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Structural and Functional Peculiarities of Cold Receptors

B npencrasieHHOM 0030pe OTpakeHbI COBPEMEHHbIE IIPEACTABICHUS O XOJIOIOBBIX PELIENTOPaX, IPUBEACHBI TaHHBIC O CTPYKTYPHBIX
U QyHKIMOHANBHBIX cBolicTBax TemneparypHbix TRP (Transient Receptor Potential) — xaHanoB, KoTopbie SIBISIOTCS MEPBUYHBIMU

JETEKTOpaMH TeMIepaTypbl OKpYXKaroIleil cpelibl.

Knrouesvie cnosa: xononosas repmopeuernius, TRP-kanabl.

VY npezacTaBiaeHOMY OISl BinoOpa)keHi cydacHi ysIBJICHHS PO XOJIO0BI PeLeNITOPH, HaBEIeH] AaHi PO CTPYKTYPHI i GyHKIIi0-
HaJbHi BiacTuBocTi Temneparypuux TRP (Transient Receptor Potential) — kanainiB, siki € IEpBUHHUMH JACTEKTOPAMHU TeMIIEPaTypH

HaBKOJIMIIHBOTO CEPEIOBHUILA.
Knrouoei crosa: xononosa repmopeneniiisi, TRP-kananu.

In this review there are featured the current notions about cold receptors and presented the data about structural and functional
properties of temperature transient receptor potential (TRP) channels, being the primary detectors of environmental temperature.

Key-words: cold thermoreception, TRP channels.

OpHYM U3 3HAYMMBIX BOITPOCOB U3yUeHUS BO3/IEH-
CTBUSI HU3KHX TEMIEpaTyp Ha OMOJOTHYECKHE CHC-
TEMBI SIBISIETCA HCCIEI0BAaHINE MEXaHU3MOB XOJIOI0-
BOT'0 BOCIIpUATHS. BaX]HOCTB UCCIIEJOBaHNS JAHHOTO
Bompoca 00yCJIOBIEHA BIUSHUEM TEMIIEpPaTypPHBIX
(akTOpOB BHEIIHEH cpenbl Ha JKUBbIE OPTaHU3MBI.
Undopmanus o temneparype OKpy>KaroLlel cpenbl
nepeaaercs uyepe3 HeMpoHsl nepudepuyeckoil HepB-
HOM CHCTEMBI, KOTOpPbIE MPOEMPYIOTCS Ha KOXKY [17].
OT TepMOpENENTOPOB MO TPOBOAAIIUM ITyTSAM CIIHH-
HOTO MO3ra TeMIepaTypHas nH(OpManys MOCTymaeT
B TOJIOBHOM MO3T M JOCTHTaeT IIEHTPOB TEpMOpe-
TYJSIINAHN, PACTIONIOKEHHBIX B TUTIOTAJaMYCe.

Pacno3znaBanme Temeparypsl IBISETCS OJHUM U3
3NIEMEHTOB CEHCOPHOTO BOCTIPHUATHSI, KOTOPBIN CIIOCO0-
CTBYeT HOPMaJIbHOMY ()YHKIIMOHUPOBAHMIO U ITPHUCIIO-
COOJICHUIO KMBBIX OPraHU3MOB K Pa3HOOOPA3HBIM H
[IOCTOSITHHO MEHSAIOLMMCSI TEMIIEPATYPHBIM YCIOBUAM
BHeIIHEN cpenpl. [IpuMeHenne HU3KUX TeEMIEPaTyp B
MEIUIHE CBUAETENBCTBYET 00 aKTyaIbHOCTH 3TOTO
Bonpoca. HecMoTps Ha 3HaUNTENFHOE KOJTMYECTBO UC-
CJIEJOBAHNI, TOHKHE MEXaHNU3MBI, JIEXKAIUE B OCHOBE
XOJIOAOBOW YyBCTBUTEIBHOCTH, U3YYEHBI HEJAOCTA-
To4YHO. [lepBBIM YPOBHEM XOJIOJOBOTO BOCTIPHUSATHUS
ABIIAETCS PELENTOPHBINA, KOTOPBI 00pa3oBaH, Kak
MMOKa3BIBAIOT pe3yibTarhl pador [15, 17, 19, 31, 35,
48], xanamamu TRP cemeiictBa. OnHako MHOTHE
BOITPOCHI, KACAIOINECS CTPYKTYPHO-(DYHKIIMOHATIBHBIX
0COOCHHOCTEH M MEXaHM3MOB (PYHKLHOHHPOBAHUS
XOJIOZIOBBIX KaHAJIOB, 10 HACTOSILIETO BPEMEHH HE U3Y-
YEHBI.
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One of significant questions in studying low tempe-
rature effect on biological systems is the investigation
of mechanisms of cold perception. The importance of
this question research is stipulated by the effect of
environmental temperature factors on living organisms.
The information about an environmental temperature
propagates through the neurons of peripheral nervous
system, which are projected on skin [17]. Temperature
information comes into brain from thermoreceptors via
pathways of spinal cord and reaches the thermoregu-
lative centers, located in hypothalamus.

Temperature recognition is one of the elements of
sensor perception, contributing to a normal functioning
and adaptation of living organisms to varied and
constantly changing environmental temperature
conditions. Low temperature application in medicine
confirms this question actuality. In spite of a huge
number of researches, the fine mechanisms, being the
base for cold perceptibility, have still remained poorly
studied. The first level of cold perception is a receptor
one, formed as the research results show [15, 17, 19,
31, 35, 48] by the channels of TRP family. However a
lot of the questions on respect of structural and
functional peculiarities and mechanisms of cold channel
functioning have still remained unstudied.

TRP channel general characteristics. TRP chan-
nels are principally important element of sensor
systems, representing an ancient apparatus of cells,
not only of multicellular organisms [15]. They were
firstly found out in fruit fly photoreceptors [38].
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Obwas xapaxmepucmuxa TRP-xananoe. TRP-
KaHAJTBI — MPUHITATTAATHHO BAXKHBIA SJIEMEHT CEHCOP-
HBIX CHUCTEM, MPEACTABIAIOMUN co00i NpeBHUN
amnmapar KJIETOK, IPUTOM HE TOJBKO MHOTOKJIETOY-
HBIX Opranm3MoB [ 15]. BriepBeie oHM ObLTH OOHApYKe-
HBI B hoTopenientopax apo3oduist [38].

B Tedenue mocnegHUX JIET MONYYEHBI TaHHBIE O
poinu TRP-xaHaoB B pa3NnuYHbBIX TKAHAX. DTH KATUOH-
HBIE KaHAJIBl aKTUBUPYIOTCSI MHO)KECTBOM XHMHUIEC-
KHX U (pr3nuecKkux curHaioB [45, 46]. Onu oTBeyaroT
Ha TeMIleparypy, TAKTWIbHBIE U OONEBBIE BO3JEHCT-
B, OCMOJISIPHOCTD, (DEPOMOHBI U JAPYTHE CTUMYIIBI
[15]; BOBIEUEHBI B MEXaHHMYECKYI0 U BKYCOBYIO
YyBCTBHUTEIILHOCTb, 3pUTEIIFHOE BOCIIPUSATHE, allOTITO3,
nposudepanuto, Ca?* TpaHcMeMOpaHHbIH MEPeHOC,
BBI3BAHHBIN I€MCTBUEM TOPMOHOB, SIUTEIUATBHYIO
Ca*- u Mg**-peabcopOuuro, COCyAUCTBIH TOHYC, BBIC-
TynatoT kKak Ca?’-TpaHCHOpTEphl B KUIICUHHUKE W
moukax [6, 10, 32,42, 57]. Takum oopazom, TRP-kana-
JIbI 33J1€ICTBOBAHBI BO MHOTHX IIPOLIECCaX U IEMOHCT-
PHUPYIOT pa3HOOOpa3HbIE MEXaHN3MbI aKTHBAIINH.

BodBIIMHCTBO 3THX KaHAJIOB MPOIYCKAIOT Yepe3
KJIETOYHYI0 MeMOpaHy HOHBI KAJIbLIKS, a TAK)KE HEKO-
TOpBIC IPYIHe KaTHOHBI, TIABHBIM 00pa3oM MarHus
[46]. B oTBeT Ha BpeMEHHOE OTKPBITHE PEIIETITOPHOTO
KaHaJia, KOTOPOE Ha3BAIH “TpaH3UEHTHBIM (TIPEXOIsI-
1M ), TEHEPUPYETCS UMITYIbC-TIOTSHIIUA, Oy YN B-
i HazBaHue TRP.

CewmeiictBo TRP, o0bequnsiomee 30 KaHAIOB,
pasnensroT Ha cemb nojcemeiicts: TRPC (kaHoHU-
yeckoe), TRPV (BanmmongHoe), TRPM (MenacraTu-
HoBoe), TRPP (monunucrtunosoe), TRPML (Mykomu-
nmHoBoe), TRPA (ankupunoBoe) u TRPN (NOMPC,
no mechanoreceptor potential C) [46, 57].

Tepmouyscmeumenvuvie TRP-peyenmopuwi. Ilep-
BHYHBIE TEMIIEPATYPHBIE IETEKTOPHI Y MIIEKOIIUTAIO-
mmx oopazoBansl TRP-penenropamu [35]. BeisiBneno
EeCTh TEPMOUYYBCTBUTENbHBIX TRP-kananos:
TRPV1, TRPV2, TRPV3, TRPV4, TRPMS8 u TRPA1
[25]. OTu KaHaNBl UMEIOT ONpENEIeHHBIE MOPOTU
akTuBanuH (Tabsuuma). OHu oOHapyKeHbI B MeMOpaHe
CEHCOPHBIX HEPBHBIX OKOHYaHUH, B MeMOpaHe HeHpo-
HOB IraHIVIMEB A0P3aIbHBIX KOPEIIKOB CTUHHOTO MO3Ta,
KJIETOK KOKH, SMOPHOHAJIBHBIX KJIETOK IOYEK, SIIUTe-
JMAJIBHBIX KIETOK JIETKUX, IPOCTATHI U
JIpYTUX KIETOK [8, 52, 55].

Within recent years there were obtained the data
about the role of TRP channels in different tissues.
These cation channels are activated by many chemical
and physical signals [45, 46]. They are responsible for
the temperature, tactile and pain effects, osmolarity,
pheromones and other stimuli [15]; they are involved
into mechanical and taste sensitivity, visual perception,
apoptosis, proliferation, Ca?* transmembrane transfer,
caused by hormone effect, Ca?* epithelial and Mg**
reabsorption, vascular tonus, act as the Ca*" transpor-
ters in intestinal tract and kidneys [6, 10, 32, 42, 57].
Thus, TRP channels are involved in many processes
and show different mechanisms of activation.

Most of these channels allow calcium ion passing
through a cell membrane, as well as some other
cations, especially magnesium ones [46]. In response
to a temporary opening of a receptor channel, called
as “transient”, there is generated the pulse-potential,
named as TRP.

The TRP family, of 30 channels, is divided in 7
subfamilies: TRPC (canonical), TRPV (vanilloid),
TRPM (melastatin), TRPP (polycistin), TRPML
(mucolipin), TRPA (ankyrin) and TRPN (NOMPC-
no mechanoreceptor potential C) [46, 57].

Thermosensitive TRP receptors. The primary tem-
perature detectors in mammals are formed by TRP
receptors [35]. There were revealed 6 thermosensitive
TRP channels: TRPV1, TRPV2, TRPV3, TRPV4,
TRPMS and TRPA1 [25]. These channels have the
certain activation thresholds (Table). They were found
out in a membrane of sensor nerve endings, membrane
of ganglia neurons of spinal cord dorsal roots, skin cells,
kidney embryonic cells, epithelial cells of lung, prostate
and other cells [8, 52, 55].

Cold TRP receptors. Mechanisms of cold sensiti-
vity in mammalian have still remained unstudied, al-
though a recent significant progress is associated to
studying two cold-activated ion channels: TRPMS8 and
TRPAT1 [4, 35]. Cooling is accepted by peripheral
thermoreceptors, at the same time the cold- and men-
thol-sensitive ion channel TRPMS is activated [6].
Lower temperatures activate other TRP channel —
TRPAL1, which is suggested to be the base for cold

IToporu axTuBanuy TepModyBcTBUTENbHBIX TRP-KaHanoB.

Xonooosvie TRP-peyenmopoi.

Activation thresholds of thermosensitive TRP channels

MexaHu3MBbI X0I040BON UYBCTBUTENb-
HOCTH Y MJIIEKOIIUTAIOIIHNX OO0 KOHIA HE g}f‘;‘;"oﬁg TRPV1 TRPV2 TRPV3 TRPV4 TRPMS TRPAI
HU3YYEHbI, XOTA 3HAYUTENbHBIN Nporpecc
B IIOCJIEHEE BPEMSI CBA3aH C UCCIIENO0-

Temneparypa
BaHUEM JIBYX aKTUBUPYEMBIX XOJIOJIOM axruBarum, °C

Activation 43 52 32—39 25-28 | <27-35 <17
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nepupepuIecKuMr TEPMOPEENTOPAMHU, TP 3TOM
AKTUBHPYETCS XOJOA0- M MEHTOJIOYYBCTBUTEIHHBIN
noHHbIN kaHan — TRPMS [6]. bonee Hu3kue Temnepa-
Typsl akTuBHpylOT Apyrol TRP-kanman — TRPAI,
KOTOPBIH, KaK MPEATONaraoT, JEKUT B OCHOBE XOJIO-
nosoit Houmuenmuu [48]. Bo BpeMsa oxnaxaeHus
kaHaiasl TRPMS oTBeuaror ObicTpee U ¢ OOJIBLINM
YBEINUYEHUEM BHYTPUKIETOYHONW KOHIIEHTpaLUU
kanpius, yem TRPAT1 [4].

B pesynbrare otkpeitust TRPMS8-kananos, Haxo-
JSIIIIIXCS B COCTABE KIIETOUHON MEMOPaHBI, TPOUCXO-
IUT TMIPUTOK MOHOB KaJIbIMs, YTO TMPUBOAMT K JIETIO-
JISIPU3AIAN ¥ TeHEePaITuH MTOTCHITHAIA ISHCTBUA [26].

XO0JI00BBIE PELENTOPHl MOTYT aJalTHPOBATHCS
in vivo B YyCIOBUAX NPOJOJIKUTEIBHON XO0JIOA0BON
crumyrsanuu [28]. Kinetku, MeMOpaHbl KOTOPBIX CO-
nepxkatr TRPMS, anantupyroTcs K JJIUTEIbHBIM BO3-
JercTBUSIM XoJioaa U MeHTona [36]. [Ipu atom nopor
aktuBauuu TRPMS8-kananoB MoxkeT u3MeHsTbes [48].

B pabote [40] aBTOpPHI OLEHMBANIH MCUXODH-
sudeckuit apdexr akruaun TRPA1- 1 TRPMS-ka-
HaJIOB Yy 4YeJIOBEKa, alIUIMINPYS UCIBITYyEMBIM Ha
npenmiedbe nuHHaAMaNbAeTHA (aronuct TRPAL) u
menToi (arornct TRPMS). [luaramaibnerus BeI3bI-
BaJ1 00JIb, TETITIOBYIO M MEXaHUYECKYTO TUTIEPAIBIe3UI0
1 XOJIOJIOBYIO THIIOATBIE3HI0, TOT/Ia KaK CIEICTBUEM
aktuBanu TRPMS8 MeHTOsI0M OBUIA XOJIOMOBAs T'H-
nepanbre3ust. ABTOPBI CIENAN BBIBO, YTO arOHUCTBI
TRPA1- 1 TRPMS8-kaHanoB npuBoISIT K pa3sHbIM
MICUXO(PUINIECKUM PE3YIIBTATaM.

TRPMS8-kaHansl KyJIbTUBUPOBAHHBIX T'aHITIHUEB
JOP3aJbHBIX KOPEIIKOB CIIMHHOTO MO3Ta (DyHKIIHO-
HaJbHO CBSI3aHBI C XOJOAOBOM 4yBCTBUTEIBHOCTBIO
[18]. Y mpImmieit camxeHue TemiepaTtypsl 10 5—18°C
Y BO3/IEHCTBHE aJUTMIIOBOT'O M30THOIIMOHATA (arOHUCTA
TRPA1) noBbliiiany ypoBeHb BHyTpHKIeTOdHOTO Ca’*
ATUX HEUPOHOB [53].

KynpTuBHUpOBaHHBIE CEHCOPHBIC HEHUPOHBI U MH-
TaKTHBIE CEHCOpPHBIE HepBHBIE BojdokHa TRPMSE-
HOKayTHPOBAaHHBIX MBIIIEH HAa CHI)KEHUE TeMIepa-
Typsl oT 32 10 2°C pearupoBaiu ciabee 1 HOpMalb-
HO — Ha noBeImeHue ot 30 1o 45°C [6]. B To xe Bpemst
MBIIIH C HEJOCTAaTKOM KallCauIIMHOBBIX BAHUIOUIHBIX
peuentopoB (TRPV1) nemMoHcTpupoBanu HOpMalb-
HYI0 YyBCTBUTEIBHOCTh K YMEPEHHO HU3KUM TEMIIE-
paTypam, IpH 3TOM Y HUX, KaK U 0’)KUAAIIOCh, CYIIECT-
BEHHO YMEHBIIIAJIOCh KOJIHMYECTBO KIETOK, OTBEYAIO-
IIKMX Ha BO3JIEUCTBUE BHICOKON TeMIepaTyphl.

CriocoOHOCTB pa3uyarh XOJIOTHYIO U TETIIYIO 110~
BEPXHOCTH B 9KCIIEpUMEHTaNbHOU KiIeTke y TRPMS-
HOKay THPOBAHHBIX MBIIIEH 3HAYUTEIHHO cabee, ueM
y ’KMBOTHBIX IUKOTO TUNA [6]. JKuBOTHBIE TUKOTO THUIIA
OCTOPOXHO MPHUOIMKATIHUCh K Y4aCTKy KJIETKH C XO-
JIOZAHOM MMOBEPXHOCTHIO ¥ IPON3BOJMIIN TOJIBKO OBICT-
pele kacaHus ee, Torga kak TRPMS8-HokayTupoBas-
HbIE MBIIIM NEPEXOJUIN Ha XOJOAHYIO CTOPOHY U
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nociception [48]. During cooling the TRPMS channels
respond more rapidly and with higher augmentation of
intracellular calcium concentration, if compared to
TRPAI1 [4].

As a result of opening of TRPMS channels, as a
part of cell membrane, there is occurred the inflow of
calcium ions, resulting in depolarization and action
potential generation [26].

Cold receptors may adapt in vivo under long-term
cold stimulation [28]. The cells, the membranes of
which comprise TRPMS8 adapt to cold and menthol
long-term effects [36]. At the same time the activation
threshold for TRPMS channels my vary [48].

As reported [40] the authors estimated a psycho-
physical effect of TRPA1 and TRPMS8 channel’s
activation in human being, by applying cinnamaldehyde
(TRPAT1 agonist) and menthol (TRPMS agonist) onto
test persons’ forearm. Cinnamaldehyde caused pain,
heat and mechanical hyperalgesia and cold hypoalgesia,
meanwhile the TRPMS activation by menthol resulted
in cold hyperalgesia. The authors concluded TRPA1
and TRPMS agonists as resulted in different psycho-
physical effects.

The TRPMS channels of cultured ganglia of spinal
cord dorsal roots are functionally related to cold
sensitivity [18]. In mice a temperature decrease down
to 5-18°C and an allylic isothiocyanate (TRPA1) effect
increased the level of intracellular Ca** of these neu-
rons [53].

The response of cultured sensor neurons and the
intact sensor nerve fibers of TRPM8-knockout mice
to temperature decrease from 32 down to 2°C and its
increase from 30 to 45°C was weaker and within the
norm, correspondingly [6]. At the same time mice with
lack of capsaicine vaniloid receptors (TRPV 1) demon-
strated a normal sensitivity to moderately low tempe-
ratures, at the same time, as expected, there was a
significant decrease in cell number, responding on high
temperature effect.

The capability to distinguish cold and heat surfaces
in an experimental cell in TRPM8-knokout mice is
considerably weaker, than in wild type animals [6].
Animals of wild type approximated carefully to the
site of cell with cold surface and made only fast
touchings, meanwhile the TRPM-8-nockout mice
passed to cold side and demonstrated a normal research
behaviour, manifesting in a greater number of passages
between cold and heat areas. At the same time the
animal body temperatures in studied groups were
equal. The data presented in this research demonstrate
the loss in TRPMS expression as resulting in a selective
deficiency in a cold sensitivity, without touching on other
aspects of electric and mechanical excitability [6].

In the paper [19] the authors have also demon-
strated the behavior of TRPMS8 channel-free mice to
cold stimuli as significantly different from wild type
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JEMOHCTPUPOBAJIM HOPMAJIBHOE HCCIIEN0BATEIBCKOE
MOBEICHHUE, YTO BBIPAXKATIOCH OOJIBLINM YHCIIOM IIepe-
XOJOB MEXIY XOJOAHOW M Teruioi obnactamu. [lpu
3TOM TEMIEPaTyphl TENl JKUBOTHBIX HCCIENLYyEMBIX
rpynn 6putH oguHAaKOBBIMU. [IpenicTaBieHHble B 3TON
paboTe maHHBIE NEMOHCTPHUPYIOT, YTO MOTEPS DKC-
npeccu TRPMS8 npuBOAHT K CENEKTUBHOMY Je(UIIN-
Ty B XOJIOMOBOW UYBCTBHTEIHHOCTH, HE 3aTparuBas
JIpyTU€ aCHEKThl JIEKTPUYECKON U MEXaHUYECKOI
BO30OynmuMoOCTH [6].

B paborte [19] aBTOpHI TakXkKe MOKA3aIH, YTO TIOBE-
JICHUE MBIIIEH, Y KOTOPBIX OTCYTCTBYIOT TRPMS&-Ka-
HaJbl, B OTBET Ha XOJOAOBbIE CTUMYJIbI 3HAYUTEIHHO
OTJIMYAETCS OT MOBEACHHS KUBOTHBIX JAMKOTO THUIIA.
TRPMS8-HOKayTHpOBaHHBIE MBILIN MEHBIIIE Pearupo-
BaJlM Ha XOJIOJ, HE OTBEYAJIW Ha WIWIMH, KOTOPBIN
OOBIYHO BBI3BIBAET XOJOMOBBIE OIIYIIEHUs, U cIabo
OTBEYAJI Ha alleTOH, KOTOPBIA MPUMEHSITH IJIs IIPO-
BEPKHU PEaKIINH Ha XOJIO0A0BOE BO3JeHCTBHIE. ABTOPHI
[6] ycTaHOBWIIH, UTO TaKWE MBI H30ETar0T KOHTAKTa
C TIOBEPXHOCTSAMH, UMEIOIIIMH TeMIIepaTypy HIKe
10°C, XOTs B MEHBIIIEH CTETICHU, Y€M MBIIITN JTHKOTO
tuna. B padore [36] ormedeno, uto TRPMS§-pernen-
TOpBl AKTUBHPYIOTCA B JUAIa30HE TeMIeparyp 8—
28°C. BeposATHO, 4TO B PEAKIHUIO HA TEMIIEPATYPY
10°C BoBneuens! kak TRPA1, Tak 1 TRPMS- peuen-
TOpBI. Y MBIIIEH, KJIETKHA KOTOpBIX JuieHsl TRPMS-
KaHaJIOB, BBISIBIEHBI YyBCTBUTEIBHBIE K XOJIOAY
HEHPOHBI, KOTOPbIE HEYYBCTBUTEIHHBI K TOPYHIHOMY
maciy (aroructy TRPAT). Oto moarBepxmaetr TOT
(bakt, uro TRPA1-penienTops! HE BOBIEYECHBI B 3TOT
otBer [6]. Takke cieayeT OTMETHTD, YTO HOIIMIIETI-
TUBHBIN OTBET Ha TeMiepatypy menee 0°C y TRPMS-
HOKayTUPOBAHHBIX MBIIIEH OBLT HOPMabHBIH.

[Ipu HaHECEeHNHM Ha KOXKY WITH CITU3UCTYIO 000JIOUKY
MeHTOJa akTuBHpYyroTcst TRPMS8-penientopsl, uto Be-
JIET K XOJIOJ0BOMY OILYIIEHUI0. MEHTON BBI3BIBAET
00J1eBOE U XOJIOOBOE OLIYLICHHUS, TOTJa KaK pPe3yJib-
TaTbl MEXaHOCEHCOPHBIX TECTOB HE U3MEHst0TCA [61].
B ycnoBusix Gyokangsl A-BOJIOKHA MTOBEPXHOCTHOM
BETBU JIYYEBOT'O HEPBA MPU BO3JEHCTBUM HU3KOM TEM-
[epaTypbl XOI0I0BOE OLIYIIEHUE OTCYTCTBOBAIO, B
TO BpeMs Kak 00J1b, BI3BaHHAsI XOJIOA0M, HapacTaa.
I1o MHEHHMIO aBTOPOB, 3TO OOBICHAETCS HEAOCTATOU-
HBEIM HHTHOHpOBaHUEM C-BOJIOKOH, KOTOPOE OOBIYHO
COITyTCTBYET aKTUBAaLMU A-BOJIOKOH. XOJIOI0BOE OLITY-
LIEHUE, OOBIYHO BHI3BIBAEMOE MEHTOJIOM, B YCIOBHUSIX
0J10KabI MicYe3aJ10, a TAKXKe HAOII0AaoCh CHIDKECHHE
YyBCTBUTEJIBHOCTH Ha MEXaHUYECKHE CTHUMYJIBI.
WnnynupoBanHas MEHTOIOM 00JIb OblIa CHIIBHEE, YeM
0e3 Omokansl. boiee Toro, rumepanres3us K XoJ0A0-
BBIM CTUMYJIaM, KOTOPas Y>Ke HaOIroaaach BO BPEMs
OJIOKHPOBaHUS A-BOJIOKOH, TOCTOBEPHO YCHIMBAIACH
MEHTOJIOM. ABTOPBI IPEATIOI0XKHUIN, YTO MEHTOII
JeHCTByeT Ha 4yBCTBUTENBHBIE K X0J0Iy nepude-
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animals. TRPMS8-knockout mice responded weaker
to cold, did not react to icilin, generally caused cold
effect and slightly reacted to acetone, applied for che-
cking the reaction to cold effect. The authors [6]
established these mice as avoiding the contact with
the surfaces, having temperature lower than 10°C,
although in a less extent than the wild type mice. As
reported [36], the TRPMS8 receptors are activated
within 8-28°C temperature range. Both TRPA1 and
TRPMS receptors are probably involved in response
to 10°C temperature. In mice, which cells are free of
TRPMS channels, there were revealed the cold-
sensitive neurons, being insensitive to mustard oil
(TRPA1 agonist). This confirms the fact, that TRPA1
receptors are not involved into this response [6]. Of
note is the fact, that a nociceptive response to tempe-
rature under 0°C in TRPMS8-knockout mice was nor-
mal.

When applying menthol onto skin or mucous
membrane there is the TRPMS receptor activation,
resulting in cold sensation. Menthol causes painful and
cold sensations, meanwhile the results of mechano-
sensor tests remain unchanged [61]. Under conditions
of A-fiber blockade of radial nerve surface branch
under low temperature effect a cold feeling was absent,
meanwhile the pain, caused by cold increased. The
authors believe, that it may be explained by an
insufficient inhibition of C-fibers, generally accompa-
nying the A-fiber activation. Cold sensation, generally
caused by menthol, under blockade conditions disappea-
red, as well as a decrease in sensitivity to mechanical
stimuli was observed. Menthol-induced pain was
stronger, if compared to without blockade. Moreover,
the hyperalgesia to cold stimuli, already observed during
A-fiber blocking, was statistically and significantly
strengthened by menthol. The authors suggested men-
thol to act on cold-sensitive peripheral vasoactive noci-
ceptive C-fibers and cold-specific Ad-fibers [61].

A decrease in skin temperature causes a cold
sensation at first, but under further temperature reduc-
tion it does the pain. This effect is probably mediated
by the activation of both thin myelin cold-specific Ad-
fibers and non-myelin pain-conductive C-fibers [61].
Low temperature activates the polymodal C-nocicep-
tors, responding to mechanical stimuli and high tempe-
rature as well [29].

The role of TRPMS channels in nociception has
not been studied yet. High doses of menthol may cause
painful feelings, testifying to the relationship of TRPMS
with nociception. The question is still open whether
menthol activates the only receptor in sensor afferents:
TRPMS or it participates in other nociception-asso-
ciated mechanisms [21]. Meanwhile in the paper [6]
the menthol cooling effect was shown as mediated
only through TRPMS8 channels.
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pudecKre Ba30aKTHBHbIE HOITUIIETITUBHBIE C-BOJIOKHA
u xonogocnenupuyeckre Ad-sosokna [61].

CHMXeHue TeEMIIEpaTyphl KOXKH BBI3BIBAET BHAUAJIE
XOJIOZIOBOE OIIYILEHHE, a IPU AaJIbHENIIIEM CHIKEHUN
temneparypsl — 6onb. Takol 3¢ dext, BeposTHO,
OIOCpeayeTCs aKkTUBAallMEN KaKk TOHKUX MUETTMHOBBIX,
crnenuPUUeCKuX s X0noaa Ad-BOIOKOH, TaK U
HEMUEIMHOBBIX C-BOJIOKOH, MPOBOASIINX 00ib [61].
Huszkas temmeparypa akTHBHUPYET MOJMMOJATIbHBIC
C-HOUMIIETITOPHI, KOTOPBIE TAKKE OTBEUAIOT HA MeXa-
HAYECKUE CTUMYJIIBI M BEICOKYIO TeMmmeparypy [29].

Pones TRPMS8-kaHaioB B HOLUIENIINHN €Il€ HE
rccienoBaHa. BeIcOkne 103bI MEHTOIa MOTYT BBI3-
BaTh OOJIEBBIE ONIYIICHHS, YTO CBHAETEIHCTBYET O
cBsa3u TRPMS ¢ Honmuenuueit. OcTaeTcst OTKPHITHIM
BOIPOC: AKTUBUPYET JIU MEHTOJI €ANHCTBEHHBIN peren-
TOp B ceHcOopHBEIX addepentax — TRPMS unu on
y4acTBYET TAK)KE B APYTUX MEXaHU3Max, CBSI3aHHBIX
c Horumentwmei [21]. Tora kak B pabote [6] mOka3aHo,
YTO OXJaXKJarolllee IeHCTBIE MEHTOJIA OTIOCPETy€eTCs
Tonbko depe3 TRPMS-kaHamsl.

CymectByer npenmosnoxenne, 4to TRPMS8-pemnern-
TOPBI BOBJIEKAIOTCSI B XOJIOIOBYIO HOIHIIETIINIO, OTHAKO
0oJjiee BEpOATHBIMH KaHAMIaTaMH Ha y4acTHE B 3TOM
npotecce sBusAoTcs TRPA1-penenTopsl, koTopsie
aKTHBHUPYIOTCS O0Jiee HU3KUMU TeMIiepaTypamu [48].
B paGore [54] mokaszano, uto TRPA1 skcnpeccu-
pYIOTCS B HOLIMLIENTUBHBIX HelipoHax. HelipoHsl, ko-
Topsle skcnpeccupytoT TRPA1, oueHs MeIEHHO OT-
BEYAIOT Ha XOJIOJ, IO3TOMY aBTOPHI [48] IPEATIONOKH-
JIM, 9TO XOJIOAOBasg HOLMLENUHUA Y JIIOAEH omocpe-
nyerca He Tonpko TRPA1-penentopamu, HO U BO3-
MOJKHO BOBJIEUEHHE IPYIHX MEXaHHU3MOB, KOTOpBIE
MIPEICTOUT HCCIIEOBATh.

X004 MOXET TakKe aKTUBHPOBATh CEHCOpPHBIE
HEpBHBIE BOJIOKHA KOCBEHHO, BBI3BIBAS TOBPEKACHNE
TKaHU WM U3MEHEHHUS B COCYAHCTOM TOHYCE, YTO
MIPUBOAMT K CTUMYJISIIIH HOLMIIENITOPOB M BBI3BIBAET
OoneBble onrymeHus [6].

W3BecTHO, YTO MEHTOJ U TOPYMYHOE MacCJIO JUIH-
TEeJbHOE BPeMsI MCTIOIb30BANIH AJIs CHSTHS WIIK YMEHbB-
menust 6omu. OtmedeHo BoBieueHue TRP-kananos
B BOCIAJUTEIbHYIO peakuuto. Tak, aBTopsl [5, 60]
MOKa3aiau, YTO OpajUKWHUH aKTUBUPOBAI TOKH
TRPA1. TRP-xanansl — OTHOCUTENIBHO HOBasi MU-
mieHb B Tepanuu [43]. Iloka HeWu3BECTHO, CMOTYT JIU
ciyxuTb TRPMS nm TRPA 1 3Ha9MMBIMU MHUIIICHAMHI
IUIs1 OOJICYTOJSIONIUX CPEJICTB.

B pabote [9] onleHHBaIM peaKITHIO KIETOK, COMIEP-
xamux TRPMS8: sMOproHaIbHBIX TIOYEK YEIOBEKa,
TUMQpaTHYECKHX y3JI0B IPU pakKe MpelCTaTeNbHOM
JKeJIe3bl ¥ TAaHTIINEB JOP3aIbHBIX KOPEIIKOB CITHHHOTO
MO3Tra Ha ICHCTBHE COSTMHEHNUHN PA3TUYHON XUMIUEC-
KOU CTPYKTYPBI, TPECTABIISIONINX COOO0M MPOTOTHIIHI
COEMHEHMI, KOTOPBIC BHI3BIBAIOT OXJaxaeHue. Vc-
cienoBaHbl 3P PEeKTh KapOOHOBON KHUCIOTHI, aMHIOB
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The TRPMS receptors are assumed to be involved
in cold nociception, however more probable candidates
to participate in this process are TRPA1 receptors,
activating by lower temperatures [48]. As reported
[54], TRPA1 are expressed in nociceptive neurons.
The neurons, expressing TRPA1 respond very slowly
to cold, therefore the authors [48] assumed a human
cold nociception to be mediated not only by TRPA1
receptors, but a possible involving of other mechanisms
to be investigated.

Cold may also activate the sensor nerve fibers
indirectly, by causing a tissue damage or changes in
vascular tonus, resulting in nociceptor stimulation and
causing pain sensation [6]

Menthol and mustard oil are known to be used
within many centuries for pain killing or reduction. The
involvement of TRP channels in inflammatory response
was noted. Thus, the authors [5, 60] demonstrated
bradykinin to activate the TRPA1 flows. The TRP
channels are a relatively new target in therapeutic usa-
ge of preparations [43]. It is still unknown whether
TRPMS or TRPA1 may serve as priority targets for
analgetics.

In the paper [9] there was evaluated the response
of TRPMS8-containing cells: human embryonic kidneys,
lymph nodes at prostate cancer and dorsal root ganglia
of spinal cord to the effect of compounds of different
chemical structure, representing the prototypes of cool-
ing-caused compounds. The effects of carbon acid,
its amides and phosphine oxide were investigated. The
studied compounds demonstrated a dose-dependent
and reversible TRPMS8 activation. Carboxamide, as
the most efficient in TRPMS activation among the tested
compounds, was especially emphasized [9]. The
authors believe the TRPMS as capable to be the target
for prostate cancer diagnostics and treatment.

According to the research results [36] the normal
responses either to menthol or icilin application,
activating TRPMS, were revealed in approximately
17% cultured neurons of trigeminal ganglia and dorsal
roots of spinal cord in wild type animals. In spite of
the fact, that the neurons of TRPMS&-knockout mice
did not respond to these compounds, they manifested
anormal sensitivity to capsaicine: TRPV1 agonist and
allylic isothiocyanate (mustard oil): TRPA1 agonist [5,
27].

In the paper [36] approximately 50% TRPMS-
expressing neurons were shown as containing TRPV 1
channels, therefore they were sensitive to low and high
temperatures and activated by both menthol and cap-
saicine.

Of interest is the fact of TRP cold channel parti-
cipation not only in cold perception, but other functional
processes as well. TRPA1 channels in hair follicle cells
of vertebrates are involved in mechanosensitivity, tes-
tified by the presence of mTRPA1 transcripts and
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KapOOHOBBIX KUCIIOT U OKcuJ Gocduna. M3yuaemele
COE/IMHEHUS TI0KA3aITH JI0303aBUCUMYIO U 00PaTUMYIO
aktuBanuto TRPMS8. OcoOeHHo BhIfieNieH kKapOokca-
MU/, SABJSIOIIUICS caMbIM 3()()EKTUBHBIM B aKTHUBA-
unu TRPMS8 u3 ucnblTaHHbIX coequHEHui [9]. ABTOPBI
cuutarT, yT0 TRPMS8 MokeT OBITH MHUIICHBIO B
JUAarHOCTHKE U JICYEHNUHU paKa MPOCTATHI.

CornacHo pe3yibraraMm ucclienoBanus [36] npu-
onmuzuTensHO y 17% KyabTHBHPOBAHHBIX HEHPOHOB
TaHIJIMEB TPOMHUYHOTO HEPBA 1 TOP3ATbHBIX KOPEIIKOB
CIIHMHHOTO MO3Ta )KHBOTHBIX JTUKOTO TUITAa OBLITH BBISIB-
JIEHBI HOPMaJIbHBIE OTBETHI Ha alTUTNKALIMI0 MEHTOJIA
WM NOWIHHA, akTuBHpyromue TRPMS8. HecmoTps Ha
TO, uTO HelipoHBl TRPMS8-HOKay THPOBAHHBIX MBITIIEH
HE OTBEYaJIH HA 3TU COETUHEHMSI, OHU IPOSBUIN HOP-
MaJbHYI0 9yBCTBUTEIBHOCTHh K KalCauIMHy — aro-
nucty TRPV1 u annmunoBomMy H30THOLMOHATY (TOpYMY-
HOMY Maciy) — aronucty TRPA1 [5, 27].

B pabore [36] nokazano, uto npudausutenasHo 50%
HEeHpoHOB, 3kcnpeccupyromux TRPMS, taxxke conep-
xat TRPV1-kanansl, mo3TOMY OHH YyBCTBHTEIHHBI
K HA3KOM U BBICOKOM TEMIIEPATYPE, U aKTUBUPYIOTCS
KaK MEHTOJIOM, TaK U KarlCauIIHHOM.

WNaTepecHsIM mpeacTaBiseTcs (akT ydacTHs
x0s1010BbIX TRP-KaHalI0B HE TOJBKO B XOJIOJOBOM
BOCIIPUSATHH, HO U B APYTHUX (PYHKIMOHAIEHBIX MPOIIEC-
cax. TRPA1-kanaJibl B KJIETKax BOJIOCSHBIX (DOJUTHKY-
JIOB ITO3BOHOYHBIX BOBJICYEHBI B MEXaHOUYBCTBUTEb-
HOCTh, O 4eM CBHUAETeIbCTBYeT Hanuune MTRPAI-
TPAaHCKPUITOB U OEJIKOB, a TAK)KE CHI)KEHHE (DYHKIIH
3TUX KJIETOK IOC/ie MHIMOMPOBAaHUS 3KCIPECCHH
TRPA1-6enka [16,39]. OOHapyeHbI OpeAeICHHbIE
JUTSL XOJIO/la HOIIMIIETITOPBI B POTOBUIIE IN1a3a KOIIKH,
KOTOpBIC BO30YXJ1anuCh HEOONbIIUM CHIIKEHHEM
TeMIiepaTypsl B quanaszone 8—30°C [24].

Cmpyxmypuo-@yuKyuonanrohas xapaxmepuc-
muxa xonodoswvix TRP-peyenmopos. TRP-kanamb
(hopMupyIOT TETpaMepsl, Kaxaas cyObeInHUIa KOTO-
PBIX BKJIIOYAeT 6 TpaHCMEMOpaHHBIX JAOMEHOB, a
takxe N u C TepMUHaIIBHBIE 00JaCTH, HAXOASIIUECS
BHYTPH KJIETKH (PUCYHOK) [15, 56].

B uccrienoBanuu [56] unentudurmpoBana oo61acth
“3akpyueHHoi cimpanu’” (“coiled coil’), yuacTByromas
B cOOpKE X0JI0A- U MEHTOJ- akTuBHpyeMoro TRPMS-
kaHauna. [loka3ano, 4To OHa COAEPKUTCS Ha IUTOILIA3-
marnyeckor oormactu C-konma TRPMS 1 HeoOxommma
Uit QOPMHUPOBAHMS TETpaMEpPHOTO KaHana [22, 56].
Takum o6pazoMm, 007acTh “3aKpy4EeHHOMN crupann’
HeoOxoauMa A1 co3peBaHus U (QyHKIIMOHUPOBAHUS
KaHama.

COopka kaHalla MOXET OBITH HapylIeHa CAHH-
CTBEHHOH TOYEUHOW MyTaIrler B 00JIaCTH “3aKpy4eH-
Hol civpanu” [22]. Dta MyTanus He TO3BOJISIET (QyHK-
LUOHUPOBATh KaHAJaM U HE JAeT BO3MOXHOCTH €T0
cyObeqUHMLAM B3aUMOJCHCTBOBATh WK (HOPMHUPO-
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proteins, as well as a decrease in the function of these
cells after inhibition of TRPA1 protein expression [ 16,
39]. The cold-special nociceptors in feline eye cornea,
excited by slight temperature decrease within §-30°C
range were found out [24].

Structure-functional characteristics of cold TRP
receptors. TRP channels form tetramers, where each
subunit comprises 6 transmembrane domains, as well
as N and C terminal areas, being inside a cell (Figure)
[15,56].

As reported [56], there was identified the area of
“coiled coil”, participating in the assembly of cold- and
menthol-activated TRPMS channel. This was shown
as located on cytoplasmic area of TRPMS8 C-end and
necessary for tetrameric channel formation [22, 56].
Thus, the “coiled coil” area is necessary for channel
maturation and functioning.

The channel assembly may be disordered by the
single point mutation in “coiled coil” area [22]. This
mutation does not allow functioning for channels and
provides no possibility for its subunits to interact or
form protein complexes, i.e. to create multimers,
nevertheless it is not a hindrance for transporting to
plasmatic membrane.

The authors [12] have revealed a specific area
within the limits of intracellular C-terminal area,
enabling the temperature perception for TRPV1 and
TRPMS. In the paper [31] there was proposed a
biophysical model, based on the temperature property
to change the potential-sensitivity of channels,
contributed to TRPV1 and TRPMS opening under high
and mode-rately low temperatures, correspondingly.

The role of N-glycosilation was investigated in order
to analyse the mechanisms, being the base for channel
assembly and transport [22]. The authors consider the
Asn-934 as the single acceptor site for N-bound gly-
cans; such a supposition is based on studying the
mutation effects of this site. In this research was also
analysed the area inside TRPMS&, involved on channel
assembly, the role of N-glycosilation for subunit
transport was determined.

In contrast to C-end the “coiled coil” area on N-
end is not the feature for TRPM channels [22]. The
N-end “coiled coil” area contains a great number of
alanines (9.5%), meanwhile in C-terminal area their
number is significantly lower (2.6%) [41]. The N-ter-
minal site probably plays a stabilising role in vivo [22].

In TRPMS8 channel the N-glycosilation site was
revealed between transmembrane domains (TM): TM5
and TM6, where the pore area and a selective filter
are hypothetically located [44]. Potential sties of N-
glycosilation were also found out inside TM5-TM6
domains in TRPM2 (the nearest relative of TRPMS),
TRPM4 and TRPMS. In each case the assumed
glycosilation sites have a selective filter, moreover in
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BaTh NMPOTEUHOBbIE KOMILJIEKCHI, TO €CTh CO3/1aBaTh
MYJIBTUMEDPBI, TEM HE MEHEE, OHA HE SIBIISETCS MPEIsT-
CTBHEM ISl TPAHCMOPTUPOBKH K TJIa3MaTHYECKOH
MeMmOpaHe.

ABtopamu [12] oOHapyxkeHa cneunduieckas o0-
JacTh B IpejAenax BHYTPHKIETOUHOH C-TepMmu-
HaJIbHOUM oOnactu, KoTopas mo3songer TRPV1 u
TRPMS8 BocnpuHuMaTh Temmieparypy. B padore [31]
Obula mpenyokeHa onopuznveckas Moaesb, KOTopas
OCHOBaHa Ha CBOMCTBE TEMIIEpPaTypbl U3MEHATH I0-
TEHINAaJI-9yBCTBUTEIFHOCTh KaHAJIOB, YTO CIIOCO0-
cTByeT oTKpbITHIO TRPV 1 nipu BeICOKHX Temmepary-
pax u TRPMS — ipu yMEpeHHO HU3KHX.

Jis aHanm3a MEXaHW3MOB, JIEXKAIIUX B OCHOBE
cOOpKH U TpaHCIIOpTa KaHaja, uCcCclieIoBaHa Pohb N-
[JINKO3UIUPOBaHUA [22]. ABTOPHI CUUTAIOT, YTO
Asn-934 —3T0 e IMHCTBEHHBIH aKIENTOPHBIN y4acTOK
Jutst N-CBSI3aHHBIX INIMKAHOB; TAKOE MPEIIOI0KEHNE
OCHOBAHO Ha HCCIIeI0BaHUU (P PEKTOB MyTUPOBAHHS
9TOrO y4actka. Takke B 3TOH paboTe mpoaHau3u-
poBansl obnactu BHyTpu TRPMSE, koToprie BoBieue-
HBI B COOPKY KaHaJIOB, OlpeiesieHa poib N-TITMKO3HIN-
poBaHUs i CyOBeIMHUIHOTO TPAHCIIOPTA.

B otnmume ot C-xoHma oOnacTh “3aKpydeHHOMN
cnupany’” Ha N-KOHIIE He SIBIISIETCS XapaKTepHOU 0CO-
6enHocteio TRPM-kananoB [22]. O6nacts “3akpy-
4eHHO criipanu’” N-KOHIIa COAEPKUT OONBIIOE KOJH-
4ecTBO aaHuHOB (9,5%), Torna kak B C-TepMUHAIb-
HOH 00nacT WX 3HAYMTEIHHO MeHbIne (2,6%) [41].
BepositHO, N-TepMuHaIBbHBIN y4acTOK UTpaeT ctabu-
JU3APYIOILYIO OB in vivo [22].

B TRPMS-kanane ygacTok N-IITHKO3WINPOBAHUS
BBISIBIICH MEXJY TpaHCMEMOpaHHBIMU JTOMEHAMH
(TM) — TM5 u TM6, Tae npeanoaoKUTeIbHO COIep-
JKarcst 00JIaCTh HOPBI U CEJICKTUBHBIA (Guistp [44].
[orennmansHple yaacTky N-ITTHKO3MIMPOBAHUS TAKXKe
oOHapyxeHbl BHYTpU TM5- u TM6-noMeHOB y
TRPM2 (camoro 6mu3koro poactBeHHuka TRPMS),
TRPM4 u TRPMS. B kaxaom cirydae npezmnosarae-
MBbI€ yYaCTK! TNTUKO3UIINPOBAHMS UIMEIOT CEJIEKTUBHBIN
¢buneTp, pu 3ToM y TRPM2 u TRPMS8 B cocras
¢unsTpa BXOAAT ABa nKcTenHa. [ IpaBuibHOE cBOpaun-
BaHHE 00JIACTH MOPHI BAXKHO IS €e (yHKIIMOHUPO-
BaHms. ABTOpHI [20] TakXke TOKa3aid, 9YTO YIaCTOK
[JIMKO3WITUPOBAHUS, KOTOPKIN “o0pamisieTcs” B mope
JBYMsI OCTaTKaMH [ICTENHA, BaXKeH AJ1s1 QYHKLIMOHU-
pOBaHM KaHaja.

MaoBeposITHO, YTO CYIIECTBYET OOIUN MeXa-
HU3M COOpKH HOHHBIX KaHalioB TRP-cemeiicTBa. Xotrs
TRPM-kanansl 00619HO UMEOT AiauHHBIE N- 1 C-
00JIacTH, UM HE XBAaTaeT aHKUPHH-TIOBTOPSIOMINX 00-
Jacteil, KoTopble BoBieueHbl B cOopky TRPV4-,
TRPVS5- u TRPV6-kananos [2, 23].

Asropsl [7, 13, 36] uccrnenoBanu in vitro oXjaax-
Jarolue coeJuHEeHHUS, KOTOpble aKTUBUPOBAIU
TRPMS: uninivH, 3BKTATITON, aMU KapOOHOBOH KHC-
noTH U 11p. B padore [7] unentudunuposans 10 HO-
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Cxemarmueckoe n3obpaxenne cyopequaun TRPA1 u
TRPMS kananoB: 1— TpaHcMeMOpaHHBII qOMEH; 2 — 00-
JIACTh MOPHI; 3 — AHKUPUH-TIOBTOPSAIONIAS 00JIaCTh; 4 — JIOKa-
JM3anud “3aKpydeHHOU ciupanu’.

Scheme of subunits of TRPAland TRPMS channels: 1 is a
transmembrane domain; 2 is pore area; 3 is ankyrin-repeated
area; 4 is “coiled coil” localisation.

TRPM2 and TRPMS the filter comprises two cys-
teines. A correct pore site folding is important for its
functioning. The authors [20] have also demonstrated
the glycosilation site, “edged” in a pore by two cysteine
residues, as important for channel functioning.

It is unlikely, that there is a common assembly
mechanism for the TRP family ion channels. Although
the TRPM channels generally have the long N- and
C-area, they miss the ankyrin-repeating area, involved
in TRPV4, TRPVS5 and TRPV6 channels assembling
[2,23].

The authors [7, 13, 36] studied in vitro the cooling
compounds, activating TRPMS: icilin, eucalyptol, carbon
acid amide etc. In the paper [7] there were identified
10 new agonists and 3 TRPMS8 receptor ones. A
critical aminoacid residue: glutamine in third
transmembrane channel area, necessary for TRPMS
activation by icilin, was revealed [13]. At the same
time the site of icilin action on TRPMS8 channels
coincides with a side of TRPV1 receptor, binding
capsaicine, that testifies to the identity of molecular
activation mechanisms of these thermoreceptors [13].

The intensity of responses of TRPMS channels to
menthol and icilin effects reduces both under increasing
pH from 7.5 to 8 and decreasing pH from 7.5 down to
6.8, the response was completely inhibited at pH 6.3.
Meanwhile the TRPV1 channel activation augmented
under pH decrease from 7.5 down to 6.3 [7]. At the
same time in the paper [1] the pH decrease down to 6
was shown to inhibit the flows though TRPMS in
response to cold or icilin effects, but the response to
menthol action remained unchanged under this dec-
rease. The authors suggested the icilin and cold activation
to involve different mechanisms, than menthol one.

Cooling component icilin, the known TRPMS
agonist, also activates TRPA1 flows, although with
lower efficiency, if compared to TRPMS [54].

A temperature sensitivity may be modulated either
by phosphorylation of intracellular residues of TRP
channels by protein kinases or insertion of new
channels into cell membrane [25].

PROBLEMS
OF CRYOBIOLOGY
Vol. 19, 2009, N24



BBIX aroHUcToB U 3 aHTaronucra TRPMS- peren-
TOpPOB. BBIsIBIEH KPUTUYECKHI aMUHOKHCIOTHBIN
OCTaTOK — IIIyTaMHUH B TPeThel TpaHCMEeMOpaHHOU
o0nacTH Ka-HaJa, KOTOPIA HEOOXOIUM /1Sl aKTUBALIH
TRPMS unununom [13]. Ilpu 3ToM MecTo neicTBust
nnunuHa Ha TRPM8-kaHansl coBmagaeT co CTOPOHOH
TRPV1-penentopa, cBs3pIBaroIiel KarcaulivH, 4TO
CBHUJIE-TEILCTBYET 00 UACHTHYHOCTH MOJIEKYISAPHBIX
MeXa-HU3MOB aKTHBAIIMH STHX TepMoperienTopos [13].
HNartencuBrocTh oTBeToB TRPMS8-kaHanmoB Ha
JefiCTBHE MEHTOJIA ¥ UIMJINHA YMEHbIIAIACh KaK IIpH
nossimennn pH ¢ 7,5 no 8, Tak u npu camkennu pH ¢
7,5 1o 6,8, 0OTBET MOIHOCTHIO HHTHOMpoBaics mpu pH
6,3, Torna kak aktuBarus TRPV 1-kxananoB yBenndu-
Banack npu cHkenuu pH ¢ 7,5 1o 6,3 [7]. B To xe
Bpems B pabote [1] moka3aHo, uyTo cHuxkenue pH 1o
6 Topmosut Toku yepe3 TRPMS B oTBeT Ha nelicTBHe
XO0JIOZla WM MLWJIMHA, @ OTBET Ha IEHCTBUE MEHTOJIA
[IpY TakoM cHIbkeHUH pH He MeHsieTcs. ABTOpBI pea-
TOJIOXKHIIH, YTO aKTHBALIUS UIIWIIMHOM U XOJIOJIOM BOB-
JIeKaeT MHBIE MEXaHU3MBbI, YeM aKTUBAIH MEHTOJIOM.
OxJ1aXk1aro1Iuii KOMIIOHEHT UIIWJINH, U3BECTHBIN
aronrct TRPMS, taxxe aktuBupyer Toku TRPAI,
XOTs1 ¢ MeHbIeH 3 pexTuBHOCTHIO, ueM TRPMS [54].
TemmeparypHast 9yBCTBUTENIEHOCTh MOXKET MOJTY-
TupoBathbes (pochopruTpoBaHNEM BHY TPHKIETOYHBIX
octarkoB TRP-kaHanoB npoTenHKUHA3aMU WU BCTaB-
KO HOBBIX KaHAJIOB B KJIETOUHYIO MeMOpany [25].
Mexanusmel perymsinuu TRP-kananoB g0BOJIbHO
cinoxHubl [50]. HenaBHue ucciieoBaHus MOKa3alu
Monyssinuio pasnuuabix TRP kananos ¢ocdouno-
3UTHJAMH, B YaCTHOCTH (HOCHOTUIMITNHO3ZUTON-4,5-
oudpocparom (PIP,). B GompumncTee ciaydaes PIP,
obmneruaer aktuBanuio TRP xananos [59]. Moxyns-
s pochaTHIUIIHO3UTOI-4,5-01udochaTom moapoo-
HO omucaHa g BanwionaHelx (TRPV1, TRPVS),
menactatuHOBBIX (TRPM4, TRPMS5, TRPM7,
TRPMS), nomutucturnoBoro (TRP2) u TRP-nono6-
Hpix Kananos (TRPL) mposoduier [50]. PIP, crumy-
mupyeT TRPMS-, TRPM7-, TRPMS-u TRPV 5-kanainsl
[30,49, 51], Ho uaTHOUpYeT TRPV 1-kanans! [14].
PIP, urpaer HEeHTpaJbHYX POJb B AKTUBALUU
Heckonbkux TRP-xananos [11]. ABTOpHI BBIBUIU
nomeH TRP-kaHana, KOTOpBIM BOBIEUEH B aKTUBALIUIO
¢docoarnannuHozuTon-4,5-0udocdarom TRPMS- ka-
Haia. /{751 ycraHoBineHns obacTeii akTHBalluy KaHa-
110B hocharuannuuoznton-4,5-6udocharom u Temre-
parypoii ucciaenonanu xumepy TRP-kaHana, y koTo-
poro npokcuMainbHas yacTh C-konna TRPV1-kanama
3aMeHEHa JKBHUBAJEHTHBIM ydacTKoMm C-KoHIa
TRPMS-kanana. Taxoi kanan akrusuposaics PIP,
1 BbIcOKOM TeMmieparypoii [11]. [TomyuenHsle B aTOU
paboTe naHHbIE CBUAETENBCTBYIOT O CYIIECTBOBAHUH
Pa3IUYHBIX 00NacTel aKTUBAIMH IS TEMIIEPATYPhI
u PIP,. I1pu sToM aBropsl [49] npeanonoxuim, 4to
kanaiisl TRP-cemelicTBa 00manaroT 00MUM PIPz—
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Regulation mechanisms for TRP channels are quite
complicated [50]. The recent studies showed the
modulation of different TRP channels by phospho-
inositides, particularly, phosphatidyl inositol 4,5
biphosphate (PIP,). In most cases PIP, facilitates the
TRP channel activation [59]. The phosphatidyl inositol
modulation by 4,5 biphosphate is specified for vaniloid
(TRPV1, TRPVS), melastatin (TRPM4, TRPMS,
TRPM7, TRPMS), polycistin (TRP2) and TRP-like
fruit fly channels (TRPL) [50]. PIP, stimulates the
TRPM?7, TRPMS8 and TRPVS [30, 49, 51], but inhibits
TRPV1 channels.

PIP, plays a central role in activating some TRP
channels [11]. The authors revealed the TRP channel
domain, involved into the TRPMS channel activation
with phosphatidyl inositol 4,5-biphosphate. In order to
establish the area of channel activation by phosphatidyl
inositol 4,5-biphosphate and temperature there was
investigated the TRP channel chimaera, which proximal
part of C-end of TRPV1 channel was changed for an
equivalent site of C-end of TRPMS channel. This
channel was activated by PIP, and a high temperature
[11]. This research findings testify to the existence of
different activation areas for temperature and PIP,.
At the same time the authors [49] assumed the TRP
family channels as possessing of a total PIP -binding
site, located on a proximal site of C-end.

PIP, is a secondary mediator and source of three
more lipid —derivative messengers: diacylglycerol
(DAG), inositol triphosphate (IP,) and phosphatidyl
inositol-3,4,5 triphosphate (PIP,) [37]. PIP, exhausting
inhibits flows through TRPM7, TRPMS, TRPMS,
TRPV5 and TRPM4 channels [34, 49, 51].

The data [34] enable considering the TRPMS, like
many TRPM channels [33, 51], to require the PIP,
presence for activation. The PIP, hydrolysis is
important for Ca?*-dependent TRPMS desensibilization
[34,49].

In spite of many proves of TRP channel involvement
into cold perception, some authors consider epithelial
sodium channels, background potassium ones or ion
pumps as making an important contribution into a cold-
caused depolarisation and neuron excitation [3, 47, 54,
58].

Conclusions

The data presented in the paper reflect the novel
notions about the channel family, quite recently found
out, involved into the numerous processes and, possibly,
included into the integration mechanisms of different
functions.

Current data about the cold TRP receptors extend
the knowledge, that may be used in selecting the
regimens for cold effect on organism in therapeutic
purposes; enable a deeper understanding of occurring
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CBA3BIBAIOLINM YYaCTKOM, PACIIOJI0KEHHBIM Ha IIPOK-
CUMaJIbHOM y4dacTke C-KoHIaA.

PIP, siBnisieTCst BTOPUYHBIM IIOCPEHUKOM M HCTOY-
HUKOM €I11€ TPEeX JUITUI-TIPON3BOIHBIX MECCEHIKEPOB!
mamuiranepona (DAG), unosutontpudocdara (IP,)
u pocharuaununosuron-3,4,5-rpudocpara (PIP,)
[37]. UcTomenne PIP, uHrubupyer TOKHM uepes
TRPM7-, TRPMS5-, TRPMS-, TRPV5- u TRPM4-
kaHaunsl [34, 49, 51].

Hanneie [34] mo3BoJsiOT cuuTath, 4uto TRPMS,
rono6Ho mHOTUM TRPM-Kkananmam [33, 51], Tpebyer
nust aktuBanuu npucytersust PIP,. T'mapomus PIP,
BaxkeH i Ca’"-3aBUCUMOM IeCeHCUOMIU3alnuu
TRPMS [34, 49].

HecMmoTtps Ha MHOKECTBO JOKa3aTEeIbCTB BOBIIE-
yeHust TRP-kaHaoB B X0JI010BO€ BOCIIPUSITUE, HEKO-
TOpBIE aBTOPBI CYUTAIOT, YTO CYIIECTBEHHBIH BKIIAJ
B BBI3BAHHYIO XOJIOZOM JEHONAPHU3ALMI0 U BO30YX-
JIeHNe HEHPOHOB BHOCAT IIUTEIHAILHBIE HATPUEBBIE
KaHaJbl, (POHOBBIC KaNHWEBble KaHAJIbI WM WOHHEIE
Hacochl [3, 47, 54, 58].

BbiBOABI

UznoxxeHnHsIe B paboTe JaHHBIE OTPAKAIOT HOBEH-
e MpeacTaBiIeHuss 00 OTHOCUTENIbHO HEIaBHO
OTKPBITOM CEMENUCTBE KaHAJIOB, KOTOPbIE BOBICYEHBI
BO MHO>XE€CTBO TIPOIECCOB H, BO3MOXKHO, BKITIOUCHBI B
MEXaHU3MbI HHTETPUPOBAHUS PA3TMIHBIX ()YHKITHIA.

CoBpeMeHHbIe TaHHbIe 0 X010A0BbIX TRP-penen-
TOpax PacUIupsSIOT 3HAHUS, KOTOPbIE MOTYT OBITh
HCTIONIB30BaHbBI JUISI BBIOOpa PEKUMOB XOJIOAOBOTO
BO3JICHCTBUS Ha OPTAaHU3M B TEPATIEBTUICCKUX IIEIIAX;
MTO3BOJISIOT OoJiee TMTyOOKO MOHSTH MPOUCXOISINNE
HM3MEHEHUS MPU OITAITHOM OXJIAXKIECHUU 3aMOPaAXKHU-
BalOIIMX 00bEKTOB, KOTOPBIE BKIOUAIOT Kak (hu3ndec-
KHE TIPOIECCHl OXJIaKICHUSI-3aMOPKUBAHMS, TaK U
(hPU3MOIIOTHYECKYIO PEAKIINIO, BOBJICKAOIIYIO Pa3iiny-
HBIE MEXaHU3MBbI B K&XKJIOM JTUaIa30He TeMIIepaTyp, Ipu
CHIDKEHHH TEMITEpaTypsl oT ¢pusunonorundeckoit 1o 0°C.

HanpHeiiiee u3ydyeHue XoJ0I0BOW peleniuu, B
yacTHOCTH (pyHIameHTanpHOE uccienoBanue TRP-
KaHAJIOB, SBJIIETCS COBPEMEHHBIM aKTyaJIbHBIM Hall-
paBlICHHEM, TMTO3BOJSIOMIM 0oJiee TIIyOOKO MOHSTH
MEXaHU3MBI CCHCOPHOTO 1, B YaCTHOCTH, TEMIIEPATYyP-
HOT'O BOCIIPUSTHSL.
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changes under a staged cooling down of frozen objects,
including both physical processes of cooling-freezing
and physiological response, involving different mecha-
nisms in each temperature range, at temperature
decrease from physiological one down to 0°C.
Further studying of cold reception, particularly,
fundamental investigation of TRP channels, is an actual
direction, enabling deeper understanding of mechanisms
of sensor and temperature perception, in particular.
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