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The role and mechanism of amino acids in regulating hepatic glucose and lipid

metabolism
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Shanghai Institute of Nutrition and Health, Chinese Academy of Sciences, Shanghai 200031, China

Abstract: Amino acids are essential nutrients for humans and have a wide range of biological functions. They are the constituent units
of protein and energy metabolites. In addition, they are also widely involved in the maintenance and regulation of various physiological
functions, and play a role in transcription, translation, post-translational modification and other levels. The liver is a key metabolic
organ, and it acts as a hub that connects the metabolism of various tissues. Amino acid sensing plays a very important role in the regu-
lation of hepatic glucose and lipid metabolism. Therefore, accurately sensing the levels of intracellular and extracellular amino acids is
the key to maintaining cell homeostasis. There are several well-known amino acid sensors in eukaryotic cells, such as general control
non-derepressible-2 (GCN2), mammalian target of rapamycin (mTOR) and taste receptors, which play an important role in maintain-
ing metabolic homeostasis. This article gives a detailed introduction to the role and mechanism of amino acids in regulating hepatic
glucose and lipid metabolism, laying a foundation for further exploration of amino acid sensing mechanism and treatment of hepatic

glucose and lipid metabolism disorders.
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Fig. 1. Amino acid sensing. Amino acid sensors such as SESTRIN2, LRS, CASTOR1 or FLCN-FNIP2 sensing specific amino acid
inputs to recruit and activate mTORC1. LRS: Leucyl-tRNA synthetases; CASTOR1: cytosolic arginine sensor for mTORC1 subunit 1;
FLCN-FNIP2: folliculin-folliculin interacting protein 2; mTORC1: mammalian target of rapamycin complex-1.
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Fig. 2. Amino acids regulate hepatic glucose metabolism. Leucine deprivation can inhibit the mTORC1/S6K1 signaling pathway by
activating GCN2 or activate the AMPK signaling pathway to promote the insulin signaling pathway, thereby improving liver glucose
metabolism. Methionine restriction can directly promote the insulin signaling pathway or increase the level of FGF21 in liver to
regulate hepatic glucose metabolism. The mechanism by which other amino acids regulate hepatic glucose metabolism is still unclear.
GCN2: general control non-derepressible-2; AMPK: AMP-activated protein kinase; PI3K: phosphatidylinositol 3 kinase; PDK1:
3-phosphoinositide dependent kinase-1; FGF21: fibroblast growth factor 21; AA: amino acid.
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Fig. 3. Amino acids regulate hepatic lipid metabolism. BCAA
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supplementation, leucine deficiency, and NEAA supplementa-
tion can regulate lipid metabolism in different ways. BCAA:
branched chain amino acid; NEAA: non-essential amino acids;
AMPK: AMP-activated protein kinase; GCN2: general control
non-derepressible-2; p-elF2a: phosphorylated o subunit of
eukaryotic initiation factor 2; SREBP-1c: sterol regulatory
elementbinding protein-1c; Chrebp: carbohydrate responsive
element binding protein; FAS: fatty acid synthase.



HmRE s, FARRR A 2 AT AR ACI 15 T S AL

JEN LD, 320 P I R X A Srebp-1c
Fas 5 I i 25 RO DR AR 2 9 i) R IE sk . |tk
AT LS TR B = LE VA S IR AU i R o G
PIMER . S BERR A 78 R Be 0 A R IR A . 32
B S L R AE MR D7 FF R 4 4E AR B 2 B Tz Ok
W, Ba7E. sEREESIERNRS T
R R BN, BRSPS RIIAA R, RIS AT
DA BRARC I I DA AL o il = e 5 e e A B
TR R R IR A Ab e, AT PR A iR Y
FERFAE LB LA o =B & & ™ Ra iR
(R ik = AT LB 2 B ALC A BRI R B i, (R A BF
FOR IS S LR Be e SO I ) g AR, bR
SRS R R 8 o 1 5 IR PPAR-ou AR AR K R B
fZeik, PARESCE I IE W RN S SRR, A
117 53 v M 15 S O A M A O 7

br 7 CHEE AR IR, BT R WO R A IR
(aromatic amino acids, AAA) 5 T i g 15 1) - #AFH 21
M, SR BEMEEE S R PTEL TY, Xk
H# Ul B T R LR AR S AR AL 5 T I B AR R
FHIG . WF 038 R B T 28 B 7K~V 5 U g o A 4
B R R 2 OEAHOC, AR RS YR B W1 I v
(non-alcohol fatty liver disease, NAFLD) H 45 L Ff - 2
MR AR R, e i 2 R AR 52 21 1Y) 52 e
R, Bz Ah, FIEERIOATEY) S TR AR
W S AEOG, AR 2 22 4 B B R BB NAFLD 1)
AR OREIRRR . A= f IE R AR 25 EUIH R /K 2
E Tt e FEHLARPRS 1 N8 7 P I 2 AR 7 A2 1 i A
BErh, BREBE IR BRI B E R
REAWF N AR T AR 55T = " iR
F LG T NETE T 1 ARG T i 7 PR BRASE 28 T2
FREIAN 7S, BEBE IR BRIk Srebplc K1 Chrebp
BRIk, K PPARa [3IE, AT 22 fif K &1 i
i %) I g T 68 SRAT i A S S R R A DA S R
PR AU E VR 42 P W A I R b R 5 o
EH.

3 BESRE

W BRI R0 B T A T4 AR O, ok, HF
B AR U IR 5 R 264 L S A HE 1 P B S AR 0 3
FLBERE R o W8 B3 0 I JHF 2 098 2415 22 71 14
EEF RAE T B 2 AR R R, AT
UL A T R T B . R PR B
SRR RER, BAUENMEAREE R KIZ),
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THTSMEREEYRERASFECE R R, &Y
VR A BT w0 FR o, JGH A R B 3= K ht
SRE R, 2 B PR T UG RIE fa g
RIPLeERNE ", tah, ENE AT, B
AN A FRERE 9 8 AR BRI FARAE 1 500~2 500
keal 2Z [H], {2 JIE e PRS2 25 S35 I A B R B
K 800~1 500 keal, T 14 H AN 2 B BE FR 5 56 35 B8 R
AR R 2 500 keal T BT R
(1)o7 B AN AR YR AE S . PR ISR AR EEIR
W PR B Sk R A U, g A ik E
FRARET, DA KA FE h B AEONE JR s 58 25 A 7™ B 3
JAE [ AU T,
BREAFAMOZEHTERANRN S Z, @FEHEA
EARWESEZM. HTEARHZERA N, T
ER,  NATTRE T2 R AE K R AR SR & 3R s 8 T
A EH S/ VR S L. TaF R ik
A S 25 1R 1) 7K 7 5 0% PR 96 A0 AR s i 1 A S S A
K, ARG RE PRI B3 S IR TN AR .
FIR VLK IR I S R B E T B, OB R
RENZ B AR BE 1 LAl AR A B TR aE
ERE A BER I35 P 2R S R B TR ™Y, XER
T AR RS 5 0 N SR 55T 1 AR
B AN UAE AR EE R Iu R K
YER, &n] AR AR R AU h i E G 50+
REFEEFEELZEM . KR EFTaT eI &
TR FBTE D7 AN 2 288 PR XSS A8 T B o
HUAE L TH g BT R R E AR — . &
JEHENE, EHRULBEHEEMIEN T#TEHES
MR e — 20 . BRI UM 2 IR BB N T/
W, {EREFERRRIMER T iE— . 25 2 A
R AL — 0 BRI R T Ui S AR . SRR
I RN S N LS, S B ARA LR, &
J P AR X e 2 B R 43 L B LA B %N 22 4R
MY EREAAFHL G, d R & AHF.
Blanss 7K R B TR, IR L Ik
AEr E L B B B B A BOE G 0, HO I E
U R RS B, A S S R R O P T
R IR & (branched chain amino acid trans-
aminase, BCAT) 132 4% a- i iz i, =% (branched-chain
a-ketoacid dehydrogenase, BCKD) 54, B 70 &
WAE NI &AL, WA I BCAT & 14 5 i
b7 B BCAT &I —F LA b, Z e IKENR
i P B B RUGE B (H A B 7R IE 1R R
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R R IR R R I BCAT [k, 7ERGRT . B,
O EBF IR . ENIEA A, LA
BCKD it fe, of BIHLA L BCKD {1 —
Tt ZJEWUCRMRN . . BEIE. BRI M. i
VEHIWLA I SRR R IR B 1 E AR 2. AR
IR RE 5 A O RIS HLAR IORE R A . IR IS
FEA R AL I TR A E . FAX 0 A7 L AR
AR IR KA 7, #1401 mTOR, & PR 78
AL 2 mTOR, AT A 2E KR A 3l & A
FAB, ZAHLAR A SRl 75 B AR 00 7 RS IR Bk Z I
GCN2 i 5 FL ARG B (1) t(RNA 45 & BB B2 I
BT BEAL, ARAN S R SN R R 52
PR IR o

IR NAE MU RS TR T
F, ABER T OB RS BRI A 1, oA 2 2k
PR TR AFAEXS DL IR L BRI 7, DR S IR T
LAy e i 4 M A, AT IAT S AR 2 .
RBIEIR IR Z IR 3 B DAE N IEUBUR L T GON2,
AW N S 75 A AE LA Y R R R R 2 R AR IR R
Ko BEANRIERR K5 AT LA SR A ke
FYs I HAX S A i e 4% A 3 7 B3 AT Tk —
BIIRER . B IR FBEN SRS S
AR AL R ARPEACE B AR AT B . H AT
X PRI A IR T FE 0K 22 By ik B = WA ) 7 5 #E
PREGER Z TEAR A AR LB . DR LA FE B IR 1)
B RN AR A AT AL, R B Ve
PRI AN HARAE S A BN B E R ISR .
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