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What are ion channels?

・Hydrophilic pores comprised of transmembrane proteins.

・Transport ions across membrane with extremely high 
efficiency at 106~108 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



Putative transmembrane topology of TRP channels
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Phylogenetic tree of TRP proteins

JBC 1999 & 2006
EMBO J 2003, PNAS 2009
Circ Res 2001; EMBO J 2007
JBC 1998; Nature Chem. Biol. 2006
J Exp Med 2002

PNAS 2007; Nature Neurosci. 2009
Mol. Cell 2002; EMBO J 2006
Nature Med. 2008;

Many TRP homologues also form  “non-classical Ca2+ channels”.
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Phylogenetic tree of TRP proteins

JBC 1999 & 2006
EMBO J 2003, PNAS 2009
Circ Res 2001; EMBO J 2007
JBC 1998; Nature Chem. Biol. 2006
J Exp Med 2002

PNAS 2007; Nature Neurosci. 2009
Mol. Cell 2002; EMBO J 2006
Nature Med. 2008;

－ TRP homologues act as cation channel ‘sensors’
activated by diverse stimuli from the extracellular environment 

and from inside the cell.－

Many TRP homologues also form  “non-classical Ca2+ channels”.
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Phylogenetic tree of TRP proteins

Caterina. M J et al., Nature. 389, 816-824 (1997)

TRPV1 responds to vanilloids and pepper extracts

Voets. T et al., 
Nat. Chem. Biol. 1, 85-92 (2005)

Mustard oil

Jordt. S E et al., Nature. 427, 260-265 (2004)

TRPA1 responds to Allicin and Mustard 
oil extracts



Phylogenetic tree of TRP proteins

L-Menthol

Peier. A M et al., Cell. 108, 705-715 (2002)

TRPM8 responds to Menthol
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TRPM2 Ca2+-Permeable Channel Activated by ROS 
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Yoshida. T et al., Nat. Chem. Biol. 2, 596-607 (2006)
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Phylogenetic tree of TRP proteins

Phylogenetic tree of TRP channels
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Hara. Y et al., Mol. Cell. 9, 163-173 (2002)

Other cellular 
responses?Inflammation



In inflammatory cells, reactive oxygen species (ROS) act
① as a potent antimicrobial arsenal, and 
② as a potent inducer of expression of various proteins including
chemokines by activating redox-sensitive transcription factor NF-κB.

The biological significance of inflammation:                         
to bring fluids, proteins and inflammatory cells from blood into the 
damaged tissues to eliminate the injuring substances and trigger the 
healing and repairing processes. 



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

CXC chemokines, CXCL8 and CXCL2, exhibit potent chemotactic activity 
for neutrophils, aggravating inflammation.
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in vivo studies using TRPM2 KO mice 
In the inflammation model DSS-induced colitis, 
TRPM2 mediates the production of the 
chemokine CXCL2 (murine CXCL8 functional 
homologue) in monocytes/macrophages,         
to induce neutrophil migration and to contribute 
to the exacerbation of inflammation. 

Functional inhibition of TRPM2 as a new therapeutic strategy 
for the treatment of inflammatory diseases regulated by ROS

Yamamoto et al., Nature Med. (2008)



Redox-sensitive TRP channels



(ref; Hess et al., Nat Rev Mol Cell Biol 6, 150-166, 2005).
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Alignment of various TRPs with the C553/C558-
containing S5-S6 TRPC5 sequence

+ TRPV3
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The TRP channels that respond to NO!

Cys-S-H → Cys-S-N=O 

Yoshida et al., Nature Chem. Biol. (2006)
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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

Mustard oil

Jordt. S E et al., Nature. 427, 260-265 (2004)

TRPA1 responds to Allicin and Mustard 
oil extracts



TRPA1 is activated through oxidative modification of Cys residues

TRPA1 is targeted by an array of inflammatory mediators to elicit inflammatory pain
in the nervous system.

The sites of action of 15d-PGJ2 are partly different from those of NO and H2O2.

Deleterious effects on 
channel function at large 15d-PGJ2, NO, H2O2

15d-PGJ2

NO and H2O2

TRPC5 and others

TRPA1



Redox-sensitive TRP channels

N S S N
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Reactive disulfides are powerful tools to assess oxidation sensitivity of proteins  
and downstream  biological responses


