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Xl I Wt A T A 0 - 3k A L TN K i 2
Jot A B 45 s 200 A 1) 38 AR BR g 1 W — T AR

BT B BT R

PRI R F AR 3 43 TR A AL R A
R — 5 Tl S PO T R B 1 R

Wk RERAOK RN

B W A

1 BE-REBEMTERTRE

Fig.1 Formation process of autophagy-lysosome

2 FERAESEER

R (lysine , Lys ) 1E b —Fh b 75 & LR, A
{8 A 8 AN BT 20 18 1 4, A 2 LA I
FF A S =W 5 B FEALRIE . Sato %5 B9 &
B, Lys St = B 5 8% WL 2 E o i sl Sk &
B R, T BOUILA BT 98 /b, T IE # 7KF Lys
AT LA BT B R, DR PR R Lys A
SRS A W -V AR S, T ECE B NLAN I & A A
R N E = iR A Rl i o AR N R R i
5 A5 R R B L P SRR R Bk = 3 T A
) P AR [ B s LR AR

5o AR (leucine, Leu) J& T & &R, BAE
R — b TG AR, FE IR N AR RS L, R
AE M W v 18 B W BILAAS 4 5 Q30 - i 19
B TSRS £, Leu AR LAV T i 3L 3h
PR 3R R AR K i LA R LA Y
B e DI Re A S Ak T e 55 7 T R FE A I A
P R E 2K Leu #2551 AY 5 A IR 4>
it 5 A MR R AE—i , Wu 27 BF5E £ 1 miR-17
microRNA ZZ% [ 2 4~ i 51 miR-20a Al miR-106b
A] HEE o ] S BOSUULZH B (C2C12) H Unc-51
FEH WSS BB 1 ( Unc-51 like autophagy activa-
ting kinase 1, ULK1) {32352 577 Leu #1235
WS AW, Sato %Y AT & B, A Leu 1]
DA 5 30 - AR R e ) L 2 A R
T B B fiff i — 20 A ST & B, 7E FH DMEM 1
FEHBFE A C2C1240 8 T #b FE Leu3 0 minJ5 ,

LC3-11 5 LC3- 1 i L W 2 B AIC, $2 75 %P 5E Leu
XF C2C12 4 f F i i & A= B W 35 ) 0 .
RATR G = 7] DLg5 S 40 & A A W, Leu $OIAH &
Toe A B AT A 750

K58 B2 (arginine , Arg) J& — A AL R 2 M MK
FI B 55 A2 ) 6 i G B s B R, TE LA R i &
B B G e a4 2L 08 52 LA S M 1t e 4
FRos A SRR ERMERD  ERAREE
MIRE TR A AL Arg BORE 1, AL, Arg 8N A &2
W EIERR  Xia S5 R R R I — B T 4R B
18 25 11 J5 4 ¥ 2 ( general control nonderepressible 2,
GCN2) i LI/ T+ & —vy (interferon-y , IFN-y ) i
N Arg 2 755 1 4 2L R M A

AR BENE ( glutamine , GIn) 52 JJL A 5 5 B 7
BYEIER , 295 N By A L R B = 1Y 60% . T
TR, Gln X ANFS P B C A& 2
KEEMER T, RER%SES @S Gn =
AR 5 SR AL B Tl 18 - Bz 400 8 h = K Bk = Gln
A R E B, L Le3- T RS
T BN Gln S22 0T LUiE S i iE b R 40
H W A A

£i Bk Lys Leu ,Arg Fl Gln iX 4 & HE iR
KT AMER BT Z N T 20 ik | Y &
A % AL AT A B, U R RN A W 1) e A R
WIS EMEREEAREZSY 1 (mam-
malian target of rapamycin complex 1, mTORC1) {5
5 3E PR S B A A R R T — S H A A
RN DONEN AL ECESS S N
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3 SEBRHT mTORCL & ZEEMAR B

mTORC1 /& — Fh 7 4k b AR~ /Y 22 R/ 75
ARG , ZE VR A 1 A | A0 A RN A
O T R 45 A R AT S AR T, mTORCL ]
IR B R A K N 455 5 s 7 it
Wik p70 B BT 5 S6 J#4 T 1 (p70 riboso-
mal protein S6 kinase 1,S6K1) | EL#Z & 4f [H -+ 4E
4t 4 % H B 1 ( eukaryotic initiation factor 4E binding

Amino acids

GBL ﬁ Ragtor:
@ (PRAS40 )
LC3-1
ALl _Fip200 |

(Atgl3 : FIP200
(LC3-T0

( (Sequestration

Phagophore

Autophagosome

protein 1,4EBP1) I HAlb Ji& ) 1F ) 98 75 25 1 ot 8
PE R AR W & A UL R A i A K I R A
ULK1 F1 [ W 4 3¢ 25 (1 /it 13 ( autophagy-related
protein 13, Atg13) XF [ W 6 i) 4 /8 FH 27 A
YR AL F 5 FF F E BIRES T , mTORCL SZ 541 it
AERITFIIER A W, AH S, TR AR T SR VLY
FAFT ,mTORCI L2 wi il , 375 5 40 i & 4= H
Wk HAR R AL BE &% . mTORC1 - A Wi {5 i
He A 2 fiR

Fusion

Autophagolysosome
Lysosome

mTOR . " AL 30 ¥ 55 A 85 Z ¥4 [ i mammalian target of rapamycin; GBL ;G & [ 5t B 1. 3L#E 4K 4 i recombinant G pro-
tein beta subunit like protein; PRAS40 . & iz R AKT JIK4 40 ku prolinerich AKT substrate of 40 ku; Raptor; mTOR 173 #H 3¢
7 it regulatory-associated protein of mTOR ; Deptor: ¥ 7 mTOR #H H. 1 H %5 1 Jii ) DEP 45 #4 3 DEP domain-containing
mTOR-interacting protein; Atgl3: H W AH I H i 13 autophagy-related protein 13 ; FIP200 ; 43T i & 4 200 ku Y %6 % B84 B
Rt HAEE 115 focal adhesion kinase family interacting protein of 200 ku; ULK1 ;2 Unc-51 H WEBE ### 1 Unc-51 like auto-
phagy activating kinase 1;LC3- I ;& H5&E BT 1 4% 3 microtubule-associated protein 1 light chain 3;LC3- Il ; & H&E
FH Ji 2 #:%% 3 microtubule-associated protein 2 light chain 3; Amino acids : Z{ %% ; Phagophore : 7 W ¥t ; Sequestration ; ff 25 ; Au-
tophagosome ; [ WA ; Lysosome ; ¥ it ; Fusion ; @l 5 ; Autophagolysosome ; [ W75 B4

E 2 mTORC1-BE{E 5@
Fig.2 mTORCI-autophagy signaling pathway

3.1 HEERKS T mTORCL &2 F#E 4 B 85 mTORCI & £ (¥ 7 A O¢, Lang %51 11 f

SR, A W -5 B 1A R 4852 mTORC1
PERGA AT Sato A& BYRF I M T Lys 4k
Y C2C12 L+ mTORC1 Fii## & H i S6K1
1 4EBP1 1 B W2 1k 7K °F, ¥ C2C12 WLAE 7F &%
10 mmol/L Lys iy 3% 3% 2 v &b # 30 min J5,
LC3-T 5 LC3- 1 By LLfE FI XS R4 (3G 3R 3P AN
IR ) ML B E R T 30% , S6K1 £l 4EBP1 1
BRI /K - 2.3 i, W Lys i@ i mTORCI
MM 8 A2 T C2C12 LA Y W — 9 AR T
PR, Y4 Lys HEW 78 B0, Lys 2338 i3 #7% mTORCI
175 5 30 [ SR AU o) 1 s — 2 Tl A R 6 10 A I D
LD Hp LD 2T 24 2 1 5 A R i . ILIRL R 1 R 9 &

FEUEB T A 72 Lys AT LA & 4EBP1 19 8 iR 1k 7K
S, 2 B N Lys BT LA o 00 UL 40 B R
mTORCI 15538 B R 30 i B Wi - Bl 4R R 58 19 3%
PERFER A R, A5 IRE, Lys 7] DL
2B BUVLR AT 4 85 14 FR AR A, XA 100 g (R B
ARE R REME 114 1570 mg Lys Ji5 & B 2T 4
B R R A R B AG, LC3- T B Rk Bt B 3
REA, ELR Lys 00 AL PR 2R 1 5 R A 0% 4 FH AL A6
AR
3.2 ZEB&HT mTORCI & RAE 40 8 1%
Leu 520 F 1 32 222 K B 8 ¥ 7% mTORC1
o i B S L R LR T AR T, X AR
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MHIER Bl AT R B, Leu XF 41 0 Wit
AR FHACR T mTORC] {5 5 #% , 7f B H: |
W0 28 1 5 P =E & AY Ras [7] &%) (ras homologue
enriched in brain, Rheb) FI mTOR i 15 A ¢ & H Ji
( regulatory-associated protein of mTOR , Raptor) 2
JELTI . Leu I LI #E mTORCY M BEfR 1L,
T B 1 Ak T i #E 2R 1 B AEBP1 5 S6K11
W HEZ PG mTORCL 11 i L 21 111 5T Rag, ffi 15
240 A G P EL SR SR T A B mTORCT 34 3
WS B TR E . Lang %R Yoshizaw 551 (1)
W5 &I, % FE Leu AT LA 5 JJL4H i mTORC1 #Y
TP T I 00 40 AR Y A c2C12 LA A
MIAE S Leu A9 E5 IR L P 4L R 30 min, 7] fg 35 42 &
AEBP1 BERR LK T, S35 56 1) MicroRNA Si5
Fa5 BB, 2858 4 h Leu YURALFEAY C2C12 LA
M H A 84 4~ microRNAs f77F 25 7 FKIA b ix 2
25 533K 1) microRNA H1 5L P 1300 43 B 75 1 Leu
B 15T mTOR~ F Wit {5 5 1 i A4 22 1k T R 2 i
i mmu-miR-20a A mmu-miR-106b F) 25 £k 1] 4
N, BRI Leuw T mTOR ik %} Ryt
P A ke 1L 19 5 P R e B, Leu AT LATE il e 1L 4
HJE Y 6~24 h NAEHE mTOR B335, 76 12 h B ik
B v U, I T — o AR BB ES H WEAH O 8 BT
LC3- M KIA

3.3 AEEBER&B T mTORCI &2 FE 405
B &

Gln & /18 I Jz 40 A A 32 2ERE ok i, Holk =
T2 8 R R A OR B BE RERE T R,
Zhu FRSE R B, KE FR AR Gln Bz S
LR A0 A, 3 B Le3- T R R aA B
mTORC1 35 F# ; H 5 mmol/L Gln #b 2 5 & ¥
LC3-T 35 T, mTORCY 33k LA, #F 53 45
XFFT Gln sk Z %55 AW T E g
(LR AR, LA S0k 55 mTORCY {55 3 s LA 4l
i 2K A 1 200 3 0L, Tan 255 B
SEH R, TE AR YIRS, Gln 75 2 ok [ W &
FrEeE mTORCIL, I HALUAM FE Gln 3t 2 LATE K
[i) F1 2 EE PR VLA I 8] K 52 mTORC 1 37 M R 5 iy
RTEANL , 8 A e ) 77 Ab BE AT Gln A 410 41 4=
FHIH B, 42 7% 35 4 mTORC1 ) 3% 1L 4K #61 A W3 1)
R,

4 SEBE KT T IE mTORC1 & £ =
20 a8

4.1 BREKRT T IE mTORC & FFHIZEH M
B &

S Lys XF 40 [ W 9 08 45 4 32 22l 0
mTORC1 {5538 ¥ A F 1%, {0t F mTORC] 3 %
IVE FJE A FRAY , Lys St =17 S 40 M A 0t mT e 2
it mTORCI1 PLAMN MRS 5 F A S LB m™
PEE , 55 H U B ( protein kinase B, Akt) i i
I~ AR 2R 0 04 R P R G R A Y, 2
AWFFE R Leu 7T LUIE i 13 Ake (8% B2 b K 7
SR B H E - A R SR IS P Sato
IS8 L FTT A IESE T Lys J& 95 — P RERS G Akt
fH 5 2 MR . Zhao 551 I WF 5T R W], Akt
A —Fh R 45 R, 76 LA At B B e R A i A
HURAT B, PRI, Ake O3S AT REFE Lys P83 H
s — 5 AR 0% M PR DG AEAE T . Sato 25 H Lys
AL B C2C12 40 il & BX Akt 11 Ser473 Fil Thr308 {if
SRR AL 7K W 25 T 25 1 Ake 19 R S5 1 100 ]
FIALEE C2C12 40 A 4 Ake B FR L IS, Lys XJ AL
Ji 2T 4 2 11 Jo o i X 4 i A T B B, TIET T Lys
CINYSCEOR TN SO NTIE KN 2 i S W igii)
fif# . Sato ZV Rt LC3-11 5 44 LC3 4 FLAE 1T
flfi T Lys 15 5 09 Akt 3005 X [ Wi - Bl 4 35 M 19
P MR L 16 Lys 46 B AY C2C12 40 j
LC3-11 558 LC3 1 LA FEAK, . Ake 10 il 551 4b 28
Jei v LATH BRI FPREA B B, 22 B Lys 9 FH b —
VA AR 2R 40 05 PO T Akt P30T
4.2 ZREBKRT T IE mTORCI & =FFE 4
B &

UG Leu X 40 L B W 9 52 m 32 22 2% 3 o
mTORC1 {5518 % 52 B, HO 40 i 8 1 o AR i
5 9V P A AR T LAt £ 5 3 i Y R 36
WEGE B LD A T # 2 Leu XL 40 HE A 1Y
SN2 754338 57 mTORC DA {5 5 B ok FE 4
J, Mordier 2 47 T AH SR K, 45 UL 4 i 1F
73 h 1Y Leu YU AL B | 4G I 35 A B 2 (041 FE 5 6
W& WM AE & 50 nmol/L 37 A% = 19 15 35 2L v i
A 3 h, K Leu PR 0 1F 5 45 2R A& 814 2 Fofr ofl
PR B e I B s A — AN 0 B, BeAb, A
8 hirt i I X B R 1k S6 A iR 2 11 o K 247 A
WM& B, TR K A2 Leu PUHK B9 RZ 00, M idF
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— AR LT Leu YUk mTORCL R MIMERE L IUBFTORII,

V5 JULPY 40 I A W A SRS, R W] Leu YLK A AE 2
i 145 mTORC JC 5K B4 i 15 538 I 19 1 W
[ei] L 98 5 25 1 B8
4.3 HBEB&H TIE mTORCL & ZiFE 4 A
B

Arg AR R R A Z AL, W LRI
PR A B M 22 e A5 W) Jot 5 A A T2 i AR, Sarkar
10V RI Angeajas %5 T FFIE S, Arg AALHT LA
it mTORCI {35 5238 6 91745 11 16, i o] LA i ot —
fb & (nitric oxide , NO) {5 71 B J##5 F . NO J&
O L P 8 R 28 2R 8 o 3 3l A7 T 1 200 R A 5
Gy F, BENE 5| & 22 P Ak BERNE, A I 3 9R T  4H 4
Xt R AR I SN AR, Arg S AR A IE— 1 NO SR,
TEAH N, Arg 1T LI — AL & 5 i (NO synthas-
es,NOS) & fi## ; NO, Sarkar 250 i) B 5% F 1 |
NO BEME A Jun 22 3 K Vi P4 i ( Jun N-terminal ki-
nase 1,JNK1) 19 7% 7 #1 B bk % 41 B 988 — 2 ( B-cell
lymphoma-2, Bel-2) JE K ) #5 R {6 3T L 1kB #7 B
(inhibitor of nuclear factor kappa-B kinase, IKKB)
25 5 4 A5 Ak AiE FE [H 2 ( tuberous sclerosis complex
2, TSC2) s 1 T A 0l 0y 2L 3l 40 i v ) 1 e
W, KR R 40 Ha- 11 -E 78 e /R A $h 7R
WP IUBAE B VRN Arg J5 & B LC3- 11 Al LC3- 1
FB R T 35% ; FH Arg F1E WA 8 2 35 R 40 215
KM LC3-1 A LC3- I Ll R R 33% ,2 FifE il T
XF WA ) 0T A A TR 2 5 SR Arg i a]
FIE 108 b At A7 50 A o) R TS 5 A OB T
mTORCI {5 538 #7

5 SERAEEBHEXHARPEENARRE

REEMNIMEZ T AR E &7
SrRWE SR R RE AR Z & 5 B
JfL AR SR EN B W BN, H G T BSR4
Lys.Leu,Arg F Gln 45 & Qi e] ma i 40 it & 4 A Wi
(TR T2 IR AL 0 AS T 2 3 o J2 F 9 2 3L R B 7
LY [ BER O R TR EIWR AR T T, LT
I ) ek R VA1 A L 1 e S A AR S A Y
o E R W, Lys X F W A IR 42 DL AT AE S Leu
AHALL, Lys 1 Leu #B 7] LLi& i+ mTORC1 {5 5 i 1%
T E AR A B, HJE Leu ¥ mTORC1 15514
SR I s T Lys™ A7 E Lys #1 Leu
FEEE AR b R R R 22 S A T g —

KT EIRY I, P 0] 2 B LIRS F W 52 0 114
5, FLEAE A IR S, A B R B = 2 S AR A
Az W (E R R TR AN PR AN A R
RRANNL A, DL RCAE A R e A o A v a2 R
FETE AR N —FE 5 0 T30 8 SRR W R A A
B AR, SN E IR Y sk = i), 40
SR Bl A WA S 00 20 S, I [ PN 4
Fr 40 AR R A RS R B Q5 2 A AR Y
ST AL 0 S ] SR SRR R (1 5k =,
AT AN WY ) B AR (AT TN TR AR ST

6 /N 4

GIETRAE N Al 5 37 W o R B T A A
50 AR A 5 0 7, fE S m LR I ez S 4
SR AL B BTN BRE 71 LA B 4 R e T 5 55 T A
HEWLEENER, 820 T2 LM E R
5% 22 85 TR 7R L IE ) R 4 BRIV A1 g 3 PR k4
FRE FEMR 7K S AL S5 20 ff ) 4 A AH
] P9 AL 58 204 5 1 200 A WA A BILAAR
) — 7 i S %) A 1) A A AL, O IR AT IE B A AR
firad B, 56 B [ R B 2 (] J N AT A ) — 3 A
FERIERR | o ) 2 W T I R KT A0 R W A 5
B BT AT 0 4 T B AR U IR R, N
B HUE R A R AR AR B
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Molecular Mechanisms of Amino Acids Regulating Cell Autophagy

SONG Zhiwen JIN Chenglong YAN Huichao WANG Xiugi”

(College of Animal Science, South China Agricultural University, Guangdong Provincial Key Laboratory of Animal Nutrition
Control, National Engineering Research Center for Breeding Swine Industry, Guangzhou 510642, China)

&

Abstract: Autophagy is a “self-feeding” phenomenon commonly found in eukaryotic cells, which mainly
manifests that damaged proteins or organelles in cells are encapsulated by autophages and transported to lyso-
somes for degradation. There are many factors leading to autophagy, among which the mechanism of nutrient
deficiency inducing autophagy has always been the focus of research. Early studies have shown that amino acid
deficiency-induced autophagy is mainly mediated by mammalian rapamycin target protein complex 1
(mTORC1) signaling pathway. In addition, some studies have found that some non-mTORCI] signaling path-
ways play an important role in the regulation of autophagy, and the mechanisms of autophagy induced by dif-
ferent amino acid deficiencies are not identical. Therefore, the aim of this paper is to summarize the process of
cell autophagy regulated by different amino acids, and systematically review the molecular mechanism of cell
autophagy regulated by amino acids, in order to provide a theoretical basis for precise nutritional regulation.
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