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Evolution of the body temperature regulation mechanisms in
homeothermic animals: Comparative analysis of the genes related to
thermoperception and nonshivering thermogenesis
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WFZERE R OMEEE (Z3C) @ 1) Placental mammals maintain body temperature by nonshivering
thermogenesis in cold environments, and uncoupling protein 1 (UCP1) and B 3 adrenoceptor
play crucial roles. Investigating the evolutionary process of these two genes revealed
that the evolutionary origins were much earlier than the emergence of placental mammals.
In addition, the tissue distribution of UCP1 in western clawed frog (ectotherm) was
different from that of placental mammals. 2) TRPV3, which serves as a warm temperature
receptor in mammals, was cloned from western clawed frog and its property was examined.
TRPV3 of western clawed frog perceives cold temperature, suggesting that temperature
sensitivities of TRPV3 have changed in the course of vertebrate evolution.

AR ERA
(EHHAL : 1)
[ERESEIN MEESET & &t

2008 4 2, 000, 000 600, 000 2, 600, 000
2009 4 700, 000 210, 000 910, 000
2010 4 700, 000 210, 000 910, 000

R

FE
&t 3, 400, 000 1, 020, 000 4, 420, 000

W78 - oy i e, (BB, MfasEE

BirEo45F - B - AE - EedEms:

F—T— K JREZRR TRPV3, =3V XA W)V Xenopus tropicalis, IEE X AFEA ., Mtttk
SR, B3T FLF U gk, WL, MR L, EIGHE(L

1. AFZEBRAA 4 A DY =

A OB IR BN I8 K R S T Tk
WCRIRZ RS U, HUER oAk & 72 il (2 )i
LTW5, RIEFASEEOL RO, #iic el
IR TAETHEAE O I X AR QIR R ~ D

MZEBRLCE 2 PSS, 2L, K
IR EIFERE DS & O R BIRELIZ LY i
{ELTEENIIHED o T ho Tz,

THMBRE T CHRIBEZHER T 2B CTH D
FEE 2 BE A T FLIRIC BV TR ZE DS E x|



HERBE 2T 28 FRRESINTEZ,
WFTERFRF 1L, FERE 2 B DO FERIZ UL
T 2 Wl it 2 X7 1 (UCP1)
s BN O REICEEICAE T T
7o, Dk, AREEILEOMIEIZB W T
HWhisEIC LD 2L 0T 2 BB E

L7 2L LT, L, FHEEZE
FEEICB D 2 O BR OB L IXIF &
AWEBLMNIR T W o1, Fi-. KR
FENNTIRIESCH RO E 2RI 5 2 &
DUNETH DD, BEZRRELEFIZONT
1. LS OFHEENY) O I3 7 <
INLOBEETOEILBRRELHE D 5o
TWiRhoTz,

WA, BHEBM O 7 ) ANEEFIIN P E S F.
2L OFENLERT 8B E2INELY T
AL R FIEIC L 0 BinF ot {LiEfE %
WETDHLENTEDL LI RoT-, —H.
BT OHBEDO ML &2 R T 5 72D ITIT A
G O el 0 o TI3EE L < B o AW
D FEAR T DBERERRAT 21T W Ll 3 B TN
b5,

2. Mo

ABFTED BHNE, FERE 2 BGEA L IR O
2 DO LHEMEICER L, FOMe&kE %
OB OELE T Oy L X ORRED
HEAL 25, TEIEEWIC B T B IR s
OHEALIRRREZ M52 L TH D,

(1) FEE 2 BVEAE B W CEL I D
T FNVRIEIZEL S B3 7 R U VR
W NEAE SRSB4
BH 5T 5,

(2) UCP1 13FEE 2 BUEA D REIE TH 518
ENRIHIC DO BFEBL L, FEWRIFIZB W THREL
BN RIS, —FH, BiREWMO = A (55H)
TR, B gk, B, B LN I CTIRE S,
FHEMET THRICBWTRREN AT 5
ZENRmBENATWD,

BHEEI IC I3 D UCP1 ORERERY 72 2 k%
A9 2 72 D ICARBFZE TIXM AR CTh 5 =
U AT T)IZFEE L, UCP1 ORI &
WMEESRT TR 2 RAEOEILEZH L
MZT 5,

(3) WHFLEICISUNT TRPV I ARIRAT I DR )
WRESZFETH Y . (RIRFRENIC & EE %
HEFOEEZEZLND, LaL, TRPV3 3
MEEN) DA LIB TR D & O FFH (218 BE Rz M
RS L0, £, M TRATHIERE
WREIR D0 E D I TR >
77o % Z T, TRPV3 OEREDHEILIBFE % 7~
AT DICWMAEHETHHA= Y AT )LD
TRPV3 DOFEREMENT 21T\, TR FLE D TRPV3 &
4%,

3. #rFED L

(1) B1. B2, B3 7 KLU 2R KE
T a A2 IR HEEN D & ) BECEI T — Z
—AMNBIUE L, 1R 2 ERRk LTz, &
IR EEORZRE L, BisT0NERI R
TR HEE L=, £7-. Rt oEE otk
(L 2 HEE L7z,

(2) =Y AT )L OEFAFED S total RNA
ZHhH L. RT-PCRYEIZ XV . mRNA N§EE X
NOMREER Tz, HiZ, =Y AT
Lo THIRSMET Q7°C) . £-IRIESMT
(20°C) CTHiH L 7= E{KRIZI 1T 5 UCP1 @ mRNA
O A YR RT-PCRIEIC L W E L
7.

(3) =Y AHT)L)NE TRPVS AL+ % HLHE
LT, BRIV HX—lcr7a—=7 171,
TRPV3 D F ¥ R/VEEHEEZ TR B 72Dz, 77
U By A= VIRl = A T v
TRPV3 Z 58| R ST, 2 BMEEN [ E
B TA AU EROBPEZITV, SO R
kT DINEET, -, = AT
JL TRPV3 @ mRNA 23855 X 5 #H##k % RT-PCR
HBIZELVRE LT,

4. WFTEEE

(1) B3 7 R U U FIEE T I3 FHEE)
W OMIEFEITIIBEICAFIE L, WiFLBEO HEBL &
Do L HWIEEICAE L2 E N SN,
X7, T3 BREHL O AL DN ELIE O
FERICBWTINELZZ & D Z oI
FERER 2R K 23 284k L 7= AT REME DS R S T,
ZIE TOWFZE T, UCP1 5T T RO
ENEFONTEY, FEXEGEAENES
ENHBICEFEOBG A S EER
BEZMHD) LR Z ERHLNE R

277,

(2) =Y AHT LD UCPL TG, B, &
FEEL. FRMB XN MCiEESND Z L& H
ST L7z, E£72. UCP1 @ mRNA E23HICZE
WTIRIRSGRE T CEA T2 0o,
—J7 . IR IR T CRBLEIIE(L L
IRo Tz,

SFEY, BEEBMTHL =Y AT L
oA Tl UCP1 OZEBLT DO, B &
O, KRS T CORBEN LT DM
FRLL Tz, ARFIZBW T, B
—¥IZ UCPL 233EEL L., ISR L v E
BN LRI ERFEINTND,

INbDZEEEZEDES L UCPL Bix
FIIEHEEM OMEFRICHER L, ox 13
DRI BV TIEALIS D ] & D> DFERE
Ffo T3, WFLEOM R T lgliF:
BB G L, D%, 7/ BES
ERELSBALSEIEBRBGEEICET ok



FERET LR EERZDBND,

UCP1:
F7I/BBREEDN LR

e | LReETORR
EEOLE il
L (mum wemn | _f
3
\ #+—k gt ok
ARYY L Jastroch et al., 2007
hE'EINY
=gy
JU=VF/—=Iv | R, N MR,
_4 =L AFTL -  EMR, BREY _f
iy (RFHR)
YA R0, B, B, FFaR
......... = 7
© 'HAfF

B 1 ARSI OIEEZ BEAICED D
UCP1 33X UB3 7 R+ U 545K (ADRB3)
Bl O, R a Xy FR4AET
7o R & SRS IS RENCoR Lz, ARBFZESe
BEFNOMFZE L #i45 S 7z UCP1 BB T3
Bk L OEM ST TORIEDLELH)
T REB O R LT, B8E R W
L, ZF— B) TR AR O — 2 UCPL A3
FEL, BAKECIVRAEN LRI 52
ERHEINTVWD, —FH, aA, =V A
ATV TrE UCPL (MRS T BV TN CTF
HEN EHFT 5,

(3) =Y AH T/ TRPV3 O T I BEld ¥ %
OFHEHO LD LB LTI-E 2 A, Fik
FEIR DORAFIE X LB B s o To 3, — T, i
U OEIIT =Y A H /L TRPV3 13E L < &
TRoTWND I ERghoT,

{EEWE R DI RFTT 5729
(T FLIED TRPVS Zim b ¢ > 7,
2—H YT b=, BIU,
2-Aminoethoxydiphenyl borate (2-APB) % =
U A F )L TRPV3 IZHERH &7, Z DOfE R,
2-APB TOARIEMAL i1, ALFMEIZxT D
MR E = A H =D TRPV3 T
TR D NG oT,

WAz, WELIE D TRPV3 1% 33 EELL EDRED
WIRECIEMIL SN D Z E RS TV
57 OIRERIR I T B InE et Lz, €
DFER. =3 A F =L TRPV3 1HIE ) VR
TR LS e o 7228, —JF, 16~18C
PUF D& T WIRE TIEH L S D 2 &3y
Nolz, 18~20CLL FORERIT= Y A H
T ESTHETHDHZ &, F-, HEIC
RELTNDZ ENG TRPV3 [F=v Y A=
L TIHRERDOEIREDOZRETHDH EE X
LD,

NS OFEFIL, TRPVS (XpE FAFHEEMW O
FHACFE CRBEICIRE S AR & L CO¥EE % &
BLTWER, EHEBEERA =Y A
v EHLIEO R TENENDOEY ORE
AT AEIICELTERLZEERL
TW5,

5 6 7 8
BRA (43

X 2 =i AHx)L TRPV3 DiEEZL(LIC
ST AERISE, B, =y X Hhxo
TRPV3 ZfIA ST 7 h Y AT
JVIREERIIICAE Ul A A B, FITER &
HlZEEZRLTVWD, =Y RATTAD
TRPV3 HEE % miE AN 2L ¥ TH Kk
LW, IRIEMNC B b S & XIS L
7.

TRPV3D %5

HELEERLS
213 BRIGD

TRPV3D R 2 BEZERS (N

N B LU CKIH D
* 7 3/ EER5)
Y o
b o, o BRBEE BRHBEE
* . .
S 0”“‘ “‘ “‘ \' /
) o = % “
7% /(3 5. {&‘)I N\ =N %
> S S, S A 5 Py
O ‘3371” v_%\"zjésj\'\l-’&_, A, %‘
< % \,
¥ 8 iR —TRPVS [ZHFHEEM O

I > Tz, L, FD%IchE
Tixkbiv, —F, b EHEHEEY CIIHR S
NT&7-, #ILoOEE T TRPVS O E R
PENTHAIE & =Y A T L O A
PS5 L oW b L,

5. TR EmTE
(WFFRAR . WFFE 08 M OVEHERF 72 8712
RN

UEsEams) (Bhs 1)

(D Shigeru Saito, Naomi Fukuta, Ryuzo
Shingai, and Makoto Tominaga
[Evolution of Vertebrate Transient
Receptor Potential Vanilloid 3
Channels: Opposite Temperature
Sensitivity between Mammals and
Western Clawed Frogs], PLoS Genetics
A, Vol 7, 2011, 1002041



©  Fike (GO0 w51, RIS \@F%E

BRRY B AP/ Y S Fﬁﬂ?@
mg1b%k$% EMM\2%846%
841-849

(FaRER) GF141F)
O ik %, NEEZ AR Transient

receptor potential vanilloid 3 (TRPV3)

A FrTFx xOikRE b o WILEE

:Vyfﬁlw(hmmsUWRMM)
B B & ORERSM) . B ARER

h"/\’w82|5|j( 2=, 201029 H 22 H, Jk

WE R, fLiR, dbvEE

@ Shigeru Saito, [Evolution of the
temperature sensor TRPV3 channel:
shift in the temperature sensitivity
between mammals and western clawed
frog], SMBE 2010 - Annual Meeting of
the Society for Molecular Biology and
Evolution, 201047 H 5 H, Lyon
Convention Center, Lyon, France

® Shigeru Saito, [Evolution of the
Uncoupling Protein 1], The 3rd
International Symposium on Physiology
and Pharmacology of Temperature
Regulation 2009, 200947 H 26 H, &
RIBSTPEFERZ TR RAR, T, BRIR

@ ZEE R, T OIE 2 BEARERE I
B 5 8n T DR & AL - FHEEM O B
7 R ) o FRRA T O] BA
BRI 80 [AIRE, 2008 429 4 H,
AERT, AR

® Shigeru Saito, [Adaptive evolution of
the sensory receptor TRPV genes in
amphibians], 2008 Annual Meeting of
the Society for Molecular Biology and
Evolution, 200846 H 5 H, Palau de
Congressos de  Barcelona, /NLt&nrm

T AN

(E) G114

O ZEEE ¥, FrEME, NRE L Ems R
T AOMBY, FHAE B Témﬁt
Vﬁ—mﬁmLﬁ@k%mméjm&mg7

[ Dfth)
= A= U
http://www. geocities. jp/saito_research/
Research_Home. html

http://www. nips. ac. jp/contents/release/
entry/2011/04/~trp. html

6. WFITHER
(1) wFge s

TEHE % (SAITO SHIGERU)
KEFILFRF AR EIE N B AR 2 7o ikas ()
W 3@ TEfa %) « IR A /S A A A =
At B — %%ﬁﬁmﬁ
W7eE%&s: 50422069



