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INTRODUCTION 
 
β-lactam antibiotics are one of the most important classes of 
antibacterial agents in clinical use in present.These compounds 
disrupt bacterial cell wall biosynthesis by irreversibly 
inhibiting D, D-transpeptidases, which are the enzymes 
responsible for the last step in thebiosynthesis of cell wall 
peptidoglycan (1). The β-lactamase are enzymes
hydrolyzeβ-lactam antibiotics (penicillin, cephalosporin, 
monobactam and carbapenem related antibiotics) and represent 
one of the principal mechanisms of antimicrobial resistance. 
The first descriptions of these enzymes were made shortly after 
the use of penicillin began. With the rise and repetitive use of 
new β-lactam antibiotics, new variants of β
which have been classified under diverse criteria. 
β-lactamase, regardless of their classification, the result of 
their reaction is the irreversible hydrolysis of the 
inhibiting the antibiotic activity of these molecules. The global 
reaction that the β-lactamase catalyzes is portrayed in Figure 1.
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ABSTRACT 

Experimentally it is not possible to calculate the energy nor the structure of the substrate during an 
enzymatic reaction. With the aid of in silico analysis, it is possible to follow the energetic and 
structural change of the conformers (products and substrates) that are involved in an enzymatic 
reaction. In the present work, an in silico analysis of the Cefamandole’s structural and energetic 
change was conducted; both, inside and outside the active site of the 

Mycobacterium tuberculosis. The energy for each conformer was determined by molcular 
mechanics. Cefamandole’s non-hydrolyzed energy, before entering the active site of 
K73A, was of 333.16 kJ/mol; inside the active site the value changed to 342.06 kJ/mol. The energy of 
the hydrolyzed Cefamandole inside the active site was of 323.86 kJ/mol; while outside of the active 
site the energy was 321.76 kJ/mol. The energy surge of the non-hydrolyzed Cefamandole inside the 
active site is due to a conformational change required to occupy the active site. The decrease in 
energy of the hydrolyzation makes the reaction irreversible. Hydrolyzed Cefamandole outside of the 
active site has the lowest energy, which explains the escape from the active site. 

This is an open access article distributed under the Creative Commons
medium, provided the original work is properly cited. 
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It has been experimentally determined that 
multistage reaction kinetics (3)
possible to know or isolate the chemical structure that the 
substrate acquires within the active site during an enzymatic 
reaction. It is also not possible to calculate experimentally the 
conformer energy of a substrate in the active site
silico methods, it is feasible to extract the substrate from the 
crystallographic structures of the active site, and to follow the 
geometric and energetic change of each of the conformers 
(products and substrates) involved in the enzymatic reaction.
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This in order to analyze, from a structural and energetic point 
of view, the overall reaction catalyzed by a β-lactamase. 
 

MATERIALS AND METHODS 
 
The K73A β-lactamase form Mycobacterium tuberculosis was 
obtained and crystalographically resolve by Tremblay, LW, 
Xu, H y Blanchard, JS with a resolution of 1.22Å (5). In the 
reported crystallographic structure, there is a non-hydrolyzed 
Cefamandole molecule in the enzyme’s active site. In another 
crystallographic structure, a Cefamandole moleculewas 
hydrolyzed in the β-Lactam ring inside the active site of β-
Lactamase K73A (5). The Mycobacterium tuberculosisβ-
Lactamase K73A described in the Protein Data Bank with the 
numbers PDB3N8S y PDB3NY4 were used in this work to 
analyze the energetic and structural change of Cefamandole in 
the active site; before and after being enzymatically 
hydrolyzed in the -Lactam ring. The geometric visualization 
and the conformers extraction of the K73Aβ-Lactamase from 
Mycobacterium tuberculosis, were realized with the open 
access software ArgusLab 4.0.1 from Planaria Software LLC 
(6). 
 
The molecular mechanics calculations to obtain the energy and 
minimum energy structures of the various Cefamandole 
conformers were performed on a 64-bit PC with Windows 10 
operating system, Intel Core i7-5500 processor at 2.40 GHz 
with 4 cores and with 12 Gb of RAM memory; using the 
Yasara Bioinformatics software 30.2081-2982 version 20.7.4. 
IMBM University of Graz Austria (7). Cefamandole has a 
condensed formula C18H18N6O5S2 and a molecular mass of 
462.5 g / mol (8). The structure of non-hydrolyzed 
Cefamandole outside the active site was obtained from Pub 
Chem (open chemistry database at the National Institutes of 
Health), under CID: 456255(8), the minimum energy structure 
and its energy were determinedusing Yasara Bioinformatics 
software. Non-hydrolyzed Cefamandole within the active site, 
was extracted from theK73Aβ-lactamase in the Protein Data 
Bank with the number PDB3NY4(9)and the conformer 
hydrolyzed in its β-Lactam ring within the active site, was 
extracted from the structure deposited in the Protein Data Bank 
with the number PDB3N8S(10). A copy of the hydrolyzed 
conformer of the active site was made; the minimum energy 
structure and its energy were determined for this conformer, 
which was considered as the structure of Cefamandole 
hydrolyzed outside the active site of β-lactamase K73A. 
 

RESULTS 
 
In order to carry out a structural analysis of the conformers, 
Figure 2 shows the method in which the atoms of Cefamandole 
will be numbered. 

 

Table 1 shows the in-silico energies for the different 
Cefamandole conformers, obtained by molecular mechanics. 
 

 
 

The structure of the non-hydrolyzed Cefamandole before 
entering the active site of the β-lactamase K73A,Figure 3, has 
an energy of 333.16 kJ / mol. 
 

 
 

According to the energy results, the conformational 
arrangementfor the Cefamandole molecule to occupy the 
active site requires an increase in energy of 8.9 kJ / mol. The 
changes occur mainly in the dihedral angles C3-C10-S11-C12, 
C6-C7-N13-C14 and C6-C7-N13-C14, see Table 2. 
 

 
 

Once carried outthe hydrolysis of the β-lactam ring (breaking 
of the C8-N5 bond), regardless of the mechanism by which it 
occurs, the energy of the hydrolyzed Cefamandole within the 
active site of the β-lactamase K73A decreases to 323.86 kJ / 
mol. The energy of the hydrolyzed Cefamandole inside the 
active site is lower than that of the non-hydrolyzed conformer 
inside and outside the active site, see Table 1. The hydrolysis 
of the β-lactam ring, due to the breaking of the C8-N5 bond, 
which is essentially the enzymatic reaction that catalyzes β-
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lactamase K73A,releases the tension of this functional group 
and generates a decrease of 18.2 kJ /mol, see Figure 4. 
 

 
 

In Table 3, the angles of the β-lactam ring are presented, 
before and after hydrolysis. The hydrolysis of the cyclic amide 
of Cefamandole, eliminates the tension and decreases the 
energy of the conformer. The breaking of the C8-N5 bond, 
generates an important conformational change, that completely 
modifies dihedral angles C3-C10-S11-C12, C6-C7-N13-C14 and C6-
C7-N13-C14, and changes the position of the tetrazole and 
phenylrings, see Figure 5. The hydrolyzed Cefamandole 
outside the active site has an energy of 321.76 kJ/mol. 
 

 
 

 
 

Graphic 1 is a graphical representation of the energy of the 
different Cefamandole conformers during the general reaction 
points that β-lactamase K73A catalyzes. 

The decrease in the energy of Cefamandole when the C8-N5 
bond of the β-lactam ring is hydrolyzed, explains why the 
reaction is irreversible. Hydrolyzed Cefamandole outside the 
active site has the lowest energy of all the conformers, which 
would explain the escape from the active site of K73A β-
lactamase. 
 

 
 

 
CONCLUSION 
 
TheK73A β-lactamase from Mycobacterium tuberculosis, 
described in the Protein Data Bank with the numbers 
PDB3N8S and PDB3NY4 were used in this work to analyze 
the energy and structural change of Cefamandole in the active 
site, before and after itsβ-Lactam ring was enzymatically 
hydrolyzed. The energy of the non-hydrolyzed Cefamandole 
outside the active site of the β-lactamase K73A was 333.16 
kJ/mol. The conformational arrangement required for the 
Cefamandole molecule to occupy the active site requires an 
increase in its energy. The energy of non-hydrolyzed 
Cefamandole within the active site was 432.06 kJ/mol. Once 
carried out, the hydrolysis of the β-lactam ring, regardless of 
the mechanism by which it occurs, the energy of the 
hydrolyzed Cefamandole within the active site of the K73A β-
lactamase decreases to 323.86 kJ/mol. 
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The energy of the hydrolyzed Cefamandole inside the active 
site is lower than that of the non-hydrolyzed conformer inside 
and outside the active site. Hydrolyzed Cefamandole outside 
the active site has the lowest energy of all the conformers, 
which would explain the exit from the active site ofK73Aβ-
lactamase.  
 
The energy distribution of the structures is: Non-
hydrolyzed Cefamandole within the active site>Non-
hydrolyzed Cefamandole outside the active site>Cefamandole 
hydrolyzed within the active site>Cefamandole hydrolyzed 
outside the active site. 
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