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JAZ B YRR W R ORI 28 TR R R i
FLBRI B R A E I A 3 Ak AR T 174 A i 4
Jfd (Taste—receptor cell, TRC)#EFT M52, IR 58
A0 A A R 2 AR T U 2 R R A | 15 i IR
AR AR, AR R ST o 4 26 ]
RIS B REAN I, 5 R B oG [T B S5 fR e 40
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M2 B 5 09 K< BE AT 43 Oy 65 BRI B2 (Short—chain
fatty acid, SCFA). W#Efg X (Medium—chain
fatty acid, MCFA) 1% 5 172 (Long—chain fat-
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ty acid, LCFA), #KMRIIIR & AR Z kG 34
ANIE YRR, Hod SCRA BA 5 2 AR Bl R AE
UNAT AR TR 51 S B R R s MCFA U 2 584G i
GG 7 5% 2 LCFA 2 5 2 R0 30E & 5, X
JIEE I A £14) 2 B e kg B 91

I I 2 £ A i J% %ﬂ?’iélzf I A4, HA%
ML AT A BRI o R R AR SRR R AR | i D B
NG e FEE 2855 N5 7 B A 1, it 25 1R T 2 9 e
T, VS R T A b A PR BTS2 AR G e A0 34k
HiJi 36 (Cluster of differentiation 36, CD36).G
1 18 B¢ 3Z {& (GPR40 ,GPR41 ,GPR43 .GPR84 ,
GPR120) Fil P I 45 KR 3R Z 44 (CB1.CB2) . JiE
WR A5 5 1% S 1 - T A AT IR R R (K
RIS B 1 (Ca® )il 18 , 1 & 2 5 MR 5 R 8L (19
ML o R I 32 A A 2 - 3d il T T, 40 B P Ab
G5 KA N A R A BRI R R A
e 177 TR P J 0[] B PR R A 422328 5T (New-
NT) %5 A0 G5 B, o 5 iz (5-
HT) .y -4 % T 2 (Gamma —aminobutyric acid,
GABA), = WM M 1 (Adenosine triphosphate,
ATP) A NT 385 I 28 55 Wl 8 ko o 22
i Z i P IR (Nucleus of solitary tract,
NTS) , #F— B4 bR 58 5 B A X B R i 5 IR
B X 3, 7 X 28 R 48 (Central nervous sys-
tem, CNS)JE MR 58 AT, #fﬁﬁﬂ?‘?éﬁlﬁl%qﬂ
PR, AR 2 B A B Y R AF S0 T gk

rotransmitter,
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WRTE 20 = A EORE 1 T 28 G W, Ca™ ik
TE X8 I I AR AR ey AR ) SR 3 e v AR U iR
e S AR R R A B Rt C N ]
] R, 53 A IE ST R I R R SRR A e I g A
ZAEVEARSC, AR R AG T Y B M5 S0 ik 5
2 R R T R 11 I R o
0 A A R R (LA I, = B Ay B
FUSIE Z BAFAE RS T AIRSE eS8 22/ JT A # T 858 T N 9 TRPC1/3 1diE , W32
STIM1 J#5 . Ca®* /K- Fh i (bR A e 7 2o A
WG A SR AEAE 5 BRI L8, IR A T 22 2
THALE P (Mitogen—activated protein kinase,
MAPK) ZHKRNL . DAG i 28 i 4 1 # C (Pro-
teinkinase C, PKC) /il 2 ffd 5 J5E | i B0 85 53
EW ST A B, 4 B AR T BE A 3 (Extracel -
lular—signal-regulated kinase 1/2, ERK1/2) &5
W I B, R 8 ERK1/2 155, B 38 FEAR T/
LB A 1 s 472021, ERK1/2 A1 MEX 7K SF A 3 s
sre —PTK 1 5 19 45 I & F 4K 0 1E & F g 2
(Calmodulin —dependent protein kinase, CaMK2)

TREM K R R T

JE A 5T KT B 107 R ) 10 J 8, LASE 4 b 5 |

T H B,

2 WREZE
2.1 CD36

CD36 &) iz KB Z I REE BVEE N B T
B RIH I RAZARGNE, 50805 Ay 111 2 % 1)
FAOG . CD36 F71E T DR 4 M T0 o , 2 22 i i 10y iR
BCAR LA R 5 1A B0 52 AR, 35 85 i JU R 0% CD36
5 B A 1 BroR . LCFA %55 CD36 Tk,
i 1 sre— 25 1% 24 B2 W % (Protein tyrosine ki-

nase, src—PTK) [ 2 1L 30 8% I8 i C (Phospho- T T RGN
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Fig.1 Signal pathway of CD36 activated by free fatty acids
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lipase C, PLC)J M Fi#lF(5 5155, PLC fie gt i
[ I e ILBE -4, 5- — W2 (Phosphatidylinositol—
4 ,5-bisphosphate, PIP2) ;= JJLEE = # 2 (Inositol
trisphosphate, TP3) Fl WAl (Diacyl glye-
erol, DAG), IP3 5 H A7 T P i M (Endoplasmic
reticulum, ER) I'AY9 IP3R3 sZ 1Ak
WRAE A TR R . B RS Ca®* DA Efflux i
AN, T SOC A CALHM 5 T8 filh % i 41
Ca™ WL, H 26 BOAH T A F 907 22 1 (Stromal in-
teraction molecule 1, STIM1) F1 Ca?*¥i A A ¥
(Ca* influx factor, CIF)PRyHYS_ [E]6&F, DAG T

T Ca¥ M
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WEoE & B, & v B vl Rl i CD36 A
GPR120 55 Ca™ {5 5 30 i, 11 {1 Ve 2 37 it 12 AL 08
I CD36,, R % BLAEE/IN B & 4 i I Dt 2k
D 3XCRRE SR DG AR 1 IR Y R s A O
CD36 JIig M i W o J8 0 AR R YY (PYY) I BIF 5%
FEH, NS TR BR MRS ) R A AE e 5 AL 1)
IRA R ISR g 177 R B 32 1) [ (B AN ]
JEE AN — 20 K 1Y) DR TR B A IR Az A
R CAE AT TR R R R B e 8 ] B R
S SU B T R 1R 2300 CD36 S 38 AR 43 1
Yy, X — B Sk RN, b 205 B T T AR N I A
£ AR TR CD36 1T 1 51 A I S A
Ca {5 5 0 75 I 107 A 4 19 9 4 vh A 1 224 P8,
Rt 2z 41, CD36 1E B AR %A ML N 4 A K3k, 2
S0 WEAILA A A FARENE B, RS IR
RS AR 1, RS o 01 I 05 R AR ok
R MR IG 1Y) J HE R
22 GEAMBEIHL

G & B 3Z R K T B9 GPR40 .GPR41 |

GPR43 .GPR84 F11 GPR120 & #f % % M 1% B 5 Wi
R B FE S 2 MR, A ST A i mRNA %k |
BRI AN [ B 197 2 52 A 1) f g Bl % £ | R 5K
GPR120.GPR43 .GPR84 L K #iE iR & 3 4 25 ¥ i
TEAE NS FUGR RS 40 M g 3R A1) Xk G
RIS R B H LU0 A TR A 5 51 iR
AR AR 22 5, 3K 1 Fizn . GPR40 7
19 R G v 2 35 i , 52 MCFA R LCFA 305 , 5
JiE & % (Insulin, INS). JB& & I 4 F (Glucagon,
GLU) .CCK .J# % (Leptin, LEP)%:# £ /3% )
A . GPR41 1 GPR43 #B n] # SCFA ¥4 7% ,
GPR43 T H ik Tk L4141, GPR41 W) T # %34
TREWT 21 GPR84 1B IK T B & | v s 20 Jfd
FUE A, AT 9% MCFA 380 |, i 520 M 9 5 5 AL 5
GPR40 i 88 R [A], = %2 18 1 HL A G0 58 I N
GPR120 75 iy N 43 06 41 1L WA o 200 Jd 1 I 448 g 7
G328 40 I rh 338 ] Bk A TR B e D R S L 3
UGS S RIERETR Y RS
Z 0 IRER,

®1 CEABERKIZES T RINEE

Table 1 Distribution and function of G protein—coupled receptors
LA Btk W H o ht
GPR40(FFART) MCFA k& MRBR B W sk m e AFIE S Ik B AP IS 2ok fhdd (RS B mAeg s 2
LCFA  #&ML Jim #t INS,GLU ,CCK.GLP-1.PYY % it
GPR41(FFAR3) SCFA  Rer#isr S Aztmpe o8 bk dm ie it LEP 4k 423 ig W7 A A,
GPR43(FFAR2) SCFA  HEAR MR F | N5 R B, A ) BE B o i, AR EE AR B A
&, LEP PYY (GLP-1 .5-HT %- i
GPR84 MCFA B & e sh R & 2m -5 S BORL ARG B 4 R
GPR120(FFAR4) SCFA k& TR JEHAR BmRAsskmi, =Akit, ATRERM, REGERKB
MCFA MR B0 e B 2 e %42t CCK . GLP-1 % ik
LCFA

22.1 GPR40 UM Wi R 52 1K 1 (Free fatty
acid receptor 1, FFARI1) X FK GPR40, —Z&th A
2 FFART B i i 3Z Ak . GPRA0 76/ FRIRHE H
B IR L Sk Hh o & B, 7 K BRI A 2 B R 2 A
0 et SRR B Al 7 R S A T AR A B AR
WF 5% % B ,GPR40 #l GPR120 7E Bt A 45 & A &
BN WEMEAERERS5IES ) Wl RE R
iKW GPRAO, 0 T A A 2248 1 LS /N R Y IR
0 A G B0, LA 5T R B, N BROERAR B Sk R AR 7

GPR40 ik , B& 0% 18 1 #45 1) MCFA k9™ KI5
U7 R SR HIBY 25 NI 20 BT, B I e 1 A 1 o)
T PR A B SR ) e R IR /N B
it , GPR40 Al GPR120 3t 8] 76 T Fr % 9 38 7% He
PR ST A B A A IR VR R R R R
K GPR40 AT AR S T R4, 2 2 ANl
IR I TV X R i it 28 28 8 7 1 5 g 967
GPR40 £ ZAE AR B 40 235, IF 9k MC-
FA Fil LCFA UG, 17555 25 B SR 53 W6 ok
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LKE, KR IR R A ZE LT A EZAE monophosphate, AMP) (Z F1# A (Proteinkinase

JHES, Ui B 107 B HE GPRAO A 5 - 1 fi% 4 14
2 iR . GPR40 BR 5 G-aq AR HEMEL, 51K
PLC 5538 #4815 G- 456G 38 2o i 1 B 4
fL 1 (Adenylate cyclase, AC) ¥ /> 2 If 1 R W i
(3°=5"—cyclic adenosine monophosphate, cAMP)
KAV R IR R IR R 1 W S G-as S5 A
B cAMP K SF , B 3 B¢ AT B2 (Adenosine

ey

A, PKA)FI cAMP S e 454 # H (The cAMP
responsive element binding protein, CREB)ZE i,
e HEWE I | A TS ORI R R Y R A Y
P, 5 GPR120 A1l , GPR40 1 A] 3 i3 B-ar-
restin2 38 [0 ] NFxB 12 35 15 | & R 6 4,
AT 5 MAPK 05K, £ 7 40 0 1 58 A0 G2

GPR40 (FFAR1)
e~ BIRK P
AR AR Renona| [Ranan TRRRAAROTaAn
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| Rd “? ER
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\ /i 4)\‘ IP3R3 /
Ppe /W? @ DAGT P3 e —— 3:’ A
W K‘ BEmEE “‘\_:Pa?ﬁ// ‘ / ,
| BESA
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Fig.2 Signal pathway of GPR40 activated by free fatty acids

222 GPR41 B AR MR Z 1K 3 (Free fatty
acid receptor 3, FFAR3) N FR GPR41, HEW %
SCFA #4035 , @ ANFA R ik & (5 515 58
%, %&i)\ﬂymmﬁxﬁﬂﬁﬁ%ﬁﬁm%ﬂ w1 SCFA
MR SRR A S ES, ARG 1%
LA T 2 — 58 . GPR41 7E R i B il 72
SEMAMRSEAR 5, A IR R 7 R s T A e %
FERPE T, A S 4 X 22 R NT ik 2 %
GPR41 7€ g 10 4 b 2 ik fe s, LU= BRAZ 20 i
FIng R PR 40 . GPR41 J& SCFA MO 32 #1132
A, HA Y SCFA 7KV 54 T i I A 23 B Bos
SCFA ¥#i% GPR41 KFEDIRE M5 ik 42 an 1A
3 li/n, GPR40 1] 5 G—ai fEK, 18/ cAMP /K-,
2 S I v IWE 2R 1 43 W SR RT Y By R E
PLC i % #01& PKC, {2 ¥ B 5 2 % A1 insulin
PYY 5-HT iy B jit . PKC i 7] 2 8 % (Leptin,

LEP) & FH T #h &l AMP 25 H 3 B (AMP-activated
AMPK) , Th s TN 5t 4l 7t P % I
(Malonyl-CoA decarboxylase, MCD)7K>F, FEAKH
T L A (Malonyl-CoA ,MA) F1 2 BEAH B A &
fL T (Acetyl CoA carboxylase, ACC) 7KV, # 1fi
A TE B U 4804k, 410 0 1 U5 - 1R I TR 20 T i ik
Hb ,SCFA W] 3l & B0 /N BL4S I b B 4 fi 1Y
GPRA1 ke FRUL b 137 £ 928 17 25 JF U TG 22 R 3R T AL 2
13 B p38 (p38MAPK, p38) il ERK1/2 i % ,
A S DR A 1 B 92 S i

223 GPR43 BRI MR 52 1K 2 (Free fatty
acid receptor 2, FFAR2) M #X GPR43, 5 GPR41
J& T RIS A& SCFA 244 . GPRA3 £ % 4
Jf rh B3R B, LU I 5 2 R 7 0 A L
Z 58 Wiz sh B ko MR LA A &
BRIR Y JRAE SN AF G Bl . WEFE B, GPR43 £ A

protein kinase,
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Fig.3 Signal pathway of GPR41 activated by free fatty acids

1 B ERFL Sk MR EE H A P WA Kb, SIRN#
A AT RBY, SCFA % GPR43 B IIREMI (5
WM 4 TR, GPR43 5 G-ai 4550, AT
cAMP 15 5l 5 G-aq &5 &0, 1S PLC 18
B B L P2k Ca” 1y 3 51 # PKC A1 E AMPK i
B E S, G—ad Il G—aq i 3 $2 5 2 U B
(Protein kinase B, PKB/AKt/Rac) Fll ERK /K-,
PO AR 5 7 5 VG S 0% 7 (Signal transducer
and activator of transcription, STAT3) Fl4k H fig

AnAATARAARARATATARA AN

A FRAZICILAZ K vt (Retinoid—related orphan re-
ceptor yt, RORyt), #E 1 fi #F 1 41 L /- 2 22 (In-
terleukin-22, 1L-22) R, GPR43 if W] £ B-ar-
restin2 il BEAE #F NFkB #1425 1 (Inhibitor of nu-
clear factor NFkB, I-«kBo) . il 4% K+ —kB (Nu-
clear factor-kappa B, NFkB), = S5HLIKRIGE R
W, 538k, GPR43 Wl i it £ = 15 7 %A (Reactive
oxygen species, ROS)7ZKF,# % NLRP3 % fiE /]y
A fE it TL-1 B,

Lt
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Fig.4 Signal pathway of GPR43 activated by free fatty acids
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2.2.4 GPR84 GPR84 Wy i% 5 g i ma AL ) Fn fie
WERGA K, ZHAETIRNI 4., GPR84 1EH
MCFA 952 04 75 IR R 75 40 A rh AR ) 38
X FAZ A2 AR 58 5 T T W AR A0 5 | 2 Y 05 O
TS AR GPR84 3= ZE A B 8 A1 & 1 240 it it il
ik AL T h R AR BAL, AR L E R
i S I, 23175 5 L m FaA 9, MCFA 7% GPR84
RIEDREMAE Z &R WA 5 iR , GPR84 5 G-ai
S50 A cAMP {5 5 5 S AKT, 5 G-
al5 454w, A PLC 3 #% A1 ERK, I 7] 48 ERK

GPRS4
Wb~

rannrrRRRIATa A aana
QURLNDUXLUDLANUNLRULL)

IL-12p40

k /M&H

TNFa.

/ SN

S AKT

V.77t

755 ROS i #% Fl NFkB i #% . GPR84 i n] £ 14
A2 12-p40 (Interleukin 12—p40, 1L-12p40)F1
PR 4 i 84 £k 25 F1—1 (Monocyte chemotactic pro-
tein—1, MCP-1) #% /& 98 3K 38 7 o (Tumour
necrosis factor—ac, TNFa ) 7K, 25 R 45E K ; 8k,
Z N5 B & (Adiponectin, ADPN) 2 /& i % 1k ¥y il
A 158 58 W) 1% 22 A (Peroxisome  proliferators—acti-
vated receptor, PPAR) I AMPK /K-, = 58L&k
58 R 1,

i/

e annaaaaneannaRnaneaaaonaara
PUMLRULL QUL RUL2LLRU2D DU NLRULL QY

— ot

+ Cat* o,

5 HFEERRME GPR84 HIESER
Fig.5 Signal pathway of GPR84 activated by free fatty acids

225 GPRI20 {if A8 i MR 52 K 4 (Free fatty
acid receptor 4, FFAR4) M Fk GPR120, /& — Flliif
BINRWIR SR, RBAE 1% 3 3 5t N R 1 17 52,
GPR120 HI# bk 5 40 fL (5 5 1% 3k, WME AR & 2
WA R 50, 76 11 A0 i b 3238 JF 8 LCFA 305 .
GPR120 &7 I JZ v B IE 1) bR 5 32 1A 40 i, = 22 1)
R Ay 154 560 I U R 1 SR BE T, BRI S 5. 5
CD36 & FHLHI B AN, 38 v REAE T W 5% R i A 11
S WA DG A rh A HEAE YT, GPR120 X 11 7 I
LSRR ATk N BT RO 8 S evi i iR (B2 ive
IRIFLEAR T Bl RAE B9 R, 388 5 J) 400 1 g s
T TR AE 52 e i s FEURR A o CD36 7E 5 HiF A e B
IR e R £ A U A 0 s, T GPR120 2 5 5%
M) i £ i 7 140 300 s Iz

XA BB 58 2 B, GPR120 AN Y X} LCFA 45

S, i BE 5 MCFA Fil SCFA A B4 i 1951,
TUG891 & — i L% GPR120 #sh 7, vl 5 & ]
GPR120 454, WU /I B — i — 1 il 0 095 i
P2 &R BRI R 0% GPR120 R TIRERIfE
SEEWME 6 s, GPR120 5 G-aq & H Z 1518
B¢, it PLC AR5, e B Ca? B
DAG A, Ca i@ it GLP-1 Fl PKC, fi i#f i
SRy WE IR o ff F20 BB 5 s DAG R T AEH
T PKC 4b, i8] 3 32 ERK1/2 #4il NFkB Y ik,
PEM AT R A A3, GPR120 ATl it By %
I 4 i Mg 5k LB - 3— 34 1 (Phosphatidylin—ositol—
3—kinase, PI-3K) PKB ikl K*7h it , fie #F 41 g
BaGE  IH AR T 7E G AR PRS2 AR B (G

protein—coupled receptor kinases, GRKs) MJ{EH]
T ,B-arrestin2 AI{E RS FK GPR120 54564
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EH (Binding protein 1, TABI1) A KA T
PG W 1 (Transforming growth factor activated

kB 0 ¥ 30 (Inhibitor of kappa B kinase,
TKK) 4 ) NFkB {3 25 , AT A0 T 3 28 4 15

kinase 1, TAK1)f5 5l M0k, il it MAPK 3 £S5, #eoh, GPR120 iff 1] 4 B-arrestin2 & 25|
(MAP kinase kinase, MKK) %l c—Jun N % # AL R B 48
fiff (c—Jun N—terminal kinase JNK) 3 ik | i 5o

GPR120 (FFAR4)

774
amanrrRAntTAaaneanna

Efflx__=" soc
TT?T?T?T NN m¢
Mkk

6 FEEEEME GPR120 K15 S & B
Fig.6 Signal pathway of GPR120 activated by free fatty acids

23 HNEMEXRKEZE
NI KRR E R 4t (Endocannabinoid system,
ECs )i 2 45 1l 2 Wy 55 A L R 2 TH AE 35 B0 B A
PAY, P PR RR 3R VTS A OC A2 AR
IO 3 38 2ok A 28 A% A B SO G N 48 A DY g
12 £ M % (Anandamide, AEA) R 2—78 4 DU #5 B2
‘H i (2-Arachidonoylglycerol, 2-AG), — & &8 A
I8 O 9 TR KRR R 1 B 32 /& (Cannabinoid
receptor 1, CB1) 450 £ 8K, 34 N & P04 A 7 Ff
PERS N IRPE KRR R Z2 KA TE T CNS K Ah A & 48,
X5 AT IR W, BERE R B, F I P s
AR F5 A 5 M P IR DR RR 2R K Y 2R A AH G
JIE J7 A SH e 9 15 AR 28 A% S 2 1 T B R AR 5
A R AH 7 DX 852 £ RORH DGR Y 7 AP 1
PEAPE TR R A NG T BT AR, 38 3 R A2 A
AT . SR BRI AU I 32 Ak T2 N TR
PR BRE Z 0k CB1 A CB2#Y, CBI 7/ B Sk 1
B FL Sk S Ab ] LSk 40 0 b /9 2 3545 BIIE 52, 9t
PO J5 51 R 248 S R BIE R B8 07 o i A

B 7 MEGXFEHECBI2NESERE
Fig.7 Signal pathway of CB1/2 activated

by endocannabinoids
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JH, TR) A 532 o R4 i £ 40 55 A0, /I B i 40T 5
FW,CB1 T8 I8 75 45 45 5 852 Wil g I IR 5 8
LCFA By TR S8 B 5 78 GLP-1 73147 ¢, CBI
PSR GLP-1 By, AT Y LCFA A
8, 250 g P

PR JORR 3R O 2 AR R AR DI RE AR 5 i A2
WE 7 FiR . 2-AG Fl AEA ST 28 fil 55 5 CB1/2
M S GE S G-ad M cCAMP 15 5l #% |, Js b
SR IR NT 2330, BT I CB1/2 3 1Rk ik n]
etk Keoh i, 4l Ca™ A i A1 MAPK 3 %, [7] i i
1o 3K B GRARANH] NT 43 WA 515 2, NT #UE
S fih J5 HEAH Y 24K, 3@k PLC 3238 AL iy Ca?
FIDAG A, I 51 % gh A i s B i, 2-
AG FI AEA FEA 415 AT i A T 0L ) s s T
/K fi# i (Fatty acid amide hydrolase, FAAH) .
T oa—B KBS A5 6 (Alpha—beta hydrolase
domain—containing, ABHD6) FI 51t 3 H i Jig 115 iR
fiff (Monoacylglycerol lipase, MAGL) % fif§ /K fi# by
A6 A DU G B2 (Arachidnic acid,AA) F1 & BE j%
(Ethanolamine, EA), a#{ p21 & H #iE B 1
(p21-actived kinase 1, PAKI1) ¥ 0 ¥4 & A il 2
(Cyclooxygenase 2, COX2)% L™,

3 EHKES

JIE 17 R W e A T 2 Ak 2 B2 ) — i, Bl &
AR B B - A R A AR b A v
FESE TN, 51 0 A0 B AE 5 G R B A R
e 1, i U R I R P R 98 75 A HLGE (Gustatory e-
voked potential, GEP)iX 55 , #iif T GEP X Jig [l
R Y S g, JFE T R o s 7 R B A7 A 23 ik e iR
W R B o BN S 5 RE TR B YRR N
ALy, PR AT AR T B e AR B B R S
T HE S FHUR R B8R B E M,

JE W7 46 Aok FE 255 | A — AR BN . B BT
Ay AW e T Re S B A A BT A 1 B R
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shaker —related subfamily member 5,



236 %10

B IR % TR TR EAZ T TR R 359

Bl B S Y A N BRUSEE 56 3R B TRPMIS 76 I I o 3 /8%
HIR A T EAE T, TRPMS /N B2 7 B 5 76 R 7=
Az i FUAG U T R B3R I 20N BP0 O 3 B 170
BEAM & B, TRPMS 76 T Fofisi A+ 9 26 35 1 Il 2>
PR Ay L e T 2R I 721
33 WEES

b2 BRE T b i, R = OB, k2R
JE T SIS, ST T R 3 T A R 5 40 v £
B A7 AR BTN | 1A RN B 2 R 1A S Mg I
b = SRR, = SR 2 ) K A kA 1
PR RS . W L RIRIREE B
S, BTET — 20 BN [ B A A R R Y
SO, AR DRI I R e A X X 43, e ELAAR
V7 it 2 ol SR B M U7 1 ) AT A B A A TT AR
20 e 3 P 28 2R G2 22 (8] A L AR B 3 S 4% B 0
W 75 4 A PN 5 15 5 1 Bl AR A I T b 4 3 T 1 R
B, 22 i 2238 B g T TRC RIT) 98 b 4% A Hf
gz s, Hrh iR g LRE . 4mH
Bl e 5-HT, P4 2 5 PR 06 ik Fn 48 5 1R
(GABA FI &R ) , 1l S—HT & 5 5 i k75 #h 22 526
it o MRS 2R RGN B AR YL S
FY AR B A, A DG IR B R 2 I 3R AR 5 TR 1Y
AR5 R SR T R A DG B T,
3.4 HEi#EE

MAPK 4 5 3 % 1) #4075 38 i ERK1/2 {5 53
% W) IO T PR R S AG: I, A 5T BH , CALHM B+
B A A AR, T NS/ B 48 i ERK 1/
2-MAPK B9 347% Al S-HT BB, MAPK 3 i
CALHM1 338 & LCFA 11 5 W5 S8 FIr 35 1) %6 21
Z 5% i CD36 K fih & MAPK MRk , 5k
AT Fyn ST RERR LMK, RIIIENTI RIS 5
) Caf5 73l %, 5 2L CD36 DL S bR 40 g v
1) Fyn SEES, G £ e M 192 38 1k 65 38 18 8 50 kg
Y B PTG, 5 CD36 45 & TEIR AR, 15 % Fyn
Ak, 7= Az 1P3 fifi Ca>4MHE , 38 2 FF ) SOC 38 i
eI, = A AR S St 2l F E AN ANY, K
B PR e B 78 /0N Bk R A = DR DK Y 5 R S I
o dE— B ERK1/2 {5 544 5 % R BE A4 52 1)
KM HREARFEWEN, JF BAEE= ERK1 (1)
TOLT ,ERK2 502175 5 A0 A JHEE v ) e 5 R 4K
BN e MW A DG, 35 DR B3k S 6 0 5 T 440 v

RE Wi 2175 % 1Y Ca®* {5 5 A1 ERK1/2 BE PR 1k /K F- 1
W& A% . ERK1/2 -MAPK %% 1B i i Wk 345 40 Jfg o
CALHMI1 BT, 1 ¢ T i 38 B 76 10 Bk B3 1
W VE IR 75 i — 20 25 E

4 HiE

Jig W7 R B B T 2 A 32 ARG L KBS
WA AR B 2 R TE 2 [a] () H P A | R —
MR R R MEAE  R S, B, & T CD36 fl
GPR120 %5 7 g 15 B As A8 A 1 56 A5 [ 96 O #k
Tz, i BRI ET R 56 4 B . 7608 vk
WA R EGA L ERRZENS S, U
TN 7 R BN 1T Js 1) K I 14 4% 3 8 A5 38 T ik — 2
WFFEIESE . GPR41 .GPR43 .GPR84 %5 32 1A Xif iiif 5
1 T T A s o A0 ) B s B AR, BRI E AT
FEVRTE AR 1 0 23k FE AT ARTE 2 . BB 07 vk 1Y)
P 2245 0] BB W B M I A SC R R ML . BE
B RGBT RGP, TR
15 W i JE N HIL ) 38 7 A 8 PN 0 W A I E ST
D] g 195 R B B AN S — Bl P i R S L, iR
FBER T WAL WREE 3 WA AR T e S R D g
PR32 PR — R S BN 315 5, ARG A hiiX
s, B MR D5 R BT 53 0855 43 WA 5
Xof T E — 25 B A B I 1R S R R A% AL A 2 )
WAELRY X TR T R AR 5 e S L S A A
FLEEG A A DGR I A IR K Y B 26 . R
05 12 N FEAR P FIATT A ) o A T HLIR & 3R AL, 5
N ZIRLE G 65 5 MG 5 | o v 2 MR 1R
W RIPLR IR BE RS S A BGRB8 2 1A I
HASWAE SR MIRe b o8, 4 8 R IR,
DA L JR RO PR A AP o B AT B L,

2 % x #

[1] GRAHAM C A M, PILIC L, KING A, et al. Ge-
netic differences in fat taste sensitivity and dietary
intake in a UK female cohort[J]. Food Quality and
Preference, 2021, 92(9). 104202.

[2] FEENEY E L, MCGUINNESS L, HAYES J E, et
al. Genetic variation in sensation affects food liking

and intake [J]. Current Opinion in Food Science,

2021, 42(12): 203-214.



360 hoE N % R 2023 455 10 4]

[3] KARTHI M, DEEPANKUMAR S, VINITHRA P, et cross—talk between fat and bitter taste modalities[J].
al. Single nucleotide polymorphism in CD36: Corre- Biochimie, 2019, 159(4): 3-8.
lation to peptide YY levels in obese and non-obese [14] ROBINO A, ROSSO N, GUERRA M, et al. Taste
adults[J]. Clinical Nutrition, 2021, 40(5). 2707- perception and expression in stomach of bitter taste
2715. receptor tas2r38 in obese and lean subjects[]J]. Ap-

[4] BESNARD P, PASSILLY-DEGRACE P, KHAN N petite, 2021, 166(10): 105595.

A. Taste of fat: A sixth taste modality?[J]. Physio- [15] CHAMOUN E, LIU A S, DUIZER L M, et al
logical Reviews, 2016, 96(1): 151-176. Single nucleotide polymorphisms in sweet, fat, uma-

[5] ARCHER N, SHAW J, COCHET-BROCH M, et mi, salt, bitter and sour taste receptor genes are
al. Obesity is associated with altered gene expression associated with gustatory function and taste prefer-
in human tastebuds[J]. International Journal of Obe- ences in young adults[]J]. Nutrition Research, 2021,
sity, 2019, 43(7):. 1475-1484. 85(1): 40-46.

[6] BARTOSZEK A, MOO E V, BINIENDA A, et al [16] GUICHARD E, GALINDO-CUSPINERA V, FERON
Free fatty acid receptors as new potential therapeutic G. Physiological mechanisms explaining human dif-
target in inflammatory bowel diseases[J]. Pharmaco- ferences in fat perception and liking in food
logical Research, 2020, 152(2): 104604. spreads —a review [J]. Trends in Food Science &

[7]  VOIGT N, STEIN J, GALINDO M M, et al. The Technology, 2018, 74(4):. 46-55.
role of lipolysis in human orosensory fat perception [17] GLATZ J C, LUIKEN J F P. Dynamic role of the
[J]. Journal of Lipid Research, 2014, 55(5): 870- transmembrane glycoprotein CD36 (SR-B2) in cel-
882. lular fatty acid uptake and utilization[J]. Journal of

[8] RUNNING C A, MATTES R D. A review of the Lipid Research, 2018, 59(7): 1084-1093.
evidence supporting the taste of non-—esterified fatty [18] GLATZ J ¥, LUIKEN ] J. From fat to FAT (CD36/
acids in humans[J]. Journal of the American Oil SR -B2): Understanding the regulation of cellular
Chemists” Society, 2016, 93(10): 1325-1336. fatty acid uptake[J]. Biochimie, 2017, 136(5): 21-

[91 NEYRAUD E, CABARET S, BRIGNOT H, et al 26.

The basal free fatty acid concentration in human [19] SHANMUGAMPREMA D, MUTHUSWAMY K,
saliva is related to salivary lipolytic activity[J]. Sci- SUBRAMANIAN G, et al. Fat taste signal transduc-
entific Reports, 2017, 7(1): 5969. tion and its possible negative modulator components

[10] THOMAS D C, CHABLANI D, PAREKH S, et al. [J]. Progress in Lipid Research, 2020, 79 (7).
Dysgeusia: A review in the context of COVID-19[]]. 101035.

The Journal of the American Dental Association, [20] MIZUTA K, MATOBA A, SHIBATA S, et al
2021, 153(3). 251-264. Obesity—induced asthma: Role of free fatty acid re-

[11] B3¢, FETm - (H) =8B AS [ B R S ceptors[J]. Japanese Dental Science Review, 2019,
0 B 07 O e B OREE[D]. T TN T R 2 R 55(1): 103-107.

2020. [21] SUBRAMANIAM S, OZDENER M H, ABDOUL-
ZENG 7 W. Based on ‘the tongue is the orifice to AZIZE S, et al. ERK1/2 activation in human taste
the heart’ theory to explore fat preference and sen- bud cells regulates fatty acid signaling and gustatory
sitivity of different glucose metabolic groups[D]. perception of fat in mice and humans[J]. FASEB
Guangzhou: Guangzhou University of Chinese Medicine, Journal, 2016, 30(10): 3489-3500.

2020. [22] OZDENER M H, SUBRAMANIAM S, SUNDARE-

[12] KARMOUS I, PLESNIK J, KHAN A S, et al SAN S, et al. CD36- and GPR120-mediated Ca®*
Orosensory detection of bitter in fat —taster healthy signaling in human taste bud cells mediates differ-
and obese participants: Genetic polymorphism of ential responses to fatty acids and is altered in
CD36 and TAS2R38|[J]. Clinical Nutrition, 2018, 37 obese mice[]]. Gastroenterology, 2014, 146(4). 995-
(1): 313-320. 1005.

[13] KHAN A S, MURTAZA B, HICHAMI A, et al. A [23] XU Q D, LU D Q, PANG G C. Comparative study



236 %10

R Wr Bt % T Bdm

B RAT T e AR R

361

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

of hGPR120 receptor self-assembled nano—gold sen-
sor and tissue sensor[J]. Sensors and Actuators B:
Chemical, 2020, 320(10). 128382.

g, EGHR, KL, 5. FAT/CD36 X i i 4 i
P2 20 AR B ROIK R AE A )], AR h R B R
(B0, 2016, 45(2): 123-127.

MA Y, WANG X Y, ZHANG X, et al. FAT/CD36
is involved in the suppression of the expression of
NPY and AgRP genes by palmitic acid in N1E-115
Cells [J].
Technologiae Huazhong, 2016, 45(2). 123-127.
MENG T, KUBOW S, NIELSEN D E. Common

variants in the CD36 gene are associated with di-

Acta Medicinae Universitatis Scientiae et

etary fat intake, high —fat food consumption and
serum triglycerides in a cohort of Quebec adults[]].
International Journal of Obesity, 2021, 45 (6):
1193-1202.

DIOSZEGI J, MOHAMMAD KURSHED A A, PIKO
P, et al. Association of single nucleotide polymor-
phisms with taste and food preferences of the Hun-
garian general and Roma populations[J]. Appetite,
2021, 164(9): 105270.

ROPER S D, CHAUDHARI N. Taste buds: Cells,
signals and synapses [J].
science, 2017, 18(8): 485-497.

DJEZIRI F Z, BELARBI M, MURTAZA B, et al.

Oleanolic

Nature Reviews Neuro-

acid improves diet —induced obesity by
modulating fat preference and inflammation in mice
[J]. Biochimie, 2018, 152(9). 110-120.

EXE, . BRI RIS 6 A IEABR GG ?)]. &
iR R 2, 2016, 34(5): 1-11.

WANG X G, GAO P. Is fat taste the sixth basic
taste? [J]. Journal of Food Science and Technology,
2016, 34(5): 1-11.

GODINOT N, YASUMATSU K, BARCOS M E, et
of
GPR120 by non caloric agonists is not sufficient to

2013,

al. Activation tongue —expressed GPR40 and
drive preference in mice [J|. Neuroscience,
250(10): 20-30.

LIU D, COSTANZO A, EVANS M D M,

Expression of the candidate fat taste receptors in

et al.

human fungiform papillae and the association with
fat taste function[J]. The British Journal of nutrition,
2018, 120(1): 64-73.

IKUO K, ATSUHIKO I, RYUJI O K, et al. Free
fatty acid receptors in health and disease[J]. Physio-

[33]

[34]

[35]

[36]

(37

[38]

[39]

[40]

[41]

[42]

logical Reviews, 2019, 100(1): 171-210.

ANCEL D, BERNARD A, SUBRAMANIAM S, et
al. The oral lipid sensor GPR120 is not indispens-
able for the orosensory detection of dietary lipids in
mice[J]. Journal of Lipid Research, 2015, 56(2):
369-378.

PASSILLY-DEGRACE P, CHEVROT M, BERNARD
A, et al. Is the of fat regulated? [J].
Biochimie, 2014, 96(1). 3-7.

KHAN M 7, HE L.
fatty acids and GPR40 receptor in brain[J]. Neu-
ropharmacology, 2017, 113(Part B): 639-651.
FREITAS R D S, CAMPOS M M. Understanding
the appetite modulation pathways: The role of the
FFA1 and FFA4 receptors[J]. Biochemical Pharma-
cology, 2021, 186(4): 114503.

BIANCHINI G, NIGRO C, SIRICO A, et al. A
new synthetic dual agonist of GPR120/GPR40 in-

duces GLP-1 secretion and improves glucose home-

taste

The role of polyunsaturated

ostasis in mice[J]. Biomedicine & Pharmacotherapy,
2021, 139(7): 111613.

SONA C, KUMAR A, DOGRA S, et al. Docosa-
hexaenoic acid modulates brain—derived neurotrophic
factor via GPR40 in the brain and alleviates dia-
besity —associated learning and memory deficits in
mice[J]. Neurobiology of Disease, 2018, 118(10):
94-107.

Tifhte, A, A, UEBIAR TR 2 AR 1 X
B 28030 B R A ORG24 0 T Sk SR L) 27
24, 2018, 53(11): 1770-1777.

JIAH W, YANG X Y, DU G H. The regulation
of FFAR1 on insulin secretion and the development
of related drugs [J]. Acta Pharmaceutica Sinica,
2018, 53(11): 1770-1777.

TOHRU H, SHONO O, ASUKA Y,

mechanism of fatty acid sensing in enteroendocrine

et al. Novel
cells specific structures in oxo-fatty acids produced
by gut bacteria are responsible for CCK secretion in
STC-1 cells via GPR40.[J]. Molecular Nutrition &
Food Research, 2018, 62(19). 1800146.

WITKAMP R F. The role of fatty acids and their

endocannabinoid -like in the molecular

of

derivatives

regulation of appetite [J]. Molecular
Medicine, 2018, 64(12): 45-67.
KIM M H, KANG S G, PARK J H, et al. Short—

chain fatty acids activate GPR41 and GPR43 on in-

Aspects



362 hoE N % R 2023 455 10 4]
testinal epithelial cells to promote inflammatory re- [51] ELEAZU C, CHARLES A, ELEAZU K, et al. Free
sponses in mice[]]. Gastroenterology, 2013, 145(2). fatty acid receptor 1 as a novel therapeutic target
396-406. for type 2 diabetes mellitus—current status[J]. Chemi-

[43] HUANG W, MAN Y, GAO C L, et al. Short- co—Biological Interactions, 2018, 289(6): 32-39.
chain fatty acids ameliorate diabetic nephropathy via [52] MURTAZA B, HICHAMI A, KHAN A S, et al
GPR43 —mediated inhibition of oxidative stress and Novel GPR120 agonist TUG891 modulates fat taste
NF-kB signaling[J]. Oxidative Medicine and, Cellu- perception and preference and activates tongue —
lar Longevity, 2020, 2020(8): 4074832. brain—gut axis in mice[J]. Journal of Lipid Research,

[44] VIEIRA A T, MACIA L, GALVAO I, et al. A 2020, 61(2): 133-142.
role for gut microbiota and the metabolite —sensing [53] OH D Y, TALUKDAR S, BAE E J, et al
receptor GPR43 in a murine model of gout [J]. GPR120 is an omega-3 fatty acid receptor mediating
Arthritis Rheumatol, 2015, 67(6):. 1646-1656. potent anti —inflammatory and insulin —sensitizing ef-

[45] HUANG L, GAO L, CHEN C. Role of medium- fects[J]. Cell, 2010, 142(5): 687-698.
chain fatty acids in healthy metabolism: A clinical [54] WITKAMP R. Fatty acids, endocannabinoids and
perspective[J]. Trends Endocrinol Metab, 2021, 32 inflammation[J]. European Journal of Pharmacology,
(6): 351-366. 2016, 785(8): 96-107.

[46] Jr AR, FR¥E, sREE, SE. qhEE IR R 22 /K GPR84 [55] MAZIER W, SAUCISSE N, GATTA-CHERIFI B,
Xt /N BRI A 0 52w [T, A= 94k 2 S Ak ) o Bk et al. The endocannabinoid system: Pivotal orches-
J&, 2018, 45(8): 853-864. trator of obesity and metabolic disease[J]. Trends in
FANG Y C, ZHENG Y, ZHANG Q, et al. Effect Endocrinology & Metabolism, 2015, 26(10): 524-
of medium—chain fatty acid-sensing receptor GPR84 537.
on glucose and lipid metabolism in mice[]]. Progress [56] YOSHIDA R, OHKURI T, JYOTAKI M, et al
in Biochemistry and Biophysics, 2018, 45(8): 853- Endocannabinoids selectively enhance sweet tastel[J].
864. Proceedings of the National Academy of Sciences,

[47) BRpg, Wb, HIEE, . BRI 2 Ik 4 76 & foH 2010, 107(2): 935-939.

s (D). ARk, 2018, 30(7): 707- [57] DIPATRIZIO N V, PIOMELLI D. The thrifty lipids:
715. Endocannabinoids and the neural control of energy
CHEN H, WANG B, TIAN Z Z, et al. Research conservation|[J]. Trends in Neurosciences, 2012, 35
advances of fatty acid receptor 4 in appetite control (7). 403-411.

[J]. Chinese Bulletin of Life Sciences, 2018, 30 [58] NIKI M, JYOTAKI M, YOSHIDA R, et al. Modu-
(7): 707-715. lation of sweet taste sensitivities by endogenous lep-

[48] ARG, A, & Ta, . bR Akl N5 I R & tin and endocannabinoids in mice[J]. The Journal of
H:Z K FFARL Fil FFAR4 X fdt B (4 75 FH WF 7€ 0F 2 (1) Physiology, 2015, 593(11): 2527-2545.

B, 2022, 43(19): 249-261. [59] LEIRIA L O, TSENG Y H. Lipidomics of brown
ZHENG Z Q, NIU B, LU D Q, et al. Research and white adipose tissue: Implications for energy
progress on the effects of medium and long—chain metabolism[J]. Biochimica et Biophysica Acta (BBA)
free fatty acids and their receptors FFARI and — Molecular and Cell Biology of Lipids, 2020,
FFAR4 on health[]J]. Food Science, 2022, 43(19): 1865(10): 158788.

249-261. [60] MOUILLOT T, SZLEPER E, VAGNE G, et al

[49] KHAN A S, KEAST R, KHAN N A. Preference for Cerebral gustatory activation in response to free fatty
dietary fat: From detection to disease[J]. Progress in acids using gustatory evoked potentials in humansl]].
Lipid Research, 2020, 78(4): 101032. Journal of Lipid Research, 2019, 60(3). 661-670.

[50] THOMPSON M J, BAENZIGER J E. lon channels [61] BRISSARD L, LEEMPUT J, HICHAMI A, et al

as lipid sensors: From structures to mechanisms|[J].
Nature Chemical Biology, 2020, 16(12). 1331-
1342.

Orosensory detection of dietary fatty acids is altered
in CB(1)R(~/-) mice[J]. Nutrients, 2018, 10(10):
1347-1358.



5523 % 45 10 W BR % ¥ B G R B RAIZ 5 FH R R 363

[62] PETE D D, NAROUZE S N. Cannabinoids and pain arcuate nucleus neurons to treat obesity[J]. Molecular
[M]. Switzerland: Springer, Cham, 2021: 63-69. Metabolism, 2021, 54(12). 101391.
[63] PATRICIA R, SERGIO A, MANUEL C, et al. Lo- [69] SCLAFANI A, ACKROFF K. Fat preference deficits
calization of the cannabinoid CB1 receptor and the and experience—induced recovery in global taste—de-
2 —-AG synthesizing  (DAGLa) and degrading ficient Trpm5 and Calhml knockout mice[J]. Physi-
(MAGL, FAAH) enzymes in cells expressing the ology & Behavior, 2022, 246(3): 113695.
Ca*-binding proteins calbindin, calretinin, and par- [70] NOMURA K, NAKANISHI M, ISHIDATE F, et al.
valbumin in the adult rat hippocampus[J]. Frontiers All —electrical Ca?* —independent signal transduction
in Neuroanatomy, 2014, 8(6): 56-72. mediates attractive sodium taste in taste buds [J].
[64] CISBANI G, METHEREL A H, SMITH M E, et Neuron, 2020, 106(5): 816-829.
al. Murine and human microglial cells are relatively [71] HERRERA MORO CHAO D, ARGMANN C, VAN
enriched with eicosapentaenoic acid compared to the EIJK M, et al. Impact of obesity on taste receptor
whole brain[J]. Neurochemistry International, 2021, expression in extra—oral tissues: Emphasis on hy-
150(11): 105154. pothalamus and brainstem [J]. Scientific Reports,
[65] CEASRINE A M, BILBO S D. Dietary fat: A po- 2016, 6(1): 1-14.
tent microglial influencer[J]. Trends in Endocrinology [72] GALLOP M R, WILSON V C, FERRANTE A W.
& Metabolism, 2022, 33(3). 196-205. Post —oral sensing of fat increases food intake and
[66] LIU D, ARCHER N, DUESING K, et al. Mecha- attenuates body weight defense [J]. Cell Reports,
nism of fat taste perception: Association with diet 2021, 37(3). 109845.
and obesity[J]. Progress in Lipid Research, 2016, [73] KRASTEVA-CHRIST G, LIN W, TIZZANO M. Ex-
63(7): 41-49. traoral taste receptors|J]. The Senses: A Comprehen-
[67] FINGER T E, BARLOW L A. Cellular diversity sive Reference, 2020(3): 353-38]1.
and regeneration in taste buds[J]. Current Opinion in [74] FU O, IWAI Y, NARUKAWA M, et al. Hypotha-
Physiology, 2021, 20(1): 146-153. lamic neuronal circuits regulating hunger —induced
[68] FENG B, HARMS J, PATEL N, et al. Targeting taste modification[J]. Nature Communications, 2019,
the T -type calcium channel Cav3.2 in GABAergic 10(1) . 4560.

Research Progress on Fatty Acids Sensing and Signal Transduction by Multiple Receptors

Wang Min', An Qi', Yu Xuening', Yuan Yue', Yang Huixin'?, Han Tianlong'*, Liu Dengyong"
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Abstract Researches in the field of taste physiology have found that the fatty acids taste perception may be based on a
new pathway, which is different from the existing taste perception mode. During chewing, free fatty acids activate single
or multiple receptors in taste bud cells, trigger the signal transduction pathways of K*, Ca** and nerves, and pass the
signals to the cortex of the brain regions to form taste perception. In most cases, fatty acid taste perception is affected
by multiple receptors. After oral intake, fatty acids also activate the receptors in gastrointestinal tract, hypothalamus and
adipose tissue, regulate the secretion of neurotransmitters and appetite hormones, and cause changes in appetite, eating
behavior and energy metabolism. This paper reviews the seven fatty acid receptors of CD36, GPR40, GPR41, GPR43,
GPR84, GPR120 and CB1/2 and their mediated signal pathways in signal transduction, metabolic regulation and immune
response, and looks forward to their application researches.

Keywords fatty acid; taste perception; receptor; signal pathway; nerve conduction



