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In this study, we examined the effects of the novel mitochondrial BCAA
transporter SLC25A44 on brown adipose tissue (BAT) function and systemic glucose tolerance.
Whole-body depletion of Slc25a44 in mice resulted in an elevated blood BCAA levels and impaired
glucose tolerance despite no change in body weight. BAT-specific SLC25A44 KO mice exhibited impaired

BAT thermogenesis. BCAA metabolic tracing revealed that BCAA-derived nitrogen is actively utilized
in the synthesis of glutathione, which is known to be involved in the control of glucose tolerance
and insulin sensitivity. Circulation glutathione levels in healthy participants was increased
following cold exposure selectively in participants with high BAT activity while not in those
without. These results suggest that mitochondrial catabolism of BCAAs regulates systemic glucose
tolerance in an energy expenditure-dependent and -independent manner.



¥ X C—19,. F—19—1, 2—19 (58

1. WFFEBIAR SO 5

BCAA

AR SO A FE T T BCAA A8 54 \ Pared
%2 Lint. & BCAA MIEE A v A Y L AEHMED : !
RRBIER DS ATHIFES LTV D, L, DK SLC25A44 28 mTORC1 $
REEBROERIIMH STV, ZHE TOHF BCAA ‘
FeTH AL, BAREA « = 3L F —THE ISR LT Fr BCAT2 | s6 4
BRI NEMRE C b DB GBI (BAT) (23U C BCKAs s
BCAA ANIEFICARHO RS = &, BAT F55H) BCKDH § 1
IZ BCAA R 2 E S 7o~ 7 A TRV A A ey Insulin
VUM RO ON D L ERE L gy <i9naiing

(Yoneshiro T etal. Nature 2019) ., F£7-. BCAA 3% —
R SNI=DHIZ TCAFB O TRE L r s TTF 7 RMEE

LaT o4y 7 RONCE L L, 2037 BAT B\EA
% I Y , NG
SHIT L bl Ll BAT TR gy SlcosAdd AL BCAA (#ER
N — AR N E /B L 72 B 72D, BCAA R B OO D (RIS L
DRI % 1k % 121 Tl RE R IR RE B 3 o 2 BEHEOBRORHMET
LOMIRHAREETH S,

BCAA (F=x VX —HEHE LTET TR, MlENOT 7T AEE L THBEL, 1
VAN OB G RN S D, FEFE 2L, S ha RUTEGAT v A
7T AR —LERREEHW, 2 3 KU 7 BCAA b7 AR —% —SLC25A44
ZRIE L7, L2 L, SLC25A44 NG MEHITE I Rz TR ER L 20013
B DUV TIIRGEERE 2372\,

2. WHEDHB

KIFFETIE, BAT IZBITHI b3 KU T b7 AR —Z—SLC25A44 %4 L7- BCAA
R FRICERZRY . =X — GRS KO v R Y VRS PEO RN 7= 3 A48
MBI A T = XN Z T,

3. WHgEDITik

BEMEA AT VRSO I 1T D SLC25A44 OEEIZ TR 57~ Sle25a44 K18
VI ALKRT T ADAAFTFTA A EERETI10 BARESE L, REENEZ L
72o MHEERE, A L AU VIEZMEZTARD 120, FFATTAER, 4 AV VARRBREIT- 1=,

SLC25A44 %I LToA v AV VIS MERIEH O BTN 2 50T 5729, Sle25a44 R
H~ U R L3t~ T R T CHERERRDN O A AU U EITERREKRERE L,
BAT, HENGERL, B8, FiEZERE L, &k AKT ° RPS6 OV Uit % E& L.
MR ICRBIT DA v A ) M2l L7, FARICHER T CTHL &Mk AKT < RPS6
DY U b E ERE LT,

SLC25A44 %#4r L7~ BCAA RE RS BAT OBEGEAMEEIZ RI-T B Z TR L0,
BAT %FHLH) Slc25a44 RIE~ 7 A (Sle25a44%°¥Mx::Ucpl-Cre) L [RfE= > ha— <~ A
(Slc25a44f0x/flox)  Z-VERL L | MR ST 2 IV C BAT OEAEARERE 2 5/~ 7=,

Slc25a44 O/RIIZ XV HIKENIZ BCAA NWEET A0 Z EEMNICE T 570,
Slc25a44-KO &t ish/An & ctidtetafsiifila s 5% L, /vt x 7 U v (NE) #iliE% 5
R I2M B [U-BCLeucine ZERINARZ W A Z R v I 7 A% Fhi LT,

SLC25A44 OT 2 JBEEHNIL, B &~ T A TH 20%FER2 5, v b SLC25A44 O
BCAA BaiiltaE & 8 (BN MIIR OB EEMEE~ DB 52 JH D5 728 Slc25a44-KO ~ 7 A&
EAENGMIAEIC & b SLC25A44 Z iRl 7Bl S, NE FEMEmAHEEZ2E L,

PET/CT T BAT #REZ R L72 & FAR T 7 4 7 0 B FEH R AT (B EL L 72 ik
TN EENT L BCAA HSRIEHTPEMIRE 2 & ATl L, ZEm RIS EMEDIREZ AL & BAT
TGO BLR & fifpT LT,



4. WFZERR
- SLC25A44 & MR & A o 2 U HH M

Slc25a44 R~ A () LRE= be—~T 2 () ZEEHECHE LD
A, WEIIZAEBERENBD SN 7om, 7 v a—RRE L BCAA RN
Slc25a44 R~ T ATLERA LTz, 2O~ 7 R HEARREBE A VA VREBRA T2 &
Z A, Slc25a44 K~ T ATIPERRDIKR T & A A U SRPUENR D bz, RO
Bra i~ 2 CH3EE L, BHEOKENMELNT (B,

- RO A R Y v T v TR

MRS FCTBAT 28l L7722 A, 2 hr—/L~ 7 A TlL mTORCI {EMHEALDOFEEET
5% RPS6 OV LALLM S 72 o 7= DIZ%t L. Sle25a44 R~ ™7 A ClIHFLED
U U e Sz, LaxL, mTORC2 iEMHALDOFEEE AKT OV VRbiZEbL o0~
TATHEI S TWRNoTo, A VA Y VAN BAT Z8 M L72 & Z A AKT & RPS6
DO STOY VN2 ha—)b~ 7 AT Sle25a44 R~ 7 AT L TU =,

- BAT 551 Slc25a44 KRB~ w7 A D BAT B&HERHN

BAT %5501 Slc25a44 R~ A LREa Y ha— A~ ZADONENIC T B AKX TS5
UV B2 BBEE L, AR AT LT BAT 2VEA TS L C BAT MHRIBEZHE L7z & 2
A, BAT OIRE Ry Fa—~ v A 2T BAT R Sic25a44 R~ AT
Jkss L7z Ok 1),

- Slc25a44 KABDGHIEN O BCAA EHE & & BCAA (UHHEM I LT T &

Sle25a44 RIBIBENENTHIMZ 2 L, BC,ON A X R o I 7 A &fT7-o72L 2 A, #l
N O BCAA SHEfk o 7 FEROEN 2 b o — LI TR Lz, 72,
BCAA Hi2k BC THER S 4172 TCA FIEH AR S KM T Lz (BIHSGER D, £
7=, N OB BCAA OF ) KNI NEFF i EDA A Y R EIC S
HREW OEBITTERITE DIV D Z E2VHIB LTz,

- & b SLC25A44 OREREMRHT & EFEAEIZI1T D1 H

Slc25a44-KO ~ 7 2B EENHHIIIZ b b SLC25A44 Z iR S ¥7- & = A, BCAA 1%
£ FTO NE FHEMBBHEEEN EH L-, B FOMIEFTO TN T4 R EITFE N T
Wicky FRTHZE, 2o EHEE PET/CT Till~<7- BAT IEMENTFEFET 5 Z & & A
L7z (BT 2),

PLEDORERNS, T har FUT BCAA b7 v AR—H—TdH 5 SLC25A44 |L BAT IT5
% BCAA fRE#0fiE & TCA RIOERHZRB IOV VE T4 DEARICEGTHZ LI
X0, XX —IEBREN), IR T EMBERE L A o R U sz M 2 I 5
TR E N (OCHk2,3),

51 STk
1)  Yoneshiro T, Kataoka N, Walejko JM, et al. Elife 10: ¢66865, 2021.
2)  Verkerke ARP, Wang D, Yoneshiro T (co-first), et al. Cell 187: 2359-2374, 2024.
3) Brown Z, Yoneshiro T (corresponding). Endocr J 71: 89-100, 2024,



31 29 10 5

Verkerke ARP, Wang D, Yoshida N, Taxin ZH, Shi X, Zheng S, Li Y, Auger C, Oikawa S, Yook JS, 187
Granath-Panelo M, He W, Zhang GF, Matsushita M, Saito M, Gerszten RE, Mills EL, Banks AS,

Ishihama Y, White PJ, McGarrah RW, Yoneshiro T, Kajimura S.

BCAA-nitrogen flux in brown fat controls metabolic health independent of thermogenesis 2024

Cell

2359 2374.e18

DOl
10.1016/j .cell.2024.03.030

Brown Z, Yoneshiro T. 71

Brown fat thermogenesis and branched-chain amino acids in metabolic disease 2024

Endocr J 89 100
DOl

10.1507/endocrj .EJ23-0205

Ito R, Xie S, Tumenjargal M, Sugahara Y, Yang C, Takahashi H, Arai M, Inoue SI, Uchida A, 27

Nakano K, Choi H, Yang G, Zhao Y, Yamaguchi R, Jin H, Sagae H, Wada Y, Tanaka T, Kimura H,

Kodama T, Aburatani H, Takeda K, Inagaki T, Osborne TF, Yoneshiro T, Matsumura Y, Sakai J.

Mitochondrial biogenesis in white adipose tissue mediated by JMID1A-PGC-1 axis limits age- 2024

related metabolic disease

iScience

109398 109398

DOl
10.1016/j . isci.2024.109398

Ishida Y, Matsushita M, Yoneshiro T, Saito M, Fuse S, Hamaoka T, Kuroiwa M, Tanaka R, Kurosawa
Y, Nishimura T, Motoi M, Maeda T, Nakayama K.

Online ahead of print

Genetic evidence for involvement of (3 2-adrenergic receptor in brown adipose tissue
thermogenesis in humans

2024

Int J Obes (Lond)

DOl
10.1038/s41366-024-01522-6




Aita S, Matsushita M, Yoneshiro T, Hatano T, Kameya T, Ohkubo I, Saito M 9

Brown adipose tissue-associated postprandial thermogenesis in humans: Different effects of 2022

isocaloric meals rich in carbohydrate, fat, and protein

Front Endocrinol 1040444
DOl

10.3389/fnut.2022.1040444

Takahashi H, Yang G, Yoneshiro T, Abe Y, Ito R, Yang C, et al. 13

MYPT1-PP1B phosphatase negatively regulates both chromatin landscape and co-activator 2022

recruitment for beige adipogenesis

Nat Commun 57151
DOl

10.1038/s41467-022-33363-0

Tanaka R, Hamaoka-Fuse S, Kuroiwa M, Kurosawa Y, Endo T, Kime R, Yoneshiro T, Hamaoka T 19

The effects of 10-week strength training in the winter on brown-like adipose tissue vascular 2022

density

Int J Environ Res Public Health 10375
DOl

10.3390/i jerph191610375

Wang Q, Li H, Tajima K, Verkerke ARP, Taxin ZH, Hou Z, Cole JB, Li F, Wong J, Abe I, Pradhan 609

RN, Yamamuro T, Yoneshiro T, Hirschhorn JN, Kajimura S

Post-translational control of beige fat biogenesis by PRDM16 stabilization 2022

Nature 151-158
DOl

10.1038/s41586-022-05067-4




lzawa S, Yoneshiro T, Kondoh K, Nakagiri S, Okamatsu-Ogura Y, Terao A, Minokoshi Y, Yamanaka A, 600
Kimura K

Melanin-concentrating hormone-producing neurons in the hypothalamus regulate brown adipose 2022
tissue and thus contribute to energy expenditure

J Physiol 815-827

DOl
10.1113/3P281241

Pan R, Yoneshiro T, Hasegawa Y, Ma X, Chen Y 13

Editorial: Novel therapeutic strategy against obesity by targeting thermogenic fat 2022

Front Endocrinol 1052966
DOI

10.3389/fendo.2022.1052966

75

2022

297-304

DOl

40

2022

2222-2226

DOl




60

2023
8-13
DOl
40
2022
1175-1181
DOl
280
2022
1160-1165
DOl
Matsumura Y, Ito R, Yajima A, Yamaguchi R, Tanaka T, Kawamura T, Magoori K, Abe Y, Uchida A, 12
Yoneshiro T, Hirakawa H, Zhang J, Arai M, Yang C, Yang G, Takahashi H, Fujihashi H, Nakaki R,
Yamamoto S, Ota S, Tsutsumi S, Inoue S, Kimura H, Wada Y, Kodama T, Inagaki T, Osborne TF,
Aburatani H, Node K, Sakai J
Spatiotemporal dynamics of SETD5-containing NCoR?HDAC3 complex determines enhancer activation 2021
for adipogenesis
Nature Communications 7045

DOl
10.1038/s41467-021-27321-5




Yoshida N, Yamashita T, Osone T, Hosooka T, Shinohara M, Kitahama S, Sasaki K, Sasaki D, 24
Yoneshiro T, Suzuki T, Emoto T, Saito Y, Ozawa G, Hirota Y, Kitaura Y, Shimomura Y, Okamatsu-

Ogura Y, Saito M, Kondo A, Kajimura S, Inagaki T, Ogawa W, Yamada T, Hirata KI

Bacteroides spp. promotes branched-chain amino acid catabolism in brown fat and inhibits 2021

obesity

iScience

103342 103342

DOl
10.1016/j . isci.2021.103342

Yoneshiro T, Matsushita M, Sugita J, Aita S, Kameya T, Sugie H, Saito M 67

Prolonged Treatment with Grains of Paradise (Aframomum melegueta) Extract Recruits Adaptive 2021

Thermogenesis and Reduces Body Fat in Humans with Low Brown Fat Activity

Journal of Nutritional Science and Vitaminology 99 104
DOl

10.3177/jnsv.67.99

Yoneshiro T, Kataoka N, Walejko JM, lkeda K, Brown Z, Yoneshiro M, Crown SB, Osawa T, Sakai J, 10

McGarrah RW, White PJ, Nakamura K, Kajimura S.

Metabolic flexibility via mitochondrial BCAA carrier SLC25A44 is required for optimal fever 2021

eLife 66865
DOl

10.7554/eLife.66865

lzawa S, Yoneshiro T, Kondoh K, Nakagiri S, Okamatsu-Ogura Y, Terao A, Minokoshi Y, Yamanaka A, 600

Kimura K

Melanin- concentrating hormone- producing neurons in the hypothalamus regulate brown adipose 2021

tissue and thus contribute to energy expenditure

The Journal of Physiology 815 827

DOl
10.1113/3P281241




Walejko JIM, Christopher BA, Crown SB, Zhang GF, Pickar-Oliver A, Yoneshiro T, Foster MW, Page 12
S, van Vliet S, Ilkayeva 0, Muehlbauer MJ, Carson MW, Brozinick JT, Hammond CD, Gimeno RE,
Moseley MA, Kajimura S, Gersbach CA, Newgard CB, White PJ, McGarrah RW
Branched-chain a -ketoacids are preferentially reaminated and activate protein synthesis in the 2021
heart
Nature Communications 1680
DOl
10.1038/s41467-021-21962-2
Nabatame Y, Hosooka T, Aoki C, Hosokawa Y, Imamori M, Tamori Y, Okamatsu-Ogura Y, Yoneshiro T, 12
Kajimura S, Saito M, Ogawa W
Kruppel- like factor?15 regulates fuel switching between glucose and fatty acids in brown 2021
adipocytes
Journal of Diabetes Investigation 1144 1151
DOl
10.1111/jdi.13511
s 38
2021
Medical Practice 1059-1061
DOl
39
BCAA 2021
775-781

DOl




2021

280-282

DOl

Walejko Jacquelyn M. Christopher Bridgette A. Crown Scott B. Zhang Guo-Fang Pickar-Oliver 12

Adrian Yoneshiro Takeshi Foster Matthew W. Page Stephani van Vliet Stephan Ilkayeva Olga

Muehlbauer Michael J. Carson Matthew W. Brozinick Joseph T. et al

Branched-chain a -ketoacids are preferentially reaminated and activate protein synthesis in the 2021

heart

Nature Communications 1680
DOl

10.1038/s41467-021-21962-2

Nabatame Yuko Hosooka Tetsuya Aoki Chikako Hosokawa Yusei Imamori Makoto Tamori in press

Yoshikazu Okamatsu- Ogura Yuko Yoneshiro Takeshi Kajimura Shingo Saito Masayuki Ogawa

Wataru

Kruppel- like factor?15 regulates fuel switching between glucose and fatty acids in brown 2021

adipocytes

Journal of Diabetes Investigation in press
DOl

10.1111/jdi.13511

Yoneshiro Takeshi Rodriguez-Rodriguez Rosalia Betz Matthias Johannes Rensen Patrick C. N. 11

Editorial: Current Challenges for Targeting Brown Fat Thermogenesis to Combat Obesity 2020

Frontiers in Endocrinology 600341

DOl
10.3389/fendo.2020.600341




Hamaoka Takafumi Nirengi Shinsuke Fuse Sayuri Amagasa Shiho Kime Ryotaro Kuroiwa Miyuki 11

Endo Tasuki Sakane Naoki Matsushita Mami Saito Masayuki Yoneshiro Takeshi Kurosawa Yuko

Near-Infrared Time-Resolved Spectroscopy for Assessing Brown Adipose Tissue Density in Humans: 2020

A Review

Frontiers in Endocrinology 261
DOl

10.3389/fendo.2020.00261

Saito Masayuki Matsushita Mami Yoneshiro Takeshi Okamatsu-Ogura Yuko 11

Brown Adipose Tissue, Diet-Induced Thermogenesis, and Thermogenic Food Ingredients: From Mice 2020

to Men

Frontiers in Endocrinology 222
DOl

10.3389/fendo.2020.00222

Sponton Carlos H Hosono Takashi Taura Junki Jedrychowski Mark P Yoneshiro Takeshi Wang 21

Qiang Takahashi Makoto Matsui Yumi Ikeda Kenji Oguri Yasuo et al.

The regulation of glucose and lipid homeostasis via PLTP as a mediator of BAT-liver 2020

communication.

EMBO reports 49828

DOl
10.15252/embr.201949828

27 16 0

2023




SETD5-NCoR-HDAC3

26

2023

MYPT1-PP1 B

26

2023

26

2023

2022




43

2022

FDG-PET NIR-TRS

43

2022

43

2022

43

2022




43

2022

43

2022

BCAA

26

2022

193

2022




2022

76

2022

76

2022

65

2022




44

2021

94

2021

74

2021

27

2021




40

2021

75

2021

41

2021

41

38

2021




81

2020

BCAA catabolism in brown adipose tissue and energy metabolism

63

2020




