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Abstract: Polyketide synthases (PKSs) is a huge family of multifunctional enzymes that produce secondary
metabolites, known as polyketides, which can be found in different organisms such as fungi, bacteria and
plants. Fungal polyketides (PKs) have been reported as essential virulence factors in plant-pathogen
interactions. The main purpose of this project is to use in silico virtual screening technique to discover
potential inhibitors that can have considerable interactions with the target PKS protein. The PKS gene
sequence was identified from the genome library of Ganoderma. The ketosynthase (KS) domain of the
PKS protein was taken for structural prediction by homology modelling. The model predicted was then
docked against a library of compound in ZINC database for interaction analysis. In consideration of
chemical and toxicity properties of ligands found to interact with the target KS domain, two ligands were
shortlisted, namely tomatidine and posaconazole. Further verification on the effect of these ligands
towards PKS activity will be conducted in future studies.
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INTRODUCTION

Polyketides (PKs) in fungi have been reported as one of the important virulence factors employed by a
fungal pathogen to establish infection and cause damages in the host (Scharf, Heinekamp, & Brakhage,
2014). A number of polyketides have been proven to contribute to the pathogenicity of a fungal pathogen
(Baker et al., 2006; Brown, Busman, & Proctor, 2014; Choquer et al., 2005). Inhibition of the PK
biosynthetic gene, polyketide synthase (PKS), offers an approach of antifungal mechanism. PKSs are multi-
modular enzymes; the number and combination of domains in each module may vary (Schirmer et al.,
2005). One of the core domains, ketosynthase (KS) domain, catalyses chain elongation step and is found
to be minimally needed in each module (Lohman et al., 2015). The inhibition of PKS by cerulenin, an
antifungal agent, has been reported to be due to the chemical modification of the substrate-binding Cys-
204 residue of the KS domain (Child & Shoolingin-Jordan, 1998). Virtual screening (VS) has been widely
applied for the in silico screening and discovery of small molecules that interact with protein targets
(Shoichet, 2004). VS allows screening across a great array of chemical compounds to identify those with
good interactions with the target macromolecules (enzyme or protein receptor). The results provide
useful hint for drug discovery and optimization (Lionta, Spyrou, Vassilatis, & Cournia, 2014). In this
project, VS is applied on the KS domain of PKS. The genome sequence of Ganoderma lucidum G.261025-
1 (Accession: AGAX01000163.1) was analysed in this project, as it is the closest species available in public
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sequence depository to G. boninense, an important plant pathogen to oil palm. G. boninense is the causal
agent for basal stem rot (BSR) disease of oil palm (Paterson, 2007). The disease brings great economic
losses to the industry as infected trees suffer from decreased vyields (Roslan & Idris, 2012). Effort in
discovering novel, specific-acting antifungal agents, as done in this project, may help in controlling the
fungal pathogen.

METHODS

Identification of secondary metabolite biosynthetic gene clusters

The genome library of G. lucidum (AGAX00000000.1) was searched for secondary metabolite biosynthetic
gene clusters using antiSMASH 4.0 (Blin et al., 2017). The genome mining tool enables identification of
antibiotics and secondary metabolites gene clusters in the query sequences. The query sequence was
submitted to the web server, and the analysis results were returned hours later. Amino acid sequences
of the predicted KS domains were retrieved for protein structural modelling.

Protein structure prediction and evaluation

Four programs were used to construct 3D protein structures of the query sequence: 1) Modeller (difficult
modelling)(Sali & Blundell, 1993), 2) I-TASSER (Yang et al., 2014), 3) Geno3D (Combet, Jambon, Deleage,
& Geourjon, 2002) and 4) SWISS-MODEL (Biasini et al., 2014). For homology modelling, a template
molecule was needed. The template was selected based on the similarity search results, analysed via
blastp algorithm, against all the protein entries in Protein Data Bank (PDB)(Berman et al., 2000). The use
of multiple modelling tools generated a total of 4 models for subsequent quality evaluation. Evaluation
on all the models was done using 3 tools: ProSA (Wiederstein & Sippl, 2007), PROCHECK (Laskowski,
MacCarthur, & Thorton, 1993), and Verify3D(Lithy, Bowie, & Eisenberg, 1992). The model with the best
evaluation results was chosen for the ligand-target docking analysis. Energy minimisation (using YASARA
Energy Minimization Server)(Krieger et al., 2009) and binding site prediction (using MetaPocket
2.0)(Zhang, Li, Lin, Schroeder, & Huang, 2011) were performed on the selected model.

Docking for ligand interaction analysis

The ligand library, “Target on fungi”, was downloaded from ZINC database (Irwin, Sterling, Mysinger,
Bolstad, & Coleman, 2012) and prepared for docking with the target KS domain using Open Babel (O’Boyle
et al., 2011) in PyRx (Dallakyan & J Olson, 2015) virtual screening software. The ligands went through
energy minimisation step and the file was converted to PDBQT format. Structural-based virtual screening
(SBVS) was performed using AutoDock Vina (Trott & Olson, 2010) docking software in PyRx. The ligand-
target interaction was visualised using Pymol (Delano, 2002). From the docking results, ten highest ranked
ligands were shortlisted for further review on their chemical, biological and toxicological details.

RESULTS AND DISCUSSION

Analysis of the genome library of G. lucidum by antiSMASH returned 4 clusters of PKS Type |. Domains
like KS, AT, KR, DH, and TE were detected. The amino acid sequence of the KS domain detected in contig
5 (Figure 1) was retrieved for subsequent analysis steps. The retrieved sequence has 420 amino acid
residues. Similarity search in PDB database suggested a molecule, 4MZ0_A, as the nearest available
template to use (e-value 1E-68, score 236, identity 34%, query coverage 99%). This molecule is an X-ray
crystallographic structure of KS-AT di-domain of a cyanobacterial PKS, curacin A.
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Figure 1: The PKS gene cluster identified using antiSMASH.

Homology modelling was performed using molecule 4MZ0_A as template. As different modelling tools
apply different algorithms, and many of these are of heuristic nature, modelling was done using multiple
tools. The models generated were numbered as Model 1 to 4 (Model 1: Difficult Modelling module by
Modeller; Model 2: CPHmodels; Model 3: I-TASSER; Model 4: SWISS-MODEL, by T-Coffee alighment mode,
respectively).

Evaluation of the 4 protein models was performed using different evaluation tools. Aspect of assessment
and presentation of assessment results are somewhat different from one tool to another. Models were
evaluated and given assessment in the form of Z-score, energy value, percent of buried outlier protein
atoms, overall quality score, and in Ramachandran plot. To compare and summarise the assessment
results, all the 4 models were ranked as 1% to 4™, according to the results by each evaluation tool. Model
that obtained the best result in an evaluation tool was rewarded with the highest score, while the worst
model gets the lowest score (the 1° ranked model = 4 scores; the 4™ ranked model = 1 score). By
considering the results by 3 evaluation tools, the final scores fell within the range from 1-12. Table 1
presents the evaluation results ranking and the final scores of the 4 models. Of all the models, Model 1
obtained the highest score, 10, and was selected for docking analysis (Table 1).

Table 1: Protein models evaluation results.

Model 1 Model 2 Model 3 Model 4
Evaluation Software
Results Score Results Score Results Score Results Score

ProSa -8.04 4 771 1 -7.84 2 -8.01 3
(Z-score)
PROCHECK
(Ramachandran Plot — 88.2% 3 84.8% 2 75.9% 1 89.5% | 4
most favoured regions [%])
VERIFY3D
(%o residues with average 92.14 3 88.07 2 94.29 4 85.95% 1
3D-1D score >=0.2)

10 5 7 8
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Docking analysis of Model 1 with ZINC ligand library “Target on fungi” subset generated a list of
compounds that have considerable interaction with the target KS domain. The interaction was presented
in the form of docking score / binding energy; the lower the energy, the more stable the binding is (i.e.
higher binding affinity). The top ten ligands were shortlisted. Visualisation of the ligand-target
interactions revealed the amino acid residue(s) a ligand binds to. All but one ligand bind to the amino acid
residues that were predicted as part of the binding pocket. This increases the chance that the ligands
shortlisted may have impact on the activity of the target KS domain. Two ligands, ZINC08143640
(Tomatidine), and ZINC03938482 (Posaconazole) are well-known antifungal agents but have yet been
studied on effect on Ganoderma specifically. The other ligands, ZINC38803626 Nyssoside, ZINCO0598970
BIBB, ZINC03917574 Pseudohypericin, ZINC20233084 Xanthylic acid, ZINCO0000640 Piritrexim,
ZINC18271146, and ZINC36378703 have either not sufficient info to support their antifungal potential, or
the antifungal properties evaluation is still underway .

CONCLUSIONS

Structure-based virtual screening enables identification of ligands that have potential to bind to a protein
target. The two ligands identified through this project are worth noting. Their impact on the virulence of
Ganoderma should be tested.
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