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ABSTRACT
Aim: The goal is to compare the antibiofilm characteristics of 
carbohydrate derivatives to commercial antibiotics, and docking 
will be used to see how the ligand, protein, and antibiotic interact 
molecularly. Materials and methods: The protein structure was 
obtained from the PDB (protein data bank) website, while the 
ligand structure was obtained from the NCBI-PubChem website. 
The biofilm from Staphylococcus aureus (bap-c1) as a protein, 
gluconolactone as a ligand, and nafcillin as an antibiotic are the 
three different types of chemicals employed for docking. The 
sample size was calculated using G power with pretest power at 
80% and alpha value of 0.05. The sample size per group is 10 and 
total sample size is 30. Docking studies of protein and ligands 
were performed using Auto dock software. Statistics of the inter-
actions were analyzed using IBM SPSS software. Result: Molecu-
lar interactions revealed that nafcillin shows more affinity towards 
the protein compared to gluconolactone and clindamycin. The 
binding affinity values were compared using SPSS software, it re-
veals that the statistical insignificance observed between the glu-
conolactone and nafcillin is 0.73 and for gluconolactone and clin-
damycin is 0.565 Conclusion: The antibiotic nafcillin appears to 
be more specific and selective in its antibacterial activity against 
the target protein.
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INTRODUCTION
Microbial biofilms are prevalent in nature, par-

ticularly in medical, industrial, and environmental 
settings, where their pathogenicity and resistance to 
medications or biofouling technologies cause unde-
sirable outcomes.(“Biofilms before Biofilms” 2009) 
Pseudomonas aeruginosa, Staphylococcus aureus, and 
Serratia marcescens, for example, employ biofilms to 
boost their pathogenicity. They can be found in pa-
tients’ tissues or on the surfaces of medical devices 
that come into touch with the body, such as catheters, 
nasopharyngeal tubes, and stents (Choudhary, Singh, 
and Agarwal 2020). Various methods for effective bio-
film control have been devised and used, but new, nat-
ural, and effective anti-biofilm agents continue to be 
in great demand (Normark 2015).The use of microbial 
biosurfactants in antibiofilm and antibiofouling activ-
ities has become a popular and viable method in re-
cent years (Dhanasekaran and Thajuddin 2016).

Biofilm generation is a serious problem in both 
the food and healthcare industries. As biofilms, stale 
food and hazardous bacteria colonize the insides of 
mixing tanks, vats, and tubes, jeopardizing food safe-
ty and quality(Kregiel and Antolak 2016). In patients 
with persistent infections caused by Staphylococcus 
epidermidis and Pseudomonas aeruginosa in hospital 
settings, biofilm-forming bacteria persist in catheters, 
implants, and live tissues (Vickery 2020). Despite the 
fact that biofilms are formed by the vast majority of in-
fectious and persistent bacteria (80%) and that micro-
organisms produce biofilms in nature, the majority of 
study so far has concentrated on planktonic bacteria’s 
characteristics and management. 

Surfactants, as their name suggests, are chemical 
compounds with surface activity. They are soluble in 
both organic (non-polar) and aqueous (polar) solu-
tions and favor dissimilar polarity contacts. (Möbius, 
Miller, and Fainerman 2001). This property is due to 
their amphiphilic (or amphipathic) structures, which 
have both hydrophilic (head) and hydrophobic (tail) 
groups. Surfactants generated from biological sources 
are known as biosurfactants. Microorganisms such as 
bacteria, yeasts, and fungi are known to produce bio-
surfactants (Sen 2010). Their hydrophilic component 
is made up of sugars, amino acids, or polar functional 
groups like carboxylic acid groups. The hydrophobic 
section is commonly an aliphatic hydrocarbon chain 
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of hydroxy fatty acids. The charge carried by the polar 
groups of surfactants is used to classify them.Our team 
has extensive knowledge and research experience that 
has translate into high quality publications(Chellapa 
et al. 2020; Lavanya, Kannan, and Arivalagan 2021; 
Raj R, D, and S 2020; Shilpa-Jain et al. 2021; S, R, and 
P 2021; Ramadoss, Padmanaban, and Subramanian 
2022; Wu et al. 2020; Kalidoss, Umapathy, and Rani 
Thirunavukkarasu 2021; Kaja et al. 2020; Antink et al. 
2020; Paul et al. 2020; Malaikolundhan et al. 2020)

About 135 research articles were published in Goo-
gle scholar, Science direct, and Research gate. Car-
bohydrate derived surfactants recently play a major 
role in disassembling the biofilms. Gluconolactone 
is carbohydrate derived biomaterial which is sustain-
able and biocompatible, their use in various sectors 
has been largely explored, such as environmentally 
friendly scale inhibitors, cosmetics, food, medicine 
and pharmaceutical industries (Reis et al. 2011). It is 
worth mentioning that the use of gluconolactone as 
a monomer in polymer synthesis renders a broad va-
riety of functional materials(Nagata et al. 1998).The 
authors have reported the use of gluconolactone as a 
precursor for the synthesis of environmentally benign 
tensioactive agents(Garésio et al. 2000). 

In this study we are focusing on the analysis of anti 
biofilm properties of gluconolactone and to compare 
with the commercially available antibiotics.

MATERIALS AND METHODS
The target protein Bap-C1 from Staphylococcus 

aureus of PDB ID 7C7U and its X-ray crystallographic 
structure, the protein structure is extracted from PDB 
database.(Chasman 2003) A ligand gluconolactone 
of ID 7027 and its molecular formula C6H10O6 with 
178.14 g/mol molecular weight, nafcillin (ID 8982) 
and its molecular formula C21H22N2O5S with 414.5 g/
mol as the molecular weight and Cephalexin of ID 
27447 and its molecular formula C16H17N3O4S with 
347.4 g/mol as the molecular weight were procured 
from Pubchem and drugbank databases (Khanal et 
al. 2021). The ligand and antibiotic structures were 
downloaded in SDF format.

The tools which were used in these studies for the 
docking are Autodock vina, Autodock MGL tool and 
PYMOL. The PYMOL is basically used for visualiza-
tion. The steps which are involved in Autodock vina 
are, the first step is to select the protein and the ligand 
molecules from the databases, Protein structure is 

downloaded in PDB file format whereas ligand mole-
cules are downloaded in SDF format. The second step 
is to carry out protein and ligand preparation, in these 
steps water and hydrogen molecules will be removed 
in the protein and ligand molecules. The third step is 
to select the docking site of the protein, where the li-
gand will bind in that protein pocket. Fourth step is 
to carry out protein-ligand docking using a docking 
tool (Autodock vina), and the final step is to generate 
different ligand poses (Morris, Huey, and Olson 2008). 
Using the PYMOL tool the docking was done between 
the protein and ligands. Initially the docking was done 
between the protein Bap-C1 and with the ligand nov-
el gluconolactone, later it was performed between the 
protein and antibiotics nafcillin and Cephalexin sepa-
rately. Group 1 indicates the binding affinity interac-
tions with novel gluconolactone (N = 10), Group 2 in-
dicates the binding affinity interactions with nafcillin 
(N = 10) and Group 3 indicates binding affinity inter-
actions with Cephalexin (N = 10)(K, Ragi et al. 2021).

STATISTICAL ANALYSIS
The Statistical examination was performed using 

the IBM SPSS tool. In the docking method the protein, 
ligand, and the two antibiotics were for data analysis. 
For both proposed and prevailing algorithms, 10 sam-
ples were performed and for each sample, the predict-
ed accuracy was noted for calculation in the MS Ex-
cel sheet of the SPSS tool (Stehlik-Barry and Babinec 
2017).

RESULTS 
Table 1 shows docking values of protein and ligand 

i,e staphylococcus aureus (bap-c1) and gluconolactone 
by using the auto dock vina tool,where gluconolactone 
is showing the highest affinity of Kcal/mol. 

Table 2 shows the docking value of protein and 
antibiotic staphylococcus aureus (bap c1) and naf-
cillin by using the auto dock vina tool, where nafcil-
lin is showing the highest affinity of Kcal/mol. Table 
3 shows the docking value of protein and antibiotic 
staphylococcus aureus (bap-c1) and clindamycin by 
using the auto dock vina tool, where clindamycin is 
showing the highest affinity of Kcal/mol. 

Tabel 4 shows in group statistics which tells about 
the gluconolactone having the highest binding affin-
ity when compared with the antibiotic of nafcillin, 
where analysis was performed in the IBM SPSS tool. 
Tabel 5 in group statistics which tells about the glu-
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conolactone having the highest binding affinity when 
compared with the antibiotic of clindamycin, where 
analysis was performed in the IBM SPSS tool. 

Tabel 6 shows the independent sample t-test tells 
about the better binding affinity of gluconolactone 
and nafcillin. In these independent sample t-tests hav-
ing two groups of sig one-sided p and sig two-sided 
p, both are showing different values. Sig one-sided 
p-value is 0.018 and the sig two-sided p-value is 0.16. 
Tabel 7 shows the independent sample t-test will show 
the two groups binding affinity of gluconolactone and 
clindamycin. 

Figure 1 shows the docking done between protein 
and ligand which are staphylococcus aureus (BAP 
C1) and gluconolactone where active sites of the pro-
tein pockets are PHE347A,LEU417A, and PHE380A 
which will interact with the gluconolactone (ligand). 
In Fig. 2 the docking is done between protein and an-
tibiotic which are staphylococcus aureus (bap c1) and 
nafcillin, where active sites of the protein pockets are 
PHE186A, LEU417A, and ARG255A which will in-
teract with the nafcillin (antibiotic). Figure 3 shows 
the docking is done between protein and antibiotic 
are staphylococcus aureus (bap c1) and clindamycin, 
where active sites of the protein pockets are ASP110A, 

Table 1 
The binding affinity Values of gluconolactone towards the tar-
get protein staphylococcus aureus (bap c1) by using the auto 
dock vina tool

Mode Affinity(Kcal/
mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b.

1 -9.1 0.000 0.000
2 -8.8 2.687 8.664
3 -8.7 4.611 9.999
4 -8.7 2.777 8.457
5 -8.7 4.518 10.265
6 -8.6 3.297 8.409
7 -8.6 4.417 9.738
8 -8.6 3.675 8.808
9 -8.5 4.601 10.630
10 -8.5 5.416 8.786

Table 2
The binding affinity Values of nafcillin towards the target protein 
staphylococcus aureus (bap c1) by using the auto dock vina tool

Mode Affinity(Kcal/
mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b 

1 -5.2 0.000 0.000
2 –5.1 31.098 31.896
3 -5.1 11.606 12.556
4 -5.0 1.182 3.739
5 -4.9 29.918 31.185
6 -4.9 11.992 12.681
7 -4.9 11.772 12.680
8 -4.6 23.959 25.671
9 -4.6 9.934 11.366
10 -4.6 11.897 3.457

Table 3
The binding affinity Values of cephalexin towards the target 
protein staphylococcus aureus(bap c1) by using the auto dock 
vina tool

Mode Affinity(Kcal/
mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b.

1 -7.7 0.000 0.000

2 -7.3 3.689 6.938

3 -7.2 4.692 7.234

4 -7.1 2.044 3.551

5 -7.0 1.704 4.409

6 -6.9 3.963 7.596

7 -6.9 6.752 10.042

8 -6.9 3.448 5.858

9 -6.8 2.837 6.986

10 -6.8 1.896 7.785

Table 4
The Group statistics of binding affinities of gluconolactone and 
dicloxacillin performed through Independent sample t-test us-
ing IBM SPSS Software.

 Group Statistics
Affinity Group N Mean Std. De-

viation
Std. 
Error 
mean

GLUCONO-
LACTONE

10 -8.5900 1.40932 .44396

DICLOXA-
CILLIN

10 -4.8352 3.06370 .96883

Table 5
The Group statistics of binding affinities of gluconolactone and 
Clindamycin performed through Independent sample t-test us-
ing IBM SPSS Software.

 Group Statistics
Affinity Group N Mean Std. De-

viation
Std. Error 

mean
GLUCONO-
LACTONE

10 -8.5900 .48865 .15452

CLINDAMY-
CIN

10 -7.0100 .62796 .19858
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Table 6
The independent sample t-test of two groups gluconolactone and dicloxacillin.

 INDEPENDENT SAMPLES TEST

levene’s test 
for equality 
of variances 

 t-test for equality of means 

f sig t off  significance Mean 
differ-
ence

std error 
differ-
ence

95% confidence 
interval of the 

difference

One 
sided p

Two 
sided p

lower upper

Affinity Equal variances as-
sumed

0.730 404 -4.721 0.18 .000 -5.03130 1.06570 -7.27026 -5.56738

Equal variances not 
assumed

-4.721 12.620 .000 -5.03130 -1.06570 –7.34068 -7.26754 -5.56738

Table 7
The independent sample t-test of two groups gluconolactone and Clindamycin.

 INDEPENDENT SAMPLES TEST

levene’s test 
for equality 
of variances 

 t-test for equality of means 

f sig t off  significance Mean 
differ-
ence

std error 
differ-
ence

95% confidence 
interval of the 

difference

One 
sided p

Two 
sided p

lower upper

Affinity Equal variances as-
sumed

.549 .468 -6.279 18 <.001 <.001 -1.58000 .25162 -2.10863 -1.05137

Equal variances not 
assumed

-6.279 16.975 <.001 <.001 -1.58000 .25162 -2.11092 -1.04908

    

 (A) Surface interaction       (B) Cartoon interaction              (C)Molecular interaction

 

Fig. 1. (A & B) Docking analysis of gluconolactone with target protein BAPC1; (C) Image showing interaction between the ligand 
and protein at active sites PHE347, LEU417 and PHE380 amino acid residues
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 (A) Surface interaction    (B) Cartoon interaction        (C) Molecular interaction 

  

Fig. 2. (A & B) Docking analysis of nafcillin with target protein BAPC1; (C) Image showing interaction between the ligand and protein 
at active sites PHE186, ASP110, and SER150 amino acid residues. 

        

     (A) Surface interaction            (B) Cartoon interaction             (C) Molecular interaction   

Fig 3: (A & B) Docking analysis of clindamycin with target protein BAP C1; (C) Image showing interaction between the ligand and 
protein at active sites SER190, ASP110, and PHE156 amino acid residues. 

Fig. 4. The binding affinity energies of gluconolactone, nafcillin and Cephalexin towards the active sites of BAP C1 protein. Results 
were represented as Mean ± 2 SD and the error bars with 95% CI.
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SER190A, and ARG255A which will interact with the 
clindamycin (antibiotic). 

DISCUSSION
This research is about comparing the antibiofilm 

properties of novel gluconolactone derivatives to those 
of commercial antibiotics, using docking to see how 
the ligand, protein, and antibiotic interact molecularly. 
Lot of research has been carried out in order to identi-
fy the better drug molecules that can effectively inhib-
it the growth of Staphylococcus aureus. But unfortu-
nately staphylococcus aureus develops the property of 
resistance towards antibiotics (Massine 2013). So it is 
an emergency need inorder to develop potential mol-
ecules that can effectively inhibit the staphylococcus 
aureus and control bacterial infections. 

From the results we can easily observe that nafcillin 
showed more binding affinity towards the protein bap 
c1 than the other two groups. Molecular interaction of 
nafcillin shows binding affinity of -6.01 Kcal/mol to-
wards the target protein at active pockets of PHE186, 
ASP110, and SER150 residues whereas other antibiot-
ic clindamycin shows -8.1 Kcal/mol binding affinity 
at active sites of SER190, ASP110, and PHE156 resi-
dues and ligand molecule gluconolactone shows -8.5 
Kcal/mol binding affinity towards the protein at ac-
tive pockets of PHE347, LEU417 and PHE380. The 
significance difference observed between gluconolac-
tone and clindamycin is 0.363 whereas the significant 
difference observed between gluconolactone and di-
cloxacillin is 0.468. Bar graph from Fig. 4 also reveals 
that drug clindamycin shows more binding affinity 
towards the target protein compared to other groups.

CONCLUSION
Antibiotic clindamycin appears to be more specif-

ic and selectively work against the target protein when 
compared to the nafcillin and gluconolactone ligands. 
It reveals that novel gluconolactone doesn’t have better 
antibiotic performance then the commercial antibiotics.
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