Intracellular ATP and “Energy Charge” 

- Intracellular ATP concentrations maintained at a relatively stable level between 2 and 10 mM,  depending upon cell type 

- adenylate kinase reacts with ATP to form 2ADP 
AMP + ATP            2ADP 

- ADP then phosphorylated to ATP by oxidative phosphorylation: 

2ADP + 2Pi            2ATP + H2O 

NET reaction: 

AMP  + ATP  + 2Pi           2ATP + H2O 
 Small changes in ATP result in large changes in AMP and ADP 
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ATP (mM)    ADP(mM)     AMP(mM) 
4.8                 0.2                 0.004 
4.5                 0.5                 0.02 
from  Table 11.2 (Horton) 
 

 ENERGY CHARGE 


E.C is generally maintained constant at 0.8 – 0.9 

See graph in notes for metabolic rates vs energy charge 

 Adenylate kinase 

2ADP     AMP  + ATP 
Go’  =  - 5.2 kJ/mol 
-5.2  =  -RTln Keq 
-5.2  =  -2.48lnKeq 
Keq  =  8.14  (you need this value to calculate energy charge below.  Why?) 
  
    

	
	RBC 
	hepatocyte

	ATP (mM)
	2.25
	3.38

	ADP (mM)
	0.25
	1.32

	Pi (mM)
	1.65
	4.8


What is energy charge in red blood cell? 

ATP =2.25mM,  ADP = 0.25mM 

2ADP         AMP  +  ATP   Keq =  8.14 

[AMP] = 0.227 X 10-3M 
E.C =  0.87 

E.C. For hepatocyte?: 
ATP  3.38 mM,  ADP = 1.32mM 
[AMP] = 4.2 x 10-3M 
E.C. = 0.45 
  

Effect on equilibrium of A + ATP + H2O        B + ADP + Pi 

RBC 
from lecture: Go' = -13.8 kJ/mol and Keq = 2.67 x 102 
[B]/[A] = Keq x [ATP]/[ADP][Pi] 
            = 2.67 x 102  x  5450 = 1.45 x 106 

For hepatocyte:  [B]/[A] =  1.42 x 105 

G for ATP hydrolysis 

RBC 
G = Go'  +  2.48ln[ADP][Pi]/[ATP] 
        = -30.5 + 2.48ln 0.18 x 10-3 
        =  -51.9 k    j/mol 

for hepatocyte = - 46kJ/mol 
  
  

[ATP] + ½ [ADP]





[ATP] + [ADP] + AMP





 Energy charge = 
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