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A bacterial cytidine deaminase toxin enables CRISPR-free mitochondrial base editing. 
Mok et al. Nature 2020-07-08.  

(Mitochondrial genome editing gets precise. Aushev, Herbert. Nature 2020-07-08 
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150 mM Na 

16.5 g/L 

8.25 g/500 mL 
 

: 150 mM Ĭ 0.5 L 

Ÿ 15 mM Ĭ 5 L blood 
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1. GAPDH ( -3- ) 

 

GAP + NAD+ Ÿ DPG + NADH  + H+ 

GAP = glyceraldehyde 3-phosphate 

DPG = 1,3-diphosphoglycerate 

 

2. PGK (diphosphglycerate kinase) 

DPG + ADP Ÿ 3-PG + ATP 
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(Voet and Voet: Biochemistry) 



ATP  

Ⱨꜟⱦfi  + NADH + H+ Ÿ  + NAD+ 

[ ]/[Ⱨꜟⱦfi ] < 25.6 
 

[ ] = 2.56 mM = 23.04 mg/dL 

[Ⱨꜟⱦfi ] = 0.1 mM = 0.88 mg/dL 
 

[ ] = 25.6 mM = 230.4 mg/dL 

[Ⱨꜟⱦfi ] = 1 mM = 8.8 mg/dL 
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Haemodynamic effects of intracoronary pyruvate in 
patients with congestive heart failure: an open study 

Hermann et al. Lancet 353: 1321-1323, 1999 
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[1-13C]Pyruvate + CoA-SH + NAD+ 
Ҩ 

13CO2 + Acetyl-CoA + NADH + H+ 

Wu et al. 
Metabolic analysis of 13C-
labeled pyruvate for 
noninvasive assessment of 
mitochondrial function. 
Ann NY Acad Sci 
1201: 111ς120, 2010 
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[13C]-Labeled Lactate vs 
[13C]-Labeled Pyruvate 

Capillary Electrophoresis Time 
of Flight Mass-Spectrometry 
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2SD ─ ◄Ⱡꜟ◑כ ⌂  

 10 mM  vs 10 mMⱧꜟⱦfi   

ATP ADP AMP 

Lactate/Pyruvate Ratio NADH/NAD+ 

2SA cell (10 mM Lactate) 

2SA cell (10 mM Pyruvate) 

  2SD cell (10 mM Lactate) 

2SD  (10 mM Pyruvate) 



mtDNA-deficient  

ɟ0206 cells  

human 143B  

osteosarcoma  cells  
enucleated myoblasts  

myoblasts  

(MELAS patient)  

Fusion  

2SD cells  
m.3243A>G mutant mtDNA : 94% 

2SA cells  
m.3243A>G mutant mtDNA : 0% 
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P < 0.001 
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2632.9 
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C6H12O6 + 6 O2 Ÿ 6 CO2 + 6 H2O 

≢ ∂√ ╩ ⅛╠ ∆╢ 

≢ ∂√ ╩ ⌐ ∆╢ 

│₈ ₉╩ ⌐ ∆╢ 
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pH⅜ ▪ꜟ◌ꜞ ≢№╢  

1) ≢ ⅎ∏ ↕╣╢ ╩ ∆╢ 

2) ╒╓ ⌐ √╣≡™╢ pH─ ≢
│⁸ ─ ⅜ ∆╢ 

3) ⅜ ≢│ ╩ ⅛╠ ≢
⅝⌂™ 

4) ⅜ ▪ꜟ◌ꜞ ⌂╠ ╩ ⅛
╠ ┼ ≢⅝╢ 



 
Yang et al. Artificial Cells, Nanomedicine, 
and Biotechnology, 2016; 44: 48ς55 
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2 4 6 mmol / kg-1
SB 2 
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Cr

 in vitro
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SP1 pH

NS pH  SP2
SP3 NS pH

P <0.01  SP3 SB P <0.05
SP1 P <0.05 pH

SP
 SP3

SP1 P 
<0.05 Cr

 in vitro
SP pHi
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LOX = Lactate Oxidase  
 

 
 

CAT = Catalase  
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GFRAL  
GDF15  



Nature 550: 195, 2017  

GFRAL = GDF15 Area postrema Nucleus 
tractus solitarius   

GDF15
                                            GDF15-GFRAL-RET 


