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Abstract

Background: Traditional ayurvedic herbs contain many photochemical 
that are of therapeutic importance. Indian subcontinent is rich in thera-
peutic medicines based on plant compounds, and herbal medicines are the 
source for anti-fungal and anti-bacterial compounds. As we know, long 
term consumption of Aspergillus, Fusarium, and Penicillium mycotoxins 
has indeed been linked to renal and hepatic cancers, immune disorders, 
and many other pathophysiological disorders. Aspergillus fumigatus is a 
type of fungi that can cause a wide range of diseases in humans and ani-
mals, including allergic reactions, infections, and toxicity. It is one of the 
most common causative agents of opportunistic fungal infections, partic-
ularly in immunocompromised individuals. These infections can lead to 
severe respiratory distress, lung damage, and even death if left untreated.

Methodology: In current study we considered variety of herbal medicinal 
plants and there phytochemicals to reveal their interaction pattern with 
crucial enzymes of Aspergillus fumigates. In current study we aimed to 
conduct in-silico analysis for revealing the anti-fungal nature of phyto-
chemicals Flavan-3-ol, Baicalein, Gallotannin 5, 8-Dihydroxyumbel-
liprenin, Ellagic acid, Lambertianin A, and Punicalins. This study also 
involves Lipinski drug analysis, and fundamental ADME analysis of phy-
tochemicals that assisted us in developing core medicinal background of 
phytochemicals. 

Results: Here we found phytochemicals (Flavan-3-ol, Baicalein, 5,8-Di-
hydroxyumbelliprenin (Asacoumarin A), and Ellagic acid) inhibit the 
crucial enzymes of fungus Aspergillus fumigates like Chitinase, Phytase 
and Thiolase. The Molecular docking studies reveal binding energy in the 
range of -8 kcal/mol to -13 kcal/mol, and also MD-simulations shows sta-
ble docked complexes as per the estimated RMSD values ranging from 0.1 
angstrom to 6 angstrom during the time span of 40 nano-seconds. 

Conclusion: In current study we explored phytochemicals named as Fla-
van-3-ol, Baicalein 5, 8-Dihydroxyumbelliprenin (Asacoumarin A), and 

Ellagic acid by in-silico methods to identify their inhibitory action on 
three metabolic enzymes ChitinaseA, Phytase, and Thiolase of Aspergillus 
fumigates. It was found that these phytochemicals shows perfect docking 
in the binding pocket of these enzymes as per the binding energy scores 
and inhibitory coefficient values. Also, the interaction patterns show mul-
tiple hydrophobic interactions as well as hydrogen bonding between drug 
ligands and enzymatic receptor molecules. So we can conclude CADD 
method is fast and efficient way to develop possible treatment strategy 
against deadly pathogens, and in our study these phytochemicals hold 
therapeutic properties against Aspergillus fumigates.
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Introduction

For centuries, herbs were used as a traditional remedy. 
Traditional ayurveda phytomedicines have long been rec-
ognized for their abundant resources that provide better 
treatment alternatives. Despite the availability of antifun-
gal agents, treatment of Aspergillus fumigatus infections 
remains challenging due to the increasing incidence of drug 
resistance, side effects of current treatments, and limited 
efficacy. Therefore, there is a pressing need for the identifi-
cation of new and effective therapeutic agents that can tar-
get Aspergillus fumigatus and mitigate the adverse effects 
of infection. Drug discovery analysis, a multi-disciplinary 
approach that combines computational, experimental, and 
chemical methods, has emerged as a powerful tool for the 
identification of new therapeutic agents against Aspergillus 
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fumigates. This process involves screening a large num-
ber of chemical compounds, both naturally occurring and 
synthetic, for their ability to inhibit the growth and viru-
lence of the fungus. In-silico models and high-throughput 
screening techniques are used to rapidly identify promising 
candidates, which are then subjected to in vitro and in vivo 
testing to confirm their efficacy and safety. The goal of drug 
discovery analysis for Aspergillus fumigatus is to identify 
new and effective therapeutic agents that can target specific 
pathways or enzymes essential for the survival and growth 
of the fungus. This research not only holds the potential to 
revolutionize the treatment of Aspergillus fumigatus infec-
tions, but also provide a platform for the discovery of new 
antifungal drugs against other fungal pathogens. In recent 
studies many plants were identified to hold anti-fungal ther-
apeutic properties, few are listed below in Table 1 [1-5].

Table 1: List of photochemical and there plant sources that holds anti-fun-
gal properties.

S. 
No. Phytochemicals Plant Source Literature 

Source

1 Flavan-3-ol Syzygium cordatum [1]

2 Baicalein Scutellaria baical-
ensis [2]

3 Gallotannin Scutellaria baical-
ensis [2]

4 5,8-Dihydroxy-
umbelliprenin Ferula foetida [3]

5 Ellagic acid Punica granatum [4]

6 Lambertianin A Rubus idaeus [5]

7 Punicalins Punica granatum [4]

Long term consumption of Aspergillus, Fusarium, and Pen-
icillium mycotoxins has indeed been linked to renal and he-
patic cancers, immune disorders, free radical generation, 
as well as other teratogenic, cancerous, and mutagenesis 
consequences. Aspergillus fumigatus has been the most 
common airborne fungal infection in industrialised nations, 
and it produces expansive aspergillosis in susceptible peo-
ple, which is typically deadly [6,7]. Proanthocyanidins, or 
polymeric compounds of flavan-3-ol monomers, are a kind 
of polyphenolic compound that may aggregate to greater 
amounts in the leaves, fruits, seeds, and barks of most land 
plants and have been shown to help in preventing illnesses 
including lung and heart diseases associated to fungal in-
fection [8].

Plant-based compounds were evaluated against aflatoxigen-
ic Aspergillus spp. in a recent research, and they discovered 
that six natural compounds, including baicalein, nobiletin, 

meso-dihydroguaiaretic acid, pinoresinol, syringaresinol, 
and celastrol, have antifungal activity [9]. Baicalein (non-
cytotoxic) at very low concentrations greatly suppressed 
A. fumigatus growth, biofilm formation, and adhesion in 
vitro, according to a recent research. Baicalein decreased 
FK severity, lowered fungal burden, and suppressed neu-
trophil infiltration and activity in A. fumigatus keratitis ani-
mals. Baicalein decreased the expression of thymic stromal 
lymphopoietin (TSLP) and TSLP receptor (TSLPR) in vivo 
and in vitro, as well as suppressing the mRNA and pro-
tein levels of inflammatory factors IL-1, IL-6, and TNF-α 
[10]. In one of the most recent study in order to investigate 
the protective, antifungal, and antimicrobial effects of syn-
thetic polyphenols that are structurally similar to herbs-de-
rived phytochemicals, gallotannins derived from d-lyxose, 
d-ribose, l-rhamnose, d-mannose, and d-fructose were 
designed and synthesised. These compounds were antimi-
crobial against Gram-positive organisms such as Staphy-
lococcus aureus and Enterococcus faecalis, but not against 
mycobacteria. In lower doses, they were effective inhibitors 
and disruptors of S. aureus biofilms, and they also inter-
acted with the quorum-sensing system [11]. Gallotannins 
have also been found to have antifungal properties against 
Aspergillus fumigatus. Many other phytochemicals like 5, 
8-Dihydroxyumbelliprenin (also known as Asacoumarin 
A), Ellagic acid, Lambertianin A, Punicalins were also 
found to be of antifungal nature in current studies [12,13].

In current study we aimed to conduct in-silico analysis for 
revealing the anti-fungal nature of these phytochemicals 
that are enlisted in Table 1. The recent advancement of mo-
lecular docking and simulation studies assisted in devel-
oping novel treatment strategies against deadly pathogen 
Aspergillus fumigates. Computer assisted drug discovery 
approaches holds structural analysis as well as interaction 
analysis of available drug molecules in databases like Pub-
chem, Maybridge, Chembrige and Zinc to renowned recep-
tors and enzymes of fungal origin from protein databank 
(PDB) [14].

This study also involves Lipinski drug analysis, and funda-
mental ADME analysis of phytochemicals that will assist 
in developing core medicinal background of phytochemi-
cals. Many recent studies support in-silico drug designing 
approaches against major pathogens like Dengue virus, 
SARS-CoV2, Candida aurius and HCMV [15-19]. Avail-
able target an enzyme of Aspergillus fumigates in RCSB-
PDB is enlisted in Table 2, these enzymes interactions with 
phytochemicals enlisted in Table 1 were conducted in this 
study. The flow chart of proposed analysis scheme was rep-
resented in Figure 1.

Table 2: Target enzymes of Aspergillus fumigate and their role.

S.No. Aspergillus Fumigatus Enzymes RCSB PDB ID Functioning of Enzymes Literature 
Source

1 ChainB-ChitinaseA 2XVN Target chitin molecule of other fungal species and act 
as defensive enzyme [26]

2 Phytase 1SK9 It is required for breakdown of phytic acid to release 
phosphorus, crucial for growth and development [27]
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Methodology

Structure retrieval of phytochemicals

Phytochemicals structure was retrieved from Pubchem da-
tabase (https://pubchem.ncbi.nlm.nih.gov/) with chemical 

ID enlisted in Table 3. SDF format structures downloaded 
and converted to PDB format. PDB format structures are 
required for docking analysis. SDF format 3D structures of 
phytochemicals were converted to 3D PDB structures by 
using Open babel software [20].

3 Cytosolic Thiolase 6ARG

It initiates condensation of two acetyl-CoA molecules 
to create acetoacetyl-CoA in the cytoplasm, required 
in the production of ergosterol. Necessary for growth 

and development

[28]

Figure 1: Medicinal herbs phytochemicals identification by using CADD approach against Aspergillus fumigates.

Table 3: Structure of phytochemicals retrieved from Pubchem database.

S.No. Phytochemicals Pubchem Chemical ID Structure

1 Flavan-3-ol 3707243

2 Baicalein 5281605

https://pubchem.ncbi.nlm.nih.gov/
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3 Gallotannin 16133892

4 5,8-Dihydroxyumbelliprenin 14313756

5 Ellagic acid 5281855

6 Lambertianin A 101632066

7 Punicalins 5388496

Structure retrieval of enzymes

Enzymes structure for Aspergillus fumigatus was retrieved 
from RCSB-PDB database (https://www.rcsb.org/). This 
database contains is ubiquitously recognized as a crucial 
and core data repository essential to basic and applied re-

search in the life sciences, fundamental biology, and bio-
medicine, biotechnology, bioengineering, and energy com-
munities. It is the world’s only worldwide compendium for 
three dimensional structure data, with over 170,000 experi-
mentally obtained structures of proteins and their complex-
es with drugs and/or other moiety freely accessible without 
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restrictions. Aspergillus fumigates enzymes ChainB-Chiti-
naseA, Phytase, and Cytosolic Thiolase structures were ob-
tained in PDB format from this database.

ADME analysis of phytochemicals

SwissADME tool (http://www.swissadme.ch/) was used 
to conduct ADME analysis of phytochemicals [21]. Ab-
sorption, distribution, metabolism, and excretion (ADME) 
testing is becoming more common when for the number of 
potential chemicals. In this scenario, computer models are 
used, the SwissADME web tool, this provides free access 
to a large pool of fast yet reliable forecasting analytics for 
physicochemical characteristics, pharmacokinetic proper-
ties, and drug-likeness [21]. Druglikeness was analyzed on 
the basis of Lipinski rule of 5, which states that when there 
are more than 5 H-bond donors, 10 H-bond acceptors, the 
molecular weight is larger than 500, and the estimated Log 
Po/w is greater than 5, the Rule of 5 indicates that poor 
uptake or penetration is more likely. High lipophilicity of 
drug is indicated by Log Po/w value to be less than 5 which 
is good characteristic of drug [22].

Molecular docking analysis and 2D interaction pattern 
to explore H-bonds

Docking analysis was conducted by using Autodock vina 
software [23], which assisted in interacting phytochemicals 
screened after ADME analysis with enzymes of Aspergillus 
fumigatus. This analysis helped in revealing binding pock-
et and binding energy for the docked complexes. For this 
analysis ligand and enzyme preparation was conducted, 
then space was defined and interaction was revealed after 
docking. LigPlot+ ver.2.2.5 tool was used to explore hy-

drogen bond with in the docked complexes of drugs and 
enzymes [24].

Molecular dynamics and simulation analysis

To perform MD simulation analysis Gromacs software 
[25] was used, this tool assisted in revealing RMSD (Root 
Mean Square Deviation) plot for trajectory analysis at time 
span of 40 ns, also here we used OPLS-AA force field. All 
docked complexes were subjected to MD simulations to 
identify stability on the basis of RMSD and RMSF scores.

Results

Structure retrieval of phytochemicals

Phytochemicals structure was retrieved from Pubchem in 
SDF format and converted to PDB by using Open babel 
software, as per the literature sources presented in Table 1. 
The structures and Pubchem chemical IDs are presented in 
Table 3. Enzymes structures were retrieved from RCSB-
PDB database, and PDB IDs of three crucial enzymes was 
given in Table 2 [26-28].

ADME analysis of phytochemicals

SwissADME webserver was deployed to reveal drug prop-
erties and Lipinski violation for various phytochemicals 
under analysis. In Table 4 all the important parameters of 
drug likeness was provided as per the analysis. It was noted 
that out of 7 possible molecules from the literature only 
4 molecules possess drug likeness against Aspergillus fu-
migatus, these four phytochemicals were Flavan-3-ol, Bai-
calein 5, 8-Dihydroxyumbelliprenin (Asacoumarin A), and 
Ellagic acid.

Table 4: ADME analysis of phytochemicals with Lipinski violations for druglikeness.

S. No. Phytochemicals Formula Molecular 
wt.

#Heavy 
atoms

#H-bond 
acceptors

#H-bond 
donors

Log 
Po/w

Lipinski 
Violation Inference

1 Flavan-3-ol C15H14O2 226.27 17 2 1 2.52 0 Accept

2 Baicalein C15H10O5 270.24 20 5 3 2.43 0 Accept

3 Gallotannin C76H52O46 1701.2 122 46 25 6.2 4 Reject

4 5,8-Dihydroxyumbelliprenin C24H30O5 398.49 29 5 2 4.43 0 Accept

5 Ellagic acid C14H6O8 302.19 22 8 4 0.79 0 Accept

6 Lambertianin A C82H54O52 1871.3 134 52 29 4.2 3 Reject

7 Punicalins C34H22O22 782.53 56 22 13 0.18 3 Reject
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Molecular docking analysis

Molecular docking study was conducted between select-
ed phytochemicals and target enzymes of Aspergillus fu-
migates. Autodock vina tool was used for conduction of 
docking analysis. In docking analysis it was found that 9 
docked complexes were showing good binding energy and 

inhibition coefficient, as represented in Table 5. Using the 
formula Ki=exp (BE/RT), the inhibition coefficient (Ki) 
was calculated from the binding energy (G), where R is 
the universal gas constant (1.985 × 10-3 kcal mol-1 K-1) and 
T is the temperature (298.15 K) [29]. In Figure 2 all the 9 
docked complexes were shown, to show there binding to 
the respective enzymes

Table 5: Molecular docking analysis of phytochemicals and enzymes: Binding energies and Inhibition coefficient.

Receptor Ligand Binding energy (BE) Inhibition Coefficient 
(Ki) Inference

ChainB-ChitinaseA

Flavan-3-ol -9.8 6.381 Accept

Baicalein -10.2 3.245 Accept

5,8-Dihydroxyumbelliprenin -2.4 0.017 Reject

Ellagic acid -2.1 0.028 Reject

Phytase

Flavan-3-ol -11.3 5.054 Accept

Baicalein -10.8 1.176 Accept

5,8-Dihydroxyumbelliprenin -9.5 1.059 Accept

Ellagic acid -8.6 4.852 Accept

Cytosolic Thiolase

Flavan-3-ol -12.1 1.307 Accept

Baicalein -2.3 0.02 Reject

5,8-Dihydroxyumbelliprenin (Asacoumarin A) -12.6 5.61 Accept

Ellagic acid -10.3 2.74 Accept

Figure 2: Molecular docking analysis: Docked complexes A) ChinaseA-Baicalein B) ChitinaseA-Flavan-3ol C) Phytase-Flavan-3ol D) Phytase- 
AsacoumarinA E) Phytase- Baicalein F) Phytase-Ellagic acid G) Thiolase- AsacoumarinA H) Thiolase-Ellagic acid I) Thiolase-Flavan-3ol.

2D Interaction analysis of docked complexes

LigPlot+ software was deployed for analyzing hydro-
phobic interactions, hydrogen bond interactions between 
ligand and receptor molecules in docked complex. Chiti-
naseA shows interaction with Baicalein and Flavan-3ol as 

represented in Figure 3, also it was noted that Baicalein 
makes hydrogen bond with Tyrosine residue at 181st posi-
tion or Tyr (181) with bond length of 2.75 angstrom, and 
both Baicalein and Flavan-3ol makes many hydrophobic 
interactions with different amino residues of ChitinaseA 
justifying the higher value of binding energy and inhibition 
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coefficient.

Figure 3: ChitinaseA interaction patterns: with Baicalein and Fla-
van-3ol phytochemicals.

In Figure 4 Phytase and AsacoumarinA interaction was 
marked, that clearly indicates Asacoumarin makes Hydro-
gen bonds of more than 3 angstrom with Asp (202), Gly 
(201), Thr (209), Lys (278), Tyr (28), and Asn (340) along 
with multiple hydrophobic interactions to Phytase enzyme; 
this results in to inhibition of active site of the Phytase en-
zyme. In Figure 5 Phytase and Baicalein interaction pat-
terns were represented that clearly shows multiple hydro-
phobic interaction patterns. In Figure 6, Phytase interaction 
pattern with Flavan-3ol and Ellagic acid shows hydrogen 
bonding and multiple hydrophobic interactions.

Figure 4: Phytase and AsacoumarinA interaction pattern: Hydrogen 
bonds of more than 3 angstrom with Asp (202), Gly (201), Thr (209), 
Lys (278), Tyr (28), and Asn (340) along with multiple hydrophobic 
interactions.

Figure 5: Phytase interaction pattern with Baicalein: Multiple hydro-
phobic interactions.

Figure 6: Phytase interaction pattern with Flavan-3ol and Ellagic acid: 
Hydrogen bond and multiple hydrophobic interactions.

In Figure 7 cytosolic Thiolase interactions with Asacouma-
rinA and Ellagic acid were shown, and in Figure 8, Thio-
lase interaction with flavan-3ol was shown were multiple 
hydrophobic interactions are indicated.

Figure 7: Thiolase interaction pattern with AsacoumarinA and Ellagic 
acid: showing hydrophobic interactions and hydrogen bonds (specifi-
cally Ellagic acid shows interaction with Serine residue at 12th position 
bond length of 2.66 angstrom).

Figure 8: Thiolase interaction pattern with Flavan-3ol: showing multi-
ple hydrophobic interactions.

MD-Simulations of docked complexes

RMSD (root mean square deviation) values were observed 
for all the 9 docked complexes, this indicates stable in-
teraction of all docked complexes for time span of 40 ns. 
RMSD values were found to be under the 4 angstrom for 
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considered docked complexes. In Figure 9 RMSD plot was 
shown.

Figure 9: RMSD plot for finalized 9 docked complexes: Y-axis show-
ing RMSD values in angstrom, and X-axis indicates time in nano-sec-
onds (ns): (A) ChinaseA-Baicalein (B) ChitinaseA-Flavan-3ol (C) Phy-
tase-Flavan-3ol (D) Phytase- AsacoumarinA (E) Phytase- Baicalein (F) 
Phytase-Ellagic acid (G) Thiolase- AsacoumarinA (H) Thiolase-Ellagic 
acid (I) Thiolase-Flavan-3ol.

Discussion

Aspergillus fumigates is a harmful pathogen as associat-
ed with multiple disorders like invasive aspergillosis and 
acute bronchopulmonary aspergillosis [30]. Currently 
fewer medications are available for the treatment of As-
pergillus fumigates, and it’s a great challenge among sci-
entific community to develop better treatment strategies 
against this harmfull fungal pathogen. In this study we 
deployed chemo-informatics approach for drug discovery. 
As in many previous studies it was observed computer-as-
sisted drug designing approaches were used to develop 
regimens against recent pandemic viral pathogen SARS-
CoV2 [14,31]. In current study we found following docked 
complexes (A) ChinaseA-Baicalein, (B) ChitinaseA-Fla-
van-3ol, (C) Phytase-Flavan-3ol, (D) Phytase-Asacouma-
rinA, (E) Phytase-Baicalein, (F) Phytase-Ellagic acid, (G) 
Thiolase-AsacoumarinA, (H) Thiolase-Ellagic acid, and (I) 
Thiolase-Flavan-3ol. These complexes show perfect inter-
action and formation of stable inhibitory complex of crucial 
metabolic enzymes of Aspergillus fumigates. Screening of 
ligands was done on the basis of available literature and 
Pubchem database, as conducted in many previous stud-
ies [32,33]. After the drug screening we initiated ADME 
analysis for further screening of drugs, on the basis of lip-
inski’s rule of drug-likeness. Then molecular docking and 
MD-simulation analysis was conducted. The Molecular 
docking studies reveal lesser binding energy in the range 
of -8 kcal/mol to -13 kcal/mol, and also MD-simulations 
shows stable docked complexes as per the RMSD values 
ranging from 0.1 angstrom to 6 angstrom during the time 
span of 40 nano-seconds. This study opens new avenues 
of research against the harmful pathogen Aspergillus fumi-
gates. Wetlab validations will further strengthen the con-
cept as a future scope of our research, as this method is not 
only economically efficient but also saves time of research-
ers from conventional cumbersome hit-and trial methods of 
drug designing.

Conclusion

In current study we explored phytochemicals named as Fla-
van-3-ol, Baicalein 5, 8-Dihydroxyumbelliprenin (Asacou-
marin A), and Ellagic acid by in-silico methods to identify 
their inhibitory action on three metabolic enzymes Chitina-
seA, Phytase, and Thiolase of Aspergillus fumigates. It was 
found that these phytochemicals shows perfect docking in 
the binding pocket of these enzymes as per the binding en-
ergy scores and inhibitory coefficient values. Also, the in-
teraction patterns show multiple hydrophobic interactions 
as well as hydrogen bonding between drug ligands and en-
zymatic receptor molecules. So we can conclude CADD 
method is fast and efficient way to develop possible treat-
ment strategy against deadly pathogens, and in our study 
these phytochemicals hold therapeutic properties against 
Aspergillus fumigates.
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