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Animals possess systems for sensing environmental temperature using temperature-sensitive ion 
channels called transient receptor potential channels (TRPs). Various TRPs have been identified 
and characterized 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 (Eiaphe quadrivirgata). 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. 
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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 involved 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 autonomously regu­
late their body temperature. Instead, they regulate it by 
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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 to 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., 
201 0). 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 eDNA 
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 controlled 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 (Eiaphe quadrivirgata), and red-eared 
slider (Trachemys scripta e/egans) 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 fallen leaves therein. Cold-treatment 
was carried out using wild lizards captured in July (early summer). 
The lizards were placed at soc for 4S h in the dark without feeding, 
except water. For induction of hibernation, lizards were fed ad 
libitum at room temperature in the laboratory until prehibernal 
period (November). Then, the animals were kept at soc 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, eDNA 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, 19S7), and treated with DNase 
to eliminate contaminated genomic DNA. To generate first-strand 
eDNA, 1 11g total RNA was reverse transcribed with oligo (dT)1s 
primer using ReverTra Ace reverse transcriptase (Toyobo, Osaka, 
Japan). The eDNA 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 Arnaout, 2002) and 
CTNNB1 (catenin beta 1; Kraus et al., 1994) were used as control 
mRNAs for expression analysis. 

3'- and S'RACE 
Full-length eDNA was obtained by 3'- and 5' RACE as follows. 

The 3'-terminal end of TRPV4 eDNA 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"l Nucleotide sequence (5' to 3')bl Product size 

set (bp) 

TRPV4 V4F CTTCTTCCAGCCCAAGGATG 299 

V4R GTCTTGGCAGCCATCATGAG 

2 WACcl wacF TGCATCACCTCTCTTCTGTAAT 271 

wacR CTGCGGATGA TTGGTCTGA 

3 CTNNB1dl ctnF GAGTTGGATATGGCCATGGA 279 

ctnR GATGGRATYTGCATKCCYTCATC 

•l F: forward primer, R: reverse primer 
bl D: G or A or T, Y: C or T, V: G or A or C, W: A or T , K: G or T, R: A or G. 
c) WAC: WW domain containing adaptor with coiled-coil (Xu et al., 2002). 
d) 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 11g) with T4 RNA ligase (New England Biolabs), followed by 
reverse transcription using ReverTra Ace reverse transcriptase 
(TOYOBO) and random primers. Amplification was done using 
Gene Racer 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 S-capillary 

3500 Genetic Analyzer (Applied Biosystems). Multiple 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, 19S7), using MEGA 4 software (Tamura et al., 2007). 
Nucleotide sequence data are available in the DDBJ/EMBU 
GenBank Database under the accession numbers AB6660S6, 
AB6660S7, AB6660SS, AB6660S9, 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 (E/aphe 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 Mantell, 2007; Phelps et al., 2008; 
Everaerts et al., 201 0). 

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/EMBUGenBank accession nos. 
AB666086 and AB666087, data not shown). Thus, for all 
TRPVs analyzed here, reptiles (lizard, snake, and turtle) 
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TRPV4 and Hibernation in Lizard 

MANLEDAAHASPSESTESPSEE-LSPQNDSFPLSSLANLFENEDG--APAAEAARTPPGAGDGKQNLRMKFHGAFRKGVPNPMDLLESTIYESSVVSGPK 
MANLEDAAHASPSESTESPSEE-LSPQNDSFPLSSLANLFENEDG--APAAEAARTPPGAGDGKQNLRMKFHGAFRKGVPNPMDLLESTIYESSVVPGPK 
MADSSEGPRAGPGEVAELPGDESGTPGGEAFPLSSLANLFEGEDGSLSPSPADASRPAGPGDGRPNLRMKFQGAFRKGVPNPIDLLESTLYESSVVPGPK 
MADPGDGPRAAPGEVAEPPGDESGTSGGEAFPLSSLANLFEGEEGSSSLSPVDASRPAGPGDGRPNLRMKFQGAFRKGVPNPIDLLESTRYESSVVPGPK 
MADPED-----PRDAGDVLGDD-------SFPLSSLANLFEVEDT--PSPAEPSRGPPGAGDGKQNLRMKFHGAFRKGPPKPMELLESTIYESSVVPAPK 
MADPSHLLKHNASVDIDDSQGDDGSNHNDSFPLSSLANLFENEES--SAPNEGVRSPQVPGDNKQNLRIRFQGPFRKGISNPMDLLESTIYESS---APK 

KAPMDSLFDYGTYRHHPSDNKRRRKK-ALEKKPPSTKGPAPHPPPILKVFNRPILFDIVSRGSTADLDGLLPFLLTHKKRLTDEEFREPSTGKTCLPKAL 
KAPMDSLFDYGTYRHHPSDNKRRRKK-ALEKKPPSTKGPAPHPPPILKVFNRPILFDIVSRGSTADLDGLLPFLLTHKKRLTDEEFREPSTGKTCLPKAL 
KAPMDSLFDYGTYRHHSSDNKRWRKK-IIEKQPQSPKAPAPQPPPILKVFNRPILFDIVSRGSTADLDGLLPFLLTHKKRLTDEEFREPSTGKTCLPKAL 
KAPMDSLFDYGTYRHHPSDNKRWRRK-VVEKQPQSPKAPAPQPPPILKVFNRPILFDIVSRGSTADLDGLLSFLLTHKKRLTDEEFREPSTGKTCLPKAL 
KAPMDSLFDYGTYRQHPSENKRWRRR-VVEKPVAGTKGPAPNPPPVLKVFNRPILFDIVSRGSPDGLEGLLSFLLTHKKRLTDEEFREPSTGKTCLPKAL 
KAPMDSLFGYETYHHHPTENRRKRKKILLEKENLNSQAPSPDPPPVIKMFNRHMLFDIVSRGSTAELEGFLPFLLAQKKRLTDEEFREASTGKTCLTKAL 

PRD Aon~ AR~, ARD2 
LNLNNGKNDTIPFLLDIAEKTGSTREFINSPFRDVYYRGQTALHIAIERRCKHYVELLVEKGADVHAQARGRFFQPKDEGGYFYFGELPLSLAACTNQPH 
LNLNNGKNDTIPFLLDIAEKTGSTREFINSPFRDVYYRGQTALHIAIERRCKHYVELLVEKGADVHAQARGRFFQPKDEGGYFYFGELPLSLAACTNQPH 
LNLSNGRNDTIPVLLDIAERTGNMREFINSPFRDIYYRGQTALHIAIERRCKHYVELLVAQGADVHAQARGRFFQPKDEGGYFYFGELPLSLAACTNQPH 
LNLSNGRNDTIPVLLDIAERTGNMREFINSPFRDIYYRGQTSLHIAIERRCKHYVELLVAQGADVHAQARGRFFQPKDEGGYFYFGELPLSLAACTNQPH 
LNLSAGRNDTIPILLDIAEKTGNMREFINSPFRDVYYRGQTALHIAIERRCKHYVELLVEKGADVHAQARGRFFQPKDEGGYFYFGELPLSLAACTNQPH 
MNLNGGKNDTIPMLIDIAEKTGNLREFINSPFRDVYYRGQTALHIAIERRCKHYVELLVEKGADVHAQARGRFFQPKDEGGYFYFGELPLSLAACTNQPD 

ARD 3 Primer ~4F ARD 4 

IVHYLTENAHKQADLRRQDSRGNTVLHALVAIADNTRENTKFVTKMYDLLLIKCAKLFPDTNLEALLNNDGLSPLMMAAKTGKIGAFQHIIRREIKDEDA 
IVQYLTENAHKQADLRRQDSRGNTVLHALVAIADNTRENTKFVTKMYDLLLIKCAKLFPDTNLEALLNNDGLSPLMMAAKTGKIGMFQHIIRREVKDEEA 
IVNYLTENPHKKADMRRQDSRGNTVLHALVAIADNTRENTKFVTKMYDLLLLKCARLFPDSNLEAVLNNDGLSPLMMAAKTGKIGVFQHIIRREVTDEDT 
IVNYLTENPHKKADMRRQDSRGNTVLHALVAIADNTRENTKFVTKMYDLLLLKCSRLFPDSNLETVLNNDGLSPLMMAAKTGKIGVFQHIIRREVTDEDT 
IVHYLTENGHKQADLRRQDSRGNTVLHALVAIADNTRENTKFVTKMYDLLLIKCAKLFPDTNLEALLNNDGLSPLMMAAKTGKIGIFQHIIRREIADEDV 
IVHYLTENAHKKADIRRQDSRGNTVLHALVAIADNTRENTKFVTKVYDLLVIKCVKLYPDSSLEAIFNNDSMSPLMMAAKLGKIGIFQHIIRLEIKDEEA 

..... ... Prim~:~, ., .... ""' 1""\1"\.LI ._, ARuo rruut:lrV4R ARD6 

RHLSRKFKDWAYGPVYSSLYDLSSLDTCGEEDSVLEILVYNSKMENRHEMLAVEPINELLRDKWRKFGAVSFYISVVSYLCAMIIFTMVAYYRPLEGTPP 
RHLSRKFRDWAYGPVYSSLYDLSSLDTCGEEVSVLEILVYNSKIENRHEMLAVEPINELLRDKWRKFGAVSFYISVVSYLCAMVIFTLVAYYRPLEGTPP 
RHLSRKFKDWAYGPVYSSLYDLSSLDTCGEEASVLEILVYNSKIENRHEMLAVEPINELLRDKWRKFGAVSFYINVVSYLCAMVIFTLTAYYQPLEGTPP 
RHLSRKFKDWAYGPVYSSLYDLSSLDTCGEEVSVLEILVYNSKIENRHEMLAVEPINELLRDKWRKFGAVSFYINVVSYLCAMVIFTLTAYYQPLEGTPP 
RHLSRKFKDWAYGPVYSSLYDLSSLDTCGEEVSVLEILVYNSKIENRHEMLAVEPINELLRDKWRKFGAVSFYISVVSYLCAMIIFTLIAYYRPMEGPPP 
RHLSRKFRDWAYGPVYSSLYDLSMLDTCGEEVSVLEILVYNSKVENRHEMLAVEPINELLRDKWQKFGAVSFYISVVSYLIAMIIFTLIAYYRPMDGTPP 

TM 1 

YPYTTTTDYLRLAGEIVTLFTGVLFFFTNIKDLFMKKCPGVNSFFIDGSFQLLYFIYSVLVLVAAALYLTGIEAYLAVMVFALVLGWMNALYFTRGLKLT 
YPYTTTPDYLCLAGEIVTLFTGVLFFFTNIKDLFMKKCPGVNSFFIDGSFQLLYFIYSVLVLVAAALYLAGIEAYLAVMVFALVLGWMNALYFTRGLKLT 
YPYRTTVDYLRLAGEVITLFTGVLFFFTNIKDLFMKKCPGVNSLFIDGSFQLLYFIYSVLVIVSAALYLAGIEAYLAVMVFALVLGWMNALYFTRGLKLT 
YPYRTTVDYLRLAGEVITLFTGVLFFFTSIKDLFTKKCPGVNSLFVDGSFQLLYFIYSVLVVVSAALYLAGIEAYLAVMVFALVLGWMNALYFTRGLKLT 
YPYTTTIDYLRLAGEIITLLTGILFFFSNIKDLFMKKCPGVNSFFIDGSFQLLYFIYSVLVIVTAGLYLGGVEAYLAVMVFALVLGWMNALYFTRGLKLT 
YPYRTTMDYMRLAGEIVTLLTGVVFFITNIKDLFMKKCPGVNSLFIDGSFQLLYFIYSVLVIITAVLYLVGIESYLAVMVFALVLGWMNALYFTRGLKLT 

~2 ~3 ~4 

GTYSIMIQKILFEDLFRFLLVYVLFMIGYASALVSLLNPCPSSEACSEERSNCTAPAYPSCRDSKTFSNFLLDLFKLTIGMGDLEMIESAKYPGVFVILL 
GTYSIMIQKILFKDLFRFLLVYVLFMIGYASALVSLLNPCPSAESCRGDHSNCTAPAYPSCRDSKTFSTFLLDLFKLTIGMGDLEMIENAKYPGVFVILL 
GTYSIMIQKILFKDLFRFLLVYLLFMIGYASALVSLLNPCANMKVCNEDQTNCTVPTYPSCRDSETFSTFLLDLFKLTIGMGDLEMLSSTKYPVVFIILL 
GTYSIMIQKILFKDLFRFLLVYLLFMIGYASALVTLLNPCTNMKVCDEDQSNCTVPTYPACRDSETFSAFLLDLFKLTIGMGDLEMLSSAKYPVVFILLL 
GTYSIMIQKILFKDLFRFLLVYLLFMIGYASALVSLLNPCPSSESCSEDHSNCTLPTYPSCRDSQTFSTFLLDLFKLTIGMGDLEMLESAKYPGVFIILL 
GTYSIMLQKILFKDLFRFLLVYLLFMIGYASALVSLLNPCTSQESCIETSSNCTVPEYPSCRDSSTFSKFLLDLFKLTIGMGDLEMINSAKYPAVFIILL 

TM 5 PL 

VTYIILTFVLLLNMLIALMGETVGQVSKESKQIWKLQWATTILDIERFFPVFVRKAFRSGEMVTVGKSLDGTPDRRWCFRVDEVNWFHWNQNLGIINEDP 
VTYIILTFVLLLNMLIALMGETVGQVSKESKKIWKLQWATTILDIERSFPVFVRRAFRSGEMVTVGKSLDGAPDRRWCFRVDEVNWSHWNQNLGIISEDP 
VTYIILTFVLLLNMLIALMGETVGQVSKESKHIWKLQWATTILDIERSFPVFLRKAFRSGEMVTVGKSSDGTPDRRWCFRVNEVNWSHWNQNLGIINEDP 
VTYIILTFVLLLNMLIALMGETVGQVSKESKHIWKLQWATTILDIERSFPVFLRKAFRSGEMVTVGKSSDGTPDRRWCFRVDEVNWSHWNQNLGIINEDP 
VTYIILTFVLLLNMLIALMGETVGQVSKESKHIWKLQWATTILDIERSFPLFLRRAFRSGEMVTVGKGTDGTPDRRWCFRVDEVNWSHWNQNLGIISEDP 
VTYIILTFVLLLNMLIALMGETVGQVSKESKQIWKLQWATTILDIERSFPVCMRKAFRSGEMVTVGKNLDGTPDRRWCFRVDEVNWSHWNQNLGIINEDP 

TM 6 TRP 

GKNDTYQYYGFSHTVGRLRRDRWSTVVPRVVELNKN-LQPDEVVVPLDSMRSPAANEHKPSYPQSWRKEDSHI* 868 
GKNDTYQYYGFSHTVGRLRRDRWSTVVPRVVELNKN-SQPDEVVVPLDSMCSAGANAHKPSYPHSWRKEDAQI* 868 
GKNETYQYYGFSHTVGRLRRDRWSSVVPRVVELNKN-SNPDEVVVPLDSMGNPRCDGHQQGYPRKWRTDDAPL* 871 
GKSEIYQYYGFSHTVGRLRRDRWSSVVPRVVELNKN-SSADEVVVPLDNLGNPNCDGHQQGYAPKWRTDDAPL* 871 
GKSDTYQYYGFSHTVGRLRRDRWSTVVPRVVELNKS-CPTEDVVVPLGTMGTAEARERRHG-----QTPSSPL* 852 
GRNDGYQYYGFSQTVGRLRRDRWSVVVPRVVELNKAPQHSDDVVVPLGNIPQVQTYSQRQENAQNWKKDETHI* 868 
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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 eDNA, were aligned with those of human, mouse, chicken, and frog. PRO, 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 nucleotide 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_002938256, 
human TRPV2: Af129112, mouse TRPV2: AB021665, rat TRPV2: 
AF129113, chicken TRPV2: XM_ 415848, turkey TRPV2 pre: 
ENSMGAT00000007327, zebra finch TRPV2: XP002195797, frog 
TRPV2 pre: ENSGAL T00000012785 , human TRPV3: AJ487035, 
mouse TRPV3: AF510316, rat TRPV3: AY325813, chicken TRPV3 
pre: ENSGAL T00000007425, 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: ENSXETI00000040300, human TRPV5: 
NM019841 , mouse TRPV5: NM001 007572, human TRPV6: 
NM018646, mouse TRPV6: NM022413. 

brain, tongue, heart, lung, liver, muscle and skin. The cog­
nate mRNAs in the snake 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. 38). 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 soc for 48 h, and 
RNAs were extracted from various tissues/organs. In this 
experiment, two mRNAs (WAC and CTNN81) 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. 48), as compared to control liz­
ard (Fig. 4A), while the control mRNAs (WAC and CTNN81) 
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 mRNA was 
restored in the heart and brain (Fig. 40) . 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. 
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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 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 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 TRPMS 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 intracellular junction­
dependent barrier in the skin, in addition to sensing of ambient 
temperatures (Sokabe et al. , 201 0; Sokabe and Tominaga, 
201 0) . 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 
stage 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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