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Metabolite Sensing and Signaling
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(Fudan University Shanghai Cancer Center and Cancer Metabolism Laboratory, Institutes of Biomedical Sciences;
Department of Oncology, Shanghai Medical College, Fudan University, Shanghai 200032, China)

Abstract

tion, a spectrum of metabolite-sensing mechanism has been developed to perceive fluctuation in extracellular and

Metabolite sensing and signaling is one of the fundamental biological processes. During evolu-

intercellular metabolites, and to coordinate cellular metabolism with other biological events. Although the metabolic
network has been clearly illustrated after decades of study, the molecular mechanism of how cells sense metabolite
and the physiological role of metabolite-sensing remain poorly understood. Other than AMPK signaling and mTOR
signaling pathways, we still lack an understanding of sensor proteins for different metabolites and the underlying
sensing mechanism. Based on current knowledge, a metabolite-sensing pathway comprises metabolite sensor, signal
transducer, and effector molecules. Dynamic changes in metabolites can be sensed by cells with the help of metabo-
lite sensor, metabolite-sensing module, and chemical modification of target proteins by metabolites, and mediate
physiological responses. Cell employs multiple types of machinery to sense the abundance of sugar, lipid, amino
acids, and metabolic intermediates, to collect the metabolic information from the environment and fulfill the meta-
bolic decision-making process and to coordinate the activity of the biologic network. Aberrant metabolite sensing is
critical for metabolic reprogramming of cancer, which makes metabolite sensing a promising therapeutic target in
cancer metabolism.

Keywords metabolite sensing; metabolite sensor; metabolite sensing module; metabolite intermediates;

signal transduction
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A AR FRARZEM . AU 2 40 A O e 4
JHER Gy AR EEAR AL, BLAEE IRt i) w] A H
JFZ, W A EHERAC AR AR PR S . PRI, 4 AR 22
St RS2 A AR A B A VIR BE AR AL - AR A
ML aris ke . AT RS AN S NS LT T A
I B35 5 A R A AR AT S FRIRES BB AER ., AR
VIR S 5 I 240 L 8 20 A QO KT A At 2 i
BNIE R AT . AR R S A: N 2% 5 L
RERBEP 5T BE R AT JE S Y S LA, XA
PRAERF 1L ThRe & AN Al Bk =

A P RE R R S Y T 2 SR IR A AR A
SEANE AR BALHIN . B0, 20 1 240 L b ) LR
T REME AR A0 18 AL IR BT IR 78 A2 5 75 3 Bl R
R PV RR] 2 R LR AU AT DA QA Bl AT e d2 2R 1 1 3R
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AMPK(5" adenosine monophosphate-activated protein
kinase) il mTORC1(mammalian target of rapamycin
complex 1)t #% & B 4y HEAith (1) BE 52 A8 F7 ) o 2
HLAHI . AMPKHRIMTORC 14> i /% 52 41 a3 1) g &
R ANGEL L A I EE, BE TR 5 AR, REE
BEN R A& R, 4ERF A o REHIRR AT,
AMPK 4= 4 5 AMP U R 1) B 1 g, A2 115 40
o e B AR P AT RS ER H . AMPKOY IR & 14,
H = A (o By )R e I 3 A Dy B 52 4% IR
T AMPK % 52 41l iy HAMP. ADPAIATPLL il (B
LR WRE ., AR EYHCIRZS I, AMP
KSF T, 3 #0E AMPK, 38 3F LKB1(liver kinase
B1)-AMPK{7 5 il i 15 2 Fh A4 K 4 7 (2K %%)
A 0 25 (N 2R A S5 B A= s S BRI UK
B, 28 H FAXINGF L BELKB1 £ AMPK & £ 1
Kb, 32T A AMPK B B2 AL 12 17 9 42 55 AMPK )
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Fig.1 Metabolite sensing and signaling
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fEIB2E N T, NI IG5 e, i,
AMPK S A 1R 1 1y 2 B A 9 152 45 1T DL &G & FF Ik
52 AMP. ADPAHIATP LI, 3t 1 38 i 44 G A2 A 1 4%
AMPK S A PR [P BEVE E P B 7 IX Pl 4 L) e
&5z 77 2 Ah, AMPKGE A DL 55 5 45 i (aldolase) 45 A,
I FH T 47 T 5 5 I JR 52 W T At o 1) 77 470 SR M- 1,6-
MR (fructose-1,6-biophosphate, FBP)H ¥k & 4%
1o FBP YR FE AR Ak 38 st 1% 4 g 2% AMPK 5 e =
B2 A RE ARG S, M RRERZEST
AP, 8 o) AR P B S AN AR T AMPK
FImTORC LIl %, U 4 FIHF S A Wi 7 1 8 AR 5
Y2 B E . 5N, 4 EENAD'/E 40 M A i 2K P a]
#7DBC1(deleted in breast cancer 1)& [ /2% 5, i1
15 25 40 M 5 22 3 A . DBC14R [ NHD(nudix
homology domain)% #4358 1] J8& B 4 s J NAD' 7K
P19 A8 Ak, 2T I TDBC1AE 1 5 DNAMS & AH 6
1 PARP1(Poly [ADP-ribose] polymerase 1)f45 5.
DBCI{E INAD" /g 52 25 T AR 48 2 i WWNAD' F) 7]
1) FEE VR 7 440 P P 5 (R AL A A4 20 9B,
2.2 RIFPIRZIER

FEAR AT A B AU 7 JEk S2 3 i A EL A RE E AR
DR Z A8 o AR )R SZ o] DUE S T R A
HAER PR TE . BRI, FRATTR XM 2 8 WA
2 AR ) 77 208 SONAR ) I 32 BT
FEARSUSI e AR DL A ez i A2 v 35 ml R
AR IS B & 52 . A 5 52 H (hypoxia-
inducible factors, HIF) Y vi& P4 5 41 fig ) 48 & & % D)
K. MCEURAE T2 BARRE AR, 184
A FAR A EE. NDRG3(N-Myc downstream-regulated
gene 3) Al VHL(von Hippel-Lindau tumor suppressor)
HE TR & AR DA IR TR P R 2 FLIR &
B, FLRR W] LIS EINDRG3-VHLA & 14 1 %
ZEAMNDRG3H R, M FAESE THFY. It
4, AMPK AL AT DL DU HeAb, 11 07 206 52 AR v ] 7
Yo WEER KRBTSR AN B AR A R it
I 5 )R HEES R R IR A Y rh TR
5-T TR % Bl H¥ (ribulose-5-phosphate, RuSP) Y ik &
A3 A AT B LKB1-AMPK & & 14 & 52 . RuSP3 1%
B AA RS, 3 A0 AMPK P VE 18, R A AR

W HEAT TRt R 3G TE DY . A, B A v TR AR
W 19 IR I 1 =X TA i 2 (phosphoenolpyruvate, PEP)
n] #% SERCAZ [ [sarcoendoplasmic reticulum (SR)
calcium transport ATPase]- N Jit I Hp[7] /& 52 . PEPIY)
LA HISERCA B 14, 4 17 38 hn B Jog 45 25 1K
J&, BIENFAT (nuclear factor of activated T-cells){5
el
2.3 KEYIEEREBISEANTSRIFIRT

R THE A IS AR CERE, 220
AP A 3 nT LB AT B AT A i . 4H
JiL P AR A BE ) AR A T DL S B O B R )
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NPT H ET AR AR A e dE
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WM EAEM T 2N WHMMIX = 7B,
=RIRIGH B VE 2 AU 34 3R] A &1 2
FIP8, XS R IR, AR IR 2 R 45 2okl ik
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3 REMIRZAEFZRRXFIEAN
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J RE W% i OS2 A 8 R, JF R S 5
AR AR 2 B R P % S AT A FRAR B T 7R A%
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L 2R R X B3

A m A IR 52 A 3 TR e o). RN
T, \EHAM. BEEeH. SaREtEEs
AP RAER A Y. B8 A R M 3h &
ARAK, 20 AWK 70T W 4 B e R S A iR 2
HAREBESRURESE R, HEm SR E 55 .
BT R A RS R, RN
AR, T O K ER A i 32 U5 U AE S
RS REE BRI S 16 =AN 2 R
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Fig.2 Multi-layered regulatory mechanism of metabolite sensing
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ZNEIEIRE A BT AL BT o R T B PR AN
RAFEFNZASEAN, DRI 4 M 75 S B I 52 6 260 0 1 7K
-, ARAE IR 78 L S AN R A A B . TR
HEBE A2 AL, AR T 5 B2 2L (ATP citrate
lyase, ACLY)& EE [ &2 HEHZ . ACLY %
Y FE AN M P 2R A A R AR R . ACLY
] RS2 240 R PR R 2 B T R P R T R B v
WA LB ERA L . EEENZ, HTFHAEA
LRAAB G LA £ T 4 B AL S £ 19 225 A1k Ak, 440 it
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B ARBRIE, 2T i AEA & R E(ACSS) ] I 32 41 5t
I AR, (23t IR BEA R & B, BET 5
Jig NSk RSO 5 36 B R 3 7 X K 4 3R B 2 AL,
8 i i A FRORH 5% 8k BT ) B S AN SR TR, D iy 248 i 1)
PR A KA B 2 B MRS . JATH TAE R
B, AMPK AJ DL % 20 85 FIH3K 18 % LI AL g SIRT7
Y R A K, 328 T R 9 b A 2B R 5% 2 R ) 3l
T X IR AH3K 18 Z A 7K, e A8 2k i (1 AE W
B 53 Ak, AMPKIE 32 7 %) B 7K~ 32 AL J5 AT i 45
DNA 2 F 340 AH ¢ 25 A TET2(Tet methylcytosine di-
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2 PRS2 AR IR FE AR A S ] LI I BB
TG FAR R FIE PR 7 AR R R DR R e K
19140, AMPKAE 40 it S = fie 8 i m] /g8 52 7 v O AMP/
ATPLEE 1, 3 — 22 I 15 % 5% Bl 1 PGCla(peroxisome
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AR, 8 o T T TR ST S R R ) 2 33, DT 3 5
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YR B AEYUHCIR & T HINAD K S 25 36, 38 17 384 5
Y Y SIRT R [, 5 1) 2 SIRT2 25 [ )35 P . SIRT2
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