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Denitrification is defined as dissimilatory or respiratory transformation of nitrate 
(NO)-) to gaseous nitrogen (N2) for the purpose of energy conservation in bacterial 
cells. I

•
2 

The N oxyanions and the N oxides are utilized in place of oxygen as the terminal 
electron acceptors during anaerobic electron transport phosphorylation. The importance 
of denitrification arises from the fact that it constitutes one of the main branches of the 
global nitrogen cycle. I Recently, denitrificaiton process is examined more closely due to 
growing concerns about the environment. Nitrous oxide, also know as laughing gas, has 
become third most significant contributor to the global warming.3

.4 Nitrate, regardless to 
its role in plant growth, is now believed to cause surface and ground water 
contamination. I 

All of the denitrifying enzymes are metalloproteins, and each enzyme carries 
different types of metal binding sites that are essential to its specific catalytic activity. 
Nitrate reductase binds molybdopterin guanine dinucleotide (MOD) and an iron-sulfur 
cluster in one of the subunits.5

•
6 Nitrite reductase and nitrous oxide reductase are copper 

containing proteins.7
•
s Nitric oxide reductase is an integral membrane protein that binds 

heme band c in subunit Band C, respectively.9.lo 
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The anaerobic electron transport chain of a denitrifying enzyme (P. SIZllzeri). I 
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Nitrate reductase catalyzes the first step of denitrification. The crystal structure of 
the first respiratory nitrate reductase has been solved. I I However, characterization of the 
catalytic cycle seems rather challenging. EPR (electron paramagnetic resonance) 
spectroscopy and EXAFS (extended X-ray absorption fine structure) spectroscopy are 
widely used techniques in the study of molybdoenzymes. '2 A few years ago, a series of 
distinctive Mo(V) EPR spectra (High g [resting], High g [nitrate], Low g [split]) were 
identified from periplasmic nitrate reductase isolated under different conditions. '3. '4 

Further studies on the catalytic cycle of nitrate reductase suggests that a Mo(IV) mono
oxo to Mo(VI) di-oxo cycle is most prefered.6.'3.'4 The proposed catalytic cycle shows an 
unusual coordination of the Mo(VI) metal which binds seven ligands. This type of 
Mo(VI) coordination is also shown in the crystal structure of dimethyl sulfoxide 
reductase (DMSOR).'5 Recently, several inorganic model compounds have been 
synthesized and provide valuable information regarding nature of the catalytic 
intermediates during enzyme turnover. 16 

The last step of denitrification is nitrous oxide reduction to nitrogen. Nitrous 
oxide reductases are homodimeric proteins carrying two copper binding sites, CUA and 
CUz, in each subunit.2.'7.'8 Previously, both copper sites were considered to be dinuclear 
copper centers. However, recent crystallographic data revealed that the structure of CUz 
site contains 4 copper atoms bridged by one hydroxo or sulfur ligand.2

•'9 However, the 
stretching mode of Cu-S in resonance Raman spectroscopy strongly suggests that the 
bridging ligand is sulfur.8 
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