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A cartoon showing the cell structure near the plasmamembrane
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What are ion channels?

- Hydrophilic pores comprised of transmembrane proteins.

- Transport ions across membrane with extremely high
efficiency at 105~108 ions/sec (activation energy for
transport reaction is low and ~3kcal/mol for K* channels).

Induce large changes in membrane voltages as well as
rapid changes in intracellular ionic concentrations.

-Each ion channel shows selectivity to permeating ions
and activation triggers.

= Diverse ion channels are formed by proteins encoded
by different genes to play essential roles in various
biological responses.



TRP

transient receptor potential




Phylogenetic tree of TRP proteins
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Putative transmembrane topology of TRP channels
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Many TRP homologues also form “non-classical Ca?* channels”.
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Ca?+* metabolism
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Phylogenetic tree of TRP proteins
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— TRP homologues act as cation channel ‘sensors’
activated by diverse stimuli from the extracellular environment
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Phylogenetic tree of TRP proteins
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Phylogenetic tree of TRP proteins
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Phylogenetic tree of TRP channels
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Phylogenetic tree of TRP proteins
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Activation mechanism of TRPM2

oxidative stress
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The blolocucal significance of mflammatlon

to bring fluids, proteins and inflammatory cells from blood into the
damaged tissues to eliminate the injuring substances and trigger the
healina and repairina processes.



Chemokines play a key role in recruiting inflammatory cells migrating to
o inflamed sites.

Neurtrophils

chemotaxis

souce of chemotactic cytokine
O chemokine

CXC chemokines, CXCL8 and CXCL2, exhibit potent chemotactic activity
for neutrophils, aggravating inflammation.

C chemokine CC chemokine CXC chemokine | CXXXC chemokine
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cxcLg (IL-8)
cxcL2 (MIP-2)
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Redox-sensitive TRP channels
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(ref; Hess et al., Nat Rev Mol Cell Biol 6, 150-166, 2005).

-based modification of protein cysteine thiols
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Pathophysioclogy
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Cys-5-0O-H



Physiological importance of NO
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Cys-S-H — Cys-S-N=0

Reducing agents

Closed Outside Outside
S o, 2
(] (+)
SH 7H —NO D
Cytoplasm Cytoplasm
NO Zj X
Ca™, Na
Alignment of various TRPs with the C553/C558-
containing S5-S6 TRPC5 sequence
553 558
mTRPC5 LYFY-YETRAIDE——PNNEKG | RGEKQNN-————- AFSTLFETLQSLF
mTRPC4 LYFY-YEETKG-———- LSBKG | RJEKQNN—————— AFSTLFETLQSLF _
mTRPC1 LYDKGYTSKEQ-———- KDIHVG | FIBEQQSND————- TFHSFIGTMFALF Receptor-activated
mTRPC2 IYVPYQ___ESE _______________________ KLGNFNETFQFLF Channels
mTRPC3 LYSYYLGAKVNP——————————————————————— AFTTVEESFKTLF
mTRPC6 LYSYY|GAKQNE————————-—————————————— AFTTVEESFKTLF
mTRPC7 LYSYYRGAKYNP————————————————————— —— AFTTVEESFKTLF

mTRPM2 |ILIHNESRVDWIFRGVVYHSYLTIFGQIP
mTRPM7 ILYPHEEPSWSL -——————-——-——————————
mTRPV1 L IEDGKNNSLPVESPPHKERGSABRPGN
mTRPV4 LLNPMTNMKVIEDEDQ-SN[§TVPTYPAMR

TY IDGVNFSMDQI®S
————AKD [ VFHPYWMIF

——————— SYNSLYSTIMLELF
——————— DSETFSAFLLDLE | lermosenor

dTRP LLWY-YAELEKNKI§YHLHPDVADFDDQEKA[YT IWRRFSNLFETSQSLF channels
dTRPL LLWY-FAALEKSKIYVLPGGEADWGSHGDSIMMKWRRFGNLFESSQSLF

+ TRPV3 Yoshida et al., Nature Chem. Biol. (2006)
The TRP channels that respond to NO!




Cysteine-targetting reactive compounds and disulfides
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Theses compounds activate TRPs by modification of the same Cys as NO,
and other TRP channels as well!



Phylogenetic tree of TRP proteins
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TRPAL is activated through oxidative modification of Cys residues

TRPAL is targeted by an array of inflammatory mediators to elicit inflammatory pain
In the nervous system.

The sites of action of 15d-PGJ, are partly different from those of NO and H,0.,.

TRPC5 and others

TS O

1. ] 55
nmrmwmrm”mr m e i |
R A R |

g

15d-PGJ,

TRPA1 y§665Cys641

5414 9421

NO and H,0, COOH
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Deleterious effects on

channel function at large 15d-PGJy, NO, H,0;



Redox-sensitive TRP channels

O,N NO,
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Reactive disulfides are powerful tools to assess oxidation sensitivity of proteins
and downstream biological responses




