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Abstract

This study involves the theoretical calculation of binding energy of
eleven of polycyclic aromatic hydrocarbons (PAHs) compounds with
catechol 1,2-dioxygenase enzyme from the gram-positive Rhodococcus
opacus (3HGI) enzyme that is used for degrading these types of compounds
and also identifies the values of binding energy that compactable with
constant values of biological degradation rate. It is noted that binding energy
inversely proportional with rate constants and binding energy.

The study observes that, binding energy values were ranging between
([-5.051] - [-7.12] Kcal/mol) whereas values of root mean squared deviation
(RMSD) were ranging between (1.12-1.71A°) by which acceptable results
have been confirmed depending on previous studies. The study also
determines the amino acids that, surround the compounds which are usually
binded by the hydrogen bond or hydrophobic interactions types m-m.

Finally, the three — dimensional shape of the compounds binding with
enzyme of its more stable shape are obtained. Also the shapes of distribution
of the electronic cloud on the compound and amino acids that are
surrounding them are also obtained in which getting locations around the
studied compound's molecule depending on their features of an amino acid
(acidity — basic — hydrophobic). MOE (Molecular Operating Environment)
is used for this step of calculation.

The study also included the determiuation of the factors affecting the
biodegradation rate constant of poly aromatic hydrocarbons compounds such
as van der waals forces, hardness, chemical potential, the global electrophilic
index and other values by applying the quantum mechanical methods (HF ,
DFT) as ab-initio methods and (AM1 , PM3) as semi-empirical methods
Chem. Office 2012 software program was used for this purposes.

The relationships among the calculated physical variables theoretically
with each other and with the practical values of biodegradation rate by using
simple and multiple regression analysis are investigated. The results showed
a good relation with of biodegradation rate constant and that is indicated by
high correlation coefficient (R), and identified which site or carbon atoms of
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aromatic compounds are more favorable than others to get bond breaking
C-C and binding of enzyme. The results supported the suggested
mechanism.

The multi-regressional analysis results, determined that the best
variables affecting the biodegradation rate constant is the binding energy, 1,
Stretch. The correlation coefficient values observed are in the range between
(0.975-0.984). By comparing theoretical values with practical values, it was
shown that the results of the AM1 method were closer to practical results.
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