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Supplemental figure 1. Purification of intact flagella from the FLA1RNAi mutant. FLA1RNAi 

cells were grown without tetracycline (a) or induced to express FLA1 dsRNA for 84h in the 

presence of 1µg of tetracycline per ml (b), leading to flagellum detachment. Vortex treatment 

allows separation of flagella from the cell body (c). After centrifugation on a 0.61 M sucrose 

cushion, fractions highly enriched in flagella were collected (d). (e-h) Flagella purified from 

FLA1RNAi cells induced for 84h were fixed in glutaraldehyde and processed for scanning electron 

microscopy analysis. The sample is highly enriched in flagella but minor contaminating elements 

are occasionally detected (arrows). 

 

Supplemental figure 2. Purified flagella contain IFT proteins. Flagella purified from FLA1RNAi 

cells induced for 84h were fixed in PFA and permeabilised with detergent before double IFA 

with the axoneme marker MAb25 and a monoclonal antibody against IFT172 as indicated. Note 

the almost absence of DAPI signal. 

 

Supplemental figure 3. AK is found in the trypanosome flagellum membrane. IFA on wild-

type trypanosomes fixed in PFA (A) or in methanol (B) using the anti-T. cruzi AK antiserum 

reveals a typical membrane association (see enlarged portion in A). Detergent extraction leads to 

signal loss (C), in agreement with a membrane localisation. Left, IFA picture; right, phase 

contrast image merged with the DAPI signal (blue). Scale bar represents 5 µm. 

 

Supplemental figure 4. A 14-3-3 protein is present in the trypanosome flagellum. IFA on wild-

type trypanosomes fixed in methanol using the anti-T. brucei 14-3-3-I antiserum (green) and the 

axoneme marker MAb25 (red) reveals a flagellum signal on both whole cells (a) and detergent-

extracted cytoskeletons (b).  



Julkowska, Subota et al. Proteomics of the trypanosome flagellum  2 

 

Supplemental figure 5. Primary structure of FLAM proteins. The presence of unique protein 

domains (shown as boxes) was searched using the Pfam data base. The primary sequence of each 

FLAM protein is shown as line drawn to scale (bar is 50 kDa). NDK, nucleoside diphosphate 

kinase; PS, phytochelatin synthase; TPR, tetratricopeptide repeat; ADS, antimicrobial defensin ß 

signal; LRR, leucin-rich repeat; WD40, 40 amino acid motif terminating in a tryptophane-

aspartate (or ß-transducin repeat); cNMP BD, cyclic nucleotide monophosphate binding domain; 

IQ, IQ calmodulin binding domain. No hits were found for FLAM8. 

 

Supplemental figure 6. FLAM proteins show different locations within the flagellum. IFA on 

methanol-fixed whole cells using the anti-GFP (green) and the anti-axoneme marker Mab25 (red) 

on the cell lines expressing FLAM proteins fused to YFP as indicated. The panel on the right 

shows a 4-fold magnification of the white boxes. The white and yellow arrows indicate the most 

proximal part of the GFP signal corresponding to the exit of the flagellar pocket and to the base 

of the axoneme respectively. Note that the green signal is always slightly shifted towards the cell 

body in the first situation, which is expected for a PFR location. In contrast, FLAM6::YFP 

merges with the MAb25 signal. Scale bar is 5 µm. 

 

Supplemental figure 7. FLAM proteins are associated to the cytoskeleton. IFA on PFA-fixed 

cytoskeletons using the anti-GFP on the cell lines expressing FLAM proteins fused to YFP as 

indicated. All FLAM proteins remain associated to the cytoskeleton. Scale bar is 5 µm. 

 

Supplemental Table 1. Proteins found in flagella purified from the FLA1RNAi procyclic cell 

line. The identified proteins are listed with Gene DB accession number, name where applicable, 
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and molecular weight. Proteins were ranked according to the total number of peptides (sum of 

unique peptides found in the pellet and the supernatant of the sample after shaving). The list of 

identified proteins was compared with that of the flagellum proteome obtained after detergent 

extraction and salt treatment (6). Proteins have been classified as present (yes, Y) or not (no, N) 

in this flagellar skeleton proteome. Known flagellar proteins are classified according to their 

location: MT, axoneme microtubules or associated; ODA, outer dynein arm; IDA, inner dynein 

arm; DRC; dynein regulatory complex; RSP, radial spoke protein; CP, central pair; AXO, other 

axonemal location (or sub-localisation not precisely determined); BB, basal body; PFR, 

paraflagellar rod; MM, membrane and/or matrix; IFT, intraflagellar transport. The columns “# of 

experiments” and “# of controls” indicates the number of samples where at least two peptides of 

a given protein could be identified. Ratio (exp/ctr) indicates the relative abundance of each 

protein in the flagellum fraction versus the cell debris fraction as calculated with Label Free 

Quantification (LFQ) values obtained from MaxQuant. In the case a protein was not encountered 

in the cell debris fraction, this ratio becomes infinite (∞). 

 

Supplemental Table 2. Recognised flagellar marker proteins and their presence or absence in 

flagella purified from the FLA1RNAi cell line. Proteins are classified according to their location: 

MT, axoneme microtubules or associated; ODA, outer dynein arm; IDA, inner dynein arm; DRC; 

dynein regulatory complex; RSP, radial spoke protein; CP, central pair; AXO, other axonemal 

location (or sub-localisation not precisely determined); BB, basal body; PFR, paraflagellar rod; 

MM, membrane and/or matrix; IFT, intraflagellar transport. They were selected because of 

experimental evidence in T. brucei or in a related species, or because of high conservation in 

flagellated species including trypanosomes. Proteins have been classified as present (yes, Y) or 
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not (no, N) in the flagellum proteome (FP) obtained after detergent extraction and salt treatment 

(6). The columns “# of experiments” and “# of controls” indicates the number of samples where 

at least two peptide of a given protein could be identified. Ratio (exp/ctr) indicates the relative 

abundance of each protein in the flagellum fraction versus the cell debris fraction as calculated 

with Label Free Quantification (LFQ) values obtained from MaxQuant. In the case a protein was 

not encountered in the cell debris fraction, this ratio becomes infinite (∞). In case a protein was 

not detected in the flagellar sample, the ratio could not be calculated (na, not applicable). 

References for the characterised proteins are found at the end of this file. 

 

Supplemental Table 3. Candidate novel proteins identified in flagella purified from the 

FLA1RNAi cell line. Proteins have been classified as present (yes, Y) or not (no, N) in other 

flagellum proteomes: FSP, flagellar surface proteome and FMP, flagellar matrix proteome from 

bloodstream FLA1RNAi cells [study from Oberholzer et al. (45)], or purified flagella (stripped with 

detergent and salt) from wild-type procyclic trypanosomes [study from Zhou et al. (31)]. Proteins 

were ranked first by total peptide number and then by the ratio score between flagellar and cell 

debris fractions. Proteins that were investigated experimentally are indicated in red. 

 

Supplemental Table 4. List of all peptide sequences. Compilation of all peptides identified by 

mass spectrometry, including any deviations from expected cleavage specificity, precursor charge 

and mass/charge (m/z) for each assignment and Peptide Identification Score(s).  

 

Supplemental Table 5. Label Free Quantification (LFQ) values. LFQ values obtained from 

MaxQuant from all experiments. 
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Supplemental Table 6. Plasmids for endogenous tagging of FLAM genes with YFP. Fragments 

of the target gene at either the 5’ or the 3’ end (without stop codon) were synthesized containing 

flanking restriction enzyme recognition sequences for cloning and a naturally occurring unique 

restriction recognition site in-between (used for linearization). They were cloned into the 

respective plasmid backbone: either p3329 (allowing C-terminal eYFP tagging) or p2675 

(allowing N-terminal tagging with eYFP). Before transfection in trypanosomes the plasmids were 

linearized in the target fragment with the indicated restriction enzymes and selection was applied 

with puromycin (PURO).  

 

Supplemental Table 7. Segments used to generate RNAi against FLAM genes. Fragments of 

the target gene were selected using the RNAi algorithm and cloned in the pZJM vector.  

  



Julkowska, Subota et al. Proteomics of the trypanosome flagellum  6 

Supplemental references 

1. Monnerat, S., Clucas, C., Brown, E., Mottram, J. C., and Hammarton, T. C. (2009) 

Searching for novel cell cycle regulators in Trypanosoma brucei with an RNA interference 

screen. BMC Res Notes 2, 46. 

2. Branche, C., Kohl, L., Toutirais, G., Buisson, J., Cosson, J., and Bastin, P. (2006) 

Conserved and specific functions of axoneme components in trypanosome motility. J Cell Sci 

119, 3443-3455. 

3. Baron, D. M., Kabututu, Z. P., and Hill, K. L. (2007) Stuck in reverse: loss of LC1 in 

Trypanosoma brucei disrupts outer dynein arms and leads to reverse flagellar beat and backward 

movement. J Cell Sci 120, 1513-1520. 

4. Harder, S., Thiel, M., Clos, J., and Bruchhaus, I. (2010) Characterization of a subunit of 

the outer dynein arm docking complex necessary for correct flagellar assembly in Leishmania 

donovani. PLoS Negl Trop Dis 4, e586. 

5. Springer, A. L., Bruhn, D. F., Kinzel, K. W., Rosenthal, N. F., Zukas, R., and Klingbeil, 

M. M. (2011) Silencing of a putative inner arm dynein heavy chain results in flagellar immotility 

in Trypanosoma brucei. Mol Biochem Parasitol 175, 68-75. 

6. Broadhead, R., Dawe, H. R., Farr, H., Griffiths, S., Hart, S. R., Portman, N., Shaw, M. K., 

Ginger, M. L., Gaskell, S. J., McKean, P. G., and Gull, K. (2006) Flagellar motility is required 

for the viability of the bloodstream trypanosome. Nature 440, 224-227. 

7. Ralston, K. S., Lerner, A. G., Diener, D. R., and Hill, K. L. (2006) Flagellar motility 

contributes to cytokinesis in Trypanosoma brucei and is modulated by an evolutionarily 

conserved dynein regulatory system. Eukaryot Cell 5, 696-711. 

8. Dawe, H. R., Shaw, M. K., Farr, H., and Gull, K. (2007) The hydrocephalus inducing 

gene product, Hydin, positions axonemal central pair microtubules. BMC Biol 5, 33. 



Julkowska, Subota et al. Proteomics of the trypanosome flagellum  7 

9. Demonchy, R., Blisnick, T., Deprez, C., Toutirais, G., Loussert, C., Marande, W., 

Grellier, P., Bastin, P., and Kohl, L. (2009) Kinesin 9 family members perform separate functions 

in the trypanosome flagellum. J Cell Biol 187, 615-622. 

10. Baron, D. M., Ralston, K. S., Kabututu, Z. P., and Hill, K. L. (2007) Functional genomics 

in Trypanosoma brucei identifies evolutionarily conserved components of motile flagella. J Cell 

Sci 120, 478-491. 

11. Hutchings, N. R., Donelson, J. E., and Hill, K. L. (2002) Trypanin is a cytoskeletal linker 

protein and is required for cell motility in African trypanosomes. J Cell Biol 156, 867-877. 

12. Ralston, K. S., Kabututu, Z. P., Melehani, J. H., Oberholzer, M., and Hill, K. L. (2009) 

The Trypanosoma brucei Flagellum: Moving Parasites in New Directions. Annu Rev Microbiol 

63, 335-362. 

13. Kabututu, Z. P., Thayer, M., Melehani, J. H., and Hill, K. L. (2010) CMF70 is a subunit 

of the dynein regulatory complex. J Cell Sci 123, 3587-3595. 

14. Dawe, H. R., Farr, H., Portman, N., Shaw, M. K., and Gull, K. (2005) The Parkin co-

regulated gene product, PACRG, is an evolutionarily conserved axonemal protein that functions 

in outer-doublet microtubule morphogenesis. J Cell Sci 118, 5421-5430. 

15. Farr, H., and Gull, K. (2009) Functional studies of an evolutionarily conserved, 

cytochrome b5 domain protein reveal a specific role in axonemal organisation and the general 

phenomenon of post-division axonemal growth in trypanosomes. Cell Motil Cytoskeleton 66, 24-

35. 

16. Ersfeld, K., and Gull, K. (2001) Targeting of cytoskeletal proteins to the flagellum of 

Trypanosoma brucei. J Cell Science 114, 141-148. 



Julkowska, Subota et al. Proteomics of the trypanosome flagellum  8 

17. Dacheux, D., Landrein, N., Thonnus, M., Gilbert, G., Sahin, A., Wodrich, H., Robinson, 

D. R., and Bonhivers, M. (2012) A MAP6-related protein is present in protozoa and is involved 

in flagellum motility. PLoS ONE 7, e31344. 

18. Durand-Dubief, M., Kohl, L., and Bastin, P. (2003) Efficiency and specificity of RNA 

interference generated by intra- and intermolecular double stranded RNA in Trypanosoma brucei. 

Mol Biochem Parasitol 129, 11-21. 

19. Bastin, P., Ellis, K., Kohl, L., and Gull, K. (2000) Flagellum ontogeny studied via an 

inherited and regulated RNA interference system. J Cell Sci 113, 3321-3328. 

20. Fouts, D. L., Stryker, G. A., Gorski, K. S., Miller, M. J., Nguyen, T. V., Wrightsman, R. 

A., and Manning, J. E. (1998) Evidence for four distinct major protein components in the 

paraflagellar rod of Trypanosoma cruzi. J Biol Chem 273, 21846-21855. 

21. Clark, A. K., Kovtunovych, G., Kandlikar, S., Lal, S., and Stryker, G. A. (2005) Cloning 

and expression analysis of two novel paraflagellar rod domain genes found in Trypanosoma 

cruzi. Parasitol Res 96, 312-320. 

22. Woodward, R., Carden, M. J., and Gull, K. (1994) Molecular characterisation of a novel, 

repetitive protein of the paraflagellar rod in Trypanosoma brucei. Mol Biochem Parasitol 67, 31-

39. 

23. Imboden, M., Muller, N., Hemphill, A., Mattioli, R., and Seebeck, T. (1995) Repetitive 

proteins from the flagellar cytoskeleton of African trypanosomes are diagnostically useful 

antigens. Parasitology 110 ( Pt 3), 249-258. 

24. Oberholzer, M., Marti, G., Baresic, M., Kunz, S., Hemphill, A., and Seebeck, T. (2007) 

The Trypanosoma brucei cAMP phosphodiesterases TbrPDEB1 and TbrPDEB2: flagellar 

enzymes that are essential for parasite virulence. Faseb J 21, 720-731. 



Julkowska, Subota et al. Proteomics of the trypanosome flagellum  9 

25. Pullen, T. J., Ginger, M. L., Gaskell, S. J., and Gull, K. (2004) Protein targeting of an 

unusual, evolutionarily conserved adenylate kinase to a eukaryotic flagellum. Mol Biol Cell 15, 

3257-3265. 

26. Portman, N., Lacomble, S., Thomas, B., McKean, P. G., and Gull, K. (2009) Combining 

RNA interference mutants and comparative proteomics to identify protein components and 

dependences in a eukaryotic flagellum. J Biol Chem 284, 5610-5619. 

27. Ridgley, E., Webster, P., Patton, C., and Ruben, L. (2000) Calmodulin-binding properties 

of the paraflagellar rod complex from Trypanosoma brucei. Mol Biochem Parasitol 109, 195-

201. 

28. Li, Z., and Wang, C. C. (2008) KMP-11, a basal body and flagellar protein, is required for 

cell division in Trypanosoma brucei. Eukaryot Cell 7, 1941-1950. 

29. He, C. Y., Pypaert, M., and Warren, G. (2005) Golgi duplication in Trypanosoma brucei 

requires Centrin2. Science 310, 1196-1198. 

30. Shi, J., Franklin, J. B., Yelinek, J. T., Ebersberger, I., Warren, G., and He, C. Y. (2008) 

Centrin4 coordinates cell and nuclear division in T. brucei. J Cell Sci 121, 3062-3070. 

31. Zhou, Q., Gheiratmand, L., Chen, Y., Lim, T. K., Zhang, J., Li, S., Xia, N., Liu, B., Lin, 

Q., and He, C. Y. (2010) A comparative proteomic analysis reveals a new bi-lobe protein 

required for bi-lobe duplication and cell division in Trypanosoma brucei. PLoS One 5, e9660. 

32. Dilbeck, V., Berberof, M., Van Cauwenberge, A., Alexandre, H., and Pays, E. (1999) 

Characterization of a coiled coil protein present in the basal body of Trypanosoma brucei. J Cell 

Sci 112 ( Pt 24), 4687-4694. 

33. Stephan, A., Vaughan, S., Shaw, M. K., Gull, K., and McKean, P. G. (2007) An essential 

quality control mechanism at the eukaryotic basal body prior to intraflagellar transport. Traffic 8, 

1323-1330. 



Julkowska, Subota et al. Proteomics of the trypanosome flagellum  10 

34. Absalon, S., Blisnick, T., Kohl, L., Toutirais, G., Dore, G., Julkowska, D., Tavenet, A., 

and Bastin, P. (2008) Intraflagellar Transport and Functional Analysis of Genes Required for 

Flagellum Formation in Trypanosomes. Mol Biol Cell 19, 929-944. 

35. Adhiambo, C., Blisnick, T., Toutirais, G., Delannoy, E., and Bastin, P. (2009) A novel 

function for the atypical small G protein Rab-like 5 in the assembly of the trypanosome 

flagellum. J Cell Sci 122, 834-841. 

36. Huet, D. et al. (2014) Unpublished data. 

37. Franklin, J. B., and Ullu, E. (2010) Biochemical analysis of PIFTC3, the Trypanosoma 

brucei orthologue of nematode DYF-13, reveals interactions with established and putative 

intraflagellar transport components. Mol Microbiol 78, 173-186. 

38. Bhogaraju, S., Cajanek, L., Fort, C., Blisnick, T., Weber, K., Taschner, M., Mizuno, N., 

Lamla, S., Bastin, P., Nigg, E. A., and Lorentzen, E. (2013) Molecular basis of tubulin transport 

within the cilium by IFT74 and IFT81. Science 341, 1009-1012. 

39. Kohl, L., Robinson, D., and Bastin, P. (2003) Novel roles for the flagellum in cell 

morphogenesis and cytokinesis of trypanosomes. Embo J 22, 5336-5346. 

40. Blisnick, T. et al. (2014) Unpublished data. 

41. Morga, B. et al. (2014) Unpublished data. 

42. Kohl, L., and Bastin, P. (2005) The flagellum of trypanosomes. Int Rev Cytol 244, 227-

285. 

43. Emmer, B. T., Daniels, M. D., Taylor, J. M., Epting, C. L., and Engman, D. M. (2010) 

Calflagin inhibition prolongs host survival and suppresses parasitemia in Trypanosoma brucei 

infection. Eukaryot Cell 9, 934-942. 



Julkowska, Subota et al. Proteomics of the trypanosome flagellum  11 

44. Cuvillier, A., Redon, F., Antoine, J. C., Chardin, P., DeVos, T., and Merlin, G. (2000) 

LdARL-3A, a Leishmania promastigote-specific ADP-ribosylation factor-like protein, is essential 

for flagellum integrity. J Cell Sci 113 ( Pt 11), 2065-2074. 

45. Oberholzer, M., Langousis, G., Nguyen, H. T., Saada, E. A., Shimogawa, M. M., Jonsson, 

Z. O., Nguyen, S. M., Wohlschlegel, J. A., and Hill, K. L. (2011) Independent analysis of the 

flagellum surface and matrix proteomes provides insight into flagellum signaling in mammalian-

infectious Trypanosoma brucei. Molecular & cellular proteomics : MCP 10, M111 010538. 

46. Tammana, T. V., Sahasrabuddhe, A. A., Mitra, K., Bajpai, V. K., and Gupta, C. M. (2008) 

Actin-depolymerizing factor, ADF/cofilin, is essentially required in assembly of Leishmania 

flagellum. Mol Microbiol 70, 837-852. 

47. Liu, W., Apagyi, K., McLeavy, L., and Ersfeld, K. (2010) Expression and cellular 

localisation of calpain-like proteins in Trypanosoma brucei. Mol Biochem Parasitol 169, 20-26. 

 

 

 

 


