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Molecules that inhibit fungal growth in Mycetoma

Firstly, calculations were done to compare the similarity between molecules using the PathFP
descriptor based on the length/functionality of their carbon backbone. Following this, structural
activity landscape index (SALI) plots were generated along with an activity cliff plot which
allowed us to examine the structural similarity and biological activity of the molecules
(measured in %), based on the concentrations of either 25 μM or 100 μM. Lastly, analysis of the
data was then undertaken in order to confirm which functional groups produced the
highest/lowest biological activity results from the given data. On inspection of the plots, the
coordination of the colours indicated that the compounds which appeared bright green were the
most active, whilst those that were dark blue were the most inactive.However, during this
analysis,  a large focus was placed on examining the data produced in the activity index, whilst
the activity cliffs were more used as a secondary source.

The most prominent agent in the fungal form of Mycetoma in vitro and vivo is Madurella mycetomatis.
An open research group, MycetOS, has found that fenarimol compounds are so far the most potent
compounds against M. mycetomatis in vitro cell-based assays.¹ MycetOS has already produced a large
library of screened fenarimol compounds against M. mycetomatis, with a small portion of said
compounds showing potency in vivo. This research seeks to expand this library by proposing chemical
structures that should be further investigated and identifying which structures are inactive. This was done
by using a similarity descriptor to analyse the dataset in DataWarrior in order to identify what chemical
properties of fenarimol compounds showed the most effectiveness in inhibiting fungal growth. The
possible drug targets to inhibit fungal growth were enzymes squalene cyclooxygenase and 14α-
demethylase (CYP51).  

This research’s purpose is to use DataWarrior identify some novel compounds that will aid in the
treatment of Mycetoma as well as identifying some compounds that are inactive towards M. mycetomatis.
and hence do not need further investigation. 
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Below are examples of some common motifs, and a sampling of four molecules that contain them:

Fig. 1 (motif 1): a smaller motif that consistently makes molecules
inactive at both 25 μM and 100 μM.

Fig. 2 (motif 2): another small motif that has mixed effects on activity
at 100 μM, but is generally inactive at 25 μM.

Fig. 3 (motif 3): a much larger motif from SSP dataset, which results in
generally inactive compounds at 25 μM and 100 μM, with few

exceptions.

Fig. 4 (motif 4): another large motif that results in mostly active
compounds at 25 μM and 100 μM, with few exceptions.
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Through the research, an outlier was discovered in molecules
containing motif 4 that could be worth investigating. This can be
investigated by adding various substituents to the motif and thus
monitoring the change in activity. Therefore, the molecule that
could be used in novel compounds that are needed for drug
development testing is illustrated on the right hand side. 

The research showed that the pyridine motifs, 2-aminothaliomide motifs
and the various phenyl groups motifs appeared to make the molecules
more active. By combing active motifs from figure 3 and 4, this can
potentially make the new molecule more active than the parent
molecules. Therefore, the molecule that can be used in novel
compounds to be taken further for in-vivo assay experiments is
illustrated on the left hand side. 




The sulfone motif tends to make any novel compound become inactivated. This motif is active
because the M. mycetomatis species tend to have resistance towards them. This resistance is
implemented with the progressive incubation of their granules consisting of similar hyphae
component motifs.² Molecules shown on figure 2 are unique chemical structures in the
MycetomaOS data that consists of the sulfone motifs. Thus, chemical structures that consist of
these sulfone motifs should be discontinued and not used in the drug discovery process.

In the MycetomaOS data, it seems that the amide motif (carbon atom double-bonded to an oxygen
and an amine) can cause novel drug compounds to become inactivated or activated, which can
cause variability in the data. This is because it could require an addition of an oxygen group onto
the amide carbon position, which can assist in making novel compounds active, whereas adding a
nitrogen group can make the novel compounds inactive. More research is require to determine the
significance of the addition of these two different groups onto the amide carbon. 

Another reason of variability in molecules with amide can be due to the amide motif being
positioned incorrectly in the novel compound that tends to be inactive. Figure 2 shows that the
amide motif tends to be positioned at one end of the molecules, which makes them inactive,
whereas amide motifs placed between two large groups can result in the novel compound
becoming active. It is possible to make these novel compounds more active if the amide motif was
placed in the middle, as seen in an in-vitro cell-based test with the novel drug niclosamide having
one of the lowest minimum inhibitory concentrations (MIC) when interacting with M.
mycetomatis species.³ Thus, the two molecules active at 100 μM can be retested in screening
assays with the amide motif in the middle of the novel compounds. However, if there is still the
presence of variability in the results, these amide motifs should be discontinued in the drug
discovery process.

It seems that the 2-aminothaliomide and pyridine motifs in figure 3 and the phenyl and pyridine
motifs in figure 4 tend to make novel compounds more active to inhibit fungal growth. These
novel compounds usually target the enzymes squalene cyclooxygenase (SE) and 14α-demethylase
(CYP51), which can inhibit ergosterol biosynthesis in M. mycetomatis species. The molecules that
are active in figure 4 can use the phenyl group to interact with the SE enzyme in the proline307 and
methionine333 amino acid residues, or the pyridine motif to interact with the heme group in the
active site of CYP51; the one active molecule in figure 3 can also use its pyridine motif to interact
with CYP51.⁴ A compound that consists of a 2-aminothaliomide motif showed that it could inhibit
Candida albicans fungal growth with a lower minimum inhibitory concentration, compared to the
antifungal medication fluconazole.⁵

Figure 4 showed that a specific molecule with low activity on novel compounds bonds between
two six-membered rings. This molecule can be a potential outlier in the DataWarrior dataset, but
there is unknown information explaining this outlier's rationales. Thus, more future work is
required to understand this.⁶


