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Gen. Comp. Endocrinol. (2018 review)
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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,
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ENDOCRINOLOGY:

MOLECULAR AND,PHYSIOLOGICAL BASIS:
OF ENDOCRINE HEALTH AND DISEASE

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'~?

'Section of Behavioral Sciences, Graduate School of Integrated Arts and Sciences, Hiroshima University,
Higashi-Hiroshima 739-8521, Japan; “Department of Integrative Biology, The Helen Wills Neuroscience
Institute, University of California at Berkeley, Berkeley, California 94720; and Department of Psychology,
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.
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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.
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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; 2Department 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.



[AfFUT—=25 ] TJLAY1)—X No.3
A RS, fERES EBREER N —F

[ B K 5 P 6 0 R R y) T 739-8511 WL B sl 1-3-2
o ][_\ .% k — TEL : 082-424-6762 FAX : 082-424-6040

E-mail: koho@office. hiroshima—u. ac. jp

NEWS RELEASE

AUDOHEREICOEFELTIE. TR0 E EE30F1 8128
18158 (A)19BLIE (BXERM) ICBE
LWhf=LZET,

gamBs (1 A15B8 136 « RLE) OCENRN

BRRTIZHEIDIHUNVEARTFZER
-ROREBEIX N Z X L DERFOETEXI RDBIZRN DM AICRERE-

(KHABEREORA > )

e MRAAXRBTONFEOEEBULULCERRENROD DWKAREF (Neurosecretory
protein GL. #18& NPGL) &G UBgiE =& € o I2iNAE F Neurosecretory protein
GM (B8& NPGM) A, ZNERIRXTOERIIGIEFBEZEE I A3CEESO"DJ
DM TEB LI UL,

e CONPGMEZDRUDMBKRTEMAEE (X1) CRIFEUTCRHRD., PTEHEERAH =
V-2 —0Y (%2) TEESNBDCEZRBEULFEULUE, PIETESNDERS
SVIE, BEEAGIEROIER « S0 XAICESULTNWDCESHNSNTNE
g,

e NPGM BRIV E@RICERBINGIEFBEADDICEEZBHULELE, SE. &
FOEMRBEIA N Z X LADEEBEDIEEXIROEIEANDMANERFTCEET.




—JRJIZELT.NPGLD /NSRS

AFNPGMZEFEL.

HEERR T & 1T o1z

chicken NPGM
chicken NPGL

chicken NPGM
chicken NPGL

chicken NPGM
chicken NPGL

ME
MKLKVP N DFVIRE T KI SIS K HINR T FIND LAQINFWDMYVDCVLSR

SiEleMeRINOF/SP 115
R KDVWDFMHFLKSKHL FMDLAQFWDYVDCVLSREHGGRQL AKA 120

*
MIWKIR- |8~ WYL O—IMGC VI T LNy Y A NIDY LKEAlA SRE0 TRl IS HCivi 5 3
IDIYCN - |G T HNMRIT Y SiI- - - |8 MGVFCVTPSCHSID 58
*

RYSSHYSHRTLOESAFTNPE
QORIMTLPSQFT@RNOGMFTHIQRSPVLTKKDFFEDLIKNHKHKSRSTLLGRITGELGKKRK 182

Sci. Rep. (2018)

135

. = =
] . BLEEMAKK NPGMIZEZDER=E
P e _ %2 - : 1.5 1 OVehicle
BNPGM 0.2 nmol
) B3l i% © ®BNPGM 1 nmol
B : r/
R T 40 L8 Koot ™y %
N /T = g ) E 1 4
5 3
T Lo
g
NPGME 4 i iz EXRIUELM To5
Ly E
BL ” >
e 2 O
. A 'LL
< kN i
PRt 0
Ve ¥a 30 60
) ot B ‘ = Time after injection (min)




SEROMRER

THZLEE TOHONPGMD HEREAR #T

DIEWEM THRICRETDRE
D FF

L



&1

=T

I

(KBEH)

201 8% (FH30%F) 1816H

100F & ICHRTHIBCREA

UNIVERSITY WITH WORLD-WIDE FAME AND SPLENDOR EVEN AFTER 100 YEARS &

NN

E@L-EHES

RN RN

KUIEK KB Irt b iR
(KiEE) SHKEIRRRS
=ERRRS=+10SHERNR
—NRIIDLOQERY &
EnSORITASOM JANNRIR O
AJSMNRIRON R KR
K-SRI’

BRAN2-NE 1IDLOCR
K- [Za0S] VBN
KAXAES | EeRIBRR

30 i

‘SN

LIERYE

KOS SRR

ZAOSH<HOR UMM

2RI DI S RELD

o BUERECL

s HKRBUSOIISHIINA L

— CHERAC BN B

~. ECHIENEPNEMREOMS
o

w | BICHRRBMHIVY 4
TOSRI QEIENERS” HIE

NE
LR
T

LERKRZREBURT)

SRR O BH R 1 )
Q- BHEN RO < SO AN
VS ROV SN [|Bm
B Y HAR YN Y AL
DR~ O (ERHTHK)

HRE2 W04 M

MHEEEK K BB HIPERE S
T RARRE (18) =tHeERH=
Sl EHESXXBZOANEEK
i RIS R 424840
D (S 0ITERHIe” F
B PN S GRRIRAY® It
B IR S 4000 i ol s TR EK 148
0°




HRINEFNPGLICEAT ANETORE

. Shikano K, Iwakoshi-Ukena E, Kato M, Furumitsu M, Bentley GE, Kriegsfeld LJ, *Ukena K. Neurosecretory protein GL induces fat
accumulation in chicks.
Front. Endocrinol. (2019) in press.

. Shikano K, Bessho Y, Kato M, Iwakoshi-Ukena E, Taniuchi S, Furumitsu M, Tachibana T, Bentley GE, Kriegsfeld LJ, *Ukena K.
Localization and function of neurosecretory protein GM, a novel small secretory protein, in the chicken hypothalamus.
Sci. Rep. 8:704 (2018)

. Shikano K, Taniuchi S, Iwakoshi-Ukena E, Furumitsu M, Bentley GE, Kriegsfeld LJ, *Ukena K. Chronic subcutaneous infusion of
neurosecretory protein GM increases body mass gain in chicks.
Gen. Comp. Endocrinol. 265:71-76 (2018)

. *Ukena K. Avian and murine neurosecretory protein GL participates in the regulation of feeding and energy metabolism (Review).
Gen. Comp. Endocrinol. 260:164-170 (2018)

. Shikano K, Kato M, Iwakoshi-Ukena E, Furumitsu M, Matsuura D, Masuda K, Tachibana T, Bentley GE, Kriegsfeld LJ, *Ukena K.
Effects of intracerebroventricular infusion of neurosecretory protein GL on body mass and food and water intake in chicks.
Gen. Comp. Endocrinol. 256:37-42 (2018)

Iwakoshi-Ukena E, Shikano K, Kondo K, Taniuchi S, Furumitsu M, Ochi Y, Sasaki T, Okamoto S, Bentley GE, Kriegsfeld LJ, Minokoshi
Y, *Ukena K. Neurosecretory protein GL stimulates food intake, de novo lipogenesis, and onset of obesity.
eLife 6:28527 (2017)

Matsuura D, Shikano K, Saito T, Iwakoshi-Ukena E, Furumitsu M, Ochi Y, Sato M, Bentley GE, Kriegsfeld LJ, *Ukena K.
Neurosecretory protein GL, a hypothalamic small secretory protein, participates in energy homeostasis in male mice.
Endocrinology 158:1120-1129 (2017)

Masuda K, Furumitsu M, Ooyama H, lwakoshi-Ukena E, *Ukena K. Synthesis of neurosecretory protein GM composed of 88 amino
acid residues by native chemical ligation.
Tetrahedron Lett. 57:804-807 (2016)

Masuda K, Furumitsu M, Taniuchi S, lwakoshi-Ukena E, *Ukena K. Production and characterization of neurosecretory protein GM
using Escherichia coli and Chinese Hamster Ovary cells.
FEBS Open Bio 5:844-851 (2015)

. Masuda K, Ooyama H, Shikano K, Kondo K, Furumitsu M, lwakoshi-Ukena E, *Ukena K. Microwave-assisted solid-phase peptide
synthesis of neurosecretory protein GL composed of 80 amino acid residues.
J. Pept. Sci. 21:454-460 (2015)

.*Ukena K, Iwakoshi-Ukena E, Taniuchi S, Bessho Y, Maejima S, Masuda K, Shikano K, Kondo K, Furumitsu M, Tachibana T.
Identification of a cDNA encoding a novel small secretory protein, neurosecretory protein GL, in the chicken hypothalamic infundibulum.
Biochem. Biophys. Res. Commun. 446:298-303 (2014)




10.

11.

12.

13.

14.

=4 A\ 2% = th 557 ith
FEHEKRETSH

BRET7TARYAIVRI VRO DL EFEFVREME EEEEMHA. WHEXE . BHEED., BEHA. dEFAE FHXTF.
EENEIRRTER D /NI N BENPGLIEY D RIZEWTIRILF—R AT R AL Rl #1951 KBR2017E8 H 19H
FMERNDBRBEYT—E3F— EFRRXL—E FRE. SUXF. EFRELH. EETE. ARFH. mAET. BT,
HRFAXRIBRTETHICRR LU =2/ VB DS IBREEEAENT 148/M20165E7H 158

FOEBAEBERADDERRE EFHREREFTRRE EFHFREIA. AETH. BAEF. X F. ABHFAE. ENAE
[Effect of a hypothalamic neurosecretory protein on food preference |/ &2015%12H13H

EIEBFEADDARE EFHAREMHE MEREE. EEFELH. SAEF. BEEXF. FRRHEZDR)ORAIICZHT52iE5E
DFRRKR T WE N N\OED AR RE 1 EE2015511A22H

FREFRIFFEOME S BFERE THEF. KIUES. BERLH. AEBE. DEFAR. GH-FNEXF. ENNE
T4o09—JZRAU=FmocEEIZL D2 DDFRARK T ER/NZ NV B DE K ITREB201448A5H

FERERAD BRMEYI—EIF— RXMNRR2—E FIFTHBic. B R, EENM. EH-FNRXF. OmFAE. 8RNFH.
ISHEEF, GIE . EZRAEIFRAKR T BENI OB DEERIEIFEBA~NDEE 1LF20145F7811H
BABYMFEEIENEXREO6ERAE EFMREEFTRRE EHFRLH. 8AFH. SH-F7UKF. BIFTELL. sl 3. &
HEF. OEMRE. AmFAEE Tt ZROERFHRAKR TR BENIANOENPGMIE=T M) DAFEEMETTHESE D]
[ 1L2014E5 118

FAEAAMHEND DERFMES EFAREME SNFH. EFESE. TEME. JIFTGLE. gis . ZRETF. aH3F
AE. BEERF. FNRHNEARTHCTROFHRHBBERTFRAIBRAERFOIVNDRREBITERICXT 52 E 1 EIF201345F
10H26H

FIENFHEI IT7LV R B FOLAZIRILF—NFUOREERITRIOHEIEFRRE Taniuchi S, Shikano K, Kondo K, Maejima

S, Iwakoshi-Ukena E, Ukena K[l Functional analysis of a novel hypothalamic neuropeptide gene in the rat], The 36th Naito Conference
on “Molecular Aspects of Energy Balance and Feeding Behavior”, Sapporo, Japan, #L1%2013E9H13H

F28E AR T EARMRESFMES BEFRRE SNFTH. EFETEA. AT A. gie . MEEF. HIFTHBE. TEFAE.
BHEF. BINHNERERTHTRRLEFRGBRTFRAEBMAEEFOEEERENT 1A F20135E8A9H
BABYESPIENERZHESEAE EFHREEFTHERE FIFTHBL. - ZNNEKF. ARBFAX FIE F. 8NFEH. 1B
Tih ENHEZTVN) TRRELEFRBBRTIFRIZER A4S 22 —AVIZHRBEL TS 152013458 12H
FIIMBARLLBANBFEERE EFHRNEBEREFHRRE AIE . SHEXF. EHREXR REAEE., IRREH., FRIESVE
DHRER T EFBHBERTFROREZNBET — MO EEETEYE OB SIEENIE S — 148FH2012411 A30H
BABYEESPIENENZHESEAE EFHREEFTHRE EHEEE. - ZNEF. ZHMEITIORBERTEICET51E
BRSO I EEFOMRNAKIREENT 1F)I120114E58 158

EISMAARLBRADBFEERE EFNREBREFRRE FHUEXF. . Ah=E. FEth. ERANEBEIARTHICE TS5 RIERH
BB EEFORR 1§#E2010%F11820H



1.

FFETEEI %

[BRZ ] ERNFEFESP5875105, HFEAE 2o il&F - AHEF THEF - OEFAE. F
B RYRTFR, RURTFROREER X EBRAGERMPLIVCERZE DR
A HEANLEXE, Zi%H 2016861 H29H

[HFE)45RE2014-206791 | EAE  ZHE - Al EF - SNFTH-EBEE LB - i
. PO HERILECRBINHIF . RABRERILEDDBAEETTILIEERE)
M. EARRRILVEVDBAESETETILIEELEMIDER A%, tAEIgIAMHRE D EESR
Z2H ., EHRSEETTILEEN YR UVERERETTIILEELIr MO ER AL, HFE
AN ILEXRE., HFER 2014108 7H

[ FE)45RE2013-219578 | FEAE  ZHIE - AHEF - BANFH - BEEFE S B - Tk
B, RBEOQORR . RIRTFR, %K. RIERNI2—, REEBRIAK, EHRILERITIH]
Hl. EEFESYRVIECLSYDIEE AL, HEEAN  [REXE, HEEH :20135%F10A22H

[ HFE)4%FE2011-248006. $%55A2012-211121 [ REAE  FrHMEF - EHRF-SHEF -
BEAE. FBEQORZI: RURTFR  RURTFROEE R, EBAGTHERMPLUVIE
BEDHRAEAE. HBEAN . LEXRE, HER:2011E11 8118, A A 201211818



RRELIE

ﬂ%ﬁﬁw’ﬁﬁ BEE CEEMREA, £RHRB, LBRHR
B %Eakﬁﬂ’l) 73 5T SRt ST s . ERR L E
e

» BARZFRES FIMRERME

- ESMBZEFEREEAN B - B E R RS R
*ﬁ Y R R LR X B A —

- EEBEBEHE (L HFERS. ROHLER

v

B . ARSI BKE=R At.'“E*:_?EfSJ :
MEE., T DLo— (O—KRHAITUR AW ZEFT. B L
BEmB XL.?&AE?T ., [EERBERFEHAE=. 2R

ME=. EEZ=




MEEA/IN—
HED A2 /13— (2019) BEDA/A—

KR KRR
aEilERF BAAFE
e S RIS 1]
mm AR A A ]
KXFTE KUWEE
A 45t (M1) Hp =R
FIEERA (M1) X FErE
FEE EEEF 2 R EA
Rk H % (B4) HHEEF
FFTE (B4) T RRFR A
Al FrF8#E
NTE D N
NOREIERE
X
KOS
EEER / :
HEL (— ) | ERESR Sl
%g;{g; A EAZR _Fnlf_f%ﬁ% Ed Lance Kriegsfeld (UC Berkeley)

et N, ERRA) WARE George Bentley (UC Berkeley)
BEEER


http://www.google.co.jp/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjg8onhsvbNAhXBKZQKHeW6BlQQjRwIBA&url=http://www.mext.go.jp/a_menu/shinkou/hojyo/1321563.htm&psig=AFQjCNHP7UbThQoPhFdPFrzSini6Itzzlw&ust=1468703962726177
http://www.google.co.jp/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjg8onhsvbNAhXBKZQKHeW6BlQQjRwIBA&url=http://www.mext.go.jp/a_menu/shinkou/hojyo/1321563.htm&psig=AFQjCNHP7UbThQoPhFdPFrzSini6Itzzlw&ust=1468703962726177

