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Post-translational modifications of a mitochondria-resident protein and its role
in systemic regulation
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Mitochondria is indispensable for energy metabolism within the cell, which
is also essential for whole-body energy metabolism. PGAM5, a mitochondria-resident protein, has
newly clarified as a metabolism regulator in brown adipocytes. PGAM5 somehow senses environmental
stresses and conveys signals into the nucleus resulting in the alteration of transcriptome, which
includes the suppression of several thermogenic genes. We hereby discovered a novel mechanism that a
mitochondria-resident protein regulates mitochondrial energy metabolism through the gene expression
regulation in the nucleus.

PGAM5



¥ X C—19, F-19—1,7Z—19, CK—19 ()

1. WFZEBse S0 5

AR E T 22 OfIIZAX 57
DIZ ATP Z1EV T TV B, & 5 5 A miE
FOT RNl D ATP BNEASINT
WAHSIE, MlRN/NEE OO ESTHLS I b
aryRYT7Thd, 2T har FUTAHKEICE
ETHEBFEZRN T b AR ZED H
T2 e ATP EADRTH D Z LIXEHmD
HEEN, MO b RYTREZ VXY
BoO T2z —REH ~OBEGIXRAZRA
e AN

ARV RISEM®Y VEBRILY 7T VRO

TEMEALR T & UL CTHox AREE L 72 PGAMS I3,

R har R THBERREET Y Vb
MRTHD, FFETXEZ LI, PGAMS (&
I bz KU TEEEMEKT & IFEICBEA)W
EZIFAHZENMONTEBY, HAEETT
122 OBERNYIW SR SE O FFEIZE S5 9 5,
LL7Zemt, (1) BV U elEsRistEs X
O (2) BEREIRr oA ERICET MR
Wiz L,

PGAMS DE{RIZIST 5 A BRI R 3= % i i
TR & 1%, EFMHO PGAMS K~ T A
UER L, REBUMEHT A HED T, E DRER,
B _&EZ Lo, EIRA ML AITHT T
MEEHT, T7bb, PGAMS KE~ T X
IRARIEBR BT T2 381 B (R IEHERFRE ) 23 Y 5l
SN TV, EEROERIEMER 5 < O
Lo THLNTWDE R, BROZ ERBSH
BRI D = 2 X —RERRI KA+ 5, 20
Z ik, R bR TICRET S PGAMS
DA LDDOYAT L& LT, T har RV
TOTRNX KRR L, FkL LT
DZRNLF—REITEZENTWNDEZ L%
RET 5,

2. MO BEW

R RITRIEX N IJETHD
PGAMS NED L 512 D= 2L F— K
ZHIEIL TW D, 2D AT =X L &R
L EEARMIEOHN E Lz,

H < £ THIFERS % PGAMS 28D A3, A
MROTEEIL, 2 har RYTREX V7
BIZEd, S hary I TIIBITH T RILF
—REFAEI 2 Lo, 28 =30 X — (G
D — AP LN T H & Th D, MM
NGBR3 70 AT Ak
WAL SN D~ T alkd X7 NE R
T2 LT, EVIEWE AT M= — U
M CH - msBE 52D L AHME L
TV,

3. Dk

RS S TR 2 D42 5 M PGAMS K48
v~ AEHWT, v AHEKICEIT D
PGAMS OEEMZH LN T D, BRI
. 25 0= 3 X —REHIGE < Bb 5k

ZHi L. RNA-seq |2 & 2@ fn+ 3 BT %
179,

VT, RNA-seq it 12k U 7= fHA% A H Ak
I % M e o> HEREER A R &2 VW T in
vitro DRIV T PGAMS DA LA E 2 % 1
LONTT B, TOBRIZIE, PGAMS 2 RiH>HE
FRRECTH D, (1) Y ERLEESR G,
BELO Q) BEEMKTICHES BRI, @ 2
ROBMEZRET 5,

4. WFFEARR

IR ETIZF 4 1L, PGAMS R~ T AN
KIEA ML AR L TPt 2L L%
HoEMNZIL TS, T7hbb, [KEERETT
fiE I 7= PGAMS KfE~ U A%, BAEMOD
< 7 AN AR TTRIEMERFRED |m o, EIR O
IBAERF I3 < O 532528, 20
FC LR EIEIERICEE Lz, Z0RE
OO ED2E LT, PGAMS R~ T ADH
AR ORARG 2 B LIRS R, IR
OEBMENRO N2 nETFLND
(X 1), ZOBLREFIX. PGAMS K~ 7 A
ORI T, RPERRIG O 43 fif A3
EELTWBZ &, OWVWTIE, =R LF—
BNTLHEL TWDBZ L EZRIET D,

X1 B 5% (HESE)
EBioMedicine 5, 82-92 (2016) &Y #nE

T THE AL, BAEM L PGAMS KRB~ T
A DB AERFFLEEL Z VT RNA-seq fEfT %
T92LT, NIRRT YT N—2DELE
Rt L7z, ORGSR, B alsihiia o GEL
2B DB OB T FELD PGAMS K16
AR IC B W TITH#E L TV 5 2 & 23
Linkrole, ZORRIZ, BlEHEITo
EH RT-PCRIERV = A X 7y MEIZK
HRFHCE > THHER I TV,

FEV T, ARG R RN AaN < B AR
WZAELDBRTH D EMRed <, PIEs
ERENEHIAR 2 iz, AR, &t
WX R bHIIEEEE L, AREEA % T
HMEEET LD TH D, MfkE VTR
KL, BABHMERRICBNTDH
PGAMS HEH DX X7 BEUITAF IR D 5
Nz, =2 T, PGAM5 K~ 7 AHEDOHM
ol B 28 BN F — o 2B AR
KDObLO L LIz Z A, PGAMS KIEH
RENZ 3 1F 2 BAPE 2B B B AR 1 D38 Bl L A8



MR Iz, T7bb, BElEEN O PGAMS
DEENICEBRE RIS a7 7 A&l L
TWAZ LRz,

INETIZHR A X, BLY AT R
75 BLARSOY) W i 1 2 28 LR o /R Bl L
TW5, £TZ TCINOERKEZ WK%
1Tolmb A, BOEAICED 5 BE THHD
HEICRT 2 2N SIEEO LB IENRIR X
Nz, ZHET. PGAMS OV e EE
IO BERICET 2 BICIFIEFICZ LL .
ABFFE 5 B BT,

PLEDFERNS, 2 bay R TILRET
% PGAMS 1%, BV U ER{LRECH & O Y)W &
W) BIRRBIERT 2 LT, BN OERE & 1
T35 LT, BUEEB IO 2L F—UEHHT
HEHEFTHZENRHALMNER ST, H ETH
el nTit, hF AT )T h—ADE
(BEN LRI A =X AN CER LT 0.
PGMAS A2 b= RU 7 ECHEEMIZZ R
NE - EHET A=A LT
X, SHROBRFBPMLETH D,

AWFFCRE R 2 SR 3 5 & . PGAMS X
BFREAZN LT3V —R#@2 A
HELTWDEERD, Tbb, 2D
PGAMS T L RGN A 71 = X WA g+
DT ENAREE v, =X —(ETiE
W2 KD F PR R ORI T 535 2
ERHBETHA I,

5. TR ILE

(BFEAREE I TR
CiEsEam ) (19 1)

. Watanabe, K., Umeda, T., Niwa, K., Naguro, L.
and Ichijo, H. A PP6-ASK3 module coordinates
the bidirectional cell volume regulation under

osmotic stress.
Cell Rep., 22, 2809-2817 (2018).
doi: 10.1016/j.celrep.2018.02.045

. Imamura, K., Yoshitane,

circadian clock.
Proc. Natl. Acad. Sci. USA., 115,3646-3651 (2018).
doi: 10.1073/pnas.1719298115

. Hirata, Y., Katagiri, K., Nagaoka, K., Morishita,
T., Kudoh, Y., Hatta, T., Naguro, I., Kano, K.,
Udagawa, T., Natsume, T., Aoki, J., Inada, T.,
Noguchi, T., Ichijo, H. and Matsuzawa, A.
TRIM48 promotes ASKI1 activation and cell
death through ubiquitination-dependent degradation
of the ASK1 negative regulator PRMT].

Cell Rep., 21, 2447-2457 (2017).
doi: 10.1016/j.celrep.2017.11.007.

. Hattori, K., Ishikawa, H., Sakauchi, C.,
Takayanagi, S., Naguro, I., Ichijo, H. Cold stress-
induced ferroptosis involves the ASKI1-p38
pathway.

H., Hattori, K.,
Yamaguchi, M., Yoshida, K., Okubo, T., Naguro,
L., Ichijo, H. and Fukada, Y. ASK family kinases
mediate cellular stress and redox signaling to

EMBO Rep., 18, 2067-2078 (2017).
doi: 10.15252/embr.201744228.

Kamiyama, M., Shirai, T., Tamura, S.,
Suzuki-Inoue, K., Ehata, S., Takahashi, K.,
Miyazono, K., Hayakawa, Y., Sato, T., Takeda,
K., Naguro, I. and Ichijo, H. ASKI facilitates
tumor metastasis through phosphorylation of an
ADP receptor P2Y 12 in platelets.

Cell Death Differ., 24, 2066-2076 (2017).

doi: 10.1038/cdd.2017.114.

Chaikuad,A., Chaikuad, A., Filippakopoulos, P.,
Marecsisin, S. R., Picaud, S., Sekine, S., Ichijo, H.,
Engen, J. R.,Takeda, K. and Knapp, S. Structures
of PGAMS provide insight into active site
dynamics and multimeric assembly.

Structure, 25, 1089-1099.¢3 (2017).

doi: 10.1016/j.str.2017.05.020

Naik, M.-U. Patel, P., Derstine, R., Turaga, R.,
Chen, X., Golla, K., Neeves, K.-B., Ichijo, H. and
Naik, U.-K. Apoptosis signal-regulating kinase 1
regulates platelet granule secretion, thromboxane
A2 generation, and thrombus formation in mice.
Blood, 29, 1197-1209 (2017).
doi:10.1182/blood-2016-07-729780

. Imamura, K., Izumi, Y., Watanabe, A., Tsukita,

K., Woltjen, K., Yamamoto, T., Hotta, A., Kondo,
T., Kitaoka, S., Ohta, A., Tanaka, A., Watanabe,
D., Morita, M., Takuma, H., Tamaoka, A.,
Kunath, T., Wray, S., Furuya, H., Era, T.,
Makioka, K., Okamoto, K., Fujisawa, T.,
Nishitoh, H., Homma, K., Ichijo, H., Julien, J.-P.,
Obata, N., Hosokawa, M., Akiyama, H., Kaneko,
S., Ayaki, T., Ito, H., Kaji, R., Takahashi, R.,
Yamanaka, S. and Inoue, H. iPSC-based drug
repositioning identifies the Src/c-Abl pathway as
a therapeutic target for ALS motor neurons.

Sci. Transl. Med., 9, pii: eaaf3962 (2017).

doi: 10.1126/scitranslmed.aaf3962.

Koizumi, S., Irie, T., Hirayama, S., Sakurai, Y.,
Yashiroda, H., Naguro, 1., Ichijo, H., Hamazaki, J.
and Murata, S. The aspartyl protease DDI2
activates Nrfl to compensate for proteasome
dysfunction.

eLIFE, 5, pii: 18357 (2016).

doi: 10.7554/eLife.18357.

10.Hattori, K., Naguro, 1., Okabe, K., Funatsu, T.,

11.

Furutani, S., Takeda, K. and Ichijo, H. ASKI1
signaling regulates brown and beige adipocyte
function.

Nat. Commun., 7:11158 (2016).

doi: 10.1038/ncomms11158

Sekine, S., Yao, A., Hattori, K., Sugawara, S.,
Naguro, 1., Koike, M., Uchiyama, Y., Takeda, K.
and Ichijo, H. The ablation of mitochondrial
protein phosphatase Pgam5 confers resistance
against metabolic stress.

EBioMedicine, 5,82-92 (2016).

doi: 10.1016/j.ebiom.2016.01.031



12.Maruyama, J., Kobayashi, Y., Umeda, T.,
Vandewalle, A., Takeda, K., Ichijo, H. and
Naguro, 1. Osmotic stress induces the
phosphorylation of WNK4 Ser575 via the
p38MAPK-MK pathway.

Sci. Rep., 60, 95-104 (2016).
doi: 10.1038/srep18710

13.Fujisawa, T., Takahashi, M., Tsukamoto, Y.,
Yamaguchi, N., Nakoji, M., Endo, M., Kodaira,
H., Hayashi, Y., Nishitoh, H., Naguro, 1., Homma,
K. and Ichijo, H. The ASKI1-specific inhibitors
K811 and K812 prolong survival in a mouse
model of amyotrophic lateral sclerosis.

Hum. Mol. Genet., 25, 245-253 (2016).
doi: 10.1093/hmg/ddv467

(review article)

14.Galluzzi, L., Vitale, 1. et al. (the 72th in 169
people) Molecular mechanisms of cell death:
recommendations of  the Nomenclature
Committee on Cell Death 2018.

Cell Death Differ., 25, 486-541 (2018).
doi: 10.1038/s41418-017-0012-4

15.Kamiyama, M., Naguro, I. and Ichijo, H.
mASKing cancer cells in a tumor
microenvironment.

Cell Cycle, (commentary), 17, 139-140 (2018).
doi: 10.1080/15384101.2017.1407402.

16.Hattori,K. and Ichijo, H. Apoptosis Signal-
regulating Kinase 1 in Regulated Necrosis.
Cell Cycle, 17, 5-6 (2013).
doi: 10.1080/15384101.2017.1397330.

17.Hayashi, Y., Homma, K. and Ichijo, H. SODI1 in
neurotoxicity and its controversial roles in SOD1
mutation-negative ALS.
Adyv. Biol. Regul., 60, 95-104 (2016).
doi: 10.1016/j.jbior.2015.10.006

18.Zhou, X., Naguro, I., Ichijo, H., Watanabe, K.
Mitogen-activated protein kinases as key players
in osmotic stress signaling.

Biochem. Biophys. Acta, 1860, 2037-2052
(2016).
doi: 10.1016/j.bbagen.2016.05.032

19.Tsubota, A., Ichijo, H., Homma, K.
Mislocalization, aggregation formation and defect
in proteolysis in ALS
AIMS Molecular Science, 3, 246-268 (2016).
doi: 10.3934/molsci.2016.2.246

(¥R (Gt 118 M, WA O 2 Ff)
1. Ichijo, H., Tsubota, A., Homma, K., Fujisawa,
T., Physiological and pathophysiological roles
of SODI under Zinc deficiency, ISZB 5th

meeting, in collaboration with Zinc-Net,
2017.6.18-22, Pyla, Cyprus.

EFHE, ANVAUTFILORATT =X A
B HAISE~, HARIEZSE 137 F4,

2017 423 A 24-27 H A& TH.

gﬂkf&i

. Ichijo, H., ASK family kinases in Stress

Signaling and Cancer, The 15th KlICancer
Retreat, 2016.9.26-27, Stockholm, Sweden.

(& G 1)

Ichijo, H. and Naguro, I. (Guest Editors),
Advances in Biological Regulation “ASK family
kinases and stress response in physiology and
pathology” Elsevier, #8-~2—3090 (2017).

(& D]
R b=V
http://www.f.u-tokyo.ac.jp/~toxicol/index.html

6. WFITRAGE
(1) WFgefgess
—f& F#E (ICHUO, Hidenori)
WK « KBSm0 R R -
iz
WF9EE %5 00242206



