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Identification of the molecular basis for TRPA1 inhibition

utilizing species—specific differences
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Summary of thesis contents

Pain usually arises from noxious stimuli and alerts us to potential danger. Over
the last two decades, considerable advances have been made in understanding
peripheral pain mechanisms and the development of new analgesics. Transient
receptor potential A1 (TRPA1), a member of the TRPA subfamily, has emerged as an
important target for studying several types of pain and inflammatory conditions.
TRPA1 is known to be activated by various nociceptive stimuli such as noxious cold,
pungent natural products like cinnamaldehyde (CA) and environmental irritants.
Moreover, TRPA1 is mainly expressed in nociceptive neurons in sensory ganglia, thus
TRPA1 serves as a receptor for pain sensation. Since TRPA1l acts as a nociceptive
receptor, the development and study of its specific antagonists could aid our
understanding of pain relief mechanisms.

Many TRPA1 antagonists have been developed and some of them have entered
pre-clinical trials. The discovery of selective TRPA1 antagonists has allowed studies
to address the role of TRPA1 in health as well as in various animal disease models.
Characterization of TRPA1 from various species revealed that their sensitivity to
antagonists differs species-specifically. For example, TRPA1 from either the wild type
western clawed frog Xenopus tropicalis (wt-fTRPA1) or the green anole lizard Anolis
carolinensis is not inhibited by A96 or AP-18 (potent TRPA1 antagonists) while both
wild type human TRPA1l (wt-hTRPA1l) and mouse TRPA1 are inhibited by A96 and
AP-18. Effects of HC-030031 (HC), another selective TRPA1l antagonist also differ
among species. HC inhibits TRPA1 from human, green anole and chicken; however,
it failed to inhibit wt-fTRPA1. Due to this species diversity, comparative analyses of
TRPA1 among different species have been proven to be informative for understanding
the structure-function relationships.

In this study, through comparative and mutagenesis experiments using TRPA1
from different species, I identified important amino acid residues that are crucial for
the antagonistic activities of both A96 and HC in order to clarify the molecular
mechanisms of TRPA1 inhibition. By utilizing species-specific differences in TRPA1
inhibition by A96, along with their sequence analysis, I identified two amino acid
residues (Ser873 and Thr874) in the TM5 domain that are essential for the
antagonistic action of A96. A recent study reporting the detailed structure of
wt-hTRPA1 confirmed the binding site of A96 near the regions reported by my group
and others via an “induced fit” mechanism involving movement in the Ser873 and/or
Thr874 residues. This further supports my findings.

I next attempted to identify the amino acid residues (or regions) involved in the

inhibitory effects of HC on TRPA1l. For this, I also utilized the species-specific
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differences in TRPA1 inhibition between human and western clawed frog, and
generated a series of TRPA1l chimeras to identify the critical region(s) involved.
Further point mutation analyses based on species-specific differences in sequence
within the critical region of TM5-TM6 revealed that a single amino acid residue in
the linker region of TM4 and TM5 domain, Asn855 contributes significantly to the
inhibitory action of HC. Asn855 in hTRPA1 was previously shown to be associated
with autosomal-dominant heritable familial episodic pain syndrome.

Because TRPA1 is a unique polymodal signal detector whose action differs by
species, it i1s important to add data from new species in order to understand its
distinct physiological functions. For the first time I showed that HC failed to show
any inhibitory effect on CA-evoked activation of wild type zebrafish TRPA1lb
(wt-zTRPA1b) in a heterologous expression system with X. Jaevis oocytes. In
addition, I observed an increase in the sensitivity to HC for both fTRPA1 and
zTRPA1lb mutants containing Asn855 counterpart, which further confirmed the
importance of this single amino acid residue.

Lastly, the data from molecular dynamics simulations using wt-hTRPA1 suggested
that this single amino acid (Asn855) potentially binds to HC by stable hydrogen
bonding. I also found that Asn855 synergistically interacts with the C-terminal
region resulting in complete TRPA1 inhibition by HC.

Taken together, the present investigation of the pharmacology of TRPA1l
antagonism in different species provided clues for identifying the structural basis of
the inhibitory mechanisms, which could facilitate our understanding of the
structure-function relationship of TRPA1 and provide novel insights into the search

for new analgesic medicines targeting TRPAL.
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Summary of the results of the doctoral thesis screening

HfE# Gupta, Rupali K%, ix OREFMOZEFEIKRTH 5 TRPAL1 (transient
receptor potential A1) ¥ RNV D 2FEDOT X T =R MIRTHEZHERELTWND
TIVEREEZRETLZZEAERNE LT, OB AZARIZESHTERKSF A T 5
TFHEAVERR L., In vitro BEBLRE L TT 7 U B A H = )VINREAL 2 7= 2 BB AR S A [
EIEIC L ELRAEHZFER, BLOE FHKDO HEK293 Ml Z AW Z il Cazttf A —
Dy I XD ERE W THEsRERAT 21T o 7.

B—EsE LT, Gupta [KiX, 7o ¥ 2=2 | A-967079 (A96) O Jik=z M o> Fii [ 75 B & f# AT
L7z, TDOFEFR ., v b ® TRPAL (nTRPAL) & W &S M % k9 (2%t L, Xenopus troplicalis
@ TRPAL (fTRPAL) (X, IFEACEZMHE RSN E 2L LT, A MBI 72
AP-18 DKM Z IR ET DL 5 E BN (TM5) THLHLZ ENHMbN TS Z &
775, Gupta FKiE, hTRPAL & fTRPAL @ TM5 O 7 X/ BEECHI DEWIZHE B L. hTRPAL
DZEFAKR . Ser873lle F X T Ser87311e&Thr874Val OREREFRMT 21TV, A96 (2% 25 Jgsz M
NEFI L TWDZ 2L, ZOMENDL, hTRPAL @ Ser873 1 X U Thr874 7% A96
DEZ DR TBIZHE L TNWDLZ EEHLNI Lz, & 52, TRPAL OfE & IC RS & |
Z OFRALIZ A96 23 "induced fit” BEEIC K VAT HZ ERBRERINT,

B OERE L C, Gupta KiX, 7 ¥ 2= A k HC-030031 (HC) (T %9 2 @3z 1 o> fii [ 75 5
DT 24T o T2, ZOFER, hTRPAL @ W EZEZ R3Ol xt L, fTRPAL X, 1L AL
BZME RSN L2 ETHOLNIC L, RIS, M EZIRET DM EFET D720
IZ. hTRPAL & fTRPAL O F 2 7 431 Z MFERIIZAER L CHEREARAT 24T\, TM5-TM6 7% 5
BETHHI L, CRBBEKLFGT LI LEAHONIT LI, I HIZ, TM5-TM6 D i # @
B DT I WA OERRA R L THST L. hTRPAL @ Asn855Ser Z8 FLAK 7355 L 7=
ARS8 L-, 7. fTRPAL @ Ser880Asn Z8 BAKNEZ A4S+ 5 =
EBRH L, ke MUADOERIZ X DEZHEOE/IL, HC Ik LIRW S 4 oR
9" zebrafish TRPAL IZB W T H Bl S N7z, X512, fTRPAL (2 Ser880Asn 28 438 A4 %
& & HIC CARMmMIANGEIEKZ hTRPAL O b DIZE X# 2 5 &, hTRPAL & AR IEH 12 &
WEZ BRI AR LD, BREIC, 2 T8hF v Iab—ya VT AT, HC
DOEEEIRF 5. hTRPAL @ Asn855 @ NJR F-IZ RIFMZEMICH AT HZ LaxRmLTz, &
DX Iz, Gupta KiE, BEICHELEZ Z>DF —< 2OV TENT-FERE L2207,

PLE. RBFgEIE. o TAEY TP FIEEZHAE D oA 53 X OV 780 )15 O iR T
FEREHE LT, hTRPAL ® 2 FEO T U X A=A N OKZHEEZRE L TWDH T I/ Bk
ERIEL., 6, TNoDOT7 I )V BEENEEHMNTHOLZEEHLNZILEZLDTH
Lo TORVMEMMEIZLHAADZ L SHOBEFESEZ HIE L7 TRPALER IO BFEIC
BULMELEHSFMCTED, UEOHENS, BEZESITEE 8T, Kii XN FM
MXELTHIELWHDTHD &MLz,



