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ABSTRACT
Aim: The study is about to compare the antibiofilm proper-
ties of Novel Fluorescein derivatives to those of commercial 
antibiotics, using docking to see how the ligand, protein, and 
antibiotic interact molecularly. Materials and methods: The 
3D structures of protein and ligands were procured from the 
PubChem, Drug bank, and PDB databases. 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 per-
formed using Auto dock software. Statistics of the interactions 
were analyzed using IBM SPSS software. Result: Protein ligand 
interactions revealed that fluorescein shows more binding af-
finity towards the protein compared to commercial antibiotics 
cephalexin and cephalexin monohydrate. The binding affinity 
values were compared using SPSS software, which reveals that 
the statistical insignificance observed between the fluorescein 
and antibiotics cephalexin and cephalexin monohydrate is 0.519 
and 0.400 respectively. Conclusion: The fluorescein ligand ap-
pears to be more specific and selectively works against the tar-
get protein when compared to the antibiotics.
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INTRODUCTION
Biofilms are a collective of 1 or greater forms of 

microorganisms that can develop on many one-of-a-
kind surfaces. Microorganisms that shape biofilms en-
compass micro-organisms, fungi, and protists (López, 
Vlamakis, and Kolter 2010). One not unusual place is 
an instance of a biofilm dental plaque, a slimy build-
up of micro-organisms that bureaucracy at the sur-
faces of teeth (Jass, Surman, and Walker 2003). Pond 
scum is another instance (Peers and Niyogi 2008). The 
micro-organism that motives Lyme ailment also are 
enveloped in biofilms (Miklossy 2017). The cause that 
biofilm formation is a first-rate purpose of the situa-
tion is that, inside a biofilm, micro-organism is extra 
proof against antibiotics and different principal disin-
fectants that you may use to govern them (O’Toole, 
Kaplan, and Kolter 2000). In fact, whilst as compared 
to the free-floating micro-organism, the ones devel-
oping as a biofilm may be as much as 1,500 instances 
extra proof against antibiotics and different organic 
and chemical agents. A biofilm resistance blended 
with the overall boom in antibiotic resistance amongst 
micro-organisms as “double whammy” and the main 
task to treating infections (Donlan 2001). 

Staphylococcus epidermidis and S.aureus are the 
maximum common reasons for nosocomial infec-
tions and infections on indwelling clinical devices, 
which in general contain biofilms(Vuong and Otto 
2002). Recent advances in staphylococcal molecular 
biology have supplied greater precise perception into 
the idea of biofilm formation in those opportunistic 
pathogens(Freitas et al. 2018). A collection of floor 
proteins mediates preliminary attachment to host 
matrix proteins, accompanied with the aid of using 
the expression of a cationic glucosamine-primarily 
based exopolysaccharide that aggregates the bacteri-
al cells(O’Gara and Humphreys 2001). In a few cases, 
proteins might also additionally feature as opportu-
nity aggregating substances. Furthermore, surfactant 
peptides have now been diagnosed as key elements 
concerned in producing the third-dimensional shape 
of a staphylococcal biofilm with the aid of using mo-
lecular-molecular disruptive forces, which sooner or 
later might also additionally result in the detachment 
of complete molecular clusters(Otto 2012). Transcrip-
tional profiling experiments have described the par-
ticular body structure of staphylococcal biofilms and 
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tested that biofilm resistance to antimicrobials is be-
cause of gene-regulated processes(Raad, Alrahwan, 
and Rolston 1998).

About 153 research articles were published in Goo-
gle scholar, Science direct, and Research gate. This 
study is based on docking, by selecting the fluorescein 
compound and dock with the Staphylococcus aureus 
and to know whether the fluorescein is beneficial or 
not, to the bacterial property of Staphylococcus au-
reus. Fluorescein is a non-harmful, stable, low atomic 
weight that diffuses effectively into tissues(Yannuzzi et 
al. 1986). It is promptly supported to physiologic pH, 
fluoresces strongly, and is promptly estimated in bi-
ologic substrates by spectrofluorometry. Intravenous 
fluorescein is the most broadly utilized as a differen-
tiation specialist(Martin and Lindqvist 1975). Intra-
venous fluorescein angiography is performed for the 
administration of vitreoretinal sicknesses by infusing 
fluorescein sodium color as a bolus into a peripheral 
vein. Fluorescein is a non-harmful specialist and it is 
quickly ingested from the peritoneal cavity(Sjöback, 
Nygren, and Kubista 1995).Our team has extensive 
knowledge and research experience that has translate 
into high quality publications(Chellapa et al. 2020; La-
vanya, Kannan, and Arivalagan 2021; Raj R, D, and S 
2020; Shilpa-Jain et al. 2021; S, R, and P 2021; Rama-
doss, Padmanaban, and Subramanian 2022; Wu et al. 
2020; Kalidoss, Umapathy, and Rani Thirunavukkara-
su 2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020)

Anti-biofilm interest can modulate biofilm bacteri-
al variety through interferences among species or mi-
cro-organisms and the host surface. Different mech-
anisms of movement can explain the chain response 
mainly to the anti-biofilm process, the primary of 
that’s the change of molecular-to-molecular commu-
nication(Hetrick et al. 2009).

MATERIALS AND METHODS
The drug targets the biofilm-associated protein -B 

domain of PDB ID 7C7R and its X-ray crystallograph-
ic structure, the protein structure is extracted from the 
PDB database. (Noguchi 2001).A ligand Novel fluores-
cein of ID 16850 and its molecular formula C20H12O5 
with 332.3g/mol molecular weight, Cephalexin of ID 
27447 and its molecular formula C16H17N3O4S with 
347.4g/mol as the molecular weight and Cephalexin 
monohydrate of ID 62921 and its molecular formula 
C16H19N3O5S with 365.4g/mol as the molecular weight 

were procured from Pubchem and drug bank databas-
es. The ligand and antibiotic structures were down-
loaded 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 (Schiffrin et al. 2020) 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 was downloaded in PDB file format 
whereas ligand molecules are downloaded in SDF for-
mat. The second step is to carry out protein and ligand 
preparation, in these steps water and hydrogen mol-
ecules will be removed from the protein and ligand 
molecules. (El-Hachem et al. 2017) The third step is 
to select the docking site of the protein, where the li-
gand will bind in that protein pocket. The 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. Using the PYMOL tool docking 
was done between the protein and ligands. Initially, 
the docking was done between the protein clumping 
factor A and with the ligand novel fluorescein, later 
it was performed between the protein and antibiotics 
Dicloxacillin and Clindamycin separately. Group 1 in-
dicates the binding affinity interactions with Fluores-
cein (N = 10), Group 2 indicates the binding affinity 
interactions with cephalexin (N = 10), and Group 3 
indicates binding affinity interactions with cephalexin 
monohydrate (N = 10). 

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(McCormick and Salcedo 2017)

RESULTS 
Molecular docking was performed between the 

Biofilm associated protein-B domain (7C7R) and 
ligand Noval Fluorescein, cephalexin, cephalexin 
monohydrate in order to study their binding affinity 
towards the receptor protein using an autodock tool. 

Table 1 depicts the docking values of protein Bio-
film associated protein – B domain (7C7R) and the 
ligand fluorescein with higher binding affinity of -5.9 
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Kcal/mol and with mean affinity of -6.1 Kcal/mol. In 
Fig.1 we can see the interactions between the ligand 
and protein at active pockets of ASP614, TRY615, 
GLU661. 

Table 2 shows the docking values of antibiotic 
cephalexin towards the protein Biofilm associated 
protein – B domain with higher binding affinity of -9.1 
Kcal/mol and with mean affinity of -9.5 Kcal/mol. Fig-
ure 2 shows the interactions of antibiotic cephalexin 
with the protein at the active sites of ASP614, TRY615, 
GLU661, LEU735, ASP733.

Table 3 shows the docking values of antibiotic ceph-
alexin monohydrate and Biofilm associated protein – 
B domain. Where cephalexin monohydrate depicts the 

highest binding affinity towards the protein with -6.8 
Kcal/mol and mean affinity with -7.2 Kcal/mol. Figure 
3 displays the docking interactions between antibiotic 
clindamycin and protein at active pockets of ASP614, 
TRY615, GLU661, LEU735, ASP733 residues.

Tabel 4 depicts group statistics which tells about 
the novel fluorescein having the highest binding af-
finity when compared with the antibiotic of cepha-
lexin, where analysis was performed in the IBM SPSS 
tool. Tabel 5 represents the group statistics which tells 
about the fluorescein having the highest binding af-
finity when compared with the antibiotic of cepha-
lexin monohydrate, where analysis was performed 
in the IBM SPSS tool. Table 6 and Table 7 shows the 
independent sample t-test analysis between binding 
affinity of fluorescein, cephalexin and fluorescein and 
cephalexin monohydrate respectively.

DISCUSSION
This research is about comparing the antibacteri-

al properties of novel fluorescein derivatives to those 
of commercial antibiotics, using docking to see how 

Table 1
The binding affinity value of fluorescein towards the target pro-
tein Biofilm associated protein – B domain (7C7R) by using auto 
dock vina tool.

Mode Affinity(Kcal/
mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b.

1 -6.8 0.000 0.000
2 -6.6 3.374 4.504
3 -6.2 3.951 4.824
4 -6.1 1.678 2.433
5 -6.1 23.540 25.486
6 -6.0 24.576 27.461
7 -6.0 21.591 25.004
8 -6.0 22.905 24.842
9 -5.9 19.527 21.795
10 -5.9 17.684 20.432

Table 2
The binding affinity value of cephalexin towards the target pro-
tein Biofilm associated protein – B domain (7C7R) by using auto 
dock vina tool.

Mode Affinity(Kcal/
mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b.

1 -9.7 0.000 0.000
2 -9.6 2.303 6.724
3 -9.5 4.335 9.467
4 -9.5 4.815 9.760
5 -9.4 3.149 9.159
6 -9.3 4.914 9.781
7 -9.2 4.144 9.672
8 -9.2 4.312 9.396
9 -9.1 3.349 9.283
10 -9.1 3.132 9.139

Table 3
The binding affinity value of cephalexin monohydrate towards 
the target protein Biofilm associated protein – B domain (7C7R) 
by using 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 -7.6 23.936 26.881
3 -7.6 18.604 23.170
4 -7.5 1.704 5.227
5 -7.2 19.253 23.698
6 -7.1 14.831 17.507
7 -7.1 2.653 5.161
8 -6.9 24.008 26.640
9 -6.9 2.136 5.881
10 -6.8 1.658 5.678

Table 4
The group statistics of binding affinity of fluorescein and ceph-
alexin are performed through independent sample t-test using 
IBM SPSS Software.

 Group Statistics
Affinity Group N Mean Std. De-

viation
Std. 
Error 
mean

FLUORESCEIN 10 -6.1600 .30258 .09568
CEPHALEXIN 10 -9.3600 .06700 .06700
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the ligand, protein, and antibiotic interact molecular-
ly. The Biofilm associated protein-B domain is a type 
of surface protein present in Staphylococcus aureus 
which plays a major role in bacterial pathogenesis and 
also acts as a vital role in spreading diseases. Lot of 
research has been carried out in order to identify the 
better drug molecules that can effectively inhibit the 
growth of Staphylococcus aureus. But the staphylo-

coccus aureus is not able to develop the property of 
resistance towards novel fluorescein. 

From Table 1, 2 and 3 we can easily observe that 
fluorescein showed more binding affinity towards the 
Biofilm associated protein-B domain (7C7R) than the 
other two groups. Molecular interaction of ligand flu-
orescein shows binding affinity of -6.1 Kcal/mol to-
wards the target protein at active pockets of ASP614, 
TRY615, GLU661 residues, where other antibiotics of 
cephalexin showing -9.5 Kcal/mol binding affinity at 
active sites of ASP614, TRY615, GLU661, LEU735, 
ASP733 and the antibiotic of cephalexin monohydrate 
shows the -7.2 Kcal/mol binding affinity towards the 
protein at active sites of ASP614, TRY615, GLU661, 
LEU735, ASP733 respectively. The significant dif-
ference observed between fluorescein and cephalex-
in is 0.519 where the significant difference observed 
between fluorescein and cephalexin monohydrate is 
0.400. Bar graph from Fig.4. also reveals that fluores-

Table 5
The group statistics of binding affinity of fluorescein and cepha-
lexin monohydrate perform through independent sample t-test 
using IBM SPSS Software

 Group Statistics
Affinity Group N Mean Std. 

Devia-
tion

Std. 
Error 
mean

FLUORESCEIN 10 -6.1600 .30258 .09568
CEPHALEXIN 
MONOHYDRATE

10 -7.2400 .33400 .10562

Table 6
The independent sample t-test of two groups fluorescein and cephalexin.

 INDEPENDENT SAMPLES TEST
leven’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 differ-

ence
One 

sided p
Two 

sided p
lower upper

Affinity Equal variances 
assumed

.433 .519 27.395 18 <.001 <.001 3.20000 .11681 2.95459 3.44541

Equal variances 
not assumed

27.395 16.115 <.001 <.001 3.20000 .11681 2.95252 3.44748

Table 7
The independent sample t-test of two groups fluorescein and cephalexin monohydrate

 INDEPENDENT SAMPLES TEST
leven’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 inter-
val of the difference

One 
sided p

Two 
sided p

lower upper

Affinity Equal variances 
assumed

.742 .400 7.578 18 <.001 <.001 1.08000 .14252 .78058 1.37942

Equal variances 
not assumed

7.578 17.827 <.001 <.001 1.08000 .14252 .78037 1.37963
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        (A) Surface interaction                 (B) Cartoon interaction              (C) Molecular interaction

 

Fig. 1. (A & B) Docking analyses of fluorescein with targeted Biofilm associated protein – B domain; (C) image showing interaction 
between the ligand and protein at active site ASP614A, TRY615A and GLU661A amino acid residues.

     

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

Fig. 2. (A & B) Docking analyses of cephalexin with targeted Biofilm associated protein – B domain; (C) image showing interaction 
between the antibiotic and protein at active site ASP614A, TRY615A, GLU661A, LEU735A and ASP733A amino acid residues.

      

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

  

Fig. 3. (A & B) Docking analyses of cephalexin monohydrate with targeted Biofilm associated protein – B domain; (C) image show-
ing interaction between the antibiotic and protein at active site ASP614A, TRY615A, GLU661A, LEU735A and ASP733A amino acid 
residues.
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cein shows more binding affinity towards the target 
protein compared to other groups. 

CONCLUSION
The Novel Fluorescein appears to be more specific 

and selectivity work against the target protein when 
compared to the commercial antibiotics cephalexin 
and cephalexin monohydrate.
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