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We showed that DGK{ regulates insulin-induced GLUT4 translocation to PM in a
canonical insulin-signal independent manner. In addition, DGK{ -associated protein, PIP5K1la modulates
GLUT4 translocation in a similar mechanism as DGK{ .

By using ELISA kit, we succeeded to identify around 30 small compounds which inhibit the interaction
between IRS-1 and DGK{ . Addition of one of these compounds, Compound A, inhibited the interaction
between IRS-1 and DGK{ in HEK293T cells. Moreover Compound A addition recovered TNF-a -induced insulin
resistance in 3T3-L1 adipocytes.



IRS
IRS
SH2
Pl 3-kinase

Pl 3-kinase
GLUT4

IRS
IRS

Hakuno e
t al Frontiers Endocrinology 2015
IRS GKAP42 Nedd4
IRS

Ando et al. JBC 2015, Fukushima et a
I. Nat. Commun. 2015 |
RS
{ DGKC
DGK DAG
PA
DAG PA
DAG PA

AG PA DG
KC IRS

DGKZ IRS

IRS-1 DGKZ
GLUT4 I
RS-1 DGKZ  GLUT4
TNF-a
IRS1 DGKZ
IRS-1 DGK
Z GLUT4
IRS-1 DGKZ  GLUT4
DGK{  GLUT4
DGKZ
DGK
¢
GLUT4 DGKL
IRS-1 DGKZ GLUT4
IRS-1  DGKZ
ELISA DGK
Z  IRS-1
TNF-at
DGK{  IRS-1 GLUT4
DGKZ
GLUT4
IRS GKAP42
Nedd4 IRS



DGKZ GKAP42  Nedd4

Pl 3-kinase
GLUT4
DGK{ GLUT4
DGKZ
GLUT4
DGK{
PIP5K1a
GLUT4
PIP5K1a DGK{
GLUT4
IRS-1 DGK
ELISA IRS-1  DGKC
A
IRS-1 DGKC
TNF-a
A
A
DGKC
18
. -
2016
74: 21-25

2) Ozaki Y, Saito K, Nakazawa K, Konishi M,
Itoh N, Hakuno F, Takahashi S-1, Kato H,
*TakenakaA. 2015 Rapid increase in
fibrablast growth factor 21 in protein
malnutrition and its impact on growth and
lipid metabolism. Br J Nutr. 114:1410-8. doi:
10.1017/S0007114515002846

3) Hakuno F, Fukushima T, Yoneyama Y, Kamei
H, Ozoe A, YoshiharaH, Yamanaka D,
Shibano T, Sone-Y onezawa M, Yu BC, Chida
K, *Takahashi S-I. 2015 The novel functions
of high-moleular-mass complexes containing
IRSs in mediation and modulation of
insulin-like activities: Emerging concept of

diverse functions by |RS-associated proteins.
Frontiersin Endocrinology 6,
DOI;10.3389/fendo.2015.00073

4) FukushimaT, Y oshiharaH, FurutaH, Kamei
H, Hakuno F, Luan J, Duan C, Saeki Y,

TanakaK, lemura S, Natsume T, ChidaK,
Nakatsu Y, Kamata H, Asano T, * Takahashi
S-l. 2015 Nedd4-induced monoubiquitination
of IRS-2 enhances |GF signalling and
mitogenic activity. Nat Commun 6:6780. doi:
10.1038/ncomms7780.

5) Lanzerstorfer P, YoneyamaY, Hakuno F,
Miiller U, Hoglinger O, Takahashi S-I,
*Weghuber J. 2015 Analysis of insulin
receptor substrate signaling dynamics on
microstructured surfaces. FEBS J
282:987-1005. doi:10.1111/febs.13213.

6) Ando Y, Shinozawa Y, lijima Y, Yu BC, Sone
M, Ooi Y, Watanaka Y, Chida K, *Hakuno F,
Takahashi S-1. 2015 TNF-a-induced
repression of GKAP42 protein levels through
cGMP-dependent kinase (cGK)-la causes
insulin resistance in 3T3-L1 adipocytes. J Biol
Chem. 290:5881-92. doi:
10.1074/jbc.M114.624759.

7) Toyoshima Y, Tokita R, Taguchi Y,
Akiyama-Akanishi N, Takenaka A, Kato H,
Chida K, Hakuno F, Minami S, *Takahashi
S-1. 2014 Tissue-specific effects of protein
malnutrition on insulin signaling pathway and
lipid accumulation in growing rats. Endocr J.
61:499-512.

8) Ozaki Y, Takeda T, Akiyama-Akanishi N,
Hakuno F, Toyoshima Y, Takahashi S-I
*Takenaka A. 2014 Insulin injection restores
increased insulin receptor substrate (IRS)-2
protein during short-term protein restriction
but does not affect reduced insulin-like growth
factor (IGF)-I mRNA or increased triglyceride
accumulation in the liver of rats. Biosci.
Biotech. Biochem. 78: 130-138.

9) Ozoe A, Sone M, Fukushima T, Kataoka N,
Chida K, Asano T, Hakuno F, *Takahashi S-I.
2014 IRS-1 associates with small nucleolar
RNA which contributes to ribosome
biogenesis. Frontiers in Endocrinology 5:
Article 24, 1-12

10) Kaneko M, Hakuno F, Kamei H, Yamanaka
D, Chida K, Minami S, Coe RI, *Takahashi
S-I. 2014 Steroid hormones are novel
nucleoside transport inhibitors by competition
with nucleosides for their transporters.
Bicohem Biophysic Res Commun 443:
505-510.

I1)LiuC,LuanJ,Bai Y,LiY,LuL, Liu Y,
Hakuno F, Takahashi S-I, Duan C, *Zhou J.
2014 Aspp2 negatively regulates body growth
but not developmental timing by modulating
IRS signaling in zebrafish embryos. Gen




Comp Endocrinol. 197: 82-91. doi:
10.1016/j.ygcen.2013.12.006.

12) Lee A, Hakuno F, Northcott P, Pessin JE,
*Adcock MR. 2013 Nexilin, a
Cardiomyopathy-Associated F-Actin Binding
Protein, Binds and Regulates IRS1 Signaling
in Skeletal Muscle Cells. PLOSOne. 8:¢55634.
doi: 10.1371/journal.pone.0055634.

13) Yoneyama Y, Matsuo M, Take K, Kabuta T,
Chida K, Hakuno F, *Takahashi S-I. 2013
AP-1 complex regulates endosomal
localization of insulin receptor substrate-1
required for insulin-like growth
factor-I-dependent DNA synthesis. Mol. Cell
Biol. 33(10):1991-2003.

14) Ozoe A, Sone M, Fukushima T, Kataoka N,
Arai T, Chida K, Asano T, Hakuno F,
*Takahashi S-1. 2013 Insulin Receptor
Substrate-1 (IRS-1) Forms a
Ribonucleoprotein Complex Associated with
Polysomes. FEBS Lett. 587(15):2319-24. doi:
10.1016/j.febslet.2013.05.066.

15) Fukushima T, Nakamura Y, Yamanaka D,
Shibano T, Chida K, Minami S, Asano T,
Hakuno F, *Takahashi S-1. 2012 PI 3-kinase
activity bound to IGF-I receptor, which is
continuously sustained by IGF-I stimulation,
is required for IGF-I-induced cell proliferation
J. Biol. Chem. 287: 29713-21. doi:
10.1074/jbc.M112.393074.

16) Yoshihara H, Fukushima T, Hakuno F, Saeki
Y, Tanaka K, Ito A, Yoshida M, Iemura S,
Natsume T, Asano T, Chida K, Girnita L,
Takahashi SI. 2012 insulin/IGF stimulation
abrogates an association between a
deubiquitinating enzyme USP7 and insulin
receptor substrates (IRSs) followed by
proteasomal degradation of IRSs Biochem.
Biophys. Res. Commun.423: 122-127. doi:
10.1016/j.bbrc.2012.05.093.

17) Nakae J, Cao Y, Hakuno F, Takemori H,
Kawano Y, Sekioka R, Abe T, Kiyonari H,
Tanaka T, Sakai J, Takahashi SI, Itoh H 2012
Novel repressor regulates insulin sensitivity
through interaction with Foxol EMBO J. 31:
2275-2295 doi: 10.1038/emboj.2012.97.

18) Yamanaka D, Akama T, Fukushima T,
Nedachi T, Kawasaki C, Chida K, Minami S,
Suzuki K, Hakuno F, Takahashi SI 2012 PI
3-kinase-binding protein, PI3KAP/XB130, is
required for cAMP-induced amplification of

IGF mitogenic activity in FRTL-5 thyroid cells.

Mol. Endocrinol.26: 1043-55 doi:
10.1210/me.2011-1349.

30
1) Hiroki Nishi, Fumihiko Hakuno, Shin-Ichiro
Takahashi “Fatty liver caused by acute amino
acid deficiency” International Seminar:

Current boundaries of the expanding
landscape of insulin-like activities and beyond
24th September 2015 (Cajal Institute, Madrid,
Spain)

2) Yuuki Gouda, Fumihiko Hakuno, Shin-Ichiro
Takahashi “Lipid accumulation in muscle by
chronic amino acid deficiency” International
Seminar: Current boundaries of the expanding
landscape of insulin-like activities and beyond
25th September 2015 (Cajal Institute, Madrid,
Spain)

3) Fumihiko Hakuno, Yousuke Yoneyama,
Shin-Ichiro Takahashi “Negative feedback
regulation of IGF-I receptor internalization by
insulin receptor substrates” International
Seminar: Current boundaries of the expanding
landscape of insulin-like activities and beyond
25th September 2015 (Cajal Institute, Madrid,
Spain)

4) Bu-Chin Yu, Fumihiko Hakuno, Shin-Ichiro
Takahashi “Insulin  receptor  substrates-
associated proteins which are related with
insulin resistance”, International Seminar:
Current boundaries of the expanding
landscape of insulin-like activities and beyond
24th-26th September 2015 (Cajal Institute,
Madrid, Spain)

5) Mami Horiuchi, Tomoya Takeda, Yori Ozaki,
Fumihiko Hakuno, Shin-Ichiro Takahashi,
Asako Takenaka. Effect of branched-chain
amino acids on insulin secretion during
feeding. 12th Asian Congress of Nutrition.
14-18 May, 2015 (Yokohama, Japan)

6) Yosuke Yoneyama, Fumihiko Hakuno,
Shin-Ichiro Takahashi. IRS-1 is a negative
feedback regulator of IGF-I receptor
internalization via interaction with AP-2
clathrin adaptor complex. Gordon Research
Conference: IGF & Insulin System in
Physiology & Disease, March 8-13, 2015.
Ventura, CA. Oral Presentation.

7) Fumihiko Hakuno, Ting-Yu Liu T, M Kakino,
Hitoshi Fujimoto, Yasutoshi Ando, Kazuhiro_
Chida, Shin-Ichiro Takahashi. DGK{ and
PIPSK1a cooperatively enhanced
insulin-induced glucose uptake in 3T3-L1
adipocytes. Gordon Research Conference: IGF
& Insulin System in Physiology & Disease,
March 8-13, 2015. Ventura, CA. Poster
Presentation.

8) Bu Chin Yu, Yasutoshi Ando, Yuko Obata,

Hakuno, Shin-Ichiro Takahashi
Lipopolysaccharide (LPS) treatment increased
the protein levels of GKAP42 (42-kDa
c¢GMP-dependent protein kinase anchoring
protein) followed by inhibition of glucose
transporter (GLUT) 4 translocation to the
plasma membrane and glucose uptake in
adipocytes. Poster presentation. 7th




International Congress of the GRS and IGF
Society 15-18 October 2014 (Singapore)

9) Fumihiko Hakuno, Yosuke Yoneyama,
Atsufumi Ozoe, Shin-Ichiro Takahashi.
Constitutive IRS1 expression causes cell
competition, leading to defect in myogenic
differentiation. Poster presentation. 7th
International Congress of the GRS and IGF
Society 15-18 October 2014 (Singapore)

10) Fumihiko Hakuno, Shin-Ichiro Takahashi.
Phospho-tyrosine independent roles of insulin
receptor substrates. International Seminar
“Evolution of Insulin-like Peptides and Their
Function: Development, Growth, Metabolism
and Ageing” sponsored by Core-to-Core
Project by JSPS “New Insights into the
Molecular Basis of Prevention of Diseases in
the Aging Society Caused by Modulation of
Insulin-Like Activities” 11th October 2014
(Nakashima Hall, The University of Tokyo)

11) Fumihiko Hakuno, Yosuke Yoneyama,
Kazuhiro Chida, Shin-Ichiro Takahashi.
Constitutive IRS1 expression suppressed cell
invasion and migration, leading to inhibition
of myogenesis in L6 myoblasts. 2013 ASCB
Annual Meeting December 14-18, 2013 (New
Orleans, LA, USA)

12) Yosuke Yoneyama, Kazuhiro Chida,
Fumihiko Hakuno, Shin-Ichiro Takahashi.
Roles of insulin receptor substrate-1
interacting with clathrin adaptor AP-2

complex at submembranous actin cytoskeleton.

2013 ASCB Annual Meeting December 14-18,
2013 (New Orleans, LA, USA)

13) Fumihiko Hakuno, Fumihiko Hakuno,
Shin-Ichiro Takahashi. Constitutive IRS-1
expression suppressed cell invasion, leading to
inhibition of myogenesis. INTERNATIONAL
OPEN WORKSHOP “Emerging Paradigms of
Insulin-Like Activities in Physiology &
Disease: From Pathophysiology to Targeted
Therapy” August 14th, 2013 (Karolinska
Institute, Stockholm, Sweden)

14) Takayuki Yano, Yosuke Yoneyama, Toshiaki
Matsui, Hiroshi Okajima, Kazuhiro Chida,
Fumihiko Hakuno, Shin-Ichiro Takahashi.
Roles of Insulin Receptor Substrate
Complexes Containing Rabankyrin-5 in
Insulin-Like Growth Factor-I-Induced
Macropinocytosis. ENDO2013 Late-Breaking
Abstract. Oral presentation. 15th June, 2013
(San Francisco, CA, USA)

15) Fumihiko Hakuno, Diacylglycerol kinase {, a
novel binding partner of insulin receptor
substrates, negatively modulated GLUT4
translocation in 3T3-L1 adipocytes. 6th
GRS-IGF Poster presentation. 19th, October,
2012 (Munich, Germany)

16)

IRSome

H27.12.2
17)

H27.12.1-4
18)

H27.12.1-4

19)

AP-2  IRS-1 IGF-1

H27.12.1-4

20)

_ IRS-1

H27.12.1-4

21) Yu BC, Liu TY, Ando Y, Ito A, Yoshida M,
Hakuno F , Chida K, Takahashi S-I The
protein or compound that inhibits interaction
between DGKC and IRS-1 restore the
TNF-o-induced suppression of glucose uptake
in 3T3-L1 adipocytes.

H27.12.1-4
22)
GLUT4
H27.12.1-4

23) _

IRS1 L6

H27.3.12

24)

IRS-1

H27.3.12
25)

IRS1
L6



Poster presentation
37
H26.11.25
26)

Akt
H26. 4. 25
27)
GLUT4 51

H26.4.11
28)

PGAMS

36
H25.12.3-6
29)

IRS DGK(
36
36
H25.12.3-6
30)

IRS-1
65
H25.6.22

1))
2013

8:
2) Leonard
Girnita Ignacio Torres-Aleman

2013
51:
389-399.

http://ww.a.u-tokyo.ac. jp/topics/2015/
20150409-1.html

http://endo.ar.a.u-tokyo.ac.jp/

o

@

®

HAKUNO, Fumihiko

30282700

ITO, Akihiro

40391859

TAKAHASHI, Shin-Ichiro

00197146



