cytoplasmic (C), or mitochondria-enriched (M) oTC1 (o) and BTC3 (B) lysates were an-
alyzed for PAQR10 expression by Western blot (leftf panel). Mitochondrial enrichment was
confirmed by Western blot analysis of prohibitin expression in the same C and M lysates
(right panel). (B) Confocal microscopy. CHO cells were transfected with plasmid con-
structs encoding versions of PAQR10 tagyyed at the C-terminus with myc (PAQR10-myc) or
enhanced green fluorescent protein (PAQR1T0-GFP), at the N-terminus with flag peptide
(Flag-PAQR10) or GFP (GFP-PAQRI10), or at both ends Flag-PAQR10-myc. Mitochondria
were detected by red fluorescence after staining with Mitotracker Red (left panels).
PAQR10 or protein tays were detected with the indicated specific antibodies and FITC-
labeled secondary antibodies. GFP was visualized under FITC channels (center panels),
and the imayes were meryed after confocal microscopy (right panels). These data dem-
onstrate that PAQR10 localizes to mitochondria and that N-terminal tfagying of PAQR10
prevents localization and changes its infracellular distribution to perinuclear sites.
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the cytoplasmic and mitochondrial frac-
tions from these cells with an antibody
against the mitochondrial protein, pro-
hibitin. A 30-kDa band corresponding
to prohibitin was detected only in mito-
chondrial fractions (Figure 4A, right
panel). The localization of tagged ver-
sions of PAQR10 transfected into CHO
cells was then investigated by immuno-
fluorescence and confocal microscopy
(Figure 4B). Mitochondria were labeled
by exposure of transfected CHO cells to
Mitotracker dye. The C-terminal tagged
versions of the protein, either PAQR-
myc or PAQR-GFD, localized to mito-
chondria. Mitochondrial localization was
absent if the protein was N-terminally
tagged with FLAG or GFP, after which
it was observed in perinuclear sites.
These results indicated that the MTS at
the N-terminus of PAQR10 directs its
localization to mitochondria.

DISCUSSION

We identified PAQR10, a member of
the highly conserved PAQR gene family,
in a screen for genes differentially ex-
pressed in pancreatic B-cell versus o-cell
lines. Compared with other PAQR genes,
the expression of PAQR10 was more re-
stricted and in adult mouse pancreas was
confined to islets. This was confirmed by
staining for PAQR10 protein, which was
localized to pancreatic ducts and en-
docrine tissue in the embryo, neonate,
and pregnant adult, but to islets only
and not ducts in the nonpregnant female.
Consistent with this endocrine localiza-
tion, expression of PAQR10 in the em-
bryo appeared to mirror that of Ngn3, a
transcription factor that marks the en-
docrine lineage. Petri et al. (20) reported
that PAQR10 was one of many genes not
expressed in Ngn3-knockout mice, which
fail to develop an endocrine pancreas. Its
expression pattern infers a role for
PAQR10 in endocrine pancreas develop-
ment and hyperplasia in pregnancy.

The potential function of PAQR10 is
suggested by its localization to the mito-
chondrion, which has recently been rec-
ognized as a primary site of action of
steroid and thyroid hormones (21). Mito-
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chondrial localization is predicted for
PAQR9 and PAQR11. PAQRY is a puta-
tive mPR, whereas PAQR10 and 11 are
closely related to bacterial hemolysins.
Hemolysin III functions as a pore-form-
ing membrane protein (10), and bacterial
virulence factors have recently been
shown to target mitochondria and up- or
downregulate apoptosis in target cells
(22). In eukaryotes, pro- and anti-apop-
totic members of the Bcl-2 family regu-
late the mitochondrial pathway of apo-
ptosis by controlling permeability of the
outer mitochondrial membrane (23). Be-
cause PAQRI10 targets mitochondria, and
similar targeting is predicted for
PAQR11, it will be of interest to deter-
mine if these PAQRSs, structurally related
to hemolysins, have pore-forming, apo-
ptosis-regulating properties, and their re-
lationship to the function of Bcl-2 family
members. We suggest that PAQR10 may
promote growth-survival of the en-
docrine pancreas via an effect on the mi-
tochondrial pathway of apoptosis. The
ligand for PAQRI0 is unknown, but the
receptor could act as a signal transducer
that translocates to mitochondria upon
ligand binding. There are precedents for
translocation of signaling molecules be-
tween the cell surface and mitochondria:
the Clq receptor, a globular protein
structurally related to adiponectin, con-
tains a functional MTS at its N-terminus
and traffics between the cell surface and
mitochondria (24); the receptor for stan-
niocalcin, a hormone which regulates cal-
cium and phosphate excretion in the kid-
ney and gut, resides in both the plasma
membrane and mitochondria (25).

In pregnancy, in response to an in-
creased demand for insulin, pancreatic
B-cells undergo major changes to com-
pensate for systemic insulin resistance.
These include increases in cAMP metab-
olism and glucose oxidation, gap junc-
tion coupling between B-cells, glucose-
stimulated insulin release, insulin
synthesis, and B-cell proliferation
(26-28). In rodents, maternal B-cell prolif-
eration in pregnancy is induced by the
lactogenic hormones, prolactin (PRL) and
placental lactogen (PL), and counter-

regulated by the steroid hormone prog-
esterone (29). Mice with deletion of the
classic progesterone receptor have in-
creased insulin secretion and glucose
clearance associated with an increase in
B-cell proliferation and mass (30), consis-
tent with an inhibitory effect of proges-
terone on B-cell proliferation and function.
The function of mPRs in the pancreas is
unknown, but progesterone has been
shown to inhibit insulin secretion di-
rectly, by a cell membrane-initiated,
nongenomic effect that decreases Ca®" in-
flux (31). Three PAQR family members,
PAQRS, 7, and 8, specifically bind prog-
estins (6,11), and because of sequence
similarities, PAQR6 and 9 are also puta-
tive mPRs (8). It would be of interest
therefore to determine the contribution of
PAQR family mPRs to the inhibitory ef-
fect of progesterone on B-cell prolifera-
tion and function. In regard to PAQR10,
however, there is no evidence currently
that the ligand for this receptor is a prog-
estin, and our findings suggest that it
may not be. Thus, PAQR10 expression
mirrored pancreatic endocrine develop-
ment in the late embryo-neonate and was
detected not only in pancreatic islets but
also ducts, from which B-cells are known
to derive, in pregnancy. These findings
are not in keeping with the inhibitory ef-
fect of progesterone on B-cell prolifera-
tion and function, but rather with promo-
tion of B-cell development and survival.
Finally, the localization of PAQR10 ex-
pression to B-cells raises the possibility
that it may be a diabetes susceptibility
gene. Susceptibility to type 2 diabetes
maps to chromosomal regions containing
genes for the adiponectin receptors
PAQR1 and PAQR?2 (32), and family
studies show significant associations be-
tween adiponectin (33) and PAQR1 (34)
polymorphisms and type 2 diabetes. A
genome-wide scan for type 2 diabetes
genes in Japanese sib pairs (35) identified
a region of strong linkage at 7p21-22,
with a maximum LOD score at marker
D7S517, which is just 0.5 Mb away from
PAQRI10. We conclude that further stud-
ies are likely to establish a key role for
PAQRI10 in pancreatic B-cell biology.

RESEARCH ARTICLE

ACKNOWLEDGMENTS

This work was supported by a part-
nership Program Grant from the Juve-
nile Diabetes Research Foundation
(JDRF) and the National Health and
Medical Research Foundation of Aus-
tralia (NHMRC). L.C.H. is a Senior Prin-
cipal Research Fellow of the NHMRC.
L.J.G. was supported in part by a grant
from Diabetes Australia Research Trust.
The authors thank Catherine McLean for
secretarial assistance.

DISCLOSURE

The authors declare that they have no
financial or other conflict of interest re-
lating to the work described in this
manuscript.

REFERENCES

1. Watson CS. (1999) Signaling themes shared be-
tween peptide and steroid hormones at the
plasma membrane. Sci. STKE 1999:PE1.

2. Razandi M, Pedram A, Levin ER. (2000) Plasma
membrane estrogen receptors signal to antiapop-
tosis in breast cancer. Mol. Endocrinol. 14:1434-47.

3. Simoncini T, et al. (2002) Novel non-transcriptional
mechanisms for estrogen receptor signaling in
the cardiovascular system: interaction of estrogen
receptor alpha with phosphatidylinositol 3-OH
kinase. Steroids 67:935-9.

4. Luconi M, et al. (2002) Characterization of mem-
brane nongenomic receptors for progesterone in
human spermatozoa. Steroids 67:505-9.

5. Simoncini T, Genazzani AR. (2003) Non-genomic
actions of sex steroid hormones. Eur. J. Endocrinol.
148:281-92.

6. Zhu, Rice CD, Pang Y, Pace M, Thomas P.
(2003) Cloning, expression, and characterization
of a membrane progestin receptor and evidence
it is an intermediary in meiotic maturation of fish
oocytes. Proc. Natl. Acad. Sci. U. S. A. 100:2231-6.

7. Lyons TJ, Villa NY, Regalla LM, Kupchak BR,
Vagstad A, Eide DJ. (2004) Metalloregulation of
yeast membrane steroid receptor homologs. Proc.
Natl. Acad. Sci. U. S. A. 101:5506-11.

8. Tang YT, et al. (2005) PAQR proteins: a novel mem-
brane receptor family defined by an ancient 7-
transmembrane pass motif. J. Mol. Evol. 61:372-80.

9. Karpichev IV, Cornivelli L, Small GM. (2002)
Multiple regulatory roles of a novel Saccha-
ronyces cerevisiae protein, encoded by YOL002c,
in lipid and phosphate metabolism. J. Biol. Chemn.
277:19609-17.

10. Baida GE, Kuzmin NP. (1996) Mechanism of ac-
tion of hemolysin III from Bacillus cereus. Biochim.
Biophys. Acta 1284:122—4.

11. Zhu Y, Bond J, Thomas P. (2003) Identification,
classification, and partial characterization of

MOL MED 14(11-12)697-704, NOVEMBER-DECEMBER 2008 | GONEZ ET AL. | 703



PROGESTIN-ADIPOQ RECEPTOR 10 IN PANCREAS

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

704 1

genes in humans and other vertebrates homolo-
gous to a fish membrane progestin receptor. Proc.
Natl. Acad. Sci. U. S. A. 100:2237-42.

Yamauchi T, et al. (2003) Cloning of adiponectin
receptors that mediate antidiabetic metabolic ef-
fects. Nature 423:762-9.

Ashley RL, Clay CM, Farmerie TA, Niswender
GD, Nett TM. (2006) Cloning and characteriza-
tion of an ovine intracellular seven transmem-
brane receptor for progesterone that mediates
calcium mobilization. Endocrinology 147:4151-9.
Krietsch T, et al. (2006) Human homologs of the
putative G protein-coupled membrane progestin
receptors (mPRalpha, beta, and gamma) localize to
the endoplasmic reticulum and are not activated
by progesterone. Mol. Endocrinol. 20:3146-64.
Niwa H, Harrison LC, DeAizpurua HJ, Cram DS.
(1997) Identification of pancreatic beta cell-
related genes by representational difference anal-
ysis. Endocrinology 138:1419-26.

Efrat S, et al. (1988) Beta-cell lines derived from
transgenic mice expressing a hybrid insulin
gene-oncogene. Proc. Natl. Acad. Sci. U. S. A.
85:9037-41.

Waterhouse NJ, Goldstein JC, Kluck RM,
Newmeyer DD, Green DR. (2001) The (Holey)
study of mitochondria in apoptosis. Methods Cell
Biol. 66:365-91.

Menke DB, Page DC. (2002) Sexually dimorphic
gene expression in the developing mouse gonad.
Gene Expr. Patterns 2:359-67.

Gu G, Dubauskaite J, Melton DA. (2002) Direct
evidence for the pancreatic lineage: NGN3" cells
are islet progenitors and are distinct from duct
progenitors. Development 129:2447-57.

Petri A, et al. (2006) The effect of neurogenin3 de-
ficiency on pancreatic gene expression in embry-
onic mice. | Mol. Endocrinol. 37:301-16.

Psarra AM, Solakidi S, Sekeris CE. (2006) The mi-
tochondrion as a primary site of action of steroid
and thyroid hormones: presence and action of
steroid and thyroid hormone receptors in mito-
chondria of animal cells. Mol. Cell. Endocrinol.
246:21-33.

Boya P, Roques B, Kroemer G. (2001) New EMBO
members’ review: viral and bacterial proteins
regulating apoptosis at the mitochondrial level.
EMBO J. 20:4325-31.

Chipuk JE, Green DR. (2008) How do BCL-2 pro-
teins induce mitochondrial outer membrane per-
meabilization? Trends Cell Biol. 18:157-64.
Ghebrehiwet B, Lim B-L, Kumar R, Feng X,
Peerschke EIB. (2001) gC1q-R/p33, a member of a
new class of multifunctional and multicompart-
mental cellular proteins, is involved in inflamma-
tion and infection. Immunol. Rev. 180:65-77.
McCudden CR, James KA, Hasilo C, Wagner GF.
(2002) Characterization of mammalian stannio-
calcin receptors: mitochondrial targeting of lig-
and and receptor for regulation of cellular me-
tabolism. | Biol. Chem. 277:45249-58.

Sorenson RL, Brelje TC. (1997) Adaptation of
islets of Langerhans to pregnancy: beta-cell

GONEZ ET AL. |

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

growth, enhanced insulin secretion and the role
of lactogenic hormones. Horm. Metab. Res.
29:301-7.

Kawai M, Kishi K. (1999) Adaptation of pancre-
atic islet beta-cells during the last third of preg-
nancy: regulation of beta-cell function and prolif-
eration by lactogenic hormones in rats. Eur. J.
Endocrinol. 141:419-25.

Nielsen JH, et al. (2001) Regulation of beta-cell
mass by hormones and growth factors. Diabetes
50(Suppl 1): S25-9.

Sorenson RL, Brelje TC, Roth C. (1993) Effects of
steroid and lactogenic hormones on islets of
Langerhans: a new hypothesis for the role of
pregnancy steroids in the adaptation of islets to
pregnancy. Endocrinology 133:2227-34.

Picard F, Wanatabe M, Schoonjans K, Lydon J,
O’Malley BW, Auwerx J. (2002) Progesterone re-
ceptor knockout mice have an improved glucose
homeostasis secondary to beta-cell proliferation.
Proc. Natl. Acad. Sci. U. S. A. 99:15644-8.

Straub SG, Sharp GW, Meglasson MD, De Souza
CJ. (2001) Progesterone inhibits insulin secretion
by a membrane delimited, non-genomic action.
Biosci. Rep. 21:653-66.

Kadowaki T, Hara K, Yamauchi T, Terauchi Y,
Tobe K, Nagai R. (2003) Molecular mechanism of
insulin resistance and obesity. Exp. Biol. Med.
228:1111-7.

Vasseur F, et al. (2002) Single-nucleotide poly-
morphism haplotypes in the both proximal pro-
moter and exon 3 of the APM1 gene modulate
adipocyte-secreted adiponectin hormone levels
and contribute to the genetic risk for type 2 dia-
betes in French Caucasians. Hum. Mol. Genet.
11:2607-14.

Qi L, Doria A, Giorgi E, Hu FB. (2007) Variations
in adiponectin receptor genes and susceptibility
to type 2 diabetes in women: a tagging-single nu-
cleotide polymorphism haplotype analysis. Dia-
betes 56:1586-91.

Mori Y, et al. (2002) Genome-wide search for type
2 diabetes in Japanese affected sib-pairs confirms
susceptibility genes on 3q, 15q, and 20q and
identifies two new candidate loci on 7p and 11p.
Diabetes 51:1247-55.

Emanuelsson O, Nielsen H, Brunak S, von Heijne
G. (2000) Predicting subcellular localization of
proteins based on their N-terminal amino acid
sequence. . Mol. Biol. 300:1005-16.

Small I, Peeters N, Legeai F, Lurin C. (2004) Pre-
dotar: a tool for rapidly screening proteomes for
N-terminal targeting sequences. Proteontics
4:1581-90.

Bannai H, Tamada Y, Maruyama O, Nakai K,
Miyano S. (2002) Extensive feature detection of
N-terminal protein sorting signals. Bioinformatics
18:298-305.

Claros MG, Vincens P. (1996) Computational
method to predict mitochondrially imported pro-
teins and their targeting sequences. Eur. J.
Biochem. 241:779-86.

MOL MED 14(11-12)697-704, NOVEMBER-DECEMBER 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


