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Neurosecretory protein GL in male mice
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We have recently identified a novel cDNA encodirgnzall secretory protein termed
neurosecretory protein GL (NPGL) from the aviandtiyalamus. In chicks, NPGL increases
body weight gain without affecting food intake. Atdbase search reveals that NPGL is
conserved throughout vertebrates. However, theaetistribution and functional role of
NPGL remains to be elucidated in mammals. In thidys we identified the precursor cDNA
encoding NPGL from the mouse hypothalamus. Quantt& T-PCR and morphological
analyses revealed thidPGL precursor mRNA is robustly expressed in the meakab
hypothalamus with NPGL neurons specifically looadizo the lateroposterior part of the
arcuate nucleus in the hypothalamus. NPGL-immurtireafibers were observed in close
anatomical contact with pro-opiomelanocortin nesrionthe rostral region of the arcuate
nucleusNPGL mRNA expression was elevated by 24 h fasting addaed by feeding of a
high fat diet for 5 weeks. Furthermore, intraceosentricular injection of mature NPGL
increased food intake, pointing to an importang lialfeeding. Together, these findings
provide the first report on the distribution of NP{ the mammalian brain and point to an
important role for this neuropeptide in energy hostasis.

Abbreviations

NPGL, neurosecretory protein GL; POMC, pro-opiometzortin; NPY, neuropeptide Y; AgRP,
agouti-related protein; DIO, diet-induced obesMBH, the mediobasal hypothalamus; ArcLP, the
lateroposterior part of the arcuate nucleus; VMi¢, ¥entromedial hypothalamus; DMH, the

dorsomedial hypothalamus; HFD, high fat diet; Soss@pressor of cytokine signaling 3
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This report represents the first characterization of precursor protein, localization, distribution, and

biological action of neurosecretory protein GL (NPGL) in the mouse hypothalamus.

Introduction

The discovery of leptin, an anorexigenic peptidentane secreted from adipose tissues (1),
helped to clarify the means by which body composits communicated to central structures
that regulate feeding and metabolism. Leptin exgstsffect via two major neuronal
populations, i.e., orexigenic neuropeptide Y (NRYputi-related protein (AgRP) neurons
and anorexigenic pro-opiomelanocortin (POMC) nesriorthe arcuate nucleus (Arc) of the
hypothalamus (2). In addition to leptin, ghrelin,@exigenic peptide hormone secreted
mainly from the gastric tissue, acts on NPY/AgRRBroas (3) to increase feeding. Feeding is
further controlled by hypothalamic orexin, alsoledlhypocretin, cells that are directly
targeted by leptin and ghrelin (4). In turn, oreg@lls innervate a number of neuronal
phenotypes, including histaminergic, serotonergit @opaminergic neurons (4). Despite
considerable progress in understanding the regulati hunger and satiety over the last
several decades, the neural control of feedingti€ompletely understood. To further
understand of the mechanism regulating feedingwehave sought to identify previously
unknown hypothalamic neuropeptides.

To find novel neuropeptide precursors in the vegtbbrain, we performed a cDNA
subtractive screen of the chicken hypothalamicrndiioulum which contains one of the
feeding centers in this species. After sequenc@cdiones, we identified a novel cDNA
encoding a previously unknown small protein anchet this neurochemical neurosecretory
protein GL (NPGL) because the precursor proteinaiord a secretory signal sequence at the
N-terminus and the predicted C-terminal amino aoidfie small protein were Gly-Leu-NH
(5). In chicks, subcutaneous chronic infusion of@IlRnduces a significant increase in body
weight gain without affecting food intake, suggegta central role for this protein in
regulating growth in this species (5). A databassrch revealed that the gene for NPGL is
conserved in vertebrates, including human, ratraadse. Given the role of NPGL in chick
body weight regulation, we speculated that the malam homolog of NPGL might play an
important role in feeding and/or energy metabolifisa result, the present investigation
sought to characterize whether NPGL is in a pasitiinteract with well-established feeding
circuitry and impact food intake. To accomplishstbpal, we first cloned the cDNA encoding
NPGL from the mouse hypothalamus and investigdtedlistribution of NPGL neurons
throughout the brain. To explore the role of NP@Lrionitoring energetic state, the
expression oNPGL precursor mRNA was examined during fasting anahimals provided
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with a high fat diet (HFD). Finally, the role of IBR. on feeding was explored by
investigating the effect of intracerebroventriculiac.v.) injections of NPGL on food intake.

Materials and Methods

Animals

C57BL/6J mice were purchased from Charles Riveotatories (Kanagawa, Japan) and
housed in standard conditions (23 + 2°C under a li@mt/12hr dark cycle) wittad libitum
access to water and normal chow (CE-2; CLEA Japakyo, Japan). Mice fed HFD
(D12492; Research Diets, New Brunswick, NJ) fanesits or 13 weeks beginning at 4 weeks
of age were also purchased from Charles River laboes. All animal experiments were
performed according to the Guide for the Care asé &f Laboratory Animals prepared by
Hiroshima University (Higashi-Hiroshima, Japan).

Molecular cloning of cDNA encoding NPGL

Male mice (8 weeks old) were used. The method tsetbneNPGL have been described
previously (6—9) and are briefly described herBireliminary results revealed that tNEGL
precursor mMRNA was highly expressed in the medaldagpothalamus (MBH). Therefore,
cDNA synthesized from total RNA in the MBH was useda source for cloning. Primers
were designed based on the genomic sequence Hatan(@some 1; accession no.
AL645534). For cloning the 5' region, cDNA was aifigdl with the first primer: 5'-
TCTAAGGAGCTGAGAATATGCA-3' (nucleotide no. 72,675-854) and the oligo dT
anchor primer supplied in the 5'/3" rapid amplifica of cDNA ends (RACE) kit (Roche
Diagnostics, Basal, Switzerland). First-round PC8&Jpcts were re-amplified with the
second primer: 5-TTAGAAACACGAGGCTTCC-3' (nucleatidio. 68,693-68,675) and the
anchor primer. For cloning the 3' region, cDNA vaasplified with the first primer: 5'-
CACAGTCAGACAGACCTGC-3' (nucleotide no. 68,593-6819and the anchor primer.
First-round PCR products were re-amplified with seeond primer: 5'-
CTGCTGACTCTTAACCAAGC-3' (nucleotide no. 68,608-687% and the anchor primer.
These second-round PCR products were subcloned ififocloning vector (0GEM-T Easy;
Promega Corp., Madison, WI) in accordance withntlamufacturer’s instructions. The DNA
inserts of the positive clones were amplified byRP@th universal M13 primers. The
nucleotide sequence was determined using an ABERRDye terminator cycle sequencing
ready reaction kit (Applied Biosystems, Foster OiA) and a model 310 automated DNA
sequencer (Applied Biosystems), and then analyzgd@DNASIS-Pro software (Hitachi
Software Engineering, Kanagawa, Japan). Univerdd primers or gene-specific primers
were used to sequence both strands.
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Real-time RT-PCR

Male mice (8 weeks old) were sacrificed to exantireedistribution oNPGL mRNA
throughout the brain (telencephalon, diencephat@sencephalon, cerebellum, and MBH).
In addition, the MBH from mice (9 and 17 weeks diet) HFD for 5 and 13 weeks were also
used. The tissues were frozen in liquid nitrogeth stored at —80°C for RNA processing.
Total RNA was isolated with TRIzol regent (Life Temlogies, Carlsbad, CA). RNA
concentration was measured by nanodrop spectrog@tigymo Fisher Scientific, Waltham,
MA), and cDNA was reverse-transcribed using Rev@ ACE gPCR RT Master Mix with
gDNA Remover (TOYOBO, Osaka, Japan). PCR amplificest were performed with the
THUNDERBIRD SYBR gqPCR Mix (TOYOBO) using followingonditions; 95°C for 20 s,
followed by 40 cycles of 95°C for 3 s, and 60°C 36rs.3-actin (ACTB) was used as
endogenous controls. The following primers weredusi®GL sense primer; 5'-
GGAACCATGGCTTAGGAAGG-3' (nucleotide no. 326-3451ndhe ATG initiation codon)
andNPGL antisense primer; 5-TCTAAGGAGCTGAGAATATGCA-3' (cleotide no. 435-
414),suppressor of cytokine signaling 3 (Socs3) sense primer; 5'-
ACCAGCGCCACTTCTTCACG-3' (nucleotide no. 224-243)&@ncs3 antisense primer; 5'-
GTGGAGCATCATACTGATCC-3' (nucleotide no. 673-654nACTB sense primer; 5'-
GGCACCACACCTTCTACAAT-3' (nucleotide no. 257-276)daACTB antisense primer; 5'-
AGGTCTCAAACATGATCTGG-3' (nucleotide no. 379-360)h& nucleotide sequences of
PCR products were confirmed using DNA sequenceeasribed above. Data of real-time
PCR were analyzed by thé*2°' method (10).

In situ hybridization

Male mice (8 weeks old) were transcardially perfissgth 0.9% saline followed by 4%
paraformaldehyde. The brains were post-fixed ogitréind then put in sucrose solution
(30% in 10 mM phosphate buffer) at 4°C until thapls The brains were cut at 16 um
thickness with a cryostat at —20°C. Digoxigenin@Mabeled antisense and sense RNA
probes were produced from a cloned PCR fragmeitt §®y with the sense primer:
GTTCATTGTGGGAATATGCT (nucleotide no. 60-79) and thetisense primer:
TCTAAGGAGCTGAGAATATGCA (nucleotide no. 435-414) ugj the Dig-RNA labeling

kit [SP6/T7] (Roche Diagnostics). Labeling was anptished as previously described (6, 7).

Production of NPGL and antibody against NPGL
The deduced mouse NPGL peptide containing 80 aauitbresidues, identical to the rat
NPGL sequence, was synthesized by microwave-agsetil-phase peptide synthesis using
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using synthetic NPGL as the antigen. The antigéutiso was mixed with Freund’s complete
adjuvant and injected into guinea pigs and rabBifier a booster injection, blood was
collected from each animal and the optimal seruth Wigh titer was selected by a dot-blot
analysis. Anti-NPGL antibody was purified on an NPénjugated sepharose 6B column.

I mmunohistochemistry

Male mice (8 weeks old) were injected with colcheinto lateral ventricle (30g/2.5ul).
After 2 days, the brains were cut on 20 or 60 potices with a cryostat at —20°C following
cryoprotection and freezing. The procedure usingimoenzyme and immunofluoroscence
staining on floating sections was conducted asriestpreviously (8, 9, 12). Briefly, for the
enzyme labeled antibody method, the sections wergated in blocking buffer (1% BSA,
1% normal goat serum and 0.3% triton X-100 in 10 PBRB) for 1 hour after incubating with
3% HO, in absolute methanol for 30 min at room tempegt8ubsequently, sections were
incubated in the guinea pig antibody against NPGER(JO dilution in blocking buffer)
overnight at 4°C, and then with goat anti-guinegplgiG (1:1000 dilution; Vector
Laboratories, Burlingame, CA). Immunoreactive praidwere detected with an ABC kit
(VECTASTAIN Elite Kit; Vector Laboratories). A cordl experiment was performed to
examine antibody specificity by preadsorbing thekia dilution of the primary antibody
with a saturating concentration (10 pg/ml) of NPGL.

For the immunofluorescence method, the sections weubated in blocking buffer (1%
BSA, 1% normal donkey serum and 0.3% triton X-19Q0 mM PBS) for 1 hour at room
temperature before incubating with the rabbit adipagainst NPGL (1:250 dilution in
blocking buffer) overnight at 4°C. Cy3-conjugatexhkey anti-rabbit IgG (1:400 dilution,
711-165-152; Jackson ImmunoResearch, West Grovewas used as a secondary antibody.

Interactions of NPGL-immunoreactive fibers with NRgRP or POMC neurons were
surveyed using double-label immunofluorescenceli®is: a guinea pig antibody against
NPGL (1:500 dilution) and a rabbit antibody agaiigRP (1:10,000 dilution, H-003-57;
Phoenix Pharmaceuticals, Burlingame, CA) were tisethe detection of NPGL fibers and
NPY/AgRP neurons, and a rabbit antibody against NPZ250 dilution) and a guinea pig
antibody against humgiendorphin (1:2,000 dilution, T-5009; Peninsula dadtories, San
Carlos, CA) were used for the detection of NPGleftband POMC neurons. Cy3-conjugated
donkey anti-rabbit IgG (1:400 dilution, 711-165-132ackson ImmunoResearch) and Alexa
Fluor 488-conjugated donkey anti-guinea pig Ig®QD: dilution, 706-545-148, Jackson
ImmunoResearch) were used as secondary antiboldiesunoreactive labeling was
observed using an Eclipse E600 conventional mioms¢Nikon, Tokyo, Japan) or a FV1000
confocal microscope (Olympus, Tokyo, Japan).
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[.c.v. injection

Male mice (8 weeks old) were employed. A guide cden(22 gauge, C313GS-5; Plastics
One, Roanoke, VA) was fixed to the skull using &cmesin (Shofu, Kyoto, Japan). The final
coordinates of the guide cannula tips were 0.2 raudal to bregma, 1.0 mm lateral to
midline, and 1.25 mm ventral to the skull surfaliee injector (28 gauge, C313IS-5; Plastics
One) was extended to 1.0 mm below the tip of thdegonannula. Injections were delivered by
a syringe (Hamilton, Bonaduz, Switzerland) conngttepolyethylene tubing using a syringe
pump controller (BASIi, West Lafayette, IN). Thednfion of reagents was performed after a
postoperative period of 10 days. NPGL was diluted0% propylene glycol at pH 8.0 and the
injection dose was.0 nmol/animal. The vehicle of 30% propylene glyatopH 8.0 was used
as a control. The injection was conducted at beggaf light period and food intake was
measured at 1, 2, 4, 6, 8, 10 and 24 hours afeinjaction.

Measurement of serum glucose concentration
Serum glucose concentration was measured by GLUMREC&+ meter (Arkray, Kyoto,
Japan).

Statistics

Statistically significant differences were calcelhusing Students test or a one-way
analysis of variance (ANOVA). DifferencesRiwvalues < 0.05 were considered statistically
significant.

Results

Cloning of cDNA encoding the mouse NPGL precursor

The cDNA sequence encoding NPGL was determinedydstal RNA isolated from the
mouse hypothalamus. The open reading frame wagp4énd the deduced protein consisted
of 181 amino acid residues (Fig. 1A). The precupsotein includes a 33-amino acid signal
peptide at the N-terminus, an 80-amino acid ressioall protein, a Gly amidation signal and
a dibasic cleavage site (Arg-Arg) at the C-termiatithe small protein, and an extended C-
terminal sequence (Fig. 1A). In addition, NPGL @m$ two Cys residues, suggesting
disulfide bond formation (Fig. 1A). The amino asifjuence alignment of NPGL proteins
deduced from the cDNA of mouse and chicken is shiowrig. 1B. The amino acid sequence
similarity of NPGL between the mouse and chicke®5%o.

Expression of the NPGL precursor mRNA in the brain
The expression levels of tiNPGL precursor mRNA within different regions of the lorai
including the telencephalon, diencephalon, mesdratep, cerebellum, and MBH were
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examined by real-time RT-PCRheNPGL precursor mRNA was exclusively expressed in
the MBH, whereas expression in other brain regieas around background levels (Fig. 2).

Morphological analysis

The localization of the NPGL-containing cells irthrain was further analyzed bysitu
hybridization and immunohistochemistry. Figure 3hamatically shows the localization of
NPGL-containing cell bodies (closed dots) and Bb@pen dots) in the MBHn situ
hybridization revealed that cells expressingMR&L precursor mMRNA were specifically
distributed in the lateroposterior part of the AecLP) within the MBH (Fig. 3, B and C).
Positive signals were detected by the antisendsep(feig. 3, B and C), but not by the sense
probe (Fig. 3D). Immunohistochemistry also showet NPGL-immunoreactive cell bodies
and fibers were localized in the ArcLP within thé&M (Fig. 3E). Cell and fiber labeling were
absent in preadsorption experiments (Fig. 3F). ddiehicine treatment enabled the detection
of NPGL-immunereactive cells. NPGL-immunoreactileefs were distributed in the lateral
part of the Arc (ArcL), around the ventromedial byfpalamus (VMH), near the third
ventricle (Fig. 3, G and H), and between the doesdial hypothalamus (DMH) and the
posterior hypothalamus (PH) (Fig. 3, A, G and H).

The interactions of NPGL neurons with other welbWwm neuropeptides regulating
feeding, i.e., NPY/AgRP or POMC neurons, were itigased in the rostral regions of the
Arc. NPGL-immunoreactive fibers were found in cleggosition to POMC neurons in the
ArcL but not NPY/AgRP neurons (Fig. 4). Using cardbmicroscopy, NPGL-
immunoreactive fibers were found to contact POMGraes (Fig. 4, F—H).

Expression of the NPGL precursor mRNA under fasting

As the location of NPGL cell bodies and projectianghe hypothalamus pointed to a
potential role for this protein in energy metabogulation (13), we examined the response
of NPGL to a negative energy balance. The expres#iblPGL precursor mRNA was
examined after 24 h of fasting. The expressionlle/BIPGL was significantly higher in
fasted mice relative to non-fasted mice (Fig. 5)hough both fasted and non-fasted mice
showed similar serum glucose levels (Fig. 5B), bedight significantly decreased in fasted
mice (Fig. 5C).

Expression of the NPGL precursor mRNA under short- or long-term exposureto HFD

The increased expressionNiPGL in fasted mice, suggested that this protein mayes®
signal a negative energy balance. To further exarfirs possibility, we explored whether
NPGL expression would be decreased during a positiveggretate. When mice were fed
HFD for 5 weeks beginning at 4 weeks of age, th@ession level of thBIPGL precursor
MRNA was significantly reduced in HFD-fed mice (Féd\). It is known that HFD intake
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induces an increase in a hypothalamic suppressoytokine signaling 3 (Socs3) that serves
to inhibit leptin signaling, eventually leadingdbesity in HFD-fed mice (14). Therefore, we
measured th8ocs3 mMRNA expression level and body weight in normalwi{NC)- and
HFD-fed mice. Contrary to expectation, significdifferences were not detected in both
parameters (Fig. 6, B and C). However, serum git®gels were significantly elevated in
HFD-fed mice (Fig. 6D).

When mice were fed HFD for 13 weeks beginning aieéks of ageNPGL precursor
MRNA expression levels in HFD-fed mice did not eiffrom that of control mice (Fig. 6E).
Socs3 mMRNA expression levels and body weight signifibaimcreased in HFD-fed mice
(Fig. 6, F and G). Serum glucose levels were sicamtly higher in HFD-fed mice than in
NC-fed mice, as well as mice fed for 5 weeks (Bid)

Effect of NPGL on food intake

BecauseNPGL precursor mRNA expression levels were up-regulbtefhsting and down-
regulated by short-term HFD feeding, we predicted NPGL acts as an orexigenic
neuropeptides in mice. To examine this possibilitg,administrated NPGL, mature protein,
into the lateral ventricle at the beginning of ligieriod, and measured food intake at 1, 2, 4,
6, 8, 10 and 24 hours after the i.c.v. injectionm@ilative food intake significantly increased
about 2.5 times after 2 hours from the injectiorg about 2 times after 4, 6, 8 and 10 hours
(Fig. 7A). A significant difference was not detettgter 24 hours from the injection (Fig.
7A). Food intake per unit time significantly inceea 3.3 times from 1 to 2 hour, 2.9 times
from 4 to 6 hour and 1.6 times from 6 to 8 houemiihjection (Fig. 7B). This result indicates
that the orexigenic effect of NPGL deterioratedrdiree but was sustained for at least 8
hours (Fig. 7B).

Discussion

We have recently reported that the mRNA encodin@GNRa novel hypothalamic small
secretory protein, is expressed in the chicken thgdamus, and NPGL may patrticipate in the
growth process in chicks (5). We speculated th@tNRGL precursor gene is conserved in
vertebrates, including mammals, a possibility conéd via a database search (5). The
present study shows, for the first time, the clgrahNPGL cDNA and thadentification of
NPGL neurons in the mammalian brain. FurthermBRGL precursor mRNA expression
levels are elevated by fasting and reduced by 4bort HFD feeding, and central injections
of NPGL increase food intake. Together, these tesuiggest that NPGL is a novel
orexigenic neuropeptide in mice.

Quantitative RT-PCR and morphological analysesatkethat NPGL neurons are
located in the ArcLP within the MBH. The rostragren of the Arc in the hypothalamus is
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one of the centers of energy metabolic regulatimh@ntains two major neuronal
populations (i.e., NPY/AgRP neurons and POMC nesirdn15). NPY/AgRP neurons
promote food intake and decrease energy expengdittnereas POMC neurons have the
opposite effect (13). mMRNA expression levels of Nt POMC change in response to
energetic status in order to maintain energy hotass(13). In the present study, double-
label immunofluorescence revealed that NPGL-immeadtive fibers form close contacts
with POMC neurons in the ArcL. This result suggestg NPGL may stimulate feeding
behavior through inhibition of anorexigenic POMQirans. In addition to the ArcL, NPGL
neuronal fibers were also observed in the DMH aMHV Several neuropeptidergic cell
phenotypes that regulate food intake are distriburtehe DMH and VMH. In particular, a
population of NPY cells is found in the DMH in atidn to the ArcL (16). NPY cells in this
region, as well as in the ArcL, stimulate food k#dq17). A few cell bodies expressing
melanin-containing hormone (MCH) and orexin/hypticrare also found in the DMH,
although the majority of these cells are locatethelateral hypothalamic area (LHA) (18).
Both MCH and orexin/hypocretin neurons promote foddke (19, 20). In the VMH,
pituitary adenylate cyclase-activating polypep{{BACAP) cells are expressed 21) and
central injections of PACAP inhibit food intake j2Zhus, NPGL may regulate food intake
by acting via these well-established mechanismenefgetic control.

A negative energy balance induced by fasting esl/tite expression &fPGL precursor
MRNA, suggesting that NPGL has orexigenic propeitiemice. As mentioned previously,
fasting increases orexigenic neuropeptides suttPa6(23, 24) and agouti-related protein
(AgRP) (24, 25). Further support for an orexigewie of NPGL comes from the fact that
injection of NPGL increased food intake. Becausarsgylucose levels were not affected by
fasting in this study, it is likely that changeNRGL expression are not a result of changes in
glucose. In contrast, HFD feeding for 5 weeks,mit13 weeks (a positive energy balance)
reduced the expression NPGL precursor mRNA. Extended maintenance on a HFD impa
central leptin sensitivity, increases body weiglniti inevitably leads to leptin resistance and
obesity (26, 27), in part, through increased hyalatimicSocs3 expression (14, 28). In the
present study, short-term (5 weeks) HFD signifigatdécrease®PGL precursor mRNA
without affecting body weight arfebcs3 mMRNA expression. This result suggests that leptin
continues to play an anti-obesity role in shortrté#FD fed-mice to prevent diet-induced
obesity (DIO). These findings suggest that NPGLroes are responsive to leptin at this
point. By contrast, in long-term (13 weeks) HFD-fatte, NPGL precursor mRNA
expression was not different from control levelth@ghSocs3 mMRNA and body weight
were increased. This result suggests that lepsistesnce occurs in this stage. Taken together,
these results point to the possibility tRBRGL mMRNA expression is reduced by leptin in
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short-term HFD fed-mice, and this reduction is ola$erved in long-term HFD fed-mice due
to leptin resistance. In both short- and long-tétRD-fed mice, serum glucose levels were
increased. This result suggests that serum gluewsts do not influence the expression of
NPGL. Whether or not NPGL cells are directly responsovieptin represents an important
avenue for further enquiry.

In summary, the present findings report on the cDi8oding NPGL in the mouse
hypothalamus, representing the first characteomati this neurochemical in the mammalian
brain. NPGL neurons are localized to the ArcLP Miitlers projecting to several areas of the
hypothalamus mediating food intake and energy hatasss, and especially POMC neurons.
The mRNA expression level of titNRPGL precursor is markedly, and predictably, impacted
by energetic status and central injections of NP@&kease food intake. Together, these
findings point to NPGL as a novel orexigenic ne@e in mice and an important target
for further study to fully understand the centraahanisms regulating energy homeostasis.
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FIG. 1. Nucleotide sequence and amino acid sequence dfRIGL precursor in mouse (A).
The predicted signal peptide is denoted by a waney The Gly (G) C-terminal amidation
signal and the Arg (R)-Arg (R) dibasic processiitg are underlined. The predicted 80-amino
acid residue mature protein is present in boldfawe Cys (C) residues are boxed. The stop
codon (TAA) is indicated by the asterisk. Aminocasequence alignment of NPGL precursor
deduced from mouse and chicken cDNA sequence®(Byphen was inserted in one gap to
optimize the sequence alignment. Gray boxes hightignserved amino acids. The predicted
mature small proteins are underlined. The consetwedCys (C) residues are indicated by
asterisks.

FIG. 2. Real-time RT-PCR analysis BIPGL precursor mRNA concentrations in different
brain regionsNPGL precursor mRNA levels were quantified relativelte level off3-actin
(ACTB) mRNA. Each value represents the mean + SEM 4). Asterisks indicate a
statistically significant differencé{P < 0.001).

FIG. 3 (Color online). NPGL-containing cell bodies and fibers in the hyyad&émus are
represented by closed and open dots in the scheithagirations, respectively (A).
Photomicrographs of cells expressMBGL precursor mRNA were obtained bysitu
hybridization in the lateroposterior part of thewate hypothalamic nucleus (ArcLP) within
the mediobasal hypothalamus (B and C, C is enlavged of B). No signals were detected
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using the sense probe (D). Photomicrographs of NP@hunoreactive cells and fibers were
obtained by immunohistochemistry in the same regsin situ hybridization (E-H). No
signals were detected when the primary antibodypm@adsorbed with the antigenic peptide
(F). NPGL-immunoreactive fibers were also deteatetthe lateral part of the arcuate nucleus
(ArcL), around the ventromedial hypothalamus (VMRgar the third ventricle (3v), and
between the dorsal part of the dorsomedial hypathas (DMH) and the posterior
hypothalamus (PH) (A, G, and H). Scale bars = 1100 p

FIG. 4. The regions shown in the photomicrographs (B anddpjcted in the schematic
illustration (A). Distribution of NPGL-immunoreage fibers in the vicinity of NPY/AgRP
neurons (B and C) and POMC neurons (D—H) in thzabregion of the arcuate nucleus
using conventional microscopy (B—E) or confocalmscopy (F—H). The dotted squares in B
and D are shown magnified in C, E, and F. Arrowlkeéad and D indicate NPY/AgRP
neurons (B) and POMC neurons (D). Arrows in E-HvwshNPGL-immunoreactive fibers in
contact with POMC neurons (E—H). Triangles in Gaate descending NPGL-
immunoreactive fibers (G). Scale bars = 100 um anB D, and 10 um in C and E—H.

FIG. 5. Effects of 24 h of food deprivation (FD) on the segsion oNPGL precursor mRNA
(A), serum glucose concentration (B) and body wej@h. CTL = control experiment. Each
value represents the mean + SEM (n = 6). Asteirglisate statistically significant
differences P < 0.05,**P < 0.001).

FIG. 6. Effects of normal chow (NC) or high fat diet (HF2eding for 5 (A-D) or 13 weeks
(E-H) beginning at 4 weeks of age on the expressitdPGL precursor mRNA (A, E)Socs3
mRNA (B, F), body weight (C, G) and serum glucoseaentration (D, H). Each value
represents the mean + SEM (n = 5-6). Asteriskatdistatistically significant differences
(*P < 0.05,**P < 0.001).

FIG. 7. Effect of intracerebroventricular injection of vel@ or NPGL (1.0 nmol/animal) on
food intake. Data are shown as cumulative foodkmttter the injection (A) and per unit
time (B). Each value represents the mean + SEM&rL8). Asterisks indicate statistically
significant differences*P < 0.05).
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Manufacturer, RRID
Peptide/pro catalog #, and/or Species raised in Dilutio |(required in
- Antigen sequence (if known) Name of Antibody |name of individual |monoclonal or :
tein target S n used |revised
providing the polyclonal MSs)
antibody
HSQTDLLTLNQADPQCWESSSMLLU
LEMRKPRVSNTVSGFWDFMIYLKS|, .. Guinea pig; AB_263699
NPGL  |SENLKHGALFWDLAQLFwWDIYVDC [AM-NPGL Our lab polyclonal 2
VLSRNHGL-NH2 1/500
HSQTDLLTLNQADPQCWESSSMLLU
LEMRKPRVSNTVSGFWDFMIYLKS ) . [AB_263699
NPGL SENLKHGALFWDLAQLFWDIYVDC Anti-NPGL Our lab Rabbit; polyclonal B
VLSRNHGL-NH2 1/250
Human . . .
beta- Antibeta-Endorphin| SR ooslpolyclonal
endorphin ’ poly 1/2000 | AB_518107
Agouti- Phoenix
related Anti-AgRP Pharmaceuticals, H- |Rabbit; polyclona| QB—231390
protein 003-57 1/10004
Guinea pig Biotinylated goat ant}- AB_233613
[s[€] guinea pig IgG Vector Labs, BA-70(Boat; polyclonal | 1/10002
Cy3-conjugated Jackson
donkey anti-rabbit  {Immunoresearch, 711- AB_230744
Rabbit IgG IgG 165-152 Donky; polyclongl/400 |3
Alexa Fluor 488- Jackson
Guinea pig conjugated donkey [Immunoresearch, 706- AB_234047
[s]€] anti-guinea pig IgG |545-148 Donky; polyclongl/600 |2

>
o
L/
o
c
-
Y
o
3
c
wi

ADVANCE ARTICLE:

ENDOCRINE
SOCIETY

15




>
o
L/
o
c
-
Y
o
o
c
wi

ADVANCE ARTICLE

B

ATGGCTGATCCTGGGCCCAGAAGCAGGATCCACAGCTCCCTGAGTCTCGCCTGCTCCCTG
M A D P G P R _S R _I_H s L. .S L _A_C L
TTCATTGTGGGAATATGCTATGTGTCTCCCGTTTTCTGCCACAGTCAGACAGACCTGCTG
rp . v .. 1. .c Yy v s P V F C H S Q T D L L
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