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The history of mitochondrial calcium research 
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Nat Rev Mol Cell Biol. 2012 Sep;13(9):566-78. 

Science. 2009 Oct 2;326(5949):144-7. 



The mysterious molecule buried in the half century   
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Nature. 2011 Jun 19;476(7360):336-40.  

Nature. 2011 Jun 19;476(7360):341-5. 

MCU: Mitochondrial calcium uniporter（线粒体钙单向转运体） 



How to open the scientific secret buried in the half century—  
Previous research results 
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1 ubiquitous expression in mammalian tissues 

2 predicted transmembrane domains in the primary sequence 

3 It is a high-capacity, ruthenium-red（RuR，钌红）-sensitive mitochondrial Ca2+ 

uptake machinery  

4 Saccharomyces cerevisiae（酿酒酵母）lacks a RuR-sensitive mitochondrial Ca2+ 

uptake route 

5 In kinetoplastids （动基体类） (Trypanosoma（锥虫属） and Leishmania（利什

曼原虫）), rapid, uncoupler-sensitive Ca2+ fluxes to mitochondria were measured. 

What do we know until we begin the screening of the 

mitochondrial calcium uptake machine based nearly fifty years? 



How to open the scientific secret buried in the half century— 
MitoCarta Database 
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Cell. 2008 Jul 11;134(1):112-23. 



Mouse MitoCarta and Human MitoCarta 
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http://www.broadinstitute.org/pubs/MitoCarta/ 



How to open the secret buried in the half century— 
Bioinformatics guided studies   

8 

Vamsi K. Mootha Rosario Rizzuto 

MitoCarta 
Database 

RNAi 

MICU1 

Integrative 
genomics predicts 

MCU 

MitoCarta 
Database 

Bioinformatics 
analysis 

MCU 

University of Padova, 
Padua, Veneto, Italy  



How to open the scientific secret buried in the half century:  
The strategy of Mootha VK. Group  
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On the basis of decades of biochemical characterization, the Mootha VK. 

Group expect to be: 

(1) localized to the mitochondrial inner membrane 

(2) expressed in the majority of mammalian tissues 

(3) to have homologues in vertebrates and kinetoplastids, but not in the yeast 

S. cerevisiae 

Nature. 2010 Sep 16;467(7313):291-6. 



The prelude of the main movement: The discovery of MICU1 
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Nature. 2010 Sep 16;467(7313):291-6. 

MICU1: a candidate from the mitochondrial calcium uptake machine by genomics and proteomics 

MICU1：Mitochondrial calcium uniporter1—It was not the actual mitochondrial Ca2+ channel 

MICU1基因沉默抑制线粒体钙摄取 



MICU1:an EF-hand protein localized to mitochondria 
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Nature. 2010 Sep 16;467(7313):291-6. 

Acidic residues enriched calcium binding sites : EF-hand 

MICU1是一个具有EF-hand结构域的线粒体内膜蛋白 
The EF hand is a helix-loop-helix structural domain or motif found in a large family of calcium-binding proteins. 

Uniprot 



MICU1:Crystal structures  
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EF-hand (Ca2+ binding) 

via PyMol 

EF-hand (Ca2+ free) 

hexamer dimer 

Ca2+ 



The main movement: The discovery of MCU by Mootha VK. Group   
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Nature. 2011 Jun 19;476(7360):341-5. 

整合基因组分析预测MCU与MICU1存在功能上的相关性 



How to open the scientific secret buried in the half century:  
The strategy of Rizzuto R. Group  

14 

The Rizzuto R. Group expect and made bioinformatics analysis step by step: 
(1) ubiquitous expression in mammalian tissues-- 529 candidates  
(2) two or more predicted transmembrane domains-- 89 proteins  
(3) absent in Saccharomyces cerevisiae-- 20 
(4) significantly conserved also in kinetoplastids-- 14  

Nature. 2011 Jun 19;476(7360):336-40.  

This list included 13 proteins with either already characterized functions 
(complex I  ubunits, assembly regulators, and so on) or poor alignment scores.  



The main movement: The discovery of MCU by Rizzuto R. Group 
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Nature. 2011 Jun 19;476(7360):336-40.  

The remaining protein (NP_001028431) includes  
1 a highly conserved domain comprising two transmembrane regions 
2 an intervening loop enriched in acidic residues, indicative of a possible common 
role in cation permeation.  
3 This domain was also detected by hidden Markov model-based analysis of 
evolutionary conserved proteins (Pfam PF04678 and Panther PTHR1346 domains, 
with undefined function), further supporting the significance of the hit.  
 
We thus considered this protein a putative mitochondrial Ca2+  channel, named it 
MCU(mitochondrial calcium uniporter). 



MCU: Amino acids sequence and distribution 
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Residue Number Mole% 
A = Ala 27 7.692 
B = Asx 0 0 
C = Cys 5 1.425 
D = Asp 20 5.698 
E = Glu 20 5.698 
F = Phe 10 2.849 
G = Gly 25 7.123 
H = His 9 2.564 
I = Ile 16 4.558 
J = --- 0 0 

K = Lys 16 4.558 
L = Leu 45 12.821 
M = Met 7 1.994 
N = Asn 7 1.994 
O = --- 0 0 
P = Pro 13 3.704 
Q = Gln 21 5.983 
R = Arg 29 8.262 
S = Ser 18 5.128 
T = Thr 18 5.128 
U = --- 0 0 
V = Val 25 7.123 
W = Trp 5 1.425 
X = Xaa 0 0 
Y = Tyr 15 4.274 
Z = Glx 0 0 

Property Residues Number Mole% 
Tiny (A+C+G+S+T) 93 26.496 

Small (A+B+C+D+G+N+P+S+T+
V) 158 45.014 

Aliphatic (A+I+L+V) 113 32.194 
Aromatic (F+H+W+Y) 39 11.111 
Non-polar (A+C+F+G+I+L+M+P+V+W+Y) 193 54.986 

Polar (D+E+H+K+N+Q+R+S+T+
Z) 158 45.014 

Charged (B+D+E+H+K+R+Z) 94 26.781 
Basic (H+K+R) 54 15.385 
Acidic (B+D+E+Z) 40 11.396 

Weblab--pepstats 



MCU: Hydrophobic and hydrophilic Amino acids 
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ExPASy—ProtScale--Hphob. / Kyte & Doolittle 



MCU: Transmembrane prediction 
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Smart 

TMHMM 

Uniprot 



MCU: the direction of N- and C-terminal 
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Nature. 2011 Jun 19;476(7360):336-40.  Nature. 2011 Jun 19;476(7360):341-5. 

VS 

Uniprot 



MCU: transmembrane helix 
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TM1 TM2 

Weblab-pepwheel 



MCU: Cation permeation 
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Bos_taurus 
Danio_rerio 

Homo sapiens 
Mus musculus 

Rattus norvegicus  
Xenopus tropicalis 

Glu(E) and Asp(D)-- Acidic residues—calcium permeation  

Jalview 



MCU: coiled-coil domains and DUF607 
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Coiled coil 2 

Coiled coil 1 
Homo sapiens  

Mus musculus 

Rattus norvegicus 

Bos taurus  

Xenopus (Silurana) tropicalis 

Danio rerio 

DUF607 superfamily represents a conserved region found in several 
uncharacterised eukaryotic proteins. 

Weblogo 

Smart 



MCU: Predicted 3D structure 
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ProteinModelPortal 

ModBase 



MCU: Evolutional conservation analysis 
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MCU in seven species and their evolutional conservations 

Bos_taurus 
Danio_rerio 

Homo sapiens 
Mus musculus 

Rattus norvegicus  
Xenopus tropicalis 

Whole AA sequences 
Maximum Likelihood Tree 

Transmembrane domains and mitochondrial intermembrane 
Mega 6.0 



MCU: Interaction with string 
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STRING 



Summary and Lessons 
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1 Bioinformatics had a significant role in the discovery of 

mitochondrial calcium uniporter. 

 

2 Bioinformatics could provide us several insightful and efficient clues 

during the processes of searching for novel proteins. 

 

3 For the proteins newly found, bioinformatics will help us to study 

the functions of novel proteins. 

 



Perspective 
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J Physiol. 2014 Mar 1;592(Pt 5):829-39.  

Cold Spring Harb Protoc. 2014 Feb 1;2014(2):161-6. 
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