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The TRP Family of Ion Channels 
 

from Clapham D.: TRP Channels as Cellular Sensors, Nature 426:517–524, December 

4, 2003 







• 1986 – Putney: store-operated Ca2+ channels (SOCC) 

• 1992 – Hoth & Penner: ICRAC (Ca2+ release-activated  

                                                                      Ca2+ current) 

                activated upon divalent cation removal 

                carried by monovalent cations 

• 1996 – Lepple-Wienhues & Cahalan recorded a similar 

                CRAC current  

• 1998 – Kerschbaum & Cahalan recorded a much larger  

               and non-inactivating monovalent current when 

               internal Mg2+ was also omitted  
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To characterise cardiac MIC channels 

• permeation 

• blockade 

• regulation 

in order to compare them with TRPM6 and TRPM7. 

Aims of study 

Materials and Methods 

• isolated single cardiac myocytes 

• whole-cell patch clamp 

• solutions, drugs and protocols designed to block K+ and  

   voltage-gated channels 

 

























IMIC in cardiomyocytes 



IMIC present in various species 



Internal Mg2+ sensitivity 



Internal Mg2+ sensitivity 



Transient IMIC activation in ATP and Mg2+ - 
free pipette solution + glucose-free Tyrode 



The  - kinase domain of TRP M7 

from H. Yamaguchi et al.: Crystal Structure of the Atypical Protein Kinase Domain of a TRP 
Channel with Phosphotransferase Activity, Molecular Cell 7:1047-1057 (2001) 



Mg2+ or Mn2+ binding in the catalytic pocket 
of ChaK stimulates  - kinase activity 



Block by di- and trivalent cations 

C 



Outward current block by divalent cations 



Divalent cation permeability 



pH sensitivity 



High internal buffering (HEPES 40 mM)  
prevents the effect of pH 



• TRPM6: autosomal hypomagnesemia with secondary hypocalcemia  

(HSH) – 9q – frameshift / nonsense mutations 

Chubanov et al. (2004): S141L mutation in HSH impairs TRPM6/M7 

multimer formation and membrane trafficking 

• chicken DT40 B cells with Cre/loxP TRPM7 KO show growth arrest 

• TRPM7 RNAi inhibits cell proliferation in gastric ADK & human 

retinoblastoma 

•TRPM7 overexpressed in breast ADK – expression correlates with 

tumor size, grade, and Ki67 proliferative index 

 

Roles of TRPM7 (and TRPM6) 

in Mg2+ homeostasis and cell growth 



• TRPM7 deletion in mice: embryonic lethality before day 7.5 

• tissue-specific TRPM7 deletion in T cells (lck-Cre) disrupts 

thymopoiesis 

• TRPM7 disruption in zebrafish (Robert Cornell et al., U Iowa):  

nutriaj124e2 : mineralization of mesonephric tubules 

                     severe growth deficit 

                     skeletal deformities by accelerated endochondral     

                     and delayed intramembranous ossification 

touchstone tctj124e1 (premature stop codon at res. 1545) 

Both mutants: melanophore deficiencies and touch 

unresponsiveness 

 

Roles of TRPM7 

in embryonic development 



• Hermosura et al. (2005):  TRPM7 SNP T1482I  (missense) linked to  

Guam amyotrophic lateral sclerosis (ALS-G) or Parkinson dementia 

(PD-G), and associated with elevated risk for both adenomatous and 

hyperplastic polyps 

• Krapivinsky et al. ( 2006, 2008): TRPM7 resides in synaptic vesicles 

of sympathetic neurons, where it forms complexes with synapsin I,  

synaptotagmin I, and directly interacts with snapin 

RNAi /targeted peptide interference with TRPM7/snapin interaction 

reduces quantal neurotransmitter release 

 

 

Roles of TRPM7 

in neurological pathology 



• Su et al. (2006): TRPM7 overexpression in HEK293 cells produces 

cell rounding by stimulating m-calpain Ca2+ protease  

• TRPM7 depletion by RNAi: opposite effects, increased cell adhesion 

•M-calpain activation dependent on production of reactive 

oxygen/nitrogen species, stimulation of p38 MAPK and c-Jun N-

terminal kinase (JNK) 

• Clark et al. (2006): TRPM7 overexpression in BK-treated N1E-115 

neuroblastoma induces podosome-like adhesive structures 

•  TRPM7  kinase ~ myosin heavy chain kinase: it may interact with  

the actomyosin cytoskeleton – coimmunoprecipitation with -actin 

and myosin IIA heavy chain 

Roles of TRPM7 

in cell motility and adhesion 



Nonhomogeneous TRPM7 distribution 
in ventricular cardiomyocytes 

B Istrate, A Gwanyanya, R Driessen, V Bito, K Mubagwa (2012) 

pig cm rat cm 



Michelle Aarts, Koji Iihara, Wen-Li Wei, Zhi-Gang Xiong, Mark Arundine, 
Waldy Cerwinski, John F. MacDonald, and Michael Tymianski 
 

A Key Role for TRPM7 Channels in Anoxic Neuronal Death 
 

Cell  115:863–877, December 26, 2003 

 

 



Prolonged exposure 
to H2O2 0.1 mM 
activates an  
inward current 







Thanks' for your kind attention!!!!!! 
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Let Us Meet Again 

We welcome you all to our future 
conferences of OMICS Group 

International   
 

Please Visit: 

www.omicsgroup.com 

www.conferenceseries.com 

http://cardiology.conferenceseries.com/ 
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