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Supplemental Figures and Tables 

Supplemental Figures 

Figure S1: Additional gel-based data and controls, related to Figures 1 & 2. Time-dependent 

labeling; competition with myristic acid; sensitivity of labeling to cycloheximide treatment; 

hydroxylamine treatment of lysates; YnMyr tagging of GP63; YnMyr tagging in L. major 

18AA-HASPB-GFP strains; structures of AzTB and YnTB. 

Figure S2: Proteomics data related to Figure 3. Volcano plots of YnMyr proteomics (t-test); 

prediction of S-palmitoylation for non-MG hits in amastigotes and promastigotes. 

Figure S3: Inhibition full gel and blot data, including controls related to Figure 4. 

Figure S4: Scatter plots to assess biological and technical reproducibility of inhibition 

proteomics experiments related to Figure 5. 

Figure S5: Inhibitor proteomics additional data related to Figures 5 & 6. 

Figure S6: YnMyr modified peptide, assigned spectra related to Figure 6 and Table 1. 

Supplemental Tables 

Supplemental Tables are provided as separate Excel spreadsheets. 

Table S1: Identification of YnMyr tagged proteins in amastigotes related to Figure 3. 

Identification of proteins following metabolic tagging with Myr or YnMyr, CuAAC, pull-down, 

tryptic digest and LC-MS/MS analysis. Four replicates were performed independently, 

starting from the same metabolically labelled lysates (Myr and YnMyr samples). Data 

processing is described In Supplemental Procedures below (Data processing: YnMyr tagged 

proteins in amastigotes and promastigotes). 

Table S2: Identification of YnMyr tagged proteins in promastigotes related to Figure 3. 

Identification of proteins following metabolic tagging with Myr or YnMyr, CuAAC, pull-down, 

tryptic digest and LC-MS/MS analysis. Three replicates were performed independently, 

starting from the same metabolically labelled lysates (Myr and YnMyr samples). Data 

processing is described In Supplemental Procedures below (Data processing: YnMyr tagged 

proteins in amastigotes and promastigotes). 

Table S3: Comparison of proteomics in promastigotes and amastigotes, and 

bioinformatic annotation of hits; related to Figure 3. The datasets shown in Tables S1 & 

S2 were compared. GPI-anchor and S-palmitoylation prediction was carried out for hits. Data 

processing is described In Supplemental Procedures below (Data processing: YnMyr tagged 

proteins in amastigotes and promastigotes). 

Table S4: YnMyr proteomics in the presence of NMT inhibitors related to Figures 5 & 

6. Amastigotes were metabolically tagging with Myr or YnMyr in the presence of inhibitors 1 

or 2 at indicated concentrations; CuAAC, pull-down, tryptic digest and LC-MS/MS analysis 

were performed to identify proteins. Two technical replicates (sample preparation from the 

lysates) of two biological replicates were carried out. Data processing is described In 

Supplemental Procedures below (Data processing: YnMyr tagging in the presence of NMT 

inhibitors (amastigotes)). 
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Table S5: All N-terminal glycine-containing (MG) L. donovani proteins; related to 

Figures 3, 5 & 6. Prediction of N-myristoylation by bioinformatic tools and cross-referencing 

to current study was performed for all L. donovani MG proteins in the database. 

Table S6: Identification of YnMyr modified peptides, related to Figure 6 and Table 1. 

Proteomic data were further analyzed by de novo-aided sequencing to identify peptides 

modified by the the lipid-derived adduct (+534.3278 Da) on any amino acid at peptide N-

terminus. All peptides reported are N-terminal peptides unique for the protein that they were 

assign to by the software.
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Figure S1. Additional labeling data for L. donovani promastigotes. Related to Figs. 1 & 2. A. Ld 

promastigotes were cultured for the indicated timepoints in the presence of myristic acid (M) or 

YnMyr (Yn), lysed and proteins subject to CuAAC reaction and analysis by in-gel fluorescence. B. 

Promastigotes were labeled with YnMyr in the presence of varying amounts of myristic acid (Myr). 

C. YnMyr incorporation into proteins is dependent on protein synthesis, but incorporation into 

putative glycolipid is less affected. Promastigotes were tagged with myristic acid (-) or YnMyr in the 

presence of 50 μM cycloheximide (CHX) for indicated timepoints and samples processed by 

CuAAC. D. Treatment of YnMyr tagged samples with base (NaOH) or hydroxylamine (HA; pH7). 

C/M: precipitation with CHCl3/MeOH. E. Analysis of YnMyr tagged samples by Western blot for GPI-

anchored protein GP63 after CuAAC and pull-down. Click: sample reacted with CuAAC reagents; 

PD B: sample pulled-down onto streptavidin-coated beads and proteins eluted from beads by 

boiling. * = non-specific band, streptavidin monomer. Note that the percentage incorporation of 

YnMyr is clearly low, as it must compete with endogenous lipid. Numbers are molecular weight 

markers in kDa. F. Related to Fig. 2; total protein labeling in HASPB GFP-fusion strains. G. 

Structures of AzTB and YnTB. 
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Figure S2: YnMyr proteomics in amastigotes and promastigotes; related to Fig. 3. Permutation-corrected two-sample t-tests were applied to compare 
YnMyr and myristic acid (Myr) controls after imputation of missing values. An LFQ enrichment ratio was calculated from the ratio of YnMyr and Myr 
LFQ intensities (mean). ‘High confidence’: protein significant and absent from controls; ‘low abundance’: protein absent from myristic acid controls but 
did not reach statistical significance due to low intensity in the YnMyr samples; ‘Other significant’: protein significant but present in controls A. T-test in 
promastigotes. The 274 proteins present in all three replicates. T-test: FDR = 0.01, S0 = 1, 250 permutations. B. T-test in amastigotes. T-test: FDR = 
0.05, S0 = 1, 250 permutations. C. & D. Volcano plots with prediction of S-palmitoylation using CSS-Palm (Ren et al., 2008) indicated for non-MG 
proteins in amastigotes and promastigotes (see also Supp. Table S3). 

0

1

2

3

4

5

6

7

0 1 2 3 4 5 6 7 8

-L
o
g

1
0
(p

 v
a
lu

e
)

Log2(YnMyr/Myr)

Amastigotes - non MG hits

Not

Medium/weak

Strong

Prediction of 

palmitoylation:

0

1

2

3

4

5

6

7

0 1 2 3 4 5 6 7 8 9

-L
o
g

1
0
(p

 v
a
lu

e
)

Log2(YnMyr/Myr)

Promastigotes - non MG hits

Not

Medium/weak

Strong

Prediction of 

palmitoylation:

A. B.

C. D.

0

1

2

3

4

5

6

7

-9 -6 -3 0 3 6 9

S
ig

n
if

ic
a
n

c
e
 -

L
o
g

1
0
(p

 v
a
lu

e
)

Fold change Log2(LFQ YnMyr/Myr)

YnMyr proteomics promastigotes

Other

Low abundance

Other signif icant

High conf idence

signif icance curve

0

1

2

3

4

5

6

7

-8 -6 -4 -2 0 2 4 6 8

S
ig

n
if

ic
a
n

c
e
 -

L
o
g

1
0
(p

 v
a
lu

e
)

Fold change Log2(LFQ YnMyr/Myr)

YnMyr proteomics amastigotes

Other

Low abundance

Other signif icant

High conf idence

Signif icance curve



7 
 

Figure S3: Related to Fig. 4; full blots and control gels for inhibition experiments. A. 
Coomassie (CB) staining for the gel shown in Fig. 4B. B. Western blot against HASPB 
(portion of image boxed with dashed line is shown in Fig. 4B) before and after pull-down of 
HASPB onto streptavidin beads after CuAAC in promastigotes. Four-fold more protein is 
loaded after pull-down compared to before. C. Coomassie staining for the gel shown in Fig. 
4C. D. Western blots against HASPB before and after pull-down of HASPB in amastigotes. 
Four-fold more protein loaded after pull-down compared to before. Top and bottom are 
replicate experiments performed independently starting from the same lysate. E. 
Independent biological experiment processed in the same way as those in D. Numbers are 
molecular weights in kDa. 
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Figure S4: Related to Fig. 5. Multiscatter plots to assess biological and technical reproducibility of replicate 
inhibition proteomics samples. A & B: technical replicates of first biological replicate; C & D: technical 
replicates of second biological replicate. Dataset consists of 580 proteins identified in both independent 
biological experiments; Log2(LFQ intensity) is plotted after imputation of missing values. Numbers in the top 
left corner of each plot indicates R2 value (correlation); proteins containing an N-terminal glycine are 
coloured red, other proteins are black. 
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Figure S5: YnMyr inhibition proteomics; related to Figs. 5 & 6. A. T-test comparing 7 μM 1 (left) or 0.2 μM 1 

(right) and YnMyr datasets, after removal of non-specific binders. FDR = 0.001, S0 = 1, 250 permutations. 

B. T-test comparing 0.2 μM 2 and YnMyr datasets, after removal of non-specific binders. FDR = 0.001, S0 

= 1, 250 permutations. C. T-test comparing response to 0.2 μM 1 and 7 μM 1: a ratio of LFQ intensities for 

YnMyr/(inhibitor treatment) was calculated for each replicate experiment (A-D) and a two-sample t-test 

(FDR 0.05, S0 1) performed to compare the response to the two inhibitors. D. Profile plots of the response 

of selected MG proteins to inhibition. Log2(mean LFQ intensity) across four replicates. As for main text 

Figure 5C but including data for 0.2 μM 2. 
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Figure S6: assigned spectra for YnMyr modified peptides. Related to Fig. 6 and Table S6. 
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Supplemental Experimental Procedures 

Synthesis of AzRB 

Capture reagent AzRB was synthesised by solid phase peptide synthesis on a Biotin-PEG 

NovaTag™ resin (Novabiochem®). Fmoc-protected amino acids and coupling reagents 

were sourced from AGTC Bioproducts. Azidoacetic acid was sourced from Sigma Aldrich. 

Ultrapure water was obtained from a MilliQ Millipore water purification system. LC-MS 

analysis and purification was performed on a Waters HPLC system fitted with a Waters 515 

HPLC pump, Waters 2767 autosampler, Waters XBridge C18 4.6 mm × 100 mm (analytical) 

or 19mm × 100 mm (preparative) column, Waters 3100 mass spectrometer and Waters 

2998 photodiode array. NMR was performed on a Bruker AV-400 instrument. High resolution 

mass spectrometry was performed by the Imperial College Department of Chemistry Mass 

Spectrometry Service. 

The resin (208 mg, 100 µmol) was placed in a fritted syringe and swollen in DMF for 30 min 

before Fmoc deprotection in 20% piperidine/DMF (3 mL, 3 x 3 min).  The resin was washed 

in DMF (3 x 3mL), DCM (3 x 3 mL) and DMF (3 x 3mL) after which Fmoc-ε-Ahx-OH (177 mg, 

500 µmol), Fmoc-Gly-OH (149 mg, 500 µmol), Fmoc-Arg(Pbf)-OH (324 mg, 500 µmol), 

Fmoc-Ala-OH (156 mg, 500 µmol) and azidoacetic acid (37 µL, 500 µmol) were double-

coupled sequentially. The coupling of Fmoc-ε-Ahx-OH was performed using HATU (186 mg, 

490 µmol) and DIPEA (174 µL, 1.0 mmol) and for all other residues HBTU (186 mg, 490 

µmol) and DIPEA (174 µL, 1.0 mmol) were used. Each coupling was performed as follows: 

the amino acid and coupling reagents were dissolved in DMF (2 mL) and activated for 5 min 

before addition to the resin. The resin was shaken for 1-3 hours, washed in DMF (3 x 3mL), 

DCM (3 x 3 mL) and DMF (3 x 3 mL). A fresh batch of activated amino acid was added and 

the resin shaken for a further 1-3 hours. After washing, Fmoc deprotection was performed as 

above, followed by washing. The procedure was then sequentially repeated for each 

residue, finishing with the coupling of the azidoacetic acid moiety, which required no Fmoc 

deprotection. After the final coupling the resin was washed in DMF (3 x 3 mL), DCM (3 x 3 

mL), MeOH (3 x 3 mL) and Et2O (3 x 3 mL) and dried under vacuum overnight. The capture 

reagent was cleaved from the resin by incubation in a solution of 95% TFA, 2.5% TIS and 

2.5% DTT (3 mL) for 3 hours. The cleavage mixture containing the cleaved product was 

transferred into a 15 mL falcon tube, and the resin washed twice with cleavage mixture (0.5 

mL). The solution was concentrated to a volume of 1 mL under a stream of nitrogen, after 

which the product was precipitated by addition of ice-cold tert-butyl methyl ester (TBME) (10 

mL). The product was pelleted by centrifugation. The pellet was washed twice with TBME 

(10 mL) and dried overnight in a vacuum dessicator. The pellet was resuspended in 

ultrapure water and purified by preparative RP-HPLC in a gradient of methanol and water 

both supplemented with 0.1% formic acid (0-10 min 5-98% MeOH, 10-12 min 98% MeOH). 

The fractions containing product were combined and the solvents removed by speedvac. 

The product was resuspended in ultrapure water (1 mL) and lyophilised to dryness to yield a 

white solid (24.3 mg, 26 µmol, 26%). 
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δH/ppm (400 MHz, D2O) 8.39 (s, 1H), 4.58 (dd, J = 7.9, 4.8 Hz, 1H, H56), 4.40 (dd, J = 8.0, 

4.4 Hz, 1H, H55), 4.36 – 4.23 (m, 2H, H8 & H5), 4.02 (s, 2H, H22), 3.93 – 3.77 (m, 2H, H2), 

3.73-3.59 (m, 8H), 3.55 (2xt, J = 6.4, 4H), 3.31 (dt, J = 9.7, 5.1 Hz, 1H, H37), 3.27 – 3.09 (m, 

8H), 2.97 (dd, J = 13.1, 5.0 Hz, 1H, ½H39), 2.75 (d, J = 13.2 Hz, 1H, ½H39), 2.22 (2xt, J = 

7.6 Hz, 4H), 2.03 – 1.17 (m, 23H); δC/ppm (100 MHz, CD3OD) 175.99, 175.94, 175.34, 

174.14, 171.21, 170.52, 170.26, 166.09 (6 x C=O, 1 x C=O tautomer), 158.65 (C17), 71.53 

(2xC), 71.23 (2xC), 69.91 (2xC), 63.39, 61.62, 57.04, 54.53, 52.52, 50.98, 43.39, 41.95, 

41.06, 40.30, 37.82 (2xC), 37.02, 36.86, 30.45 (2xC), 29.99, 29.82, 29.59, 29.53, 27.49, 

26.92, 26.68, 26.15, 17.66; HRMS, m/z (ESI) found 927.5200 (C39H71N14O10S, [M + H]+, 

requires 927.5198). 

Parasite culture (extra detail) 

Animal experiments were approved by the University of York Animal Procedures and Ethics 

Committee and performed under UK Home Office licence (‘Immunity and Immunopathology 

of Leishmaniasis’ Ref # PPL 60/3708). 

The Ethiopian strain of Leishmania donovani (MHOM/ET/67/HU3, also known as LV9) was 

maintained by serial passage in Rag-2-/- mice. Rag-2-/- mice were bred in-house, housed 

under specific pathogen-free conditions and used at 6–12 weeks of age. Amastigotes were 

extracted from spleen as described previously (Smelt et al., 1997): briefly, the spleen was 

removed into unsupplemented RPMI, transferred to a homogeniser and topped up with 

RPMI medium (approx. 40 mL). The spleen was homogenised to a single cell suspension, 

transferred to a tube and centrifuged at 800 rpm for 5 minutes; the supernatant was retained. 

A 50 mL falcon tube was coated with 25 mg saponin per 40 mL supernatant, the supernatant 

poured in, mixed and left to stand at RT for 5 min. The tube was centrifuged at 3100 rpm for 

10 min and supernatant discarded. The pellet was washed 3× by resuspending in 25 mL 

RPMI and centrifuging at 3100 rpm for 10 minutes. The washed pellet was resuspended in 

20 mL RPMI with 10% FCS. 

Mice were infected with 3×107 L. donovani amastigotes intravenously (i.v.) via the tail vein in 

200 μl of RPMI 1640 (GIBCO, Paisley, UK). 

Promastigotes were obtained by transforming 1×107 freshly isolated amastigotes in 

promastigotes medium (St-Denis et al., 1999) at 26 °C (~2 days for transformation). 

Parasites were maintained in T25 flasks with non vented lids containing 10 mL medium and 

passaged twice a week for up to 10 passages. 
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RPMI medium for L. donovani promastigote culture (St-Denis et al., 1999): RPMI 1640 

(Sigma #R6748), containing 20 % FCS, 1 % Pen/Strep, 100 μM adenine, 20 mM MES (pH 

5.5 with NaOH), 5 μM hemin, 3 μM biopterin and 1 μM biotin. 

Metabolic tagging experiments (extra detail) 

Promastigotes were pelleted by centrifugation at 800 ×g, 15 min, 26 °C, and resuspended in 

RPMI/10% FCS containing the appropriate probe (50 μM YnMyr, or myristic acid, 100 μM 

AHA etc, unless otherwise indicated; from 100 mM stocks) at a parasite density of 7.5×107 

parasites/mL. Cultures were incubated at 26 °C for 12 hours (or as indicated). Cells were 

pelleted by centrifugation 800 ×g, 15 min, 4 °C, washed twice with cold PBS then pelleted at 

3200 rpm for 10 min at 4°C. After removal of the supernatant, cells were lysed in lysis buffer 

(1 % NP40, 1% sodium deoxycholate, 0.5 % SDS, 50 mM Tris pH 7.4, 150 mM NaCl, EDTA-

free protease inhibitor, Roche) at 1×109 parasites/mL by sonication on ice (4× 10 sec burst, 

amplitude 45 with 1 min interval). Insoluble material was separated by centrifugation at 

16,100 ×g for 30 min at 4°C, the supernatant transferred to fresh tubes and snap frozen in 

liquid N2, then stored at -80 °C. Tagging of ex vivo amastigotes was carried out as above but 

parasites were cultured at 37 °C. 

For inhibition studies, the appropriate inhibitor was pre-incubated with parasite culture for 1 h 

at 37°C, parasites pelleted by centrifugation at 2200 ×g, 10 min, supernatant removed and 

parasites resuspended in fresh medium containing inhibitor plus probe (YnMyr, myristic acid 

etc). 

Ex vivo amastigotes inhibition assay 

As described in (Hutton et al., 2014). Briefly, L. donovani amastigotes 

(MHOM/ET/67/L28/LV9) isolated from the spleens of infected Rag-2-/- mice were placed in 

96 well plates at a density of 4×105 ex vivo amastigotes per well in a total volume of 200 µL 

of supplemented RPMI 1640 medium (see ‘promastigote medium’, above) containing test 

compounds diluted over a threefold range. After incubation for 72 hr at 26 °C, 20 µL of an 

Alamar blue solution (Trek Diagnostics) was added and plate incubated for a further 6 hr at 

26°C. Fluorescence per well was measured using a POLARstar Optima instrument (BMG 

labtech; ex.: 544 nm, em.: 590 nm). All assays were run in triplicate and the data analysed 

by a standard package (GraphPad Prism v5). 

Macrophage cytotoxicity assay 

As described in (Hutton et al., 2014). Briefly, compounds were tested in parallel against 

mouse primary macrophages (Alamar blue assay) in triplicate, and analysed as above. In 

brief, primary macrophages derived from BALB/c bone marrow were seeded into 96 well 

plates at 4.2×104 macrophages/well in a total volume of 200 µL (DMEM (Invitrogen, UK), 

10% FCS, 4% L-929 cell conditioned supernatant). Compounds diluted over a threefold 

range were added, with assays run in duplicate. After incubation for 72 hr at 37°C/5% CO2, 

20 µL Alamar blue was added and the plate incubated for a further 6 hr at 37°C/5% CO2, 

prior to fluorescence measurements as above. 

CuAAC labeling and pull-down 
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Proteins were precipitated with chloroform/methanol (MeOH:CHCl3:ddH2O 4:1:3), or acetone 

(4 vol. -20 °C 1 h) and then resuspended at 1 mg/mL in 1 % SDS in PBS. This precipitation 

step was found to increase labeling intensity after CuAAC, likely due to the presence of 

probe-incorporating glycolipids in the lysates (see main text). Premixed click reagents (100 

µM AzTB, 1 mM CuSO4, 1 mM TCEP, 100 µM TBTA, final concentrations) were added as 

described previously (Heal et al., 2012) and samples vortexed for 1 h RT, then quenched by 

the addition of 10 mM EDTA. Proteins were precipitated again with MeOH/CHCl3, washed 

with ice-cold MeOH, air-dried for ~15 min, and then resuspended in 2 % SDS, 10 mM EDTA 

in PBS. For direct gel analysis, 4 x sample loading buffer (NuPAGE LDS sample buffer) with 

2-mercaptoethanol (4 % final) was added and proteins heated for 3 min at 95 °C prior to 

SDS-PAGE. 

For hydroxylamine (NH2OH) and NaOH treatment, samples were resuspended after CuAAC 

as above, then 1 M NH2OH pH7 or 0.2M NaOH added and samples incubated at RT for 1 

hour. Samples were quenched by addition of 4 x sample loading buffer. Note that addition of 

EDTA to the samples before NH2OH treatment is important to avoid sample degradation.  

For pull-down, protein was resuspended at 10 mg/mL in 2 % SDS, 10 mM EDTA in PBS, 

and then diluted to 1 mg/mL with PBS. DTT (from a fresh 100 × stock in water) was added to 

give a final concentration of 1 mM. Proteins were incubated with Dynabeads® MyOne™ 

Streptavidin C1 (pre-washed 3 × 0.2 % SDS in PBS) for 1.5-2 h at RT with rotation. 

Following removal of the supernatant, beads were washed with 3 × 1 % SDS in PBS, then 

boiled for 10 mins in sample loading buffer elute bound proteins. 

Gel and Western blot analysis 

Samples were separated by SDS-PAGE and the gel soaked in fixing solution (10 % AcOH, 

40 % MeOH), then rinsed in water for in-gel fluorescent imaging: gels were scanned with 

Cy3 filters to detect the TAMRA fluorophore using an Ettan DIGE scanner, GE Healthcare. 

Molecular weight markers (Precision Plus All Blue Standards, Bio-Rad) were detected with 

Cy5 filters. 

For Western blot, proteins were transferred from gels to PVDF membrane (Immobilon-PSQ, 

Millipore) using a semi-dry system (Invitrogen). Following blocking (5 % milk in TBS, 1% 

Tween), membranes were incubated with primary antibody for 1 hour at room temperature or 

overnight at 4°C in blocking solution, then incubated with secondary antibody (goat anti-

rabbit IgG-HRP, Invitrogen, 1:10000) for 1 hr in blocking solution. Detection was carried out 

using Luminata Crescendo Western HRP substrate (Millipore) according to the 

manufactures instructions and on a Fujifilm LAS 3000 imager. Primary antibodies, LdHASPB 

(rabbit; ab 2-AE) (Alce et al., 1999), LmHASPB (rabbit, 336) (Alce et al., 1999), GP63 

(rabbit, polyclonal; provided by R. McMaster, University of British Columbia) (Frommel et al., 

1990), GFP (mouse, Santa Cruz), were used at 1:1000-2000. 

Proteomics experiments 

Pull-down and preparation of peptides for MS. Proteins were captured by CuAAC as 

before with the following modifications: CuAAC reaction was carried out for 2 hours and, for 

some samples, with AzRB in place of AzTB. When AzRB was used, proteins were 

precipitated following CuAAC via a modified chloroform/methanol precipitation procedure: 4 

volumes of MeOH, 1 vol. CHCl3, 3 vol. H2O were added to the sample, which was 
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centrifuged at 17,000 ×g for 5 min to pellet proteins at the interface. Both layers were then 

removed simultaneously, the pellet resuspended in 0.2 % SDS/PBS to the original volume 

and the precipitation procedure repeated. The pellet was then washed twice with MeOH. 

Resuspension and affinity enrichment were performed for all samples as before with the 

following modifications: NeutrAvidin agarose resin (Thermo Scientific, pre-washed 3 × 0.2 % 

SDS in PBS; typically 50 μL of bead slurry was used for 0.5 mg of lysate) was used in place 

of the magnetic Dynabeads due to increased stability of the resin during on-bead reduction 

and alkylation of proteins. Beads were stringently washed following pull-down: 3 × 1 % SDS 

in PBS, 3 × 4M Urea in 50 mM PBS, 5 × AMBIC (50 mM ammonium bicarbonate). For a 50 

μL bed of beads resuspended in 50 μL AMBIC, samples were reduced (5 μL of 100 mM DTT 

in 50 mM AMBIC) at 60 °C for 30 minutes and allowed to cool to room temperature. The 

beads were washed with 2 x AMBIC. Cysteines were alkylated (5 μL of 100 mM 

iodoacetamide in AMBIC) at room temperature for 30 min in the dark. The beads were 

washed with 2 x AMBIC. Trypsin (3 μg Sequencing Grade Modified Trypsin (Promega) 

dissolved at 0.2 μg/μL in AMBIC per mg starting lysate) was added to the beads and 

samples were placed on a shaker and digested overnight at 37 °C. The samples were 

centrifuged and the supernatant was transferred into clean tubes. The beads were washed 

twice with 0.1% aqueous formic acid, and these washes were combined with the first 

supernatant. The solutions were stage-tipped according to a published protocol (Rappsilber 

et al., 2003). Elution from the sorbent (SDC-XC from 3M) with 70 % acetonitrile in water was 

followed by speed-vac-assisted solvent removal, reconstitution of peptides in 0.5 % TFA, 2 

% acetonitrile in water, and transferred into LC-MS sample vials. 

LC-MS/MS analysis. The analysis was performed using an Acclaim PepMap RSLC column 

50 cm × 75 μm inner diameter (Thermo Fisher Scientific) using a 2 h acetonitrile gradient in 

0.1 % aqueous formic acid at a flow rate of 250 nL/min. Easy nLC-1000 was coupled to a Q 

Exactive mass spectrometer via an easy-spray source (all Thermo Fisher Scientific). The Q 

Exactive was operated in data-dependent mode with survey scans acquired at a resolution 

of 75,000 at m/z 200 (transient time 256 ms). Up to 10 of the most abundant isotope patterns 

with charge +2 or higher from the survey scan were selected with an isolation window of 3.0 

m/z and fragmented by HCD with normalized collision energies of 25. The maximum ion 

injection times for the survey scan and the MS/MS scans (acquired with a resolution of 17 

500 at m/z 200) were 20 and 120 ms, respectively. The ion target value for MS was set to 

106
 and for MS/MS to 105, and the intensity threshold was set to 8.3 × 102. 

Data searching and analysis. The data were processed with MaxQuant version 1.3.0.5, 

and the peptides were identified from the MS/MS spectra searched against TriTrypDB-6.0 L. 

donovani LdBPK282A1 database using the Andromeda search engine. The protein HASPB 

was not present in this database and so the Uniprot sequence (O77300_LEIDO) was 

appended to the FASTA file. Cysteine carbamidomethylation was used as a fixed 

modification, and methionine oxidation and N-terminal acetylation as variable modifications. 

The false discovery rate was set to 0.01 for peptides, proteins and sites. Other parameters 

were used as pre-set in the software. “Unique and razor peptides” mode was selected to 

allow for protein grouping; this calculates ratios from unique and razor peptides (razor 

peptides are uniquely assigned to protein groups and not to individual proteins). Data were 

elaborated using Microsoft Office Excel 2007 and Perseus versions 1.4.0.20 and 1.5.0.31. 

Label free quantification (LFQ) experiments in MaxQuant were performed using the built-in 

label-free quantification algorithm (Cox et al., 2014). 
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Modified peptide identification. MS data were processed with PEAKS7 suite (Zhang et al., 

2012). The data were searched against a reference L. donovani database from Uniprot 

(27/11/2014). Trypsin (specific, up to three missed cleavages allowed) was selected for 

database searches, and no enzyme was chosen for de novo searches. The maximal mass 

error was set to 5 ppm for precursor ions and 0.01 Da for product ions. 

Carbamidomethylation was selected as a fixed modification, and methionine oxidation as 

well as the lipid-derived adduct (+534.3278 Da) to any amino acid at peptide N-terminus 

were set as variable modifications. The maximal number of modifications per peptide was 

set as five. The false discovery rate was set to 0.01 for peptides, and b1 ions were required 

for N-terminally modified peptides. Within PEAKS, a module called SPIDER searches for 

point mutations to further enhance the discovery (Ma and Johnson, 2011). All peptides 

reported are N-terminal peptides unique for the protein that they were assign to by the 

software. 

Data processing: YnMyr tagged proteins in amastigotes and promastigotes. 

Amastigote experiments: four replicates were performed independently, starting from the 

same metabolically labelled lysates (Myr and YnMyr samples) through the sample 

preparation steps and LC-MS/MS analysis. The replicates were grouped together (groups: 

Myr, YnMyr). YnMyr protein group was filtered to require three valid values across the four 

replicates. Label free intensities were logarithmized (base 2) and empty values were imputed 

with random numbers from a normal distribution, whose mean and standard deviation were 

chosen to simulate low abundance values close to noise level (impute criteria: width 0.1 and 

down shift 1.8). A modified t-test with permutation based FDR statistics was applied (250 

permutations; FDR = 0.05; S0 = 1). Imputing missing values enables assessment of whether 

a protein is enriched above background noise levels and facilitates statistical analyses, but is 

likely to generate false negatives where a genuine hit protein is of low abundance in the 

sample. To explore this possibility empty values were reinstated and data analysed to 

assess whether a protein was absent from the control but still met the other criteria (present 

in three out of four amastigote replicates). Proteins absent from the control sample but not 

reaching significance were designated ‘low abundance hits’. Proteins reaching significance 

in the t-test and absent from the control sample were designated as ‘high confidence hits’. 

Promastigote experiments: three replicates were performed independently, starting from the 

same metabolically labelled lysates (Myr and YnMyr samples) through the sample 

preparation steps and LC-MS/MS analysis. Data were analysed as described above with 3 

valid values per group required, imputation (width 0.1 and down shift 1.8), and t-test (250 

permutations; FDR = 0.01; S0 = 1). 

For the comparison of amastigotes and promastigotes, data were filtered for at least three 

valid values in at least one group (groups: Am_Myr, Am_YnMyr, Pro_Myr, Pro_YnMyr). 

Missing values were imputed as above and proteins cross-referenced with the independent 

analyses described above that defined t-test significant, low abundance and high confidence 

hits. Datasets were also compared by a two sample t-test: YnMyr intensities of hits (defined 

as proteins that were either t-test significant or classed as low abundance hits in the 

independent analyses) were compared by permutation-corrected t-test (250 permutations; 

FDR 0.05, S0 2) after imputation of missing values (width 0.1, downshift 2.5). These 

parameters were chosen so that proteins only found in one of the two datasets were 

significant in the t-test. 
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Data processing: YnMyr tagging in the presence of NMT inhibitors (amastigotes). The 

experiment design was as follows: independent biological experiments were carried out 

where amastigotes were incubated with YnMyr, YnMyr + 0.2 μM 2, YnMyr + 0.2 μM 1, or 

YnMyr + 7 μM 1. A Myr control was included in one of these experiments. For proteomics 

analysis, all samples were prepared and processed in duplicate (technical replicates: A&B; 

C&D). The ‘Match between runs’ option (time window 2 minutes) in Maxquant was enabled 

during the searches. Data were grouped, filtered to retain only those proteins present in both 

biological experiments, and non-specific binders removed (leaving 346 proteins); for the 

latter step, enrichment over control (‘Myr LFQ ratio’), calculated by taking the mean of the 

YnMyr intensities and dividing by the mean of the Myr intensities, was required to be ≥2. 

Missing values were imputed from a normal distribution (width 0.1 and down shift 1.8) and 

modified two sample t-tests with permutation based FDR statistics were applied to assess 

differences between groups (250 permutations; FDR = 0.001; S0 = 1, unless otherwise 

indicated). An ANOVA (Benjamini Hochberg correction, FDR=0.001) was also applied to 

LFQ intensities to compare across all datasets. 

Bioinformatics 

Modification of proteins was predicted using the following bioinformatic tools: 

For N-myristoylation: the Myr predictor (MPred) (Maurer-Stroh et al., 2002) and the 

Myristoylator (Myr) (Bologna et al., 2004). 

For S-palmitoylation CSS-Palm 3.0 (Ren et al., 2008; Zhou et al., 2006). 

For GPI-anchor modification PredGPI (Pierleoni et al., 2008), GPI-SOM (Fankhauser and 

Maser, 2005) and FragAnchor (Poisson et al., 2007). 
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