
SUPPLEMENTAL METHODS 
 
 
Screen for inhibitors of LmjMTHFR - Compounds were designated by the numbers assigned in 

ref. (29). Before the assay, inhibitor stock solutions 31, 34, 35, 36, 66, 67, 68, and 70 (in alcohol) 

were dried in vacuo and redissolved in DMSO at a concentration of 10 mM. The stock of com-

pound 25 (2.9 mM in water) was evaporated until a concentration of 4 mM was reached. All 

inhibitors were tested in duplicate at 100 μM final concentration in the radiometric assay. 

Addition of DMSO to 1% (v/v) had no effect on enzyme activity. 

Expression and purification of recombinant LmjMTHFR - The pAVA0421.LmjMTHFR (B5503) 

vector was transformed into E. coli strain BL21(DE3)pLysS. Cells were grown at 37°C in 800 

ml LB media containing 100 μg ml-1 carbenicillin and 12.5 μg ml-1 chloramphenicol to an OD of 

0.6. After cooling to 25°C, expression was induced for 4 h with 1 mM isopropyl-β-D-

galactopyranoside and the cells then harvested and frozen. 

Frozen cells were thawed on ice and resuspended in 30 ml of lysis buffer (75 mM Na-

phosphate, pH 7.5, 500 mM NaCl, 1 mM benzamidine, 3 μg ml-1 leupeptin, 250 μM 4-(2-amino-

ethyl)benzenesulphonyl fluoride, 10 U ml-1 DNAase I (Sigma), 10,000 U ml-1 lysozyme (Sigma), 

1 mM 2-mercaptoethanol). The cells were then lysed by sonication, (4 x 30 s bursts), with 

cooling to <4°C between pulses. After centrifugation (30,000 x g, 1 h, 4°C ), clarified extract 

was applied at 2 ml min-1 at room temperature to a nickel-charged 20 ml (1.2 x 11 cm) Ni-NTA 

chelating agarose column (Qiagen) equilibrated with binding buffer (50 mM Na-phosphate, pH 

7.5, 200 mM NaCl). Unbound protein was removed by washing with 50 ml of binding buffer and 

then 20 ml of binding buffer containing 5 mM imidazole. Retained proteins were eluted with 20 

ml of binding buffer containing 500 mM imidazole. Fractions containing MTHFR were pooled 



and then dialyzed overnight at 4°C against one liter 50 mM Na-phosphate, pH 7.2 containing 300 

μM EDTA. 

Generation of mthfr- null mutant and add-backs – The 5' LmjMTHFR flanking sequence was 

amplified and cloned, as described above, into pGEM-T (Promega) to produce pGEM-

T.5'.LmjMTHFR (B4827): using the primers SMB1786 (5'-CCATCGATGGTATATACTACT-

ACGATGTGAG) and SMB1785 (5'-GGGGTACCCCATGTCGCTAGATATCTGCCCT) that 

added a ClaI and KpnI site, respectively. The 3' flanking sequence was cloned to produce 

pGEM-T.3'.LmjMTHFR (B4829) with the primers SMB1784 (5'-GAAGATCTTCCAAAAT-

TCTAAAGCGGCTCAA) and SMB1783 (5'-AGGCGCGCCTGTGAAGAATGTACATGAAC) 

that added a BglII and an AscI site, respectively. The 5' flanking region was then digested from 

pGEM-T.5'.LmjMTHFR and cloned into pGEM-T.3'.LmjMTHFR in a “head-to-tail” manner, to 

produce pGEM-T.5'-3'.LmjMTHFR (B5051). Then the HYG and PAC ORFs were inserted 

separately between the two flanking regions in pGEM-T.5'-3'.LmjMTHFR, producing the two 

deletion constructs pGEM-T.5'-PAC-3'.LmjMTHFR (B5090) and pGEM-T.5'-HYG-

3'.LmjMTHFR (B5092). 

The pGEMT.5'-PAC-3'.LmjMTHFR construct was digested with NcoI and SacI and the 

purified 2.2 kb targeting fragment transfected into L. major FV1. Heterozygotes 

(MTHFR/∆mthfr::PAC) were isolated by plating on semi-solid M199 media containing 30 μg 

ml-1 puromycin, as previously described (27,70). A heterozygote clonal line was then 

transformed with the 2.6 kb targeting fragment produced by ClaI/SacI/AdhI digestion of 

pGEMT.5'-HYG-3'.LmjMTHFR. The mthfr-  homozygotes (∆mthfr::PAC/∆mthfr::HYG) were 

isolated by plating on media containing 30 μg ml-1 of both hygromycin and puromycin. Two 

clonal lines were selected for further analysis, clone 1 and clone 3. Gene replacement was 
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confirmed by southern blot using a probe that flanked the targeting constructs (probe was 

amplified with primers SMB2135 5'-TCACAACTTCCCTCTCGCCTTATCACCTCG and 

SMB2136 5'-ACGGCACGTAATGGAGGCCCCGATGCAGAG) and also by PCR with the 

primers SMB2213 (5'-ATGCATCAGTCGCCAGTCTTCCTC) and SMB2214 (5'-GGCTCC-

CGCGTCCACCTTCTC) that amplify a 438 bp fragment of the LmjMTHFR ORF. Since both 

mthfr- lines had the expected genotype, clone 1 was used for all further work. The mthfr-

/+MTHFR add-back clonal line (∆mthfr::PAC/∆mthfr::HYG pXG.MTHFR) was generated by 

transformation of the clone 1 mthfr- homozygote with pXG.MTHFR (see methods) and plating on 

media containing 12.5 μg ml-1 G418. After genetic modification, all lines were injected into 

mice, parasites recovered after one month (before lesion development) and then grown for less 

than 10 in vitro passages. 

Amino-acid analysis - 50 ml cultures were inoculated with 5 x 105 parasites ml-1. Samples were 

removed at once and after 4 days, when the parasites had ceased growth. Cells were removed by 

centrifugation (4,000 x g, 10 min) followed by filtration (0.45 μm pore size) and the samples 

then frozen. After thawing, protein was precipitated by addition of trichloroacetic acid to 10% 

(v/v) and the solution clarified by centrifugation (4,000 x g, 30 min). The amino acid content of 

the clarified extract was then determined using an AminoQuant II amino-acid analyzer (Hewlett 

Packard), with hydrolyzed human serum albumin as the analytical standard. 

 

 3



SUPPLEMENTAL DATA 
 
Table 1 - Sensitivity of WT, mthfr- and mthfr-/+MTHFR L. major FV1 to folate and pteridine 

analogues numbered according to (29). 

 
 
 

Compound 
WT  

EC 50 (nM) 

mthfr-  

EC50 (nM) 

mthfr-/+MTHFR 

EC50 (nM) 

MTX 26 ± 4 50 ± 1 70 ± 10 

25 (O/129) 200 ± 20 370 ± 20 130 ± 8 

70 140 ± 5 170 ± 13 230 ± 7 

34 260 ± 25 - 400 ± 30 
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SUPPLEMENTAL FIGURE LEGENDS 

Fig. 1. Purification of recombinant LmjMTHFR from E. coli.  Samples (10 μg protein in each 

lane) from the purification were separated in a 12% SDS-PAGE gel and stained with coomassie 

blue. Lane 1, clarified cell extract; lane 2, flow-through from nickel-affinity column; lane 3, 

wash fraction and lane 4, eluant from nickel-affinity column. 

 

Fig. 2. Spectral properties of oxidized and reduced LmjMTHFR.  The anaerobic spectrum of 

purified enzyme was recorded in deoxygenated assay buffer containing no additions (solid line), 

500 μM NADH (dashed line), or 500 μM NADPH (dashed line with dots). 

 

Fig. 3. Insensitivity of recombinant LmjMTHFR to pteridine analogs.  MTHFR in a crude yeast 

extract was assayed as described in Supplemental methods. Columns C and D (black) indicate 

the controls (without analog addition) obtained in the absence or presence of 1% DMSO, 

respectively. White columns refer to pteridine analogs (0.1 mM final concentration), numbered 

according to (29). Data represent the mean ± standard deviations. 

 

Fig. 4. Southern blot analysis of MTHFR locus in WT, heterozygote mthfr-/+ and homozygote 

mthfr-/- L. major FV1 lines.  Genomic DNA was digested with Sph1 (lanes 1-3) or PshA1 (lanes 

4-6), separated by electrophoresis, blotted and probed with a probe flanking the MTHFR locus. 

Lane 1,4, WT DNA: lane 2, 5, heterozygote DNA: lane 3,6 homozygote DNA. Molecular size 

markers (kb) are indicated on the left and positions of restriction fragments corresponding to the 

WT MTHFR locus as well as fragments corresponding to hygromycin- (HYG) and puromycin-

resistance cassette (PAC) MTHFR replacements are indicated on the right. 
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