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Microwave-assisted solid-phase peptide

synthesizer (Syro Wave, Biotage)
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K-

Coupling
Fmoc-AA-OH, HATU, DIEA
at 50°C for 5 min

Fmoc deprotection
40% piperidine/0.1 M HOBt
at 50°C for 3 min

Cleavage
TFA 82.5%, phenol 5%, thioanisol 5%, H,O 5%, EDT 2.5%
atR.T.for3 h

Cys Cys -NH,

10:1 mM GSH:GSSG, 10:50% DMSO:CH,CN, 1 mM EDTA, 0.4 M Tris-HCI, pH 8.5

Disufide bond formation
atR.T.for48 h

Cys Cys -NH,




Endocrinology 158:1120-1129 (2017)

Neurosecretory Protein GL, a Hypothalamic
Small Secretory Protein, Participates in Energy
Homeostasis in Male Mice

Daichi Matsuura,'* Kenshiro Shikano,'* Takaya Saito,'* Eiko Iwakoshi-Ukena,'?
Megumi Furumitsu,’ Yuta Ochi,’ Manami Sato," George E. Bentley,?
Lance J. Kriegsfeld,®> and Kazuyoshi Ukena'~?

MAY 20175 L UDRUME 158 | NUMBK

'Section of Behavioral Sciences, Graduate School of Integrated Arts and Sciences, Hiroshima University,

ENDOGRINOLOG¥ : Higashi-Hiroshima 739-8521, Japan; “Department of Integrative Biology, The Helen Wills Neuroscience

MOLECULAR AND PHYSIOLOGICAL BASIS Institute, University of California at Berkeley, Berkeley, California 94720; and “Department of Psychology,
OF ENDOCRINE HEALTH AND'DISEASE: . . . . . . . . .
The Helen Wills Neuroscience Institute, University of California at Berkeley, Berkeley, California 94720

This report represents the characterization of precursor protein, localization, distribution, and
biological action of neurosecretory protein GL (NPGL) in the mouse hypothalamus.

OXFORD Qe =

ACADEMIC

ENDOCRINE SOCIETY

JOURNALS

An Endocrine Society Thematic Issue: Neuroendocrinology 2018

Read our special collection of journal articles published in 2016—2018, focused on neuroendocrinology.
Curation of the collection was guided by Altmetric Attention Scores and Featured Article designations.
Clinically relevant topics include a study of patients with pancreatic neuroendocrine tumors,
identification of comorbidities associated with acromegaly, analysis of altered HPA axis function in
patients with post-traumatic stress disorder, a report of biallelic mutations in KISS1R resulting in
normal puberty, and others. Basic science articles highlight the role of PPARYy in astrocytes, provide a
comprehensive review of the genetics of combined pituitary hormone deficiency, describe how a
ketogenic diet improves autism-like features, and report on the distribution of neurosecretory protein
GL in the mammalian brain. Other basic science contributions describe how oxytocin neurons are
activated in the brain, leptin-dopamine signaling in obesity, and more. 10
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Science News from research organizations

New appetite control mechanism found in brain
Study explains why food looks even better when dieting

Date: Agril 28, 2017
The € %
Source:  Hiroshima University

MULTIMEDIA Summary: A newly di d molecule increases appetite during fasting, and decreases it during
gorging. The neuron-exciting protein, named NPGL — apparently aims to maintain body

PUBLIC RELEASE: 28-APR-2017 mass at a constant, come feast or famine. An evolutionary masterstroke, but not great

. | h . f news for those locking to frim down, or beef up for the summer.
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A newty discovered molecule increases

Health & Medicine

Over recent decades, our understanding of hunger

> Obesity has greatly increased, but this new discovery turns

appetite during fasting — and decreases it > Diet and Weight Loss things on their head. Up until now, scientists knew
during gorging. The neuron.exciing protln, that leptin -- a hormone released by fatty tissue
named NPGL - apparen ms to maintain > Nutrition P - . - by tty !
bodly mass & & Constar s Cholesteral reduces appetite, while ghrelin - a hormone
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> Dieting and Weight Control
energy control center.
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diiscovery turr:

The discovery of NPGL by Professor Kazuyoshi Ukena of
Hiroshima University shows that hunger and energy consumption
mechanisms are even more complex than we realized — and that
MPGL plays a central role in what were thought to be well-
understood processes.

: * Brain Injury
until Now, soent:
hormone released by fatty tissue, reduces » Huntington's Disease
appetite, while E_"'P in - a hormone

released by stomach tissue makes us want

to eat more. These hormaones, in turn,

Professor Ukena first discoverad MPGL in chickens after noticing
that growing birds grew larger irmespective of diet — suggesting
there was more to energy metabolism than meets the eye.
Intrigued, the researchers at HU performed a DNA database
search to ses if mammals might also possess this elusive
substance. They found that it exists in all vertebrates — including
humans.

activate a host of neurons in the brain's

Escape
it's human

hypothalamus - the body's energy control center.

The discovery of NPGL by Professor Kazuyoshi Ukena of Hiroshima University shows that
EE

hunger and energy consumption mechanisms are even more complex than we reafized -- and
that NPGL plays a central role in what were thought to be well.understood processes.

Professor Ukena first discovered NPGL in chickens after noticing that growing birds grew

larger irrespective of diet —~ suggesting there was more to energy metabolism than meets the MULTIMEDIA

eye. Intrigued, the researchers at HU performed a DNA database search to see if mammals

Professor Kazuyosh
Ukena, Hiroshima
University

might also possess this elusive substance. They found that it exists in all vertebrates -
Indluding humans.

In order to investigate its rode, if amy, in mammals, Professor Ukena's team fed three groups M

of mice, on three distinct diets, to see how NPGL levels are altered. The first set of mice was Can You Really Control
fed on a low-calorie diet for 24 hours. The second group was fed on a high-fat diet for 5 weeks

and the third lucky group was fed on a high-fat diet, but for an extended period of 13

weeks
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Cver recent decades, our understanding of hunger has greatly increased, but this new discovery turns things
on their head. Up until now, scientists knew that leptin - a hormaone released by fatty tiasue, reduces
appetite, while ghrelin - a hormone released by stomach tissue makes us want 1o eat more. These

Conditions of we
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New Appetite Control Mechanism Found in Brain

Published: Aprl 28, 2017.
Released by Hiroshima University

A newly discovered molecule increases appetite during fasting — and decreases it during
gorging. The neurcn-exciting protein, named NPGL - apparently aims to maintain body mazs ata
constant, come feast or famine. An evolutionary masterstroke, but not great news for those
looking to trim down -- or beef up for the summer.

Ower recent decades, our understanding of hunger has.
greatly increased, but this new discovery tumns things on
their head. Up until now, scientists knew that leptin - a
hormone released by faity tissue, reduces appelite, while
ghrelin — a hormone released by stomach tissue makes us
want fo eat more. These hormones, in tum, activate a host
of neurcns in the brain's hypothalamus — the body's energy
control center.
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The discovery of MPGL by Professor Kazuyoshi Ukena of
Hiroghima University shows that hunger and energy
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Neurosecretory protein GL stimulates
food intake, de novo lipogenesis, and
onset of obesity

Eiko Iwakoshi-Ukena'?", Kenshiro Shikano'', Kunihiro Kondo’, Shusuke Taniuchi’,
Megumi Furumitsu’, Yuta Ochi’, Tsutomu Sasaki®, Shiki Okamoto®*¢,

George E Bentley?, Lance J Kriegsfeld’, Yasuhiko Minokoshi*®,

Kazuyoshi Ukena™”*

'Section of Behavioral Sciences, Graduate School of Integrated Arts and Sciences,
Hiroshima University, Higashi-Hiroshima, Japan; Department of Integrative Biology
and The Helen Wills Neuroscience Institute, University of California at Berkeley,
Berkeley, United States; Laboratory of Metabolic Signal, Institute for Molecular
and Cellular Regulation, Gunma University, Maebashi, Japan; *Division of
Endocrinology and Metabolism, Department of Homeostatic Regulation, National
Institute for Physiological Sciences, Okazaki, Japan; *Department of Physiological
Sciences, School of Life Science, Sokendai (The Graduate University for Advanced
Studies), Hayama, Japan; *Second Department of Internal Medicine (Endocrinology,
Diabetes and Metabolism, Hematology, Rheumatology), Graduate School of
Medicine, University of the Ryukyus, Nakagami-gun, Japan; ‘Department of
Psychology and The Helen Wills Neuroscience Institute, University of California at
Berkeley, Berkeley, United States
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SCIENTIFIC REPQPRTS

Localization and function of
neurosecretory protein GM, a novel
small secretory protein, in the
e, chicken hypothalamus
Published online: 13 January 2018 Kenshiro Shikano?, Yuki Bessho, Masaki Kato?, Eiko Iwakoshi-Ukena®2, Shusuke Taniucht,

Megumi Furumitsu?, Tetsuya Tachibana?, George E. Bentley?, Lance J. Kriegsfeld* &
Kazuyoshi Ukena*

Recently, we discovered a novel cDNA encoding the precursor of a small secretory protein,
neurosecretory protein GL (NPGL), in the hypothalamic infundibulum of chickens. NPGL plays an
important role in the regulation of growth and feeding. A database search indicated that the NPGL
gene has a paralogous gene: neurosecretory protein GM (NPGM), also in chickens. We identified cDNA
encoding the NPGM precursor in chickens. Morphological analysis showed that NPGM-containing cells
are specifically localized in the medial mammillary nucleus (MM) and infundibular nucleus (IN) in the
hypothalamus. In addition, we found that NPGM and NPGL are co-localized, especially in the MM. The
expression levels of NPGM mRNA gradually decreased during post-hatch development, in contrast to
those of NPGL mRNA. Moreover, we investigated the relationship between NPGM and other known
factors. NPGM was found to be produced in histaminergic neurons in the MM. NPGM and histidine
decarboxylase, a histamine-producing enzyme, displayed similar expression patterns during post-hatch
development. Acute intracerebroventricular injection of NPGM decreased food intake, similar to the
effect of histamine. To our knowledge, this is the first report of the localization and function of NPGM in
the brain of vertebrates. These results will further advance the understanding mechanisms underlying
energy homeostasis.
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Abstract

Introduction: The mechanisms underlying obesity are not
fully understood, necessitating the creation of novel animal
models for the investigation of metabolic disorders. We have
previously found that neurosecretory protein GL (NPGL), a
newly identified hypothalamic neuropeptide, is involved in
feeding behavior and fat accumulation in rats. However, the
impact of NPGL on obesity remains unclear in any animal
model. The present investigation sought to elucidate wheth-
er NPGL causes obesity in the obesity-prone mouse strain
C57BL/6J. Methods: We overexpressed the NPGL-precursor
gene (Npgl) in the hypothalamus using adeno-associated vi-
rus in male C57BL/6J mice fed normal chow (NC) or a high-
calorie diet (HCD). After 9 weeks of Npgl overexpression, we
measured adipose tissues, muscle, and several organ masses
in addition to food intake and body mass. To assess the ef-

fects of Npgl overexpression on peripheral tissues, we ana-
lyzed mRNA expression of lipid metabolism-related genes
by quantitative RT-PCR. Whole body energy consumption
was assessed using an 0,/CO; metabolism measurement
before an apparent increase in body mass. Results: Npgl
overexpression increased food intake, body mass, adipose
tissues and liver masses, and food efficiency under both NC
and HCD, resulting in obesity observable within 8 weeks.
Furthermore, we observed fat accumulation in adipose tis-
suesand liver. Additionally, nRNA expression of lipid metab-
olism-related factors was increased in white adipose tissue
and the liver after Npgl overexpression. Npgl overexpression
inhibited energy expenditure during a dark period. Conclu-
sion: Taken together, the present study suggests that NPGL
can act as an obesogenic factor that acts within a short pe-
riod of time in mice. As a result, this Npgl overexpression-
induced obesity can be widely applied to study the etiology
of obesity from genes to behavior.

@ 2021 The Author{s).
Published by S. Karger AG, Basel
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