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ABSTRACT 

 
Catechol 2, 3 dioxygenase (C23O) belongs to the class of extradiol dioxygenases that catalyze 

the cleavage of dihydroxybenzene rings (ex. catechol) with incorporation of dioxygen to yield 

muconic semialdehyde products. It is an important process to recover the vast quantities of or-

ganic carbon sequestered in aromatic compounds from the environment. One third of protein 

structure studied so far have been identified to bind with metals (5,6). The bound metals are es-

sential for structural stability and electrophilic nature of the enzyme (7-8). A competition is exist-

ing between different transition metals for these binding sites as due to the transition metals share 

same coordination symmetry. 
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INTRODUCTION 
 

Catechol 2, 3 dioxygenase (C23O) belongs to the class of extradiol dioxygenases that catalyze 

the cleavage of dihydroxybenzene rings (ex. catechol) with incorporation of dioxygen to yield 

muconic semialdehyde products. It is an important process to recover the vast quantities of or-

ganic carbon sequestered in aromatic compounds from the environment. So far, all known mech-

anistic proposals have proposed the involvement a catecholic substrate and dioxygen binding to 

Fe
2+

 (in the active site) during the cleavage (1-3). Emerson et al., (2008) has discussed that the 

metal (Fe
2+

) in these enzymes is coordinated between two His residues and one Glu/Asp residue, 

which is known as „„2-His-1-carboxylate facial triad‟‟ (2H1C triad) motif that is commonly found 

in many non-heme iron enzymes activating dioxygen (4). 

 

One third of protein structure studied so far have been identified to bind with metals (5,6). The 

bound metals are essential for structural stability and electrophilic nature of the enzyme (7-8). A 

competition is existing between different transition metals for these binding sites as due to the 

transition metals share same coordination symmetry. The previous studies proven that Fe
2+

 binds 

to the active site of C23O and is essential for its activity. Biochemical studies have proven that 

other metals are also able to influence its activity. However, there have been no structures solved 

for C23O characterizing the binding of other metals. So it is imperative for us to rely on online 

metal binding site prediction servers that offer either sequence and/or structure-based predictions 

for potential metals. 

  

Owing to identify other potential metal binding sites for C23O, we used the online server called 

FINDSITE (http://cssb.biology.gatech.edu/findsite-metal) by using 1MPY as the Protein Data 

Bank (PDB) model for C23O. The server predicted that other metals namely Cu, Zn, Mn, Ca and 

Mg (in addition to Fe) could potentially bind to C23O (Figure 1A). While it predicted two sites 

for Calcium (one site shared with Magnesium), these sites are away from the active site and we 

think they may or may not be influence C23O‟s activity. However, according to the prediction, 

Cu, Zn and Mn co-occupy the same site as Fe in the active site of the enzyme and can potentially 

influence its activity (Figure 1).  

 

http://cssb.biology.gatech.edu/findsite-metal


INTERNATIONAL JOURNAL OF ADVANCE RESEARCH, IJOAR .ORG                                                                                        
ISSN 2320-9186 3 

IJOAR© 2013 
http://www.ijoar.org 

 

 

 

Figure: C23O monomer. A. The potential metal binding sites: Green – calcium, Orange – Calci-
um or Magnesium, and Red – Iron, Copper, Zinc and Manganese. B. The boxed region shows the 
active site and the residues involved in the binding of metals including 

144
ASP, 

145
HIS, 

191
HIS, 

206
HIS and 

257
GLU. 

 

 

In order to find the potential residues (in the active site) involved in coordinating these metals, 

we used other online metal binding site prediction servers including Site Predict 

(http://sitepredict.org), SeqCHED (http://ligin1.weizmann.ac.il/~ronenle/Web/SeqCHED), and 

CHED (http://ligin1.weizmann.ac.il/~lpgerzon/mbs4/mbs.cgi). All other servers predict sites for 

any of the transition metals (Zn, Fe, Mn, Cu, Ni, Co, and Ca and Mg) with no specificity for any 

individual metals. By setting stringent filters, we found that the residues 144
ASP, 

145
HIS, 

191
HIS, 

206
HIS and 

257
GLU are involved in coordinating the transition metals (Figure 1B). We also used 

FEATURE metal scanning (http://feature.stanford.edu/metals), the server which specifically 

predicts Zinc binding sites and we got the same residues. Through these predictions we came to a 

conclusion that these metals (Cu, Zn and Mn) replace the iron as a cofactor and influence the en-

zyme activity. However, none of these servers were capable of identifying Ni binding sites, but 

we can safely assume that these residues can be utilized by Nickel as well.  

http://sitepredict.org/
http://ligin1.weizmann.ac.il/~ronenle/Web/SeqCHED
http://ligin1.weizmann.ac.il/~lpgerzon/mbs4/mbs.cgi
http://feature.stanford.edu/metals
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