Targeted Genetic Knockouts in Le/ishmania mexicana Reveal
Roles for Sphingolipid Metabolism in Drug Sensitivity
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Abstract Leishmaniasis, caused by the eukaryotic pathogen Leishmania spp., is a disease for which historical neglect has left us with a limited armoury of therapeutics. Emerging issues with the few drugs we

do have present an increasing risk to global health. There is a pressing need for novel anti-leishmanials and a comprehensive understanding of their mode of action. Previous study has implicated the central role of
lipids in the modes of action of both amphotericin B and miltefosine, two drugs used in treatment of leishmaniasis. To investigate the modes of action of these drugs in the context of lipid metabolism, a curated
library of CRISPR/Cas9 modified Leishmania mexicana with genetic knockout of key genes in lipid metabolism were subjected to drug sensitivity and phenotypic screening. This library screening approach uncovered
genes for which knockout contributes to decreased membrane integrity and resultant sensitivity to drug pressure. The most significant changes in drug sensitivity were found after knockout of inositol phosphoryl
ceramide synthase, a key enzyme in sphingolipid synthesis, where a 4-fold increase in resistance to miltefosine was observed, implicating the enzyme or it's associated metabolites in the mode of action.
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Figure 2 HOS assays to investigate cell membrane integrity Change in optical
density at 550nm can be used to monitor cell volume after hypo osmotic
shock to evaluate cell membrane integrity.

. ’ / LmxT7cas9

LmxALCB2/ACerS

AOD (550nm)
o o o
o o o
s o =

LmxALCB2/AABC3A

_ ) LmxALCB2/ALmxM.
-0.06 13.1540

-0.08

0:00:00 0:01:40 0:03:20 0:05:00
Elapsed time (HH:MM:SS)

Discussion Using SL synthesis KOs in L. mexicana, we have shown a link between SLs and the MoA of two anti-leishmanials.

The resistance of IPCS KOs to MTF but not AmB separates the drug MoAs and links MTF MoA specifically to IPCS/IPC. The
converse hyper-sensitivity of SPT KOs to MTF appears to result from a membrane deficiency, supported by an inability to recover
from HOS (Fig. 4C), suggesting global ablation of SL synthesis at the first step impairs membrane integrity and fluidity, while
deletion of IPCS negates a more direct interaction between MTF and IPC. The hyper-sensitivity to AmB in SPT and IPCS KOs is
consistent with evidence that SLs shield Leishmania against the cytotoxic effects of sterol-binding compounds/®. KO of a
hypothetical protein LmxM.13.1540 reverses the ASPT phenotype, with MTF resistance and no membrane deficiency observed. A
potential explanation may involve an association through genomic location of LmxM.13.1540 to the phospholipid translocase
Miltefosine Transporterl®l10l though a full functional analysis of this gene would be necessary to confirm this. The results
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