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Abstract: The present study was detected hot spots and protein engineering stability, substrate specificity, tunnels and cavities as well as
suitable mutability position of DNA Gyrase B protein (PDB ID: 3G7B) by using an online academic software (HotSpot Wizard, version
3.1). The prediction results were obtained in output interface for functional hot spots, stability hot spots (structural flexibility), correlated
hot spots and stability hot spots (sequence consensus). only chain A attached to residues like Val at 174 and 140 position while Arg at 144
positions, respectively. The pockets and tunnels were obtained in 2 and 2 (from pocket 1), 0 and & 2 (from pocket 1) and 1 (catalytic) and
no pocket was identified in which B - factor values 24.32, 15.75 and 22.47 A2 respectively. Moreover, the amino acid residues fulfill the
criterion of minimal frequency in the multiple sequence alignment. The wild type varieties were observed Val (2%), Val (38%) and Arg
(47.5%). In conclusion, the pocket identification and mutability prediction of DNA Gyrase B can lead to detect structural alternation
mainly in disease diagnosis and space for ligand binding pocket in new drug design for antibacterial agent. This computational prediction
suggests validating experimental hotspots for DNA Gyrase B related to therapeutic efficacies and druggability assessment.
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1. Introduction

DNA gyrase is an essential enzyme of bacteria, which
catalyzes the ATP - dependent negative super - coiling of
double - stranded closed - circular DNA. Gyrase is belonging
to the class of many enzymes that well - known
topoisomerases and are involved in the regulation of
topological transitions of DNA. [X] Among several enzymes in
bacteria, DNA gyrase protein is most effective for metabolic
regulation in bacteria and help in the process of DNA
replication and known as type Il topoisomerase. [>-“1 DNA
gyrase is consisted by two distinct subunits, gyrase A (GyrA)
and gyrase B (GyrA) and is displayed as 2 A and 2 B subunits
of hetero - tetramer. GyrA holds the active site tyrosine at 122
position used in cleavage and ligation for DNA, while GyrB
includes the binding and hydrolysis site for ATP. Bl GyrA has
a molecular weight of 97, 000 and GyrA has a molecular
weight of 90, 000. [6, 7]

Generally, protein - protein interaction, which specified
residues of AAG > 2kcal/mol, is referred as hot spot. [® To
put it in another way, certain residues in protein - protein
interactions, termed as hot spots in which stability of proteins
and protein complexes predicting changes could be identified.
%1 These residues have been termed ‘hot spots’ and if mutated
then they can disrupt the interaction. [°! Most conserved
amino acids are found in hot spot residues. 14l

Several tools have been developed for the prediction of
hotspots at protein - protein interfaces by using a variety of
models and approaches. Energy - based models, such as
computational alanine scanning, use free energy functions for
the estimation of the change in binding energy (AAG binding)
between the wild type and mutant protein complex upon
mutation of individual amino acid residues to alanine. (12 3]

The substitutions of Lys at 103 positions revealed the loss of
ATP - dependent functions. These mutants are unable to
supercoil DNA, to hydrolyze ATP, or to bind a non -
hydrolysable ATP analog, namely 5* - adenylyl - b, g -
imidodiphosphate  (ADPNP). [ Furthermore, the
inactivating mutation at Gly at 144 position of yeast
topoisomerase 11 did not correspond to Lys at 103 positions
of gyrase, but to Gly at 117 position in the gyrase ATP
binding motif. It remains possible that in a Gly at 117 gyrase
mutant an induced conformational change similar to that seen
in the yeast topoisomerase 1l mutant/wild type heterodimer
would be found. 1%

From decades, the function and properties determination have
developed through automated simulation by many
investigators to know molecular mechanisms of any protein
but still unclear the sequences of protein encode the exact
function. 16 171 Generally, an enzyme is known as biocatalyst
that has restricted substrate binding ability as lock and key
approach for maintaining suitable biochemical reactions in an
organism. In recent research, several computational tools for
protein engineering have been developed to detect tunnel and
cavity, mutation positions, functions etc. [8-28l

In the present study an attempt was done for DNA Gyrase B
protein to detect of hot spots and design of smart libraries for
engineered protein stability, substrate specificity, tunnels and
cavities as well as suitable mutability position through
computational prediction by using HotSpot Wizards, version
3.1 and the protein was used as DNA Gyrase B because this
is an important protein for bacterial multiplication.
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2. Materials and Methods

The DNA Gyrase B, the crystal structure of protein, pdb files
as PDB ID: 3G&B was selected and incorporated separately

in the input interface of HotSpot Wizard (version 3.1) online
software (Fig 1). In this automated prediction study, chains
were not specified manually.
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Figure 1: Input interface of Hotspot Wizard online tool

HotSpot Wizard 3.1 is free online software for academic use
for the automatically detection of hot spots for engineered
proteins’ stability, cavity and tunnels, catalytic activity,
substrate specificity and enantioselectivity. [%® - %1 On the
other hand, this present tool can be utilized for the annotation
of protein structures. This tool is a modified version of earlier
tool launched in 2009. 25 Bendl et al. [*! and Sebestova et
al., [* developed this online tool to integrate annotated
residues, which could be known easily for mutagenesis and
designed for suitable codons for each implemented strategy.
Ultimately, this software helps to identify data on protein
engineering and stable design of site - specific mutations and
targeted libraries.

In the present study, this software calculated automatically
hotspots for function, stability, correlated and consensus
sequences for DNA Gyrase B (Fig.1). Sumbalova et al. [?"]
have developed the workflow steps in HotSpot Wizard, the
calculation is based on the particular protein annotations and
site directed mutagenesis in hot spots.

For statistical analysis, Z scoring values were obtained for
each computational tools such as DCA (Direct Coupling
analysis), ELSC (Explicit Likelihood of Subset Variation),
McBASC (McLachlan Based Substitution correlation), Ml
(Mutual Information), aMlc (All Microarray Clustering),
OMES (Observed Minus Expected Squared) and SCA
(Statistical Coupling Analysis).

3. Results

In the present predictions of the DNA Gyrase B engineering
strategies through automated computational prediction were
observed. Fig.2 obtained results as output interface through
HotSpots wizard for four separate prediction data such as
functional hot spots, stability hot spots (structural flexibility),
correlated hot spots and stability hot spots (sequence
CONSensus).
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Figure 2: Output interface for protein engineering strategies of DNA Gyrase B protein

For stability hot spots (sequence consensus), consensus
design is an important approach to stabilize the proteins. This
supports amino acid conservation within the sets of
homologous protein for the identification of beneficial and
deleterious mutations of the target protein (Fig 3A - D).

In the present prediction, DNA Gyrase B receptor (PDB ID:
3G7B) was predicted (Fig 3A - 3D and Table 1), which
evaluates the results from output interface through Hotspots
wizard as per four separate prediction data viz. functional hot
spots, stability hot spots (structural flexibility), correlated hot
spots and stability hot spots (sequence consensus) (Fig 3A -
3D)

Figure 3A: Functional hotspots

Figure 3C: Correlated hotspots
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Figure 3D: Stability hotspots (sequence consensus)

Table 1 describes the functional hotspots of DNA Gyrase B
where only chain A attached to residues like Val at 174 and
140 position while Arg at 144 positions, respectively. The
pockets and tunnels were obtained in 2 and 2 (from pocket 1),
0 and & 2 (from pocket 1) and 1 (catalytic) and no pocket was
identified in which B - factor values 24.32, 15.75 and 22.47
A2 respectively.

Table 1: Study of functional hotspots

Studied Protein | Chains |Residues & position |Secondary structures Pockets & tunnels fA verage B - Mutability rate
actor (in A% & score
A Val & 174 Extended strand (E) | 2 & 2 starting from pocket 1 24.32 High & 8
3G7B A Val & 140 Extended strand (E) | 0 & 2 starting from pocket 1 15.75 High & 6
A Arg & 144 Extended strand (E) 1 (catalytic), 0 22.47 High & 6

In Fig 4A - C, it was obtained that the amino acid residues fulfilling the criterion of minimal frequency in the multiple sequence
alignment. The wild type varieties were observed Val (2%), Val (38%) and Arg (47.5%).

Paper |D: SR24320111616
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Figure 4A: Amino acids frequencies as per positions

L

Figure 4B: Amino acids frequencies as per positions
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Figure 4.12C: Amino acids frequencies as per positions

For the mutational landscape, which mainly obtained the estimation of the probability in relation to preservation of protein
function for individual substitution at a particular site of DNA Gyrase B. It was obtained that higher deleterious mutation in
Fig 5B followed by Fig 5C and lower in Fig 5A.

. Meutral or beneficial mutafions . Deleterious mutations

Probability of preservation of funchion [%]

Lys Thr Gin Ser Asp His Phe Met Leu Tyr Cys Arg Ala Glu Asn Ile Tp Gly Pro
Amino acid
Figure 5A: Mutational landscape of DNA Gyrase B protein
. Meufral or beneficial mutati . D i mutations

Probability of preservation of function [%]

Leu Met Phe Ala Cys Ser Gly Gin Thr His Asn Glu Asp Iie Pro Arg Lys Tyr Tp
Amino acid
Figure 5B: Mutational landscape of DNA Gyrase B protein
. Meufral or beneficial mufati . D muiations

Probability of preservation of function [%]

lys: Gin  Lew Mt Asp Ala G Ser Tyr  Phe Hs  Thr  Va Cys A Tp Ik =

Amino acid

Figure 5C: Mutational landscape of DNA Gyrase B protein

In Table 2, consensus z - scoring values were obtained for  obtained through this tool for DNA Gyrase B as per correlated
different statistical parameters such as aMlIc values 3.02,3.12  residues.

and 3.41, DCA values 1.15, 1.39 and 1.73, ELSC values

12.21,10.98 and 11.45, McBASC values 0.45, 0.61, 1.05, Ml

values 1.47, 1.17 and 1.21, OMES values 16.45, 18.02 and

14.61 and SCA values 2.73, - 0.09 and 1.21, respectively were
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Table 2: Values obtained from different tools for correlated

hot spots
Chains Consensus z - scoring values
aMlic | DCA | ELSC | McBASC | MI | OMES | SCA
A 3.02 | 115 | 12.21 0.45 147 | 1645 | 2.73
A 3.12 | 1.39 | 10.98 0.61 1.17 | 18.02 |-0.09
A 341 | 1.73 | 1145 1.05 121] 1461 | 1.21

4. Discussion

Different parameters through Hotspots wizard for four
separate prediction data such as functional hot spots, stability
hot spots (structural flexibility), correlated hot spots and
stability hot spots (sequence consensus) were obtained. For
stability hot spots (structural flexibility), the prediction was
done to identify the residues in flexible structure, which is
observed mainly residues with highest B - factors for Val and
Arg. In case of the study of correlated hot spots, the data were
obtained same as functional hot spots along with the
identification of correlated position through consensus
approach resulted data from other computational tools viz.
DCA, ELSC, McBASC, MlI, aMlc, OMES and SCA. For
stability hot spots (sequence consensus), consensus design is
an important strategy for the stabilization of proteins. It helps
amino acid conservation in sets of homologous protein to
identify likely beneficial as well as deleterious mutations of
the target protein.

In an earlier study, hot spot mutations were double mutation
in 83 and 87 codons with substitution of Thr83—Ile and
Asn87—Asp. B9 Higher the amino acid substitution and
deleterious mutation may lead to antibiotic resistance.
Therefore, this tool helps to identify amino acid substitution
and mutability position. However, the prediction of different
hotspots can be facilitated by new drug designing.

5. Conclusion

In conclusion, HotSpot Wizard (version 3.1) is an academic,
free online computational tool, which helped easily to obtain
results for DNA Gyrase B through protein engineering
strategies as per many inbuilt databases. This software also
helped to incorporate only. pdb file as an input of studied
protein without prior knowledge of computational biology to
set up input interface. The parameters like pocket
identification and mutability prediction of DNA Gyrase B can
lead to know amino acid substitution and site directed
mutagenesis of target protein as well as space for ligand
binding pocket in new drug design. This prediction work
suggests validating experimental hotspots for specific protein
related to therapeutic efficacies and druggability assessment.
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