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mTORCUGHEZ AN Z R (5 5 s, KK T, GERAKT. BS54 HTSC/TSC2-Rhebig ik . RILREE IR0 THRES
WEmTORCLIHLEIS AN &, (A A I I — A W 1) 74845 . REDD: transcriptional regulation of DNA damage response 1; AMPK:
AMPIFALHE ¥, GSK3: B 55 i 3; ERK: 4 AN 5 P I RSK: A HIEAS6 Wity AKT: 4 B,
mTORCI activity is regulated by various cellular factors. Signals like growth factors, energy level and environmental stresses are transmitted and
mediated via TSC1/TSC2-Rheb pathway. Whereas how nutrients like amino acids activate mTORC1 remains unclear, which is thought to signal via a
distinct route. REDD: transcriptional Regulation of DNA damage response 1; AMPK: AMP activated protein kinase; GSK3: glycogen synthase kinase 3;
ERK: extracellular-signal-regulated kinase; RSK: ribosomal S6 kinase; AKT: protein kinase B.
Ell mTORCUEEEHLAMRYES % STHRI331H4)
Fig.1 Introduction to mMTORCI1 pathway(modified from reference [33])

WP R BN IR AT KR, (HA 2 218z
NSRRI Al N S T Y N B U RS RS LB L

PR VRAEN L. BT AL B 25 T A 2 1 S
2518 5 P AR, F AT B T B AT EE Ax i ol X

7. FPI3K-AKT-TSC-Rhebif #% ) 3 Fi iy ik 7 kAT
3o Sy AMEAFE RN E, 75 RFELRIARheb ™ 5 AR
PRI AN, N LRt E7 %S mTORC 1™,
SRR ICIE T 58 A PEmTORC L, 75 B2 Aok
PGSO FEIER .

AN AT mTORCLI e Hh HARAT 5, X T2 AR
5 SRR AR — B AR A W, B A A
BRI — . HETAEK, kA T2 A5/
P — RIS SRR, A G 7~ 1% 5 R 1636

IR, R R S

I

2 mTORCIBHEHPEERES
BB
2.1 Rag GTPase24FFEN SR
mTORC1IFIZEF

Rag GTPases&: KT -Ras-related small GTP-binding
A SR (1 DU FiRag#k H, £ 5RagA/B/C/D, I
RagAFIRagBZ [H] AHABLE & (G 1 98%), FL 7% % 1) v

RS 5S



814

(RIS £ 1 A Gtrlp, TijRagCHIRagD IRt 5 A7 i
FHAATE(LI87%), JLAE IR I [R5 11 0 Gr2p®s
TERERERI R R, Gtril [ FIRagdr 3 LU 2R 4%
B AFALE, G 45Gtrlp. RagA/BH [ —Fr 5Gtr2p.
RagC/DH i) —Fp 2 il — S8R, Kim%5: 21 Sancak
SV A ST B B TN R AEmTORCL (1) 4 2 JL T
VE S P LT Raghl bt JFRLI T AR S HOIR A
[FJRag 5t — % /& [(imTORC1# 45 A 15 0l, KM H
RagB ™" S84 (R 1) 52 5 W) LU 75 A7 1Y A2 T RagBEY 3 2
RagB PP R AL K 1) 525 WAL G g5 FEUTE S5 A il
3| 5 £ ) mTOR Sraptor. 1fij 24RagC P17 7F Irf, B
RagB®""-RagCP" 1) 20 & W) AT LAAS M 21 £ 2 (1) )N U
mTORCI. #f — LT & 75, Rag5mTORCI ) 1
HAEH] 2 tiraptor /i 31, [F) I T 5 A7 A 0 FRag
Rictor(rapamycin-insensitive companion of mTOR,
mTORC2 [P B S0 AR BAEFH, B0 3= 221 T
fE L 5 mTORC LIl 41 5% .

Rag® & #)/EmTORC I 5 3 i Hh R AT 4 1)
REWE? HF 57 A b2 AEHEK293T4N MY 5% #% % iARag
BOT"-RagC 5 A% 4, 1 i £ MmTORCIH Z ik #)
S6K 1(ribosomal S6 kinase 1, mTOR [1) 5 2 411
T389M% MR Ak Ar s IR 2, &K I H AR A #iE
mTORC 1T 6 )RR, 34 73 1238 % AN P 0 I 2 Ak
M B e 2 R M A B UK . Rk B M Rag T 5 )
PRI IX — RO R 59, 1K B RagB" -RagCom R AR
PRI 0] BT % 2 AT T SR ER] . 23— 0 AE
AR N BT R R, {EAEE FIERheb 1A EY A Y
RagB il RagB ™" 5¢ 4% {4 [y HEK293 T4l Jid H', Rheb/3
B Ay mTORC LI s B 22 U0 X1, A Rk I
5 #E 4 5Rheb 1 TP G ARAAAT) o 0% To A FERRARAS
TN, T, A8 KA RagBT SEAR AR AT LA
il B G 28 IR BTG 5 2 FR PR S R 4 A P, TR AR
JE 218 B 42 T Rag & 45 W) A RE 0 73 it B oo 2 IR Bh
BE e L . BAL TRy 2 RS I R A M Rag B &
Yye] LLAEmTORC LI #% 5 I HYARE E )35 P, R PR35
TR IR A S IN TR TR AR R Al g sk
IR, fEAeE RIERagB P RATAI A i b, BR T
BERAT 5 LAAN, JLMboR UGS 5, b B )y 2
AR 1 55 R 2 PR T AR AR BE AT R RIS 6K ) B35 R
IR 53— 7 1, B 2R 1A RagB PP S AL 44 U i i
I A 5 22 S mTORC Ll 6 1) Thfig, 7] 78 2 3
T Bl < () 40 B RS T o IR S8 IS SRR IR — A

M AL, BIRagl G W) AE 2 ILIR A5 5 1 T, mTORCI
) L RAE TR o AN, SEE6 45 SRIE W g i N 2=
FEIR IR 7K1 H B i Rag B 5 W) T 847 15 H KPR,
MTZOIR & X 3 5% Rag & A 9 [FImTORC1 ) 5% A
77, R HH FEBERG S A OIS . BT
P BF 1 Gtr 1 p-Gtr2p 52 15 4 1) 45 76 A= ) 2 ik 5t 36 W,
BEY T RagABIT S T PR Z L P IR OCHE N 3,
LR H S raptor (21 A1 Y,

AR, Kim &5 P25 ik S st A 2= ik 0 i B 1 —
RHN G518 B A RagH A W) A8 2 KK 1 1 mTORC 1l
PR R E D e A T NS IR Rk
RN I A 20 i i SRk i L dRag 2 &9
G2 ON R 1 IR AN TR S= 155 Wk S G S G|
FE 5 R AT B9 RO . A ) /2, dRagC
(18 R 72 DU) 3 45 P M A 75 0 At IRAAR BRI, 6 T-4)L
AR ] LT BEE M o IZF ST IR E SE A R IA TS
1k ) dRag A BEREHI I 40 B A2 DL AR A T 1) B AR,
IER AR N BAT m S M dRagA T R 0 55 5 DAL ik i
PERIET .

2.2 RagulatorRag @ SWERTRERES. B
EmTORCIZ AEAREH B EIREPLIEE
E1EH

K IRagi & W) e N T R R 5 B
mTORC1if i 1) [7] i), Sancak252 3 & B 7F 2 0€ %
15 RagB IR A4 1) 48 i 1, mTORCIA A 28 k12
5 T AU, A M N — M —
R == 2255 A £ 41 A% J H Rab 785 1 A BH A 1 X =
Wo ABATTHE HZIX = S A R 1, 2R S
Al HRagH %) RagulatorE 595 50 S K
mTORCIHE |n) ¥ 2 3 43 4 5 mTORC 175 X 7-Rheb
R T A2 2 1 R TP X — T8 1) o

MR AR R IE IR I, mTORC1 & 43 Al 4
% 4 LAMP2(lysosomal-associated membrane 2)#5 ic.
X%, MLAMP2E SR (R AR L B e R I,
Rag GTPase il {EAT o2 B M G T, 3170 A e
Z X dk, Bt ZRag GTPase 5 mTORCIAE A [F) 8 Bk i
RS R A A S 3, WF9E A 5L hRag GTPase
Y Ay — 52 S8 FE R R 72 (I m TORC 1 5 5 i 44 26 T 1)
XA R

it 22 1 2K 1) BE 1] 52, Rag GTPasesz Wl ] 7 B
mTORC1#L [r] 1) %5 iy AR e ? R4 78 F0 N 8
FERH R B RRREME S A, #F5EA 5



A mTORC U SR AT 5 3 S AR KA LI Tk g

815

K, A7AE A 50 5 RaghH HAF a8 B 35 Bh L 5g
BX — i FE . I fe e R IAFLAG-RagB. FIAG-
RagD 141l i i FHFLAGHR 25 /15 21 G e JLUTTEFE
w HEAT B0 4 B R I, =43 ) el Bk RIMAPKSPI
ROBLD3HMcllorf59% 15 1, #% 73 5 FREMP1. pl4
Mp18H) B ) —SRIAE S WiRag 2 & )4
[ra) 208 N DX I, 1% = SR AA ST 5 W% ir 44 i Ragulator
= A D e A — 7 A RETS B IR IKE
K, Hrh FEp 1 82 Hk st A7 1 [ BB M A7 s n] e 78 e
Prid R A EAE T o

HE— 0 1 f P LT e S5 58 B, Ragulator[F]
Rag GTPasey FL#AH HAEM, HiZAH HAEHAZ IR
S I R 52 o[RS, Ragulator Py ¥4 B 57 1], BJ)
MP1. pl4Rfipl8 2 [HM 4 & I AN IR 5
Wi. FAN, BRI E|Rag GTPase[d]MP1FIpl4py#
() ) LA FLAE AN I R p 18 (R AH HL AT FH ke 46
44 /MRagulator. X 2845 JLR B, 140 M N AFAE—
/N HRagulator. Rag GTPasesr /A LL AzmTORCI
LR A BRI KEED .

AT FFiiRagulator/F: 75 B)Rag GTPase limTORC1
A ) 2] Wl A 3 1 o A R AR L BN DR
ILAE R Brp148ip 181 40 il 2 rh, i [)Rag GTPase
AN A A2 T 2 A AR B . [
I, 7 F o i B 79 5 AT ) 40 i R B T RNAAT 1
MP1. pl4slpl84& ik & FHEK293 T4 it R o, ZJik
PR GV A2 MV I8 4 6 T mTORC 1 {978 32, 1M JC 2 %
EmTORCLIE . P, Jr 45 Ragulator (¥ f% i1 7 #
M Rag GTPasefImTORCI 42 ¥ il A 2 11 (1) oL F2 v 3%
A, [, BN SR I S 181 IR &
A AT E A7 R R AA R T, K BIRag GTPasefll
mTORC 14, [7] B 4 B2 ) 22 AH [ 1) X85, 8F— 20 4iF S
p18JIT£E X 4k E W HL#% ¥ 't Rag GTPase-mTORC1 )
7 E . BeAh, A5 DRl i X mTORC1 1 b raptor
AT O —— 1 HR B v N R B AL AR T, T
I mTORC £ & A7 1 %5 B AR 2 101, 1 DA 48
JRLA0 R A3 T 2 i R o L v R R B A, A S — A
1 BE ) B¢ T RagulatorfilRag GTPaselt") 2y fig i e {\ fi
FmTORC (K HER E A7 o

PB4 db g2t T — A AL, RlRagulator-Rag
A WNE R — 2RISR KV JR 35 (A 5 il A
FM A AL R R R 4H SFmTORC 42 1% X 4517
BSOS A7 Rheb 1) 15 5 (K12). B BLRERE T 0

FF A TSC2 B 1 40 1 - mTORC 1T %) 22 5 iR F5URK,
DL S A 45 232 32 15 Rheb®P" (1) 41 i v 24 55 1R o V2 30
mTORC1, Rl A7 [A] I 7 75 75 44 IR Rheb( iz ik A4 K
KT fEE K55 9) FRagl A W) (x ML JE 1R
A PR B ()45 T2 R mTORCLA RE 8 30 -
Ragulator-Rag & #9415 11 32 1) 4 HI ) ] Ge A1 S0 40
M P9 4 mTORC1 5 RhebAH B AE FHIHLE 2 —. X
Tl o 42 T 40 P P R 0 () 2 ) A R AR LT
PERIHLEN A BT TRE— 20 L 40 i N 42 R 2 2 4t 17
B L

23 pe2— AWK REEE S HZEmMTORC1
BEHEZRTET

p62( X HxAEsequestome 1), 1F K —Fp H A5 £ 44
R4 DV G, kR S 2 ME S B A
ER, $0IA A Z 5 I ARG SO0 IOV
P T M WA 22 b AR B FEP?T . Duran 5PN B
TH k0 5 p62 HAF IR B 1 VAR €1 — 5T 43
LT mTORC1 vy 22 i Siraptorff) )1 Bt, Ji5 223
— WIS &5 RIE 4R 7R T po2 (e S B FE KRG Y 2
mTORCL k4% T HEAE M. AR, it
% 15p62 SLmTORC /28 b1 1) 4 1 v, p62 1) 5 s
T3 S5 T 4G B mTORC BT A 1A A b, 1A
Kol 21 J& T mTORC2 () MAFF R i . WIRERIA ) Bk
A AR RS SRS 2 AHAF, TR IE B
FABERR (B R — ) n] LU sR i AH HAE R, 145
RYPL WO Tpo2rl fe 25 T & ARG 5 T,
{Ep627 (LR R R /N B4l L, 2 IR 15 3 S 6K
F14EBP1(eukaryotic translation initiation factor 4E-
binding protein 1, mTOR [ F E iKW 2 —) A K
IR Ak i 2 52 2 F1 ), mTORC 1l % 2 v IR A
41 1 52 e Ge e ikp624 42 K i, mTORC A K I
P, AN A Gl R G i il K (R p 62 5 AR A, W TGV Pk
SHIEYE. B— 51, mTORC2MHJEY) 2 —, AKTIH
TR A 7K WAN 52 BE DRI B 5 i, 27 Hp62 1] BEAY
Z 5mTORCLIM %, HILhfe T2 2 R ad SR 15 5 %
FAHK.

BRI R, p62 AN SraptorkH HAEH,
5 B IF 52 fEmTORC Ll % & SE R 15 5 7 3 ik
P R E T Re I RagH AH HAEH . p62 5RagC.
RagD [A] 4 ¢ 5 P (1 AH B /E H, 1 55 RagA#IRagB
WA . p62Firaptor— Ff, 0 [a] T~ 45 & 2 3% AR
A Ragh & ) HlRagB®™-RagC", ifij I:RagB“""-



816

(A)

| R:J,g\ulumr%@gf:3

HMb -'I
GTP Amino acids+777

| Rugulmr‘m

Raptor

Rab7+/LAMP2+
Iysosomal surface

Rheb | mTOR ]

Active mTORC]

(B)

%
Amino acids+777
Rheh
GTP

Rab7+/LAMP2+
Ivsosomal surface
B
L3

mTOR .

Active mTORCI

A R BIZIERRR G, WL HR R AN S Rag 5 = SR & TP PR, b5 Ragulator D F Ak THE AR A I Rag 7 — S8 % Hraptor /1 H.
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A in response to amino acids, the Ragulator complex and activated Rag GTPases interact with raptor, recruit mTORC1 to lysosomal surface which con-

tains its activator-Rheb“™; B: upon amino acids stimulation, p62 interact with activated Rag GTPases which further enhance the formation of ternary

complex of p62-Rag heterodimer-raptor. This complex then mediate the translocation of mTORC] for activation.
E2 AmMERESYASERN SHMTORCLEE HAEMBER(IRYES £ TRRI321H4H)

Fig.2 Roles of two distinct protein complexes in activation of mMTORC1 by amino acids(modified from reference [32])
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Advances in the Mechanisms of Amino Acid Signaling in mTORC1 Pathway

Gao Yuan, Wu Geng*
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Abstract

The target of rapamycin, TOR, serves as a central hub for regulation of cell growth and metabo-

lism. It forms two distinct structural complexes, TORC1 and TORC2, which play different roles in cells. TORC1

senses a wide range of cellular signals, from amino acids, growth factors, energy status to hypoxia, and regulates

cell growth and proliferation via controlling protein synthesis. Among those signals, amino acids can not only ac-

tivate TORC1 potently, but also serves as prerequisite for activation of TORC1 by other stimuli. Research took in

the past decade had provided us much insight into the mechanism of how growth factors and energy status control

TORCI activity, but how cellular amino acids regulate the pathway remained mysterious until publication of sev-

eral papers recently. In this review, we are going to present and summarize the results and conclusions from recent

works on amino acid signaling in mMTORC1 pathway, with the expectation of figuring out directions for future study.
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