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ABSTRACT
Aim: The goal is to compare the antibacterial properties of car-
bohydrates derivates to those of commercial antibiotics, using 
docking to see how the ligand, protein, and antibiotic interact 
molecularly. Materials and procedures: The PDB (protein data 
bank) website was used to obtain the protein structure, whereas 
the NCBI-PubChem website was used to gain the ligand struc-
ture. The three different types of chemicals used for docking 
include antibacterial from Staphylococcus aureus(1N67), glu-
conolactone as a ligand, and dicloxacillin as an antibiotic. The 
PubChem website contains the true nature of protein chemical 
structure, while the PDB website has the chemical structures 
of ligand and antibiotic. The goal was to see if the interaction 
between the antibacterial staphylococcus aureus (1N67) pro-
tein molecule and the antibiotic dicloxacillin was right. Using 
SPSS software, the independent sample t-test was employed 
to compare binding affinity. According to statistics, one-sided p 
values range from.18 to.001, whereas two-sided p values range 
from.345 to.001. Conclusion: When it comes to antibacterial 
activity against the target protein, the antibiotic dicloxacillin ap-
pears to be more specific and selective.
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INTRODUCTION
Multidrug-resistant microorganisms are becoming 

more common in hospitals and the general public. As 
a result, an emergent problem has emerged in which a 
growing number of antibiotics are no longer clinically 
helpful. 1 As a result, innovative classes of antibacte-
rial drugs with new or combination modes of action 
and a lower risk of resistance development are urgent-
ly needed.

Oligo Cationic amphiphilic antibacterials (OAAs) 
are a structurally varied class of antibacterials with 
broad-spectrum activity and various modes of action. 
They contain several positively charged amino or oth-
er cationic groups. The naturally occurring cationic 
antimicrobial peptides, synthetic mimics of antimi-
crobial peptides (SMAMPs),synthetic oligo cationic 
lipopeptides, oligo cationic lipids, and polymers make 
up this family of antibacterial agents. Dicloxacillin is 
an oral, second generation penicillin antibiotic that is 
used to treat bacterial infections caused by penicilli-
nase-resistant staphylococci. Dicloxacillin has been 
connected to a small number of cases of idiosyncratic 
liver damage.

The OAAs’ cationic charges ensure that they ac-
cumulate at polyanionic microbial cell surfaces con-
taining acidic polymers like lipopolysaccharides and 
wall-associated teichoic acids in Gram-negative and 
Gram-positive bacteria, respectively. Antimicrobial 
peptides (polymyxin B, defensins, gramicidin S vari-
ations, and others) interact at places where divalent 
cations crossbridge neighboring polyanionic poly-
mers to cross the outer membrane.This generates an 
outer membrane instability, which is thought to lead 
to self-promoted absorption of OAAs and/or other ex-
tracellular molecules. 5a,10 OAAs come into contact 
with the anionic surface of the cytoplasmic membrane 
after passing through the outer membrane. 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)

They can either implant themselves into the cyto-
plasmic membrane and disturb the physical integrity 
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of the bilayer through membrane thinning, temporary 
poration, and/or disruption of the barrier function, or 
they can translocate across the membrane and oper-
ate on internal targets. 5a It has been demonstrated 
that this mechanism of action reduces the possibili-
ty of cross resistance.Another class of OAAs are cat-
ionic lipids, which have been developed as antibac-
terial agents, antiseptics, and disinfectants but also 
as drug delivery systems against diseases and gene 
transfection. For instance, cationic lipids including 
dodine, benzalkonium chlorides, sphingosine and 
fatty amines, chlorhexidine, cationic polymers exhibit 
broad spectrum antibacterial activities. Many of these 
are in clinical use as antiseptics, disinfectants for sev-
eral decades with little or no occurrence of resistance. 
It has been suggested that the antibacterial mode of 
action of cationic lipids is similar to antibacterial pep-
tides and involves disruption of the bacterial envelope 
induced by the removal (substitution) of divalent pos-
itively charged counter ions by ammonium ions.

MATERIALS AND METHODS
The drug target protein bacterial associated pro-

tein clumping factor A of ID 1N67 and its X-ray dif-
fraction structure with 1.90 Å resolution was found in 
the PDB database. The water and ligand that bound 
to the protein Clumping Factor A were removed, by 
using the PYMOL for non-bonded interactions fol-
lowed by the respective drug target protein was saved 
in the current mode of protein data bank. A ligand 
gluconolactone of ID 7027 and its molecular formu-
la is C6h10o6 with 178.14g/mol molecular weight,a 
gluconolactone, it’s an important skincare ingredient 
worth knowing about. It’s a poly-hydroxy acid, or 
PHA, a group of acids often overshadowed by their 
much more talked about cousins, alpha-hydroxy and 
beta-hydroxy acids. But while AHAs and BHAs often 
steal the skincare spotlight, PHAs, gluconolactone in 
particular, most definitely deserve a place at the table. 
Like the others, it’s choice for improving skin tone and 
texture, dissolving the dead cells that leave your com-
plexion rough and lackluster.gluconolactone, it’s an 
important skincare ingredient worth knowing about. 
It’s a poly-hydroxy acid, or PHA, a group of acids often 
overshadowed by their much more talked about cous-
ins, alpha-hydroxy and beta-hydroxy acids. But while 
AHAs and BHAs often steal the skincare spotlight, 
PHAs, gluconolactone in particular, most definitely 
deserve a place at the table. Like the others, it’s choice 

for improving skin tone and texture, dissolving the 
dead cells that leave your complexion rough and lack-
luster. This agent emits a severe inexperienced gluco-
nolactone withinside the presence of alkaline solution 
and consequently is used as a label while conjugated 
to antibodies or as an assessment agent for ophthalmic 
angiography. The two antibiotics which are used for 
the docking are dicloxillin of ID 18381 and its molec-
ular formula is C19H17CL2N3O5S with 470.3g/mol.
Dicloxacillin is a narrow-spectrum β-lactam antibiot-
ic of the penicillin class. It is used to treat infections 
caused by susceptible Gram-positive bacteria. It is ac-
tive against beta-lactamase-producing organisms such 
as Staphylococcus aureus, which would otherwise be 
resistant to most penicillins.The two different types of 
antibiotic data files are found on the PubChem web-
site, using the PYMOL to remove unwanted molecules 
from the antibiotic for docking purposes. The docking 
takes place between the Bacterial clumping factor A 
from Staphylococcus aureus, gluconolactone, and an-
tibiotics are dicloxacillin to find the resistance against 
the protein molecule.

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 Excel 
sheet of the SPSS tool.

RESULTS AND DISCUSSION
Table 1: Shows the docking value of protein and 

ligand are Bacterial associated protein Clumping 
Factor A from Staphylococcus aureus and glucono-
lactone by using auto dock vina tool. Where gluco-
nolactone is showing the lowest affinity of Kcal/mol. 
Table 2: shows the docking value of protein and ligand 
are Bacterial associated protein -Clumping Factor A 
from Staphylococcus aureus and dicloxacillin by us-
ing auto dock vina tool. Where dicloxillin is show-
ing the highest affinity of Kcal/mol. Table 3: shows 
the docking value of protein and ligand are Bacterial 
associated protein Clumping Factor A from Staph-
ylococcus aureus and cephalaxin by using auto dock 
vina tool. Where cephalexin is showing the lowest af-
finity of Kcal/mol. Tabel 4: in group statistics which 
tells about the dicloxacillin having the highest binding 
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affinity when compared with the ligand gluconolac-
tone, where analysis was performed in the IBM SPSS 
tool. Tabel 5: in group statistics which tells about the 
cephalexin having the highest binding affinity when 

compared with the ligand gluconolactone, where anal-
ysis was performed in the IBM SPSS tool. Tabel 6: The 
independent sample t-test will show the two groups’ 
binding affinity of gluconolactone and dicloxacillin. 
In these independent sample t-tests having two groups 
of sig one-sided p and sig two-sided p, both are show-
ing equal values of <.001. Tabel 7: The independent 
sample t-test will show groups’ binding affinity of glu-
conolactone and the cephalexin In these independent 
sample t-tests having two groups of sig one-sided p 
and sig two-sided p, both are showing equal values of 
<.00. Figure 1: The docking done between protein and 
ligand which are Bacterial associated clumping factor 
A from staphylococcus aureus and gluconolactone 
where the ASP340A, LYS281A, LEU444A,ALA441A 
protein pockets interact. Figure 2: The docking done 
between protein and antibiotic which are Biofilm as-
sociated protein-clumping factor A from staphylococ-
cus aureus and dicloxacillin. Where the active sites of 
protein pockets are ALA441A, ASN267A,VAL323A, 

Table 1
its shows the docking value of protein and ligand are Bacterial 
associated clumping factor A from staphylococcus aureus and 
gluconolactone by using auto dock vina tool. Where glucono-
lactone is showing the lowest affinity of Kcal/mol. 

Mode Affinity(Kcal/
mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b.

1 -5.8 0.000 0.000
2 -5.8 1.089 3.613
3 -5.6 2.625 5.010
4 -5.5 1.637 4.066
5 -5.3 1.598 3.878
6 -5.3 3.250 5.173
7 -5.3 1.794 2.415
8 -5.2 2.173 4.550
9 -5.2 2.678 4.967
10 -5.1 13.905 15.559

Table 2
its shows the docking value of protein and ligand are Bacteri-
al associated protein clumping factor A from staphylococcus 
aureus and dicloxacillin by using auto dock vina tool. Where 
dicloxacillin is showing the highest affinity of Kcal/mol. 

Mode Affinity(Kcal/
mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b.

1 -7.4 0.000 0.000
2 -6.8 1.815 2.244
3 -6.8 2.777 7.049
4 -6.8 3.102 4.957
5 -6.7 3.057 5.792
6 -6.6 2.833 7.249
7 -6.6 2.313 2.809
8 -6.4 3.386 5.103
9 -6.4 3.789 5.654
10 -6.2 2.020 2.686

Table 3
its shows the docking value of protein and ligand are Bacteri-
al associated protein clumping factor A staphylococcus aureus 
and cephalexin using auto dock vina tool. Where cephalexin is 
showing the lowest affinity of Kcal/mol. 

Mode Affinity(Kcal/
mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b.

1 -9.9 0.000 0.000
2 -9.9 2.306 6.724
3 -9.7 4.335 6.467
4 -9.7 4.815 9.760
5 -9.5 3.149 9.159
6 -9.5 4.914 9.781
7 -9.4 4.144 9.672
8 -9.4 4.312 9.396
9 -9.4 3.856 9.678
10 -9.4 3.349 9.283

Tabel 4
in group statistics which tells about the dicloxacillin having 
highest binding affinity when compared with the ligand gluco-
nolactone, where analysis was performed in the IBM SPSS tool.

 Group Statistics
Affinity Group N Mean Std. De-

viation
Std. 
Error 
mean

GLUCONO-
LACTONE

10 3.0638 3.91411 1.23775

DICLOXACILLIN 10 4.7942 4.06593 1.28576

Tabel 5
in group statistics which tells about the cephalexin having high-
est binding affinity when compared with the ligand gluconolac-
tone, where analysis was performed in the IBM SPSS tool. 

 Group Statistics
Affinity Group N Mean Std. De-

viation
Std. 
Error 
mean

GLUCOLAC-
TONE

10 6.1457 .30785 .89568

CEPHALEXIN 10 7.2245 .47400 .16562
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Tabel 6
The independent sample t-test which will show the two groups binding affinity of gluconolactone and dicloxacillin. In these inde-
pendent sample t-tests having two groups of sig one-sided p and sig two-sided p, both are showing the equal values of <.001

 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 
assumed

.345 .345 23.678 18 <.001 <.001 3.20000 .16745 2.98765 3.76549

Equal variances 
not assumed

27.395 16.115 <.001 <.001 3.20000 .16745 2.98764 3.67589

Tabel 7
The independent sample t-test which will show the two groups binding affinity of gluconolactone and cephalexin. In these inde-
pendent sample t-test having two groups of sig one-sided p and sig two-sided p, both are showing the equal values of <.00

 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 
assumed

.345 .734 7.347 18 <.001 <.001 1.08000 .15678 .78058 1.46763

Equal variances 
not assumed

7.347 17.768 <.001 <.001 1.08000 .15678 .78037 1.46763

              

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

Fig 1: The docking done between protein and ligand which are Bacterial associated clumping factor A from staphylococcus aureus 
and gluconolactone where the ASP340A, LYS281A, LEU444A,ALA441A protein pockets interact.
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     (A) Surface interaction                (B) Cartoon interaction                    (C) Molecular interaction

 

Fig 2: The docking done between protein and antibiotic which are Biofilm associated protein-clumping factor A from staphylo-
coccus aureus and dicloxacillin. Where the active sites of protein pockets are ALA441A, ASN267A,VAL323A, ALA269A which will 
interact with dicloxacillin (antibiotic)

        

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

Fig 3: The docking done between protein and antibiotic which are Bacterial associated protein-clumping factor A from staphylo-
coccus aureus and cephalexin. Where the active sites of protein pockets are LYS281A, LEU444A, ALA441A, ASN267A,VAL323A, 
ALA269A which will interact with cephalexin (antibiotic).

Fig 4: the graph is showing totally two different types of bars, named as gluconolactone which is represented as the blue color, 
and the second one is named as the dicloxacillin which is in the color blue and the second bar is dicloxacillin in blue color, where 
the highest binding affinity is showing in this graph is dicloxacillin and the least binding affinity is gluconolactone. The 95% is the 
confidence limit and, +\-2 is the range and standard deviation. The y axis represents binding affinity, and the x-axis will be told 
about the screening of inhibitors.
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ALA269A which will interact with dicloxacillin (an-
tibiotic).

Figure 3:The docking done between protein 
and antibiotic which are Bacterial associated pro-
tein-clumping factor A from staphylococcus aureus 
and cephalexin. Where the active sites of protein pock-
ets are LYS281A, LEU444A, ALA441A, ASN267A,VA-
L323A, ALA269A which will interact with cephalex-
in (antibiotic). Graph: the graph is showing totally 
two different types of bars, named as gluconolactone 
which is represented as the blue color, and the second 
one is named as the dicloxacillin which is in the color 
blue and the second bar is dicloxacillin in blue color, 
where the highest binding affinity is showing in this 
graph is dicloxacillin and the least binding affinity is 
gluconolactone. The 95% is the confidence limit and, 
+\-2 is the range and standard deviation. The y axis 
represents binding affinity, and the x-axis will be told 
about the screening of inhibitors.

CONCLUSION
Although exopolysaccharides are important but 

not always essential components of the biofilm ma-
trix, new data suggests that a group of surface proteins 
is the most important factor in the development of 
microbial communities. The structure of the protein 
Bacterial associated protein Clumping Factor A from 
Staphylococcus aureus was retrieved from PDB data-
bases, and docking was performed between the pro-
tein Bacterial associated protein Clumping Factor A 
from Staphylococcus aureus and two different types 
of antibiotics, dicloxacillin and cephalexin. Based on 
the docking results, it was concluded that dicloxacillin 
antibiotic has a higher dock score (or highest resist).
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