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Summary (Abstract) of doctoral thesis contents

Transient receptor potential (TRP) channels are nonselective cation-permeable
channels that can be categorized into 7 subfamilies: TRPC (canonical), TRPV
(vanilloid), TRPA (ankyrin), TRPM (melastain), TRPP (polycystin), TRPML
(mucolipin) and TRPN (NOMPC) (not found in mammals). Transient receptor
potential ankyrin 1 (TRPA1), a unique member of the TRPA subfamily is a
homotetrameric nonselective cation-permeable channel with six transmembrane
domains and cytoplasmic N- and C-termini. Although many TRP channel family
members contain between 3 and 6 ankyrin repeats (ARs) in the N-terminal region,
TRPAL is distinguished by having an unusually large (16-17) number of AR repeats.
The trpal gene was first cloned from lung fibroblasts and originally named ANKTM1
because of these multiple N-terminal ankyrin repeats. TRPAL is primarily expressed in
dorsal root ganglia as well as trigeminal ganglia and nodose ganglia in mammals.

Mouse TRPAL, but not human TRPA1l was identified as a potential mediator of
noxious cold stimuli in nociceptive sensory neurons. Meanwhile, TRPAls from
non-mammalian vertebrates (snakes, green anole lizards, frogs and chickens) were
shown to be activated by heat, but not cold stimulus. Although the 3-dimensional
structure of human TRPA1l has been determined, the mechanism for
temperature-dependent TRPAL1 activation is unclear. Two different models were
proposed that could explain temperature sensitivity of TRP channels. A U-shaped
model of temperature sensitivity based on the thermodynamics approach explains how
all heat-activated TRP channels are also cold activated, while an allosteric coupling
model suggests the existence of two structurally different sensors (voltage and
temperature) that interacts to activate the channel. In addition to temperature, Ca?"
ions play an important role in both modulation and activation of TRPA1 channel.
While activation and modulation of TRPA1 channel by intracellular Ca?* and
extracellular Ca2?" were reported, the role of extracellular Ca%* in temperature
sensitivity of TRPAL remains unclear. The aim of this thesis work is to investigate
whether or not TRPAL1 is activated by heat directly and how extracellular Ca?* is
involved in heat-evoked activation of TRPAL.

The detailed properties of green anole TRPA1 channel (gaTRPAL) expressed in
HEK?293T cells exposed to thermal and chemical stimuli were first examined in
whole-cell and single-channel recordings. Arrhenius plots showed heat-evoked
activation of gaTRPAL1 with an activation temperature threshold of 35.8 °C, whereas
heat together with the chemical agonist allyl isothiocyanate (AITC) showed
synergistic effects on gaTRPAL1 channel activation in that either the temperature
threshold or activating AITC concentration was reduced in the presence of the other
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stimulus. To investigate whether or not heat directly activates gaTRPA1 channels,
excised inside-out membrane patches from gaTRPALl-expressing HEK293T cells were
analyzed by the patch-clamp method. These measurements showed that heat and AITC
directly activate gaTRPA1l channels. A comparison of the kinetics of heat- and
AITC-evoked single-channel currents revealed that heat-activated currents had shorter
open and closed times than those for AITC, thus suggesting different activation
mechanisms of heat and AITC.

Significant heat-evoked gaTRPA1 activation was observed in the presence, but not
absence of extracellular Ca?*. Moreover, to address whether or not other divalent
cations are involved in heat-evoked activation of gaTRPAL, effects of extracellular
cations (Mg?*, Ba?* and Sr?*) were examined upon heat stimulation. The absence of
extracellular Mg?* did not affect the channel activity upon heat stimulation regardless
of the presence of Ca?*. Substitution of extracellular Ca?* with Ba?* and Sr?* did not
evoke gaTRPA1 currents upon heat stimulation, but AITC-evoked currents were still
observed.

To understand the role of extracellular Ca2* in heat-evoked activation of TRPA1
channels, the extracellular Ca%*-dependent heat sensitivity of gaTRPA1 was compared
with the heat-activated TRPAL1 channels from rat snake (rsTRPA1) and chicken
(chTRPAL). In the absence of extracellular Ca?*, rsTRPA1 and chTRPA1l were
activated by heat and generated small inward currents at -60 mV. A single point
mutation (Glu894GIn) in gaTRPA1 channel showed small inward currents upon heat
stimulation in the absence of extracellular Ca?* at -60 mV, indicating the involvement
of Glu894 in heat-evoked activation. Further comparison of extracellular amino acids
in TRPAL from these three species (gaTRPAL, chTRPA1 and rsTRPAL) identified two
other negatively charged ones (Glu and Asp) near the outer pore vestibule that are
involved in heat-evoked TRPA1 activation in the presence of extracellular Ca?".

These results suggest that extracellular Ca?*, but not intracellular Ca2* or other
extracellular divalent cations, is important for heat-evoked activation of gaTRPA1 and
neutralization of acidic amino acids by extracellular Ca2* is involved heat-evoked
activation in all three species, which could clarify mechanisms of heat-evoked channel
activation.
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Summary of the results of the doctoral thesis screening

HE# Kurganov, Erkin i, IREHIK I L OVAITC 0L EMERBOZRIKETH D
TRPA1 (transient receptor potential ankyrin 1) F ¥ R/ILDOIEMEICEME . i, ZOM
Jas Ca* K fFit & 2 oREERBOMHEZ A E LT, U —27 /7 —/(green anole) b
71470 TRPAL (gaTRPAL) # E7= b x5 & 35, in vitro¥ Bl & LTk b HK o HEK293
M Z WXy F 77 EICLD2MaERB L OHE—F v X VEG OB 217 -
7~

HFEE X, 9. gaTRPAL AEIBEAIEEB L OAITCIZIEETH2 &, ELHL0HAL,
MO LIS U CIEEBERN S Z 2 R Lz, E7o. Mgt Ca IEfF7E T Tl
BIRIGENZEEACBEINZ2VOICR L, AITCIEEZEZEL L2 EZ2RHELE, &5
(2. BRI & AITC fil ¥ o 40 3 20 AT 2 W\ THEMNT 2 4TV ATTC (2 %3 2 I8 B I & B4R 8
ER TR EMIC TN D 2 & AITCAFA/E F CIXEIRANZICH T 20 EORMEN TN 5 2
EERBLEL. MBI T DINEOHMEMEEZ LN LT,

RIT, inside out /Ny FE&PWTZEH—BIRMT 21TV, MIEOWNKMEDEFE O L
RLUTEIRIGE, AITCIRZ bR I D ZEEZH LT LTz, DI, AITCIHMFIE T TOE
RINE & EIRTO ATC LB & LT Lic, ZOfME, SIENE T AITCIREIZH L,
EHIBRREH I X VPRI N BF ISR N L 2B Lz, £, AITCICH T DISENH—F
¥ ARNVER LSBT, Mfash Ca> FEHFE F CTHRT 2EIRIGE &Ry | st
Ca? DFETF LIFET CHEREELZRIRVWIL2BEBLE, 2NbDOT— 252 HE 2
T, WIRANEIC X DIEMAL & AITC IR A IC K DIEMAL D A D =X AR D Z ENR S
7=

HEE L, KOAT » 7 & LT, @iRIGE QMRS Ca? (K A7 M D T 4l i 5B i 7o &%
XD S OICFEMBRMNT 21T o7, ZTORE, MgZIZIFEAF LR W Z & Ba” TIREIRIGE
FEHITZENTERNIE, Ca¥% 2 mMTIE I mMICH L THEBEGEDOKE S I KT 5
PIREREIIEDLL RN EELZ RN L, =Y MU (chicken) @ TRPA1 (chTRPA1) I
L O~ E (rattle snake) @ TRPAl (rsTPRA1) TiX, gaTRPAl & ®72 V0 Ca>FEFEMLETF TH
EHR IS ENBEE ST, Ca’ fFAE FOIRE I~ L5 LTz,

BRI ERIS B O MBS Ca? R DM IE LB A TR D 7o DI A BAK A FH WV 7o g %
fTo7c, TORE, AT HRIAIADY DIZALE T 5. gaTRPAL IZRF I IFE T 5D Glus94
DM HFGLTWDLZ &, 3FICHEEBL TR LD Asp9ls, Glu922 EHELTVWLH Z &%
HOENZL, TNHD3NFTORAEMERAT L7 I/ BKREORERIEMLEZH SN LT,

PlE. AEFZEE, WAEMBIOEBREDO RNy F 7 7 v TR L DEQAETTO M E
RAEHAE LT, gaTRPAl NEBEZHEEZ /RT 2 & @IBRE L AITCIZHT 2I8ENMHED
REprm+T 2L, ®mIRRIHE S AITC MK OB —F ¥ X UIEEI N R 2 2 & AITCIRE &
B2 WIRIGE TN Ca>* BN MATHDL I EEEHL T L, & SICHIIEA Ca kT
PEORERBLZFRE LD TH D, £ OFWAMEMEIL S TR AER S B X OEDYHE
FORMMALELSFMTEL, ULELOHBNL, FEAZERTILE T, KW XBFEA
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