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1.1 AMROEFR

APITEG P DA IR E TRA REHET CATFLTEY, SRQEEREICHE L
TW3. T HOEWIE B BIRPKBOE Wo L TER, RBIT, BEE Vo ABHPHMK
JRICE D ZORBETOREICHELTWS. 20X 5 RERIBERE~OBEIEDZDHIZ
BERZEBELECOBR T LT LI LB TRINS. FHEY OELTRR CIIH
L, BHEICBWUEERENERSIH, I bOBYREGHICOMEINT Y, £
WOKTTEA 2 CHIBR S B R 2 A Z R BRICRESERLIZEEZONRD. DD,
ﬁﬁ@%&%%%ﬁﬁé%ﬁ?%ﬁ?é:&ﬁﬁ@%ﬁﬁ%Téﬁﬁ%ﬁ:fA@%%K
HE5THEH/IND. EERECERIIREY UV —OMEOEICLRESFEL, |
HEh & %7&@1%@%‘1'@&&@%&%&:@ OPDEELEC IR EERSS. hTYH,
EIREMWIT IR 2 BB ICHERF T A U ER B B 1= DI EKIBA T DR E = o — BN HIR M 0%
B U T & ORRICE(L LT T T BRR .

TOXSBRIBECRT DRINTEERZIEBICIVEINELOTHY, FE, ZOR
EREHECEET HEEE BB TRV OROBETRESATWS. BEE Y
—i&{=F1%, thermo transient receptor potential (TRP) &=+ & Wifh, TRPV

(vanilloid), TRPM (melastin), TRPA (ankyrin) D3->DH% 7 7 7 I J — 2SI 5



(Patapoutian et al., 2003; Vriens et al., 2004; Voets et al., 2005; ). BEsEANpa(Caterina et
al., 1997; Liedtke et al., 2000; McKemy et al., 2002; Andersson et al., 2004; Smith et al.,
2002; Story et al., 2003; Xu et al., 2002)°h =L O SFRHIIE~DELETEAER
(Caterina et al., 1997; 1999; David et al., 2002;) DA 5, WHIHIHDOTRPVLIZ42°CLA
ECEEMT D LB, E72, TRPV2 i352°CLL L, TRPV3iZ 33°CLi L, TRPV4
1%27- 42°C, TRPMS 1325°CELF, TRPA1 1X17°CLLF CFEELT 5 2 & B o 7= (Fig.
D). Zhb6o @therma TRP SR EMEMR THEHAL TW5cH, TRPVIA4,
TRPM8K O TRPALUIRE L YV —L L TAKBETTHD LELXLN TS
(Patapoutian et al., 2003; Huang et al., 2006; Damann et al., 2008). £7z, thermo TRP
VRIREE LIS DRI LT %?ﬁ‘ﬁﬁﬁ‘i’é ZEWBGo TS, Bz, TRPVLIZIpHR b
T BT T DIERRS T Bcapsaicin TIEMEAL L(Caterina et al., 2000), TRPV2idgrowth
factor (Shibasaki et al., 2010), TRPV3 iZcarvacrol (Xu et al., 2006), TRPV4 [3&&EF
(Liedtke et al., 2000)4aPDD (Vriens et al., 2007), TRPMS iZmenthol (Andersson
et al., 2004), TRPA1 IZicilin (Story et al., 2003) CIEMALENB. 20D, “hbD
thermo TRP IR & Y —7217 TIaip < 4 OILFERIFIBIC T2 2 v —EaT &
LTHHEEL TV EE2 6N TWS. TRP OEFEEIL, WTIhbeEEEEERE2E
3 5(Fig. 2). N R, C RETMIANICEH LTEBY, N-REREAIZIZTRPY, A B
Ti¥ankyrin repeat domainZz & L, TRPM 28 W TiZTRPM &En J—EKE2HE L,
C-RRHEIRICIE. 2567 X VBEEN DR DBTRP KA UV E2HT AR KOS HEEN

T£7E7 % (Montell 2003).



ﬁﬁﬁ%®@ﬁ@@ﬁ/A%ﬂ#%mmmMmP®%ﬁ%ﬁ%ﬁokH%KiD,%ﬁ
B ChHEAERY, BREMTHDIEE - WABEIRE T SEER VBT E DD
Z EBH B MITTR o TV B (Saito et al., 2006). £z, TD X D RREAENTICL Y, BT
WELAE L D bR Cb B eI R Ch 5 = L AR SN TR (Fig. 8), 20T &b
Bﬁﬁ%m@ﬁﬁk%ﬁﬁmjtﬁﬁént&%i%hé.%@tb,ﬁﬁﬁ@%ﬁk%
BLEREE VP —BETFO L/ A— Y —BIXWNEE & Y —&=F OB DREIC BhE
LB ERAR2IE, PMAEDOREE I —BEFOBRET CEA+5THS, L
L., RREEDREE P —BEFICETIHIRIE L A LTI TR,

FIRFAEH A I = XL OBRXEFZHN 2B AP O LEERMIARETHS. HREWYOR
B oy —BEFOLA— N —ROZFEEFOBELZLER TS Z IRV, FEFAGIC
BRERBRRNER O —BETEHET DT L BHRD.

o, FERASITEMOARE VEERELY RS S, LIRIFICEIT 24 DA
REGITHILETIIEICY A THEPEATHED, RULLLAREY THHREEITBW
Tﬁ%i@ﬂ%%m@w.%ﬁﬁugﬁéﬁﬁfyﬁ~®%m%%&5:&ﬁwﬂﬁ®§

HREF D AR B LOMBAIZRAIRTH 5.

1.2 AHFFEO B

D EOEEND, AHEITCHRIED TRP BEFORE, #EMT, REMT RO

BRBOMITEITO 22 B E L. BEICEL T, XRETOE(ICER LE.



EBRHEIE LT, IV Ty ETHIINA, Yonl, SHRUIFAED DNA ZA
7o ZHDEAWNWT, RENEHRE THREF DRV TRP{I%7°77 2V —DOBERET, &
HEBPRAE T D thermo TRP L 3— M —2HERTHZ L2 BAME Lz, KiZ, FiREY
Th BIEBBEORFE OB T £ 5B DI, AHETHDREEHRED TRP 3
L UBESD thermo TRPs OF 3 BB % IV e 5y FHEALEMUT 24T 0T ZD XD
RAFFE T, TRPV2, 3. 4 BL UG TRPAL Z[HEL. ThHDOEWE, HDWVIIEHIHEEE
cDNA HERFINHRET S 2 LB TE, BREWTH 3 ERERMOLREY L Y biE
WEWITh D BHIC R ERTH D - L AW LN TR, i, BETBHEOL
IREF > TRP DOREZ 5% BT, REOMMIERIE, LREORBEBRBOMN 2175 1=,
DT D, REFIZEIT S TRP OE, BHICARN CORELZEZET I L L HM

L7,



Fig. 1. Temperature range that activates different members of the TRP family.



TRPV TRPA TRPM

TRPV1
TRPV2 —
TRPV3 ANKTM? TRPM8

Fig. 2. Schematic structure of the TRPs.

(Modified from Montell, 2003.)
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99/97/78 Chicken (bird)

99/92/93 Caiman (crocodile)
100/ 96/ 96 Turtie

Iguana (squamate)

Mouse

Human
Axolotl (amphibian)

Fig. 3. Relationships of tetrapods inferred from mitochondrial DNA sequences.

Endothermic animals were boxed. (Iwabe et al., 2005)
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®2E
€ 3E TRP & E v 7 OERE & EERENT

21 EFRELHEHW

FHEEV DO E(RTRE TIIHELE & BEICB W CIRRBENES S, B2 —BICHER
T3 DICIENANOBREL ERICEMTILERDD. 20720, ERMECERITIRE
BEOAD=ALMIOREREELEX L TFRSH, EREW TH 2 EE Lk RIER
HOREY P —BHEFOLIS— Y —ZOWTHEHENEFE NS, LOLRBS, F1E
TRz & 9D TRP I OWTIFRFINIE L A LRV, £ZT, KBTI ET
JEhsEHD TRP Bi=T2FEL, TOBRERIIZRETHZLEZHHE L.

Z A E CIZ thermo TRP i TRPV1, 2, 3, 4, TRPMS8, TRPA1 ® 6 I TH 5 L S
TEY, W - BERUBEAEFICBONTUIZIN ST T thermo TRP L 3— ) —%
A L“Cbl\é ZEeWBGFhoTNWS. CHIEETIE, 2?55 TRPV1, TRPMS, TRPA1 @ 3
FEIHD cDNA DOFEEFI B HE ST 5 (Seebacher et al., 2007; Gracheva et al.,
2010). RE T, thOFHEEY L AR 6 B thermo TRP Z&F L TNE0E 5 M
PRARBLEHBE L, [RHIAD thermo TRP OFE1 7% cDNA TIERT D Z L 2R
Bl Ele, RECTHELNEEINTREE —¢ L THRELEIEEL K> THBH 00
FARDEMBERD B, TOHBEICOWNTHENT L.
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2.2 ¥¥

RBRFECRETCEIEE, 2y BT 3 2 3 A (Trachemys scripta elegans), <
~Y'(Elaphe quadrivirgata), =& %) ~E(Takydromus tachydromoides) T¥ % (Fig.
4). IV ETHIITACTI A LRRET DILEFRERETHBEYRENDILK
DITER L. Pv~ERBEHRELFTHCTRIRLI.. =R AT~ EIaFRFAIT
BB U, B L-ZE8miTr—YIcAN, BRHICEEE ENDARETT, K252, ER=E

NTHE L.

2.3 JFik

2.3.1 RNA #iH

RNA #fi H 1% Acid Guanidium-Phenol-Chloroform (AGPC) ¥k % i\ CTH1T » 7=
(Chomezynski and Sacchi., 1987). A& L CW-E8M 2 BERIZBL, PoFLo—F)
WLV REF I BHEEEREOKRCEREL, FHETY, M, &, /'E‘H@, fiti, HF
fig, FERMERE RBOZNEhOMERKICHT, T8 800ul @ Denaturing solution (4 M
Guanidine thiocyanate, 25 mM sodium citrate (‘pH7 0), 1.5 % sodium N-lauroyl
sarcosine )& A7z 2ml F = — I AL TANY S THIEI L7z, 13,200 Xg, 14304508k
Lic#, EWZHOF2—71B L, 2 ME®T Y U A(H 4.0)% 80 ul, DEPC-H:0
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(diethylpyrocarbonate IZ & ¥ RNase % &kiE R HEAK) TR L7727 = / —/L% 800 pl,
CIA (Chloroform:Isoamylalcohol = 49:1)% 160 nl Ml %, %¥& L 7=, 15 /5K L CTHE
L. 4C, 16,100 Xg T 20 HEELL, EEEFHLWFa—TBL, (VT8
L% 160 ul M %-20°CC 30 HRIHE L. 4°C, 16,100 Xg T 20 HMELL, Z0%
EERRE, WBME 0% =¥ ) —L Tl T, WRE 88 ul ® DEPC- H:0 TR L,
PLF®D & 51z DNase I LB #4T-7=. DEPC- H20 iZ#&4> L7 RNAZ 10 x DNase I
buffer # 10 pl & DNase I % 2 pl X TR IEE L7tk, 37TCT30 H#HE L. EEOD
PCI (Phenoi : Chloroform: Isoamylalcohol=25:24: 1) &z, L<iBEL, 4C, 16,100
Xg T2045EELL, EEEZTy RV NV Fa—T B LE. BOZOEEEZBVERL
7. 100pl ® SMEf#ET RV U AQPHT7.0)E 250 pl D 100% T / — % M G %Y
BLUTEML, 2000 T30 4#E L. 4°C, 16,100 Xg T20 &=L, L% 70%=

& ) —/LCHL, 50 nl @ DEPC- He0 IZ¥#2>L, -80°CIZfRFFEL .

2.3.2. RT-PCR

1 pg RNA % 70°CT 10 5%k, S L. ThERAWT, UTORGEEF2—7
WATER U7z, ZVZEME X872 RNA #RIC, 5XRT buffer (TOYOBO)% 4 ul, 10 mM
dNTPs % 2 ul, 0.5mg/ml Oligo | (dT)15 primer % 1 pl, 100 units/pnl ReverTraAce
(TOYOBO)% 11l, 40 units/ul RNase inhibitor (TaKaRa)% 0.5 ul #/l2, DEPC- H20
TEF% 20 pl & L. ZOXIEZ 30°CT 10 o, 42°CT 60 RIS EE, K&
95°C T 5 4imEd%, 4°CTIRGB L=, 80pl D TE %, cDNA sample & L7z,

14



N

Takydromus tachydromoides

Vv ~\Y FElaphe quadrivirgata

VYT I I HA Trachemys scripta elegans
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Fig. 4. Animals used in this study

2.3.3. PCRiIEICL B

UTORGEEF 2— T AR L. c¢DNA sample % 1 ul, 10xPCR buffer %
2ul, 2.5 mM dNTPs % 1.6 nl, 10 uM FD primer % 0.4 pl, 10 nM RV primer % 0.4 ul ,
0.5U/ul EX Taq DNA polymerase # 1pl, ZHiZ H20 ZMxTE&E% 20pl & L7-.

Primer OF WA 1%, BEFIOH 2MOBOEINET FA A2 bL, REFEHEOH
SEBRICERE Lz, AETHW primer & IRESMAIX Tablel (2R

PCREMII 2% T Vu— A7 VEBRKKNC LY SBEL, =F Py a7 u~vAf FRAEIE

DAL L.

Table 1. Primer sets for PCR used in this study

Prs:u::er Target Primer®  Nuecleotide sequence (5 to 3)? Pmda:;;’ s1ze

1 TRPV2 V2F TCTTCCTCTTTGGCTTTGC 500
V2R TCCTCYACYCTGAAGCACCA

2 TRPV3 V3F ARGARAGYGAGCRCATCTGG 100
V3R AAGAGCTACGCCAAATCC

3 TRPV4 V4F CTTCTTCCAGCCCAAGGATG 299
V4R GTCTTGGCAGCCATCATGAG

4 TRPA1 AlF TAYTDGGDWWEKTGCAAAGAA 380
AlR CAGCCTCTGACAYKATCTCCAT

5 WAC? wacF TGCATCACCTCTCTTCTGTAAT 271
wacR CTGCGGATGATTGGTCTGA

6 CTNNB1? ctnF GAGTTGGATATGGCCATGGA 279

ctnR GATGGRATYTGCATKCCYTCATC

3 F: forward primey, R- reverse primer

YD:GorAorT, Y:CorT,V:GorAorC,W:AorT. K GorT.

9 WAC: WW domain containing adaptor with coiled-coil (Xu et al_, 2002).

® CTNNB1: catenin (cadherin-associated protein) beta 1 (Kraus et al., 1994).

2.3.4. PCREEEMOHEMNL I/ n—=V T

16



PCREM%Z T Hu— A FVERKEIE, BEOAY FEELIVED IV Y OFTHY
L7z, NucleoSpin® Extractll (MACHERY-NAGEL)Z B\ TH 425 @ DNA HiH -
BREZITo. 2 Stul TH{t L7 pCR-Blunt ~X7 % —(InvitrogenhZ T % i1 L 7=
T ~_7 & —% 50ng Mz, DNA ligation kit (TaKaRa)% v T 16 CT 1T A 4/ —3
g &7, a7y A Mach1™-TIR)(InvitrogenlZ b GV AT 4 —A—rg v

%, HF<A > (final: 50 ng/m) & & e LB»%?E%‘%K%% , BT CT—HREE LTE.

2.35. zmn=—PCR

RIBZ—=ZA VY= FBASTWB I u—r2@RTSedican=—FL1L 7 b
PCR z{ToTc. man=—%ZFHR L KBELZ Y, 96C, 145k, 95C, 58
[, 51°C, 30 M, 72C, 2% 30 ¥4 7 M {To7t%, 25CTRIBLTT Hu—R 5

NERKB Z{To . A L7 primer XA TR

M13 FD primer 5-CGCCAGGGTTTTCCCAGTCACGAC-3

M13 RV primer 5-TCACACAGGAAACAGCTATGAC-3

2.3.6. 77 A3 Nl

RIB—ZA V=B ATNBZ L ZRERBLIZRBEE 50 pg/ml O~
Z4te 3ml LB HMIZHEE L, 37C, 200 rpm T—HERE S Lz, KBEEELICE
v [EIL#, E.Z.N.A.®Plasmid Miniprep Kit I(Omega Bio-tek)% AV T7F A I FHhik

17



Z{To7.
2.3.7. HWEBFIOWRE
HEEF| OB EX BigDye Terminator v3.1 cycle Sequence Kit (Applied Biosystems)

& M 13-FD, RV primer Z WV TiTo . GKRIIEATO LBV THBH. ST XX K 300
ng, 1.6 pmol primer 1 nl, BigDye 0.4 ul, 5 X sequencing buffer 1 ul, Z#U{Z H20 %0
Z T 10 pl IZFAHI L7z, Sequence i, 96°C, 1 72HILEE L%, 96°C, 5[, 50°C,
10 B, 60°C, 445M% 25 %1 7TV, 4CTRHB L. £D%, 1 pl 3 MEEET
FD U A@EHS5.2), 1256 mM EDTA, 25ul 100 %% / —1V %%, SEEfMEXKET30
AEEL, 4C, 16,100 g T20 of#EL L. EHEEZHT, W% 70 %=¥ / —/L Tk
VY, 12l @ Formamide TREE L, 96 well 7L — M L. 96°C T2 oMMAL, &
1, ABI 3500 Genetic Analyzer & & U IEEEFIRED DX+ ¥ 57 U —BKIKE 1T

oY

2.3.8. HMERSIBIOT I ) BESIOMNT (77422 F)

Sequence D7 7 A > A b id CLUSTAL W(Thompson et al., 1994)% i T1To 7.

2.3.9. 3'RACE (rapid amplification of cDNAends )% (* ’RACE

cDNA O£ EDuH %185 72D, SRACE R IX5RACE 2 LA F D@ D (21T - 72. TRPVZ,
3, 4 @ ¢DNA @ 3K¥#X Gene Racer 3’ adapter primer & AT OfEREA primer % H
Wiz PCRIEIZE VB, 20D, /u—="7, sequence IZ X VIEERFIZRE L.

18



Gene Racer 3’ adapter primer

5-GCTGTCAACGATACGATACGTAACG-3’ (Invitrogen)

Gene Racer 3' Nested primer

5-CGCTACGTAACGGCATGACAGTG-3 (Invitrogen)

Turtle TRPV2 specific-primer

5-GAAATAGAGAAGTCCTGGCTGTGG-3

Turtle TRPV2 specific-primer-2

5-CTGGTTACAGCAAGAGTGTCTGGAAGC-3

Turtle TRPV3 specific-primer

5-TCCAAAAGGTGATCTTACAGGATGTG -3’

Turtle TRPV3 specific-primer-2

5-GTTGTATACATCGTGTTTTTGCTGGG-3’

Grass lizard TRPV4 specific-primer

19



5-AGATTGAGAACCGCCACGAGATGCT-3

Snake TRPV4 specific-primer

5-GGACAGCAAGACCTTCAGCACCTTC-3

BF~ELy=~ED TRPVA O BERBOBEEEIIOREITKRO & 5124To 7. Total
RNA # T4 RNA ligase (New England Biolabs) % i\ > T GeneRacer RNA adapter 50
pmol (Invitrogen) & #4& L, ReverTra Ace (TOYOBO) & random primer % V> C¥i#xE
RS EATOEE 2 FE L 72 R), Gene Racer 5 adapter primer & LLT OFERFRHEY
primer Z A= PCRIRIZ L Y TRPV4 @ cDNA O 5 K2 &=, 20K, Fu—=27,

sequence I~ L D BERFNZREL .

Gene Racer 5’ adapter primer

5-CGACTGGAGCACGAGGACACTGA-3 (Invitrogen)

Gene Racer 3' Nested primer

5-GGACACTGACATGGACTGAAGGAGTA-3’ (Invitrogen)

Grass lizard TRPV4 specific-primer
5-GGCAGCTCACCGAAGTAGAAGTAG- 3

20



Snake TRPV4 specific-primer

5-CATCCTTGGGCTGGAAGAA -3

2.4. R

FHEBEMIZBIT B thermo TRP @ Lo3— 1 Y —j%, WHE, SEECHAEICBWTG6
T, AETIXTRPV1, 4 R O'TRPAL O 3 FEEA#4E ST\ 3 23(Saito et at., 2006),
TR BN TIHRETh oz, ZhETIE, TREEICHITS thermo TRP HRE 1 /i,
U=, bA5TTRPVL, U="1TRPMS8 ® cDNA O—FRDEFIH, ~t T TRPAl &
ROBERDHD. AWETHE, HA, ~E, FHZDDNAZAVT, RTPCRIZL D H
7212 thermo TRP T 5 TRPV?, 3, 4 DFEu S OREREZRLT-. FOBE, IADK
JED cDNA 7>5 TRPV2 2[[ET D Z &N TET=. E£fe, BAL~EDOEED cDNA 25
TRPV3 %, A, ~¥, MUF OO cDNA » 5 TRPV4A ZHzicET 52 LT
. KFETHZICRERSE TRPV2, 3, 4 L3 Cii#E Shiz TRPV1, TRPMS,
TRPA1 Of#H % & HES &, 6 BIEHD thermo TRP L/S— kU — %A LTWV3B Z &A%
ofe. TOZ b, TREELEAME, BHE, MAERL VMO REY L RROE
Exrd—1 A= ) —2RELTWAZ BB LN Lo, THEYIAEN OEA
F~E(LT 5B THES L TE TRPVZ, 3, TRPMS iR THEH & LIE AL
TWBZ LBSh o, BonlEFik, DDBI/GenBank/EMBL ~%& L1z, 727 &y

21



va b=k, 7 AD TRPV2: AB666086, 51 A D TRPV3: AB666087, 3 ~v~E®D
TRPV3: AB666088, X}~ ® TRPV4: AB666089, 1 ~~t® TRPV4: AB666090 T
»H5,

Wiz, KETHONESIZ AW TEERTZITo 7. BT8R primer 2 AV 2
RT'PCR EMID I u—=2'7", sequence DFERN L, KETIIN A D TRPV2 i TM6 ®
—E D CRMETD 126 7 I JBEFRE, > ~~EDTRPV3IX32 7 I JBERE, I X
@ TRPV3 ix TM5, 6, pore region #&¢e 218 7 I J BBFRE, ~Y, b7 TRPV4 jI&
BOT7 I JHESI868 7 X VEBEBREZRETHI LN TE . £z, I AD TRPAL i1 94
T BERE, ~~EDTRPA1IX69 7 2 /@ﬁg%ﬁ%ﬁ:"ﬁ‘é TEWTEE. ZThbd
TI/JBES L, TTOCHREOHHMBORINET 74 A ML, HBBEITEIToR.

B A D TRPV2ESDT T4 A2 MEFTORR, TM6 ERPDLA by Fa RUVETOC
KIFROR SHHAHLALRE THoLDIZHL, =7 b OZNFMOBEELY b 12
BEEWI LB ho T:(Fig.v 5).

G AD TRPV3 BEFIDT T4 AV MR OHER, —HMTEHL2PMOBOEEENAL
VEF & OREHERE W E 25, TERED TRPVS X TM5, 6, pore region 248 LT3
Lo Ebh5(Fig. 6). C-RIBEROR IIX, REEL=U M) CRLEESTHY, WL
BEiXs 7 IV BEEREN LB T.

HFA~ELYe~ETTRPVA DEEDOT I ) BESIZRETI LN TERE. Fig.7)
VRAE, AT AEEIC868 T I BBREThoT. TIA AV MORR, MOETRDL
h 3 PRD, TM, PL, TRP, CaMBD ¢ Wou FEREZHEEFL TWVD X 5 Tho(Fig.

22



8). oNBEEW LIFICL LRI THY, VT~ -~ EHOEFIFERMEX
96%, =V FURITIZ85%, b FHET84%, ~UAET83%, Ty FEIT83%, b=
METT9%THY, JEHED TRPVA XBE L HEERE W2 L B3 aho . MEEE
ZBIT % CRBERO BT ORE, =V MV OHR5 7 /) BREEL, v~Y, &
7 722 EONEHIE L WIE, FARIIR CR & CTho . NRRERO BT OfE R,
JEHIFDAIZREND—FHD GAP b -7, F2, 20O GAP B=U rJIZH BT
EBRHDY, FNTNS T IVBBREL 7T I VBEREDR 12 7 IV BERE, RREX
DHENZ ERGhoT.

I —EThH oMM, WA, e~ED TRPALEFIZZNEh 94, 30 7 3/ BELS
B ERHKE. T AV FORER, GAP ORBIXT 2 vV a U= ERL hOfEL —

BLTRY, B oW ThHEREREVERICH -7 (Fig. 9).

23



10 20 30 40 50 60 70 80
VU U DR N PR VDN PO IR RN NN FOTON FUDDN PN TR MU I
turtle_TRPV2  LIALMSETVINVSGYSKSVWKLGRAIAILEIEKSWLWCPRRRGRSGCFLSVSLDD—KKDMRWCFRVEE INWANWEKELG 78
chicken_TRPVZ LIALMSETVIDISGYSKSVWKLORAIAILEIEKAWLWRGGGKRRSGCLMSVGLN-—KKDERNCFRVEEIKWTSNAKEVG 77
human_TRPV2 ~ LIALMSETVNSVATDSWSIWKLOKAISVLEMENGYWWCR—KKQRAGVMLTVGTKPDGSPDERWCFRVEEVNNASWEQTLP 79
mouse TRPV2  LIALMSETVNSVATDSWSIWKLGKAISVLEMENGYWWCRRKRHRAGRLLKVGTKGDG ! PDERNCFRVEEVNWAANEKTLP 80
rat TRPV2 L TALMSETVNHVADNSHS IWKLGKA I SVLEMENGYWWCRRKKHREGRLLKVGTRGDGTPDERWCFRVEEVNWAAWEKTLP 80
frog_TRPV2 L IALMSETVSKISSESKSIWKLORAAT ILDIERF I PRF IRKKLKIGQW. TVGKSPDGNPDKRWCFRVEEMVWGSWEKDLA 80

TM®6 TRP
90 100 110 120 130 140
AU R TR PR DR R PR DI PO JUR IR IO A
turtie TRPV2  VIKEDPGNSRDLEIESLVKRVRDRMSRGOANAAAPEEQLPLOPLASDY———— 126
chicken_TRPV2 VLKEEPGNTNDLE INPEETRSRKQVPQKGLRSAVSEEQSLLOPELSATEMMPLKGQTRNL* 138
human_TRPV2 TLCEDPSGAGVPRT—LENPYLASPPKEDEDGASEENYVPVOLLOSN%————— 125
mouse TRPV2 TLSEDPSGAGITGY—KKNP——TSKPGKNSASEEDHL PLOVLOSH— ———n 122
rat TRPV2 TLSEDPSGPG I TGN—KKNP——T SKPGKNSASEEDHLPLQVLASP¢———-—— 122
frog_TRPV2 . NINEEP-GDTEKGK—LSSS——KKTPGKSALSEYTNLL 1QKH 117

Fig. 5. Comparison of amino acid sequences of TRPV2 from turtle with those of
other animals. Partial amino acid sequence of TRPV2 from turtle, which was
deduced from ¢DNA, was aligned with those of human, mouse, chicken, and frog. TM
and TRP indicate transmembrane regions and TRP domain, respectively. Numbers
shown on the right are amino acid positions for each sequence. Hyphens indicate
deletions made for maximal matching.
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10 20 30 40 50 60 70 80 90 100
SR RS PR PR AR U RS M PN POUU MU IR FUUUN R TURDE AU AU IO FUURE AR

humant TRPV3  7GMYSVRIQKVILHDVLKFLFVYIVFLLGFGVALASL IEKCPKDNKDCSSYGSFSDAVLELFKLTIGLGDLNIQONSKYPILFLFLLITYVILTFVLLIN 100
mouse TRPV3 2GMYSVMIQKV ILHDVLKFLFVYILFLLGFGVALASL IEKCSKDKKDCSSYGSFSDAVLEL FKLTIGLGDLNIQANSTYPILFLFLLITYVILTFVLLLN 100
rat TRPV3 7GMYSVMIQKV ILHDVLKFLFVY ILFLLGFGVALASL IEKCSKDKKDGSSYGSFSDAVLELFKLT 1GLGGLNIGANSTYPILFLFLLITYVILYFVLLLN 100
frog TRPV3 2G1YSVMIQKVILNDVLKFLFVYILFLLGFGVALASLLENGEDGEE——CQSLSTAILELFELT I GLRGLEMDKDPKYPVLFLFLLITFVILTFVLLLN 96
chicken_TRPV3 7G1YSVMIGKAILNDVIKFLVVYIVFLLGFGVALAAL IETCONGGE—CL SNSSLGPVLMDLFKLTLGLGDLEI0ONSKYPVLFLLLLITYVVLTFVLLLN 99
turtie TRPV3  7GMYSVMIQKVILODVIKFLVVYIVFLLGFGVAL AAL IETCPNDSK~CHSHSSLGAVI MELFKLT1GLGDLETORNSKYPVLFLLLE ITYVLLTFVLLLN 99
T™MS PL TM6
110 120 130 140 150 160 170 180 190 200
DS PSP RO FUUDE RN AUDUR DR PPN RN FORTR FON FUDUY AU FUDE SR IUDUN JPUN FUUDR RPN IR |
humant TRPV3  MLIALMGETVENVSKESERIWRLOR-ART ILEFEKML PEWLRSRFRMGEL CKVAEDD-FRLCLR INEVKWTENKTHVSFLNEDPGPVRRT-DFNKIQDSS 197
mouse TRPV3 ML IALNGETVENVSKESER IWRLOR-ART 1L EFEKMLPEWL RSRFRMGELCKVADED-FRLCLR INEVKWTEWKTHVSFLNEDPGP IRRTADLNKIQDSS 198
rat TRPV3 ML 1 ALMGE TAENVSKESER IWRLOR-ARTTLEFEKMLPEWLRSRFRMGEL CKVADED-FRLCLR INEVKWTEWKTHVSFLNEDPGPIRRTADSNK1QDSS 198
frog TRPV3 ML 1AL MGETVEK I SOESEH1WRLQORART ILEFEKSLPAWLQARFQL GESCTVSKGDNNRICLR INEVKNTEWNNHVTCIKEEPG——————— 181
chicken_TRPV3 MLIALMGETVEDISKESEHIWKLOR-ART 1L EFEKFLPKSLRKKFQLGERCKVAEND-TRVCLR INFVRWTEWKTHVSF INEDPGP-—-TDPSKVGDNS 193
turtie TRPV3  MLIALMGETVEN! SKESEﬂ%_ﬂ__&('):R—ARTILEFEKHLPKYLKKKFOLGELCKVAEND-TRVOLRINEVKWTEWKTHVSFINEDPGP*—TGYNRIODTS 193
210 220
AU VU D IR P

humant TRPV3  RNNSKTTLNAFEEVEEFPETSV* 220

mouse TRPV3 RSNSKTTLYAFDELDEFPETSV+ 221

rat TRPY3 RSNSKTTLYAFDELDEFPETSV* 221

frog TRPV3 181

chicken_TRPV3 RTNSKNTLNTFEETDDLPETSL#* 216

turtie TRPV3  RSNSKNTLDTFDEMDYLLETTVx 216

Fig. 6. Comparison of amino acid sequences of TRPV3 from turtle with those of

other animals. Partial amino acid sequence of TRPV3 from turtle, which was

deduced from cDNA, was aligned with those of human, mouse, chicken, and frog. TM,

PL, and TRP indicate transmembrane regions, pore region and TRP domain,

respectively. Numbers shown on the right are amino acid positions for each sequence.

Hyphens indicate deletions made for maximal matching.

25



lizard TRPV4
snake TRPV4
human TRFPV4
mouse IRPV4E
chicken TRPV4
frog TRPV4a

lizard YRPV4
snake TREV4
human IRPV4
mouse IRFV4
chicken IRPV4
£rog IRPV4a

lizard TRPV4
snake TREV4
human TRPV4
mouse TREV4A
chicken TRPV4
frog IRPV4a

lizard TRPV4
snake TRPV4
hupan zIRPV4
mouse TRPV4
chicken zTRPV4
frog TRPV4a

lizard TRPVA
spake TRPV4
human IRDPV4
mouse IRPV4
chicken TR®V4
frog TIRPVda

lizard TRPV4
snake TREV4
human TRFV4
mouse TRPV4
chicken TRPV4
frog TRPV4a

lizard TRPV4
snake TREV4
human IRPV4
mouss IRPVY
chickan TRPV4
Irog TRPVia

lizard TRPV4
snake TREPV4
human TREV4
mouse TREV4
chicken TRPV4
frog IRPV4a

lizard TRPV4
snake TRPV4
human TRPV4
mouse TRPV4E
chicken TRPV4
frog TRPV4a

MANLEDAAHASPSESTESPSEE-LSPONDSEFPLSSLANLFENEDG~~APAAERART PPGAGDGRONLRMKFHGAFRKGVENPMDLLESTIYESSVVSGPR
MANLEDAAHRSPSESTESPSEE - LSPQNDSEPLSSLANLFENEDG--APAREARRT PPGAGDGRONLRMRFEGAFRKGVEPNPMDLLESTIYESSVVEGER
MADSSEGPRAGPGEVAELPGDESGIPGGEAFPLSSLANLFEGEDGSLSPSPADASRPAGPGDGRPNLRMKFQGAFRKGVPNPIDLLESTLYESSVVPGPK
MADPGDGPRAAPGEVAEPPGDESGTSGGEAFPLSSLANLFEGEEGSSSLSPVDASRPAGPGDGRENLRMRFQGAFRKGVPHPIDLLESTRYESSVVPGER
MADPED-—---~PRDAGDVLGDD-=~~~~-STPLSSLANLFEVEDT -~ PSPAEPSRGPPGAGDGKONLRMKFHGAFRRGPPRPMELLESTIYESSVVRPAPK
MADPSHLLKHNASVDIDDSQGDDGSNHNDSFPLSSLANLFENEES -~ SAPNEGVRSPQVPGDNKQONLRIRFQGPFREGI SNPMDLLESTIVESS ~—-APK

KAPMDSLEDYGTYRHEHPSDNKRRRKK -ALERKPPSTKGPAPHPPPILKVFNRP ILFDIVSRGS TADLDGLLPFLLTERKRLTDEEFREP STGKTCLPKAL
KAPMDSLEDYGTYRHHPSDNKRRRKK -3 LEKKPPSTKGPRPHPPPILKVFNRPILEDIVSRGS TADLDGLLPFLLTHKKRLTDEEFREPSTGKTCLPKAL
RAPMDSLEDYGIYRHHSSDNKRWRKK~IIEKQRPQSPKAPAPQPPPILKVFNRPILFDIVSRGS TADLDGLLPFLLTHKKRLTDEEFREPSTGKTCLPKAL
KAPMDSLFDYGTYRHHPSDNKRWRRK-VVEKQPQS PRAPAPQPPPILKVENRP ILFDIVSRES TADLDGLYL S FLLTHKKRLTDEEFREP STGKTCLPKAL
EAPMDSLEDYGTYROH vszmm—vvnxme:xspummxvmImxvsnsspnm..emsmmmmmsrmum
EAPMDSLEGYEIYHHEPTENRRKREKILL] 3 -
PRD ARD1 ARD 2

LNLENGENDTIPFLLDIAEKTGS TREFINSPFRDVYYRGQTALRYATERRCKAYVELLVERGADVHAQARGRFFOPRKDEGGYFYFGELPLSLAACTROPH
INLRNGENDTYPFLLDIAEKTGS TREFINSPFRDVYYRGOTALH Y ATERRCKHYVELLVEKGADVHAQARGRFFQPKDEGGYFY FGELPLSLAACTINQP i
LNLSNERNDTIPVLLDIAERTGNMREFINSPFRD IYYRGQTALETATERRCRHYVELLVAQGADVHAQARGRFFQPKDEGGYFYPCELPLS LAACTNOPR

" LNLSNGREDTIPVLIDIAPRTGNMREFTNSPFRD IYYRGQT SLETATERRCKHYVELLVAQGADVHAQARGRFFQPKDEGGYEFYFGELPLSLAACTNQPH

Lm.SAGRNDTn>::I.I.Dmxmmmzmspmvmsommmcmvmvtxmvmmmomzmummm
ARD 3 Primer VF ARD 4
IVEYLTENARKQADLRRODSRGNTVLHALVATADNTRENTKFVTEMYDLLL IRCAKLFPDTNLEALLNNDGLSPLMMAAK TGET GAFQHY TRREIKDEDA
IVQYLTENAHKQADLRRQDSRGNTVLEALVAIADNYRERTKEVIEYYDLLL IKCAKLFPDTNLEALLNNDGLSPLMMAAKTGRY GMFQHEI TRREVEDEEA
IVNYLTENPHEKADMRRODSRENTVLEALVATADNTRENTKFVTKMYDLLL LKCARLFPDSNLEAVLNNDGL SPLMMAAK TGKY GVFQHITRREVIDEDT
IVNYLTENPHKRADMRRODSRGNTVLEALVATADNTRENTKEVTKMYDLLLLECSRLEPDSNLETVLNNDGL SPLMMAAKT GRIGVFQEITRREVIDEDT
IVEYLTENGHKOADLERQDSRGNTVLEALVATADNTRENTKFVTEMYDLLL IRCAKLFPDTHLEALLRNDGL SPLMMAAR TGKLGTFQETTRREIADEDV
IHYLIERABKKADIRRQP SRGNTVLEALVATADNTRENTRFVTKVYDLLY IKCVKLYPDS SLRAT FNND SMSEAMMAMKL GKIGIFORITRIRTKDFER
ARDS Primer VAR ARDE

RHLSRKFRDWAYGPVYSSLYDLSSLOTCGEEDSVLEI LY YN SKMENREEMLAVE PYNEL LRDFWRKEGAV S FYTSVVSYLCAMI IFTHVAYYRPLEGIPP
RELSRKERDWAYGPVYSSLYDLSSLDICGEEVSVLEILVYNSKIENRHEMLAVE P INE LLRDKWRKEGAVS FYLSVVSYLCAMVIFTLVAYYRPLEGTEP
RELSRRKFEDRAYGPVYSSLYDLSSLDICGEEASVLEILVYNSKIENREEMLAVE PINELLRDKRRKFGAVS FYINVVSYLCAMVIFTLIAYYQPLEGTPP
RELSRKFKDWAYGPVYSSLYDLSSLDICGEEVSVLEILVYNSKIENRHEMLAVE PINELLRDRWRKFGAVS FYINVVSYLCAMVIFTLIAYYQPLEGTEP
RELSRKFKDAAYGEVYSSLYDLSSLDICGEEVSVLEILVYNSKIENRAEMLAVE PINELLRDRWRKEGAVS PYISVVSYLCAMI TFTLIAY YRPMEGEPP
R:-:LsmmmemssL!DLsm.DIcGz-:ivsvm»:ILmsmnmmvzPINELLRDK&WGAvsmsmTMXLmAYMMGIPP

¥PYTTTTDYLRLAGEIVILFTGVLFFFTNIKDLFMRKCPGVNSEFIDGSFQLLYFIYSVLVLVAARLY LTGI BAYLAVMVFALVLGWNMNALYFTRGLKLT
YPYITTPDYLCLAGEIVILFTGVLEFFTNIRDLEMRKC PGVNSEFIDGSFQLLYFT YSVLVLVAAALYLAGT BAYLAVMVFALVLGWMNALYFTRGLKLT
YPYRTIVDYLRLAGEVITLFTGVLFFFTNIKDLFMKRCPGVNSLF IDGSFQLLYPTYSVLVIVSAALY LAGIEAYLAVMVFALVL.GRMNALYPTRGLKLT
YPYRITVDYLRLAGEVITLFTGVLFFFISIRDLETKKCPGVNSLFVDGSFQLLYFIYSYEVVVSAALYLAGIBAYLAVMVFALVLGWMNALYFTRGLKLT
YPYTITIDYLRLAGEIITLLTGILFFFSNIKDLEMKKC PGVNSEFIDGSFQLLYFIYSVEVIVIAGLYLGGVEAYLAVMVFALVLGWMNALYFTRGLKLT
YPYR’IMWWMLWCPMSLFIDGS‘WMW
™2 ™3
GTYSIMIQRILFEDLFRFLLVYVLFMIGYASALVSLLNPCPSSEACSEERSNCTAPAYPSCRDSKIFSNFLIDLFKLTIGMGDLEMIESAKYPGVEVILL
GTYSIMIQRILFRDLFRFLLVYVLFMIGYASALVSLINPCPSAE SCRGDHSNCTAPAYPSCRDSKTFSTFLLDLFKLTIGMCDLEMIERARYPGVEVILL
GTYSIMIQRILFRDLFRFLLVYLLFMIGYASALVSLLNPCANNKVCNEDQTNCTVPTY PSCRDSET PSTFLLDLFKLFIGMEDLEMLSS TRYPYVPITEL
6TYSIMIQRILFRDLFRFLLVYLLFMIGYASALVTLINPCINMEVCDEDQSNCT VPTY PACRDSETPSAPLLDLFKLT IGMEDLEML SSARYPVVFILLL
GTYSIMIQKILFKDLFRFLLVYLLFMIGYASALVSLLNPCPSSESCSEDHSNCTLPTY PSCRUSQTFSTPLIDIFKLTIGMEDLEMLESARYPGVFIILL
snrsIv.:.oxxdrxnmm.ugmmg.mmsuvsmpc;sozsczErssmcmzypscanssusxmmmmmnsmpAmmn
VIYITLTFVLLLNML IALMGE TVGOVSKESKQIWKLOWAT T ILDIERTF PV FVRKAFR S GEMVIVGKSLDGT PDRRHCERVDEVNHE BHNQNLGIINEDP
VIYIILTFVLLLNML IALMGE TVGOVSKESRKIWKLOWATT ILDIERSFPVEVRRAFRSGEMVIVGKSLDGAPDRRRCERVDEVNHS HUNQNLG IISEDP
VEYITLTRVLLLNML IALMGE TVGOVSKE SKE TWKLOWAT T ILDIERSF PV FLRRAFRSGEMVIVGKS SDGT PDRRACFRVNEVNHS EWNQNLE T INEDD
VIYIILTFVLLLNMLIALMGETVGOVSKESRHIWKLOWRT T ILDIERSF PVFLRKATRSGEMVIVGK S SDGT PDRRECEFRVDEVNRSEWNQNLGIINEDP
VEYIILTPVLLLNMLIALMGE TVGQVSKESKHIWRLOWAT T ILDIERSFPLELRRAFRS GEMVIVGKGTDGT PDRRWCFRVDEVNWS HWNONLGIISEDP
mmnmmmmmmxIvsovsxr:smuxmnurILDmRSFPvmmsszwwsmms:anwcmvnzmsmqmszmznp
™6 N
GKND‘IYQYXGFSHTVGRI.RRDRWS‘IVVPRVVB_,NKN—LQPDEVWPLDSMRSPMNEBKE’SYPQSWRKEDSHI‘ 868
GENDTYOYYGESHTVGRLRRDRWS TVVPRVVELNKN-SQPDEVVVPLDSMCSAGANABKPSYPHSWRKEDAQI + 868
GRNETYQYYGESHTVGRLRRDRWSSVVPRVVELNKN-SNPDEVVVPLDSMGNPRCDGHQOGYPREWRTDDAPL 871
GKSEIYQYYGESHTVERLRRDRWSSVVPRVVELNRN-SSADEVVVPLDNLGNPNCDGEQOGYAPKWRIDDAPLY 871
GRSDIYQYYGESHTVGRLRRDEWS TVVPRVVELNKS-CPTEDVVVPLGTMGTAEARERRHG: QTPSSPL* 852
GRNDGYQYYGF SQTVARIRRNAWSYVVERVVET. NKAPQRS DDVVVPLGNIPOVATY SQROENAONWKKDETHI $€8
CaMBD

Fig. 7. Comparison of amino acid sequences of TRPV4 from lizard and snake with
those of other animals. Entire amino acid sequences of TRPV4 from lizard and snake.
which were deduced from cDNA, were aligned with those of human, mouse, chicken.
and frog. PRD, TM, PL, TRP, ARD and CaMBD indicate proline rich domain,
transmembrane regions, pore region or pore loop, TRP domain, ankyrinrepeat domain
and calmodulin binding domains, respectively (Phelps et al., 2008; Everaerts et al.,
2010). Numbers shown on the right are amino acid positions for each sequence.
Hyphens indicate deletions made for maximal matching
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Fig. 8. Structure of the reptilian TRPV4.
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10 20 30 40 50 60 70 80 90 100
PR PN R DU N AU AN PO VO PN IO U PO A PO PUUIN RN FUDI NN IO
chicken_TRPA1 LHTNLEKKLPFWFLSRVDQES] TVYPNRPRYCGFMS-—VFQYCFGCEDST TDAGS———TDTTLELEVLKOKYRLKD ISTLLEKQHDL IKL I JGKME]
human_TRPA1  LHTSLEKKLPLWFLRKVDOKST I VYPNKPRSGGMLFH—1FCFLFCTGEIRQE IPN-————ADKSLEME I KQKYRLKDLTFLLEKGHEL IKL I 10KME]
mouse_TRPA1  LHTNLEKKLPLWYLRKVDQRST IVYPNRPRHGRMLR-—FFHYFLNMOETRGEVPN-———IDTCLEME ILKQKYRLKDLTSLLEKQHEL IKL T IGKMET
f1y_TRPA1 LHTELERKLPHVWLORVDKMEL I EYPNETKCKLGFCDF I LRKWFSNPF TEDSSMDV 1 SFDNNDDY INAEL ERGRRKLRD I SRMLEQQHHLVRL 1VOKME
zebra_TRPA1  LHTNLEERLPYWFMKRVDQVTIREYPNR-CFSGKKR-———WFFGGNEVKSRTRLGPTFHOL TPLEREL TKOKYRLKE I SETMEKGHNLLKL 1VGKME
Turtie_TRPAT  77HNLEKKLPYWFLSRVDQESI TVYPNRPRYCGFMS-—VFNYCFGYEDSVTDAQS-——ADTTLELE]LKOKYRLKDMSTELEKGHEL IKL I 1GKMET
Snake_TRPA1  —-SQPGKKLPYWFLSRVDOES!VVYPNRPRYCGFMT—VFGYCFGRDNTAADTQS-—-ADTTLELEVLKGKYRLKE:

110 120 130 140 150

[ FURR VNN PO FUDUN NV MR SUUUE R AU SO
chicken_TRPA1 VSEAEDENSNDLFQQKFRKRQ-1LEHRNSFASSIHLAAVIVENTDNRIHL SHVHVQS*
human_TRPA1 ISETEDDDSHCSFADRFKKEQ-MEQRNSRWNTVL RAVKAK THHLEP %~ e e——
mouse_TRPA1 1 SETEDEDNHCSFODRFKKER-1 EQMHSKWNFVLNAVKTKTHCS I SHPDF
fly_TRPA1 KTEADDVDEGI SPNELRSVYGLRSAGGNRWNSPRVRNKLRAAL SFNKSH~em—
zebra_TRPA1 SSEADEHDGPPVFQEL KEKIL L ———TKSKWGPLLRAVTARKKG 1 CSFGKT#——-—
Turtie_TRPA1  MSEA?
Snake_TRPA1

Fig. 9. Comparison of amino acid sequences of TRPAl from
turtle and snake with those of other animals. Partial amino acid
sequence of TRPA1 from turtle and snake, which was deduced
from cDNA, were aligned with those of human, mouse, chicken,
zebrafish and fruit fly. Numbers shown on the right are amino
acid positions for each sequence. Hyphens indicate deletions
made for maximal matching.
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2.5. EE

KEORKRND, CEED thermo TRP O L= —X6 2 ThH D, OV EEM &
FIE DB ERZEER HDL-> T B FRBENDL D Z L RR I .

IHFLE ORIV, TRPV1 © C-REERERKT S5 &, HEGRERIMET
T3 L0845 5T 5 (vlachova et al.,, 2003). 7, WAE CHEHREZH THS
TRPV1 L KRS O TRPM8 @ C-RMBHEREANEZ 5 LIRERZRb AL Eb oz
EWV LR H B Brauchi et al, 2006). T HDZ &hH, thermo TRPs DIREERZH
BRI C-RIBEIRPSEE TH D Z EAWRR SN TV 572, C-RIFERIC OV TERMICH
W Uve. 73 BEEHI% i L ik UG MAT 21T o iR, 0 A © TRPV2 0 C-Kif
OEIXIHAFEOREI L=, R THHLEBEZLNTVWAEEHEO=Y NV LY 127
LUBBREECC EAW LN E BT, BETELS LIRHED TRPV2 BB TI2L
WAL R U Cholln, WAHLFAROBERZH THDL I LBELX BN 5. TRPVS
CRBWTIE, REFEOES L BEOESIT C-RIFBEROREN—H LI &b, C-Ki
ERORESTEZ2 D &, ChEL BHO TRPVS OBRERZIHIIIZE—HTHB L TFHRS
N5, TRPVA IZBW\C, [RREOLT I BEFIZRE LR, homicRohs &
IRBEERAAL VERFLTEY (Fig. 8), oL OEFIHHREGIEFICE N L2 D,
JEH3ED TRPVA IO THE STV 3, REOMICBRBEC{LSEWE L & OZEK
L LCOMIEE R LT L EX bIG. £i, BETHH=D b LESIOMRMES
—FEL, WOTHAME, MAEEOI AV ThoTz. £, CEEBERORIIEZI=U Y
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L

@&57i/@%§ﬁ<,%@%ﬂﬁ,%ﬁﬁ,ﬁiﬁ%uﬁﬁbfmt OX%ﬁ&@
REOMHPHIX, RhEIIHASE MARLACREEERCHY, RENERIEE
HaRo oL bEZbis. TRPV4 ORBEZIREL 27-42°C L b T 5 23(Watanabe et
al., 2002), ZDRERZERICOVTUTEZTHRBZANEL, BRERZEHOHZT I/
BREALFLIILS o TRy, [ERETOFEMHLBEEEZRALZLICLY, 440D
BERZHREIC OV TORRAICRIISEEZONS.
éBK#ﬁfﬁ,ﬁ%@Tm%l$%Dﬁ%&§@dmA%ﬁkaNMRKiof%
BT B LAHEE. RBETR=VXIAERH T H I LY TRPAL OFERTT
WCHLNTIEWEDR, S§EF LN TRPAL ©F I/ BEINITEL, C-REOEE, EF
&%n$%&ﬁﬁﬁb%®b,ﬁfﬁ;éTM%l@ﬁ%mm&wtw,ﬁm%ﬁ%tm
FETHZ LBRHEKLE. 607 IV BERFIZREL, C-RFEFEHRSEROBER

&5 e, TRPALDE bR HMBITHERFARTHS.
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EIE
FHEEVIZ BT 5 thermo TRP DR BT

3.1 HRLEW

F 2 ETH AD TRPV?, 3, 4, TRPA1 O—fB, ¥ <~t® TRPV3, TRPAl O—f&
TRPV4 DEE, B F~ED TRPVADLEDT I ) BEFIZRETHZ LN TEZ, 73
J BRERANC X DS 61T, TR TS MOEYRE L SVHEREZFo TS Z &R
Shxole. L LR, n@ﬂiﬁw thermo TRP |3 ¥ DD 7 I ) BREIF| & ER TH 5D,
DEY, FERETFOERINIEEEY LEREMOLEDLLITE TS DN O W TR L,
Lo TIW2WED, TNERRDTEDIC, B 2ETH LN L RFMETT 5 HLE

BbHbB. T TCAETIRE 2ETHELNZESZ MOTHEESMOESI & & bICREMITT

BT LERAT.
3.2 ¥

MRHZ DWTIRE 2 EB2 R
3.3. FHiE

3.3.1. RNA#iHi, RT-PCR, PCRIEIZDOWTIIHE 2 ESR
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3.3.2. RIEMENT

REMITIZ MEGA 40 Y 7 b v = 7 (Tamura et al, 2007) % A v T,
minimum-evolution ¥ (ME; Rzhetsky and Nei, 1987)C{To/k. F—&_—Xic k%
blast & # & , v = 7 ¥ A4 I+ Ensembl Genome Browser

(http://asia.ensembl.orgfindex.htmDiZ T, & +F® TRPVs KU TRPA1 %7 =y —¢ LT

EITL.
34 BER

ARETIE, B2ETHELNEL AD TRPVY, 8,vv~E LI F~ED TRPV4 DELH| %
FIALCHOFREMZER L, & FELERNRT 21T o 7. RHHHE TPV1~4 © TM6 D
Kby b C-i’i’ﬁﬁ‘%@x My 7a RUETO1677 I/ BEEZHIA L TER L= (Fig. 10).
BT, Ye~E LT ~ED TRPVA @ 656 7 I ) BEEEHWT (I ~ED 141-796
ONLBIZYT25), TPV1~4 ORFEHEIER Li=(Fig. 11). WEOLTREMITIT, TU
NoA—7E LT, & b&=7U 2D TRPVS, 6 %%n%nﬁﬁu\f:. Fig. 10, 11 OFEEREN D,
TRPV 0% 777 I Y —i3ENEN TRPVL, 2,3, 4 DML L7 FAZ—%FR Lz, 7
¥ | 7 —70 TRP5, 6 1XEH, & 1 HEEN T T & Rt

TRPV2 ORMEFTORER, WA L=U FYBIT L—FEBKL, =V Y, F—F—,

P57 4 o FOERELMEBERER LD, I A D TRPV2 ORI EEOES| L+
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mouse TRPV4
rat TRPV4
human TRPV4

turkey TRPV4
100 = chicken TRPV4
frog TRPV4a

99

zebrafish TRPV4

frog TRPV1
9 r—-cnicken TRPW

92 human TRPV1

] ]
100 mouse TRPV1
99 =rat TRPV1
e f10g TRPV3
T1 i 100 JMmouse TRPV3
160 rat TRPV3
99
25 human TRPV3
F |4 Anole TRPV3
= furtie TRPV3
75 2ebra finchTRPV3
45
e °8 turkey TRPV3
98 Ichicken TRPV3

turtle TRPV2 |

= Zebra finch TRPV2

99 turkey TRPV2
‘ L chicken TRPV2
human TRPV2
99 —E mouse TRPV2
99 rat TRPV2
100 humanTRPVO
mouseTRPVS "

100 human TRPVS
100 Emouse TRPVG

99

02
Fig. 10. Phylogenetic tree constructed with vertebrate TRPVs. The tree was constructed with
amino acid sequence of TRPVs from various vertebrate, which contains the end of TM6 to stop
codon (167 residues). Each sequence was aligned for the same region, and used for the tree
construction by ME method (Rzhetsky et al., 1992). Bootstrap values were calculated from
1,000 replicates and indicated at the branches (>>50%). Genes that the amino acid sequences
were determined in this study are square.
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Fig. 11. Phylogenetic tree constructed with vertebrate TRPVs. The tree was constructed with amino acid sequence of TRPVs
from various vertebrate, which contains conserved domains including the ankyrin repeat and transmembrane domains (656
residues, corresponding to position from 141 to 796 in lizard TRPV4). Each sequence was aligned for the same region, and
used for the tree construction by ME method (Rzhetsky et al., 1892). Bootstrap values were caleulated from 1,000 replicates
and indicated at the branches (>>50%). Genes that the amino acid sequences were determined in this study are shaded.
Database accession numbers of the genes used for the tree construction are; human TRPV1: AJ277028, mouse TRPV1:
AB180097, rat TRPV1: AF029310, chicken TRPV1: AY072909, zebra finch TRPV1: XP_002195940, frog TRPV1 pre:
XM_002938256, human TRPV2: Af129112, mouse TRPV2: AB0216865, rat TRPV2: AF129113, chicken TRPV2: XM_415848,
turkey TRPV2 pre: ENSMGAT00000007327, zebra finch TRPV2: XP002195797, frog TRPV2 pre: ENSGALT00000012785,
human TRPV3: AJ487035, mouse TRPV3: AF5103186, rat TRPV3: AY325813, chicken TRPVS pre: ENSGALT00000007425,
turkey TRPV3 pre: ENSMGAT00000007547, zebra finch TRPV3: XP002195959, anole (green anole) TRPV3 pre:
ENSACAT00000001754, frog TRPV3 pre: XM_002938252, human TRPV4: AF263523, mouse TRPV4: AF263521, rat TRPV4:
AF263521, chicken TRPV4: AF261883, turkey TRPV4 pre: ENSMGATO00000007141, zebrafish TRPV4: DQ8568167, frog
TRPV4a pre: ENSXETT00000040300.human TRPV5: NM019841, mouse TRPV5: NM001007572, human TRPV6: NM018646,
mouse TRPV6: NM022413.
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84 Boa constrictor TRPA1

49 Python regius TRPA1
snake

95§

40

Crotalus atrox TRPAI1

Pantherophis obsoletus lindheimeri TRPAt |
chicken TRPA1

98

9

o

turtle TRPA1

frog TRPA1

human TRPA1

100

mouse TRPA1

z=brafish TRPA1a

zebrafish TRPA1b

fiy TRPA1

Fig. 12. Phylogenetic tree constructed with vertebrate TRPA1. The tree was constructed with
94 amino acid residue sequence of TRPA1 from various vertebrate.Each sequence was aligned
for the same region, and used for the tree construction by ME method (Rzbetsky et al., 1992).
Bootstrap values were calculated from 1,000 replicates and indicated at the branches (>50%).
Genes that the amino acid sequences were defermined in this study are square Database
accession numbers of the genes used for the tree construction are; human TRPA1: y10601,
chicken TRPA1 pre: XM_418294, mouse TRPA1: ay231177, zebrafish TRPA1: AY677196, fruit
fly TRPA1: ay302598, Boa TRPA1: GU562969, Python TRPA1: GU562969, Crotalus atrox
TRPA1: GU562967, Pantherophis obsoletus lindheimeri TRPA1: GU562966. Genes that the
amino acid sequences were determined in this study are square.
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ﬁﬁﬁ%m:aﬁ%mokmglm.ﬁﬁ,ﬁﬁﬁwmmwzkm%hkﬁ%fkézk
25, TRPV2 @ C-RIsFEROEINIIHAE & B - RBEOES & £ hiE EHREES
RBWZ e BHhoT. |

ﬂHV3b%ﬁ%ﬁ®%%,ﬁ%k?~5&~xﬁ%#6ﬁﬁym~FLkﬁu~y7
J—ARREFERLETY L—FEFKRL, =V L), ¥F—F%—, BT 774 FOEEN
71— REBBRL, TNEIMERERT28E L 2o/ (Fig. 10). IHIZBHE - R
B N—7 LILERHREEZTR L, TTARR BN TV AR L 2ol

TRPV4 OEREZ RV RRBHTORER, W ~v i vv~vdRbBEREL T/ A—Y
Y7L, =URNY « F—F%—0DREELI V- FERR L. £, WHLE L ITMEKEZ
A L7=(Fig. 11). TRPV4 © C-RRFEE CHHT L7 RFEH B Fig. 11 L RRIC AV F~F,
v%mewmmﬁﬁtﬁﬁw~ﬁyfbt@g1m.#ﬁf,MEﬁﬁw~7&@%ﬁﬁ
WEHRBEEBR L2 0 b, CREEERICBOTE, RAEXBE ik Wi
BSITHDZ L BahoTe.

TRPAL ORMAENTIL 94 7 2 VBBEEEZRA W Tok. ZTORE, AHETHE LY
A DEFIIFE CRBEONE LTI, BATHL=V P L7 L—F2RLE. &
72, AW~ AETY L— FEFBREL, ﬁ}l—:‘— U Y T A—7 L ik R LT (Fig.

12).

3.5. Eg
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AETIH, E2ETELNET I/ BESIE b L ICRRET 21T o7,

TRPV2 BT, B X CE 2 3 L EREO TRPV2 I EE CHASHILEL AL Tho
Tele®, WILEL RBORERSHETHS L FRENDN, KETOHAD TRPV2 OF
RN D1, WIE TR BETHB=U MY LETW D, BEERBOBRER
RBTHHLbTREND. £, TESWTDH HIEHED TRPV2 i3, FUEEEMHO
BN LY bES TIHIERBYOWLER Y, EIOHREME RSO BEEY Th
v, TEHEED TRPV2 iXERSMICEI T\ A EE 2 bhd. TRPVZ DREICHT 2 H %
DWTIFEERMBR CTh 5 AN%E L, BHED TRPVZ BAETEMEET 2h L Vo e E
BOBEICHT 2B 2HASEZ LA, TRPV2 ORERBRSZHEDMHRIIC R RIS L
£z bh5.

TRPV3 2B\ Tk, TEHEOES & BEOESIX C-RBFEROR SB—&KL, 73/
FRECS % IV e BT ORE RS B, TERIR L BEOMRME b E o2 2 &b, TRk
.7 BRI, CRBESOR S OWBMTOKEND, TRHNTH5RAHD
TRPV3 OBZEERSIIEREY CH5EED TRPV3 DREBRZRL IFE—HTHD
LFRBENSD.

TRPV4 2B\ T, Fig. 10, 1132 <=~Y, jaf«\ EORBERIL T FRF—%F
BLl. 72 /@ﬁaﬁuwﬁwﬁ%#ﬁb:@\: En, Vet I FAEIER CRERS
BHEPEELTVS LELDND, BhEO TRPVA OEEMEL S A PERICKT 3%
FHATORER, TREMHTHIRBFIIBRENOL TS 7 4 v=, HTA LY bIER
CEBMOEBELED LETWA D LS o, HILEICK VT TRPVA ORZIEER
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27-42CLEDLN TV SR, (Watanabe et al., 2002) % DR ERZEHEEIZ DWCITE P ARH
BRENEL, BERZHEODLLT I /B FAL VEZLLISho T, BRETO
EHEGBEZRNSZ 212k Y, SBROBEBEIBECOVWTOMIICRI>EEL LN
3.

TRPAL I8V T, T TRHRE SN TOB~E OIS Z AW RRITOREREND, &
AEBENRZ V—FEL, FTZHITAY, =V F~EPMEHELZIRT DR & ro Ty
HTlhb, WALHET D EAVIIRAEREITHD Z L B35h o 7 (Fig. 12).

RETIT o RMEMTORER, £2CO TRP BEFICBWNT, CREE BERI TR ¥
~%%&Lk£k#&,%ﬁ@%f%éﬂﬁﬁ@&mm&ﬂ?mﬁbﬁﬁﬁ%fbéﬁi
HIVSEESW THD BEICRLU L TWAZ B8 ahhofze. —FH T, WALED TRPAL
IHEIRBZERH D DI L, ~E' 0 TRPAL HBHHREZMENH 572 LR T 2 IRER

AETIRER> TS, EHIFELD TRPAL DIRERSZIBRMERON, ~COHRE SR

L DORIEOWVWTIEAHTH L5, RN LIEE~COESIPHERENTHEZ b, IAD

TRPA1 ORERZEIIEE L BECMOEREMELU TS L TRTE SR, R

Y DR OB ICRKIEL , SROFESLEND R THS.
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w4E
Thermo TRP #1{=F D3R ENHR DT

5 3 BEORBMATOREN D, AR THLNIZEFIT2 TBEMOD thermo TRP & 7 /v
—Er 7 L L hb, BEE Y EEIED thermo TRP & v/ & BEET 3 = & Rk,
L L7225, thermo TRPs IHRE ¥ —& LT ORI T, v R{IEFWEIC
X VBT 5728, T€hH thermo TRP AT S RBEE Y — ¢ LTOEHX 2 - T
WHENIED L ZATRHTHS.

Thermo TRPs IXRE ¥ —& L TEICHEOREHER CREARRLND Z L BHH
2T 5 (Patapoutian et al., 2003). £ZC, KETIXEEZIXLH LT 15880
BIEBAET, BEMOME L kT 5 2 L CEHE thermo TRP A& 1 7/ DR HEE T
HLEHEHME L, B2ETHELNEEBEETEAVT, MR bR Lz RNA ikt
LCHERRR %17V, PCRICX > CREMN &1T- 7.

—JF, BB OPC, WARE, REERB X OHALAEO—HMOMBIIAZTOEIRITH LT
ARREVOBERETHE LD LAMONTNS. LHLERD, BRERBEOEKICRK
LCTRER V2 X BIREORZHIIENT D00, Vol fIl oV TOREFIIR
27,

TRPV4 IFIEERETH Y, BERMBOMICBEE, FHHEEFICI > THEMEMLL,
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EHILRBEERETIHEL DD EELDNTVA. ZDL 512 TRPV4 IHIELS FHEL,
Bex 2BE&E L C0510, KIRFICBITIEROEERLOCELZBEL I —
T—A—ThHDHLEIBND. ZITRETELXRPOLF~CEHWT TRPV4A OFH,
BT EITH 2 & C, ARPICBITAREICHTIRIEEZFARDLZ L2HBE Lz, i,
RICERP NS &TE, KRICHT DRIGBROD, LRICHTIRIGRONHTHD
DIZ, ABMRERE T CHE LEERS FRICRT T2 2 & T, KRR ELIRRE

D BRI BT o 72,

4.2 #Hl

MEHIRBMBITICIIE 2 E L FRO b 0 Ve LIRIFIC T 52 BREBROMAHTITIL,
WELZBAEDOII~EERAWT, @FREBoz bo—, ABMIICERSLE T CHE
Ltﬁw,%Eﬁ%®30®7w—7hﬁﬁfin6%%wk.A%%Kﬁﬁﬂﬂ%ﬁo
B, REROI T AR LHEEBELER VWIS —VIIAR, BEREKOR
%5%(%%?4&%@8@K%§Lt.:@ﬁﬁ@ﬁﬁ7ﬂmﬁok.§ﬁﬁwwowf
%, ETRELEDOS—VT 11 AETHAREL2RAEIRETICBVWTRRTHE L. €
D%, BHT 8CIKHEBELL. ARIX1L1ATO»L4ALAETCORBIZ4 7y AMTH
%. &HRIE, Grenot(2000) & Michaelidis(2002) 5 D#iE%#BEIC LT, EEOE & BE
LS 2%, MEREL RS, BRVERRBIZA-TNS, LW Z LIV HEREZT
o7,
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4.3. ik

FEBURHTIZILE 2 B L RO FFIEE AWz, KR Z1T - 2 8E, LRPO@EELIC
R R, RN AR T LI total RNA ZHhtH U, W#F RIS L Y cDNA 2414,
BAR TR RA primer Z VW2 PCRIZ X W BHENT 21T o -(F 2 EBM). = br—
ELTmRNADRT T A > FREC 1T 2 M o8 EAEF BE & o %27 © WAC (Xu et
al., 2002) L ML BHEBIE ¥ L /X D—DThH 5 B- T = i#faT+? CTNNB1(Kraus et
al., 1994) % F\ 7z,

ZMRFOMEEIZONTIE, HBLARICA>TND 1 A~2 AT 3 kL, HERED 3

HTFAIZ 2l ikEZh2hfd LT RNA 28t L, EBRiCHW-(Fig. 13).

Depth of hibernation
s 4
\ F,
\ II
\\ Pre- _l
. N hibern ¥ .
Hlbernaugn ation Iﬁbernatlon
S ]
b active

1 2 3 4 5 6 7 8 9 10 11 12 month

AAA

Fig. 13. Schematic representation of the hibernation. April to October
are active periods, November is pre-hibernation period, late November
to late March, reptiles enter hibernation . Arrows indicate the depth of
hibernation. Triangles indicate date of sampling.
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5. FER

(D) RBET

A AR S TRPV2 ORBFFTORER, B, &, M, ik, HECTORIIELESH
7=(Fig. 14). THITHABE THRE SN TV A8 L TIER T % — 2 Th Y (Caterina et
al., 1999; Patapoutian et al., 2003), FEI/NF — LN X B LHAFLRALEHEZ 2L OH0
ThoriEzbhbd.

B AL~ EBT 5 TRPVS ORBMEITORER, B, &, HECTOARIAIMEES
hiz(Fig. 15). WABETIIE, KE, RKHEHRE, HERCORAPHEShTEBY, 12E
—FHLTW3BZ &S h o 7-(Smith et al., 2003; Patapoutian et al., 2003).

TRPV4 ZRBWT, T A, w~t, BT~ THRBEMFNE LER, B &, O
fii, FFNR, FRPSMER, BB LA TR TCOMBCRABR LN (Fig. 16-A). %7, X
HF 4 7Tz bra—i b LT, without template, £ &, U > K7 ® ¢DNA % v T TRPV4
@ primer T PCR £1To72 & Z A, HIERR LA 572 (Fig. 16-B). ATV TH
JEL RRENER EN TV 5 7= D (Watanabe et al., 2002; Patapoutian et al.,, 2003;),
TRPV4 bR L AHROBEEHLTCNBLELLNRD.

TRPA1 %7 A TRV CHRBEMRNT LIokER, W, &, M, HiRERk KECREIER
SN (Fig. 17). WALEICBW T, HER, REHR, NE, BE THEN o =23 (Story
eum2m$Pm@meenm2m$,Wﬁ%mﬁfw%ﬁwﬁ%wm&VuTmmui
BEUAOIEHE THEMRAT I LV OIBRERH LD, BEE Y-S OBExE2Z
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turtle

Fig. 14. Expression of TRPV2 mRNA in different tissues/organs turtle.
Total RNAs from each tissuelorgan was subjected to RT-PCR using
TRPV2 -specific primers and the products were run on agarose gel (see
MATERIALS AND METHODS). Control experiments were done using
primers for WAC mRNA,
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turtle

shake

Fig. 15. Expression of TRPV3 mRNA in different tissues/organs in snake
and turtle. Total RNAs from each tissue/organ was subjected to RT-PCR
using TRPV3 -specific primers and the products were run on agarose gel (see
MATERIALS AND METHODS). Control experiments were done using
primers for WAC mRNA.
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TRPV4

" WAC

TRPV4

snake —
" WAC

Fig.16. Expression of TRPV4 mRNA in different tissues/organs in lizard, snake, and
turtle. (A) Expression of TRPV4 in lizard, snake and turtle. Total RNAs from each
tissue/organ was subjected to RT-PCR using TRPV4 -specific primers and the
products were run on agarose gel (see MATERIALS AND METHODS). Control
experiments were done using primers for WAC mRNA. (B) Specificity of the TRPV4
primers. Total RNAs from rice ( Oryza sativa) and gentian (Gentiana triflora) plants
were used as templates for RT-PCR as in (A). Rice and gentian RNAs were negative

controls, showing specificity of the primer.
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turtle

Fig. 17. Expression of TRPA1 mRNA in different tissues/organs in turtle. Total
RNAs from each tissue/organ was subjected to RT-PCR using TRPA1 -
specific primers and the products were run on agarose gel (see MATERIALS
AND METHODS). Control experiments were done using primers for WAC
mRNA.
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TRPV4
WAC

CTNNB1

TRPV4
WAC
CTNNB1

TRPV4 #1

TRPV4 #2
WAC #1

CTNNB1 #1

| WAC#2
CTNNB1 #2

TRPV4 #1
TRPV4 #2
. wAC#

CTNNB1 #1

Fig. 18. Cold- and hibernation-related alternation of TRPV4 expression in different
tissues/organs in the lizard. Expression of the mRNA was analyzed as in Fig. 3. (A) non-
hybernating (control). (B) exposed at 8°C for 48h. (C) mid-hibernation (at the stage about 2
months after entering hibernation). (D) late hibernation (at about 4 months after entering
hibernation). TRPV4 #1 and #2 in (C) and (D) indicate results from different animals under
the same condition. WAC and CTNINB1 mRNAs were used as controls.
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NHODEETIToTWNWEEEZLND.

AETIE, WL TO thermo TRPs 1, HELBETHREATHZ LB Sholz.
BREZBS L CEHORRFAHCEERBEO—OTHD. £k, KEIMKREZEZ
TODIRGLEEREETHY, MELEBBIT5 thermo TRPs OB O, NTEHIE
® thermo TRPs IXRERZHESHDL o TWBE EFRTH I EBHES. bz, @A
72£&T®O thermo TRPs IZETHLREANBEINTZ. ZOZ Ldb, RBEIIEFTHHEIC

HEZBRZLTND I EBGhoaT.

(2) AEFRFCRIT 5 RBLER

ERABEZTo @K L, KREFEOMEEIZIBWVT TRPV4 ORBBT 21T o 7-. KB
HEKD TRPV4 ix =2 v b r— L OEEFg. 18-~ TE & HRARICIS W THRERN
ﬁ?bfwk@gj&m.:ybu—wtbfmwtwma(HMMH%&%KowTM
E2TOMBTREAN—ETHY, KBOEEIXZILAERWZ EBGhoTz.
AREERCBNTE, 1 ATHOXEND 2 P AR 7Y 7 U<, g
BB %< £TOMMET TRPV4L OFRBHBET LT z(Fig. 18-C). 3 A TAHDLERMND 4
‘kﬂﬁ,%@EW@@%KBme,%,bﬁ,ﬂﬁ;&%ﬁ%ﬁﬁﬁ%én,%,%,
£5HERE T TRPV4 OFEBPETF LT 2(Fig. 18-D). KIEFIZBWCixE TOHRK CF
W, RETTRPVA BERLTCHBEZEennhote. —JF, B, &, LI M, FHREk
EV O MOBE CRIARFIIE LS REANMET T2 809 hote. 20, 1 ATH
DELABIZA>TWBEEE, 3 A TADEEREOEEORRL KR LEZLZAS, 3
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ATAOEKIN, DIECOBRRBEL L TND I LBAP T,
=y bm—Ak LA WAC, CINNBLIBETFIZ OV CHATORM CRES—E

ThHY, LREOFEIIIIL ARV LBy,

(VFEBEHT

TRPV2 ORI OFE R, WILEREED A D TRPV2 A FRLTWBZ LB 0o
7=, WEYLIEICIS T D TRPV2 13 52°CLL EDRBVEREE ORIRE CIEME LT 5 Z & Bah-o
TWBT), BalIRBEELZ BT A -DICRARERTER L TWADTIRRNNEE
2bhd. LrL, BECEBESIRVERTHRERL VDY), IhbHOEKTIIAR
Eeg—L LTTERL, Ho@EizLlTtunsdebExbhs. |

TRPV3 ORBFENT ORER, M, &, KECTERESERILE. b MW T, TRPV3
BN—TFDO—BTHBEAVLHT ) DRI THBHNNT O —VEEMRH D T L BEhoT
V5 Xuetal., 2006). JTEHFHD TRPVS IZETHEEL TVDH I LB oTNDH. AHFZE
THLNERED TRPVE ©OF X ) BEFNI—HTH D), IANT n—VBZED
HBFALVERBLTOIDEFAATHEH, EHICTRPVIO7 I ) BESIZREL,
HNANNRT O —VBSNED S D B AL OFERyPIUE, TERERF VY ) ORERLS
ZERHED LB L. B, REIRERZCEERBE THLD, M, BECE
FAREBENDIX, TEHIED TRPVS id thermo TRP & L TOMEEEZF > Wb LEZ BN
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3.

TRPV4 iZFAN2 £ TOMB T X ¥ ARRBENER SN, 2O ki, WHLER
BT 8% L b—87 5 (Watanabe et al., 2002; Patapoutian et al., 2003). TRPV4 {32
BEIZE ZBZEEND, BRTOEABENVIEBHLNERSoTWVWAY, KHIETIRE
JBTORBUIR TERI -T2, REED TRPV4 REFERZHIZ OV TIERAT
HB. WABTHEIIVVIETHIIINA, AHETHH UL, =R I T~ET
DEEBR—BLTWH®, VoBZBWUIERINTHIWARWVWL 00, ERESLEKT
REPER INTLEZDND.

TRPA1 ORBFEFTORER, B, &, KB CTOREAPHER SN, WAFED TRPAL 134
IAXR=U = DS TH D allicin BRMERH D Z LB TND Z & HH(Story
et al,, 2003);- €D TRPV3 07 X /) BEFIZFAID LT, F<2X¥, == 0¥
D ERCONDPBRALNLRDEEZDNS. EDIZ, ~ETiX TRPAL I¥y b
BE L TN AR E BB TORBEBHEE S TR Y (Gracheva et al., 2010), =
DHRER~EHEEDOLOTHS. Eic, WD TRPAL X ITCUTOHRBBRZIHTHD
#3~E'D TRPAL i 27°C-37CL EOBBHECIEHELT B & 1> 5 84 b b ) (Gracheva et
al., 2010), ~ D TRPAL I FLIIC N CHBRRBREZ R o TV D 2 LB o TN D,
Aﬁuﬂwwﬂﬁ%bbﬂ?ék@ﬁﬁ&ﬁi&é%ﬁ-@%ﬁﬁﬁﬁ%%ofméwf
RV EEZ BRI, A, A, ~CHEEICERS b SR 2T o e

DEBEOEMMBEEFTNDL LN, SROPFRCRIOLEZOND.
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QAR T 2R BER

AED RT-PCR OFERM» O, RBFHIZEB T, LIRICELY TRPVA ORBEPMET LT
Linb, TRPVA OFBEILRICED av bu— LS8R TWBE I ERShotz. LIRED
BEEICRN T, TR B TORREARAEON, M, &, Ok M, HRESgcoRR
R TE R o7z, 2 b VOBEEL A TRESIHIIND LWIH LI RER
DAoL, ZORBAOWHENL, XRICLVFIEEIIND 0, KRIZXIVBEEZSH
BODERRDLERD B KIC, KRNI E1T - T AEKIC BV TRBBT 21T o iR,
%@%Wﬁﬁﬁ@%ﬁﬁﬁ?bk:k#&,ﬁmﬁmTﬁmmmﬁwTMW4®%ﬁMﬂ
HENDERICHHZ EBgholk. Tk, BEICLVHREBOBEPET TS0
WFslahizeBEABNS. £, B, &, O M TR RECBOYToORBIE=
Pa—nOEELIZERC LI REBR LAV THY, ZhbOEBRICRBN T ExF X
RREESHERSNE. ABHAERRE T TR, LEEO L 5 RBROE TR LR
Sleteh, KIREFZEIT 5 TRPV4 OBBOBETIFLARIC L VISR I I HDOTHY,
ALY TRPVA OFBIT= > br— A ERTWBH EEILND.

TRPV4 BAREFEOETOBEROKE CHEEAL QNI &b, REEHEIARTEED
HCRECRETBAL NS I L RS ok, RRENAENORET 5D OER L
LC, TEOBENRERIN T3 (Grenot et al., 2000). LN LREETA7-DIIEEIC
B CHEEZEZ L TR bWz, TRPV4A ORETORIIILAEND ORI
LNBERARTHDEELZOND. £z, TRPV4A BERERVV—0fucd, HREEE
BiEr Ly, KEONYT7T—LLTOBELDHDZ LHBAP-oTNDS. ZETD TRPV4
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ORBIILRYIE T, EERRERICBIT3HARENOBRTZEDENIZLEEXL
ha.

Bz, RO TOEEOIIETHHICREAL AL, LRPOMAECE RITM
ROV a—RBEE ERIE, HEEEZED TS Z L8552 TV 5 (Storey 2006).
g 2N X —REOBELRBED—2OTHH B0, TRPV4 Bz T
DI REXNF—RWCELYDOHL LI RBELLTHHD02E LN ETRER
5.

1 A FAORWAIRRIRIC S S EAK L 3 A ORBERIEO@EADRER S — T, e
DB CORBUCERSHERETE 5. REEEOBEE TN DIRICBWTREARROND
—F T, BOLRRBOEETIRABR LR, IR L2 X 518, RITEER KRN
HOICEERBEO—DOTH Y, LRIXEERICANT TRA ICHEBIRERIZR>TVWHDT,

IOLDHBTOREBNPEEL T AHEAEILHD EELOND.
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AHFET, Pz €HEEDO TRPVS, 3,4 #RAEL, CHEOBEEY H—1 R~k Y —
PO EEHD EFFEOLDEFELTVWARZ EEHOMC L. WHIE, B, mamd
[FEkIZ, 6 FEFED thermo TRP »3fEsE X 417=. Thermo TRPs ORFMNT OFEER, TRPVZ,
3, 4 KBV CJEHIHD thermo TRP IZBJEHD thermo TRP & 7 T A Z —% B LIz 2 & H»
b, BREYW CHIRAEOREY L —XR CEESYORAEL Y b, EESMOE
BFORE® T —ELBTWAZERALIERD, RREL BEIXE U & 5 RIBERZE
BTHHZENTREND. ZhE, REEIREBRHLFERCER THS LW I BEFEORKE
R L IFE— B L RRBERTHY, RALFELRWERTHDLEEZDND. &
7=, TRPV2 O C-RIRFESDOMATI D, BIEO TRPV2 DOREEBRSZHEENHILEL IR,
STWBAREENRH B Z R TR I . BEIZBITS TRPV2 Oy F7 5 kR E
12 & 5 EEOFRMGIRERIEDS TRPV2 ORERZHEEOMIAICK I Bbhd.

TRPV3 iZ, W¥LEHD TRPVS 1% 30°CLL_EDRHHR CIEMALT % D12kt L(Smith et al,
2002), A D=V AH T LD TRPV3 ICBW T, 1TCOBKIRIR TEELT 272 88
Wz o THEEGT DIREN R D L 2 W23 H % (Saito et al,, 201173, AHFFE TILE
B TRPVS O C- KSR OBFIRNT & BB ORERSP DIXT O X 5 e RITRET
ZliETERPoT.

AR CIEERED < ~E L I TFT~ED TRPV4A OLEDT I /) BESNEZRET S
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Z LRk, TRPV4 21X, ZOXEHEETHD TM, pore region, TRP domain Dt
WINRSIZIZZ 7 FHEERZR> 6 2D ARD 8H 0, HF— ARD 0¥ < I
proline-rich-domain (PRD)%& A T\ %. PRD [ZHIMEIR & > {7 HTHh 5 PACSINS
LHEERER S LMo T (Dhoedt et al., 2008). TRPV4 @ C Kiizi,
TRPV4 O Ca2+HETEHITEMEALIZEE 4% calmodulin binding domain (CaMBD)33% % Z
& B34y Hro TV B(Strotmann et al., 2003). $£7-, IP3receptor (2 » THEMENFH &
TV 5 (Fernandes et al., 2008). TEfED TRPVA iz b 2t b DEE F A A LRI &
WD), BERYY—¢ LTETORRLT, HILEO TRPVA Wik Zih b 0
ELALTWSEEZDLNS.

TRPA1 DRKIATOREE, RICICRE TH BN A L~ERTN—F T HDTITRL,
AL BERIN TN LMERBEZERT DL WVIFRERoT. BALAED
TRPAL i3 &R 5 BZRECHAARBESE X DD, TICAWEASEN DI
FOXIBRRICR-TEHEZONS. I A LB D TRPAL 2R % AWV TCRERIT
2175, ¥, W AD TRPAl OBEZRELFHATHIZLiZLY, :@ﬁ:ﬂ%liﬁ@ﬂ%%é &
Bbhs. ¥, BELRACIEEERHD Z L Ba»-TEY, TRPV1, TRPVZ,
TRPAL XEERENEZARCEET S L0 L EbhL T\ 5(8k 2004; 2008). & bHiT,
TRPVS, 4 3K ED 7 7 F MR TRET D7D &:BZE@A U7 —REEZ L OBEEE DR
1B &N T 5(Imura et al., 2007; Sokabe 2010). EHEED TRPs ZAB5Z LIk > T,
Fie IpREREZE L Vo RPN RS B~OEBRbAIE LS.

REBITOREEN D, REFEDL2TO thermo TRPs IHE CREALHRINL. ZD
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Z e, JEsEEO TRP FAEu A LREELF—E LTHOTVWAZ LERBLTVS.
£z, FICBOTHETO thermo TRPs OFEBFABR L. ~E - b IFEHIIEICES.
HLTEAWEZBMLTHE Wb TV AR, IBRELRRICEA L CHB Z EXShol.

ZIRFF DA F~EIZBWT, TRPV4A ORFDK TR Sz, LIREWVWI FA 7Y
£ 7 T B R E BRI L B L —RE T DRSS E CERERITRS, AT
BB THD. BHOXRBEOERFNRFISE LT, REPELIETTHZLPBH6
T3 (Herbert et al., 1985; Storey, 2006). Fff % k< TRPV4 ORHRDOE T ILRH D
ETFIZLEDb0THDb LV

— AR B Y, RO —RREOE LU EF(Storey et al.,
1993; Voituron et al., 2002)=°, protein kinaseiZ X % 5872 & 5381 51 TV 5 33(Storey,
2006), thermo TRP & Db Y OWMEFNIZRL, Y OfER AN =X A CARPOTRPVA
DOREBIHBITOA TV EMIFHTH 5 AR TIILRO~—H— L LTHPESF
N?ﬁﬁ%hfhé@m&mﬁ&J%w.$H%ﬁ,%&:@l5kﬁyﬂ7émmﬁﬁ

BWTERRTD L vol, EHRIMBICKESERT S L 2HFT5.
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ZHE

AT ER D DB HIR E T2 RBRET CAFELTBY, BB ABRUE V-
TATENR®, 3BT, BB Vo AERPHRIGC LY EHERBRERECHEGLTWS. 20
L RBECHTARNMIRERSSBICIVE SN HOTHY, ZhiclET 8K
DRE & ¥ —#EF TRP (Transient Receptor Potential) 3% 4 DAMRE T ST
W5, L L2eds, ThoDZIEREBMOLOTHY, BREW TH S EHE D
W DBFFEEHE D TR,

T, AR T, {HREW L EESDORERZIEBEORNERA L DI, FR
BHORBEENDL INE TREE THoTRP 248 - FIE L, ZTOBEEZHLNICT
B EbI, ZORMENLS L CRABIEL M LT, TRP b RIEREM 0L X
Uﬂﬁpmmmﬁéﬁﬁmﬁﬁ5%%%Komf%§?é:k%ﬁ%kLk.%ﬁﬁ%@

AT CIE, 2 E TR0 LB WAIRBI COLEENIC DWW THIZER LT-.

WrZest st & U< 74 I I H A(Trachemys scripta elegans), <~ (Elaphe
quadrivirgata), =7 J1F~¥(Takydromus tachydromoideds i\ T=. Zih b D
RNA 25 cDNAZERL, ThETHEINL TV H MBI O TRP OHFEER
FImbRELEBE TS TA~—%2HAVWTPCR21To7. TORR, AHR
THHTTRP Y7 7 v —7® TRPVZ, 3,4 BIXUTRPALZREEL, v~ V),
HFF~EDTRPVARZ DV TIE cDNADEBREEIB LT ZALLHEES L
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HETI/VBEINERELE. Ye~EBIOV T~ TRPVA DT I ) BRI,
OB O TRPVA B U CHET DI AL V2T RTREL TR Y, BE0HEEl
WP ORERSZMEL bOLEX NI

KIZ, AFFECTHRE L= TRP OF I/ BEFIZ OB TRP L i L, Rz
minimum-evolution HCHERE Liz. =0 X 5 72MRH 05, KR Th 2 IEhED TRP
EMOEESM THOIHMAER L Y bIERBMW THIEBHEOZTNTER TH D Z Eibho
o, £, FACRBETHIA LAYEIRFM LTI FAF—EFR LRV 0D, &
N 2 OO RR DIBEBRZEE L OWRENTR I, ThOOBEND, &
BETH s EHE bi'fE?EﬁJJ% E A CIEERSZRE L ORRENRR I .

£z, REHRBOMFTNOKROZ EHBHBA L. TRPVL, 3, 4 5 L ' TRPAImRNA 0
RBOMRG BEHRELH, &, Of, M, IR, %%ﬁﬁ%i(ﬁ&%“@%ﬁ L& Z 5,
mRNA ORI X o TRB Y —Vidkip > Tz, TRPVA mRNA W~ 72~ T oM
R BE CTREL TV, fitdo mRNA OFEBRITHER BEICL o TER > TV, K,
EERBIUCFNRERZCEERBE TH D, TR LB TIT < To TRP mRNA 7
KB LW, Zhb ORI, TRPVL, 3, 4 BXUNTRPAL BIEHETHIRE RV P —
L LTHBEL TS TR R LT

éam,ﬁ%m@@%ﬁ%ﬁ@TMW4@%ﬁ%§m%,@ﬁ%ﬁ;ﬁ%ﬁ%@%f%
Rz, BOER, KBRPITIIEBER TXTOREE T TRPV4A ORBEI IR S TVS
T LBy h ol ZRERN 4 » A OARFEELCIX, #fH Tz TRPVA OFREHH,
OER X OFIRCEE LTz, LRECTHLEBEO TRPV4 IMEEMCRBL WA L
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NG, REEZ LB URIBERS, KRFAGIC TRPVAREE L TWAZ ERTHRINE.
PLE, KB 4 EEORBE TRP Z2RELTCENLOT I JEBRRFIZA LT L.

F7, B FA~EOLARITBY D TRPV4A ORBEEE 2T L, 20 TRP BAREHIBIT S

BB DORERZICEH N TWAHREEER L. ThbOFRITERERDDTTHS.
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ABFREZITOWCHEY, BBRIZREL TCTSoAFREREAMBELE A T
T A TS v F— DRI O DEILE L BT E T

AHRICEE R EEZ HFATT S LBEFRERFRMBELGAAAZT 0 T 4 TH
G F — DORBHERICL I DEHLEBE L EiTET.
AEETORREEATT S LBEFRERBFIMNBEA AT 70T 4 T
B F—O ERNERCES#LEHE LT ET.

o, WRCELEERBELTHWEEE AL 3T A = AHEFHmOEE KK, 5487
REFEFROPE ERKRIZ, ZOHEE0 TE<ELEZS L ETET.
%ﬁﬁ%@ﬁ%,ﬁ*,%ﬁwi%ﬁTéwibtm% BERIESHLEZH L LT
9.
%&K,%%%@béﬁ%kb,%k&ﬁfi%ﬁ?éwibt§%ﬂ4i7uy%4

THREVF—DORAZ vy 7 DOER, ¥R, REOHRICEIEHZLET.

59



BE IR

Andersson DA, Chase HW, Bevan S (2004) TRPMS activation by menthol, icilin, and cold

is differentially modulated by intracellular pH. J Neurosci. 24:5364-9

Brauchi S, Orta G, Salazar M, Rosenmann E, Latorre R (2006) A hot-sensing
cold receptor: C-terminal domain determines thermosensation in transient
receptor potential channels. J Neuroseci 26: 4835-4840
Caterina MdJ, Schumacher MA, Tominaga M, Rosen TA, Levine JD, Julius D (1997)
The capsaicin receptor: a heat-activated ion channel in the pain pathway.
Nature 389: 816-824
Caterina MJ, Rosen TA, Tominaga M, Brake AJ, Julius D (1999) A capsaicin-receptor
homologue with a high threshold for noxious heat. Nature 398: 436441
Caterina MJ, Leffler A, Malmberg AB, Martin WJ, Trafton J, Petersen-Zeitz KR (2000)
Impaired nociception and pain sensation in mice lacking the capsaicin
receptor. Science. 288: 306-313
Chomczynski.P, Sacchi N (1987) Single-step method of RNA isolation by acid
guanidinium thiocyanate-phenol-chloroform extraction. Anal Biochem 162:
156-159
Damann N, Voets T, Nilius B (2008) TRPs in our senses. Curr Biol : CB 18: 880-889
D'hoedt D, Owsianik G, Prenen J, Cuajungeco MP, Grimm C, Heller S, Voets T,

60



Nilius B (2008) Stimulué-speciﬁc modulation of the cation channel TRPV4
by PACSIN 3. J Biol Chem 283:6272-6280
Everaerts W, Nilius B, Owsianik G (2010) The vallinoid transient receptor potential
channel Trpv4: from structure to disease. Prog Biophys Mol Biol 103: 2-17
Fernandes J, Lorenzo IM, Andrade YN, Garcia-Elias A, Serra SA,
Fernandez-Fernandez JM, Valverde MA (2008) TIP3 sensitizes TRPV4
channel to the mechano- and osmotransducing messenger
b'-6"-epoxyeicosatrienoic acid. J Cell Biol 181:143-155
Gracheva EO, Ingolia NT, Kelly YM, Cordero-Morales JF, Hollopeter G, Chesler AT,
Sanchez EE, Perez JC, Weissman JS, Julius D (2010) Molecular basis of
infrared detection by snakes. Nature 464: 1006-1011
Grenot CJ, Garcin L, Dao J, Herold J, Fahys B, Tsere-Pages H (2000) How does the
European common lizard, Lacerta vivipara, survive the cold of winter?
Comp Biochem Physiol A Mol Integr Physiol 127: 71-80
Herbert C V, Jackson D C (1985) Temperature effe(;ts on theresponse to prolonged
submergence in the turtle Chrysemys picta bellii. II1. Metabolic rate, blood
acid—base and ibnic changes, and cardiovascular function in aerated and
anoxie water, Physiol. Zool. 58: 670-681
Hong ST, Bang S, Hyun S, Kang J, Jeong K, Paik D, Chung J, Kim J.(2008) cAMP
signalling in mushroom bodies modulates temperature preference

61



behaviour in Drosophila. Nature 454(7205):771-5
Huang J, Zhang X, McNaughton PA (2006) Modulation of temperature-sensitive TRP

channels. Semin Cell Dev Biol 17:638-645

Imura K, Yoshioka T, Hikita I, Tsukahara K, Hirasawa T, Higashino K, Gahara Y,
Arimura A, Sakata T(2007) Influence of TRPV3 mutation on hair growth

“cycle in mice. Biochem Biophys Res Commun. 363(3) ‘479-83

Iwabe N, Hara Y, Kumazawa Y, Shibamoto K, Saito Y, Miyata T, Katoh K (2005) Sister
group relationship of turtles to the bird-crocodilian clade revealed by nuclear
DNA-coded proteins. Mol Biol Evol 22: 810-813

Jung C, Fandos C, Lorenzo IM, Plata C, Fernandes J, Gené GG, Vazquez E, Valverde
MA (2009). The progesterone receptor regulates the expression of TRPV4

channel. Pflugers Arch 459:105-13
Kondo N, Kondo J (1992) Identification of Novel Blood Proteins Specific for
Mammalian Hibernation. Bio Chem 5: 473-478
Kraus C, Liehr T, Hulsken J, Behrens J, Birchmeier W, Grzeschik KH, Ballhausen WG
(1994) Localization of the human beta-catenin gene (CTNNB1) to 3p21: a
region implicated in tumor development. Genomics 23: 272-274
Liedtke W, Choe Y, Marti-Renom MA, Bell AM, Denis CS, Sali A, Hudspeth AJ,

Friedman JM, Heller S (2000) Vanilloid receptor-related osmotically

62 ’



activated channel (VR-OAC), a candidate vertebrate osmoreceptor. Cell
103:525-535
McKemy DD, Neuhausser WM, Julius D (2002) Identification of a cold receptor reveals

a general role for TRP channels in thermosensation. Nature 416: 52-58,

Michaelidis B, Loumbourdis NS, Kapaki E (2002) Analysis of monoamines, adenosine
and GABA in tissues of the land snail Helix Tucorum and lizard Agama
stellio stellio during hibernation. J Exp Biol 205: 1135-1143
Montell C (2003) Thermosensation: hot findings make TRPNs very cool. Current
biology 13: R476-478
Patapoutian A, Peier AM, Story GM, Viswanath V (2003) ThermoTRP channels and
beyond: mechanisms of temperature sensation. Nat Rev Neurosci 4: 529-539
Phelps, C.B., Huang, R.J., Lishko, é.V., Wang, R.R., Gaudet, R (2008) Structural
analyses of the ankyrin repeat domain of TRPV6 and related TRPV ion
channels. Biochemistry 47: 2476-2484
Rzhetsky A, Nei M (1992) A Simple Method for Estimating and Testing
Minimum-Evolution Trees. Mol Biol Evol 9: 945-967
Saito S and Ryuzo Shingai (2006) Evolution of thermoTRP ion channel homologs in
vertebrates. Phisiological genomics 22:219-230
Saito S, Fukuta N, Shingai R, Tominaga M (2011) Evolution of Vertebrate Transient

63.



Receptor Potential Vanilloid 3 Channels: Opposite Temperature Sensitivity
between Mammals and Western Clawed Frogs. Plos Genet 7: 1002041
Seebacher F (1999) Behavioural postures and the rate of body temperature change in
wild freshwater crocodiles, Crocodylus johnstoni. Physiol Biochem Zool :
72:57-63
Seebacher F, Murray SA (2007) Transient receptor potgntial ion channels control
thermoregulatory behaviour in reptiles. PloS ONE 2: e281
Smith GD, Gunthorpe MdJ, Kelsell RE, Hayes PD, Reilly P, Facer P, Wright JE,
dermank JC, Walhin JP, Ooi L, Egerton J, Charles KJ, Smart D, Randall
AD, Anand P, Davis JB (2002) TRPV3 is a temperature-sensitive vanilloid
receptor-like protein. Nature 418: 186-190
Shibasaki K, Murayama N, Ono K, Ishizaki Y, Tominaga M(2010) TRPV2 enhances
axon outgrowth through its activation by membrane stretch in developing
sensory and motor neurons. J Neurosei 13:4601-12
Sokabe T, Tominaga M (2010) The TRPV4 cation channel: A molecule linking skin
temperature and barrier function. Commun Integr Bioll 3:619-621
Sokabe T, Fukumi-Tominaga T, Yonemura S, Mizuno A, Tominaga M (2010) The
- TRPV4 channel contributes to intercellular junction formation in
keratinocytes. J Biol Chem 285: 18749-18758
Story GM, Peier AM, Reeve AJ, Eid SR, Mosbacher J, Hricik TR, Earley Td, Hergarden

64



AC, Andersson DA, Hwang SW, McIntyre P, Jegla T, Bevan S, Patapoutian
A (2003) ANKTM1, a TRP-like channel expressed in nociceptive neurons, is
activated by cold temperatures. Cell 112: 819-829
Storey K B, Layne J R, Cutwa M M, Churchill T A, Storey J M (1993) Freezing survival
‘and metabolism of box turtles, 7errapene carolina, Copeia 1993: 628-634.
Storey K.B. (2006) Reptile freeze tolerance: metabolism and gene expression.
Cryobiology 52, 1-16
Strotmann R, Schultz G, Plant TD (2003) Ca2+-dependent potentiation of the
nonselective cation channel TRPV4 is mediated by a Cterminal calmodulin
binding site. J Biol Chem 278:26541-26549
EAEZEQOVDREZTEDL FHHE—TRP F % X NVIBE Y ¥ ——. Folia Pharmacol.
Jon. 124: 219-227
Bk EZE(2006) TRP channels and nociception Folia Pharmacol. Jpn. 127(3) 128-132
Tamura K, Dudley J, Nei M, Kumar S (2007) MEGA4: Molecular Evolutionary
Genetics Analysis (MEGA) software version 4.0. Mol Biol Evol 24: 1596-1599
Thompson JD, Higgins DG, Gibson TJ (1994) CLUSTAL W: improving the sensitivity
of progressive multiple sequence alignment through sequence weighting,
position-speciﬁc gap penalties and weight matrix choice. Nucleic Acids Res
22: 4673-4680
Venkatachalam K, Montell C (2007) Trp Channels. Annu Rev Biochem 76:387-417

65



Vlachova V, Teisinger J, Susankova K, Lyfenko A, Ettrich R(2003)Functional role of
C-terminal cytoplasmic tail of rat vanilloid receptor 1. J Neurosci 23:
1340-1350

Voets T, Talavera K, Owsianik G, Nilius B (2005) Sensing with TRP channels. Nat

Chem Biol 1: 85-92

Voituron Y, Storey J M, Grenot C, Storey K B (2002) Freezingsurvival, body ice content
and blood composition of thefreeze tolerant European common lizard,
Lacerta vivipara, J.Comp. Physiol. B 172: 71-76
Vriens J, Owsianik G, Voets T, Droogmans G, Nilius B (2004) Invertebrate TRP
proteins as functional models for mammalian channels. Pflugers Arch 449:
213-226
Vriens J, Owsianik G, Janssens A, Voets T, Nilius B (2007)Determinants of 4
alpha-phorbol sensitivity in transmembranedomains 3 and 4 of the cation
channel TRPV4. J Biol Chem 282:12796-12803
Xu GM, Arnaout MA (2002) WAC, a novel WW domain-containing adapter with a
coiled-coil region, is colocalized with splicing factor SC35. Genomics 79:
87-94
Xu H, Ramsey IS, Kotecha SA, Moran MM, Chong JA, Lawson D, Ge P, Lilly J,
Silos-Santiago I, Xie Y, DiStefano PS, Curtis R, Clapham DE(2002)

66



TRPV3 is a calcium-permeable temperature-sensitive cation channel.
Nature 418: 181-186

Xu H, Delling M, Jun JC, Clapham DE (2006) Oregano, thyme and clove-derived
ﬂavoré and skin sensitizers activate specific TRP channels. Nat Neurostci.
9(5):628-35

Watanabe H, Vriens J, Suh SH, Benham CD, Droogmans G, Nilius B (2002)
Heat-evoked activation of TRPV4 channels in a HEK293 cell expression
system and in native mouse aorta endothelial cells. J Bio/ Chem 277

4704447051

67



0154.R1

First
proof

ZOOLOGICAL SCIENCE 29: 000000 (2012)

Stamp

© 2012 Zoological Society of Japan

Structure and Hibernation-associated Expression of the Transient
Receptor Potential Vanilloid 4 Channel (TRPV4) mRNA in the

Japanese Grass Lizard (Takydromus tachydromoides)

Kazuya Nagai', Yasushi Saitoh', Shigeru Saito?!, and Ken-ichi Tsutsumi'*

1United Graduate School of Agricultural Sciences, lwate University, Morioka, Iwate 020-8550, and
2Faculty of Engineering, Iwate University, Morioka, Iwate 020-8550, Japan

Animals possess systems for sensing environmental temperature using temperature-sensitive ion
channels called transient receptor potential channels (TRPs). Various TRPs have been identified
and characteérized in mammals. However, those of ectotherms, such as reptiles, are less well stud-
ied. Here, we identify the V subfamily of TRP (TRPV) in two reptile species: Japanese grass lizard
(Takydromus tachydromoides) and Japanese four-lined ratsnake (Efaphe quadrivirgaia). Phyloge-
netic analysis of TRPVs indicated that ectothermic reptilian TRPVs are more similar to those of
endothermic chicken and mammals, than to other ectotherms, such as frog and fish. Expression
analysis of TRPV4 mRNA in the lizard showed that its expression in tissues and organs is specif-
ically controlled in cold environments and hibernation. The mRNA was ubiquitously expressed in
seven tissues/organs examined. Both cold-treatment and hibernation lowered TRPV4 expression,
but in a tissue/organ-specific manner. Cold-treatment reduced TRPV4 expression in tongue and
muscle, while in hibernation it was reduced more widely in brain, tongue, heart, lung, and muscle.
Interestingly, however, levels of TRPV4 mRNA in the skin remained unaffected after entering hiber-
nation and cold-treatment, implying that TRPV4 in the skin may act as an environmental tempera-
ture sensor throughout the reptilian life cycle, including hibernation. This is the first report, to our

knowledge, to describe reptilian TRPV4 in relation to hibernation.

Key words: hibernation, cold response, TRP, temperature sensing, reptile

INTRODUCTION

Animals experience various environmental conditions
such as changing temperature, requiring adaptation at both
.behavioral and physiological levels. One such mechanism
involves temperature-sensitive channels called transient
receptor potential (TRP) ion channels. Various TRPs have
been identified in animals, and these are categorized into
several subfamilies, including TRPV (vanilloid), TRPM
(melastatin), and TRPA (ankyrin) (Patapoutian et al., 2003;
Vriens et al., 2004; Voets et al., 2005). Thermo-sensitive
TRPs (called thermo TRPs) are expressed in the sensory
organs and peripheral nervous system, and are invoived in
sensing temperature, as well as light, atmospheric pressure,
and several chemical stimuli (Voets et al., 2005; Damann et
al., 2008).

Although animal TRPs have been studied extensively,
information concerning to reptilian TRPs is scarce. Reptiles
are ectothermic animals, which cannot autonormously regu-
late their body temperature. Instead, they regulate it by
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Fax :+81-19-621-6242;
E-mail: kentsu@iwate-u.ac.jp
t Present address: Division of Cell Signaling, Okazaki Institute for
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using environmental energy and behavioral adaptations,
such as basking (Seebacher, 1999). Therefore, the physio-
logical roles of reptilian TRPs differ from those of endother-
mic animals, though ectothermic reptiles are reported to be
closer to endothermic avians than {o ectothermic amphibi-
ans (lwabe et al., 2005). In these respects, reptilian thermo
TRPs are particularly interesting from the evolutionary per-
spective. In addition, temperature sensing of reptilian TRPs
might differ from other animals. For example, mammalian
TRPA1 senses low temperature, whereas the snake
orthologs senses higher temperature (Gracheva et al,
2010). Moreover, since reptiles are hibernating animals,
they might be a suitable model to investigate how hiberna-
tion regulates TRPs, or vice versa.

Our study aimed to know the function of TRPs in body
temperature control and in hibernation in ectothermic rep-
tiles. For this purpose, we focused on TRPV4, as it is a non-
selective cation channel involved in sensing temperature,
osmotic and chemical stimuli, and in control of skin temper-
ature and barrier formation (Damann et al., 2008; Sokabe
and Tominaga, 2010), all of which might concern to the
events in hibernation. As an initial step, we report cDNA
sequences encoding lizard and snake TRPV4 orthologs,
and show_ phylogenetic relationship of TRPs in animals. In
addition, we demonstrate, for the first time, that expression
of TRPV4 is conirolled in a tissue/organ-specific manner
under hibernation status.
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MATERIALS AND METHODS

Animals

The Japanese grass lizard (Takydromus tachydromoides), the
Japanese four-lined snake (Elaphe quadrivirgata), and red-eared
slider (Trachemys scripta elegans) used in this study were captured
from the fields in lwate Prefecture, Japan. The specimens were
bred at 25°C in the laboratory.

Cold-treatment and induction of hibernation of lizards

Cold-treatment and induction of hibernation of lizards were car-
ried out in a cage with soil and falien ieaves therein. Cold-treatment
was carried out using wild lizards captured in July (early summer).
The lizards were placed at 8°C for 48 h in the dark without feeding,
except water. For induction of hibernation, lizards were fed ad
libitumn at room temperature in the laboratory until prehibernai
period (November). Then, the animals were kept at 8°C in the dark,
as for the cold-treatment described above. With this treatment,
hibernation started at late November and lasted for about four
months. Hibernation was characterized by a state of inactivity, no
interactions among individuals, and lowered breathing, as described
by Grenot et al. (2000) and Michaelidis et al. (2002).

RNA preparation, cDNA synthesis, and expression analysis

Total RNA was extracted from various tissues of the bred spec-
imens, using the acid guanidinium thiocyanate—-phenol-chloroform
method (Chomczynski and Sacchi, 1987), and treated with DNase
to eliminate contaminated genomic DNA. To generate first-strand
cDNA, 1 pug total RNA was reverse transcribed with oligo (dT)is
primer using ReverTra Ace reverse transcriptase (Toyobo, Osaka,
Japan). The cDNA was amplified by PCR with the gene-specific
primer sets listed in Table 1 (their positions are shown in Fig. 1).
These primers were designed from highly conserved regions of the
cognate genes so far reported for animals. The forward and reverse
primers sandwiched the intron region, to distinguish the products
from genomic DNA. Thermal cycling was conducted as follows:
denaturing at 94°C for 5 min followed by 35 cycles of 95°C for
10.sec, 60°C (TRPV4 and CTNNB1, primer set 1 and 3, respec-
tively) or 57°C (WAC, primer set 2) for 30 sec, and 72°C for 30 sec.
The products were separated by 2% agarose gel electrophoresis
and visualized by ethidium bromide staining. WAC (WW domain
containing adaptor with coiled-coil; Xu and Armaout, 2002) and
CTNNBH1 (catenin beta 1; Kraus et al., 1994) were used as control
mRNAs for expression analysis.

3’- and 5’RACE

Fuli-length cDNA was obtained by 3'- and 5’ RACE as follows.
The 3'-terminal end of TRPV4 cDNA was obtained by PCR using
GeneRacer 3 adapter-specific primer (5-GCTGTCAACGATACGC-
TACGTAACG-3’, Invitrogen, CA, USA) and the gene-specific prim-
ers (5-AGATTGAGAACCGCCACGAGATGCT-3 for lizard, and 5'-

Table 1. Primer sets used in this study.

Primer Target Primer® Nucleotide sequence (5' to 3% Product size
set (bp)
1 TRPV4  V4F CTTCTTCCAGCCCAAGGATG 299

V4R GTCTTGGCAGCCATCATGAG
2 WAC®  wacF TGCATCACCTCTCTTCTGTAAT 271
wacR CTGCGGATGATTGGTCTGA
3 CTNNB1? cinF GAGTTGGATATGGCCATGGA 279
cinR.  GATGGRATYTGCATKCCYTCATC
a) F: forward primer, R: reverse primer
- GorAorT,Y:CorT,V:GorAorC,W:AorT,K:GorT,R: AorG.
© WAC: WW domain containing adaptor with coiled-coil (Xu et al., 2002).
9 CTNNB1: catenin (cadherin-associated protein) beta 1 (Kraus et al.,
1994).

GGACAGCAAGACCTTCAGCACCTTC-3' for snake). The 5-end
sequences were determined as follows; the GeneRacer RNA
adapter (50 pmol, Invitrogen, CA, USA) was ligated to total RNA
(10 ug) with T4 RNA ligase (New England Biolabs), followed by
reverse transcription using ReverTra Ace reverse transcriptase
(TOYOBO) and random primers. Amplification was done using
GeneRacer 5 adapter-specific primer (Invitrogen, CA, USA) and the
gene-specific primers (lizard: 5-GGCAGCTCACCGAAGTAGAAG-
TAG-3', snake: 5'-CATCCTTGGGCTGGAAGAA-3’).

Sequencing and phylogenetic analysis

Nucleotide sequencing was carried out using an 8-capillary
3500 Genetic Analyzer (Applied Biosystems). Muitiple sequence
alignment was performed using CLUSTAL W (Thompson et al.,
1994). Phylogenetic relationships among the chosen sequences
were constructed by minimum-evolution methods (ME; Rzhetsky
and Nei, 1987), using MEGA 4 software (Tamura et al., 2007).
Nucleotide sequence data are available in the DDBJ/EMBL/
GenBank Database under the accession numbers ABG666086,
AB666087, AB666088, AB666089, and AB666090.

RESULTS AND DISCUSSION

Isolation of reptilian TRPV4 cDNAs and deduced amino
acid sequences

As an initial step to investigate structure and function of
TRPVs in reptiles, we isolated TRPV4 cDNAs from the
Japanese grass lizard (Takydromus tachydromoides) and
the Japanese four-lined snake (Elaphe quadrivirgata), as
described in Materials and Methods. Both the deduced
TRPV4 proteins comprised 868 amino acids. Alignment of
these TRPV4s with those of other tetrapods revealed high
homology (Fig. 1). Homology between lizard and snake,
chicken, human, mouse, rat and frog were 96%, 85%, 84%,
84%, 83% and 79%, respectively. Lizard and snake TRPV4
showed highest similarity to the chicken TRPV4, but differed
in that the latter had deletions of 5 and 7 amino acids at N-
terminal region and deletion of five amino acids near C-
terminus (Fig. 1). Those reptilian TRPV4s had all the struc-
tural and functional domains conserved in other TRPs, such
as ankyrin repeat (ANK), proline-rich domain (PRD), trans-
membrane (TM), pore region or pore loop (PL), TRP
domains, and calmodulin binding domains (CaMBD)
(Venkatachalam and Montell, 2007; Phelps et al., 2008;
Everaerts et al., 2010).

Phylogenetic analysis

To better understand genetic relationships of TRPVs of
reptiles and of other animals, phylogenetic tree was con-
structed by ME methods using amino acid sequences of
TRPVs (Fig. 2). As shown in the figure, TRPV subfamilies
TRPV1, TRPV2, TRPV3, and TRPV4 formed independent
clusters. Each subfamily clustered into a clade formed with
different animals employed here. TRPV5 and TRPV6 are
more divergent; they formed clades that are distant from

~ other TRPVs.

TRPV4 from lizard and snake grouped together and
clustered with birds (chicken and turkey), but located as a
different clade from frog and fish. Similar tree can be con-
structed using partial amino acid sequences including those
of TRPV2 and TRPV3 from other reptile (turtle, Trachemys
scripta elegans) (DDBJ/EMBL/GenBank accession nos.
AB666086 and AB666087, data not shown). Thus, for all
TRPVs analyzed here, reptiles (lizard, snake, and turtle)
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Fig. 1. Comparison of amino acid sequences of TRPV4 from lizard and snake with those of other animals. Full-length amino acid sequences
of TRPV4 from lizard and snake, which were deduced from cDNA, were aligned with those of human, mouse, chicken, and frog. PRD, TM, PL,
TRP, ARD and CaMBD indicate proline-rich domain, transmembrane regions, pore region or pore loop, TRP domain, ankyrin-repeat domain
and calmodulin binding domains, respectively (Phelps et al., 2008; Everaerts et al., 2010). Numbers shown on the right are amino acid posi-
tions for each sequence. Hyphens indicate deletions made for maximal matching. Positions and orientations that correspond to nucleotide
sequences designed for PCR primers (V4F and V4R, see also Table 1 for nuclectide sequences) were indicated by arrows.

located close to chicken in the tree.

Reptiles, frog, and zebrafish are ectothermic animals.
Interestingly, however, the tree in Fig. 2 showed that reptil-
ian TRPV sequences are more closely related to endother-
mic chicken than to ectothermic frog and fish. Frog and
zebrafish formed clades separate from reptiles, chicken and

mammals.

Expression of TRPV4 mRNA is ubiquitous among tis-
sues/organs but is altered during hibernation
Levels of TRPV mRNAs in the lizard tissues/organs

-were examined by RT-PCR using total RNA prepared from
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Fig. 2. Phylogenetic tree constructed with vertebrate TRPVs. The
tree was constructed using amino acid sequences of TRPVs from var-
ious vertebrates, which contain conserved domains including the
ankyrin repeat and transmembrane domains (656 residues, corre-
sponding to position from 141 to 796 in lizard TRPV4). Each sequence
was aligned for the same region, and used for the tree construction by
ME method (Rzhetsky et al., 1992). Bootstrap values were calculated
from 1,000 replicates and indicated at the branches (> 50%). Genes
that the amino acid sequences were determined in this study are
shaded. Database accession numbers of the genes used for the tree
construction are; ‘human TRPV1: AJ277028, mouse TRPV1:
AB180097, rat TRPV1: AF029310, chicken TRPV1: AY072909, zebra
finch TRPV1: XP_002195940, frog TRPV1 pre: XM_0029382586,
human TRPV2: Af129112, mouse TRPV2: AB021665, rat TRPV2:
AF129113, chicken TRPV2: XM_415848, turkey TRPV2 pre:
ENSMGAT00000007327, zebra finch TRPV2: XP002195797, frog
TRPV2 pre: ENSGALT00000012785, human TRPV3: AJ487035,
mouse TRPV3: AF510316, rat TRPV3: AY325813, chicken TRPV3
pre: ENSGALTO00000007425, turkey TRPV3 pre:
ENSMGAT00000007547, zebra finch TRPV3: XP002195959, anole
(green anole) TRPV3 pre: ENSACAT00000001754, frog TRPV3 pre:
XM 002938252, human TRPV4: AF263523, mouse TRPV4:
AF263521, rat TRPV4: AF263521, chicken TRPV4: AF261883, turkey
TRPV4 pre: ENSMGAT00000007141, zebrafish TRPV4: DQ858167,
frog TRPV4a pre: ENSXETT00000040300 human TRPV5:
NMO019841, mouse TRPV5! NMO001007572, human TRPV6:
NMO18646, mouse TRPVG: NM022413,

brain, tongue, heart, lung, liver, muscle and skin. The cog-
nate mRNAs in the shake and turtle were also detected by
RT-PCR using the primer set for lizard TRPV4 (Table 1).
The primers for lizard worked for snake and turtle, as con-
firmed by sequencing the PCR products and by RT-PCR
using unrelated templates (plant RNAs, Fig. 3B). For control
experiments, WAC mRNA was analyzed in parallel. As
shown in Fig. 3A, TRPV4 mRNA was ubiquitously
expressed in all tissues/organs examined in the lizard,
snake, and turtle, though it was less abundant in skeletal
muscle in snake.

We next examined whether cold-treatment and hiberna-
tion alter expression of the TRPV4 mRNA in lizards. Cold
treatment of the lizards was carried out at 8°C for 48 h, and
RNAs were extracted from various tissues/organs. In this
experiment, two mRNAs (WAC and CTNNB1) were included
as controls, in order to firmly show equal recovery of RNA
and to show their constant expression. Interestingly, cold
treatment altered the mRNA expression in a tissue/organ-
specific manner. Expression of TRPV4 mRNA was reduced
in tongue and muscle (Fig. 4B), as compared to control liz-
ard (Fig. 4A), while the control mMRNAs (WAC and CTNNB1)
remained almost unaffected in all tissues/organs.

Hibernation also affected expression of TRPV4 mRNA.
In the lizards at two months after entering hibernation (late
January), the expression was reduced in all tissues/organs,
except for skin and, with less apparent, liver (Fig. 4C). At
four months after entering hibernation (just prior to emer-
gence from hibernation), expression of TRPV4 mBNA was
restored in the heart and brain (Fig. 4D). These results were
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Fig. 3. Expression of TRPV4 mRNA in different tissues/organs in
> lizard, snake, and turtle. (A) Expression of TRPV4 in lizard, snake

and turtle. Total RNAs from each tissue/organ was subjected to RT-
PCR using TRPV4 -specific primers and the products were run on
agarose gel (see Materials and Methods). Control experiments were
done using primers for WAC mRNA. (B) Specificity of the TRPV4
primers. Total RNAs from rice {Oryza sativa) and gentian (Gentiana
triflora) plants were used as templates for RT-PCR as in (A). Rice
and gentian RNAs were used as negative controls, showing speci-

ficity of the primer.



TRPV4 and Hibernation in Lizard 5
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CTNNB1 #1
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TRPV4 #2

#1
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Fig. 4. Cold- and hibernation-related alternation of TRPV4 expres-
sion in different tissues/organs in the lizard. Expression of the
mRNA was analyzed as in Fig. 3. (A) non-hybernating (control). (B)
exposed at 8°C for 48 h. (C) mid-hibernation (at the stage about 2
months after entering hibermnation). (D) late hibernation (at about 4
months after entering hibernation). TRPV4 #1 and #2 in (C) and (D)
indicate results from different animals under the same condition.
WAC and CTNNB1 mRNAs were used as controls.

reproducible for different individuals. Thus, expression of
TRPV4 mRNA in the skin remains unchanged after entering
hibernation, while the expression significantly decreased in
other tissues/organs. The TRPV4 levels in the heart and
brain restore later during the course of hibernation.

To date, the full amino acid sequence of reptilian TRPVs
have been unknown; only partial sequences have been
reported for TRPV1 and TRPMS8 from lizard and crocodile
(Seebacher and Murray, 2007). In this study, we deter-
mined, for the first time, complete amino acid sequences of
TRPV4 in the lizard and snake. Amino acid sequence of the
reptilian TRPV4 shares important structural and functional
domains with those of other tetrapods. We also determined
partial amino acid sequences of TRPV2 and TRPV3 from
turtle. Our data, together with other reports (Saito et al.,
2011), show the occurrence of at least six thermo TRP rep-
ertoires in reptiles. Although the reptile is ectothermic, phy-
logenetic tree showed that reptilian TRPVs claded close to
endotherms chicken, rather than ectotherms frog and fish.

Expression of TRPV4 mRNA was found to be ubiquitous
in tissues/organs in the lizard. Cold and hibernation altered
the expression profile, but in different ways. Cold-treatment
of the lizard reduced the TRPV4 expression in tongue and
muscle, while other tissues/organs remained unaffected. In
contrast to cold-treatment, hibernation reduced TRPV4
expression in brain, tongue, heart, lung, and muscle, while
the levels of the mRNA in the skin and liver remained nearly
unchanged. It is generally assumed that cold is one of the
inducers of hibernation. However, our results confirm that
hibernation requires several factors/conditions in addition to
cold, since expression profiles of TRPV4 differed between
cold-treatment and hibernation.

Both ectotherms and endotherms may sense the envi-
ronmental temperature through skin (Patapoutian et al.,
2003; Egan et al., 2005). Brain is also important for sensing
temperature, and it regulates animal behavior to adapt envi-
ronmental change (Hammel et al.,, 1967; Nelson et al.,
1984). Reptiles always sense temperature through skin and
tongue. Accordingly, our observation that expression of
TRPV4 in the skin remained unchanged during hibernation
or cold-treatment also supports the notion that skin is prob-
ably one of the major tissues that continuously sense envi-
ronmental” temperature throughout the reptile life cycle,
including the hibernation period. In mammals, TRPV4
contributes to the formation of an intraceilular junction-
dependent barrier in the skin, in addition to sensing of ambient
temperatures (Sokabe et al., 2010; Sokabe and Tominaga,
2010). The skin barrier functions to avoid dehydration of the
skin. If this is the case for reptiles, TRPV4 may also act to
prevent skin from dehydration during hibernation, or at a
stagé of emergence from hibernation when environmental
temperature (soil temperature) increases in early spring
(Grenot et al., 2000). However, although amino acid
sequence of the reptilian TRPV4 is quite similar to those of
thermo-sensitive TRPV4 in other animals, physiological role
of the reptilian TRPV4, such as thermo-sensitivity, is actually
unknown at present. This point needs to be elucidated in the
future.
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