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ABSTRACT
Aim: The goal is to compare the anti-fungal characteristics of 
carbohydrates derivatives to commercial antibiotics, and dock-
ing will be used to see how the ligand, protein, and anti-fun-
gal interact molecularly. Materials and methods: The pro-
tein structure was obtained from the PDB (protein data bank) 
website, while the ligand structure was obtained from the NC-
BI-PubChem website. The fungus from aspergillus parasiticus 
(3HQR) as a protein, gluconolactone as a ligand, and benzimid-
azoles as an antifungal are the three different types of chemicals 
employed for docking. The genuine nature of protein chemical 
structure may be found on the PubChem website, while the 
remaining two chemical structures of ligand and antifungal can 
be found on the PDB website. Result: To determine whether or 
not the interaction between the protein molecule of the fungus 
from aspergillus parasiticus (3HQR) and the antifungal benzim-
idazoles is correct. The independent sample t-test was used to 
compare binding affinity using SPSS software. Significant differ-
ence, one-sided p values are.18-.001, and the two-sided p-val-
ue is.689 -.001, according to statistics. Conclusion: The anti-
fungal benzimidazoles appear to be more specific and selective 
in their antifungal activity against the target protein.
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INTRODUCTION
Carbohydrates are the most common type of bio-

molecule, accounting for 75 percent of all biomass on 
the planet.(Burke et al. 2011) Carbohydrates are uti-
lized to store energy, but they also serve a variety of 
other purposes in the body. Carbohydrates and their 
derivatives have recently emerged as a useful tool for 
stereoselective synthesis and as a chiral pool for chi-
ral ligand creation.(Wurtman and Wurtman 1989) 
They’re used as chiral building blocks, drug synthesis 
precursors, and asymmetric catalysis chiral catalysts. 
Despite the critical role of carbs in biological process-
es, the development of carbohydrate-based therapies 
has been gradual.(Sharon and Lis 1993)

Invasive and systemic fungal infections have ex-
panded rapidly over the last two decades, owing pri-
marily to Candida species.(White, Archer, and Barnes 
2005) The rising number of immunocompromised pa-
tients as a result of cancer chemotherapy, organ trans-
plantation, and HIV infection are the leading causes 
of this occurrence.(Hierholzer 1992) Antifungal med-
ication research has recently expanded due to the ur-
gent need for novel antifungal drugs to address these 
life-threatening invasive fungal infections. (Hierhol-
zer 1992; Kreijkamp-Kaspers et al. 2017) Antifungal 
medicines for treating individuals with deep mycosis 
should have a broad antifungal range that includes at 
least Candida albicans and Aspergillus fumigatus, as 
these are the principal pathogenic fungi of systemic 
mycosis.Fungal infections are a severe and currently 
unsolved public health issue, particularly in developed 
countries.(Terčelj et al. 2011) In Europe, fungal infec-
tions constitute about 17% of ICU infections, and sim-
ilar figures have been recorded in the United States. 
Furthermore, there has been a report of growing re-
sistance to widely available antifungals. Treatment, 
particularly for systemic infections, is not only asso-
ciated with low success rates but also with significant 
expenditures.(Ostrosky-Zeichner 2021)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 Thirunavuk-
karasu 2021; Kaja et al. 2020; Antink et al. 2020; Paul et 
al. 2020; Malaikolundhan et al. 2020)
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We used transcriptional profiling in the pres-
ence and absence of the benzimidazole nocodazole, 
the ozole fluconazole, and the benzimidazole EM-
C120B12 to further investigate EMC120B12’s mode 
of action and identify its target.(Friedman and Platzer 
1978) In addition, after incubation with the medi-
cines, we looked at the contents of individual sterols in 
Candida albicans and Candida krusei strains to deter-
mine the precise target.(Keller et al. 2015) Changes in 
sterol patterns, such as the buildup of precursors and/
or aberrant sterols, have been demonstrated to help 
identify the ergosterol biosynthesis inhibitors’ target 
enzyme(s).For the past two decades, medicinal chem-
ists have concentrated their efforts in the field of an-
tifungal chemotherapy on a class of heterocyclic com-
pounds known as azoles. Chlormidazole, miconazole, 
clotrimazole, and ketoconazole were highly substi-
tuted imidazoles, as were other conventional azoles. 
(Schwinn 1984) However, structural activity investi-
gations have revealed that the 1,2,4-triazole ring (flu-
conazole, voriconazole, and albaconazole) improves 
selectivity for interacting with lanosterol 14-demeth-
ylase without compromising the molecule’s antifungal 
characteristics.(Küçükgüzel and Çıkla-Süzgün 2015)

Antifungal drug resistance has emerged as a result 
of increased use of these medications. According to 
a study by Pfaller et al., genetic alterations are likely 
to be the cause of medication resistance, particular-
ly to fluconazole.(Loeffler and Stevens 2003) Oth-
er investigations have also found resistance to novel 
structurally related azoles including voriconazole and 
ravuconazole. (Cavaillon and Adrie 2008) According 
to research, the tertiary amine moiety, as well as the 
benzimidazole and triazole rings, are important struc-
tural moieties for antifungal action.

To test the effect of substituted N1 and C2 ben-
zene fused imidazole ring on antifungal activity, the 
benzimidazole (imidazole ring fused to the benzene 
ring with a large conjugated system and superior elec-
tro rich properties in comparison to triazole and im-
idazole) moiety, a bioisosteres, was chosen to replace 
triazole of fluconazole. (Matiadis and Halevas 2021) 
The benzimidazole ring could easily engage with the 
active target in a biological system via non-covalent 
interactions like hydrogen bonds, stacking, hydropho-
bic effect, and Vander Waals force. (Marinescu 2019) 
The addition of functional groups to the benzimidaz-
ole ring resulted in a binding site contact with an addi-
tional binding region.

MATERIALS AND METHODS
In the PDB database, the therapeutic target pro-

tein Aspergillus parasiticus with ID 3HQR and 
its X-RAY diffraction structure with 2.00 resolu-
tion was discovered. By employing the PYMOL for 
non-bonded interactions, the water and ligand that 
bound to the protein Aspergillus parasiticus were 
eliminated, and the appropriate drug target protein 
was saved in the present mode of the protein data 
bank. Gluconolactone is a natural chemical with a 
molecular formula of C6H10O6 and a molecular 
weight of 178.14g/mol. It is a ligand with ID 7027 
and its molecular formula is C6H10O6 with a mo-
lecular weight of 178.14g/mol. It’s made by heating 
phthalic anhydride and resorcinol over a zinc cat-
alyst until they form a rich crimson powder.In the 
presence of alkaline solution, this chemical produces 
a severe toxic gluconolactone, which is utilized as a 
label when conjugated to antibodies or as an evalua-
tion agent for ophthalmic angiography. The two an-
tifungals employed for docking are benzimidazole of 
ID 5798, which have a chemical formula of C7H6N2 
and a molecular weight of 118.14g/mol and thiram 
of ID 5455, chemical formula of C6H12N2S4 and a 
molecular weight of 240.4g/mol.

STATISTICAL ANALYSIS
The Statistical examination was performed using 

the IBM SPSS tool. In the docking method the pro-
tein, ligand, and the two antibiotics were used for data 
analysis. For both proposed and prevailing algorithms, 
10 samples were performed and for each sample, the 
predicted accuracy was noted for calculation in the 
MS Excel sheet of the SPSS tool.

RESULTS
Molecular docking was performed between the 

protein aspergillus parasiticus (3HQR) and ligands 
gluconolactone, benzimidazole, thiram in order to 
study their binding affinity towards the receptor pro-
tein using an autodock tool. 

Table 1 depicts the docking values of protein asper-
gillus parasiticus (3HQR) and the ligand gluconolac-
tone with higher binding affinity of -5.6 Kcal/mol and 
with mean affinity of -5.28 Kcal/mol. In Fig.1 interac-
tions between the ligand and protein at active pockets 
of H1S374, H1S313, ARG252 are seen.

Table 2 shows the docking values of antifungal 
benzimidazole towards the protein aspergillus parasit-
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icus (3HQR) with higher binding affinity of -8.9 Kcal/
mol and with mean affinity value of -7.78 Kcal/mol. 
Figure 2 shows the interactions of antifungal benzim-
idazole with the protein at the active sites of ARG383, 
TYR329, and ASP315 residues.

Table 3 shows the docking values of antifungal 
Thiram and protein aspergillus parasiticus (3HQR). 
Where thiram depicts the highest binding affinity to-
wards the protein with -3.9 Kcal/mol and mean affin-
ity with -3.74 Kcal/mol. Figure 3 displays the docking 

Table 1
The binding affinity value of gluconolactone towards the target 
protein Aspergillus (3HRQ) by using auto dock vina tool.

Mode Affinity(Kcal/
mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b.

1 -5.6 0.000 0.000
2 -5.5 1.273 3.799
3 -5.3 0.971 2.870
4 -5.3 16.759 18.520
5 -5.3 16.612 18.177
6 -5.2 17.049 18.921
7 -5.2 1.526 2.055
8 -5.2 10.669 11.289
9 -5.1 10.879 17.459
10 -5.1 15.604 17.672

Table 2
The binding affinity value of benzimidazole towards the target 
protein Aspergillus (3HRQ) by using auto dock vina tool.

Mode Affinity(Kcal/
mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b.

1 -8.7 0.000 0.000
2 -8.0 3.147 5.898
3 -8.9 2.904 8.068
4 -7.9 11.171 15.014
5 -7.8 1.802 4.295
6 -7.7 11.154 14.419
7 -7.6 2.740 6.917
8 -7.1 4.076 7.571
9 -7.1 3.040 6.365
10 -7.0 3.543 6.629

    

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

Fig 1: The docking done between protein and ligand which are aspergillus parasiticus(3HQR) and gluconolactone where the active 
sites of the protein pockets are H1S374, H1S313, ARG252, which will interact with the gluconolactone

   

  (A) Surface interaction         (B) Cartoon interaction                     (C) Molecular interaction
Fig 2: The docking done between protein and ligand which are aspergillus parasiticus(3HQR) and benzimidazoles where the active 
sites of the protein pockets are ARG383,TYR329,ASP315 which will interact with the benzimidazole.
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interactions between antifungal thiram and protein at 
active pockets of TRG383, 7HR387, TYR329 residues.

Tabel 4 depicts group statistics which tells about 
the benzimidazole having the highest binding affin-
ity when compared with the gluconolactone, where 
analysis was performed in the IBM SPSS tool. Tabel 
5 represents the group statistics which tells about the 
gluconolactone having the highest binding affinity 
when compared with the antifungal of thiram, where 
analysis was performed in the IBM SPSS tool. Table 6 
and Table 7 shows the independent sample t-test anal-
ysis between binding affinity of gluconolactone, ben-
zimidazole and thiram respectively

DISCUSSION
This research is about comparing the antifungal 

properties of gluconolactone to those of commercial 
antifungal, using docking to see how the ligand, pro-

tein, and antifungal interact molecularly. The protein 
Aspergillus is a type of fungal disease which mainly 
causes lung infection, allergic reaction and other in-
fectious diseases. Lot of research has been carried out 
in order to identify the better drug molecules that can 
effectively inhibit the growth of Aspergillus. But the 
Aspergillus is not able to develop the property of resis-
tance towards novel fluorescein. 

From tabel 1, 2 and 3 we can easily observe that 
gluconolactone showed less binding affinity towards 
the protein Aspergillus (3HRQ) than the other two 
groups. Molecular interaction of ligand gluconolac-

Table 3
The binding affinity value of thiram towards the target protein 
Aspergillus (3HRQ) by using auto dock vina tool.

Mode Affinity
(Kcal/mol)

Dist from 
rmsd l. b

best mode 
rmsd u. b.

1 -3.9 0.000 0.000
2 -3.9 15.691 16.783
3 -3.9 15.690 16.831
4 -3.9 0.054 2.089
5 -3.8 15.754 16.894
6 -3.8 15.759 16.878
7 -3.6 1.444 3.060
8 -3.6 15.719 16.791
9 -3.5 15.185 16.213
10 -3.5 2.385 4.046

Tabel 4
The group statistics of binding affinity of gluconolactone and 
benzimidazoles are performed through independent sample 
t-test using IBM SPSS Software.

 Group Statistics
Affinity Group N Mean Std. De-

viation
Std. Error 

mean
GLUCONO-
LACTONE

10 -5.28 0.1619 0.05120

BENZIMID-
AZOLES

10 -7.78 0.64429 0.2037

Tabel 5
The group statistics of binding affinity of gluconolactone and 
thiram are performed through independent sample t-test using 
IBM SPSS Software. 

 Group Statistics
Affinity Group N Mean Std. De-

viation
Std. Error 

mean
GLUCONO-
LACTONE

10 -5.28 0.1619 0.05120

THIRAM 10 -3.74 0.17126 0.05416

      

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

  

Fig 3: The docking done between protein and ligand which are aspergillus parasiticus(3HQR) and thiram where the active sites of 
the protein pockets are TRG383,7HR387,TYR329 which will interact with the thiram.
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Tabel 6
The independent sample t-test of two groups gluconolactone and benzimidazole

 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

.022 .883 -.407 18 <.001 <.001 .689 -1.43816 3.53293 -8.86057

Equal variances 
not assumed

-.407 17.978 <.001 <.001 .689 -1.43816 3.53293 -8.86120

Tabel 7
The independent sample t-test of two groups gluconolactone and thiram

 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

.343 .656 -60.862 18 <.001 <.001 -4.95854 .08199 -5.16225 -8.98425

Equal variances 
not assumed

-60.862 17.846 <.001 <.001 -4.95854 .08199 -5.16245 -8.98488

Fig 4: The binding affinity of gluconolactone, benzimidazole, and Thiram towards the active sites of protein Aspergillus. Results 
were represented as Mean ± 2 SD and the error bar with 95% CI.
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tone shows binding affinity of -7.6 Kcal/mol towards 
the target protein at active pockets of H1S374, H1S313, 
ARG252 residues, where other antifungal of Thiram 
showing -7.2 Kcal/mol, the binding affinity at active 
sites of TRG383, 7HR387, TYR329 and the antifun-
gal of benzimidazole shows the -3.6 Kcal/mol binding 
affinity towards the protein at active sites of ARG383, 
TYR329, ASP315 respectively. The significant differ-
ence observed between gluconolactone and benzim-
idazole is p < 0.001 where the significant difference 
observed between gluconolactone and Thiram is p < 
0.001. Bar graph from figure 4 also reveals that Thiram 
shows more binding affinity towards the target protein 
compared to other groups.

CONCLUSION
Antifungal Thiram appears to be more specific 

and selectively work against the target protein when 
compared to the benzimidazole and gluconolactone 
ligands. It reveals that gluconolactone doesn’t have 
better antifungal performance than the commercial 
antifungals. 
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