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Supplemental Table S1. Labeling of PC, PE, PS, their precursors and the reaction intermediates

found in P. falciparum-iRBC.

Metabolite labeling (%)
UL ds ds do
PC 89.5+3.0 06+0.3 45+1.4 54+21
PE 56.8+12.0 85+1.0 34.7+11.0 NA
PS 86 + 3.4 14034 NA NA
Cho 92.4+23 NA NA 76+23
P-Cho 89.2+13 0.8+0.5 46+18 55+15
CDP-Cho 87.7x7.7 0.7+0.7 6.0+ 0.3 6.9+6.0
P-Etn 42.7+15.5 6.7+ 4.6 50.7+15.2 NA
CDP-Etn 36.8+23.0 6.3+2.0 56.8 £21.0 NA
Ser 719+17.8 28.1+17.8 NA NA

Cells were cultured in presence of human serum and 20 uM Cho-dy, 10 uM Etn-ds and 140 uM Ser-

ds.Values are the mean of at least 3 independent experiments + s.d.

UL.: unlabeled; de: dg labeling (from choline-dg), d4 labeling (from ethanolamine-ds), ds labeling (from

serine-ds), NA: not applicable.




Supplemental Table S2. Phosphatidylcholine species in uRBC and P. falciparum-iRBC (3D7 and
pfpmtA strains). P. falciparum-iRBC were incubated 48h in culture medium supplemented with 10%
human serum in the presence of 20 UM Cho-dy, 10 UM Etn-ds and 140 uM Ser-ds. After incubation, PLs
were extracted, identified and quantified by LC-MS/MS. Gray color indicate the main changes in PC

molecular species between RBCs and iRBCs.

RBC 3D7 P. f.-iRBC pfpmt4 P. f.-iRBC
(% of total PC) (% of total PC) (% of total PC)
s.e.m. s.e.m. .e.m.
Mean (n=3) Mean (n=7) Mean ?::rg)
PC 14:0-16:1 3.67 0.56 0.92 0.16 0.66 0.11
PC 16:0/16:0 4.28 0.11 13.01 1.29 15.39 1.27
PC 14:0-18:1 1.11 0.24 1.96 0.48 1.25 0.05
PC 14:0-18:2 0.16 0.01 0.28 0.05 0.17 0.01
PC 16:0-18:0 5.78 2.31 11.70 3.22 9.12 1.40
PC 16:0-18:1 22.57 1.21 32.42 1.94 29.60 0.81
PC 16:0-18:2 22.91 0.49 14.99 0.89 13.95 0.79
PC 18:0-18:1 5.46 0.55 6.12 0.33 6.52 0.54
PC 18:0-18:2 +
PC 18:1/18:1 10.75 1.02 5.89 0.33 5.71 0.39
PC 16:0-20:3 +
PC 18:1-18:2 6.46 0.37 3.21 0.19 3.71 0.36
PC 16:1-20:3 +
PC 16:0-20:4 +
PC 18:2/18:2 7.41 0.73 4.28 0.30 6.73 1.12
PC 38:3 1.17 0.16 0.69 0.06 0.97 0.01
PC 18:0-20:4 +
PC 18:1-20:3 3.69 0.08 1.73 0.15 2.51 0.23
PC 38:5 1.91 0.27 1.15 0.10 1.61 0.15
PC 16:0-22:6 2.15 0.24 1.30 0.10 1.78 0.19
PC 40:4 0.15 0.01 0.07 0.01 0.10 0.01
PC 40:5 0.34 0.07 0.17 0.02 0.24 0.01

PC: phosphatidylcholine



Supplemental Table S3. Phosphatidylethanolamine species in uninfected RBC and P. falciparum-

iRBC (3D7 and pfpmta strains). P. falciparum-iRBC were incubated 48h in culture medium

supplemented with 10% human serum in the presence of 20 uM Cho-de, 10 uM Etn-d4 and 140 uM Ser-

ds. After incubation, PLs were extracted, identified and quantified by LC-MS/MS. Gray color indicate

the main change in PE molecular species between RBCs and iRBCs.

RBC 3D7 P. f.-iRBC pfpmtA P. f.-iRBC
(% of total PE) (% of total PE) (% of total PE)

Species Mean S(,fzrg) Mean s(rfzrg) Mean ?r?:rg)
PE 14:0/18:1 0.22 0.03 0.55 0.12 0.47 0.05
PE 14:0/18:2 0.09 0.01 0.50 0.14 0.47 0.08
PE 16:0/16:0 0.77 0.12 2.39 0.48 2.24 0.83
PE 16:0/18:0 0.24 0.01 0.43 0.14 1.05 0.34
PE 16:0/18:1 23.49 0.68 29.14 1.04 27.46 0.80
PE 16:0/18:2 8.17 0.38 26.90 091 24.60 1.49
PE 16:0/20:1 0.23 0.01 0.14 0.06 0.21 0.03
PE 16:0/20:3 0.39 0.20 0.42 0.12 0.00 0.00
PE 16:0/20:4 12.54 1.16 9.92 0.90 13.35 0.83
PE 16:0/22:4 3.84 0.12 0.83 0.09 0.64 0.06
PE 16:0/22:5 2.24 0.21 0.69 0.16 1.17 0.02
PE 16:0/22:6 2.58 0.39 1.12 0.12 1.13 0.06
PE 18:0/18:1 6.85 0.27 4.82 0.64 5.88 0.40
PE 18:0/18:2 2.25 0.15 3.32 0.25 4.89 0.43
PE 18:0/20:3 0.59 0.30 0.78 0.18 1.24 0.27
PE 18:0/20:4 9.02 0.38 4.11 0.38 4.72 0.71
PE 18:0/22:4 1.30 0.09 0.27 0.07 0.24 0.01
PE 18:1/18:1 7.57 0.55 3.23 0.46 2.87 0.34
PE 18:1/18:2 7.30 0.38 2.92 0.68 4.06 0.26
PE 18:1/20:3 0.93 0.07 0.12 0.06 0.00 0.00
PE 18:1/20:4 7.66 0.40 1.60 0.12 1.61 0.11
PE 18:1/22:4 1.08 0.09 0.10 0.04 0.12 0.01
PE 18:2/18:2 0.66 0.02 0.61 0.30 1.57 0.13

PE: phosphatidylethanolamine




Supplemental Table S4. Phosphatidylserine species in uninfected RBC and P. falciparum-iRBC

(3D7 and pfpmtA strains). P. falciparum-iRBC were incubated 48h in culture medium supplemented

with 10% human serum in the presence of 20 UM Cho-dy, 10 UM Etn-ds and 140 uM Ser-d;. After

incubation, PLs were extracted, identified and quantified by LC-MS/MS. Gray color indicate the main

changes in PS molecular species between RBCs and iRBCs.

RBC 3D7 P. f.-iRBC pfpmtA P. f.-iRBC
(% of total PS) (% of total PS) (% of total PS)

Species Mean S(,fzrg) Mean s(rfzr;') Mean ?::rg)
PS 16:0-18:0 3.85 0.77 3.54 0.63 4.25 0.53
PS 16:0-18:1 0.81 0.16 10.62 1.41 12.85 1.42
PS 16:0-18:2 0.00 0.00 4.56 0.89 5.90 0.94
PS 16:0-20:1 0.00 0.00 0.19 0.16 0.00 0.00
PS 16:0-22:4 0.15 0.10 0.00 0.00 0.00 0.00
PS 16:0-22:5 0.00 0.00 0.03 0.03 0.00 0.00
PS 16:0-22:6 0.00 0.00 0.39 0.30 0.00 0.00
PS 18:0-18:1 9.44 0.69 14.96 0.93 16.36 1.46
PS 18:0-18:2 2.85 0.12 9.26 0.51 11.28 0.20
PS 18:0-20:3 6.60 0.37 4.83 0.69 5.33 0.26
PS 18:0-20:4 63.11 1.97 32.72 2.45 29.04 1.61
PS 18:0-22:4 8.58 0.76 4.66 0.86 3.17 0.39
PS 18:1/18:1 0.79 0.07 5.83 1.02 3.91 0.15
PS 18:1-18:2 0.16 0.03 341 0.63 3.47 0.12
PS 18:1-20:3 0.40 0.11 0.50 0.19 0.00 0.00
PS 18:1-20:4 3.86 1.02 3.80 0.39 4.44 0.43
PS 18:1-22:4 0.29 0.15 0.00 0.00 0.00 0.00
PS 18:2/18:2 0.00 0.00 0.24 0.12 0.00 0.00

PS: phosphatidylserine




Supplemental Table S5. Molecular species of PC in the 3D7 strain according to the precursor of PLs. P. falciparum-iRBC were incubated 48h in culture
medium supplemented with 10% human serum in the presence of 20 uM Cho-dy, 10 UM Etn-ds and 140 uM Ser-ds. After incubation, PLs were extracted,
identified and quantified by LC-MS/MS. Values are the mean * s.e.m. (n=4). Gray color indicate the main changes in PC molecular species between unlabeled

and labeled PC.

Unlabeled PC PC-ds PC-d4 PC-dy

mean (%) | s.e.m (%) | mean (%) | s.e.m (%) | mean (%) | s.e.m (%) | mean (%) | s.e.m (%)
PC 14:0-16:1 0.64 0.19 0 0 0.06 0.04 0.05 0.03
PC 16:0/16:0 12.05 1.46 13.01 0.99 12.78 1.72 12.79 1.83
PC 14:0-18:1 2.26 0.67 1.15 0.39 2.53 0.62 2.57 0.53
PC 14:0-18:2 0.32 0.07 0.07 0.07 0.24 0.08 0.26 0.09
PC 16:0-18:0 13.04 3.29 4.87 2.14 3.70 0.98 3.63 0.82
PC 16:0-18:1 32.67 3.07 43.45 5.35 40.22 1.22 40.63 1.63
PC 16:0-18:2 14.76 1.12 17.59 2.21 16.76 1.36 15.83 0.89
PC 18:0-18:1 5.87 0.29 5.89 0.41 5.81 0.71 6.31 0.32
PC 18:0-18:2 + PC 18:1/18:1 5.82 0.54 491 1.86 5.76 0.16 5.82 0.21
PC 16:0-20:3 + PC 18:1-18:2 3.27 0.43 2.58 0.89 3.29 0.16 3.43 0.16
PC 16:1-20:3 + PC 16:0-20:4 +
PC 18:2/18:2 4.15 0.44 3.04 1.25 4.51 0.18 4.36 0.13
PC 36:8 0.18 0.00 0 0 0.19 0.00 0.20 0.00
PC 38:3 0.65 0.08 0.14 0.14 0.40 0.15 0.38 0.13
PC 18:0-20:4 +
PC 18:1-20:3 1.66 0.29 1.31 0.58 1.39 0.18 1.23 0.42
PC 38:5 1.23 0.23 0.56 0.42 0.92 0.33 1.00 0.35
PC 16:0-22:6 1.35 0.22 0.84 0.50 1.38 0.26 1.44 0.14
PC 40:4 0.06 0.02 0 0 0.05 0.02 0.06 0.03
PC 40:5 0.16 0.04 0 0 0.14 0.06 0.17 0.06
Total 100% 100% 100% 100%




Supplemental Table S6. Molecular species of PC in pfpmtA strain according to the source of PLs. P.
falciparum-iRBC were incubated 48h in culture medium supplemented with 10% human serum in the
presence of 20 uM Cho-dg, 10 uM Etn-ds and 140 uM Ser-ds. After incubation, phospholipids were

extracted, identified and quantified by LC-MS/MS. Results are mean + s.e.m. (n=3).

Unlabeled PC PC-dy
mean (%) |s.e.m (%) |[mean (%) |s.e.m (%)

PC 14:0-16:1 0.67 0.11 0.00 0.00
PC 16:0/16:0 15.47 1.27 11.15 1.53
PC 14:0-18:1 1.24 0.04 1.96 0.75
PC 14:0-18:2 0.17 0.01 0.00 0.00
PC 16:0-18:0 9.16 1.42 7.54 0.99
PC 16:0-18:1 29.62 0.77 28.18 3.90
PC 16:0-18:2 13.95 0.79 13.87 0.79
PC 18:0-18:1 6.54 0.54 5.66 0.73
PC 18:0-18:2 + PC 18:1/18:1 5.69 0.41 6.79 0.58
PC 16:0-20:3 + PC 18:1-18:2 3.69 0.37 4.58 0.36
PC 16:1-20:3 + PC 16:0-20:4 + PC

18:2/18:2 6.68 1.12 9.24 1.36
PC 38:3 0.93 0.03 2.84 0.73
PC 18:0-20:4 + PC 18:1-20:3 251 0.23 2.58 0.12
PC 38:5 1.58 0.16 2.83 0.45
PC 16:0-22:6 1.76 0.20 2.55 0.09
PC 40:4 0.11 0.01 0.00 0.00
PC 40:5 0.24 0.01 0.22 0.22
Total 100% 100%




Supplemental Table S7. Molecular species of PE in 3D7 strain according to the source of PLs. P.

falciparum-iRBC were incubated 48h in culture medium supplemented with 10% human serum in the

presence of 20 uM Cho-dg, 10 UM Etn-ds and 140 uM Ser-ds. After incubation, phospholipids were

extracted, identified and quantified by LC-MS/MS. Results are mean + s.e.m. (n=4). Gray color indicate

the main change in PE molecular species between unlabeled and labeled PE.

Unlabeled PE PE-ds; PE-d,

mean (%) | s.e.m (%) | mean (%) | s.e.m (%) | mean (%) | s.e.m (%)
PE 14:0-18:1 0.64 0.10 0.47 0.24 0.60 0.17
PE 14:0-18:2 0.48 0.09 0.50 0.32 0.51 0.21
PE 16:0/16:0 1.97 0.52 2.17 0.61 2.03 0.54
PE 16:0-18:0 0.59 0.19 0.07 0.07 0.48 0.14
PE 16:0-18:1 30.25 0.94 31.01 2.12 31.80 151
PE 16:0-18:2 24.51 1.47 24.00 1.41 31.43 1.98
PE 16:0-20:1 0.18 0.08 0.05 0.05 0.12 0.07
PE 16:0-20:3 0.55 0.19 0.73 0.73 0.40 0.23
PE 16:0-20:4 9.38 0.79 10.55 2.02 9.50 1.09
PE 16:0-22:4 1.30 0.08 0.43 0.16 0.77 0.20
PE 16:0-22:5 0.76 0.27 0.25 0.14 0.44 0.17
PE 16:0-22:6 1.25 0.16 0.76 0.57 1.19 0.35
PE 18:0-18:1 6.57 0.81 7.26 0.16 4.57 0.41
PE 18:0-18:2 4.01 0.64 4.24 1.03 2.92 0.53
PE 18:0-20:3 0.91 0.09 0.22 0.13 0.84 0.30
PE 18:0-20:4 4.97 0.33 4.56 2.53 3.00 0.48
PE 18:0-22:4 0.53 0.05 0.05 0.05 0.19 0.04
PE 18:1/18:1 4.83 1.01 5.86 1.24 2.52 0.40
PE 18:1-18:2 3.18 0.14 4.32 0.31 4.13 2.57
PE 18:1-20:3 0.33 0.11 0.08 0.05 0.20 0.11
PE 18:1-20:4 2.07 0.16 1.73 0.32 1.03 0.25
PE 18:1-22:4 0.25 0.05 0.01 0.01 0.00 0.00
PE 18:2/18:2 0.52 0.05 0.71 0.29 1.35 1.22
Total 100% 100% 100%




Supplemental Table S8. Molecular species of PS in 3D7 strain according to the source of PLs. P.
falciparum-iRBC were incubated 48h in culture medium supplemented with 10% human serum in the
presence of 20 UM Cho-dy, 10 UM Etn-ds and 140 UM Ser-ds. After incubation, phospholipids were
extracted, identified and quantified by LC-MS/MS. Results are mean = s.e.m. (n=4). Significant differences

are shown ns: not significant, * p<0.05, ** p<0.01, *** p<0.001, **** p<0.0001.

Unlabeled PS PS-ds %‘ﬁc?;‘;:frf‘c”et
mean (%) | s.e.m (%) | mean (%) | s.e.m (%)

PS 16:0-18:0 2.91 0.75 0.00 0.00 **
PS 16:0-18:1 11.23 0.92 20.45 0.99 **
PS 16:0-18:2 3.74 0.18 5.28 1.21 ns
PS 16:0-20:1 1.95 0.85 1.29 0.71 ns
PS 18:0-18:1 15.58 0.68 20.92 3.89 ns
PS 18:0-18:2 8.65 0.30 15.11 020 ****
PS 18:0-20:3 450 0.26 0.11 0.11| ™
PS 18:0-20:4 31.79 0.76 10.80 5.40 **
PS 18:0-22:4 4.13 0.65 0.00 0.00 **
PS 18:1/18:1 6.98 1.46 14.05 1.18 *
PS 18:1-18:2 3.24 0.20 7.21 1.11 **
PS 18:1-20:3 0.90 0.18 0.00 0.00 **
PS 18:1-20:4 3.74 0.41 478 1.01 ns
Total 100% 100%




Supplemental Table 9. Molecular species of PS in pfpmtA strain according to the source of PLs. P.

falciparum-iRBC were incubated 48h in culture medium supplemented with 10% human serum in the

presence of 20 uM Cho-dy, 10 UM Etn-d, and 140 uM Ser-ds. After incubation, phospholipids were

extracted, identified and quantified by LC-MS/MS. Results are mean + s.e.m. (n=3).

PS-do PS-d; Significant

mean (%) | s.e.m (%) | mean (%) | s.e.m (%) difference
PS 16:0-18:0 491 0.65 0.00 0.00 **
PS 16:0-18:1 12.04 1.52 18.14 0.58 *
PS 16:0-18:2 5.57 0.77 7.82 1.89 ns
PS 18:0-18:1 15.88 1.49 19.49 1.53 ns
PS 18:0-18:2 11.25 0.09 11.62 0.90 ns
PS 18:0-20:3 5.55 0.15 3.98 1.01 ns
PS 18:0-20:4 30.26 1.65 21.09 1.06 *x
PS 18:0-22:4 3.65 0.41 0.00 0.00 ool
PS 18:1/18:1 3.44 0.21 6.94 0.08 lalalale
PS 18:1-18:2 3.29 0.11 4.64 0.26 xx
PS 18:1-20:4 416 0.40 6.28 0.59 *
Total 100% 100%
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Supplemental Figure S1: Principle of deuterium labeling of P. falciparum PL metabolism.

P. falciparum-iRBCs were incubated 48 h or 96 h in several culture media in the presence of 20 uM
Cho-dg, 10 pM Etn-d, and 140 uM Ser-d,. After incubation, PL and reaction intermediates were
extracted and quantified by LC-MS/MS. (A) Molecules labeled with “dy” were synthesized from
Cho-dy. (B) Molecules labeled with “d,” were synthesized from Etn-d,. (C) Molecules labeled with
“d,” were synthesized from Ser-d;. The contributions of Cho-dg, Etn-d, and Ser-d, to biosynthesis of
PLs can thus be determined.



Unlabeled

From Ser-d;

100 From Etn-d4 100 i i
From Cho-dg4

80 1 80

60 1 60

40 401

201 201

O 0 T T

9 & & +
R V\Q R ‘?~\Q

i}
ER00

% of iRBC PL
Choline (%)

@] & =) RSN
Q Q Q L 1l I L ¥
CM RBC IRBC
C D
157 1207 l
S tood s — T — L =
:: - ||
‘_% °S’ 60
o 5 | T |
g 51 »n 40T
pie 1T
= 20
0- 0 T T T T T T
o o+ o G+ o G o (t+
& O S NER MEE AU
v ! 1 s 1L ¥ Il ¥ 1
CcM cM RBC iRBC
E
1201
w1 I
o | T |
= 80T
)
S 601
©
o
— 401
(@]
R 201
0 T T T

PC PE PS

Supplemental Figure S2: Quantification and origin of PC, PE and PS in P. falciparum-iRBC and
isolated parasites. P. falciparum-iRBC were incubated 48h in culture medium supplemented with 0.5%
albumax | in the presence of 20 uM Cho-dg, 10 uM Etn-d, and 140 pM Ser-d,. After incubation, a fraction
was treated with saponin to obtain isolated parasites. After extraction, phospholipids and reaction
intermediates were quantified by LC-MS/MS. (A) Quantification of total PC, PE and PS in iRBC. (B to D)
Quantification of the precursors Cho (B), Etn (C) and serine (D) in culture medium (CM) and RBC in the
presence of 10% human serum (HS) or 0.5% albumax (Albx) (E) Quantification of total PC, PE and PS in
isolated parasites. The same color code is used for all the panels.
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Supplemental Figure S3: Effect of varying precursor concentrations on the PC, PE and PS biosynthesis
pathways in P. falciparum-iRBC. P. falciparum-iRBCs were incubated 96 h in culture medium supplemented
with 10% human serum in the presence of increasing concentrations of Cho-d,, Etn-d, or Ser-d; while the two
others labeled precursors remained at fixed concentrations. Fixed concentrations were 20 pM Cho-dg, 10 pM Etn-
d, and 140 uM Ser-d,. After incubation, PLs were quantified by LC-MS/MS. (A) Impact of Ser-d; concentration
on PC biosynthesis. (B) Impact of Cho-dy concentration on PE biosynthesis. (C) Impact of Cho-dg and Etn-d, (D)
concentrations on PS biosynthesis. Results are shown as means + s.d. of three independant experiments. The same
color code was used for all the panels.
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