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SUPPLEMENTAL FIGURE LEGENDS
Figure S1, related to Figure 1. Lipidomic profiling of ABS parasites. (A, B) Highly synchronized
Dd2 cultures were harvested every 8 hr post merozoite invasion and 304 individual lipid species were
quantified via LC-MS/MS. The mole percent of each lipid species was averaged across time to obtain
the moving average value. The logs ratio was then calculated for each lipid species at each time point
and normalized to the moving average. Each row in the heatmap represents an individual lipid
species. Phospholipid, sphingolipid, and glycerolipid species are shown in blue, green, and orange
respectively. Lipid species that have not been previously identified in P. falciparum are indicated with
an asterisk. Shown below the heatmap is a summary of the total number of lipid species that exhibit at
least a 1.5 fold difference between adjacent time points. As an example, 40 lipid species were found
to differ by at least 1.5—fold between the 8 and 16 hr time points. (C) Percentage of each lipid class
that showed a = 1.5 fold difference between adjacent time points (e.g. between 8 and 16 hpi, 53% of
the all glycerolipids showed a greater than 1.5 fold difference). (D) Lipid profile of magnet-purified P.
falciparum trophozoites (32—40 hours post-invasion). These data were obtained in triplicate and lipids
were extracted and processed as per the method for saponin-lysed parasites. Results show a clear
concordance across almost all lipid species with data shown for trophozoite stages in Figure 1, which
did not use magnet enrichment as it profiled across all stages of the intra-erythrocytic developmental
cycle. Blue boxes indicate lipid species that were increased in both types of analyses in the parasite
samples compared to uninfected RBCs. The orange boxes indicate lipid species that were decreased
in both types of analyses. These results also closely reproduced the saponin-lysed parasite data
(Figure 1 and Table S1) in terms of the relative abundances and Mol% values of the major species.
Discordant results were observed only for the minor species Acyl PS, Lyso PE and Lyso PC, for which
the low Mol% values (<0.2% of total for each) might have reduced the accuracy. BMP,
bis(monoacylglyceryl)phosphate; Cer, ceramide; DAG, diacylglycerol; dhCer, dihydroceramide; dhSM,
dihydrosphingomyelin; GalCer, galactosylceramide; GluCer, glucosylceramide; GM3,
monosialodihexosylganglioside; LacCer, lactosylceramide; PA, phosphatidic acid; PC,

phosphatidylcholine; PCe, PC ether; PE, phosphatidylethanolamine; Pep, PE plasmologen; PG,



phosphatidylglycerol; PIl, phosphatidylinositol; PS, phosphatidylserine; SM, sphingomyelin; TAG,

triacylglycerol; uRBCs, uninfected RBCs.

Figure S2, related to Figure 2. SDS-PAGE (polyacrylamide gel electrophoresis) and
immunoblot analysis of red blood cell microvesicle (RMV) fractions. Samples were collected and
purified as described in the Supplemental Experimental Procedures section above. For SDS-PAGE
pellets were washed 3 times in 1xPBS and resuspended in reducing SDS sample buffer (Invitrogen).
Proteins were separated on 4-12% Bis-Tris gels (Invitrogen). For Western blots, proteins were
transferred onto 0.45 um PVDF membranes. Samples were probed with the following antibodies: anti-
Histone H3 (1:10000 Abcam) a marker for merozoites and schizonts; anti-Stomatin (1:2000, clone M-
14; Santa Cruz Biotechnologies) a marker for RMVs; anti-RESA (1:500, (Brown et al., 1985)), a

marker for iRMVs (Mantel et al., 2013).

Figure S3, related to Figure 3. Evidence that Orlistat inhibition of P. falciparum ABS growth is
not rescued by exogenous fatty acid, and operates via inhibition of triacylglycerol degradation.
(A) Exogenous fatty acids do not rescue the Orlistat maturation block. Dd2 parasites were highly
synchronized by sorbitol treatment for two successive growth cycles, and then diluted to 3%
parasitemia in 2% hematocrit in a 24 well plate. Parasites were cultured in control media containing
0.5% Albumax or in the same media supplemented with oleic acid (18:1) and palmitic acid (16:0) at
250 uM each. Wells were treated with or without 6 uM Orlistat (8x ICsp) at 8, 16, 24, 32, 40, or 48 hr.
ABS development was then assayed by Giemsa stain every 8 hr up to 56 hr. Appropriate media and
Orlistat treatments were replaced every 8 hr. Representative images for each condition at each time
point are shown. The addition of exogenous oleic acid (18:1) and palmitic acid (16:0) showed no
phenotypic rescue of Orlistat-treated parasites. We posit that the addition of exogenous fatty acids
could not substitute for the rapid and localized intracellular release of fatty acids that occurs via lipase-
mediated hydrolysis and that was blocked by Orlistat action (Kurat et al., 2006). (B) Orlistat inhibits

triacylglycerol degradation in P. falciparum mature ABS parasites. Highly synchronized parasites (6—8



hpi) were exposed to Orlistat or the unrelated delayed death drug and apicoplast inhibitor
azithromycin (AZ), and samples harvested at 24 hpi and later when parasite development had stalled.
Stalled parasites were harvested at 56 hpi for Orlistat, corresponding to a time when schizonts had
not matured and were unable to egress (Figure 3B). AZ-treated were harvested after 72 hr of
exposure, corresponding to ~30-32 hpi in the second cycle when AZ action has blocked further
growth as a result of its delayed death action (AZ-treated parasites die during the next generation of
intracellular growth; Sidhu et al, 2007). Control parasites were treated with DMSO vehicle and
harvested at the same time points as drug-treated samples. Lipids were extracted, subjected to mass
spectrometry, and levels in drug-treated parasites calculated as a percentage of levels measured in
DMSO-treated control parasites. Experiments were performed on two separate occasions in duplicate,
and are presented as meanstSEM. Data show a substantial increase specifically in TAG levels in the
Orlistat-treated parasites harvested as mature schizonts that had developmentally stalled. These data
independently agree with results from thin layer chromatography (Figure 3C). APG=acyl
phosphatidylglycerol; BMP=bis(monoacylglyceryl)phosphate; Cer=Ceramide, DAG=diacylglycerol,
dhCer=dihydroceramide; dhSM=dihydrosphingomyelin; LacCer=lactosylceramide; LPC=lactosyl-
phosphatidylcholine; LPCe=LPC ether; LPI=lactosyl phosphatidylinositol; NAPS=acyl
phosphatidylserine; Pl=phosphatidylinositol; PA=phosphatidic acid; PC=phosphatidylcholine; PCe=PC
ether; PE=phosphatidylethanolamine; PEp=PE plasmologen; PG=phosphatidylglycerol;

Pl=phosphatidylinositol; PS=phosphatidylserine; SM=sphingomyelin; TAG=triacylglycerol.

Figure S4, related to Figure 5. Composition of lipid species in P. falciparum early and late
stage gametocytes and host red blood cells. Twenty-seven lipid species from saponin lysed early-
or late-stage gametocytes (GAMs) and uninfected RBCs were harvested and quantified via LC-
MS/MS. Gametocyte and uninfected red blood cell (URBC) samples were collected and harvested at
two time points, 3-5 days (corresponding to Stages I-Il) and 10-12 days (corresponding to Stages IV—
V) post-induction of gametocytes. Data are shown as meanstSEM (n=3 independent experiments

performed in triplicate). There was no significant difference in the relative abundance of RBC lipids



harvested at the two time points and therefore RBCs are depicted as a single red line. SEM is shown
as dashed red lines. Student’s t-tests were used to identify significant differences between either
uninfected RBCs and gametocytes (f= p<0.01) or early and late gametocytes (*p<0.01).
Cer=Ceramide, GM3= monosialodihexosylganglioside, LBPA=lysobisphospha-tidic acid,
PC=phosphatidylcholine, PE= phosphatidylethanolamine, PG=phosphatidylglycerol,

Pl=phosphatidylinositol, PS=phosphatidylserine, SM, sphingomyelin.

Table S1, related to Figure 1. Analysis of individual lipid species in P. falciparum asexual blood

stage parasites and uninfected red blood cells.

Table S2, related to Figure 3. Antimalarial ICso values of compounds active against lipid

metabolic pathways.

Table S3, related to Figure 5. Lipidomic analysis of individual lipid species in P. falciparum

gametocytes and uninfected red blood cells.



Table S2, related to Figure 3. Antimalarial IC;, values of compounds active against lipid metabolic

pathways.
Compound Mode of Action Reference Lipid AB(SNII?“
W
CAY 10499 Hormone Sensitive Lipase (Manna et al., 2013) GL 1.2+0.5*
Quercetin Pancreatic Lipase (Gatto et al., 2002) GL 50+1.6
Orlistat Pancreatic Lipase (Guerciolini, 1997) GL 0.9+0.1
—URB602 MAG Lipase (King et al., 2007) GL >25
T863 Acyl CoA:Diacylglycerol O- (Cao et al., 2011) GL > 10
_________ acyltransferase 1
Dioctanoylglycol Diacylglycerol Kinase (Ganong et al., 1986) PL > 50
R 59-022 Diacylglycerol Kinase (Ohtsuka et al., 1990) PL 6.3+0.9
Pioglitazone Acyl CoA Synthetase (Kim et al., 2001) PL, GL >125
_________ Rosiglitazone Acyl CoA Synthetase (Kim et al., 2001) PL, GL > 35
RHC 80267 Diacylglycerol Lipase (Ghisdal et al., 2005) PL > 25
Cl-976 Lysophospholipid acyltransferase (Brown et al., 2008) PL > 25
MJ33 Phospholipase A2 (Fisher et al., 1992) PL >10
Ezetimibe Niemann Pick C-1 Like 1 (Garc'aéggg’f etal, Sterol  12.5+24
N- I . Glucosylceramide Synthase (Platt et al., 1994) SL > 25
_Butyldeoxynojirimycin
DL-threo-1-Phenyl-2-
palmitoylamino-3- Glucosylceramide Synthase (Stefanic et al., 2010) SL 09+0.3
‘morpholino-1-propanol
GT11 Dihydroceramide Desaturase (Bedia et al., 2005) SL >8

N-(4-hydroxyphenyl) Unknown (ceramide (Delgado et al., 2006) SL 35408

_________ retinamide accumulation)
_________ MSDH-C Dihydroceramide synthase (Betz et al., 2003) SL >10
GW4869 Neutral Sphingomyelinase (Trajkovic et al., 2008) SL %%(())6(3)31
Epoxyquinone Neutral Sphingomyelinase (Cutler et al., 2014) SL 1.9+04
Spiroepoxide Neutral Sphingomyelinase (Delgado et al., 2006) SL >10
__Sphingolactone-24 Neutral Sphingomyelinase (Lin et al., 2011) SL >20
3-0O- . .
Methylsphingomyelin Neutral Sphingomyelinase (Delgado et al., 2006) SL 6.2+1.2
N,N-

Dimethylsphingosine Sphingosine Kinase (McDonald et al., 2010) SL 22+0.6
_________ (NNDMS)
_________ Ceranib Ceramidase (Draper et al., 2011) SL 146+23

NVP-231 Ceramide Kinase (Pastukhov et al., 2014) SL >10
Tricyclodecan-9-yl- Sphingomyelin Synthase (Adibhatla et al., 2012) SL > 25

xanthogenate

Compounds were tested against Plasmodium falciparum asexual blood stage N54 parasites in 72-hr assays

over 10 two—fold concentrations, as described in the Supplemental Experimental Procedures. MeantSEM ICs,
values were determined from four independent experiments performed in duplicate. GL, glycerolipid (i.e.

neutral lipid), SL, sphingolipid, PL, phospholipid. **CAY 10499 exhibited a 5-fold shift in IC5y values between 48
hr and 96 hr, suggesting a delayed death phenotype.

10



SUPPLEMENTAL EXPERIMENTAL PROCEDURES
Plasmodium falciparum Asexual Blood Stage Cultures and Synchronization and Saponin Lysis
Dd2 parasites were maintained in human red blood cells (RBCs), cultured in RPMI 1640 complete
medium containing 0.5% Albumax as described (Fidock et al., 1998) and expanded to 8-10%
parasitemia prior to harvesting. NF54 cultures were maintained in RPMI 1640 culture medium
supplemented with 10% human serum. NF54 and Dd2 cultures were synchronized with 5% D-sorbitol
(w/v) treatment for 10 minutes at 37°C for two or more successive growth cycles. Culture flasks were
incubated at 37°C with gentle shaking overnight to promote optimal re-invasion. To prepare ABS
parasite samples for lipid analysis, we typically began with 75 mL cultures at 8-10% parasitemia and

4-6% hematocrit (corresponding to 3.2-6.0x10" infected RBC). Cultures were centrifuged and the

medium removed. Cell pellets were then resuspended in 40 mL total (~10-fold excess) of 1xPBS
buffer containing 0.1% saponin and incubated for 10-15 minutes. Cells were then recentrifuged
to pellet the parasites, colored brown because of the internal hemozoin. A white layer of RBC
membrane could be seen that typically sediments above the parasite pellets; this layer was carefully
pipetted away while removing the supernatant. Pellets at this point were typically ~0.5-1.0 mL.
These were washed an additional 3-4 times, or until the supernatant became clear, with 15 mL 1xPBS
buffer to remove any residual hemoglobin and further remove RBC membrane, thus ensuring

a low residual RBC component in the final saponin-lysed parasite fraction.

Lipid analysis was also performed with magnet-purified trophozoite-infected RBCs. Comparisons with
the saponin-lysed parasite samples showed highly concordant results, with both preparations showing
the same major lipid species and very similar Mol% values of total lipid measured (Figure S1D). Both
methods also yielded similar amounts of individual lipid species in parasite preparations vs. uninfected
RBCs. Magnet enrichment, however, cannot be used to purify young ring-stage parasites.
Furthermore, the purification procedure required 1-2 hours to complete, during which time the
parasites were under undue stress due to being in an oxygenated environment at ambient

temperature, and added a new variable into the time course. Saponin lysis was therefore chosen as



the reference method that could be used equally across all stages of intra-erythrocytic parasite
development. Of note, saponin lysis is an established method to lyse the RBC membrane and leave
the parasite membrane intact for further lipidomic, metabolomic or proteomic analysis (Botte et al.,

2013; Vo Duy et al., 2012; Wu et al., 2006).

Gametocyte Commitment and Harvesting

To produce P. falciparum gametocytes, 300 mL cultures of asexual blood stage (ABS) NF54 parasites
were first synchronized with 5% D-sorbitol (w/v) treatment for 10 minutes at 37°C for two or more
successive growth cycles. 2-3% synchronous trophozoites were then incubated overnight to obtain
about 8-10% ring-stage parasites. Cultures were stressed by replacing 50% of the spent medium with
fresh medium (referred to in the main text as “50% conditioned media”). This is a standard protocol to
induce gametocytes (Buchholz et al., 2011; Fivelman et al., 2007). On the next day (designated as
day —1), when parasites reached trophozoite stage, the medium was changed and the culture was
diluted 2—fold. On the following day, Day 0, 50 mM N-acetyl glucosamine (NAG) was added to ring-
stage parasites. NAG treatment was maintained for the next two to three cycles of reinvasion to
eliminate all asexual forms from the culture. Immature gametocytes (Stages I|-Il) and mature
gametocytes (Stage IV-V) were harvested on days 2—4 and 10-12 respectively. Harvested cultures
were lysed with 0.01% saponin, washed 3-4 times with 1xPBS and frozen. Gametocytemias at time of
harvest were 3—4% and was determined by flow cytometry (Eckland et al., 2011) and confirmed by
Giemsa stain. In brief, 100 uL of the gametocyte culture was added to a 96-well flat bottom plate. The
culture was stained with 1.6 yM Mito Tracker Deep Red (Molecular Probes, Eugene, OR, USA) and

2x SYBR Green (Invitrogen) diluted in culture medium.

Analysis of Lipids Using High Performance Liquid Chromatography-Mass Spectrometry
Lipids were extracted from uninfected RBCs, RBC microvesicles, Dd2 parasites, and gametocytes,
using methods described in (Hara and Radin, 1978). Briefly, 2 mL of isopropanol: hexane (1: 2) and 2

ml of KCI (2 M): MeOH (4: 1) were added to cell pellets. Samples were mixed and centrifuged at



4,000 RPM for five minutes. The organic (top) layer was removed and the pellet was re-extracted
with 2 ml of isopropanol:hexane (1: 2). The organic phase was dried with nitrogen gas and
resuspended in 500 uL hexane (Tinkelenberg et al., 2000). The samples were dried down again with
nitrogen gas and resuspended in 300 uL chloroform: methanol (2: 1). These organic solvents serve as
fixatives that ablate any protein activity in the cell, lipases included (Lux et al., 2014). As an extra
precaution, 1M KCI was included during the extraction procedure to block the binding of some acidic

lipids to denatured proteins (Hajra, 1974).

Lipid extracts were analyzed using a 6490 Triple Quadrupole LC/MS system and were spiked with
appropriate internal standards (Agilent Technologies, Santa Clara, CA). Glycerophospholipids and
sphingolipids were separated with normal-phase HPLC, essentially as described (Chan et al., 2012).
An Agilent Zorbax Rx-Sil column (inner diameter 2.1 x 100 mm) was used under the following
conditions: mobile phase A (chloroform: methanol: 1 M ammonium hydroxide, 89.9:10:0.1, v/v) and
mobile phase B (chloroform: methanol: water: ammonium hydroxide, 55:39.9:5:0.1, v/v); 95% A for 2
min, linear gradient to 30% A over 18 min and held for 3 min, and linear gradient to 95% A over 2 min
and held for 6 min. Sterols and glycerolipids were separated with reverse-phase HPLC using an
isocratic mobile phase (Chan et al., 2012) with an Agilent Zorbax Eclipse XDB-C18 column (4.6 x 100
mm). Quantification of lipid species was accomplished using multiple reaction monitoring (MRM)
transitions that were developed in earlier studies (Chan et al., 2012; Guan et al., 2007; Hsu et al.,
2004) in conjunction with referencing of appropriate internal standards: PA 14:0/14:0, PC 14:0/14:0,
PE 14:0/14:0, PG 15:0/15:0, Pl 16:0/16:0, PS 14:0/14:0, BMP 14:0/14:0, APG 14:0/14.0, LPC 17:0,
LPE 14:0, LPI 13:0, Cer d18:1/17:0, SM d18:1/12:0, dhSM d18:0/12:0, GalCer d18:1/12:0, GluCer
d18:1/12:0, LacCer d18:1/12:0, MG 17:0, 4ME 16:0 diether DG, Ds-TG 16:0/18:0/16:0 (Avanti Polar

Lipids, Alabaster, AL).

Individual lipid species for ABS parasites and gametocytes are provided in Tables S1 and S3

respectively. Of note, for DAG and TAG lipid species we presented the parent (or composite) fatty



acid ion and the most abundant daughter fatty acid ion. This method will not cover the entire DAG and
TAG combinations but proved necessary, as DAG and TAG do not produce specific diagnostic
daughter ions, unlike phospholipids. For example, for the lipid species DAG 36:0/18:0, 36:0
represents the parent ion, which is the composite of both fatty acid chains present, and 18:0
represents the most abundant daughter or individual fatty acid chain found in that molecule. In the
case of TAG, with the lipid species TAG 60:9/22:6 for example, 60:9 represents the parent ion, which
is the composite of all three fatty acid chains present, and 22:6 represents one possible daughter ion
or individual fatty acid chain found in the parent ion. Because of the extensive number of
possible fatty acid permutations for TAGs, we typically documented the parent/daughter pair that
represented the greatest number of combinations of a specific TAG molecule. In both cases, the
daughter ion was determined by the fragmentation of the parent ion and the m/z value corresponding

to the respective daughter ion.

Measurement of S1P Levels in NNDMS-Treated P. falciparum ABS Parasites and Gametocytes.
Synchronized P. falciparum ABS parasites, tested at the early ring stage (4-8 hours post invasion),
were exposed to the Sphingosine 1 kinase inhibitor NNDMS (N,N-Dimethylsphingosine, 5 xICsy, equal
to 11 uM), or malaria culture medium as a control, for 12 hr. Parasites were then harvested, the lipids
extracted, and samples subjected to mass spectrometry with internal standards, as detailed below.
Separately, early to mid stage gametocytes (stages II-1V) were also generated in vitro and the lipids
extracted and quantified by mass spectrometry. Experiments were performed on two separate

occasions in triplicate.

S1P levels were measured as reported (Bui et al., 2012). Briefly, samples were extracted in 2 mL 96-
well plates overnight in a 1:30 v/v solution of dichloromethanol: methanol 1:1, diethylamide 10%, and
vortexed at room temperature using C12 sphingomyelin (Avanti Polar Lipids) as internal standard.
After centrifuging the plate for 10 min, 100 uL of supernatant was transferred into a clean plate, and a

3 ulL aliquot was chromatographed on an Agilent 1200 HPLC using a Poroshell 120 EC-C18 column.



S1P peaks were detected by Agilent 6430 triple quadrupole-tandem mass spectrometry, with external
standards run in parallel to provide a quantitation from 14-250 pmol. Measurements were performed
in triplicates and normalized to protein. Mean+tSEM S1P levels in untreated ABS parasites, NNDMS-
treated ABS parasites, and untreated gametocytes were 9,911+3,295, 4,471+737 and 2,128+468
picomoles of S1P / mg of total parasite protein. Statistical significance was determined using Student
t tests that compared untreated ABS parasites vs. either NNDMS-treated ABS ring-stage parasites or
gametocytes. This showed significantly lower S1P levels in both NNDMS-treated ABS parasites and

untreated gametocytes as compared with untreated ABS parasites, with a p value < 0.05

Data Analysis

Oultliers (2 standard deviations from the mean) within each time point and lipid species for each
sample time (uninfected RBC, infected RBC, parasite, early/late gametocytes and supernatant) were
filtered prior to lipidomic analyses. Data were represented using the following equations (Guan et al.,

2013).

.. . . .. lipidy (mol) .
o —
Mol% of the lipid species n as a function of total lipids = S membrane lipids (mol) (Equation 1)

Y. lipid species in classN (mol)

Mol% of lipid class N as a function of total lipids = (Equation 2)

Y. membrane lipids (mol)

Mol% moving average of lipid species n = average mol% of lipid species n across time (Equation 3)

mol% at time t (Eq.1)
mol% of moving average (Eq.3)

Relative deviation from moving average = LOG?2 ( ) (Equation 4)

Comparison of the means of lipid species and classes were performed between times (8, 16, 24, 32,
40 and 48 hr), as well as between uninfected RBCs (controls) and saponin-lysed parasites.
Additionally, means of lipid species and classes were compared between early and late gametocytes.
Statistical tests were performed using a one-way analysis of variants (ANOVA) and Student { tests in
MATLAB R2012b and a p-value less than 0.05 was considered to be statistically significant.

Additionally the mol% for chain length and saturation categories were calculated within each lipid



class, and statistical comparisons were made to identify changing length/saturation across time and

between RBC, saponin-lysed parasites, and gametocytes.

Determination of Stage Specific Inhibition by Drugs

A highly synchronized ring-stage P. falciparum Dd2 culture was diluted to 3% parasitemia with a 2%
hematocrit in a 24 well plate. Orlistat or GW4869 were added at 6 uM and 1 uM concentrations
respectively, at different time intervals for 48 hr after merozoite invasion. Culture media and drug was

changed every 8 hr. Parasite development was monitored every 8 hr by Giemsa staining.

Lipid labeling and Thin Layer Chromatography

Five ml cultures of synchronized Dd2 parasites (at 4-5% parasitemia) were cultured in complete
media. At 6 hr post-invasion (hpi), the media was supplemented with 1 pCi/mL [9,10-3H]Oleic
acid (Perkin Elmer Life Sciences). In addition, we added 6 pM Orlistat (8xICsp) or 136 nM
Azithromycin (8xICs0) or DMSO vehicle. ICsg values represent the drug concentration that produced
half-maximal inhibition of parasite growth in 72 hr assays (as described below) (new). The culture
media was changed every 8 hr. Parasites were harvested at 24 hpi for all conditions. Orlistat-treated
and untreated cultures were also harvested at 56 hpi. Azithromycin treated-parasites and untreated
parasites were harvested at 72 hpi. Harvested parasites were washed and lysed in 0.1% Saponin.
Parasite pellets were washed 3—4 times with 1xPBS and stored at -80°C. Lipids were extracted as
described above. The organic phases were dried down and resolved by thin layer chromatography in
petroleum ether/diethyl ether/acetic acid (84:15:1). Lipids were detected using iodine staining and
quantified via scintillation counting, as described in (Freeman and West, 1966; Wilcox et al., 2002).

Separately, extracted lipids were quantified by mass spectrometry (see Figure S4).



Physical Disruption/Merozoite Release Assay

Synchronized trophozoite cultures (starting 36-40 hpi) were treated with either DMSO, 1 uM E-64 (a
protease inhibitor that blocks merozoite release from schizonts and parasite egress from infected
RBCs; (Blackman, 2008)), 125 nM KAI407 (a PI4(K) inhibitor that blocks parasite membrane
ingression and merozoite egress (McNamara et al., 2013; Zou et al., 2014), or 6 uM Orlistat (8xICsp).
At 56 hpi, parasites were collected and passed through a 1.2 um filter as previously described (Boyle
et al., 2010). The cultures were incubated for an additional 72 hr and parasitemias were determined

by flow cytometry.

Imaging of PFATP4-GFP Labeled Plasma Membrane in Orlistat-Treated Parasites

Sorbitol-synchronized parasites expressing the plasma membrane protein PfATP4, fused to GFP
(Rottmann et al., 2010), were treated at 24 hpi with either 6 uM Orlistat or DMSO (control), and
incubated for an additional 28 hr. Cells were imaged using a Nikon TiE PFS inverted microscope

equipped with a CoolSNAP HQ2 monochrome camera.

ABS and Gametocyte In Vitro Drug Susceptibility Assays

In vitro ICsp values were determined by incubating ABS parasites or gametocytes (for 48, 72 or 96 hr,
as designated in the text) with compounds diluted 2—fold across 10 concentrations. Methylene Blue
was added as a positive control (Adjalley et al., 2011), with a maximum concentration of 250 nM.
Assays were performed in duplicate on three independent occasions. Final parasitemias in drug-
treated or control untreated wells were determined using flow cytometry. For this, cells were stained
with 1.6 yM Mito Tracker Deep Red and 2xSYBR Green (Invitrogen) in culture media, and analyzed
on an Accuri C6 flow cytometer (Ekland et al., 2011). In vitro ICsp values were calculated by non-

linear regression analysis and Student t-tests were employed for statistical analysis.



Preparation of RMVs and Other Cellular Samples

RMVs (microvesicles derived from RBCs) were isolated by a combination of sequential rounds of
centrifugation at increasing speed, high molecular weight cut-off filters and a one-step sucrose
gradient. Purity of resulting samples was controlled by Western blot analysis of different fractions.
Samples were probed with anti-Histone H3 (a marker for merozoites and schizonts), anti-Stomatin (a
marker for the RMV fraction), and anti-RESA (a marker for iRMVs, i.e. RMVs from cultures of infected

RBCs), as previously described (Mantel et al., 2013).

Staining Neutral Lipids with BODIPY 493/503
Synchronized trophozoite cultures (32 hpi) and gametocytes were stained with 2 ug/ml BODIPY
495/503 and 2 pug/ml Hoechst 33342 in RPMI 1640 incomplete medium (lacking Albumax). Cells were

incubated for ten minutes at 37°C and imaged immediately.
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