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SUPPLEMENTAL FIGURES AND FIGURE LEGENDS
Figure S1

Figure S1. Strategies for the Generation of Transgenic Plasmodium berghei Parasites. Related to Figures 1 and 2.
(A) Integration strategy for the generation of transgenic parasites expressing a gene of interest (GOI) fused to an mCherry3xMyc tag (red). In addition recombinant parasites contain the drug-selectable hDHFR-yFcu cassette (blue) and a highexpressing GFP cassette (green). WT-specific and integration-specific (INT) primer combinations (Table S1) are indicated
by arrows and expected fragments by dotted lines.
(B) Diagnostic PCR of genomic DNA isolated from transgenic parasites to verify successful fusion of ADCS and ADCL
with mCherry-3xMyc, using the primer combinations shown in (A). Green frames indicate successful endogenous tagging.
(C) Recombination strategy for ADCS deletion and drug cassette removal in P. berghei. ADCS was targeted with a
replacement plasmid containing the 5' and 3' regions flanking the open reading frame. Upon positive selection,
pyrimethamine-resistant adcs– parasites (adcs–res.) harbor the drug-selectable hDHFR-yFcu cassette (blue), a high-expressing
GFP-cassette (green), and a non-expressed mCherry-3xMyc sequence (tag, red). Negative selection of adcs–res. parasites with
5-fluorocytosine removes large parts of the drug-selectable cassette via homologous recombination of a duplicated sequence
(DS), yielding pyrimethamine-sensitive adcs– parasites (adcs–sens.). Primer combinations (Table S1) specific for the WT
locus, integration (INT), and drug cassette recombination (REC) are indicated by arrows and expected fragments by dotted
lines. ADCL deletion was achieved with the respective PlasmoGEM vector and confirmed using a similar genotyping
strategy.
(D) Southern blot analysis confirms successful ADCS deletion. The 5’ ADCS probe was hybridized to XmnI-digested
genomic DNA of WT and adcs–res. parasites, revealing the expected size shift.
(E) Genotyping of WT and the adcs– parasite line before (adcs–res.) and after negative selection and subsequent clonal
isolation (adcs–sens.). Primer combinations were specific for 3' WT, 3' integration and drug cassette recombination, as
indicated in (C).
(F and G) ADCS-deficient parasites remain dependent on exogenous pABA in the absence of the drug-selectable cassette.
Blood stage propagation of pyrimethamine-sensitive Berred WT and adcs–sens. parasites was analyzed with the intravital
competition assay using conventional (F) or milk-based mouse diet (G). Mean values ± SD are shown. n.s., non-significant;
*, P<0.05; ANCOVA; n = 3.

Figure S2

Figure S2. Folate-Related Compounds in Mouse Diet and Serum. Related to Figures 2 and 3.
(A) Chemical structures and interconversion of folate-related compounds. Dietary para-aminobenzoate (pABA, moiety
shown in green) is converted to para-acetamidobenzoate (pACBA), para-aminohippurate (pAHA) and paraacetamidohippurate (pAAHA) by glycine conjugation and acetylation in vivo. Folic acid (FA) is a synthetic structural folate
analog. 5-methyltetrahydrofolate (5-MTHF) yields para-aminobenzoylglutamate (pABG) upon degradation in aqueous
solutions.
(B and C) Extracted ion chromatograms of folate-related compounds in mouse diets (B) and in the serum of mice receiving
different diets with or without metabolite supplementation (C). Naïve animals were fed for 7 days prior to serum collection
and ultra performance liquid chromatography / Orbitrap-mass spectrometry analysis. Metabolites were identified and
quantified by high resolution m/z detection using data obtained by co-elution profiles of authentic standard compounds. +
and – denote the positive and negative ion modes.
(D) Conversion of pABA and folate in vivo. Concentrations of pACBA in the sera of naïve mice receiving different diets
with or without metabolite supplementation. n.s., non-significant; *, P<0.05; **, P<0.01; ***, P<0.001; Student's t-test; n =
5. Mean values ± SD are shown.

Figure S3

Figure S3. ADCS Expression Is Not Dependent on pABA Availability. Related to Figure 2.
Live trophozoites expressing mCherry-3xMyc-tagged ADCS and cytoplasmic GFP (adcs-tag) were analyzed
microscopically by measuring the fluorescence intensities recorded in the mCherry channel. As a negative control, GFPexpressing Bergreen WT parasites were used (Kooij et al., 2012). Infected mice were fed with a milk-based diet and
received no pABA or 20 mg/l pABA via the drinking water. Lines show mean values. n.s., non-significant; **, P<0.001;
One-way ANOVA, Tukey's multiple comparison test; n = 45 parasites from 3 independent experiments.

Figure S4

Figure S4. Liver Stage Maturation Does Not Depend on ADCS or pABA In Vitro. Related to Figure 4.
Hepatoma cells were grown in culture medium containing 10% dialyzed fetal bovine serum with (+) or without (–) pABA
and were co-infected with Berred WT and adcs– sporozoites. Liver stages were imaged live 24, 48 and 65 hours after
infection.
(A) Unaltered morphology of cultivated WT and adcs– liver stages in the absence of pABA. Shown is the cytoplasmic
fluorescence (WT, mCherry, red; adcs–, GFP, green). Bar, 10 µm.
(B) Normal liver stage growth in the absence of ADCS and pABA in vitro. Shown are parasite sizes as quantified by area
occupied in live fluorescence micrographs. Lines show mean values. n.s., non-significant; WT vs. adcs–, paired t-test; + vs.
–, Student's t-test; n = 45 parasites from 3 independent experiments.
(C) Liver stage parasite quantity is independent of pABA in vitro. Shown are mean numbers of WT liver stages per well ±
SD. n.s., non-significant; Student's t-test; n = 8 wells from one infection experiment.

Table S1. Primer Sequences. Related to Figures 1 and 4.
Usec

Target

Reference

TVKO

5'PbADCS

This study

TVKO

5'PbADCS

This study

TVKO

3'PbADCS

This study

TVKO

3'PbADCS

This study

TVtagging

CT-PbADCS

This study

TVtagging

CT-PbADCS

This study

GTKO

5'PbADCS

This study

GTKO

NT-PbADCS

This study

GTKO

CT-PbADCS

This study

2,543

GTKO

3'PbADCS

This study

1,571

GTtagging

CT-PbADCS

This study

1,159

GTtagging

3'PbADCS

This study

TVtagging

5'PbADCL

This study

TVtagging

CT-PbADCL

This study

GTKO

NT-PbSAS4

This study

GTKO

CT-PbADCL

This study

GTKO

CT-PbADCL

This study

2,464

GTKO

NT-PBANKA_1322000

This study

2,422

GTtagging

5'PbADCL

This study

1,768

GTtagging

3'PbADCL

This study

ATGAAATACCGCTCCATTTTTCC

GTKO

5'PbDHFR-TS

Kenthirapalan et al., 2012

3'DHFS-F

GATAGCGATATAGCGAAAAGC

GTKO

3'PbDHFS-FPGS

Kooij et al., 2012

3'DHFR-TS-R

TCCTTCAATTTCGATGGGTACC

GTKO

3'PbDHFR-TS

This study

HA-tag-F

TAATCTGGAACATCATATGGATACC

GTKO

Hemagglutinin

This study

mCherryRev

CCCTCCATGTGAACCTTGAAG

GTKO / tagging

mCherry

Haussig et al., 2011

Pb18S-F

AAGCATTAAATAAAGCGAATACATCCTTAC

qPCR

Pb18S-rRNA

Friesen et al., 2010

Pb18S-R

GGAGATTGGTTTTGACGTTTATGTG

qPCR

Pb18S-rRNA

Friesen et al., 2010

MmGAPDH-F

CGTCCCGTAGACAAAATGGT

qPCR

MmGAPDH

Friesen et al., 2010

MmGAPDH-R

TTGATGGCAACAATCTCCAC

qPCR

MmGAPDH

Friesen et al., 2010

Primer Name

Primer Sequence (restriction sites underlined)

5'ADCS-F-SacII

ACAACACCGCGGAATATAAATTTATGGAAATTAGCAATTTTTCC

5'ADCS-R-HpaI

ATTACGGTTAACAACTTCTGAATAAAGCGATAAATATTG

3'ADCS-F-XhoI

ACTTATCTCGAGGATCCCTTTTCTTTTTAGAAATGTATG

3'ADCS-R-KpnI

AACAATGGTACCCCAAAAAAATGACGATAAATATATAATTTATG

CT-ADCS-F-EcoRI

ACATTAGAATTCATATTATTAGAAGTAAGCCAATTAAAGG

CT-ADCS-R-HpaI

ATCAAAGTTAACAATATTATACTGCACATTGGCATTAT

5'ADCS-F

CAATTAGAAGTTCAGATAAACAATGC

NT-ADCS-R

GCTACGAATTGGTTTTATCATTTTTC

CT-ADCS-F1

CATATTTTAAGGAACGATATAATGCC

3'ADCS-R1

GTTTAAAAGTATATGCCATACCACC

CT-ADCS-F2

GAACATAGTGAATAAGCGGCC

3'ADCS-R2

TGAACAAAAAAGCATATCCCAGG

5'-ADCL-F-NgoMIV

AATAAAGCCGGCAACGAGATCCCCAAGCTTG

CT-ADCL-R-HpaI

TTTTTAGTTAACATATTCACATGCATCATATTTTTCCTT

NT-SAS4-F

TCATCATCATTTTCACCTTGGC

CT-ADCL-R

TCCTTCAGTTATTTCATTGTCTCC

CT-ADCL-F

AGTTTTAAAGGGAACCATGAGGG

NT-PBANKA_1322000-R

ATGCGTTAGAAAATATGCAGC

5'ADCL-F

AATAAAAGAAAACATTCCCATGTCG

3'ADCL-R

CCATAAATGTGTGCAGATAAAGG

5’DHFRrev

a

Size WT (bp)a Size INT (bp)b
508
1,185
1,053
1,826
1,964
1,533

1,909

1663
2476
2754
2,379

134
110

2,586

Sizes of the PCR products of forward and reverse primers on WT genomic DNA.
Sizes of the respective integration-specific PCR products; forward 5’ gene specific primers and carboxy-terminal taggingspecific forward primers combined with mCherryRev or 3'DHFR-TS-R; reverse 3’ gene-specific primers combined with
5’DHFRrev, HA-tag-F or M13F (drug-resistant lines) or with 3'DHFS-F (drug-sensitive adcs–sens. line).
c
Primers used for construction of transfection vectors (TV), for genotyping (GT), or quantitative real-time PCR (qPCR).
b

