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Advances of research on amino acid sensing
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Abstract: Cell metabolism is finely regulated by intrinsic and extrinsic nutritional signals. It is noteworthy that metabolites
not only serve as substrates for anabolism and products of catabolism but can also function directly as nutrient signaling
molecules. They are sensed by various receptors in cells to regulate signaling pathways, facilitating the exchange of
biomaterials, energy, and information between the internal and external environments of cells. This process is essential to
ensure cell survival and properly maintain cellular functions. Amino acids are important nutrients for life. They not only serve
as building blocks for intracellular biosynthesis but also act as signaling molecules that bind to various intracellular sensing
receptors. This enables the cell to perceive extracellular and intracellular amino acid nutrient signals and convert them into
physiological signals. Through the intracellular signaling network, these signals finely regulate metabolic pathways at
multiple levels, including epigenetic, transcriptional, translational, and post-translational modifications, allowing the cell to
adapt to the nutrient status of its internal and external environments. The amino acid sensing regulates various critical cellular
activities such as growth, autophagy, and migration, thereby maintaining cellular homeostasis. Dysregulation of amino acid
signal sensing can lead to metabolic disorders, tumor development, and other pathological effects. In recent years, the
signaling functions of amino acids and their metabolites have attracted increasing attention. Growing evidence has confirmed
that, similar to classical intracellular signal transduction via protein kinase phosphorylation of downstream molecules, protein
kinase complexes such as the mechanistic target of rapamycin complex 1 (mTORC1) and general control nonderepressible-2
(GCN2) are important amino acid sensing pathways. However, an increasing number of recent studies have extended beyond
these canonical metabolic sensing pathways, demonstrating the existence of multi-level amino acid sensing mechanisms
within cells. This article reviews recent advances from in-depth investigations of canonical amino acid sensing pathways such
as mTORC1 and GCN2 to the elucidation of new non-classical sensing mechanisms for branched-chain amino acids,
arginine, and others. It reveals the presence of a multi-dimensional amino acid sensing regulatory network within cells,
operating across temporal, spatial, and quantitative levels, greatly expanding our understanding of metabolite sensing in cells.
To comprehensively map the temporal, spatial, and quantitative dimensions of amino acid and other metabolite sensing, there
is an urgent need to develop more precise methods for quantitatively detecting the metabolite levels and their fluxes at specific
phases and tissue- and subcellular-locations.
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P ARG, AT SEM LR R N 230 R 28 Ho e 5
RO EEA IR, A MK 5 | RS PR
TESEZ PPN o T R4, SRR S HABH 15
ST OhBE A a2 BIE S MOk TSI
SE, AR N R BN, AL AE AN [V B AN [T []
AN TR IV 4 L DX 3 ) 3 A5 8 A 17 5 e 20 A i S
B Jp A BRE Sl AN AT 5 2% RO %
S5 DL M B E AB A5 221 S T R A R 4R A
ACIHIE BETTOC , {4 35 7 PN SRR 18 FRRAS , 4
FEAHMLAYIE H DI RE FDUATRAS . 2L S AR )
M55 5, U0 AT R A LR , 3 2 LA A A= 1
ST, T P S N MR S (4 e R
5528 SR ER BRI AL T AR 1 201 S A
LN AE 5 250, 3 I A 5 W L P i 2 R A
HEHE AW 1 (mechanistic target of rapamycin
complex 1, mTORC1) FIE [l — e M e 42 FH it
FE 1 B2 (general control nonderepressible-2,
GCN2) /3 M5 53 R4 )12 B %) A L PN 2
FER {5 B % 000 SR, R l 2 (4
GERIRGEMBE 13X 0 28 LA I e %, i S 4 L
FEEZ E IR N RN T =
1 ZAXNFERBRNESERE
1.1 mTORC14} 5 iy S EBL R0 18 2%

mTORC 13 #2241 il P9 5 4 Qi 285 WD AE DG 1A% 0
550, 38 BT S A N AN E SR A K 7
G5 VER T ROV 3, AnB R A S A% B A SR
FIS634 1 (ribosomal protein S6 kinase 1,S6K1)FlIEL
W IR R F4E45 6 8 111 (eukaryotic initiation factor
4E binding protein 1,4E-BP1)RAE i BE A& H i
BB, AR func-5 VRE IS AL IR 1 (unc-51 like
autophagy activating kinase 1, ULK1)F1%%45¢[FFEB
(transcription factor EB, TFEB) #llifil] 1" 41 F WAl
VAR B, 25 O L P A9 G ARG i, o3 A
SZ 3, mTORC 1 A AR 0 4 A 5 B
A 22/ AR E S A mTOR 7 ST 2R )
AR AS EmTORC1E 5 R mTORIE 45 A S H
(regulatory-associated protein of mTOR , Raptor) A &
AEFFmTORZE [ % P I FL 2 ) BOE T Sec 3

#H F8(mammalian lethal with Sec13 protein 8,
mLST8) . —HHA MY RIE =R T =Rk, 1
JRmTORCIAZA N s, Hod /37 44 DEP
L5 B mTORAM E.AFE & 1 (DEP domain-
containing mTOR interacting protein, DEPTOR ) F1ifi
IR & E M40 T 18 /R IHAKTIEY) (proline-rich Akt
substrate of 40 kDa,PRAS40)%/F AymTORC13E#%
DALY, U mTORC S Sl 1> P, dnf
mTORC A Z R - A5 5 1Y 3= 2id i/ =k
iR 4 7K f# Bl ( guanosine triphosphatase , GTPases)
F G RagH H 5 Ragulator/Lamtor & & ¥ AH H.AE
FH S (A s AR MR 15 2 g rh A
F R, RagGmTORC145 4, W HAR 25 BB A
AN F A & 22 Rasr] i (Ras homolog enriched in
brain, RHEB)GTPaself{ i 1**1%), AHR M , LM F
JEARAT , RagRArIE G AL TE 2, mTORC 1 B4 1E 40 g
T, ab TR 419 GTPasel b8k 1 (GTPase
activating protein, GAP) PrBIGTPasefie #EGTP/K fi#/:
W.GDP, S 2 GTPaseifi P #I il . 7ERag GTPaselt)
GAP(GTPase activating proteins toward Rags,
GATOR) & FE &1k, GATOR1FH 1k RagiF fk
mTORC1!7 8], fiiGATOR%E 18 A KA 55— 1l
FIGATOR2MIMHIGATOR 120 teah, A NS |
3R 182 A YIKICSTORS: & GATORT, Il H e o7
TEVE R E , 46 GATOR 1Y G 3 45 Th AE (1A
1)202] ST AR RS & LA LIRS mTORC 1§
S B A HL I ] 43 A Rag GTPasesH i A1 E {4k 4t
PE L AT HGE AR E AL ImTORC 15 558
BRI B PN B LA I ) 2 R R KT TR A
IR 28 HE R 40 PT LA o I 35 A AL AN K i Rag
GTPaseftymTORC1{5 Sk >

TR AIF T E LT 3285 & LML (branched
chain amino acid,BCAA) . i & iR FIKS IR B 42
L mTORCUE Z il FEHIHLA . BCAAZ T
RIHIR , o 22 %R (leucine,, Leu ) 737 EL 45454 41
% Hh A R 384075 5 2 1 Sestrin2 \SAR 1B GTPase il
S ME-tRNA S AU (leucyl-tRNA synthetase,
LARSI), #3SmTORC {5 5 il i 2028 R se |
PRI AR, 2 BBk = 1, Sestrin2 HISAR 1B
T 5 GATOR2AHHAEH , - HI GATOR2!2-%%-30)
Y f S b 52 s R F B s B, 245 G TR AR Y
Sestrin2/SAR1B 5 GATOR2f# &5 , # B i I GATOR2
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Figure 1 Schematic diagram of amino acid sensing mechanisms

Intracellular amino acids act as signaling molecules, which are sensed by both canonical amino acid sensing pathways such as the
mechanistic target of rapamycin complex 1 and general control nonderepressible 2 protein kinase and the non-canonical amino acid
sensing receptors discovered recently, and fine-tuned at multiple levels involving temporal, spatial, as well as quantitative dimensions.
The amino acid sensing network plays a critical role in cellular homeostasis maintenance and various physiological and pathological
processes. mTORC1: mechanistic target of rapamycin complex 1; GATOR: GTPase activating proteins toward Rags; S6KI1:
ribosomal protein S6 kinase 1; 4E-BP1: eukaryotic initiation factor 4E binding protein 1; GCN2: general control nonderepressible-2;
elF2a: eukaryotic initiation factor-2a; Leu: leucine; SAM: S-adenosylmethionine; SAMTOR: S-adenosylmethionine sensor upstream
of mTORCI1; Arg: arginine; CASTORI: cellular arginine sensor for mTORC1; BAG2: Bcl2-associated athanogene 2; SAMDA4B:
sterile alpha motif domain containing 4B; RBM39: RNA-binding motif protein 39; BCAT1%'*: branched-chain amino acid
transaminase 1 with substitution mutation from glutamate (E) to alanine (A) at 61st residue; BCKA: branched-chain a-ketoacid,
RhoC: Ras homolog gene family member C; ARHGEFI: Rho guanine nucleotide exchange factor 1; SAH: S-adenosyl-L-
homocysteine; AHCYL1: adenosylhomocysteinase like 1; PIK3C3: phosphatidylinositol 3-kinase catalytic subunit type 3.
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255 I GATOR L, ATIE mTORC1{F i
12520) SRS B LARS MU Hi 4, fLARSI
HRagD45 4, W AEmTORC 5 5@ % , 7 HLARSI
MY Z — = W2 M 1T (adenosine triphosphate,
ATP) 5L H PR S LARS 1 Z A 45 A . LARS1i
FLATPY ) SABERR IR H (adenosine monophosphate,
AMP) 454588, A2 8 Leu-AMP, B IELARS 1454
SLE R ARagD , 71 mTORC 15 538 # , 5 L[]
i}, LARSIZS G tRNA, IR B A BE-tRNAA N, 2
SEAFAMEE . LARS UBHIZE E b % 5 # 4
VERGIRE . MG = B, LARS1 O FIN L Ik
HIERAS AP TS  MHILARS 1 5 RagD%5 577
WA R A RRIEIFLARS 1255 00 (LR L
W3- TR S 1 51 VPS34 , 73 | S 4 L HH gt i T JU L et
W2 (phosphatidylinositol 3-phosphate, PtdIns3P )3
Jn, 2T 3 1 BE R EED (phospholipase D, PLD) i
mTORC {5 53l %23, T VPS34-PLDl %% ] g
Z 505 T sE & IRAE5 5 R A N T s 25 1R
WEALmTORC1 P st i G 3R (B K 32 14 (G
protein-coupled receptor, GPCR )t A] B & 7E 1Y 5%
RRRBRANSZ AR AR, AR SE AR R
(1) o — e R i HACH ™ ) BT A (acetyl
coenzyme A, Acetyl-CoA). HF5% &I 2 IR IR
Acetyl CoAFRML 2 5L A, 76t 2 R £ Wt 5% 4% 1
EP300fEH T , fifkRaptor &k 4= Z B Ak &4 . IR
Raptorf] LB , A IMmTORC1 & A 1A/
#, (HA0H T mTORC1 5 Rag i AH BAE T, M1 #
mTORCUE Tl . TEHEZ AR B ALY /N Blph 22
LA ZH 21 Hr i BE X EL 2] Acetyl-CoAZKF-FlIRaptor £,
MR AT (14 1 25 N R L) XemTORC 15 538 s 4 10
il o (EAF IR A, 1L Acetyl-CoATFEmTORC
G ORI PR E IR AR A R e X
ML AT ATE S 2 g rh e Az 1B BV 02T 48 240 it A
B b R AN A B = S & BRIV, 41 M P Acety]l-CoATK
AR i, B HAE SRR R AN AR i 7 R B
oAt Z B X SE AN P Acetyl-Co ARy FEEORI,
PRIt , 336 L 20 B AR T 55 2 2 - Acetyl-Co A TH [ ]
FEmTORCUHF T . XA T2 BRI A 2 4125 [1]
PR

A TBCAA B BIRAZAR, W A RTE
N B R IR % % i (methionine
adenosyltransferase , MAT ) #it {25 B AR H i & R

(S-adenosylmethionine, SAM) 331 SAMA &
£ it P PR A s I 1 = AR e 2 2 LR A
RAMRKFHIME S5 F. mTORCI FiFSAMIEZ 2%
(S-adenosylmethionine sensor upstream of mTORCI,
SAMTOR )45 4 KICSTORE G4 19SZ T2 4,
5 KICSTOR-GATOR IJE i & A 1, #IHilmTORC 1
TR AL , T SAMZE A TESAMTOR (1) Y 54 7% il 45
¥, B 1 SAMTOR 5 SZT2 i 45 45 , 1 Il SAMTOR
HKICSTOR-GATORI1E & 1KM it 5, i1k
mTORC122401 R, Y40 i Py ik = BRI
SAMIKF-[EAK , SAMTOR 5 GATOR 1-KICSTOR
SEAREE W T mTORCIHO4Y ) SE#AR)— IS
fom, A A R R R, SAMES &
SAMTOR, fH I H: 5 GATOR 1 AY45 4, RIRHIE k& 1
KR H FEF A4 1 (protein arginine methyltransferase
1,PRMT1) 5 GATORI1%54, [fiGATOR 1 (416 7 it
NPRL2% A H IEAb &4, 0 6 G AP M , W0
mTORC1'* SAMARAMAFEWF 225 . (a2
W, SAME H LB i Unmet45 &, R S
GATOR2I 454, 1% GATOR2-mTORC 115 51
L) (AR R A S, RAY Unmet/E S R 22 6]
RSP (HUnmetJE A REZS A A IGATOR2, I
7RSAM-Unmet-GATOR24™ 5 (1) H it 2 R [ HI A
B FE . ABRIYSE , NEERE I AE S Y)Y Unmet
EBORFE T H LA RS MG . T AE SR P, Unmet3f
15 TIRFISAMPTIfiE . X ] RE2 H T7EW i 1k
AR AN E R R K S SR AR 25 5, R
15 THREE MBI . XA E SRR Z IR Fh 2
5, MmTORKE L A WIAHX AR SF B RHE , AR B0 T i
ks P P A IE AN R AR B SR RGP 1t
4b, GPCRA] LIS Z M E IR 55 . A HkiE Bos
FENLAR A, B B 2R T LAl i GPCR-45 B 715 5
JHFEMTORC] 444

5 BCAAFNH B 2 F B MU LL A R B AL
T AR5 1 — 2040 JR T FRAT T A48 e P A S 1)
23 0] X 2 AL RN A0, BB . R R B —Fh Al
AT BIEIR  (DAE R A B ER AT, ANty Fn i
JEAE, RGBS R AN BT 2 75 oK, T ZLA MR
HhFEAAT TR I K A R e — Rl A R R
K RAIRANE R AT 7 o0 F BN WAL o A B 2 r
%, AZ MR ARIRZ 452 5 mTORCE 5
P, Hop 6 T AU mTORC LK & R &2 4%
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(cellular arginine sensor for mTORC1,CASTORI )5
SR PRITZ i Sestrin2—FE , BV T GATOR2M,
CASTOR 1 [] 78 — ZR AR () 4 S 6 A il = b SR
15 GATOR2HIMIOS W K45 & LI GATOR?2 , 4
HrGATOR 1 XImTORCI {3 4], KR ML A TE
CASTORI1 A ACTg5 A4 3k i), A% 44 3 44 48 35 119
GATOR2454 1 15, fiCASTOR1 5 GATOR2f# &5 ,
TS FiFmTORC 55 0, (H A RS,
CASTORI1 545 2R 1 fif 25 212 9 5~35 pmol/L,
20 B0 A R TR BE AT 3K 500 umol/LLL b o AR &R
e B 2 % B AR B SR AR TR A= P06 BRI 1R
I T IRSEI A BRI s, R — I i
I T CASTOR 1 3= 2538 1o JBAMIORS 2 R Mk B (4H L%
FEIREE T ARE &R T°400 pmol/L) #4iEmTORCI ,
MCASTOR1 i[5 1 CASTOR2 BUAR S KE A TR 45
B 155, B BB 200 pmol/L, MTAEMR P Rk &
RASE P (ARG FEAEPIHBEARS T
600 umol/L) 1 5745 2 R 2 , 38 i GATOR 2%
mTORC1" | BB HIFE AR E T 40 M 57 A PR G 22
PR KT SR A AR R o 55— R RS R
TR 2 A AN T R S A i B 1 VS o i as 1
(solute carrier,SLC)38A9, SLC38A9QJE I AN
(RS U 2 fE KT, DT 45 6 I 2 1 VA A DY 1 S
SR A AN, A D RS 2 R T i I
SLC38A9 5Rag-Ragulator A1 B 4EH] , 14 58
mTORC 155525 SLC38AIMN RN Akt iz
B, RN Z M E RN FHE E A, R
W5 HE E R A A 12 2R A M3, 30 5 A R B
B mTORC 15 Sl g >4 . tesh, B R A
AL6Z ) i 515 (transmembrane 4L six family member
5, TMA4SFS ) 7605 2R 78 /2 BF DA 200 e 5 2 457 28 3 1l
TR |-, SmTORFISLC38AYE &2 Ak, I it
Vs Tt B TR B 25 R A TR R RS Tl R P A
K-, T AEmTORC Ll %55 RS @Mk il LI 2 57k
KA F X mTORCUE 538 I 1 I o iZ ML 322
A 2 P BH 11 25 15 P i AL RE 25 14 2 (tuberous sclerosis
complex 2, TSC2) WA B E N, f# b H X Rheb
GTPases 356571

LR E B R T K T Rag GTPase-
mTORC 13 i i Z 3L R B AL . o5 — 7T, R&
Tk e 1 4 2 Tk i v 3 2k AN T Rag GTPase Al
HIBERAN , FHEEmTORC13!, fERag GTPasefit 2 iy

A, KA A 2 BEIE 24 ] 75 :mTORC 1 &
(L TR B , f F HAE AL, 128800 8 T ADP-A% 0
FHAL A F- (ADP-ribosylation factor, ARF) S8 AR,
FER A AR B A, B AR 1 R A T e AR 22
Tk Ji 1) 5 32 4 11 SNAT 7 A A # T-Rag GTPaseft
J73, SmTORCUHEAE I, /- F#mTORCI7EH A
(19 5 o B i AR 00, EmERE b G TR LI = W TR
254 8 H 2 (PtdIns3P binding protein 2,Pib2) v T
TR (I BEA ) I E, SmTORCIAHEAE , LA
ML FGtr (X)W FRag GTPase) i) )7 2 7 45
mTORC ! ; 2 2 Bt Wi F1 2 bk 202 35 T 2 45 &
Pib2, i fbmTORC1%%2) | 5 R{&i#fiRag GTPasei
FEmTORC 13d i B LIS 6], V5 A4 P 2 e 2 iz 411
HE-5 28 U WERG 5ift A i o-F G 15 D0 357 g 2o A
Rag GTPasel# 75 X FmTORC15%9305) L 41 iy
XA IR ) S 2 e A e S mT i, (EAR I R
S, E LR 5 S mTORC 13l J% A bRk e B A
PREFLL I AH o LT A 28 SR 25 mT Pk ot 27 b
IEAEmTORCL , 1M H AR E 0 2 508 , A 2 Bt
RERS S FAB R F 2L I mTORC LH IR
1.2 GCN24 S:HY S B R R SN 1/

THH AP v R AR B mTORC 142 ik
A AR, TTGCN21E & il pg B B R bk =, {2 i
A, B BRI IR S A AH N 1 s
RNA (transfer RNA,tRNA) , 2 5% B4 14 4125 F
BB, AR Eh =, 55 oA S 5L 1Y sk
Z ol R 45 B E R R I (RN ATE 4 it b AR B2 3%
H5GCON245 4, IR GON2 A 448 Ak Al E B R AL,
AT 38 3% G 22 /75 R TR T O P, W TR AL T T OIS
PyLO8- 671 AT B R ST ARGE T O T A A R fit
PIGCN2TEAL B L . Z AR B = 55 N5 5 5 i
(1 A% Al 48, A48 P BEGC N1 FIGCN2, T b
GCN2MS% ) Bt IN T 1R B E T-20
(eukaryotic initiation factor-2a,elF2a)/E A GCN2)
Wz — Wik S5 BHLAE T elF20 5 B2 45 HT i 2
M2-t(RNAFIGTPIE = I &40, 30 40 g N 55
BTG B B AR R A A, U/ 4 o A
e =R (K1), [E AR 6 b % 5% [H 74 (activating
transcription factor 4, ATF4)—2& 0 i H A AETEAK
J BRI, ATFA5 B e A 20 A2, IR 45 i A A 3
SR A R R 3K {007 A48 M 7 07 3R, R 4
i [ %700
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mTORC1FIGCN2AF 1 B A Ay i 1 24 Jfd N 22
MR = A KA A 2 L K, 5 I =2 (1]
WAFTEAN BB, BRI A0 078 TR, S A
PRk = B, 15 AL Y GCON 2 R A6 S I A 1 ke AH OC B
[11(S-phase kinase-associated protein 1,SKP1)-¥ii 25
F1(cullin 1,CUL1)- F-& % H (F-box protein,
FBXO) 4 i E3 & HEiG 50 h Y IR 2 AR -
F- 75 122 (F-box protein 22,FBX022) #1274 I
MR, B 1EFBXO223F A4 A%, fi Hofi B8 7E 20 i
¥ o Mg I FBX 0224 i mTOR 1206637 i 24 R
KAEK-275EE 1z R A, TTEHE (EmTORC155
SETFWIRY, M mTORCF 5@k . A 8
S, A LG s = ] DL i GO N2 3
mTORC1 ), 28 G L A e ) A AL, I
HRABERAE A AR DT T — 2209 . ZHiE
TR R = 3 BT A ) R AWk & e
W, WEGCN2 . A3 e I A (1/IN ) Bk = 1
GCN2i#i i3 Rag GTPaselk#i )y KM HlmTORCIH 5
i . Ddit4 ] E i TSCHE A ¥-Rhebid #  Hi
mTORC1 ), SFE K 28 5 It Iz B = iF 8], 3% 1L 1)
GCN2TERE 7 /K FiDdit4 )ik, i it Rag
GTPase FAK I 7 M FImTORCIUF Tl # . (615
TR, B T A2 R R A 2= 1R , HoAh 2
BE TR B = X ] e R )N G 5 G CN 2 4
mTORC1'72', DU E#F5E 8/ , GCN2454rmTORC 1
BT 1 I 20 R B 440 e PN 2 S R ) =

AR LI, IEH R, I iE bR b
GCN2A & MR M, et XA 1R Bl & A% AR AR
FH 11 (nuclear fragile X mental retardation-
interacting protein 1, NUFIP1)#% 4l fifd J& 51 2= i
F O OBE TR AL, , #1355 2L T G - B A 1l A5 4 5K RN
Rad3AH 1 (ataxia telangiectasia and Rad3-related
kinase , ATR ) 5 ATRAH G AF FH#E 1 (ATR-interacting
protein, ATRIP ) ZIDNA# 507 i, 4EHF A0 A N 1E
AYDNA# 3 52 v (DNA damage response, DDR) ,
WEMIE bR r RS . IR PR B e I =1 4
g, HAIL R 2 R i = S GON2F S i, T A
NUFIP1, #3ADDR, i & AR st - (A E
B, %R RE P, GON2JF A iE idmTORC1
MNUFIP 1/ S DDRAAE I 8584 4
T4 45 9 R GCN2FImTORC 15 53 B4 11
BTG A SR A 5 o

1.3 #WEHRZE N SHSEDR BB K

AU TR, A R AR A AR AR
&, SUIMR SRS & 5 RAE 2 T Re , T4
LN 5 S Y0RE . a0 e 38 18 B 32 fAN-H 5E-D-
K174 &R (N-methyl-D-aspartate, NMDA ) 52 {&
AT DR AR AR H AR AT, K&
RIRES 5 e AR T B 2 AR P i A R B 13l
1l ZKNMDARI W $:2D (glutamate ionotropic
receptor NMDA type subunit 2D, GRIN2D) , iff 1+ 4Jf]
L PR PR 2800 T 455 B 1 (cAMP-response
element binding protein, CREB) I ¥ it & 2 @ e 32
{L M (deoxyhypusine hydroxylase, DOHH )X &
ik, Ha5E E A IR F 1 5A (eukaryotic initiation
factor 5A,elF5A ) HYFERMHEIR AL , JA45 T e dHiE ,
G A4 K H 7B (transforming growth factor-J,
TGF-P) 5 Sl ik . B 7B Tl a2k, ix 2k
P 225 358 o B4 R 1) 52 R IR AL 46 G B LB R 32 AR K
T T AR B A2 A O O e AR i A

FE,

2 FFRAPNRERBAIESEE

VLAF R BT i, B T mTORC1HIGCN2£: i
F1R) S e T R 5 T, AT DAY S 77 A 44 L g SR
ML, X 2 & BE—25 36 T 4 PN 2 R ak
(IZRENE , TR T8 T FRATNF T 40 M3 1% 45l P SR i
A RS A0 HLR R
2.1 HiESREBMAIEZABMYLE

M5 & L P BCAAK - TH 5 B E 2 VT M
S, e AR e AR 3 BCAAK ST 22435076771
O BRI R R DT 412 At K . BCAA
TR S — 25 238 o 7 i A LR 5% 2 (branched-
chain amino acid transaminase , BCAT ) ffifb. 4= i% 37 5
filifi% (branched-chain o-ketoacid, BCKA )., TEJgHi4
LU Bear2 , BHBTIL R A BCA ARG, AT LA /N
SR EBCAATH R 2~31% o N5 i 20 8L 4 14 P dil s
Beat2 4 K5 MG HAU P mTORC U5 5 Tk 78,
M4 5 G5k Bear2 7] 1 fEkmTORC 1, {HASF B HIE,
4 B Bear2 /N BRUMLTE HBCAATHE 15~301%,
78 376 3 1F AR R B AR T BCAAT = B EE
552 30, AENR D 4R SR Bear 2t REXE B A i P
BCAAKN-KIET &, M iEmTORC U S8 . 1t
Hh TE AR A BCAATR B FR A/ R A4,
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] LI EE FmTORBEMR 1L /K- T 7 #2278 BCAA
RTEAR R AL P22 530 . A2, BCAA
IR Acetyl-CoAJE I I 40 ML Acetyl-CoA 1)
HEORIRZ — I BRGS0 TR BBt
Bl s ALY R IR T S5 BB E RS T 16 (positive
regulatory domain zinc finger protein 16,PRDM16),
WIRPRDM1 65 % 53 A 1 ia S8 AL Wy A S 5 0 AT
Z Ky (peroxisome proliferator-activated receptor v,
PPARY) (454 , 40 i 105 4 M B Al A 4, 445
H ORI H AR

BCAA W EL4% 53 1= YIBCK AR SCHER R it 2
fiff (branched-chain a-keto acid dehydrogenase,
BCKDH) & G K& ML 53 i , 1% BCAAS AR
AT IR P BR . BCAT2HIBCKDHAE#IE
IS 4 D A A )4, in# BC AT2 4 fb %
B HIBCKAZ BCKDHAE AL /3 # , 5 BCAA T
BCKAM IS8 41 i BCKDHAE & 1Ay W41
SYELFIE2R 16 588 25 R BCAAFIBCK A 54
R A AT M RS R T A G A T
BE TR IBCAT A 6 10 2 5L 4 Z IR %
HNNER , BCAT 1™ ML BCAA [ il P i 35 1
S 83T T I 5 A I SR LT 57 0 M A
N AZGRAL 1 5% 3 R s W) B B 1M 7, BCA AR
BCKAW W W35 T o W50k & LA Z R
78 ()5 L PR S B ) SR ZH 2 P mTORC 17 5 i
BE AR BTG AL, i mTORC 15 5 % KR ; iF
— 5 R IBCAT 1 W] Lk 5 Ras [A] 5 56 R K% B 5t C
(Ras homolog gene family member C,RhoC)AiH.
YEF ; 141, BCAT AL A iU BCK AT L) 1 45 45
A RhoC, #Z¥Rho & IS H 2 5 4 I 51 (Rho
guanine nucleotide exchange factor 1, ARHGEF1),
T AERhoC (1), 5| 6 41 i B 28 9, 4 1k 40 i i
BARZE ) e psT™ T BCAATEAHIE P 1Y
X a8 fh 23 AR PR , XFBCAA K HAR 4 g S8
A B EERF
22 BRESFMEERARMLE

QIR P, 200 P PR R B 194 SR T 3 gk
SAM-SAMTORJH#HMTORC {5 5 il #. SAMEZ
PPy 2 TR 7E IR R REE R T , SAM
JI 2 H L A B e e B 2R (S-adenosyl-L-
homocysteine, SAH) . B/5 , SAH IR 5 2t =
IR 7K fi# ¥ (adenosylhomocysteinase , AHCY )i fk 7K

R DR R R AR 55 BT R B, SAHAEE
1FAEmTORC 5530 BEAE AR N A 40 1 s, TR
A HIHLE#AT BB T SAHUL AT LIE M5 5401, 9t
KPR B2 D Z R 7K f# i 1 (adenosylhomocysteinase
like 1,AHCYL1)BAZS &, It H —F 4 A s
(2913 pmol/L )7 TSAHM AL B EEJE N . (545
M2, AHCYL 1R 5 455 SAHT AN REZE &
SAM. 7ESAHRY L R, AHCYL1td A
A2 & B R AN e e 2R , AN S5 B AT S5 i 25
G o SAHZS A AHCYLL, 51 )5 # AR, LS 578
AR L LIS 393t 3 A Ak 7. (phosphatidylinositol
3-kinase catalytic subunit type 3,PIK3C3) 45
A X, PIK3C3 MG AL T RE 32 B4, HoA ik =
YIPtdIns3P/K V- FEAR , 78 20 it A1 BE 25 e v i A 200 it
FI e (1 1) 1500 322 % IRy 240 B P A e

AR AL T IR AL A, B T HRIAIL R Y
2R
2.3 FEERERAYIFZ S

% T CASTORFISLC38A9%, HATE K L4
AR IR 5T A mTORC 138 B 7 45 T U7
55

5N LRI B BOGTE RS 2R AR i -5
WEE|Bcl2 M L TR K2 (Bcl2-associated
athanogene 2,BAG2) WIEA ML G HE I (El1). 1E
K2R+ & &I T, BAG2H 5 A HALPHAR Y
2438 5 1 4B (sterile alpha motif domain containing
4B,SAMD4B) HAZ45 G o K RRYUARET (A 35+
BB RS AW E 20 pmol/L), BAG2Y
SAMD4Bf# & ,fHSAMD4B 5B-&EHHE H (B-
catenin) (45 A 1850, AU E, BAG25B-catenin
455 FESAMDAB Y [A] — A~ X 3, #2 7" BAG2 5 B-
cateninfEAE Z R + B % T 5 V455 SAMDA4B.,
TEXEE RV SLM T, SAMD4B 5 B-cateninZ &5 11
R , 1.5 B-catenin P ff 52 5 W v Y LA 183 , anb
JFE I3 B (glycogen synthase kinase-3 beta,
GSK3B) &, /- FXfB-catenin iz FE AL, I & T2
B-catenin(P [ fF . LIS R, TER AR+ & 551
T, BAG2#llilil] SAMDA4B 5 B-cateninZh & , 4E+FWnt/
B-cateninfR i , fiE U /I RE 4R MO 3G AE . T AERG 2 R YL
WA , BAG2EEH I SAMDABH | Wnt/B-catenin

S, 4R IR A AR T R = AT
DL i GCN2-ATF AT B 5 LU N, (EAHE B
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e PR R R YUK S E T , SAMDAB i 1o 17 1 -
catenin, 4EFFATFAY & K, B0 38 A DU N,
(ERTR G T

I3 WG RS G BR 45 B 1) Bt g B R 07 1 7%
TEMR IR A G, 8 B sk iR I FRNAZS
A RFHEM39(RNA-binding motif protein 39,
RBM39) 2B HRS RIRAS & E 111 (F 1) e
FE AR e AR K AR O AR A i b R
PR AT FE 52 2 , (RS 2R H 455 RBM39 (4
I B5F5E A RS RV B 400 pmol/L) , fRHEIEA
% , RBM39TE A% P4 AT JH 44 mRN A F 4 35 1) A1 3L R e
ST RBM3ORRATRS SRR JA 1A R AR DG SE M 1
SE L, AUFE R AT & Bl (asparagine synthetase,
ASNS) FN 2 22 2’2 % Z W 1 (phosphoserine
aminotransferase 1,PSAT1)5FRRHs 5%, 5[ HE
¥, UNASNSF IR MG fin b I8 R A WERE 096 B, in
HORE Z R AN R A Z R 1 S ) 1z i, R R 40 A AR A
WS, TR A, R T A K
FETE S, RBM39FIASNSTE IR if P20 4t w85
ik XU RPLIRAE R IR BN A Z AL, 40
Y30 3K AL A B AR A N P A M
I PR
3 RE

MBS ] 23 1] b A et 2 AR K7 B AR
it T 2 — 25 R AT 0 2 i i R R A A% S A T
i L AR v OCBRRAE FH  FRAR o AT A 4 A
V40 M5 v B A2 BURD A3 A Ak T —Fh s A R
T L2 RN I 248 L 7K - b, SIER L s L o7 e
Rty BErE 0 F Bz — 2R 2E 048G
B PE UTTE B A 3 B AS [6) 2H 23 40 o Fh B2 T 1 4525 40
JH 5, A AN ) 200 6 2/ 44T B A s 75 ) 2 0
SOl WS AT RS S b o H R T AR N AR
— e AR, IR T E R G Rt
YRSV I 5T 15 43 A 1 8 A0 R8 R 7 55 B 4 34 25 5 T
SR (EARE R R, A W AE 40 5 57 R0 41 i
B4 53 8 R R E A A R AR IC i 2 75 3 =)
(stable isotope labeling of essential nutrients in cell
culture-subcellular fractionation, SILEC-SF) , i3 1%
I GG Z AR IC B A AT S A L2 53 o A A
WA TE R0 A, AT R R A T S 2 L
1 20 27 AT DL AR 5 ) 25 18] i 67 43 A 64T i

2O WA AT R ST Y ) — BB ARy
BRI R m R TR . Horp  BUARZE A Y
DN TR Tl X A2 AR HEA T ook | I FH AR/ IS
W5 2RI R RSS2 R R ARG AR, 22 )
Wk R, FIFZ T O T 2L N A R
S5 PR O TOEIRET 0 X TR T
SRl R b ic A b, B9 4, AT s O T, 9F B
A5 0 R, P FER AN T LR g i
PRALIEI o T 4% 2 S HE R S HA R h Rl = i 43

SLAGGRERRIE N LR G S BN o $R ki
FT A,

TR A TR 2 FE IR SN ML Sy e 5 1 1 e
WIZYT B AL SRS HE Y SR, L R A0S o) 2 IR
SR /IN TR SR RS2 K LARS T
AR FIBC-LI-0186 1] LA il it yed 40 o A= 4, 45 5]
S R A 50 ) X B 0 2 T 24 A Ak e 4 A Y A=
K301 RBM3OBUHIAG Z MR I 1k P 1) o e 880 i
FHRBM39Ff# 7 Indisulamzl # B A A AL R AL B
BEA M T8 20 A 00 A R 88800 AR 2 g 4
kG SR E SRR B T A, AR S NI AN T8 A
IR, AEFF AN N 5K o I FIRS R e 40 i S
fif s R, 3 ™ RS J R . H AT, X Fh
K SRR YU T VL T AE MR £ rh R I AR, B
157 R EE R (B R RR YL 1 T
{2 #ESAMDA4BH | B-catenin FIEz 5E ATF44 1] GE2:
SR TR 2 ML 2 — 88T DR, 12H R SR
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g

Phb S TR SR BAHLH 5T, oIt & AR
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