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1. INTRODUCTION  

Superoxide dismutase



Mechanism 1

Mechanism 2



1.1 MODELING INTRODUCTION



1.2 ENZYMATIC ACTIVE SITE



Figure 1 Two active sites in SOD19



1.3 MECHANISMS





1. 4 THERMODYNAMICS





2. COMPUTATIONAL METHODS 

2.1 INTRODUCTION

  



2.2 SEMI-EMPIRICAL METHODS
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2.3 HARTREE-FOCK (HF) OR AB INITIO MODEL

ab initio





2.4 HARTREE-FOCK WAVE FUNCTION AND BASIS SETS 

STO-3G



6-21G 3-21G

6-31G* 6-31G** 



6-311+G* 6-311+G**
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2.10 EFFECT OF SOLVATION



3. RESULTS AND DISCUSSION 

Mechanism 1



Mechanism 2

Mechanism 3: 

Mechanism 4





3.1 THERMODYNAMICS 

3.2 METAL ION EFFECT 



3.2.1 Effect of Cu2+ on basic reaction

Table 1. Number of optimization steps required for dismutation reaction without 
copper ion

PM3

DF- 6-31G*

DF- 6-31G**

HF - 6-31G*

HF - 6-31G**



Table 2. Number of optimization steps required for the dismutation reaction with 
copper ion

PM3

DF- 6-31G*

DF- 6-31G**

HF - 6-31G*

HF - 6-31G**

3.2.2 Computation times of dismutation reaction 



Table 3. Computation times of the dismutation reaction at different levels

PM3

DF(6-31G*)

DF(6-31G**)

HF (6-31G*)

HF (6-31G**)



3.2.3 Active site model 

Figure 2 Optimized structure of simplified active site [Cu (Imidazole)4(H2O)2]2+

et al



3.2.4 Bond distances in imidazole molecule in the optimized structure

Table 4. Comparison between bond distances in imidazole molecule in the optimized 

structure by PAW, crystal structure, and optimized structure by B3LYP/6-31G* in 

Spartan 20047

N(1)-C(2)

N(1)-C(5)

C(2)-N(3)

C(5)-N(3)

C(4)-C(5)

N(1)-H(1)

C(2)-H(2)

C(4)-H(4)



3.2.5 Heats of formation for simplest dismutation reaction components 

Table 5. Heats of formation for simplest dismutation reaction components (kcal/au)

SE(PM3) (kcal/mol)

DF(6-31G*) (au/mol)

DF(6-31G**) (au/mol)

HF (6-31G*) (au/mol)

HF (6-31G**) (au/mol)

Experimental Values

(kcal/mol)



3.2.6 Absolute entropies of the simplest dismutation reaction components 

Table 6. Absolute entropies of the simplest dismutation reaction components 
(cal/Kmol)

SE(PM3)

DF(6-31G*)

DF(6-31G**)

HF (6-31G*)

HF (6-31G**)

Experimental Values



3.2.7 rxn rxn rxn of our dismutation reaction at different methods and 

basis sets

Table 7. rxn rxn rxn of our dismutation reaction at different methods 

and basis sets (kcal/Kmol) 

SE(PM3)

DF(6-31G*)

DF(6-31G**)

HF (6-31G*)

HF (6-31G**)

Experimental



3.2.8 Computed thermodynamic properties for given mechanism 

Table 8. Computed Thermodynamic Properties for given mechanism

SE(PM3)

DF(6-31G*)

DF(6-31G**)

HF (6-31G*)

HF (6-31G**)



3.2.9 Heats of formation of dismutation reaction catalytic components  

Table 9. Heats of formation of the dismutation reaction catalytic components (SE,

kcal and (DF, HF au) 

SE(PM3) (kcal/mol)

DF(6-31G*) (au/mol)

DF(6-31G**)

(au/mol) 

HF(6-31G*) (au/mol)

HF(6-31G**)

(au/mol) 



3.2.10 Computed thermodynamic properties for all four mechanisms 

Mechanism 1 (step 1)

Table 10. Computed Thermodynamic Properties for mechanism1 step 1 (M1S1)

SE(PM3)

DF(6-31G*)

DF(6-31G**)

HF (6-31G*)

HF (6-31G**)



Mechanism 1 (step 2):

Table 11. Computed Thermodynamic Properties for mechanism1 step 2 (M1S2) 

SE(PM3)

DF(6-31G*)

DF(6-31G**)

HF (6-31G*)

HF (6-31G**)



Mechanism 2 (step 1):

Table 12. Computed Thermodynamic Properties for mechanism 2 step 1 (M2S1)

SE(PM3)

DF(6-31G*)

DF(6-31G**)

HF (6-31G*)

HF (6-31G**)



Mechanism 2 (step 2):

Table 13. Computed Thermodynamic Properties for mechanism 2 step 2 (M2S2)

SE(PM3)

DF(6-31G*)

DF(6-31G**)

HF (6-31G*)

HF (6-31G**)



Mechanism 2 (step 3):

Table 14. Computed Thermodynamic Properties for mechanism 2 step 3 (M2S3)

SE(PM3)

DF(6-31G*)

DF(6-31G**)

HF (6-31G*)

HF (6-31G**)



Mechanism 3 Step 1:

Table 15. Computed Thermodynamic Properties for mechanism 3 step 1 (M3S1)

SE(PM3)

DF(6-31G*)

DF(6-31G**)

HF (6-31G*)

HF (6-31G**)



Mechanism 3 (step 2):

Table 16. Computed Thermodynamic Properties for mechanism 3 step 2 (M3S2) 

SE(PM3)

DF(6-31G*)

DF(6-31G**)

HF (6-31G*)

HF (6-31G**)



Mechanism 3 (step 3):

Table 17. Computed Thermodynamic Properties for mechanism 3 step 3 (M3S3) 

SE(PM3)

DF(6-31G*)

DF(6-31G**)

HF (6-31G*)

HF (6-31G**)



Mechanism 4 (step 1):

Table 18. Computed Thermodynamic Properties for mechanism 4 step 1 (M4S1) 

SE(PM3)

DF(6-31G*)

DF(6-31G**)

HF (6-31G*)

HF (6-31G**)



Mechanism 4 (step 2):

Table 19. Computed Thermodynamic Properties for mechanism 4 step 2 (M4S2)

SE(PM3)

DF(6-31G*)

DF(6-31G**)

HF (6-31G*)

HF (6-31G**)



Mechanism 4 (step 3): 

Table 20. Computed Thermodynamic Properties for mechanism 4 step 3 (M4S3)

SE(PM3)

DF(6-31G*)

DF(6-31G**)

HF (6-31G*)

HF (6-31G**)



3.2.11 Computed thermodynamic properties for the overall reaction 

Table 21. Computed Thermodynamic Properties for the overall reaction using

HArg+ and H3O+ , which are the same for all four mechanisms. 

SE(PM3)

DF(6-31G*)

DF(6-31G**)

HF (6-31G*)

HF (6-31G**)



3.3 BUILDING AND LOCATING TRANSITION STATES 



Figure 3 Schematic generalized energy profile for a three step mechanism showing 
the negative activation energies and reorganization energies that effect the driving 
forces (-) and barriers (+) to the overall reaction as measured by Emech



3.3.1 Activation, reorganization and net energies for all the four mechanisms 

Table 22. Activation, reorganization and net energies for all the four mechanisms 
(kcal/mol)

Mechanism 1:  Step 

1

Step 2

Mechanism 2:  Step 

1

Step 2

Step 3

Mechanism 3: Step 

1

Step 2

Step 3

Mechanism: 4  Step 

1

Step 2

Step 3
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