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Characterization of some important 

resistant mutants of Class A β-

lactamases



• Beta-lactamases confer resistance to a broad range of antibiotics and

inhibitors by accumulating mutations.

• The number of betalactamase and their variants are steadily

increasing.

• However, the information about these betalactamase classes and their

variants was scattered.

• Categorizing all these classes and associated variants along with their

relevant information on one platform could be helpful to the researcher

working on multidrug resistant bacteria.

• Thus, the BLAD (Betalactamase database) has been developed to

provide comprehensive information on betalactamases.



DATABASE CONTENT

This database includes 

•Information about the sequences (nucleotide and protein) 

•Resistance: It includes information about the resistance type. 

•PDBS: This dataset includes information about the three dimensional structure of enzymes and 

their variants along with the description of physiochemical properties of bounds ligand.

• Genome: Iincludes the  information of the plasmids. These information included as type, 

variant, organism, resistance type, mutant, protein and nucleotide sequences with NCBI links  

and  literature reference with the PubMed links. Cross-reference to the UniProt protein 

sequence database is also provided.  

•The current version of BLAD holds ~4000 gene sequences which includes all classes 

betalactamase. Moreover,  ~200 crystal structures for all types of betalactamase were also 

included. All the data were collected from literatures, NCBI, protein data bank (Sussman et al., 

1998) and other authentic resources



A schematic representation of architecture of  BLAD database.









FUTURE PROSPECTS

• This is the is the first time one have developed such a comprehensive database, 

especially for all the widely circulated β-lactamases which catalog, categorize, the 

resistance pattern about all the four different classes of β-lactamases identified by 

experimental studies.

• These informations were scattered and we have tried to bring them on a common 

platform. 

• This database also provides information about the available three dimensional 

structures along with the physio-chemical properties of ligand bound within each 

structure.

• BLAD is equipped with highly flexible search features which includes a user-

friendly browse interface and hypertext link-outs to nucleotide and protein sequence 

databases.

• We believe that this database will provide a very useful platform for future 

experimental and computational analyses of β-lactamases.



Homology Modelling Process

�Template recognition

�Alignment

�Determining structurally conserved        

regions

�Backbone generation

�Building loops or variable regions

�Conformational search for side chains

�Refinement of structure

�Validating structures



NH2 COOH

Modelled structure of SHV-72  along with its Ramachandran plot and sequence  alignment with its wild type. 



• Docking methods are typically validated by ‘redocking’ experiments,where a known crystal 

complex is separated and then redocked, ensuring that the docking algorithm can reproduce the 

observed binding mode. 

• The structure of TEM-1 β-lactamase in complex with a designed boronic acid inhibitor (1R)-2-

phenylacetamido-2-(3-carboxyphenyl ) ethyl boronic acid (pdb id: 1ERO) was selected.

• Protein and ligands were separated, hydrogen atoms were added and minimized using the 

CHarMm force field.

• Finally the ligand was docked back into the active site of TEM-1 using GOLD.

VALIDATION OF THE DOCKING PROTOCOL



Binding orientation of the original (green) and redocked (yellow) conformation of the ligand. 





Mutants Selected: SHV S130G, SHV-72, TEM-30 and TEM-

76

Library Design
4.5 millions compounds from zinc database were scanned on the 
properties of the known β-lactamase inhibitors (Xlogp, MW, 
Rotatable bonds, HBD, HBA) to screen out the compounds . A 
total of 23,415 compounds were screened out for  further 
analysis of their efficacies against the resistant mutants.

Docking-based virtual screening 
• GOLD (Genetic Optimization for Ligand Docking)
• AUTODOCK
• X-SCORE



The fit values of the external test set of known β-lactamase inhibitors

Compounds Pubchem id Fit Value

LN-1255 25147490 2.94547

Tazobactam 123630 1.99978

Penam-1 21941339 1.99911

Penam-2 21941375 1.96089

Clavulanic acid 5280980 1.55216

Sulbactam 130313 1



The fit values of the test set of compounds on Hypo-1.

Compounds Fit value

ZINC00959167 3.96904

ZINC01234548 3.93984

ZINC01301026 3.93677

ZINC14671560 3.93437

ZINC02775438 3.82992

ZINC03830398 3.67902

ZINC06143162 3.65642

ZINC01738195 3.63313

ZINC00627649 3.28382

ZINC09212678 2.99403



Compounds

Gold Fitness Score

SHV S130G SHV-72 TEM-76 TEM-30

ZINC00959167 62.56 63.23 60.89 61.44

ZINC14671560 60.20 60.03 60.25 62.02

ZINC02775438 61.95 61.25 64.05 63.46

ZINC01301026 60.28 63.16 61.16 67.99

ZINC01234548 63.15 62.79 60.93 64.24

Goldfitness score of the selected inhibitors against all the 

selected mutants



Compounds ∆G(Kcal/m
ol) 

(autodock)

X-score ∆G(Kcal/mol) 
(autodock)

X-score

SHV S130G SHV-72

ZINC00959167 -8.14 -8.23 -6.93 -7.20

ZINC14671560 -7.59 -7.14 -7.02 -6.98

ZINC02775438 -7.54 -7.85 -7.38 -7.94

ZINC01301026 -7.67 -7.93 -8.54 -8.44

ZINC01234548 -8.53 -8.24 -6.95 -7.36

Binding affinity obtained by autodock and x-score of the selected 

inhibitors against SHV S130G and SHV-72.



Compounds ∆G(Kcal/mol) 
(autodock)

X-score ∆G(Kcal/mol) 
(autodock)

X-score

TEM-76 TEM-30

ZINC00959167 -6.84 -6.96 -7.56 -7.20

ZINC14671560 -6.98 -7.44 -7.73 -7.18

ZINC02775438 -7.86 -7.94 -7.46 -6.94

ZINC01301026 -7.24 -6.98 -8.42 -8.23

ZINC01234548 -6.48 -7.02 -7.94 -6.97

Binding affinity obtained by autodock and x-score of the selected 

inhibitors against TEM-76 and TEM-30.



Compounds
Residues involved 

Hydrogen bond Hydrophobic interactions

ZINC00959167 K73, K234, T235 S70, Y105, G130, T167, 
N170, E171, G238, E240

ZINC14671560 N132 Y105, T167, E168, N170, 
E171, V216, A237, G238, 
E240, R244, M272

ZINC02775438 N132, N170 S70, Y105, G130, T167, 
E168, E171, V216, T235

ZINC01301026 N132 S70, T167, E168, N170, 
E171, V216, T235, G236, 
A237, G238, E240, R244, 
M272

ZINC01234548 N132, K234, T235 S70, G130, N132, T167, 
N170, T235, A237, G238

Detail description of the amino acid residues involved in interaction of the 

selected inhibitors against SHV S130G



Compounds
Residues involved 

Hydrogen bond Hydrophobic interactions

ZINC00959167 N170, A237
S70, Y105, G130, N170, 
V216, P219, A237, G238, 

M272

ZINC14671560 No Hydrogen bond
S70, Y105, G130, N132, 
P167, N170, V216, P219, 

G238, R244, M272

ZINC02775438 K73, G238
S70, Y105, G130, N132, 

E166, N170, V216, A237, 
G238, R244

ZINC01301026 Y105
S70, Y105, S106, P107, 

G130, V216, K234, A237

ZINC01234548 S70, N132, N170, A237
S70, E104, G130, P167, 

N170, V216, G236, R244, 
M272

Detail description of the amino acid residues involved in interaction of the  selected 

inhibitors against TEM-76



The binding mode of compound ZINC00959167 

within the active site of SHV-72



The binding mode of compound ZINC01234548 

within the active site of SHV-S130G



The binding mode of compound ZINC01301026 

within the active site   of TEM-30
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