M % d & 20245 Ho67% 61567 ~571

¢ O R ) 2b

2021 £ B IUR BRI 2R £ 8

H: PREE B R
Hpat T34 #g

DRDINVE S22 73§ A B2AFFE BT, Bl 518107
* &R, E-mail: zqyan@szbl.ac.cn

AN SFEGE: 5. WToE. WRSE. BRSE. b, sbok
WA RGE (ARG RNA ) RIEAE. DI kR, A
AR AT BN B R () — S |5 s R, A
KT I BB (1 R A P 2 2 T B8R T PR 2021
AP DR AR Pl R 22 2 T IR ST R Uk, DA SR E
SN K24 1H 4 1L 43 #¢ (University of California, San Francisco,
UCSF)f#David JuliusF1Scrippsif 4 I Ardem PatapoutianfE
TR 5 it A2 A ) e I AR R R T B BT,
HiDavid Juliusf TAF FE2H b T X5 RLRE 5 32 (A 1) 25 0 S o3
FEESHURIRIBFSE, X TRPVIR &R FTH T N+
TKFBRAIR RS A K T]; MiArdem Patapoutianlll] 3= E4E
FRGEZARABIEST, XL 32 PR FRATIERA 238 Ry S
AR LR, A SCE R AR I DUR AR 22 By B 2 2 A T i
B, I FHABBRN S 32 IR ) R B S D .

1 M5, M. BRIEESY
TERERZT R o rp, FEAORTT & B, 19674F 4
DR 2l PR 2f X % 5 55 B2 George  Wald. Haldan
K. Hartline BBl 4% Ragnar A. Granit, LAZE52 = A\ &I T IR
WS HIRIZR A B R AL e . T T B TGS A —
JRPRE AR R (- L R 2, ISR A AR, %
Sy RERER. B WZSBEIRIEST. 199148, Sk H EE R
FRichard AxelFlf$i+J5Linda B. BuckAUBISE kB /R 1 552
A5 F 5%, )t Richard AxelFLinda B. Buckd:[Al 2004474k
PR DURAE R N SPEARR G, ALFERR. i, 5.
R . HAPEHR SR R TIR]. TIR2FITIR3F A
S, RN AT IS T2RZ K,  FRBURAN M A REAE T 3T
PKD2L1, TiESZRRERAY 3T HCA 1V, UK IYERFIF /35 EnaC
B, BRSESZ RRE TR PT ULURYL, (I 560

2 RS A
2.1 David Julius-JEi B iaRlEs
B S B
S T ) TR SR i IS £ BTE I S5 5 BRI

O T

© 2022 (pIEREE) kit

SCIENCE CHINA PRESS

CrossMark

& click for updates

T V3 % S B Sz AR S I B i 58— pr 202 14K DUR

B #6238 22, s BT E LT
EBEFEFREFRER. BHTF
R B R A T L
H5%.

A R A ROR KR T HZ—. g6
T2 B T v (9% N M RTAGIARY Bz v 14 7K A T A (BT D DT AR Y i
1A, SRR SIS iRy 7 =28 T IRIE R, B
BARENMWERPIZEEZ LR LmT A, F R PR
PIBFSEARE I a AR e, ARSI Y RE0hn.
PR Ry R A S e T SR A b AR B T T R . I
LS A BRI, RPN S B, 2
UL X SRR AN BURR T LA AE S Ab T A SRy BB 46 b 7 4 2 4.
— E TR A O Bl 1 s R TR A5 X & 5 | R
FRIIARR, X — LG RR AR IE

IR SZ AR 2 PR ES AT B ER (capsaicin) 14 BTk, U
BRIy, AR e B Y 2R 3]
YUK, CaterinaflJuliuse APLE 10 43 20 15 3h 4 35 MR w22
T8 T cDNASCE, FHZ SR B AN U, e
GBI AR, [FE X R E TR 52 7K F (57 (transi-
ent receptor potential, TRP)PHE T-HEH K. Juliusdk Ll
i IR SRIATRPV IZAK, fi F s A IR H A T I g
FAE, LIRS & 00 o A BRI TR M 2 0E, TR
SO TT AR TR . FERA S RIRRSE D, JuliustiE B T 0%
R (R T40°C) B BUEE, & BLIAGE B 5 IS TRPV R S5
AMICa” P, Tk 40° CHY R AMROR N £ 28 51 1
YERI TP, B RIBFE R B, SRR TRV, /N T34
() 220 SR H B T A ) ek e R IR, X IR TRPV IR
PRALFYERITFFE R IR, FALEM R Al E . ARG A5 (14 B
TEMRNEATIS 270 1 3R3K, MHRAERIIPYIIT. PhEd

www.scichina.com  csb.scichina.com


http://《中国科学》杂志社
http://www.scichina.com
http://csb.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/TB-2021-1252&amp;domain=pdf&amp;date_stamp=2022-01-18

MG 8 202528 %6745 H6MH

JIRAFICGRPIW Z IERECHIZT 4 - 323K, TRPVIHBEE1EN—
TP TR SR A0 T A 8 ) o 2 8 A P s R 0 T 0 4R 9 )
FAVI N IR A, JELEst &8, TRPVIFE T H
B2 5IRAHVE, WAERVRG RSB SO N LR
et B SR R TEEEM. Sy S|
R F T U DX —fh2E i i, TRPVIgES 5 H
EP[S'()].

TRPV IFEHVRIE FAC B SCHMEH], TRPVIET ME—)
HURAEZARWE? 20114F, VoetsBF5¥ 41 ERE /N L8
TRPM3JEFRTRPV 1 LASMA S AL RS, (HTRPM3 I,
TRPV IS /N U 88 & A FE R . A I,
20044F- Julius FFUK 7 & 2 TRPIEIE ZK 5 AL 5L TRPA1. TRPA L
— bRz 2, ATLURSZ 2R E AN, g
Wy BRI KGR TERMAEZEPTEEL A, Dk
BFALAY) . FRBRIEA AHAL L2 Y R TRPALE 1
TEAA O] LA A2 P B, RIS ] AR TS, H
Hr A R, AT, FETRPE IR AETERR T
TRPV 1 LA M FAth 18 TV Ry PR AR ik

2.2 BIRGETlEr KB
NELEARF RS AT USSR, Rk &
PEGE A ZAR, ST ERGET S, JuliusfllPatapoutian3L 56
2P 20024F K B T VA6 SZ R TRPMS, HLJE TTRPIEZ %
ALBR . TEE I AR TRPMSIS Fak T IR AN, 45 740t
TCEFES IR, R A B O S S RN R R S A
1k, [FIRETE TRPMSIE R R/ N B Pt R 30 0 X4 s 1)
Bepa'". T L TRPMSTEYS BT Hh & 45 36 AR .

2.3 TRPVITERIZEE G

N iR B AR AL i B AR RORER, BN BIEZ N
1°C1" B T 15 A B v e, FRATT e T LS B 0
i&. TRPVIEHIBNNZE EPGESS, X TIFEMZIA N
2R BEIG RIS LI, TRPV AT L2 5 2 T E U
5P sk McNaughton3286 % " & 31— AN TRPIEIE
FIG N 5L TRPM2JE — AR R O LIRSS, th i itgen]
1, TRPVI. TRPAI. TRPM2FITRPM3E Tl i 3L A Ak $H
PURGEAL A VE D, T TRPMSI 2l — v B AL I .
I RAE X A3 PBGERT, M 2 AR 2650 8 Uk
MZITTHIE SRR, M4&ATRPVI. TRPAL. TRPM2FI
TRPM3 & 738 8 [ #2080,  [FIRT R IATRPMS S Tl iH
4 22 T 0132 BRI, A T4 R fry s,

2.4 IREREZRSG ANFRRNER
L B T I R W T PR A, YL R g As

S S LR NSOGB IR, YRR “TRPIEIERG”. Flan, &
Yt iR P TRPA Ll 3G 2 1 TRPA TREEH S5 2875 5 1 Y, Iife

568

TR RPN TES « A R it B 2R B sk
F A, TRPVI ¢.1911A>G 58 M R #5e!.
B2, TRPVIVEN BB Z AR HAEGE B 73838 1) & IR
FIFF TRIES SR, RET AR R LR
Gy RI AR 2 IRk T (AT T B ) B AR AR k. RSk
5T ] BE S TEX SR (LB 22 1) DL, R IR 2 R4
BYSZIR. FEBEIERE L, JuliusFf A Hi T4 02 32 (AOR18 35 11
THREPERISY, flURIR) 3 Yifan Cheng!* 58 it ¥A vk L - Wb i
1 T TRPVIRIEE 8, B X i 818 (I EE AR 2 T — A8 .

3 Ardam Patapoutian-BLSZH I ICE K
fih it SZ I 2 B S W5

3.1 Piezo2 (b BERIAS AR E 52 (A R B

HHEERET, oTLEEI P A SR R AR
SR R/NFITEAR, LRz 1 B iy 2s A B FUBUA s 3,
IXECF T H (G S AN Z BUE 2R TEAT, WA 2T
MEETIRE. Al HE AR TE TR MG —. XS
FFhHY NSO ARE AR SR, R R e
1 N 22 [] 17 SR Al Y B AR, AR e A B 1)@
SNENEE AR T, ERIEARKARRE AR fik vt Xt T B 7 1)

fl i = L I R X — AR R 28 B A AL
I/ IR LA R S BCABAT IS BB A AL ) 32 44 (low threshold
mechnoreceptor, LTMR)F{JZH-G T dmtith (s, A& T/ i IR AT
BRI R T R AR, R R T
Bk AT AP it SZ AR GE A /IMA . BRSE R A, MaPE e/
PRFIRLR JE A ) LA B S L 30 26 32 PR R (9 1 28K A, LSz
TR, R AR LA R EUss. O TR B FLE)
PP LR AZ I, InRI4E JE M ScrippsBIF 4T T i) Pata-
poutianJf & T —FBr 0L ik, 1 et 51845 Costeffi
JE 1R 45 A R R B ) v 2 BN euro2 A4 it 22 HLA B BRURK
PE, MM ZR LA TR IS £ th B e . RS
Patapoutian 2 720> AT GEAE MU 32 RO 5L 1, #
JE T RNAISN A —MEE I E, HRHE L AR
BT R R S AL RS 2 B Y I e
FEH FAM38A(Z )5 1) Piezo IR i, HUMSURE LRI 2%, IE W
TZEE A AU, R IR A IS HL R “piesi” P
84, fiv44 HPiezol. PatapoutianffPiezol FiF 1A THEK
2934fi R, AARRREINE G, AR T MU R, RS
AL AR Y A X R BT AU UG B, Ak
Piezo2. #i R MPiezo i & T LATTARI R AU RETE, %
EARAETEHES YR B Y. HrhPiezo2 283
IRTEBS M, I HPiezo2 WIRIARTHER T X Bo B0 22
TERIPUR A,

PL RIS IE R T Piezo ELA HIARMUR M, (HUZA Al




ZARSRARIAL A T FRENIEI Piezo2 J2& fil b 32 14 (1) EHIE
#, 20144F, Patapoutian 4255 P NiE B £E Merkel 41 11 25 T-HL
BRI BN O R LT, I L T T DL 30T
WIS VE AL, M B AR T Piezo2 & B IE (M il 3E 32 14,
2014414 55 — T 5T B 7R Piezo 235 (R g B /) BRU™ B2 (5 2 fih
S, AT HAWRGE, AT h2E b UG Piezo2 S il it
ZAK. 54 Patapoutian 36 % A E M Piezo2 J& /N FRAS 48k
B EEZIR, N Piezo23k HRFR/INR 2 BU™ B (112 3
AT B A 5 S

Piezofh /& — B H HESN WML BURGEE, H12500
ANEEERRA N, EINA 38 IS Ptk ) e KIS R -3 1
WERA . Patapoutian FlH A 5255 % A9 T AE# 7R T Piezol Fl
Piezo2 B = 43 PR G5 K. PiezofE H b = FARLEH, i
BTl E A=A NE RN IR RER I . = gb
Fney B, AEAURAR R TR LR BOR S M. S X Bt
GG1N i i o e A 5 B G RN Wi s O - SR
M AR BERAR SR 7 A T BRI T N RSETE AR, 3XFT A fie
B T Piezoifif ML ABURAE.

3.2 Piezo 5 NFPHITIL R

Piezoill i 7E AR 228 B h ZAEE A ATRAIE .
PatapoutianF AP HiE B, - 315k I A9 2k 32 SRR T2k i bl
FTE W A0 2515 vh i Piezo 1 FIPiezo2, XKL pillf /)N B 9 1ML
FERIBESh. 76 B, g8 IA Piezo2, AN
RE I R RN 55 53 WAME 5 4 TR B>k B E W 18 0 LB
W HAD, Piezo2th 2 BRI b Hiz AN M FIVBE e o M 22 T AL
PRIRAZ 48, A Piezo 2 DR B /N BRUH SRS I 42 ) T R 52
*ﬁ[zﬂ.

Piezo2 5 H ) 5875 I Z2 it A PR 903 (1 B il (A 3 2 il
TBABBR), AR BB ASE . JRSHAARERGE A B s
Rk, Bl X Piezo2 5878 FEPR I ABINR ST K, R4
Piezo2 %7 SR HIRIG IR IR I Piezo2 B = L5 G1F, WS E
WA AR | i S S, I R 2 A SR 1 2
TERUE . BASRE. BHEARR. PUATCZE . BN
WY MEOCTT & B AN R T E, o iR
7 SR S S R DR R,

M2, Piezoi i 1 & Bk fil 5E A HR R FFRE 1B (018 5,
[F) Bt Ay s PRI T 7 S LA

) 15 Sk

4 WrRESZIARM B 5

W g NS F BIRE 22—, (AT I oT E R 2215,
196 14ETE DUR AR B2 sl IR O © 2 & 45 T Georg
von Bekesy, {HZ1EW H -2 LHSFIRE T, /51
oo BRBE. UV flSE R 2R T S ARgR B, HSE . fi
B E RN URK, (RTS8 AZ (R LSS AL —
RN, EH B Corti g 7 (14 B 21 M S IR P 35 FR SR — e 22
JG, Cortin§ FATi##IE 16000~ BANMI, 507 TH: EAYE BBk
HEB (1 B A0 & SR N 2 P e S R, ST H
BRGS0, B D BB AN, RSN 37 B AN Y R A,
BEIT 3R H 37 (A AR R A AT

20024F, Andrew J. Griffith3255 % FllKaren P. SteelSZ55 %
O3 A S R HE 2 R A RV HE 28 /N USSR B R B IR]— >3
P TMCIP*, 20114F, Andrew J. Griffith256 % FlJeffrey
R. HoltSt 3 A 1EMFSE & IMAE B4, BRTMC1 24, TMC
FIE R IR 5T TMC2EWE B8 % 53 8 v [l B & 4 2R
HAEAETMCIRTMC2IR I BRI TE BT, A REE2THIRE
AL SHREY . FRBFFRIAAEY, TMCH 5 0%
A BB S ST LIRS S R .

FRTMCL1/22Z 5k, Fofth— L8535 T B4 M LR (% 5
WAL, Ulrich MuellerS2i % & MY LHFPLSHITMIEWL 2
RPN T, BRI TR UGS 5 5 FE LA
DX A% 00 35, A5 TE5E 8. 20184, HoltAlCorey A1 A& VETIE W]
TMC LEE 10 LATE i 4R, JF HLATI TMC 125 (B 5 IX
SA~STLEF IR T BEFA B T B AN AL A% 38 30 (LI X i
FLIEGE A TMCZ ML 7738 38 1) )L A7 (7 53k 1 12130
SR A B AV, BT SR L A TMC 1 (CTMC 1)
5 He 80 U TMC2 (MuTMC2) 78 B H 201 it L 36 3k I ali ik
P E AL AE I R B EAT L AR BRE SR, ERH T CmTMC1 A
MuTMC27K {4 #4755 T3 18 375 v 59 1T AR ) 80 0,
e NFWT 5 32 R 1 ik AT e 46 T

H Hi SIS N A SO B A T ik. SiAFsR
B, B L BB Y A R N 1%, H50% A0 47 515t 4%
HEMK.  H AT v 22 BT AN T H WA A 2R 7R
SERMENT SR I R EITIR, IR S SRR N
PEHIEEIRE th T s ok i HA D BE I i 45, B
Wbt 32 R AR O A e, AR XS T T 38 SZ A MU T 1 43
FHLHIA FEE— 05T

1 Buck L, Axel R. A novel multigene family may encode odorant receptors: A molecular basis for odor recognition. Cell, 1991, 65: 175-187
2 Yarmolinsky D A, Zuker C S, Ryba N J P. Common sense about taste: From mammals to insects. Cell, 2009, 139: 234-244
3 Caterina M J, Schumacher M A, Tominaga M, et al. The capsaicin receptor: A heat-activated ion channel in the pain pathway. Nature, 1997, 389:

816-824

4 Caterina M J, Leffler A, Malmberg A B, et al. Impaired nociception and pain sensation in mice lacking the capsaicin receptor. Science, 2000, 288:

569


https://doi.org/10.1016/0092-8674(91)90418-X
https://doi.org/10.1016/j.cell.2009.10.001
https://doi.org/10.1038/39807
https://doi.org/10.1126/science.288.5464.306

4

30 B 2022528 ¥$67%5 H£6H

0 9 N W

10

11
12
13
14
15
16
17

18
19

20
21

22

23
24

25
26
27

28

29
30

31

32

570

306-313

Julius D. TRP channels and pain. Annu Rev Cell Dev Biol, 2013, 29: 355-384

Dong X, Dong X. Peripheral and central mechanisms of itch. Neuron, 2018, 98: 482-494

Vriens J, Owsianik G, Hofmann T, et al. TRPM3 is a nociceptor channel involved in the detection of noxious heat. Neuron, 2011, 70: 482-494
Bandell M, Story G M, Hwang S W, et al. Noxious cold ion channel trpal is activated by pungent compounds and bradykinin. Neuron, 2004, 41:
849-857

Laursen W J, Anderson E O, Hoffstaetter L J, et al. Species-specific temperature sensitivity of TRPA1. Temperature, 2015, 2: 214-226
McKemy D D, Neuhausser W M, Julius D. Identification of a cold receptor reveals a general role for TRP channels in thermosensation. Nature,
2002, 416: 52-58

Dhaka A, Murray A N, Mathur J, et al. TRPMS is required for cold sensation in mice. Neuron, 2007, 54: 371-378

Stevens J C, Choo K K. Temperature sensitivity of the body surface over the life span. Somatosensy Motor Res, 1998, 15: 13-28

Yarmolinsky D A, Peng Y, Pogorzala L A, et al. Coding and plasticity in the mammalian thermosensory system. Neuron, 2016, 92: 1079-1092
Tan C H, McNaughton P A. The TRPM2 ion channel is required for sensitivity to warmth. Nature, 2016, 536: 460—463

Paricio-Montesinos R, Schwaller F, Udhayachandran A, et al. The sensory coding of warm perception. Neuron, 2020, 106: 830-841.e3
Kremeyer B, Lopera F, Cox J J, et al. A gain-of-function mutation in TRPA1 causes familial episodic pain syndrome. Neuron, 2010, 66: 671-680
Binder A, May D, Baron R, et al. Transient receptor potential channel polymorphisms are associated with the somatosensory function in
neuropathic pain patients. PLoS ONE, 2011, 6: 17387

Zhang K, Julius D, Cheng Y. Structural snapshots of TRPV1 reveal mechanism of polymodal functionality. Cell, 2021, 184: 5138-5150.e12
Coste B, Mathur J, Schmidt M, et al. Piezol and Piezo2 are essential components of distinct mechanically activated cation channels. Science, 2010,
330: 55-60

Tkeda R, Cha M, Ling J, et al. Merkel cells transduce and encode tactile stimuli to drive AB-afferent impulses. Cell, 2014, 157: 664—675
Ranade S S, Woo S H, Dubin A E, et al. Piezo2 is the major transducer of mechanical forces for touch sensation in mice. Nature, 2014, 516: 121—
125

Woo S H, Lukacs V, de Nooij J C, et al. Piezo2 is the principal mechanotransduction channel for proprioception. Nat Neurosci, 2015, 18: 1756—
1762

Wang L, Zhou H, Zhang M, et al. Structure and mechanogating of the mammalian tactile channel PIEZO2. Nature, 2019, 573: 225-229

Zeng W Z, Marshall K L, Min S, et al. PIEZOs mediate neuronal sensing of blood pressure and the baroreceptor reflex. Science, 2018, 362: 464—
467

Alcaino C, Knutson K R, Treichel A J, et al. A population of gut epithelial enterochromaffin cells is mechanosensitive and requires Piezo2 to
convert force into serotonin release. Proc Natl Acad Sci USA, 2018, 115: E7632-E7641

Marshall K L, Saade D, Ghitani N, et al. PIEZO2 in sensory neurons and urothelial cells coordinates urination. Nature, 2020, 588: 290-295
Chesler A T, Szczot M, Bharucha-Goebel D, et al. The role of PIEZO2 in human mechanosensation. N Engl J Med, 2016, 375: 1355-1364
Kurima K, Peters L M, Yang Y, et al. Dominant and recessive deafness caused by mutations of a novel gene, TMC1, required for cochlear hair-cell
function. Nat Genet, 2002, 30: 277-284

Vreugde S, Erven A, Kros C J, et al. Beethoven, a mouse model for dominant, progressive hearing loss DFNA36. Nat Genet, 2002, 30: 257-258
Kawashima Y, Géléoc G S G, Kurima K, et al. Mechanotransduction in mouse inner ear hair cells requires transmembrane channel-like genes. J
Clin Invest, 2018, 121: 47964809

Pan B, Akyuz N, Liu X P, et al. TMC1 forms the pore of mechanosensory transduction channels in vertebrate inner ear hair cells. Neuron, 2018, 99:
736-753.e6

Jia Y, Zhao Y, Kusakizako T, et al. TMC1 and TMC2 proteins are pore-forming subunits of mechanosensitive ion channels. Neuron, 2019, 105:
310-321.e3


https://doi.org/10.1146/annurev-cellbio-101011-155833
https://doi.org/10.1016/j.neuron.2018.03.023
https://doi.org/10.1016/j.neuron.2011.02.051
https://doi.org/10.1016/S0896-6273(04)00150-3
https://doi.org/10.1080/23328940.2014.1000702
https://doi.org/10.1038/nature719
https://doi.org/10.1016/j.neuron.2007.02.024
https://doi.org/10.1080/08990229870925
https://doi.org/10.1016/j.neuron.2016.10.021
https://doi.org/10.1038/nature19074
https://doi.org/10.1016/j.neuron.2020.02.035
https://doi.org/10.1016/j.neuron.2010.04.030
https://doi.org/10.1371/journal.pone.0017387
https://doi.org/10.1016/j.cell.2021.08.012
https://doi.org/10.1126/science.1193270
https://doi.org/10.1016/j.cell.2014.02.026
https://doi.org/10.1038/nature13980
https://doi.org/10.1038/nn.4162
https://doi.org/10.1038/s41586-019-1505-8
https://doi.org/10.1126/science.aau6324
https://doi.org/10.1073/pnas.1804938115
https://doi.org/10.1038/s41586-020-2830-7
https://doi.org/10.1056/NEJMoa1602812
https://doi.org/10.1038/ng842
https://doi.org/10.1038/ng848
https://doi.org/10.1172/JCI60405
https://doi.org/10.1172/JCI60405
https://doi.org/10.1016/j.neuron.2018.07.033
https://doi.org/10.1016/j.neuron.2019.10.017

Summary for “Jii B B fil 5 52 A8 B KRB 58— Be 202145 IL/R AR B A B B 22

Discovery of temperature and touch receptors: An introduction
of the 2021 Nobel Prize in Physiology or Medicine

Xueqi Pan, Rui Wang & Zhiqiang Yan'

Institute of Molecular Physiology, Shenzhen Bay Laboratory, Shenzhen 518107, China
*Corresponding author, E-mail: zqyan@szbl.ac.cn

Human has five senses, including vision, touch, hearing, taste, smell and taste, as well as temperature (including heat and
cold) and pain sensation. How humans perceive the physical world through somatic sensation has fascinated us for
centuries. The 2021 Nobel Prize in Physiology or Medicine was awarded to David Julius from the University of California,
San Francisco (UCSF) and Ardem Patapoutian from Scripps Institute for their thermal and mechanical transducers
discoveries.

David Julius pursued a project to identify the receptor for capsaicin in the late 1990s. He screened a cDNA library from
rodent dorsal root ganglia, identified a cDNA encoding a novel ion channel belonging to the superfamily of transient
receptor potential (TRP) cation channels (now called TRPV1). In subsequent studies, TRPV1 demonstrated a pronounced
activation by heat (especially above 40°C) and led to cellular calcium influx. Patch-clamp recordings revealed a heat-
evoked membrane current similar to those of sensory neurons. Furthermore, high temperatures above 40°C have already
been harmful to the human body. Because mice lacking Trpvl showed only a minor loss of acute noxious heat sensation,
other heat-sensitive receptors must exist. In 2011, Voets and his team identified TRPM3 as a second heat-sensitive receptor.
In 2004, Julius noticed TRPA1, another superfamily of transient receptor potential (TRP) cation channels, can be activated
by various chemical substances, as well as by cold and heat. In 2002, Julius and Patapoutian identified TRPMS and found it
can be activated by low temperature, which humans perceive as innocuous cold. At present, important roles for TRPV1,
TRPA1, TRPM3, and TRPMS in temperature sensing have been experimentally established. Thus, the discovery of TRPV 1
by David Julius opened the door and represented a landmark achievement to a molecular understanding of
thermosensation. Future studies will likely provide additional insights into this active research field.

Ardem Patapoutian mainly focuses on the research of mechanosensitive ion channels. He identified a mechanosensitive
Neuro2A cell line by using brief and rapid indentation of the plasma membrane in combination with patch-clamp
recording. Ardem Patapoutian screened 72 candidate genes, including known ion channels and proteins of unknown
function. The candidate genes were silenced by RNA interference one by one. Knockdown of the FAM38A, eliminated the
mechanically activated current and the protein was named Piezol. A second mechanosensitive channel Piezo2, was
discovered by sequence homology. Piezol and Piezo2 represent an entirely novel class of ion channels as mechanical
sensors. In 2014, Patapoutian found mice lacking Piezo2 in neither Merkel cells nor sensory neurons deficient in light touch
sensation. Patapoutian also demonstrated that Piezo2 is the principal transduction channel for proprioception in mice. In
further work, Patapoutian and his group found central roles of Piezol and Piezo2 for many physiological functions. The
mutations in the Piezo2 gene cause several genetic disorders manifested by altered sensations of touch, vibration and
proprioception in humans. The discovery of Piezo proteins provides insights into how humans perceive internal and
external environments. This review focuses on the 2021 Nobel Prize in Physiology or Medicine. Recent other research on
sensory perceptions is also briefly introduced.

Nobel Prize in Physiology or Medicine, temperature sensation, touch, TRPV1, Piezo
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