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Abstract. Futoamide, Gentialutine, Gentiabetine, 1-[(2E,4E)-2,4-dec-
adienoyl] pyrrolidine, Lycopodine, Dihydro-lycopodine are bioactive 
compounds that can be obtained Pseudomonas azotoformans UICC 
B-91. Previous research results indicate that P. azotoformans extract-
ed with dichloromethane, chloroform, and ethyl acetate have antican-
didal activity against Candida albicans ATCC 10231. C. albicans is
considered to become an opportunistic pathogen and well-known as
the main cause of candidiasis. This study aims to determine the mech-
anism of inhibition of bioactive compounds from P. azotoformans
UICC B-91 on the growth of C. albicans using the molecular docking
method. Docking was carried out using the targeted (Lanosterol 14
alpha demethylase and Glucan endo-1,3-beta-D-glucosidase) dock-
ing method with an exhausted parameter of 50. The size of the grid-
box was adjusted to the position of the amino acid residues based
on predictions of binding sites using PrankWeb. The docking results
were obtained in the form of binding affinity resulting from the inter-
action of the compound with the protein. Results showed that the three
sample compounds had the potential to form strong and stable bonds
with both protein targets with only two ligands show a binding energy
value of less than -7 kcal/mol. In addition, the speed and stability of
the bond between the sample and the target protein cannot exceed
control ligands, thus it can be predicted the structure of ligand. Fu-
toamide, 1-[(2E,4E)-2,4-decadienoyl] pyrrolidine, Lycopodine, and
Dihydrolycopodine had binding potential with Lanosterol 14 alpha
demethylase. For Glucan endo-1,3-beta-D-glucosidase, only Fu-
toamide had the potential to form stable and strong bonds that similar
to the control. It can be concluded that the futoamide, one of ligand
from P. azotoformans compounds has the potential as a multitarget
inhibitor of the two C. albicans proteins, because it has various affini-
ties and interaction stability for Lanosterol 14 alpha demethylase and
Glucan endo-1,3-beta-D-glucosidase.
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INTRODUCTION

Candida albicans is a fungal species that 
can cause disease in humans. This fungus is a 
commensal organism that can be naturally found 
in the gastrointestinal tract, urinary tract, oral 
mucosa, vagina, and on the surface of skin. The 
fungus is one of normal flora because plays a role 
in the balance of microorganisms in the body. 
However, C. albicans is considered to become 
an opportunistic pathogen because if the balance 
between host defense systems, microbiota, and C. 
albicans is disturbed, C. albicans can cause both 
local and disseminated infections. It well-known 
as the main cause of candidiasis (Caetano et al., 
2023; Lemberg et al., 2022; Talapko et al., 2021). 

Candidiasis is an acute or subacute disease 
caused by C. albicans or sometimes by other spe-
cies that can attack various body tissues (Guntur et 
al., 2014). Candidiasis is commonly found in the 
axillary region, thigh crease, inter-breast notch, 
and intergluteal, as well as between the fingers 
and umbilicus. In the United States, as many as 
75% of women in the reproductive period have 
endured vulvavaginous candidiasis. Between 40-
50% have recurrent infections while 5-8% suffer 
from chronic Candida infections. Candida infec-
tion often results in fatal complications in cases 
of organ transplant. In London, 40.5% of patient 
suffered from fungal infections after liver trans-
plantation with 90% of the cases caused by Can-
dida spp. and 66% specifically by C. albicans. 
Among 345 cases of Candidemia studied in a 
hospital in Spain, the mortality rate was 44%, of 
which 51% were caused by C. albicans infection. 
Meanwhile, in Germany, the mortality rate due to 
necrosectomy followed by fungal infections in-
cluding Candida, reached 62%. In Indonesia, it 
was recorded that of, 84% of candidiasis occurred 
inpatients with AIDS and some also had  diabetes 
mellitus (Getas et al., 2014). Laboratory diagno-
sis and treatment of diseases caused by Candida 
sp. especially Candida albicans have not giv-
en satisfactory results. Resistance to antifungals 

is also common (Kusumaningtyas et al., 2008).
It  is  worth  mentioning  that  worldwide,  

many people  favor  herbal  medicine  over  syn-
thetic medicine.  Research on the antibacterial 
properties of herbal plants has been prompted 
due to the acceptance of traditional medicine as 
an alternative form of healthcare and the emer-
gence of microbial resistance to existing antibi-
otics (Eve et al., 2020). The present study found 
that a total of 125 isolates were isolated from 
surface-sterilized root and stem tissues of the en-
dangered medicinal plant, F. sinkiangensis (Liu 
et al., 2017). These results also provide a pre-
liminary framework for exploring endophytic 
bacteria associated with endangered medicinal 
plant as potential bioindicator for antimicrobial.

Neesia altissima Bl. is a large tree (grows up 
to ± 40 m) and distributed primarily in the rainfor-
est of Malaysia and Indonesia (Sumatera, Borneo, 
and Java islands). In Indonesia, this endangered 
endemic plant is used medically for treatment of 
gonorrhea, diuretic, and diarrhea (Rahayu et al., 
2002). Although having such an important me-
dicinal value, studies on microbial endophytes 
from N. altissima in relation to discovery of alter-
native secondary metabolites are lacking. Based 
on phylogenetic analysis of nucleotide sequence 
generated from 16S rRNA region, two endophytic 
bacteria isolates isolated from N. altissima deter-
mined as P. aeruginosa and one isolate belongs to 
P. azotoformans (Pratiwi et al., 2016). Pseudo-
monas azotoformans UICC B-91 when extracted 
with dichloromethane, chloroform, and ethyl ac-
etate exhibits antimicrobial activity against Esch-
erichia coli ATCC 8739, Bacillus cereus ATCC 
10876, Staphylococcus aureus ATCC 6583, Staph-
ylococcus aureus ATCC 25923, Salmonella typh-
imurium ATCC 25241, Pseudomonas aeruginosa 
ATCC 15442, Bacillus subtilis ATCC 19659, and        
Candida albicans ATCC 10231 (Oktarina et al., 
2021). Previous fractionation and identification of 
the extract by thin-layer chromatography (TLC) 
and liquid chromatography-mass spectrophotom-
etry (LCMS-MS) detected several compounds of 
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P. azotoformans UICC B-91, including futoamide 
(C18H23NO3), gentialutine (C9H11NO), gentiabetine 
(C9H11NO2),1-[(2E,4E)-2,4-decadienoyl]pyrroli-
dine (C14H23NO), lycopodine (C16H25NO) and di-
hydrolycopodine (C16H27NO) (Pratiwi et al., 2022). 

So far P. azotoformans is known for its ben-
efits in agriculture as a soil fertility enhancer. It act 
as biocontrol agents because it has been identified 
as inhibiting Fusarium solani growth, causing chi-
tin degradation, producing siderophores and solu-
bilizing phosphate in vitro (Banerjee et al., 2020). 
Therefore, it is important to explore the antican-
didal mechanisms from bioactive compound of 
endophytic bacteria, P. azotoformans UICC B-91. 

The discovery of new drugs recently relies 
on in silico study, specifically molecular docking, 
to simplify the overall process. However, com-
puter-aided drug design (CADD) could save time 
as well as the cost of synthesis of molecules and 
would ultimately curtail the cost of research (Ab-
dullahi & Adeniji, 2020). In molecular modeling, 
sequence analysis platforms, and clinical training 
management, molecular docking has been iden-
tified as a useful technique (Ekins et al., 2007). 
In silico molecular docking is one such CADD 
technique that would virtually predict the binding 
efficacy as well as the structure-based drug de-
sign (Abdullahi & Adeniji, 2020). Moreover, the 
molecular docking provides successful insights 
into the structure-activity relationships, mode of 
activity, and further analysis from protein-ligand 
interaction (Abdullahi et al., 2020). Such studies 
would culminate in the development of novel drug 
molecules at a faster pace against infectious patho-
gens. Additionally, the physicochemical properties 
of the molecule would provide vital information 
on the initial phase of drug development (Ab-
dullahi & Adeniji, 2020; Abdullahi et al., 2020).

This study aims to determine the mecha-
nism of inhibition of bioactive compounds from P. 
azotoformans UICC B-91 on the growth of C. al-
bicans in silico using the molecular docking meth-
od with the protein targets are Lanosterol 14 alpha 
demethylase and Glucan endo-1,3-beta-D-glu-

cosidase. Lanosterol 14 α-demethylase is a part 
of the cytochrome P450 superfamily. This heme 
thiolate enzyme transforms lanosterol to 4,4'-di-
methyl cholesta-8,14,24-triene-3-beta-ol (Bard et 
al., 1993). Azole medicines action is attributed to 
the coordinated binding of the heterocyclic nitro-
gen atom (N-3 in imidazole and N-4 in triazole) to 
the heme iron atom in the CYP51 enzyme binding 
site. Inhibition of CYP51 and ergosterol depletion, 
together with the built up of 14 methyl sterols, can 
cause fungal growth reduction (Ji et al., 2000). 
The importance of CYP51 in fungus metabolism 
makes it a potential target for antifungal medica-
tion development (Lamb et al., 1999). Numerous 
classes of drugs have been designed to target the 
ergosterol biosynthesis pathway (Aoyama et al., 
1989). Meanwhile, glucan 1,3-beta-glucosidase 
involved in cell wall biosynthesis and virulence 
of candida. It was very crucial for delivery of be-
ta-1,3-glucan to the biofilm matrix and for accu-
mulation of mature matrix biomass. The enzyme 
has played a role as a major antigen in human sys-
temic candidiasis patients (Mitchell et al., 2013). 

Previous in vitro research on the antimi-
crobial activity of bioactive compounds from P. 
azotoformans UICC B-91 has demonstrated that 
these bioactive compounds can inhibit the growth 
of C. albicans. The current in silico research 
aims to investigate the anticandida mechanism of 
the bioactive compounds from P. azotoformans 
UICC B-91. It seeks to determine whether these 
bioactive compounds bind to either lanosterol 14 
alpha-demethylase or endo-1,3-beta-D-glucosi-
dase proteins of C. albicans through molecular 
docking. Understanding the binding preferences 
is crucial for developing targeted antifungal ther-
apies and elucidating the mechanisms of action 
of existing antifungal drugs (Sheng et al., 2004; 
Guan et al., 2010). Understanding the difference 
between the two is crucial for developing target-
ed antifungal therapy and explaining the mech-
anisms of action of existing antifungal drugs.
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MATERIALS AND METHODS

Sample Preparation 
	 SMILEs (simplified molecular-input line-
entry system) and the 3D structure of the ligand 
to be analyzed were obtained from the PubChem 
database(https://pubchem.ncbi.nlm.nih.gov/) 
(Table 1). SMILEs is a unique code that describes the 
structure and profile of the ligand being analyzed. 
The selected bioactive compound (Table 1) based 
on previous fractionation and identification of the 
extract by thin-layer chromatography (TLC) and 
liquid chromatography-mass spectrophotometry 
(LCMS-MS). They detected several compounds of 
P. azotoformans UICC B-91, including futoamide 
(C18H23NO3), gentialutine (C9H11NO), gentiabetine 
(C 9H 11NO 2) ,1- [ (2E,4E)-2 ,4-decadienoyl ] 
pyrrolidine (C14H23NO), lycopodine (C16H25NO) 
and dihydrolycopodine (C16H27NO) (Pratiwi et al., 
2022).

Bioactivity Prediction with SAR
The SMILEs obtained from PubChem 

were then analyzed using the Structure Analysis 
Relationship approach to predict their potential 
as antifungals. SAR prediction was performed 
using the Way2Drug webserver (http://www.
way2drug.com/passonline/). After accessing to 
PASS Online service, to obtain the predicted 
biological activity profile for the compound, 
only structural formula is necessary. Thus, 
prediction is possible even for virtual structure 
designed in computer but not synthesized yet.

Analysis using the SAR approach showed 
that all compounds possess potential as antifungals. 
SAR is an approach that compares the profile of 
the input compound with the database. The more 
similar the structures, the greater confidence in the 
resulting value (Yang et al., 2022). The parameter 
employed is Pa Score Prediction with a value 
range of 0-1. If the prediction score has a value 
> 0.7 then the prediction is considered strong, 
because the profile similarity between the input 
compound and the database is high (Filimonov et 
al., 2014).The SMILEs obtained from PubChem 
were then analyzed using the Structure Analysis 

Relationship approach to predict their potential 
as antifungals. SAR prediction was performed 
using the Way2Drug webserver (http://www.
way2drug.com/passonline/). After accessing to 
PASS Online service, to obtain the predicted 
biological activity profile for the compound, 
only structural formula is necessary. Thus, 
prediction is possible even for virtual structure 
designed in computer but not synthesized yet.

Analysis using the SAR approach showed 
that all compounds possess potential as antifungals. 
SAR is an approach that compares the profile of 
the input compound with the database. The more 
similar the structures, the greater confidence in the 
resulting value (Yang et al., 2022). The parameter 
employed is Pa Score Prediction with a value range 
of 0-1. If the prediction score has a value > 0.7 
then the prediction is considered strong, because 
the profile similarity between the input compound 
and the database is high (Filimonov et al., 2014).  

Table 1. Bioactive compound profile
Compound ID Structure

(E,E)-Futoamide 15596445
 

Gentialutine 5315179  

Lycopodine 5462445  

Dihydrolycopodine 387102991

 

1-[(2E,4E)-2,4-deca-
dienoyl]pyrrolidine 6440616

 

Gentiatibetine 5317559
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Molecular Docking
		 The 3D structure of the selected target 
protein was obtained from the RSCB PDB 
database (https://www.rcsb.org/), namely 
Lanosterol 14 alpha demethylase (PDB ID: 
5TZ1). Meanwhile, the structure of Glucan 
endo-1,3-beta-D-glucosidase/GG was 
obtained from the modeling results using 
alphafold with ID AF-P34742-F1-model_v4. 
Furthermore, the 3D structure of each ligand 
was retrieved  from the PubChem database 
(https://www.pubchem.ncbi.nlm.nih.gov). 
The proteins were pretreated by removing 
water molecules in Discovery Studio 2019 
software, while the ligand was energy 
minimized using Pyrx v.0.9.8 software. 
Docking was performed using Autodock 
Vina integrated into Pyrx v.0.9.8 (Trott & 
Olson, 2010). The size of the grid box  was 
adjusted to the position of amino acid residues 
based on the prediction of binding sites using 
PrankWeb (https://prankweb.cz/) (Table 2) 
(Jakubec et al., 2022).
		 According to table 2, lanosterol 
14 alpha demethylase have probability: 
0.984, center coordinates (x, y, z): (68.8143, 
67.9798, 3.5902), dimension (x, y, z): (25, 
25, 25). This suggests that for Lanosterol 14 

alpha demethylase, there's a high probability 
(0.984) of the ligand binding. The center of 
the binding box is at coordinates (68.8143, 
67.9798, 3.5902) with dimensions of 25 Å x 
25 Å x 25 Å. Meanwhile, glucan endo-1,3-
beta-D-glucosidase have probability: 0.853, 
center coordinates (x, y, z): (7.9551, -1.6066, 
2.5403), dimension (x, y, z): (35, 35, 35). 
For glucan endo-1,3-beta-D-glucosidase, 
the probability is slightly lower (0.853) was 
compared to the first protein. The center of 
the binding box was at coordinates (7.9551, 
-1.6066, 2.5403), and the dimensions of the 
box were larger, with each side being 35 Å. 
In summary, this analysis provides insight 
into the predicted binding affinities and 
spatial requirements for ligand binding to the 
specified proteins. The data can help guide 
further experimental or computational studies 
related to drug discovery or protein-ligand 
interactions.
		 Docking results were obtained in the 
form of binding affinity or affinity energy 
as a result of compound interaction with the 
protein. Furthermore, the interaction between 
the compound and protein docking results was 
visualized using BioVia Discovery Studio 
2019 software.

Protein probability center_x center_y center_z dimension_x dimension_y dimension_z
Lanosterol 14 alpha 

demethylase 0,984 68,8143 67,9798 3,5902 25 25 25

Glucan endo-1,3- 
beta-D-glucosidase 0,853 7,9551 -1,6066 2,5403 35 35 35

Table 2. Gridbox of molecular docking analysis
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RESULTS AND DISCUSSION

SAR Analysis 
Figure 1 shows the high potential of com-

pounds as Glucan endo-1,3-beta-D-glucosi-
dase inhibitors because the score prediction of 
its compound is 0.444. It is the highest score of 
P. azotoformans compounds. The parameter 
utilized is the Pa Score Prediction with a val-
ue range of 0 to 1. If the prediction score ex-
ceeds 0.7, the prediction is deemed strong, as it 
indicates a high similarity profile between the 
input compound and the database (Filimonov 
et al., 2014). The more similar the structures, 
the higher the confidence in the resulting value.

Glucan endo-1,3-beta-D-glucosidase (Table 
2) is a C. albicans protein that plays a role in cell 
wall biosynthesis, acts as a virulence factor, and 
serves as a primary antigen in candidiasis. This 
protein plays a crucial role delivering beta-1,3-glu-
can to the biofilm matrix and in the accumulation 
of mature biofilm (Uniprot ID Q5AMT2). This 
enzyme is involved in the degradation of beta-glu-
cans, which are polysaccharides found in the cell 
walls of fungi, bacteria, and plants. Glucan en-
do-1,3-beta-D-glucosidase specifically hydrolyzes 
the beta-1,3-glucosidic linkages within beta-glu-
cans, contributing to the remodeling and turnover 
of fungal cell walls. This enzyme may be found 
associated with the cell membrane or secreted into 
the extracellular space, where it acts on beta-glu-
cans within the fungal cell wall. Additionally, an 
essential part of the extracellular matrix that main-
taining the biofilm structure are β-1,3-glucans, 
which significantly contribute to the biofilm’s re-
sistance to antifungal drugs because they prevent 
contact with target cells (Li et al., 2020; Karygi-
anni et al., 2020). Due to the importance of glu-
can endo-1,3-beta-D-glucosidase to the integrity 
of C. albicans, glucan endo-1,3-beta-D-glucosi-
dase is widely targeted to obtain antifungal drugs.

Meanwhile the compound P. azotoformans 
has low potential as an inhibitor of lanosterol 14 
alpha demethylase (Figure 1). Lanosterol 14 al-

pha demethylase (Table 2) is an enzyme involved 
in the biosynthesis of ergosterol, a crucial com-
ponent of fungal cell membranes. It catalyzes 
the demethylation of lanosterol, an intermediate 
in the biosynthesis P. azotoformans compound 
pathway, to form ergosterol. In fungi, ergosterol 
plays a role similar to cholesterol in mammalian 
cells, contributing to the stability and integrity 
of the cell membrane. Disruption of lanosterol 
14 alpha demethylase activity can lead to the ac-
cumulation of toxic sterol intermediates and im-
paired membrane function, ultimately inhibiting 
fungal growth (Monk et al., 2020). Lanosterol 14 
alpha demethylase only have 0.048 in the score 
prediction of P. azotoformans compound content 
as antifungal. The score prediction for lanoster-
ol 14 alpha demethylase inhibitor is lower than 
glucan endo-1,3-beta-D-glucosidase inhibitor.

Gentialutine is the compound with the high-
est relative prediction score (derived from the av-
erage of all prediction scores) (Figure 2). Mean-
while, (E,E)-Futoamide is the compound with the 
lowest relative prediction score. Binding energy 
indicates the amount of energy required to form 
a bond between a ligand and a receptor. A smaller 
binding energy signifies a more stable bond. The 
greater the stability of the ligand-receptor bond, the 
greater its predicted activity (Kesuma et al., 2018).

Each value in Table 3 represents the predict-
ed bioactivity of the respective compounds against 
the specified targets, with higher values generally 
indicating stronger activity. For instance, Lycopo-
dine exhibits a higher value in the "Antifungal" 
column, suggesting a potentially greater antifun-
gal efficacy compared to other compounds. As 
for (E,E)-Futoamide, it is hypothesized to possess 
potential as a glucan endo-1,3-beta-D-glucosi-
dase inhibitor, lanosterol 14 alpha-demethylase 
inhibitor, sterol 24-C-methyltransferase inhib-
itor, cell wall biosynthesis inhibitor, and pepti-
doglycan glycosyltransferase inhibitor due to its 
zero value. Conversely, non-zero values in oth-
er columns indicate potential inhibitory effects 
on the respective enzymes or cellular processes.

31
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Antifungal

Glucan endo-1,3-beta-D-glucosidase inhibitor

Lanosterol 14 alpha demethylase inhibitor

Sterol 24-C-methyltransferase inhibitor

Cell wall biosynthesis inhibitor

Peptidoglycan glycosyltransferase inhibitor

Pa Score Prediction

Figure 1. Pa score prediction of Pseudomonas azotoformans compound content as antifungal
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Lycopodine

Dihydrolycopodine

1-[(2E,4E)-2,4-decadienoyl]pyrrolidine

Gentiatibetine

Relative Score Prediction

Figure 2. Relative score prediction of each Pseudomonas azotoformans compound as antifungal
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Table 3.  Predicted bioactive potential of Pseudomonas azotoformans

Compound ID Anti-
fungal

Glucan en-
do-1,3-be-
ta-D-glu-
cosidase 
inhibitor

Lanosterol 
14 alpha 
demeth-

ylase inhib-
itor

Sterol 
24-C-meth-

yltrans-
ferase 

inhibitor

Cell wall 
biosyn-
thesis 

inhibitor

Peptido-
glycan 
glycos-
yltrans-
ferase 

inhibitor
(E,E)-Futoamide 15596445 -0.28 0 0 0 0 0

Gentialutine 5315179  -0.342 -0.545 -0.121 -0.143 -0.277 -0.461
Lycopodine 5462445  0 -0.355 0 0 0 -0.423

Dihydrolycopodine 3.87E+08 -0.277 -0.56 0 -0.138 0 -0.594
1-[(2E,4E)-2,4-deca-
dienoyl] pyrrolidine 6440616 -0.378 -0.627 -0.169 0 -0.101 -0.393

Gentiatibetine 5317559 -0.195 -0.577 0 0 -0.321 -0.295

Docking Analysis
The results of molecular docking show 

that not all sample compounds have the potential 
to form strong and stable bonds with both target 
proteins (Table 4). It is because only a few ligands 
show binding energies smaller than -7 kcal/
mol (Trott & Olson, 2010). A binding energy 
smaller than -7 kcal/mol generally indicates a 
strong binding affinity between the ligand and the 
protein target. If the mean binding energies are 
relatively low (close to or below -7 kcal/mol) and 
a significant proportion of ligands have binding 
energies below -7 kcal/mol, it suggests that the 
compounds have the potential for strong and 
stable interactions with the proteins. In addition, 
the binding strength and stability between the 
samples and the target proteins do not surpass 
any control ligands of each target protein. Thus, 
it can be predicted that Futoamide, 1-[(2E,4E)-
2,4-decadienoyl] pyrrolidine, Lycopodine, and 
Dihydrolycopodine compounds have the potential 
to bind with Lanosterol 14 alpha demethylase 
protein. Meanwhile, for the Glucan endo-1,3-
beta-D-glucosidase protein, Futoamide is the only 
potential compound to form a stable and strong bond.

Residues in bold fonts represent active site 
amino acid residues of the control retained by the 
sample with the same type of binding. While the 
italicized font indicates active site amino acid 
residues retained by the sample, but changes its 

bond type. Furthermore, since the Glucan endo-
1,3-beta-D-glucosidase protein is the modeling 
result, it does not yet have native ligands, so its 
active site is predicted using PrankWeb. Amino acid 
residues that are retained according to PrankWeb 
prediction results are marked in red (Appendix 1).

On average, the sample compound ligands 
retain 2-3 amino acid residues of Oteseconazole 
(control) (Hargrove et al., 2017), especially TYR64, 
PHE233, and PRO230. However, in line with the 
binding affinity results, Futoamide has the most 
potential because it not only retains bonds of the 
hydrophobic type but also conventional hydrogen 
type at residues TYR64 and TYR132. In addition, 
the Gentialutine sample ligand is predicted to have 
the weakest potency ligand as it forms unfavorable 
binding that can decrease the stability of the bond 
due to bindings formed in inappropriate locations. 
The result of amino acid residue binding analysis 
to the Glucan endo-1,3-beta-D-glucosidase 
protein showed that although the sample ligand 
have much lower binding affinities compare to the 
antifungal FK-463 control (Carbery et al., 2024), 
its binding accuracy was better than the control 
when compared with the predicted amino acid 
residues from PrankWeb which enabling users to 
easily carry out the prediction and visually inspect 
the predicted binding sites via an integrated 
sequence-structure view  (Jendele et al., 2019).

33
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Figures 3 and 4 show the 3D visualiza-
tion results of the complexes of each of the 
3 marker proteins with the compound ligands 
and the control. The binding position and each 
ligand are the same as the control, especial-
ly for Lanosterol 14 alpha demethylase pro-
tein, because the gridbox has been adjusted 
by control redocking which results in Root 
Mean Square Deviation (RMSD) below 2 Å 
(Trott & Olson, 2010). RMSD is a measure 
of the average distance between atoms in two 
structures, indicating the degree to which the 
structures are similar (Kuzmanic & Zagrovic, 
2010). With a RMSD value of less than 2 Å 
it indicates that the difference between the 
predicted binding positions and the observed 
binding positions from the control redocking 
is relatively small (Carugo, 2003). This indi-

cates that the predicted binding positions of 
these ligands have a high degree of accuracy, 
as the difference from the observed binding 
positions from the control is relatively small 
(RMSD below 2 Å). A RMSD value below 
2Å is taken to indicate the model is of high 
quality. However, this global measure does 
not provide an assessment of the local quality 
of the binding site in this predicted structure 
(Carbery et al., 2024). Based on the visuali-
zation results, it shows that the cause of the 
lower binding affinity of the sample ligand 
than the control is most likely influenced 
by the size comparison of the ligands and 
the functional groups possessed by the sam-
ple ligand. The control ligand appears much 
larger, thus it has more functional groups.

Table 4.  Binding affinity between target proteins with compound and control ligands

Protein Ligand Binding Affinity (kcal/mol)
Lanosterol 14 alpha demethylase Oteseconazole (Control) -10,5

Futoamide -8,8
1-[(2E,4E)-2,4-decadienoyl] pyrrolidine -7,6
Lycopodine -7,6
Dihydrolycopodine -7,3
Gentialutine -5,9
Gentiatibetine -5,6

Glucan endo-1,3-beta-D-glucosidase FK-463 (Control) -9
Futoamide -7,3
Lycopodine -6,8
Dihydrolycopodine -6,4
1-[(2E,4E)-2,4-decadienoyl] pyrrolidine -6,1
Gentiatibetine -5,7
Gentialutine -5,2
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Figure 3.   Visualization of docking results of Lanosterol 14 alpha demethylase protein with, a) Ligand binding 
	   position, b)control, c) Futoamide, d) 1-[(2E,4E)-2,4-decadienoyl] pyrrolidine, e) Lycopodine, 
 	      f) Dihydrolcopodine, g) Gentialutine, and h) Gentiatibetine
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Figure 4.  Visualization of docking results of Glucan endo-1,3-beta-D-glucosidase protein with, a) Ligand binding 
	     position, b) Control, c) Futoamide, d) Lycopodine, e) Dihydrolycopodine, f) 1-[(2E,4E)-2,4-decadienoyl] 
	    pyrrolidine, g) Gentiatibetine, and h) Gentialutine
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CONCLUSION 

SAR and Docking results showed that 
the bioactive compounds of  Pseudomonas 
azotoformans have potential as antifungals. 
Based on comparisons among sample com-
pounds, Futoamide shows the greatest po-
tential as a multitarget inhibitor against of 
both Candida albicans ATCC 10231 proteins. 
The test ligands showed affinity and stabili-
ty with Lanosterol 14 alpha demethylase and 
endo-1,3-beta-D-glucosidase that were close 
to control. However, the test ligands exhibit 
diverse affinities and stabilites with Lanos-
terol 14 alpha demethylase and Glucan en-
do-1,3-beta-D-glucosidase.
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