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BHEAICEHTEAIRHT7 I /EROEIRHRGE

THEHRD, Li#iEz?

RPN SN Y o R A PN PN & e ) Sl o

AR PR E

BT D FN A FE SN THg R L 7.

BT e (BCAA: tATr, AVuA s, NI, BERC
IR AEFRROMSRR IR Y L R R T D AR THD. BN S T ALENIX, H IS D
BCAA % & Tehs, IKRNOWERET /I (77 —/V) FICH—E
KDOK) 40%% HHDHDOT, B HICEL Ol BCAA BFET DR, ZOREIL3SD BCAA 24/
HTH 1 mM LLFTHY, KR E ThD. Rl TH VB BERT 528128, ZoizE
BCAA REN L3258, 2OTI/EEOR: 2 7 A B REDS BRSNS IFEOMFFEIZIV T, BCAA (FF

AT ) E B DA A RE L 3 A T A E (FURIER) 2 32283 Bh 7o

—77, BCAA O fRIZEITE R CRRIASNAZEDBHOLMNIZSILTNDR, ZEREL T, FHAD
TR —REN LR/ 556120F BCAA IR KT THLHIEHEADLL T 1L —JHE L THI
Mshsz %#I@%Lt AKFTIL, BRI OZ L~ B L O3 X — R

BUILARARTIU/BETHY, DI

=D BCAA %5 te. EhDEEAHITE

BiF5 BCAA O

1. FLSHIC

H R E DR y ThhorATw, AVufv .,
YT, 4y 87X/ (branched-chain amino acids:
BCAA) LFEFRSHL, W HUBERO RN TII GRS VR

WD EMZ BT RN R T/ (WHT ) T,

Fo T, ENFIEITA VBRI 5282 BCAA
ERERL TS, BN BEEL QOB IS B
(X IE1I2< D BCAA 5 A0 & & (FERH) 134
20%T ), fiFUCL ChZL B AER US4 1%
BCAA ZAiffR T 2.

ERNDEIERZ L SIEIZHELD BCAA MWEENT
BY (Fh5 o RO BHAN T DA R T BEOK) 35%
[11), 1 kg O BAEARITRI 20% DX 7Bk G dr, S5
(ZEREAN XE RO RN T hch K&l (— AR E
DF 40%) THAHZLEZZHE, EREIIERR CThHDH
AT RO ITIRREEE U THEREL QWD EF 25,

BFEAN CTH L\ TEPNERSNDEFEITIE, W
JEEDFIHSINDD, ERDRNTIISH DFEEZE LT
BT S B EMEES 5. ZOWERET 3 ik Ai 173

Fa — L | EREA TG, FE TR0, ERsimiTe
FOBENTHRD KRERIEZR THHDOT, LIUTEEND
WEET b 250

ERDEREFOUFET I FRIRE AR 1 \TRLTZ. 20
WHHET S BROKSENT, 1 kg IIABHT-VRIZE 5 g FEE
(COFNIT VB ChHLATI B ET) ThD
D, TNEILLZTN L DOEENELEW[2]. —,
WEE BCAA & 838V U Rt i DR
FZ 1%ITRE T, ZORELLTHEE M FETH
v, HEEREVR R THD. ZOREL, PRSI
WMEIZSH D728 [3], 1S5~ BCAA Okl

RO TN A EHEEES A, AT, IR
BCAA fHHUTEHEI AL TILH BCAA JREZEK
57505 10 iR FC iRz n353].

KD BCAA JEEEIT I BCAA JEEEITEAF
F57280, M BCAA JRFEDRAT ALY Z%ARDTE
WEETHDH[4-6]. BLALINISN-ZDOFEFIELT,
18R BCAA /it i Z LA BCAA IfEDERE
< AT A B (RRZENCIL B BEDRER) 2

ZfHH 202242 H2H =HH 202244 H1H
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ARTZEAHIALTZL6]. T h, IMOREEIZBNT
14372 BCAA OHHENEE CTHHZENVRESLT-.

TIL, L BCAA IR IANMICHREISILTNDODT
HHIMN 2 ZOEERNTHOWTE, RIS 3135
LHDD, BCAA 7RISR D BAn AN,
0, sl 2317% BCAA Zfinens fif BCAA JREEC
SRS D LB N CE N [79].

1. e OEHTI/BEIVEE

T8 RE
(umol/L FRERIK)

Aya4oy 110
(m [ AV 225 }(%@1%)
AN, 320
kA=Y 770
EXFOU 430
JIZITS=Y 85
AFAZY 60
o 1,110
FILE= 680
Yl =Y 2,860
VA E 1,650
FRINSEY 420
JILEZUEE 3,960
JILEZY 19,970 (37%)
gy 1,660
FIL=F> 350
) 900
a1y 17,680 (33%)
FOL Y 122

=X 53,362

B CORAIRTI MR, TEE: R /WE (SCHK 2 K9
BZELTEIA)
(AN D7k 455 8 K 0.66 Likg ##%)

2. WELEMAICE1TS BCAA X0

HFLEM T, BCAA IR FIRT U CTHLT-DT
DEIRRDHDFAET D, ZO4ERIE, BRI IR
Sz BCAA ZHEeNTABRS 25458, BLO=xr
X — AT LIS A I A G A B THE
T, BUTIE, RAICEsITH 1282 BCAA fiklZ
DRSS AR5,

BCAA %533 % B0 Tk GRla) NoIh=
YRUTNAHAET D). ZOGfERDEARND2>DAT

v 71X, 320 BCAA (2@ THY, BCAA Sz it
LCWA. 5 3 AT 7 VIO (4~8 A7) 1%
NEND BCAA \ZEFA D RRIMEAETH (X 1).
BCAA
(Leu, lle, Val)
akG
BCAT

Glu

BCKA
(KIC, KMV, KIV)

CoA-SH NAD*

BCKDH{E & &

co, NADH + H*

v
CoAlL&M
(IV-CoA, MB-CoA, 1B-CoA)

(4~8
RATvT)

Acetyl-CoA
Acetoacetate

Succinyl-CoA
(TCAEIER)

1. BCAA %
aKG: o-ketoglutarate,

BCAT: branched-chain aminotransferase,
BCKA: branched-chain o-keto acids,
BCKDH: BCKA dehydrogenase,

KIC: a-ketoisocaproate,

KMV: o-keto-B-methylvalerate,

KIV: a-ketoisovalerate, IV-CoA:
isovaleryl-CoA,

MB-CoA: a-methylbutyryl-CoA,
IB-CoA: isobutyryl-CoA.

B 1 A7y 7%, BCAA 7/ M (branched-
chain aminotransferase: BCAT) |2 0l i1 Tz
T BSOS TS, ZORUGTIE, BCAA 557
5% o N VEVEE (o KG) IZESE LT, 0I5 o -
/7 N (branched-chain o -keto acids: BCKA) &7 /L4232



%A 5[10]. « KG OMITHE LE U RAF
nWEfieE 7 BEOZEERELIGLDY, a KG Db
BCAT 233 2BIFENmO R THH11]. 72721,
BCAT ® BCAA (T3 28U 32720 1K 2D (Km:
0.6~3 mM) [10], F=iC BCAA JBEN EHLUKRC
BCAT [3EHT2LE 2 6%,

BCAT 121X 7 AV ALNGFIEL, Iha R 7 A
(BCATm #7213 BCAT2) LAHE S (BCATe F7zi%
BCAT1) DFENHSL SN[ 12]. EMZBITS
BCATm OFBUL, FHP7aE ORI CIEE 3, I
TIHFEALZRN13]. T7205, HECIEBCAA ZE.
B CEIRMEMA THS. — 77, It o—5B
DREfETIEL BCATe L TWODZENHABLNTSI,
I COMRIRTEDE T DT VAL R E 2 300>
(R D7D ITHEREL QWD EEZ DIV TS 14].

BCAA 7205 2 FUGSIE, BCKA MikFERESR
(BCKA dehydrogenase: BCKDH) #4481 2 L AR LI,
REREUSTTIHY, F 00 BCKA IZRPIL7Z CoA 1L,
AW, COs, NADH + H &A% 35 (X 1). ZOIEE
KA THHZELD, BCAA RO ESHEUSNTHHEHS
ZOIVTWD. I TS, FREORRZ BCATm OFEHIT
1FEAE72 S BCKDH EEROTEM TN EL, 2
AL D FOGRIT A TEIET D[1]. Lo T, IFlEIZ
BCKA OB LB R HiLD.

&5\Z BCKDH #EAKRIL, BEES I EDOV AL
I RONEM SN DTEMEIEI A2 T 5 2 L3 BBNNCE
#U7= (4 2). BCKDH # &4 U b (NEHA L) 375
%3413 BCKDH kinase (BDK) THY[15,16], Bl
b (GEMAL) 9-5E%5E1% BCKDH phosphatase (BDP) C
HDH17]. ZNETOIIZEZIWT, BCKDH AT
%9°% BDK Ot 513 BDP L0020 E T o780,
BDK |ZJ% BCKDH A& ADIE M/l T BCAA
REDFHEISAL TN DZEDRIESFL TS 18], AEB]
AL, B8 BCAA ZZ<$EHL Tl &N
BCAA JEEMN FH-9%L, BDK ORHEAITHS BCKA
(FrlzaA b KIC) BEN EHT25729,
BCKDH #AMRITIEE LS DEE 2 HILT%. BDP
(28% BCKDH #A BTG I TR 3h3%
AN

BHAHIZIT D787 </ e D A BB RE — 15

BCKDHIE SR Enm)

A

TN

BDK BDP

ADP

AN

4

BCKDH#E & &

TEHER
(VEEER) : :

2. BCKDH #E & (A D& HEAE
BDK: BCKDH kinase, BDP: BCKDH phosphatase,

3. fs N 7RREMEE{REEST S BCAA

BUED AR E S ThAT-0, mlinE O A
BAVDIIHERF T 0 D BRI > Tnd. T
7206, B FHREDNRD (FLa_=7) %\ )
(ZHIIT 20 Th L. BIEHLEHT EDLEED RS,
D TR THDIRL L 3 E o MR- BN 528
DY aAR=T ORIRITI2D. DI, X
JEDFUEEARET DRSS E DN T DT LI E
ECThDH. WHFEOFIRIZIBNT, ZOX L > EGH
(B 533 (2R T BCAA 7S BB/ E% = LT
WHZERHLDNISI, FHT BCAA O THRAT
DI DWW THER S TUVS[19,20].

IFEOBIEZ BT, MIRNO T BRI B
T8 ™ ERROTEIR LU T, HFLEDT X
~ AT RERIAF (mammalian target of rapamycin:
mTOR) AR (mTORC) DFIENBLNZE T
[1920]. ZOHEAMKRIZIE, mTORC1 & mTORC2 2MFHE
L, BEEDHRBA T AZTOEE LS DI ENBHS)
IZSN TN, TOTEMABEEIZIE, nAP V3 iEE T
LB AN 2L E D AN AIE M L 7 B B -
LTRY, oA NEARN L 2IHEATHZEID, &
AN 20 T2 VAL Z L mTORC1 OiEMERE RSy
FOTEREL T mTORC1 ZAE (T2 A% = A L7357
lzshiz[21,22] (K3) . —75, A AU 4 mTORCI %
TS LT DT ERHENNIZITNDD, ZOA LAY
OIERIERA S LIFBIOMEIZ L2 LB BIDNIC S
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TUWB[23]. oA AT C 31T A A 53
EETAIEML AT 2D T, aA ATz ORI
JAIZE>TH mTORC1 ZiEMH k4% (X3).

m [ G

I \ AVR)Y

[tRRY22]
l/ ke

mTORC1
AL

& o

mRNABIR A —hT7o—
[ fEE
By BARRE) (8230 BHRIH)

H3. MUz &kBEU N\ EREREEA

mTORC1 (%, S6K1(mRNA FHFRUCEEG-32UHR Y —24
S65 "\ TEDFF—E) BELU 4E-BP1(mRNA LUK
V— LOBIEEE TR E T elFAE I[ZHEE L TE
DEREZIAE T 25 <V B) 2V AR 52810,
mRNA FRRAEET 2. 37ebb, 2o/ VB G RER
#9%. £, mTORC1 ¥4 —h7 7o —IZBiTH4—
N7 72— LA RE T HIERbFio TnD7c), Z
DBV Z T E g i 9%, 97005,
NARNDEA L AR ERT 5L, Ko —LL T
BEREL TV D mTORCL 23EMEA LS, oSBT
[FHRIAE T D5 R 7% (12 3)

4. TRIF—{#E BCAA

BCAA 1, D ZET I/ FELE7R0, BRI
TEL M (O3R) SNDZEDNEERIICE HL<D BB
TS (BCAA LSO RIR T /B E gD 7
THfFSIND), FEREME FOTFRIC BT

BRI ZRERASILT- [24] . F DT/ A =X NTHWTT,

BCAA #5200 BCAT & BCKDH #AADAIZEIZLY
BNz, RO I, EO SRR T B
(BCATm) I3 ClHIZ LA EFBIL QRO fHA
TIEZDOIEPER LLEAIEN =8, BCAA SEDHIFEIL
IEH S XS B TR HEEZ X HILTWD[13]. B

31 52 D213 (BCKDH AR IHMEX, £
FfROE Y BDK JEEDTZD B INZ S TOD,
HEEN RS DT L — N UEL 7255 121E, BDK
TEMEDMITRIS LD Z 812X BCKDH A ROSEME LS
A, BCAA IR = X —FEE AT 5520
ns(25].

oz 1%, MHEFRANC BDK & KIESE - iR
BCAA 43fi# Ttk (BDK-mKO) ~ 7 A& AERIL, #hod— 3%
X —RHNCEBITD BCAA OEEIERELIZ[26] (K
4).

BDK-mKO ¥V ATIE, fiTO BCAA 43fif7)3 FuitE
U EAS AR BCAA JREEITIER ~ T AP 50%F2E T
DL, ZDFECHLT BCAA L 30%1F LT84
%. 2O~ AD HHGHYRIRFRRI 0D e R L oD JEE) ()
P L ONEKIESN) (231 DIEEhRE N A HIEL T2 A,
DO=YATITIEF AL ZOREN MK LT .
ZDO=TADET AR RT3 (citrate synthase &
cytochrome ¢ oxidase) {iE I IA EIZAK FLCWeDT,
TNOITEERE DK FEEMRT DB 2 HD. EBIT
BDK-mKO ~ 7 A&l (BT + R IERf) DAZ R =
— LT ORER, DL T OB BlIEES- (X 4).
[BCAA fREARAIIREE]

« BCAA OJg)

- BCKA OFE (1ZEA ERHRAL~LLLT)
« T S v -T V=T DL

« TINEING, TANTI W, T7=2 DN

ZNHOFEREY, BDK-mKO 1250 BCKA 2533
LTTHEL, T3 -B=F o 7o TIRaL RUT 05
ST SHEERS NS, SHIZ, BCAA SR eI fE
VY, T BRI T WA BRI E D EIN T
ZBNDH. ZUHOFTREY, ‘B#AHTiX BDK (24D
BCAA 7N HHEISIL QDT ED RS L.

[ Va—7 o bR IR ]

- VA= O

.« —EBOFRBERR T O

« T&F /L CoA D

« TCA [BIR&D 7 Wb AY 7T AR



Glycogen l
g | FLeBP |
3?: zpf |
PEP |
BCAAs‘ Pyruvate

aKG Asp/AIaT
BCATm K X
OA/Pyr +—

GIuT
BCKAs;

BCKDH .
Acyl-COAS —<-zomnemee ‘ “»---»A_cevtyl-CoA |
/o e
Acyl-CARsf 5 /OA C‘”"‘{fl
| Malate | Tcp Isocitratel
: =] B&
Fumarate aKG

AN A

e —— » Succinyl-CoA

4. BDK-mKO Y7 R BREFH DI ILF—HKH
Wk 26 XV KA LCHIAE. EMExoRA (RE) 1
HInZERL, FrEoxA (F6) (X 2R7.
F1,6BP, fructose 1,6-bisphosphate; 2PG, 2-
phosphoglycerate; PEP, phosphoenolpyruvate; Asp,
aspartate; Ala, alanine; OA, oxaloacetate; Pyr, pyruvate;

a KG, o -ketoglutarate; Glu, glutamate; BCAAs,
branched-chain amino acids; BCKAs, branched-chain « -

keto acids; Acyl-CARs, acyl-carnitines.

ZNBDORERIY, BCAA 73T 2D BCAA JREE
DRWINED, 7 a— 2R R SZEHDH
LTz, §RIC, 7 Va—7 &b Uiz 2 S,
—IRDFRBERISY, 72T /L CoA, BLO T U figiny
DOIRFEMRA UT2Z 8D, =R LF— RO AT A
B AINELEN T LRSS, ZOELAUT, TEENRE
DK FED BRI DT EAVRIRS .

VL ED IS, BRI EITS BCAA REERITT*
R — ARG EHAZBRL THh, BCAA ARl
X ERAHO = RNX —FEAICHE THHI LN REE
.

BHAHIZ T D787 </ e D A BB RE — 17

5. HHYIC

AHETLCTIE, BASAIC 17D BCAA REIFAEIAE,
BROERAOZ GG = — Rl Es
(15 BCAA OAFIEREIC ST, FaltD AN
i L7z, Z2ICl R X1, RAIRT/ R THD
BCAA 73, 2L/ BRI E L COBENTHND TR
{, SRR AEIERER AT AZEITHOTHD. 5% D
FFZEIC LD, SHITHTLAEERSRED VR RS LD ATRENE
I BITE, BCAA [ ZEITHADTZH DAY 7Y A
YN B L UMD 728 DFEHE L TRIFE AL TO D73,
L%SOIZZEDOFIRIIILN D THAS.

6. Bift

AR THI L= T2 ORFFED—ERE, BASFTE
BUARIARTZe BBl 4 (26292068, 17H03817) 728 DAl
Bhasz i CHEIELI-H DO THS.
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Summary

Physiological functions of branched-chain amino acids in skeletal
muscle.

Yoshiharu Shimomura'), Yasuyuki Kitaura?

1) Dept. of Food and Nutritional Sciences, College of Bioscience and Biotechnology, Chubu University.
2) Lab. of Nutritional Biochemistry, Graduate School of Bioagricultural Sciences, Nagoya University.
Branched-chain amino acids (BCAA: leucine, isoleucine, and valine) are indispensable amino acids for
humans, and the main physiological function of the amino acids is major components of proteins. Mammals
including humans contain a lot of BCAA in proteins and a small amount of free BCAA in the amino acid pool.
Since the skeletal muscle mass in humans is about 40% of body weight, the skeletal muscle is a major organ
containing free BCAA. However, the concentration of the sum of the 3 BCAA is as low as less than 1 mM.
BCAA start their physiological functions when the concentrations of the free amino acids in skeletal muscle
are elevated by ingestion of proteins and/or BCAA. Recent studies have demonstrated that anabolic effects of
BCAA (especially leucine) are associated with promotion of protein synthesis as well as inhibition of protein
degradation. On the other hand, it has been shown that BCAA are used as energy source in skeletal muscle,
which is a main organ for BCAA degradation, during enhancement of energy metabolism, although BCAA are
indispensable amino acids. In this review, we summarize the physiological roles of BCAA for protein and

energy metabolism in skeletal muscle on the basis of recent findings.




