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ABSTRACT

Previous work from our group showed that tamoxifen,oral drug that has been in use for the
treatment of breast cancer for over 40 years, iweabothin vitro andin vivo against several
species ofLeishmania,the etiological agent of leishmaniasis. Using a loimation of metabolic
labeling with PH]-sphingosine andnyo[®H]-inositol, alkaline hydrolysis, HPTLC fractionatis
and mass spectrometry analyses, we observed a rhmitmm in the metabolism of
inositolphosphorylceramides (IPCs) and phosphahtdgltols (Pls) after treatment of.
amazonensipromastigotes with tamoxifen, with a significaetluction in the biosynthesis of the
major IPCs (composed of d16:1/18:0-IPC, t16:0/C4B0O, d18:1/18:0-IPC and t16:0/20:0-IPC)
and PlIs §n-1-O-(Cygg)alkyl -2-O-(Cig.1)acylglycerol-3-HPQ@-inositol andsn-1-O-(Cig.g)acyl-2-O-
(Cis:1)acylglycerol-3-HP@-inositol) species. Substrate saturation kinetitsngainositol uptake
analyses indicated that inhibition of inositol tsport or availability were not the main reasons for
the reduced biosynthesis of IPC and PI observethmoxifen treated parasites. An vitro
enzymatic assay was used to show that tamoxifenabiesto inhibit the_eishmanialPC synthase
with an IGg value of 8.48M (95% ClI 7.68 — 9.37), suggesting that this enzysmaost likely one

of the targets for this compound in the parasites.

Keywords: Leishmania amazonensisTamoxifen, Sphingolipids, Inositolphosphorylcerden

Phosphatidylinositols; IPC Synthase.



37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

1. Introduction

Leishmaniaspp. are the etiological agent of leishmaniasggoap of vector-borne neglected
disease affecting approximately 12 million peoplerldwide with 1.2 million new cases per year
(Reithinger et al., 2007; Alvar et al., 2012). Takegether they show a spectrum of clinical
manifestations, ranging from self-healing cutandouss to fatal visceral leishmaniasis in endemic
areas. This clinical diversity depends on parasjiecies, host immunity and genetics, amongst
other factors (Reithinger et al., 2007; WHO, 201@jshmania (Leishmania) amazonerisisne of
the most prevalent species causing human cutaremisnaniasis (CL) and the main etiological
agent responsible for diffuse cutaneous leishmanig®CL) in South America. DCL is
characterized by multiple lesions with uncontroll@gression of infection and poor or absent
response to chemotherapy due to host defectivesipauspecific cell mediated immunity (Convit
and Ulrich, 1993).

Only a few drugs are available for leishmaniaseatinent. These drugs are in general
expensive, toxic and of systemic administratiord #merapeutic failure is a problem in endemic
areas (Croft and Coombs, 2003; Alvar et al., 208§ginst this background, drug repurposing is an
attractive option for the discovery for new anslenanials (Charlton et al. 2018).

Tamoxifen, an oral drug that has been in uselfertteatment of breast cancer for over 40
years (Jordan, 2003), has been shown to be aaja@st several species béishmaniain vitro
(Miguel et al., 2007) anth vivo (Miguel et al., 2008; Miguel et al., 2009). It halso been shown to
be a good partner when used in combination with heotggicin B (Trinconi et al., 2014),
miltefosine (Trinconi et al., 2016) and megluminetimoniate (Trinconi et al., 2017) in an
established CL animal model. In many different&iges of human cancer cells tamoxifen has been
proven to be a multi-target drug interfering intilist cell pathways, such as sphingolipid (SL)
metabolism (Cabot et al.,, 1996). SLs are essewgdl membrane components in eukaryotic
organisms (Mina and Denny, 2018), including protond the Trypanosomatidae family such as

Leishmania (Kaneshiro et al., 1986; Denny et al., 2004; Sutéda et al., 2008). SLs act as
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important mediators of cell signaling and contrelvesal critical and important cell biology
processes, including endocytosis, cell growth, eddhtiation, apoptosis, and oncogenesis
(Shayman, 2000). The most abundant SLL&shmaniais inositolphosphorylceramide (IPC),
corresponding to 5 to 10% of membrane total ligldsneshiro et al., 1986) and abundantly present
in membrane fractions known apid rafts (Yoneyama et al., 2006). IPC is also abundant astye
(Shayman, 2000)rypanosoma cruzandTrypanosoma brucdFigueiredo et al., 2005; Sutterwala
et al., 2008). IPC synthase activity has been shiovioe essential fd8. cerevisiasurvival (Nagiec
et al., 1997) and. bruceiblood forms (Sutterwala et al., 2008; Mina et 2009). Mammalians do
not synthetize IPC, with predominance of sphingdimy¢SM) instead (Merrill, 2011). IPC
abundance iheishmaniaand its absence in mammalian cells (Denny andi52@04) suggest that
the enzyme responsible for its synthesis, IPC sg#l{Denny et al. 2006), might be a good target
for therapeutic intervention. Remarkably, tamoxXigegctivity over sphingolipid (SL) metabolism in
cancer cells (Cabot et al., 1996) has been alrdathonstrated. These information prompted us to
investigate whether this could be part of its madtra of action againdteishmania

In the present work, we show thiat amazonensipromastigotes treated with tamoxifen
display a perturbation in SL metabolism with a gigant reduction of IPCs / PlIs species, increased

abundance of acyl ceramide and direct inhibitiotP& synthase.

2. Material and Methods

2.1. Parasites

L. amazonensiSMHOM/BR/73/M2269) promastigotes were cultivatedM-199 medium

supplemented with 10% heat inactivated-fetal cattisn (FCS), 25 mM HEPES (pH 6.9), 12 mM

NaHCG;, 7.6 mM hemin, 50 U/mL penicillin, 50g/mL streptomycin at 25 °C.

2.2. Drug and lipid standards
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Tamoxifen (T5648) was purchased from Sigma-Aldr{@t. Louis, MO, USA). Stock
solutions of tamoxifen (10 mM) were prepared in DM&nd kept at -20 °C. Subsequent dilutions
were done in culture media. d18:1/16:0 C16-ceramflepalmitoyl-D-erythro-sphingosine,
Avanti®Polar Lipids, Inc.), 18:1 PI [1,2-dioleogk-glycero-3-phosphoinositol (ammonium salt),
Avanti®Polar Lipids, Inc.] and acyl-ceramide (1-oleoyl-Egtadecanoyl-D-erythro-sphingosine,

Avanti®Polar Lipids, Inc.) were used as standards.

2.3. Metabolic labeling and lipid extraction

Metabolic labeling assays were performed with 8% L. amazonensistationary phase
promastigotes. After washing twice with PBS (137 misICIl, 2.7 mM KCI, 10 mM N&1PQy, 1.8
mM KH,PQ,), parasites were suspended in PBS-glucose (1gA.kall density of 5 x ICcells/mL
and treated with 10 pM tamoxifen during 4 hoursadty minutes after the start of the treatment,
cells were labeled with 2-6 uCiH]-sphingosine (Sphingosine, &ythro[3-H], specific activity
18.4 Ci/mmol, PerkinEIm& Boston, MA, USA) or 6 uCimyo[*H]-inositol (Inositol, myo[2-
3H(N)]-, specific activity 22.5 Ci/mmol, PerkinElnférBoston, MA, USA) for 150 minutes. Then,
the cells were washed three times with Hank’s smu{137 mM NaCl, 5.3 mM KCI, 0.4 mM
KH,PO,, 10 mM glucose, 4.2 mM NaHGOand 0.4 mM NgHPO, pH 7.2) to remove
unincorporated radiolabeled precursors. Lipid etioa from 4 x 18 promastigotes was performed
as described by Boath and coworkers with some neatidns (Boath et al., 2008). Briefly,
parasites were mixed at 1,100 rpm with 1.24 mL :4fQ75 (v/v/v) chloroform: methanol: ultra-
pure water for 30 minutes. After centrifugation2ax g during 10 minutes, the organic phase was
reserved and the aqueous phase was re-extracted®®it uL of chloroform. This procedure was
repeated twice. The three organic phases obtaieeel jwined, dried underJjas and stored at —20

°C.

2.4. High Performance Thin Layer Chromatography (HPTLC)



115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

The lipid fractions of parasites treated or nothwiamoxifen were analyzed by HPTLC.
Lipid extracts were dissolved in 50 pL 1:1 (v/v)areform: methanol and 10 pL were spotted onto
HPTLC Silica gel 60 plate (Merck, Darmastadt, Gamg)a Extracts were run in four different
running systems: (1) 60:35:8 (v/v/v) chloroform:hmeatol:water during the initial run covering 20%
of the plate and 90:2:8 (v/v/v) chloroform:methaaoktic acid for the remaining of the plate
(running system 1) (Ichikawa et al., 1994); (2) 60:35:8 (v/v/v) chdborm:methanol:water for 50%
of the plate and 90:2:8 (v/v/v) chloroform:methaaoktic acid for the remaining of the plate
(running system 2) (Ichikawa et al., 1994) modified); (3) 58:32:9\8Wv) chloroform:methanol:
methylamine 40% (running system 3) (Castro et al., 2013) and (4) 40:40:12 (v/viv)
chloroform:methanol:wategrunning system 4) (Martin and Smith, 2006). The migration patterns
of standards were analyzed after staining in iodiapor. Labeled lipids were visualized after
spraying the plate with ERance’ (PerkinElmer) followed by exposure to autoradiography film
(Hyperfilm™ Amersham ECL 18 x 24 cm) (GE Healthcare) at 2 80for 3 to 30 days.
Autoradiography images were scanned and analyzeihg ushe software Imag&J
(http://imagej.nih.goV/ij/). Intensity change waalaulated as: % Change = 100 — _ [(Number of

pixels treated sample area — number of pixels béek) x 100]/(Number of pixels control sample

area — number of pixels blank area). The percermégaensity change on abundance of lipids of

interest is presented as mean and standard deva@t®to 5 independent performed experiments.

2.5 Lipid extraction from silica

Labeled and unlabeled lipid fractions of parasiteated or not with tamoxifen were ran in
parallel by HPTLC using running system 2. Guidedtly migration of labeled lipids of interest,
the unlabeled lipids were scraped from the siliegepand extracted three times with 3 mL 3:3:0.8
(v/viv) chloroform:methanol:water followed by uls@und treatment for 60 seconds in a water bath
(VWR B2.500A Ultrasonic Cleaner - DTH, North Ameaic VWR), homogenization in a magnetic

stirrer for 90 minutes at room temperature andcars@ ultrasound treatment for 60 seconds. The
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samples were centrifuged at 2,600 for 10 minutes and the organic phase transferreda new

tube. The three organic layers were dried undayds and stored at - 20 ° C.

2.6. Mass Spectrometry Analysis

Unlabeled lipids of interest, re-extracted fromcsilplates were analyzed by Electrospray
lonization Mass Spectrometry (ESI-MS). Total liggtracted from silica was dissolved in 100 pL
of 1:1 (v/v) chloroform:methanol containing 1 mMAali Prior to injection, samples were diluted
1:10 and analyzed in the same solvent at an Am&Zoton Trap ESI Mass Spectrometer (Bruker)
with injection rate of 3 pL/min in positive and ragye modes. The analysis was performed using
the following parameters: nitrogen gas nebulizersl@ psi, drying gas at 5 L/min, source
temperature at 200 °C, ionization source at 4.5d0\d collision gas with Helium. The analysis was

carried out in the range of 50-900 m/z.

2.7.  Alkaline hydrolysis

Purified lipid products, extracted from silica @sscribed above, were incubated with 200
pL of 100 mM NaOH in 95% (v/v) agueous methanoll60 mM NacCl in 95% (v/v) agueous
methanol for 1 hour at 37° C. The treatment wasiteated with 800 puL of 20% (v/v) acetic acid
and 200 pL 0.5 M Tris-HCI pH 7.5. The products wdesalted by two extractions with 2 vol of
butan-1-ol saturated with water followed by 1 vohter saturated with butan-1-ol. The samples

were dried under Ngas and analyzed by HPTLC using running system 2.

2.8. Inositol uptake assay

For the uptake assay, promastigotes from expadegrowth phase (day 3 of culture) were
washed three times in PBS pH 7.4 through centrifaga at 3,000 xg for 10 min at 4 °C,
suspended at a density of 3 X Pdomastigotes/mL in PBS and distributed in 100gliguots (3 x

10 cells each). The uptake of the radiolabeled satestvas initiated by the addition of 100 uL of
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the uptake solution consisting wiycinositol (50, 100, 200, 500, 1,000 and 2,000 pidged with

0.3 pCimyo[>H]-inositol (Inositol, myo[2-*H(N)]-, specific activity 22.5 Ci/mmol, PerkinElnfer
Boston, MA, USA) in PBS, pH 7.4] to the cell suspien. At different times (between 1 - 60 min),
uptake was stopped by adding 800 pL of cold stiytisa (50 mM unlabelednyainositol in PBS,

pH 7.4) and immediate transfer of samples to itk & he parasite suspensions were washed three
times in cold PBS (centrifugation at 13,006 for 50 seconds) to remove all frego[*H]-inositol.
Subsequently, cells were lysed in 100 pL of 1% SiE the incorporated radioactivity was
measured by liquid scintillation counting (Beckm&$ 5000 TD scintillation photometer).
Radioactivity corresponding to the experimentalkigagound was measured from parasites that were
simultaneously incubated with the uptake solutiow &top solution followed by the washing

procedure and measurement analysis.

2.9. Effect of tamoxifen on inositol uptake

In order to evaluate the effect of tamoxifen onsitol uptake activity irL.. amazonensis
promastigotes, cells were washed in PBS, and trempubated with 10, 30 and 50 uM tamoxifen
for 10 minutes at 25° C. The uptake assays werdwatad with increasing substrate concentrations
(50, 100, 200, 500, 1,000 and 2,000 priioinositol plus 0.3 pCinye[*H]-inositol) during a fixed
time of 2 min. As inhibitor control, 2 mM unlabeletdyo andscylloinositol were used at the Km

condition (200 pMmyeinositol plus 0.3 pCinyo[°H]-inositol).

2.10. Inositol uptake data analysis

The incorporated radioactivity, expressed as cop@tsninute (c.p.m.) of each experimental
point was determined by subtracting the averaganc.pf background samples from the average
c.p.m. of triplicates after each time point. Curvesre obtained from nonlinear regressions to the
expected exponential decay function (in the casdimé-course measurements) or hyperbolic

function corresponding to Michaelis-Menten equat{on the case of measurements of VO as a
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function of substrate concentrations). All datalgsia and fittings were performed with GraphPad
Prism software 5. All data came from at least thiregependent experiments performed with

triplicate samples.

2.11. Cell viability

Parasite viability under the assay conditions eesluated by propidium iodide staining.
Briefly, after the addition of stop solution, angalot of parasites (10 puL) was removed, diluted 10
times in PBS and incubated with 5 pg/mL propidiwdide for 5 minutes at room temperature. The
propidium iodide flourescence was observed by #soence microscopy under a 540 nm filter. The
percentage of propidium iodide positive cells wasednined over the total cell count in a

Neubauer chamber.

2.12. IPC synthase assay
CHAPS-washed membranes containihgishmania IPC synthase were prepared and

guantified from transgeni8accharomyces cerevisiegiant on expression of the protozoan enzyme

(o ade™.lys™.leu™.4aurl™.pESC-LEU LmjFIPCS) as previously described (Norcliffe et al. 201
and 0.75U of enzyme used in a reaction mix comgirioOuM PI (Avanti®Polar Lipids), 5uM
NBD-Cg-ceramide (ThermoFisher Scientific), 50 mM P@H7 and 600uM CHAPS as described
previously (Mina et al., 2010; Mina et al., 201h)the presence or absence of tamoxifen at the
appropriate concentration in DMSO (Qu8). Following incubation at 30°C for 25 minutesgth
reaction product, NBD-EIPC, was separated from the substrate, NBE:&amide, viaanion
exchange chromatography on protonated AG4-X4 réBiim-Rad) in 96-well MultiScreeh
Solvinert filter plates (Merck Millipore), as preusly described (Mina et al., 2010; Mina et al.,
2011). After methanol washes, NBQ-(PC was eluted from the resin in black OptiPlafe-9

(PerkinElmer) plates using 1M potassium formatengthanol and quantified using a Synergy HT
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microplate reader (Ex480/18; Em520/18) with the &¥nversion 2 package (Biotek). Jgralues

were calculated using sigmoidal regression analg&iaphPad Prism7).

2.13. Statistical Analysis
Data were analyzed for statistical significanceubpaired, two-tailed T test calculated using

GraphPad Prism 5 software.

3. Results

3.1 L. amazonensipromastigotes treated with tamoxifen displayedrall sphingolipid

biosynthesis

Metabolic labeling with 3H]-sphingosine or*H]-inositol was employed to study the effect
of tamoxifen on promastigotes’ sphingolipid metatml Total lipids were purified from control
and treated parasites and analyzed by HPTLC. Ima@st from control parasites labeled with
inositol, three well-defined bands were observedhim slower migrating region. These products
were named A, B and C (Figure 1). Metabolic lalehith sphingosine led to a more complex
band pattern including bands with the same reterftiotor (R) as bands A, B and C. The detection
of these 3 products after metabolic labeling whike two precursors suggested that these lipids
contained inositol and sphingosine or sphingoservdtives in their composition. The pattern
observed after sphingosine labeling included olip&ts migrating with similar or higherf& One
of these, only slightly faster than lipid A was rednX (Figure 1). One of the faster migrating and
therefore less polar molecules migrated with &iRilar to the standard for C16 ceramide. Other
labeled products were present, migrating withks Rhat were not compatible with available
standards. The fastest migrating product among t(ffim= 0.97), which was consistent with a

nonpolar molecule, was called band D (Figure 1).
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Parasites treated with 10 pM tamoxifen for four nsoaxhibited differences in the lipid
profile compared to control extracts with a deceeas the abundance of products migrating as
bands A, B and C and an increase in the abunddrigacdoD (Figure 1). The abundance of lipids
A, B and C from tamoxifen-treated arftH]-inositol-labeled parasites was reduced by 694%177
+ 17 % and 32 + 13 %, respectively, as compareth Wie control untreated sample. fHJ-
sphingosine labeled cells, the abundance of liBidgd C was 66 £ 19 % and 68 £ 24 % lower in
tamoxifen treated parasites in relation to contedls (Fig. Suppl. 1). Quantification of lipid Atef
labeling with fH]-sphingosine was not performed due to the presefi@nother labeled lipid (X)
migrating with a similar R The abundance of lipid D in treated parasitesesponded to about
twice (263 £ 62 %) the signal in control parasitégure 1).

In summary, tamoxifen treated parasites decredmedldundance of products presenting the
same R when labeled with °H]-sphingosine (source for ceramide synthesis) ef]-jnositol
(source for the synthesis of Pl and IPC) (FigureTherefore, lipids A, B and C were potentially

molecules containing both sphingosine (or its dgiaes) and inositol in their structure.

3.2. Characterization of lipids A and B

The nature of the products with altered biosynghé@s tamoxifen-treated parasites was
investigated through the analysis of the produdtgheir alkaline hydrolysis, by migration in
different HPTLC running systems and/or mass spewitoy.

Lipid B, derived from parasites labeled witfH]-sphingosine and eluted from the silica
plate, showed resistance to alkaline hydrolysigufé 2), as expected for the IPC structure. Mass
spectrometry (MS) analysis of lipid B identified dwpredominant ions witm/z 778 and 806,
previously described as IPC lin major (Zhang et al., 2005; Hsu et al., 2007) (Figure 34 8).
The tandem mass spectrometry @Spectrum ofm/z 778 indicated the presence of the following
predominant ionam/z241 corresponding to cyclic inositol-1,2-phosphat& 259 corresponding to

inositol monophosphate amalz223 that is generated from 241 ions by the lossatér (Figure 3C
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and D). These ions are characteristic of IPC omBlecules. The spectrum also showed iomiz
616 (778 - 162) and 598 (778 - 180) originated hgsitol dehydration and inositol loss,
respectively (Hsu et al., 2007). Furthermore, therdne emergence of the iom'z512 (with weak
strength) which corresponds to the loss of a Ca8y0-bound fatty acid derived ketone substituent
(778-266). Similarly, the MS fragmentation of the iomm/z 806 (Figure 3E and F) showed
characteristic ions of IPCs witih/z223, 241, 259, 644 (806-162) and 626 (806 - 18d)ianm/z
540 (weakly detected) which also corresponds tddbg of a C18:0 acyl-bound fatty acid derived
ketone substituent (806-266). These data suggastliam/z 778 IPC is composed of d16:1/18:0
(Figure 3G). Similarly, M$ fragmentation of them/z 806 ion revealed a characteristic IPC
composed of d18:1/18:0 (Figure 3H).

The analysis of lipid A by ESI-MS identified theepalent ionan/z598, 778, 796, 806 and
824 (Figure 4A and B). The ian/z806 was detected only in tamoxifen treated san(fliggire 4A
and B). Other peaks detected did not match phogpti®lcontaining inositol phosphate. These ions
can indicate the presencepadssible glycerophospholipid species (m/z 621, &8 671) that were
not characterized further.

Based on the analysis of the Ri$pectra generated from each of these speciesifooin),
it was possible to identify the iom/z 598 as a C18:lysc-acyl Pl (Pulfer and Murphy, 2003)
(Figure 4C). Although the structure presented psepdhe fatty acid bound sm1 of the glycerol
molecule (Figure 4C), it is not possible to excladgtructure with a C18:1 fatty acid occupying the
sn2 position (Murphy and Axelsen, 2011). The otlwarsi detected corresponded to different IPCs
composed of d16:1/18:0-IPOGm(z 778, Figure 4D), t16:0/C18:0-IPCn(z 796, Figure 4E),
d18:1/18:0-IPC /z 806, Figure 4F) and t16:0/20:0-1IP@/g 824, Figure 4G). The latter species
have also been detected in small amounts in ESBN#byses of IPCs isolated from lofishmania
major promastigotes (Hsu et al., 2007).

Together, these data confirm that IPC was preseftands B and A and suggested that

tamoxifen decreased the biosynthesis of IPC. iamazonensipromastigotes.
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3.3. Characterization of lipid C

Lipid C recovered from 3H]-sphingosine-labeled parasites was sensitive li@line
hydrolysis (data not shown) and migrated in runrsggtem 1 with & compatible with a 18:1 PI
standard (Figure 1). Two other running systems wesed to confirm the properties of lipid C.
Total lipid extracts of H]-sphingosine labeletl. amazonensisere subjected to chromatography
in two running systems previously used for the gtaflPI (Castro et al., 2013; Martin and Smith,
2006) in parallel with system 1, but with a longan with the first solvent (hamed as running
system 2) to obtain better separation of bandeerstower migration region (Figure 5). In all three
HPTLC analysis systems, a labeled product migratuty the R of the 18: 1 Pl standard was
observed (Figure 5).

To confirm the molecular nature of lipid C, unlédgk products migrating with the PI
standard’s Rfrom a plate ran in the running system 2, werepgntdrom the silica and analyzed by
mass spectrometry (Figure 6A and B). The analg®stified ions withm/z 835, 849 and 863,
consistent with_. major Pl ions described previously (Figure 6A and B)d#f et al., 2005; Hsu et
al., 2007). The M&spectra of iorm/z849 (Figure 6C and D) demonstrated the preseneeiarf
with m/z 241 which, as observed on the analysis of the ymtodlentified as IPC (lipid B),
corresponded to the cyclic inositol-1,2-phosphate iAnother preponderant ion is th@z 405,
which corresponded to [HRE&CH=CH-CH-O-(CH,);~CHs]" (Serrano et al., 1995). Other ions
observed on the MSanalysis includedn/z 281, corresponding to the carboxylated ion §CH
(CHy)7-CH=CH-(CH)7-CO,]" and probably arising from a C18:1 fatty chain madjy acyl-bound
to glycerol sn2 carbon. Finally, other two ions witm/z 585 and 567 were observed and
corresponded to C18I9so-alkyl Pl before and after losing water (Pulfer aidrphy, 2003). These
data suggested that the PI with/z 849 was composed by anl-O-(Cigq alkyl-2-O-
(Cis-)acylglycerol-3-HP@-inositol (Figure 6G). Similarly, the MSragmentation of ionm/z 863

(figure 6E and F) originated Pl characteristic imueh asm/z 241 and 281. However, a high
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intensity ion atm/z 283 was also apparent suggesting the presencecafbaxylated ion [Ck
(CH2)16-CO,]” probably derived from a C18:0 fatty chain that waginally acyl-linked to thesn-1
glycerol carbon. The m/z ~296 ion (296.879) is mib&ly the signal for glycerophosphoinositol —
2H,0. lons atm/z437/419 and 599/581 were also noted, correspomnésyectively to C18:/so
acyl phosphatidic acid and Ch@oacyl Pl before and after water loss (Pulfer andpiy, 2003).
These data suggest that Pl witl'z 863 is composed bgn1-O-(C;g.9acyl-2-0-(Css.1)acylglycerol-
3-HPQr-inositol (Figure 6H). Therefore, lipid C, reduced abundance in tamoxifen treated

parasites was identified as PI.

3.4. Characterization of lipid D

Total lipids re-extracted from lipid D area werebsutted to alkaline hydrolysis and
analyzed by HPTLC (Figure 7). Prior to alkaline tofgisis, extracts of tamoxifen-treated parasites
presented an increased abundance of lipid D in eoisgn to untreated parasites (Figure 7, lanes 1
and 2). Lipid D migrated with aRf similar to the acyl ceramide standard. Upon alkatmeatment,
a decrease in band D’s intensity and an increasigeimbundance of a lipid with a retention profile
similar to the C16-ceramide standard was obsert/aglife 7, lane 4). Since alkaline hydrolysis
characteristically results in the breakage of esinds, this data suggested that lipid D is a
ceramide with an additional group, probably witmspolar features, that is linked to the molecule
by an ester bond. If we take into account the sinmétention profile to the standards, these result
suggested that tamoxifen induced the increase vf e@ramide synthesis ih. amazonensis

promastigotes.

3.5. Inositol availability inL. amazonensigromastigotes treated with tamoxifen
Since the synthesis of IPC and Pl depends on attiqtool of inositol, we evaluated
whether tamoxifen altered the activity of the inolstransmembrane transporterlinamazonensis

promastigotes. An initial evaluation of inositoltake in these parasites was performed in time-



348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

course incorporation curves during 60 min in thespnce of a substrate concentration presumably
close to the Km (0.5 mM) according to previous elotgrization of thanyoinositol transport
and/or uptake i.. donovani(Drew et al., 1995; Seyfang et al., 1997; Seyfang.e2000) A non-
linear regression analysis showed that data fittedn exponential decay function?R0.9932)
which, as expected, is compatible with transpddeilitated uptake. The fact that the uptake was
not saturated during the first 60 min strongly aaded that during this time thayoinositol is
metabolized while it is transported into the ceAslditionally, themyainositol uptake could be
considered approximately linear during the firstid (R°= 0.9980) (Inset, Fig Supl. 2A), allowing
us to calculate Yinside this range of time (Fig. Supl. 2A). Fronstanalysis, we chose to calculate
Vobased on the substrate uptake during 2 min of oo of the parasites withyoinositol.

The substrate saturation curve with substrate cdratéons ranging from 0.05 to 2 mM
inositol exhibited a classical Michaelis-Mentenddtins with values oKm andVyax of 163.5 (131.8
- 195.1) pM and 62.5 (58.9 - 66.0) pmol MiBx10 cells* (mean + 95% confidence interval),
respectively (Fig Supl. 2B).

Under the hypothesis that inositol uptake by amazonensigromastigotes could be
diminished by tamoxifen, this process was evaluatesubstrate concentrations equivalent to the
Km (0.2 mMmyo[°H]-inositol) and to concentrations allowingax transport (2 mMmyo[H]-
inositol) in parasites previously incubated with B0 and 50 pM tamoxifen for 10 minutes (Figure
8A). In all treated samples, the number and vigbdf parasites were preserved as compared to the
untreated group (Table 1), showing that the redactin inositol uptake observed in parasites
treated with tamoxifen was not due to parasitesitlile Tamoxifen induced a dose-dependent
decrease on inositol incorporationlin amazonensipromastigotes (Figure 8A). When assayed at
the Km conditions, parasites treated with 10, 30 angiB0Otamoxifen showed 11%, 21% and 41%
reductions onmyo[*H]-inositol uptake, respectively. When assayedVaiy conditions, inositol
incorporation was decreased by 10.9%, 11.8% ant?@3espectively. As a control for these drug

inhibition assays, 2 mM ofmyo and scylleinositol were used as competitive inhibitors. When
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assayed aKm conditions,myo and scylloinositol inhibited inositol uptake by 81% and 84%,
respectively (Figure 8A). Such inhibition was gegahan that observed in parasites treated with the
highest dose of tamoxifen.

Substrate saturation curves were calculated frorasgas treated with 0, 10, 30 and 50 uM
tamoxifen, allowing the determination of tKen andVax for each condition (Figure 8B, Table 2).
Assuming that the myo-inositol transporter can liarget for tamoxifen, the observed changes on
VmaxValues in the presence of tamoxifen are compatittie a non-competitive inhibition is taking
place, with tamoxifen binding at a distinct siterfr the substrate active site. The double-reciprocal
plot (Inset, Figure 8B) constructed from the obgdiisaturation curve supported this possibility.

Therefore, while 10 uM tamoxifen led to clear dibances on lipid metabolism, its effect
was only mild on inositol uptake, suggesting thia¢ datter may not be the relevant target.
Notwithstanding, to verify whether inositol avaiilitty had an impact on Pl and IPC biosynthesis in
tamoxifen-treated cells, a metabolic labeling assayg performed to evaluate Pl and IPC synthesis
in the presence of high concentrations of inositdletabolic labeling ofL. amazonensis
promastigotes previously treated with 10 uM tamenxifvas performed with’fl]-sphingosine or
[*H]-inositol in the absence or in the presence &f d. 2 mM unlabeled inositol (Figure 9). In
parasites labeled witiH]-inositol (Figure 9, lines 1 to 6), the presemééncreasing concentrations
of unlabeled inositol led to a gradual reductionlabel incorporation on PI (Lipid C) and IPC
(Lipids A and B) (Figure 9). This effect occurred both control and treated samples, and is
probably related to the dilution of the radioactiabeling. However, tamoxifen-treated parasites
metabolically labeled with®*H]-sphingosine presented reduced PI and IPC syisthiespite the
increased concentrations of unlabeled inositol.s€hgata confirmed that the reduced synthesis of
Pl and IPC in parasites treated with tamoxifenas due to the lack of inositol availability to the

cells.

3.6. Effect of tamoxifen on theeishmaniaPC synthase
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Since the availability of inositol did not explaine reduced biosynthesis of Pl and IPC in
tamoxifen treated promastigotes, we investigatedtidr tamoxifen was an IPC synthase inhibitor.
Tamoxifen’s effect orLeishmanialPC synthase was investigated using the fluoreédzased cell-
free assay of. major IPC synthase developed by Mina and co-workers é\vihal., 2010). In this
system, the drug is incubated witg-BBD-ceramide (receiving substrate) and Pl (dondosgrate)
in the presence of CHAPS wash8dcerevisiagnicrosomal extracts containing the major IPC
synthase. Tamoxifen inhibitdd major IPC synthase with an kgvalue of 8.48M (95% CI 7.68 —

9.37) (Figure 10).

4. Discussion

Current therapeutic options for leishmaniasis drdéinoited efficacy and safety and new
alternatives are clearly needed. Due the promitiiegapeutic profile observed for tamoxifen in
different animal models of leishmaniasis, we urmlgttto evaluate its mechanism of action against
the parasite. *H]-sphingosine andmyo[°H]-inositol metabolic labeling ofL. amazonensis
promastigotes treated with tamoxifen showed a nmeguli perturbation of SL metabolism, leading
to a significant reduction of IPCs and Pls, anduandlation of acyl ceramide.

IPC, the most abundant SL lieishmaniajs present in lipid rafts (Kaneshiro et al., 1986
McConville and Bacic, 1989; Yoneyama et al.,, 20@@t are involved in cell signaling and
macrophage invasion as well as in the processarhastigote migration in the vector’s gut during
metacyclogenesis (Denny and Smith, 2004; Denny.e2@04; Yoneyama et al., 2006). IPC is
essential for fungi and for the bloodstream formsToypanosoma bruceiNagiec et al., 1997,
Sutterwala et al., 2008; Mina et al., 2009).

Pl is an essential phospholipid in eukaryotes ttoaggether with its metabolites, regulate a
wide range of cellular processes. In additions iisubstrate for Pl kinases (PIKs), key enzymes of
one of the major intracellular signaling pathwayguakaryotic cells (reviewed in Martin and Smith,

2006; Sasaki et al., 2009). This pathway consmstse of the main targets for cancer chemotherapy
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and may represent a very interesting focus fortteatment of parasitic diseases (Braga and de
Souza, 2006; Fernandes et al., 2006). PI3k3 has $ls®vn to mediate invasion of macrophages
and neutrophils by.. mexicanan vitro and the recruitment of phagocytes and regulatocells

into the site of infection imn vivo studies (Cummings et al., 2012; Oghumu and Satp2Kk4.3).
Consequently, the reduction of IPC and PI synthiesis amazonensipromastigotes treated with
tamoxifen may have important repercussions in gtabdishment ot eishmaniainfection, as well

as cell viability. Two hypotheses were formulateexplain the reduction of Pl and IPC abundance
in tamoxifen’s treated parasites: (1) tamoxifereifdres in inositol and/or ceramide availability,
both being critical elements for IPC synthesis;téoxifen inhibits IPC and/or Pl synthase (Figure
11).

In Leishmania inositol can be acquired ke novosynthesis or uptake through specific
membrane transporters (Drew et al., 1995; llg, 20d2ajumder et al., 1997; Michell, 2008;
Reynolds, 2009). Inositalle novosynthesis occurs in the cell cytoplasm by cytaselzymes
(Donahue and Henry, 1981; Michell, 2008), which ardikely to be a target for tamoxifen, a
lipophilic molecule (Log P = 5.93) that is known ittteract and incorporate into biomembranes
(Custodio et al., 1998).

A myacinositol transporter has been described..imlonovani(Drew et al., 1995). A single
copy gene encodes this protein, which behaves myanositol/proton electrogenic symporter
(Drew et al., 1995; Seyfang et al., 1997). Regaoiatf inositol uptake activity has been correlated
with the availability of substrate with upregulategpression and activity when the substrate is
depleted from the external environment (Seyfang a&mohdfear, 1999). The myo-inositol
transporter, localized in the plasma membrand.oflonovanipromastigotes, was shown to be
redirected to the multivesicular tubule in statigh@hase promastigotes and to the lysosome
following transformation to the intracellular amgste form (Vince et al., 2011), suggesting that
transport activity is more important during the @as stage. The transport kinetics of the

amazonensismyainositol transporter characterized here were simiio the ones described
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previously forL. donovani(Km 250 + 0.05 uM and Vmax: 55,5 + 8.8 pmol thii x 10 células’)
(Drew et al., 1995).

The characterization of inositol uptake in tamomitecated parasites indicated the
occurrence of a non-competitive inhibition (Fig@)e suggesting that tamoxifen does not bind at
the substrate active site. It is important to stréeat even in the presence of 50 pM tamoxifen
(equivalent to 5x the I£§) the maximal uptake inhibition observed was 40%n<idering that the
metabolic labeling of parasites was performed afesatment with 10 uM tamoxifen (for longer
periods), it seemed unlikely that inhibition of gmwol transport was the sole reason for reduced
synthesis of IPC and PI.

The confirmation that inositol availability had mmpact on Pl and IPC biosynthesis was
validated by metabolic labeling of parasites witH]fsphingosine or3H]-inositol in presence of
high concentrations of unlabeled inositol (Figuye 9

The reduction of Pl and IPC synthesis in tamoxifeated parasites despite the increased
concentrations of unlabeled inositol suggested tiatenzymes IPC and/or Pl synthase could be
targets of the drug. A well-established cell-fresay ofL. major IPC synthase was used to
demonstrate the inhibitory activity of tamoxifen baishmanialPC synthase with an kgin the
lower micromolar range [l§= 8.48uM (95% CI 7.68 — 9.37)] (Figure 10). Under IPC thase
inhibition, an increase in Pl concentration coudddxpected but is not observed, suggesting that Pl
synthesis may also be impaired. However, a posslibbet drug inhibition of Pl synthase activity
was not shown here and still needs to be invesiihat

Both Pl and IPC synthase, as well as other enzynwedved in the SLs biosynthesis, are
transmembrane proteins with several transmembramaihs (Martin and Smith, 2006; Sutterwala
et al., 2008). Since tamoxifen in known to interaah the cell membrane, it is possible that, in
doing so, it could promote an alteration in thee#hdimensional structure of IPC/ Pl synthase
resulting in impairment of enzymatic activity. Asidrom its proposed inhibitory effect on Pl and

IPC synthases, tamoxifen could also interfere watther enzymes of the metabolism of
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sphingolipids in Leishmania like the phosphorylation of sphingosine to formPSand its
degradation by S1PL that give rise to hexadecethadt (can be used to the biosynthesis of
glycerophospholipids) and ethanolamine-phosphatat (tan be used to the biosynthesis of
phosphatidylethanolamine) (Nakahara et al., 20TBg latter product could not be traced in our
metabolic labelling experiments usingH]-sphingosine, once the®q] was located at the
sphingosine C-2. On the other hand, the resultiegaiecenal would be labeled and could be
incorporated into Pl molecules (more specificallythe Pl withm/z 849), a process that was
apparently inhibited by tamoxifen (Figure 1). Instpathway, the labelled hexadecenal is used as a
substrate for the alkyl-dihydroxyacetone phosphH&eElAP) synthase to generate alkyl-DHAP
which will subsequently be reduced into alkyl-glsae3-phosphate that can be used in the
biosynthesis of ether glycerophospholipids .

The mass spectrometry analysis also disclosedrédseipce of some other lipid species (m/z
621, 653, 671 and 806) that were not charactetzsdnay be of interest to better understand the
biochemistry of tamoxifen activity over these liigh Leishmania

The deletion of the IPC synthase gen&ircerevisiadeads to accumulation of intracellular
ceramide followed by cell death (Nagiec et al., )99 addition, several studies have indicated the
accumulation of intracellular ceramide in tumorngslubmitted to treatment with tamoxifen (Morad
et al., 2013; Morad and Cabot, 2015). The antifa@tive and cell death triggering effects of high
intracellular concentrations of ceramide are whkracterized in eukaryotic cells (Jayadev et al.,
1995; Wang et al., 2003; Chapman et al., 2010;dkao and Voelkel-Johnson, 2012). Instead, the
increase of sphingosine and sphingosine-1-phosphatelated to cell survival and proliferation
(Smith et al., 2000; Rodriguez et al., 2015). Tlaéabce between these and other active SLs and
enzymes of SL metabolism plays a very importané ol the pathogenesis and progression of
cancer in humans (Ogretmen and Hannun, 2004).

Tamoxifen has been shown to inhibit the activityaoid ceramidases in human tumoral cells

(Morad et al., 2013; Morad and Cabot, 2015), ra@sylin accumulation of ceramide. An increase in
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ceramide levels was not observed in tamoxifenecgarasites (Figure 1). On the other hand, the
present data show an increased synthesis of adytai@amide inL.. amazonensipromastigotes
treated with tamoxifen. Acyl-ceramide is an uncomnform of ceramide not yet described in
Leishmaniaspp. In humans, O-acylceramide has been identified as a natural oot of the
human and murine epidermis, which contributes & hbmeostasis of the skin hydration barrier
(Rabionet et al., 2013). Since intracellular cexarievel is tightly regulated in eukaryotic cetlse
ceramide acylation could occur as a protective ralisim.

Considering that tamoxifen-treated parasites shaavegtiuction of IPC (lipid A and B), the
most abundant membrane phosphosphingolipid-eishmania it is reasonable to assume that
inhibition of IPC synthase could result in accuntiola of intracellular ceramide. The similar
intensity of the product with comparablé ® C16-ceramide pattern ifH]-sphingosine-labeled
parasites treated or not with tamoxifen (Figuresantl 7), even though in conditions of IPC
synthase inhibition, supports the hypothesis thticellular ceramides were acylated to maintain
ceramide physiological levels and cell homeostasis.

In summary, we have shown that tamoxifen alters ptafile of incorporation of 3H]-
sphingosine and *H]-inositol precursors in the sphingolipid biosyasis pathway inL.
amazonensipromastigotes, leading to the reduction of Pl B synthesis, with accumulation of
acylated ceramide. The reduction in IPC, with th@ollary increase in ceramide, seen in
Leishmaniatreated with tamoxifen, coupled with the inhibytaaction on parasite IPC synthase
activity in vitro, indicated that inhibition of IPGynthesis may represent a key leishmanicidal
mechanism of action of this drug. IPC synthasa iery interesting target since it represents an
essential enzyme responsible for the synthesiseofrtost abundant SL reishmanigKaneshiro et
al., 1986; McConville and Bacic, 1989) which is efisin mammals (Denny et al., 2004). Recent
work has seen a yeast-based assay employed tovelisaew, selective inhibitors with activity
against intramacrophageeishmania(Norcliffe et al. 2018). In addition, we have showhat

tamoxifen treatment leads to the reduction of Rinalance, which could have a wide range of
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effects on cellular function, since numerous biatagfunctions of Pl are known in eukaryotic cells
(Divecha and Irvine, 1995; Henry and Patton-Vo®98; Odom et al., 2000; Martin, 2001; Sasaki
et al., 2009).

We have shown previously that methods normally ueesklect parasites resistant to drugs
failed when tamoxifen resistance is pursued (Coehal., 2015), making it likely that several
targets in the cell are capable of justifying tamfeXs leishmanicidal effect, just as it occurs in

human tumor cells.

5. Conclusions
Promastigotes of.. amazonensidreated with tamoxifen presented reduced IPC ahd P
biosynthesis. The reduction in IPC biosynthesisnoarbe attributed to reduction in inositol

transport but is probably related to inhibitiontlo¢ IPC synthase.
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L egendsto Figures

Figure 1. Effect of tamoxifen treatment on L. amazonensis sphingolipid biosynthesis.
Metabolic labeling of 1 x TOL. amazonensipromastigotes with §Ci of [*H]-sphingosine
(lanes 2 and 3) or ACi of [*H]-inositol (lanes 5 and 6). Parasites were treatét 10 pM
tamoxifen for 4 hours and purified total lipids weanalyzed by HPTLC using running system 1.
ST(S): PH]-sphingosine standard without incubation withlseBST(l): PH]-inositol standard
without incubation with cells, Sph*: lipid extracf [®H]-sphingosine labeled parasites, Ino*:
lipid extract of fH]-inositol labeled parasites, Ct: lipid extractwitreated parasites, Tam: lipid
extract of parasites treated with tamoxifen, C18-c€16-ceramide standard, Pl 18:1:

phosphatidylinositol 18:1 standard, O: origin, feit.

Figure 2. Lipid B characterization by alkaline hydrolysis. Lipid B fractions purified from
HPTLC plates after separation of total lipids frdm amazonensipromastigotes metabolic
labeled with 2 pCi3H]-sphingosine. Initial lipid extracts were obtainom parasites treated
with 10 uM tamoxifen or left untreated. Eluted dpiwere incubated in 100 mM NaCl (lanes 1
and 2) or in 100 mM NaOH (lanes 3 and 4) in 95 %haweol aqueous solution for 1 hour.
Extracts from 3 x 1Dcells were applied to each lane and analyzed byL&Pusing running
system 2. Ct: lipid extract of untreated parasitean: lipid extract of parasites treated with
tamoxifen, NaCl: extract incubated with 100 mM NaR&OH: extract incubated with 100 mM

NaOH, O: origin, F: front.

Figure 3. ESI-MS analysis of lipid B. Lipid B fractions ofL. amazonensipromastigotes
untreated (A) or treated with 10 uM tamoxifen (B@re& analyzed by ESI-MS in the negative

mode. M$ spectra of iongn/z778 and 806 (C/D and E/F, respectively) revealsatacteristic
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ions of IPC molecules that were identified as IIC6(1/18:0) (G) and IPC-(d18:1/18:0) (H),

respectively.

Figure4. ESI-M S analysisof lipid A. Lipid A fractions ofL. amazonensipromastigotes untreated
(A) or treated with 10 pM tamoxifen (B) were anagzby ESI-MS in the negative mode. long
598, 778, 796, 806 and 824 were identifiedaso-Pl (18:1) (C), IPC (d16:1/18:0) (D), IPC

(t16:0/18:0) (E), IPC (d18:1/18:0) (F) and IPC (f1/20:0) (G), respectively.

Figure 5. Separation of total lipid extracts from L. amazonensis promastigotes in different
HPTLC systems. Parasites (7 x £0_. amazonensipromastigotes) were metabolic labeled with 2
1Ci [*H]-sphingosine. Total lipid extract correspondiogltx 16 cells was added to each lane and
separated by HPTLC using running systems 2 (A)BB dnd 4 (C). Sph*: *H]-sphingosine

standard, 18:1 PI: 18:1 phosphatidylinositol stadd&: lipid C, O: origin, F: front.

Figure 6. ESI-MS analysis of lipid C. Lipid C fractions ofL. amazonensipromastigotes
untreated (A) or treated with 10 pM tamoxifen (B@re& analyzed by ESI-MS in the negative
mode. MS spectra of ionsn/z849 and 863 (C/D and E/F, respectively) revealeatacteristic
ions of Pl molecules that were identified as PIli@0/18:1) (G) and PI-(18:0/18:1) (H),

respectively.

Figure7. Lipid D characterization by alkaline hydrolysis. (A) Acyl ceramide structure. (B) Total
lipid extracts from lipid D fractions of *H]-sphingosine metabolic labeled. amazonensis
promastigotes treated or not with 10 pM tamoxiferenincubated in 100 mM NaOH (lane 3 and 4)
or NaCl (lane 1 and 2) in 95 % methanol aqueoudtisol for 1 hour. Total lipid extracts from 3 x
10 cells were applied to each lane and analysed byLIBRusing running system 2. D: lipid D,

Acyl-cer: Acyl-ceramide standard, C16-cer: C16-o@de standard, Ct: lipid extract of untreated



796 parasites, Tam: lipid extract of parasites treavgti tamoxifen, NaCl: extract incubated with 100
797  mM NaCl, NaOH: extract incubated with 100 mM NaQM,origin, F: front.

798

799  Figure 8. Interference of tamoxifen on inositol uptake of L. amazonensis promastigotes. (A)
800 Effect of tamoxifen (10, 30, and 3M) on myainositol uptake akKm (200 pMmyainositol plus
801 0.3 uCi myo[*H]-inositol) and Vimax (2,000 pM myoinositol plus 0.3 pCimyo[*H]-inositol)
802 conditions. Unlabeled 2 mivhyo andscylloinositol were used as inhibitors at tken condition.
803 (B) mycinositol uptake kinetics inL. amazonensispromastigotes treated with different
804  concentrations of tamoxifen. Inset: Double recipitqaot of the linear inhibition of inositol uptake
805 at the different concentrations of tamoxifen conegaio untreated control. The uptake assays were
806 conducted with increasing substrate concentrat{fis 100, 200, 500, 1,000 and 2,000 mMo
807 inositol plus 0.3 pCimyo[*H]-inositol) during a fixed time of 2 mirResults are representative of
808 three experiments performed in each case. Therbprasent the standard deviation of duplicates or
809 triplicates. The myoinositol incorporations is shown as picomoles peinute per 3 x 10
810 promastigotes.

811

812  Figure 9. Sphingolipid biosynthesis in L. amazonensis promastigotes treated with tamoxifen.
813 L. amazonensipromastigotes (4 x fpwere treated with tamoxifen and metabolic labelgith 6
814  pCi [PH]-inositol (1 - 6) or 2 puCijH]-sphingosine (7 - 10). Parasites were supplendewith 0.2
815 (2,5, 9) or 2 mM (3, 6, 10nycinositol. Total lipid extracts from 1 x f@ells were spotted on each
816 lane and analyzed by HPTLC using running systefaim: 10 uM tamoxifen for 4 hours; Sph*:
817 labeling with PH]-sphingosine; Ino*: labeling with’H]-inositol; Ino: unlabeled inositol; O: origin;
818  F: front.

819

820 Figure 10. Effect of tamoxifen on the turnover of Leishmania IPC synthase. ICsy Of

821 tamoxifen (2-fold serial dilution from 20QM top concentration) against tHe major IPC
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synthase in then vitro assay was calculated using GraphPad Prism 7 (fdabitor) vs.
normalized response - Variable slope) as 8M8(95% CI 7.68 — 9.37). Seven replicate data set,

error bars represent standard deviation (not ésiiiere very small), and’R 0.98.

Figure 11. Schematic diagram summarizing potential tamoxifen targets related to
sphingolipid biosynthesis in Leishmania. Reduced IPC levels (blue arrows) lin amazonensis
promastigotes treated with tamoxifen are relatetP® synthase inhibition (red bars). Reduced PI
and IPC intracellular levels (blue arrows) coulgloabe related to reduced incorporation of inositol
into the cell or to direct or indirect inhibitionf &1 and/or IPC synthase (purple bars). The
increased levels of acylated ceramide may be dtrgsm intracellular ceramide accumulation
(green arrow) due to its reduced use as a sourcl® synthesis. Labeled Pl observed iH]{
Sphingosine-labeled parasites may be generatedekgdecenal pathway from sphingosine-1-
phosphate degradation. DAG: diacylglycerol; CDP-DAg&idine diphosphate diacylglycerol; PIS:
phosphatidylinositol synthase; IPC: inositolphoptegramide; EtN-P: phosphoetalonamine;
Alkyl-G3P: 1-alkylglycerol-3-phosphate; CDase: ceramidase; €IA®: cytidine diphosphate
diacylglycerol; CerS: ceramide synthase; DAG: diglygerol; EtN-P: phosphoetalonamine; IPC:
inositolphophorylceramide; IPCS: inositolphosphoeyamide synthase; ISCL: inositolsphingolipid
phospholipase C-like; PI: phosphatidylinositol; Pl$hosphatidylinositol synthase; SI1PL:

sphingosine-1-phosphate lyase; Sph-1-P: sphingdspieosphate; TAM: tamoxifen.



841 Table 1. Cell concentration and viability &f amazonensigromastigotes treated with different

842 tamoxifen concentrations for 10 minutes af’@5
Tamoxifen Promastigotes Cell viability
(LM) (cells/mL) (%)?
0 2.0x 10 91
10 2.0x 10 91
30 2.2x 10 95
50 2.1x 10 93
843 @ Percentage of propidium iodide unlabeled cells.

844



845 Table 2. L. amazonensimositol transporteKm andVn o after treatment with tamoxifen for 10

846 minutes at 25° C.
Tamoxifen Km? Vinax”
(LM) [UM (C195%)] [pmol min™ 3x10 cells
1(C195%)]

0 182.9 (155.0 — 210.9) 76.5 (72.9 — 80.2)

10 193.9 (137.2 — 250.6) 66.8 (60.8 — 72.7)

30 203.2 (146.4 — 260.0) 63.7 (58.0 — 69.4)

50 197.7 (141.1 — 254.4) 50.9 (46.6 — 55.2)
847 & Michaelis-Menten constant expressed in micromatar 95% confidence interval.
848 P Maximum velocity of inositol uptake expressed iogmoles per minute per 3 x 16ells and

849 95% confidence interval.
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Highlights

» Tamoxifen alters the sphingolipid metabolisniofmazonensis.

» Tamoxifen treated parasites show a significantetdn of IPC and Pl species.
» Tamoxifen-treated parasites present a reductiomositol transport.

» Tamoxifen is an inhibitor of. major’s IPC synthase in a micromolar range.



