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ABSTRACT. Flagella are constructed and maintained through the 
highly conserved process of intraflagellar transport (IFT), which is a 
rapid movement of particles along the axonemal microtubules of cilia/
flagella. Particles that are transported by IFT are composed of several 
protein subunits comprising two complexes (A and B), which are con-
served among green algae, nematodes, and vertebrates. To determine 
whether or not homologues to members of the IFT complex proteins 
are conserved in Leishmania spp, we scanned genomes, transcriptomes 
and proteomes of Leishmania species in a search for putative IFT fac-
tors, which were then identified in silico, compared, cataloged, and 
characterized. Since a large proportion of newly identified genes in L. 
major remain unclassified, with many of these being potentially Leish-
mania- (or kinetoplastid-) specific, there is a need for detailed analyses 
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INTRODUCTION

Leishmania protozoa are responsible for a group of diseases, collectively known 
as Leishmaniasis. They are trypanosomatid members of the order Kinetoplastida, which 
contains other important uniflagellate pathogens, such as Trypanosoma cruzi and T. bru-
cei. Studies across eukaryotic systems indicate that flagella are constructed and maintained 
through the highly conserved process of intraflagellar transport (IFT), for which many of 
the proteins involved have yet to be identified (Haycraft et al., 2003). Well characterized in 
the biflagellate Chlamydomonas, IFT is a rapid movement of particles along the axonemal 
microtubules of cilia and flagella (Rosenbaum et al., 1999); it is a specialized bidirectional 
transport process mediated by the ancestral and conserved IFT complex. Import and export 
of proteins appear to be largely mediated by IFT particles that move along the axonemal dou-
blet microtubules, just beneath the flagellar membrane (Kozminski et al., 1995; Rosenbaum 
and Witman, 2002; Cole, 2003); these are associated with either kinesin or dynein motor 
proteins, recycling kinesin and discarding axoneme proteins back to the cytosol (Tull et al., 
2004). The main function of IFT is likely to be the delivery of axonemal substructures from 
the basal body region to the distal end of the flagellum, where the axoneme is assembled 
(Johnson and Rosenbaum, 1992; Piperno et al., 1996; Iomini et al., 2001). The particles that 
are transported by IFT are composed of several protein subunits (Piperno and Mead, 1997; 
Cole et al., 1998). The functions of the individual subunits are not known, but the proteins 
are conserved among green algae, nematodes, and vertebrates (Cole et al., 1998; Rosenbaum 
et al., 1999). In Chlamydomonas, the IFT particles comprise two large complexes: complex 
A is composed of six subunits (IFT-122A/B, -139, -140, -144/148, and IFT43); complex B 
is composed of 11 subunits (IFT20, 27, 46, 52, 57, 74/72, 80, 81, 88, and 172) (Cole et al., 
1998). Morphologically similar particles were observed in trypanosomatids (Sherwin and 
Gull, 1989), but it is unknown whether they represent the functional equivalent of the subu-
nits described in Chlamydomonas (Ersfeld and Gull, 2000). 

of homologs/orthologs that could help us understand the functional as-
signment of these gene products. We used a combination of integrat-
ed bioinformatics tools in a pathogenomics approach to contribute to 
the annotation of Leishmania genomes, particularly regarding flagel-
lar genes and their roles in pathogenesis. This resulted in the formal 
in silico identification of eight of these homologs in Leishmania (IFT 
subunits, 20, 27, 46, 52, 57, 88, 140, and 172), along with others (IFTs 
71, 74/72, and 81), as well as sequence comparisons and structural pre-
dictions. IFT, an important flagellar pathway in Leishmania, begins to 
be revealed through screening of trypanosomatid genomes; this infor-
mation could also be used to better understand fundamental processes 
in Leishmania, such as motility and pathogenesis.

Key words: Intraflagellar transport, Leishmania, Flagellar motility,  
Intraflagellar transport complex, Genome screens, Bioinformatics
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The recent development of robust molecular genetic and proteomic approaches (Aces-
tor et al., 2002; El Fakhry et al., 2002; Drummelsmith et al., 2003, 2004), coupled with ongoing 
analysis of the genome sequences of L. major, L. infantum and L. chagasi, as well as the avail-
able related genomes of T. cruzi, T. brucei and T. gambiensi, provided us with plenty of data to 
apply computational biology tools in order to improve the search for and the analyses of puta-
tive IFT factors in genomes, transcriptomes and proteomes of Leishmania species. Our goal 
was to help annotate of Leishmania gene products, particularly those involved in the flagellar 
apparatus and its role in pathogenesis. Genetic studies in Chlamydomonas have demonstrated 
that the motility of IFT particles or individual IFT components requires the activity of kinesin-2 
for anterograde movement and cytoplasmic dynein 1b for retrograde movement (Cole, 2003). 
Previously we reported potential virulence factors of Leishmania spp that are also components 
of the flagellar structure, or that are directly related to it (Oliveira et al., 2005); more recently 
(Vasconcelos et al., 2007) we outlined some IFT-related factors (such as profilins, katanins and 
kinesin homologues) that were assessed in silico and selected for possible roles in flagellar as-
sembly, disassembly and dynamics. Here, we have begun to explore flagellar proteins that are 
conserved as specific components of the IFT complex in trypanosomatids. 

MATERIAL AND METHODS

Biological databases and bioinformatics tools

A complete list of data sources and tool references (we used publicly available datasets 
of individual or clusters of gene/protein data on Leishmania spp, mainly L. major and L. infan-
tum) are depicted in Table 1, which includes whole genome shotgun (WGS) strategy projects, 
and cellular and flagellar proteome analyses of Leishmania and related eukaryotic organisms, 
including C. reinhardtii, for specific flagellar genes. For database searches (Table 1), as previ-
ously described (Oliveira et al., 2005), programs such as variants of BLAST (Altschul et al., 
1997) and GlimmerHMM (Majoros et al., 2004) have been widely used for sequence similarity 
searches, comparisons and gene predictions; the resulting data were built into a local dataset 
that has evolved to be an organellar database (named FlagelLink - http://nugen.uece.br/flagel-
link/; Araújo FF, Alcoforado WJO, Lira JD, Tavares DB, et al., personal communication) suit-
able for subsequent searches. External database search results for WGS/CDS and individual 
remote sequence matches were included in our local dataset. We used MUSCLE (Edgar, 2004) 
for global analysis of protein sequences through multiple alignments.

In silico survey

We took alignments created with FASTA/BLAST as input and computed alignment 
tables, providing hierarchical and successive correlations between each two sets of sequences. 
Given that ~70% of the genes in L. major genome have no significant similarity to existing 
genes in sequence databases (Aggarwal et al., 2003) and that the number of experimentally 
confirmed gene predictions in Leishmania was small, we had to extract a large number of 
consensus sequences for each Leishmania species by examining for putative protein-coding 
open-reading frames, combining gene prediction tools with semi-automated procedures (for 
detailed workflow, see Oliveira et al., 2005). FASTA files for amino-acid sequences of coding 
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Table 1. Sources of the various flagellum- or cilium-related data used (Organisms) and the sequence analyse tools 
applied in this survey (Sequence source).

Organisms Sequence source (DNA/Protein) Bioinformatics tools(A)

Chlamydomonas
reinhardtii

http://genome.jgi-psf.org/chlre2 
http://genome.jgipsf.org/chlre2/chlre2.home.html 
http://labs.umassmed.edu/chlamyfp/index.php 

BLAST 2.2.10 www.ncbi.nlm.nih.
gov/BLAST/
including blastn, megablast, blastp, 
psi- and
phi-blast, rps-blast, blastx, tblastn, 
bl2seq, and
cdart

Leishmania major www.genedb.org 
www.cri.crchul.ulaval.ca/proteome

OmniBLAST
www.genedb.org/genedb/
seqSearch.jsp

Leishmania infantum www.genedb.org MUSCLE http://phylogenomics.
berkeley.edu/cgibin/
muscle/input_muscle.py

Trypanosoma cruzi www.genedb.org 
http://tcruzidb.org

GLIMMER HMM
www.tigr.org/software/
GlimmerHMM/

Trypanosoma brucei www.genedb.org
http://www.ebi.ac.uk/pride - PRIDE (Proteomics 
identification database) 

UniProt/Swiss-Prot/trEMBL 
knowledge database 
www.ebi.ac.uk

Trypanosoma 
gambiensi

www.genedb.org GeneDB resources
www.genedb.org 

Plasmodium
falciparum

www.genedb.org NCBI/GenBank/Entrez resources
www.ncbi.nlm.nih.gov 

Caenorhabditis
elegans

http://www.wormbase.org Pfam/iPfam 
www.sanger.ac.uk/Pfam

Danio rerio http://www.sanger.ac.uk/Projects/D_rerio Clusters of orthologous groups of 
proteins (COGs) 
www.ncbi.nlm.nih.gov/COG

Strongylocentrotus
purpuratus

www.ncbi.nlm.nih.gov/genome/guide/sea_urchin SMART 
http://smart.embl-heidelberg.de

Trichomonas
vaginalis

http://www.tigr.org/tdb/e2k1/tva1/index.shtml PROSITE 
www.expasy.org/prosite

Mus musculus http://www.ncbi.nlm.nih.gov Gene ontology - resources
www.geneontology.org 

Homo sapiens http://www.ncbi.nlm.nih.gov BIND
http://bind.ca 

Drosophila 
melanogaster

http://www.ncbi.nlm.nih.gov TargetP
www.cbs.dtu.dk/services/TargetP 

Bos taurus http://www.ncbi.nlm.nih.gov AMIGO
www.genedb.org/amigo/perl 

AApplied to most of the sequences derived from the organism databases listed in Sequence Source.
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regions were downloaded from the sources detailed in Table 1. Briefly, we ran local BLASTP 
(Altschul et al., 1997) in order to determine the sequence similarity among all coding regions. 
Gene/open-reading frame identifiers were used to compare the sequence data with some avail-
able expression profiles of model organisms. Our screens included local BLASTP searches of 
publicly available databases (NCBI non-redundant protein database, GeneDB database and 
UniProt/Swiss-Prot/trEMBL knowledge database (accession numbers/identifiers are those 
used in these three databases), searched against various collections of protein motifs and fami-
lies (listed in Table 1). Gene ontology terms were assigned, based on top matches to proteins 
with gene ontology annotations from Swiss-Prot/tremble (www.expasy.org/sprot), AMIGO 
after GeneDB (www.genedb.org/amigo/perl) and TargetP (www.cbs.dtu.dk/services/TargetP) 
access. The functional assignment of these genes/gene products was inferred using an RPS-
BLAST search against conserved domain databases (Marchler-Bauer et al., 2005); information 
was taken into account about subcellular localization (Emanuelsson et al., 2000), sequence and 
structural features, domains/motifs conservation (von Mering et al., 2005; Letunic et al., 2006) 
and in vitro characterization (Avidor-Reiss et al., 2004; Tull et al., 2004; Pazour et al., 2005). 
Proteins annotated by Swiss-Prot as being encoded in an organelle functionally or structur-
ally related to the flagellar membranes, or containing an organelle transit peptide according to 
TargetP (Emanuelsson et al., 2000), were specifically incorporated in our local database. For 
in silico assessment of generally stored information about interactions and reactions, as well as 
detailed information about molecular mechanisms and underlying ontologies, we used BIND 
(Biomolecular Interaction Network Database) v3.7 at http://bind.ca (Alfarano et al., 2005). 

RESULTS AND DISCUSSION

Leishmania genes homologous to the components of intraflagellar transport complex A and B

For the in silico identification of IFT genes/proteins in Leishmania, we adopted an ap-
proach that investigates all components of the machinery, including IFT particles and station-
ary elements, such as axonemes, basal bodies, and distal structures of flagella. For instance, we 
used models described by Iomini et al. (2001) and Parker and Quarmby (2003) for intraflagel-
lar particle recycling. Through this approach, we were able to distinguish several Leishmania 
flagellar genes whose predicted proteins are either actin-, tubulin-, axoneme- or microtubule-
related and that could be directly assigned as components of the IFT complex in Leishmania 
spp (Table 2). The functional assignment of IFT genes/gene products was inferred from local 
and global alignments (see Material and Methods). We adopted minimum percentages of 30% 
identity and 40% similarity expected for IFT family members, given that these are routinely 
used parameters for assigning significant relationship among sequences. 

IFT has anterograde and retrograde components mediated by the plus (+) and minus (-) 
end-directed microtubule motors, kinesin-2 and cytoplasmic dynein, respectively (heavy chain 
and light chain) (Kozminski et al., 1995). Recently, we distinguished a few Leishmania proteins 
that could be related to flagellar and intraflagellar pathways, particularly the L. major putative 
Unc104-like kinesin (LmjF34.4260), a kinesin-2 subunit, and profilin and katanin homologues 
(Vasconcelos et al., 2007). Here, we present the identification of gene products that are specifi-
cally IFT-related sequences in Leishmania spp (as listed in Table 2) and that were analyzed in 
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Table 2. Comparison of intraflagellar transport (IFT) complex subunits experimentally characterized in 
Chlamydomonas reinhardtii with the putative homologs of IFT gene products in Leishmania spp. 

IFT (A and B)
numbered
subunits

Predicted molecular mass 
(kDa)/and isoelectric point 

(Ip-pH)

Gene/protein length
(bp/aa)

Current annotation
at GeneDB/

proposed
denomination

Sequence IDs
of Leishmania
IFT genes on

GeneDB

C. reinhardtii C. reinhardti Leishmania C. reinhardti Leishmania Leishmania Leishmania

A A A A A A A

IFT122 p122/5.8-6.0 - - - - -
IFT139 p139/5.9 - - - - -
IFT140 154.6/6.0 181.2/5.9 4589/1384 4968/1655 Hypothetical

protein/IFT140*
LmjF32.0310
LinJ32.0680

IFT144 p144/5.7-5.8 - - - - -

B B B B B B B

IFT20 15.6/ 15.4/4.6 408/135 390/129 Putative IFT
protein/IFT20*

LmjF30.2000
LinJ30.2000

IFT27 p27/ 20.9/8.3 615/214 561/186 GTP-binding 
protein-like/

IFT27*

LmjF29.0090 
LinJ29.0090 

IFT46 p46/ 40.0/4.1 1035/344 1092/362 Hypothetical
protein/IFT46*

LmjF30.1770
LinJ30.2110 

IFT52 50.3/ 73.2/4.9 1365/544 2019/672 Putative IFT
component/

IFT52*

LmjF19.0320
LinJ19.0120

IFT57 46.5/ 33.7/4.4 1449/407 909/302 Hypothetical
protein/IFT57*

LmjF33.0620
LinJ33.0590

IFT71 71.5/ 61.5/5.5 2743/641 1611/537 IFT-like
protein/IFT71*

LmjF22.1370
LinJ35.1280

IFT74/72 71.3/ 61.5/5.5 2414/641 1611/537 IFT-like
protein/IFT74/72*

LmjF23.1370
LinJ35.1280

IFT81 77.1/ 81.9/5.3 2867/683 2160/719 Hypothetical
protein/IFT81*

LmjF34.0230
LinJ34.0220

IFT88 86.3/ 91.2/6.5 2456/782 2436/812 Putative IFT88/
IFT88

LmjF27.1130
LinJ27.1180

IFT172 197.6/ 200.0/6.4 5374/1755 5403/1801 Hypothetical
protein/IFT172*

LmjF21.0980
LinJ21.0860

As originally described in Chlamydomonas, the IFT complex is composed of at least 17 different polypeptides (Cole et al., 
1998). A list of components of the IFT complex searched on genomes of Leishmania is shown, while those identified in 
this study are marked with asterisks and homologs with highest similarities appear in bold rows. Although some of these 
subunits were already annotated as putative IFT components (not numbered) at GeneDB, none of them have been reported 
before in Leishmania spp and mostly not identified as individual, classified and numbered, IFT components.
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terms of their possible participation in IFT, a conserved process, which according to Sloboda 
(2005) may also provide the basic elements of a signal transduction mechanism that functions 
to provide the nucleus with information about the outside environment and even about the state 
of the flagellum itself. Thus, IFT may function as the central component of a signal transduc-
tion system that controls flagellar gene transcription (Sloboda, 2005). As originally described 
in Chlamydomonas, the IFT complex is composed of at least 17 different polypeptides (Cole et 
al., 1998), although only the homologs of the classical components (IFT88, -57, 52-, and -20) 
have been identified in all proposed models and also in human cells (Cole, 2003). Leishmania 
spp homologs to members of the IFT complex proteins have not been reported so far and one 
of the goals of our study was to determine whether or not they were conserved in Leishmania. 
Using a combination of bioinformatics tools, we report here the consistent presence of these 
homologs in two Leishmania genomes (Table 2), together with their sequence comparisons and 
structural/functional predictions. Our attempt to unveil the IFT pathway in trypanosomatids, 
through the annotation and analyses of gene products in their genomes, makes this survey a 
contribution to the formal identification of Leishmania homologues to these IFT proteins. 

Subunits of the intraflagellar transport complex A in Leishmania spp - IFT140

In C. reinhardtii, the IFT complex A is said to be a 550-kDa tetramer containing six 
subunits, although only four of these have been clearly, unambiguously, isolated by all workers in 
the field (IFT144, IFT140, IFT139, and IFT122); the other two complex A subunits (IFT43 and 
IFT148) have not yet been confirmed unanimously by the different groups (Piperno and Mead, 
1997; Piperno et al., 1998; Rosenbaum et al., 1999; Deane et al., 2001; Cole, 2003; Pazour et al., 
2005; Efimenko et al., 2006; Blacque et al., 2006). A weak self-association of complex A and a 
weak association between complex A and B are known to occur (Cole et al., 1998). In our survey, 
the only component of the complex A that we were able to detect was IFT140; two sequences 
(GeneDB IDs: LmjF32.0310 and LinJ32.0680) displayed a significantly high similarity to the 
C. reinhardtii IFT140 subunit (accession No. AAT95430): 38 and 41% identities, as well as 57 
and 61% similarities, for LinJ32.0680 and LmjF32.0310, respectively (Figure 1). The complete 
sequence of IFT140 genes in L. major and L. infantum (annotated as conserved, hypothetical pro-
teins) encodes a 1655-residue protein with a calculated molecular mass of 181.2 kDa and an Ip of 
5.9 (Table 2). Full-length IFT140 in Chlamydomonas is 1384 amino acids long, and the protein is 
known to have a typical WD-40 repeat domain presenting five copies of the repeat. Leishmania 
IFT140 (Figure 1) possesses three copies of WD-40. The WD-40 domain is found in a number 
of eukaryotic proteins that cover a wide variety of functions, including adaptor/regulatory mod-
ules in signal transduction, pre-mRNA processing and cytoskeleton assembly. It contains a GH 
dipeptide 11-24 residues from its N-terminus and the WD dipeptide at its C-terminus, and it is 40 
residues long, hence the name WD-40 (Smith et al., 1999; Marchler-Bauer et al., 2005). 

Subunits of the intraflagellar transport complex B in Leishmania spp 

IFT complex B is a 750-kDa complex containing subunits ranging from 20 to 
172 kDa. There are 11 (IFT20, IFT27, IFT46, IFT52, IFT57, IFT74/72, IFT80, IFT81, 
IFT88, and IFT172) well-characterized subunits of complex B (Cole, 2003), some of 
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H. sapiens
C. reinhardtii 

---------------EVIMFNKQDKEQHTVPLPHTTDIAILSWSTSGSCL 118
---------------EVTVFNKQDKEQHTMPLTHTADITVLRWSPSGNCL 118
--------------GAISFWNAEERKLEEDSKIHRNTISSMTWTASGDRL 93
            WD1                WD2

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

VSASQQRQVVMWMLEQTPTETSVD----------FKLKPLWSVQAREPVV 189
VSTSQQRHVVMWMLEQTPTETSVN----------FKLKPLWSAQAREPIV 189
VSASQQRHVVMWALEQTDTETGVN----------FKLKSLWSVQASESVV 189
LTASKKLRVVMWMVESTTVNTGGNDKDGAATMMRFRLLPLWSVPTEVVIL 183
VSGDKLGVLLLWRLDQRGRVQGTP-----------LLKHEYGKALTHCIF 157
LSGDRLGVLLLWRLDQRGRVQGTP-----------LLKHEYGKHLTHCIF 157
ITGDENGRISMWKTDRLMRPIHVV-----------AYD-EPGAVIRHTVV 131

WD2                             WD3
L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

RIIHVPG-------KAARSPTAFHAC-----DGASAAAAAEDGDDDISFL 227
RIIHVPG-------KTPHSPTVFNAY-----DGASAAAAAEVGDDDISFL 227
RIIHVPG-------HAAYPSMTVNAH-----NGASAAATAEGDDDDMSFL 227
QALHVTSSIVLSLQQSAQRLQRYNTEGTLLPTPASHRGIDDEGDECAFFL 233
RLPPPG-EDLVQLAKAAVSGDEKALDMFNWRKSSFGSFLKTRSQEGLSFF 206
RLPPPG-EDLVQLAKAAVSGDEKALDMFNWKKSSSGSLLKMGSHEGLLFF 206
GLPEEMPDTNSQVVVAFYVADAQERAVVKWCNDQGYSGVVVGMSEGVHTL 181
        WD3                         WD4

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

LADGSSSVAAINEDQQLFPCVRQQEVIVSVLYDATSRTLVTLTTTCMIEV 277
LADGSSSVAAINEDQQLFPCARQEEAIVSVLYDATSRTLVTLTATCMIEV 277
LADGSASVAAINEEQQLFPCVTQQEAIVSVLYDPESRILITLSTSYMIEV 277
ASTGDKHIFALTEDRKLFPLCSLDEPLMTVLYDSAERQLVALSVANVISI 283
VSLMDGTVHYVDEKGKTAQVASTDSSIQTLFYIERREALVVVTENLLLSL 256
VSLMDGTVHYVDEKGKTTQVVSADSTIQMLFYMEKREALVVVTENLRLSL 256
VHYPERDQLLVVGSSCTLNVLTRDEQLGTWVTASK--------------M 217
            WD4

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

YRVGEDIKGSSTLRRKLSAPSTTATTSAATGERITMSMVWASPGVVAFGS 327
YRVDEDIKGSSTLRRKLSAPSTTPTTSAATGERITMTMVWASPGVVAFGS 327
YRISEDIKGTSTLRRKL---FTTPTTAAATGEQIAMSMVWASPGVVAFGG 324
YHVSEEFKVKIFLRRKLS-------TPNVKTERFTLTMLWATPGVLAFGC 326
YVVTPEGEAEEVMKVKLS-----------GKTGCRADITLIEGSLLVTAI 295
YTVPPEGKAEEVMKVKLS-----------GKTGRRADIALIEGSLLVMAV 295
KFATGTGEAATGLQVA-----------------------WAGN-LASASE 245
        WD5                       WD5
       

L. major
L. infantum              
L. braziliensis
T. cruzi
M. musculus
H. sapiens
C. reinhardtii         

GDDRVRVFDLSSESMDVLLLPQ-----PDLHVSSLATFAAKGILTVGTVE 372
GDDRVRVLDLSNESMDVLLLPQ-----PDLHVSSLAAFAAKGILTVGTVE 372
GDDRLRIFDISSESMDVLSLPQ-----PDLHVSCLATYTTKGIMTVGTVE 369
GDNRVRFFDIRDDRVYVLSHPAL----AAAHITHIATLLKKGLLAMATAE 372
GEPVLRFWDLERGENYILSLQEKFGFEKGESINCVCFCKAKGLLAAGTNK 345
GEAALRFWDIERGENYILSPDEKFGFEKGENMNCVCYCKVKGLLAAGTDR 345
KDNVVRMYNFDTEDNYVLNLEQDSGLVS--RVVCLAYDDRYNLLAVGTTD 293

WD5                        pWD6

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

GVLAVFQHRAASLSTNRHASEAKETTTISSPFAAAAG---------VASQ 413
GVLAVFQHRAASLSTSHHASEARETTTISSPFAAAAG---------VANQ 413
GVLVVFQRSAACLPPSGPAPALREPAAVSSLFASAPS---------VASQ 410
GPLAVFQRNAEAYFNGNSATTAAVNSGAEKMDNCPMGGNISKVENDPAEQ 422
GRVAMWKK-VPSFPNGRGAEGKDM-------------------------- 368
GRVAMWRK-VPDFLGSPGAEGKDR-------------------------- 368
GRVMMYKFNQPNLNLEPVLDFAKC-------------------------- 317
  pWD6

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

WEATAVHQVGKCVDRVVYTAFGDVALCRGGSELQVLHEIIRKRSWDGVAA 463
WEAIAVHQVGKCVDRVVFTAFGDVALCRGGSELQVLHEIIRKRSWDGVAA 463
WEALAIHQVGKFVDRVVFTALGDMALCRGGSELQVLHETIRKRSWDGVAA 460
WDLLTVVDMEGCVDRLSFTTASHIVVALATGKMQVLRETVRKRAWDGVVA 472
WALQTPTELEGNITQIKWGSRKNLLAVSSTESVSILSEQAMSSHFHQQVA 418
WALQTPTELQGNITQIQWGSRKNLLAVNSVISVAILSERAMSSHFHQQVA 418
WEMQPAFFVGNRALAMEWGPFPRLMVVACNDAINVCRKTMLSYKFRDGVA 367
                    pWD7

L. major
L. infantum              
L. braziliensis           
T. cruzi

VTQISSDMVVIESVTG-----CQCLLQNKGNVRGLSIAFPNIALWNGSQI 508
VTQISSDMVVIESVTG-----CQCLLQNKGNVRGLSIAFPNIALWNGSQI 508
ATQISADMVVIESVTG-----CQCLLRSKGSVRGLSIAFPNIALWNGSQI 505

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

-MSLFVVNTPEHEGQLKEHLIAAHKRKPLLATAWVNPPSVLITNSEGEVL 49
-MSLFVVNTPEHEGQLKEHLIAAHKRKPLLATVWANPPSVLITNSEGEVL 49
-MSLFVANTLEHEGQVKKSLIAAHKCKPLLATAWVNPPSVLITNNEGDTL 49
-MSLYFVNGVVSQGVVDAELVLAHPILPIVASVWKGPAHLLVTDAEGEFI 49
MALYFDHRIKAPDTPSSPSHITWHPTHPFLAVASISPSSGGNVDI--YLE 48
MALYYDHQIEAPDAAGSPSFISWHPVHPFLAVAYISTTSTGSVDI--YLE 48
---------MQPGAVGTQYLCCWLQGRPLDPNNEANIKN----------- 30

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

TPVTGPAGSTGRTHQPTALTWHPSEALLVIGWGNGEMSLWSMPSVSSLAL 99
TPVTEPAGSTGRTHQPTALAWHPSEALLVIGWSNGEMSLWLMPSVSSLAL 99
APVTEPVGSTGRTQQPTALAWHPNEALLVIGWSNGTMSLWAMPLASSLAL 99
ADSGAQLALK-DAGSITSMAWHPTHPALAIGCSSGRLMMWSLPPVK---- 94
QGEPVPDTHIERSFQATSLCWHPTRLILAIGWETG--------------- 83
QGECVPDTHVERPFRVASLCWHPTRLVLAVGWETG--------------- 83
----------VRGTECAKIAWHPLLPLLAIGWKDGEL------------- 57
                           WD1

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus

GEDYTAAAARSAVQLIAARAATQSDADGAVREHGAGAVLAAEWSTRGLYL 149
GDDYTTAAARSAVQLIAARAAVQSNAEGAVREHGAGAVLAAEWSTRGLYL 149
GEDDTSAATSSAVQLIAARAAAQSDVEGAVHEHGAGAVLAAEWSTRGLYL 149
---------KTAISMIPLEPPVDT--EKALPQHDEGSVTACVWSGGGTYL 133

M. musculus
H. sapiens
C. reinhardtii 

ATQISMEMVVVESVTG-----CQCLLKSGSKIRGMAAAFPIIGLWNGHQI 517
AVQISPSLVNVSFLSTGGTHS----LHTDMHISGVFATKDAVAVWNGKQV 464
AMQVSPSLLNVCFLSTGVAHS----LRTDMHISGVFATKDAVAVWNGRQV 464
IMQVAVDRVVLENLEVEPQRPPGRLQLQDMQLLGLDLSKGLLLVWDGERA 417
                  pWD8

L. major

L. infantum              
L. braziliensis           

T. cruzi

M. musculus
H. sapiens
C. reinhardtii 

------AEDYVIEQKRLRDFEGLKSEKDVAVREALMKFSYYATIGNMDEA 889
------AEDYVIEQKRLRDFEGLKSDKDVAVREALMKFSYYATIGNMDEA 889
------AEDYVIEQKRLRDFEGLKSDKDVAVREALMKFSYYSTIGNMDEA 884
------PEDYMIEQKRLRDFEGLKTEKDVAVLEALMKFSYYSTIGNMDEA 883
VDSGYYHIPQMVAKRPLRDFVGLE-DCDKSTRDAMLNFSFFVTIGDMDEA 792
VEPGCHHIPQMVSRRPLRDFVGLE-DCDKATRDAMLHFSFFVTIGDMDEA 791
-SGAFQPFTSNVSKAIMTSFQGMQ-DSDDKTRRALLDFSFNLATGNMDEA 711

L. major

L. infantum              
L. braziliensis           

T. cruzi

M. musculus
H. sapiens
C. reinhardtii 

YRCVKSIRNPAAWQGLARLCVTSGRLDVAAVCLSTMEDCVAARALREARE 939
YRCVKSIKNPAAWQGLARLCVTSGRLDVAAVCLSTMEDCVAARALREARE 939
YRCVKNIKNPAAWQGLARLCVTSGRLDVAAVCLSTMEDCVAARALREARE 934
YRCVKTIKNSTVWQSLARMCISSGRLDVAEVCLAQMQDGVAASALREART 933
FKSIKLIKSEAVWENMARMCVKTQRLDVAKVCLGNMGHARGARALREAEQ 842
FKSIKLIKSEAVWENMARMCVKTQRLDVAKVCLGNMGHARGARALREAEQ 841
FRSVKAIKNPAVWENMAHMCIRNKRLDVAEHCLSNMEHARGARALREAKS 761

L. major

L. infantum              
L. braziliensis           

T. cruzi

M. musculus
H. sapiens
C. reinhardtii 

DYPDDKDVQLATLALGLGMTEEAEELLRKSKHYDLLTDVYMACGKFEHAQ 989
DYPDDKGVQLATLALGLGMTEEAEELLRKSKRYDLLTDVYMACGKFEHAQ 989
DYPDDQGVQLAALALGLGMTEEAEELLRKSKRYDLMTDVYMAWGKFEHAQ 984
KYPEEKDVHLATLACGLGLVKECEDLLRKAKRFDLITDLLLACGKFEQAQ 983
EP--ELEARVAMLAIQLGMLEEAEQLYKKCKRYDLLNKFYQASDQWQKAV 890
EP--ELEARVAVLATQLGMLEDAEQLYRKCKRHDLLNKFYQAAGRWQEAL 889
IE--EADARVATVAVHLGMIEDAKKLYIACERYDLLNQLYRACGQWDKAL 809
                    pWD9

L. infantum              
L. braziliensis           

M. musculus
H. sapiens
C. reinhardtii 

RHSERFDRARIRPVAYKYAQFMESLQNMDAAIMWYYNAKCAGTDVPRIFF 1039
RHSERFDRARIRPVAYKYAQFMESLQNMDAAIMWYYNAKCAGTDVPRIFF 1039
RHTERFDRVRIRPVAYKYAQFMESLQNMDAAIMWYYNAKCAGTDVPRIFF 1034
RHAKQYDRIHIHPVAYKYAQFMESFSNFDSSIMWYCNAGCLATDVPRVFF 1033
EVAELHDRVHLRTTYYNYAKHLEASADCGQALSYYEKSDTHRFEVPRMLS 940
QVAEHHDRVHLRSTYHRYAGHLEASADCSRALSYYEKSDTHRFEVPRMLS 939
EVAEKNDRIHLKSTHYAYGQFMERQGDMEGARKHYEAAGCGLVEVPRMLF 859

L. infantum              
L. braziliensis           

M. musculus
H. sapiens
C. reinhardtii 

QQAFAAAAPVHCGGDDQGEPDPVGAAYFVGQLYERQGNAQLALQYYQAAG 1202
QQAFAAAAPIHCGDDEQGEPDPVGAAYFVGQLYERQGNAQLALQYYQAAG 1202
QQAFAAAP-ARLGDNEQGEPDPVGAAYFVGQLYERQGDGTRALQYYQAAG 1196
----AAGVAIARRESPTTETEPVGAAFFVGLHYEHSNDVPNALKYYKHAG 1229
--------NIQKAAEIANETGDWAASYHLARQYESQDEVKQAVHFYTRAQ 1038
--------NVQKAAQIANETGNLAASYHLARQYESQEEVGQAVHFYTRAQ 1037
--------DWKAAEDEVTNSADNAASFHLARQYEASGRIPEAIRYYTLAK 959

AYRSGVRVAWKTEQYGVVVNLAIKSSDERLMLETAMTLEKQQTYDKAVQL 1252
AYRSGVRVAWKTEQYGVVVNLAIKSSDERLMLETAMTLEKQQAYDKAVQL 1252
AYRSGVRVAWQAGQYGVVVNLAMKSSDERLMLEMAMALERQQAYDKAVQL 1246
AWRAASKLAKAQRRYVDLLALSLASDDTQLMLDSAAFLERNSVFDKAVEL 1279
AFNNAIRLCKENSLDDQLMNLALLSSPEDMIEAARYYEEKGEQMDRAVML 1088
AFKNAIRLCKENGLDDQLMNLALLSSPEDMIEAARYYEEKGVQMDRAVML 1087
RYSHGVRLAKTHELDSDLMNLALKSTPAVMIDTADYLFAKG-QHEKAATL 1008

YRRIGAVQCALDACVRGGLYETLHEVSATFASGSTDPAVFLGMADHFQSE 1302
YRRIGAVQCALDACVRGGLYETLHEVSATFASGSTDPAVFLGMADHFQSE 1302
YRRIGAVQCALDACVRGGLYETLHEVSTEFASGSTDPAVFLGMADHFQSE 1296
YHRIGDVQKAIDVCIKGGLYDTMHRISSTLDAQS-DPEVFMQMAEHFVGS 1328
YHKAGHFSKALELAFTTQQFAALQLIAEDLD-EKSDPALLARCSDFCIEH 1137
YHKAGHFSKALELAFATQQFVALQLIAEDLD-ETSDPALLARCSDFFIEH 1136
YMKGGKLSKAVEMCFQAQLFDVLQHITDDMTPEKSDPNLYNKCAEFFMGF 1058

GDYQKAVEMLLFAKHFDEALKLCETRSVTLTEEMAESMTSDMG--KLSMD 1350
GDYQKAVEMLLFAKHFDEALKLCETRSVTLTEEMAESMTSDMG--KLSME 1350
GDYQKAVEMLLFAKHYDEALKLCETRSVTLTEEMAESMTSDVG--KLSME 1344
GHYNKAAEMYIFAKAFPRALELCTSHGVTLTDEMAESMSSDANCSNLSGE 1378
RQFEKAVELLLAAKKYHEALQLCLEQNMTITEDMAEKMTVSKDSKDMSEE 1187
SQYERAVELLLAARKYQEALQLCLGQNMSITEEMAEKMTVAKDSSDLPEE 1186
GHNDKAVKMLIAAQQYGRALELCVEHDVSITEEMADSMTPDKN-AAVSAD 1107

ERQAVLRRVAHIAKDQGSWSLACKKYTQAGDRVKAMRMLMRGGETEKVIF 1400
ERQAVLRRVAHIAKDQGSWSLACKKYTQAGDRVKAMRMLMRGGETEKVIF 1400
ERQALLRKVAHIAKDQGSWSLACKKYTQAGDRVKAMKMLMRGGETEKVIF 1394
ERNALLRQIAGIAKDQGNWNLACKKYTEIGERLKAMKMLMRGGDVKKVIF 1428
SRRELLEQIANCCMRQGNYHLATKKYTQAGNKLKAMRALLKSGDTEKIVF 1237
SRRELLEQIADCCMRQGSYHLATKKYTQAGNKLKAMRALLKSGDTEKITF 1236
ERNNVICRIAKVAKRQGNFQLAAKKYTQAGDKVKAMKALLRGGDAEKIIF 1157

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

FANHSRNVEIYTMAANFLQSQKWSTDASIYKSIILFYTKAKAWTNLLVFY 1450
FANHSRNVEIYTMAANFLQSQNWSTDASIYKSIILFYTKAKAWTNLLVFY 1450
FANHSRNTEIYTMAANFLQSQSWSTDANIYKSIILFYTKAKAWMSLLVFY 1444
FASHSRNTEIYTLAGNFLQSQNWHTDSNIYKHIVLFYTKAKAFSNLISFI 1478
FAGVSRQKEIYIMAANYLQSLDWRKEPEIMKSIISFYTKGRALDLLAGFY 1287
FASVSRQKEIYIMAANYLQSLDWRKEPEIMKNIIGFYTKGRALDLLAGFY 1286
FAGVSRQKDIYLMAANYLQTLNWHSDPELMKHIISFYTKAAAWESLASFY 1207

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

ESCAQLHIDENRNYPGALRALEECIAMAESG--SAGKANIDREKVEQLKR 1498
ESCAQLHIDENRNYPEALRALEECVAMAESG--SAGKANIDSEKVEQLKR 1498
ESCAQLQIDENRNYPEALRALEDCISMVEGG--PAGKASIGNEKVEQLKR 1492
DAFAQLQIDENRNYYEAWCALNECVQVLERNRDAVYGGSSIMAKEEGLRT 1528
DACAQVEIDEYQNYDKVHGALTEAYKCLSKA--KTKNPLDQETKLAQLQS 1335
DACAQVEIDEYQNYDKAHGALTEAYKCLAKA--KAKSPLDQETRLAQLQS 1334
EACAQIEVDEYRDYEKALQAMREAAKYVAKS--KND---DRDARVGVIND 1252

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

RAEVLQAFVKAQKTVDSMVVADRGSVAEKAKADSVIASCSDIIKRSRPSS 1548
RAEVLKAFVKAQKTVDSMVVADRGSVAEKAKADSVIASCSDIIKRSRPSS 1548
RAEVLKTFVKAQKTVDSMVAADRGSVAEKAKAESVIASCSDIIKRSRPAS 1542
RRDIVQQVVMALKLLVDSASDDK-------KAKELIAVCSDLIKRSRPNH 1571
KMTLVKRFIQARRTYTEDP-------------KESLRQCELLLEEP---- 1368
RMALVKRFIQARRTYTEDP-------------KESIKQCELLLEEP---- 1367
RIAVAEQFVAARQLIGSNP-------------QEALRVCDELLRAIPPNS 1289

L. major
L. infantum              
L. braziliensis           
T. cruzi 
M. musculus
H. sapiens
C. reinhardtii 

PDHDLIQDALRIGDVFALMVRFYFDKLGESNNALKVMESMSKHGADPQFF 1598
PDHDLIQDALRIGDVFALMVRFYFDKLGESNNALKVMESMPKHGADPQFF 1598
QDHQLIHDALRIGDVFALMVRFYFDKLGEPNNALKVMESMPKHGTDPQLF 1592
QDSANVLAAIRIGDVFALLVRYYYENDRSAKD------------------ 1603
----DLDSTIRVGDVYGFLVEHHVQM-EEYQMAYKYLEEMRKRLPSANMS 1413
----DLDSTIRIGDVYGFLVEHYVRK-EEYQTAYRFLEEMRRRLPLANMS 1412
Q---DLEAGIRIGDVYALMVEYWYEA-RNPNEAYKAIEAMRRRG--IILS 1333

L. major
L. infantum              
L. braziliensis           
T. cruzi 
M. musculus
H. sapiens
C. reinhardtii 

IETDYMERVCQANGKSLANVLPGVMMAGAPGAGWEGARKASTDTRRSSVI 1648
IETDYMERVCQANGKSLANVLPGVMTAGAPGAMWEGGRKASTDTRRSSVI 1648
IEMDYMERVCQANGKSLANVLPGVMAGGAHGAGWEGDRNMGTDTRRSSVI 1642
--------------------------------------------------
YYVDQRTVDTVHQGLGLLPPSRIMPERVRHNSMEDHKEVYEEVIEEVDND 1463
YYVSPQAVDAVHRGLGLPLP-RTVPEQVRHNSMEDARELDEEVVEEADDD 1461
PYLDTRMVEDIYRSLGVALDMAEERRGPANLGLRESDAGAFVEEEVADED 1383

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

IAQMTFTESEGIPVIIDIMNDYLVAVSSKNYLRLARVSSRDLQQAGPARP 607
IAQMTFTESEGVPVIIDIMNDYLVAVSSKNYLRLARVSSRDLQQAGPTRP 607
IAQMTFTASEGVPVIIDIMNDYLVAVSSKKYLRLARVSSRDLQQIGPARP 604
IGQIAFTETEGTPIVIDVMGDVVVTISSTNAMRIACVSGRELRQLGPPRQ 617
KQLLLFSETEGSPCFLDVCGTFLVAGTDLAHFKSFDLSRREAKVHCSCKN 561
KQLLLFSETEGNPCFLDICGNFLVVGTDLAHFKSFDLSRREAKAHCSCRS 561
KQTLMFDDNHGSPTSMDVARDYLAVVTSANIVRILKVAGREAKPHAGPAP 515

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

NIVTLFATHDGLVVQNVASMRR-YQICLVGLTIPDFLLASVKINGNPSN- 845
NIVTLFATHDGLVVQNVASMRR-YQICLVGLTIPDFLLASVKINGNPNN- 845
NIVTLFATHHGLVVQNVASMRR-YQICLVGLTIPDFLLASVKINGNPSA- 840
SVVTLFSTNKGLIVHNAVLLKK-YQICLVGLTVPDFLLASVRINGNPSN- 839
ILSFFASEEHGFLLHDSFPRPS-TYQSLLGMEVPHYYFTKKPGEADKEDR 743
ILSFFISEEHGFLLHESFPRPA-TSHSLLGMEVPYYYFTRKPEEADREDE 742
CAIIFVDPDKGILLQEYQPIHTGGATACIGSCAPHLLTNKKSMVQPAPG- 663

L. major

L. major

T. cruzi

T. cruzi

L. major

T. cruzi

L. infantum              
L. braziliensis           

M. musculus
H. sapiens
C. reinhardtii 

L. major

T. cruzi

L. infantum              
L. braziliensis           

M. musculus
H. sapiens
C. reinhardtii 

L. major

T. cruzi

L. infantum              
L. braziliensis           

M. musculus
H. sapiens
C. reinhardtii 

L. major

T. cruzi

L. infantum              
L. braziliensis           

M. musculus
H. sapiens
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H. sapiens
C. reinhardtii 

---------------EVIMFNKQDKEQHTVPLPHTTDIAILSWSTSGSCL 118
---------------EVTVFNKQDKEQHTMPLTHTADITVLRWSPSGNCL 118
--------------GAISFWNAEERKLEEDSKIHRNTISSMTWTASGDRL 93
            WD1                WD2

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

VSASQQRQVVMWMLEQTPTETSVD----------FKLKPLWSVQAREPVV 189
VSTSQQRHVVMWMLEQTPTETSVN----------FKLKPLWSAQAREPIV 189
VSASQQRHVVMWALEQTDTETGVN----------FKLKSLWSVQASESVV 189
LTASKKLRVVMWMVESTTVNTGGNDKDGAATMMRFRLLPLWSVPTEVVIL 183
VSGDKLGVLLLWRLDQRGRVQGTP-----------LLKHEYGKALTHCIF 157
LSGDRLGVLLLWRLDQRGRVQGTP-----------LLKHEYGKHLTHCIF 157
ITGDENGRISMWKTDRLMRPIHVV-----------AYD-EPGAVIRHTVV 131

WD2                             WD3
L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

RIIHVPG-------KAARSPTAFHAC-----DGASAAAAAEDGDDDISFL 227
RIIHVPG-------KTPHSPTVFNAY-----DGASAAAAAEVGDDDISFL 227
RIIHVPG-------HAAYPSMTVNAH-----NGASAAATAEGDDDDMSFL 227
QALHVTSSIVLSLQQSAQRLQRYNTEGTLLPTPASHRGIDDEGDECAFFL 233
RLPPPG-EDLVQLAKAAVSGDEKALDMFNWRKSSFGSFLKTRSQEGLSFF 206
RLPPPG-EDLVQLAKAAVSGDEKALDMFNWKKSSSGSLLKMGSHEGLLFF 206
GLPEEMPDTNSQVVVAFYVADAQERAVVKWCNDQGYSGVVVGMSEGVHTL 181
        WD3                         WD4

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

LADGSSSVAAINEDQQLFPCVRQQEVIVSVLYDATSRTLVTLTTTCMIEV 277
LADGSSSVAAINEDQQLFPCARQEEAIVSVLYDATSRTLVTLTATCMIEV 277
LADGSASVAAINEEQQLFPCVTQQEAIVSVLYDPESRILITLSTSYMIEV 277
ASTGDKHIFALTEDRKLFPLCSLDEPLMTVLYDSAERQLVALSVANVISI 283
VSLMDGTVHYVDEKGKTAQVASTDSSIQTLFYIERREALVVVTENLLLSL 256
VSLMDGTVHYVDEKGKTTQVVSADSTIQMLFYMEKREALVVVTENLRLSL 256
VHYPERDQLLVVGSSCTLNVLTRDEQLGTWVTASK--------------M 217
            WD4

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

YRVGEDIKGSSTLRRKLSAPSTTATTSAATGERITMSMVWASPGVVAFGS 327
YRVDEDIKGSSTLRRKLSAPSTTPTTSAATGERITMTMVWASPGVVAFGS 327
YRISEDIKGTSTLRRKL---FTTPTTAAATGEQIAMSMVWASPGVVAFGG 324
YHVSEEFKVKIFLRRKLS-------TPNVKTERFTLTMLWATPGVLAFGC 326
YVVTPEGEAEEVMKVKLS-----------GKTGCRADITLIEGSLLVTAI 295
YTVPPEGKAEEVMKVKLS-----------GKTGRRADIALIEGSLLVMAV 295
KFATGTGEAATGLQVA-----------------------WAGN-LASASE 245
        WD5                       WD5
       

L. major
L. infantum              
L. braziliensis
T. cruzi
M. musculus
H. sapiens
C. reinhardtii         

GDDRVRVFDLSSESMDVLLLPQ-----PDLHVSSLATFAAKGILTVGTVE 372
GDDRVRVLDLSNESMDVLLLPQ-----PDLHVSSLAAFAAKGILTVGTVE 372
GDDRLRIFDISSESMDVLSLPQ-----PDLHVSCLATYTTKGIMTVGTVE 369
GDNRVRFFDIRDDRVYVLSHPAL----AAAHITHIATLLKKGLLAMATAE 372
GEPVLRFWDLERGENYILSLQEKFGFEKGESINCVCFCKAKGLLAAGTNK 345
GEAALRFWDIERGENYILSPDEKFGFEKGENMNCVCYCKVKGLLAAGTDR 345
KDNVVRMYNFDTEDNYVLNLEQDSGLVS--RVVCLAYDDRYNLLAVGTTD 293

WD5                        pWD6

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

GVLAVFQHRAASLSTNRHASEAKETTTISSPFAAAAG---------VASQ 413
GVLAVFQHRAASLSTSHHASEARETTTISSPFAAAAG---------VANQ 413
GVLVVFQRSAACLPPSGPAPALREPAAVSSLFASAPS---------VASQ 410
GPLAVFQRNAEAYFNGNSATTAAVNSGAEKMDNCPMGGNISKVENDPAEQ 422
GRVAMWKK-VPSFPNGRGAEGKDM-------------------------- 368
GRVAMWRK-VPDFLGSPGAEGKDR-------------------------- 368
GRVMMYKFNQPNLNLEPVLDFAKC-------------------------- 317
  pWD6

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

WEATAVHQVGKCVDRVVYTAFGDVALCRGGSELQVLHEIIRKRSWDGVAA 463
WEAIAVHQVGKCVDRVVFTAFGDVALCRGGSELQVLHEIIRKRSWDGVAA 463
WEALAIHQVGKFVDRVVFTALGDMALCRGGSELQVLHETIRKRSWDGVAA 460
WDLLTVVDMEGCVDRLSFTTASHIVVALATGKMQVLRETVRKRAWDGVVA 472
WALQTPTELEGNITQIKWGSRKNLLAVSSTESVSILSEQAMSSHFHQQVA 418
WALQTPTELQGNITQIQWGSRKNLLAVNSVISVAILSERAMSSHFHQQVA 418
WEMQPAFFVGNRALAMEWGPFPRLMVVACNDAINVCRKTMLSYKFRDGVA 367
                    pWD7

L. major
L. infantum              
L. braziliensis           
T. cruzi

VTQISSDMVVIESVTG-----CQCLLQNKGNVRGLSIAFPNIALWNGSQI 508
VTQISSDMVVIESVTG-----CQCLLQNKGNVRGLSIAFPNIALWNGSQI 508
ATQISADMVVIESVTG-----CQCLLRSKGSVRGLSIAFPNIALWNGSQI 505

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

-MSLFVVNTPEHEGQLKEHLIAAHKRKPLLATAWVNPPSVLITNSEGEVL 49
-MSLFVVNTPEHEGQLKEHLIAAHKRKPLLATVWANPPSVLITNSEGEVL 49
-MSLFVANTLEHEGQVKKSLIAAHKCKPLLATAWVNPPSVLITNNEGDTL 49
-MSLYFVNGVVSQGVVDAELVLAHPILPIVASVWKGPAHLLVTDAEGEFI 49
MALYFDHRIKAPDTPSSPSHITWHPTHPFLAVASISPSSGGNVDI--YLE 48
MALYYDHQIEAPDAAGSPSFISWHPVHPFLAVAYISTTSTGSVDI--YLE 48
---------MQPGAVGTQYLCCWLQGRPLDPNNEANIKN----------- 30

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

TPVTGPAGSTGRTHQPTALTWHPSEALLVIGWGNGEMSLWSMPSVSSLAL 99
TPVTEPAGSTGRTHQPTALAWHPSEALLVIGWSNGEMSLWLMPSVSSLAL 99
APVTEPVGSTGRTQQPTALAWHPNEALLVIGWSNGTMSLWAMPLASSLAL 99
ADSGAQLALK-DAGSITSMAWHPTHPALAIGCSSGRLMMWSLPPVK---- 94
QGEPVPDTHIERSFQATSLCWHPTRLILAIGWETG--------------- 83
QGECVPDTHVERPFRVASLCWHPTRLVLAVGWETG--------------- 83
----------VRGTECAKIAWHPLLPLLAIGWKDGEL------------- 57
                           WD1

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus

GEDYTAAAARSAVQLIAARAATQSDADGAVREHGAGAVLAAEWSTRGLYL 149
GDDYTTAAARSAVQLIAARAAVQSNAEGAVREHGAGAVLAAEWSTRGLYL 149
GEDDTSAATSSAVQLIAARAAAQSDVEGAVHEHGAGAVLAAEWSTRGLYL 149
---------KTAISMIPLEPPVDT--EKALPQHDEGSVTACVWSGGGTYL 133

M. musculus
H. sapiens
C. reinhardtii 

ATQISMEMVVVESVTG-----CQCLLKSGSKIRGMAAAFPIIGLWNGHQI 517
AVQISPSLVNVSFLSTGGTHS----LHTDMHISGVFATKDAVAVWNGKQV 464
AMQVSPSLLNVCFLSTGVAHS----LRTDMHISGVFATKDAVAVWNGRQV 464
IMQVAVDRVVLENLEVEPQRPPGRLQLQDMQLLGLDLSKGLLLVWDGERA 417
                  pWD8

L. major

L. infantum              
L. braziliensis           

T. cruzi

M. musculus
H. sapiens
C. reinhardtii 

------AEDYVIEQKRLRDFEGLKSEKDVAVREALMKFSYYATIGNMDEA 889
------AEDYVIEQKRLRDFEGLKSDKDVAVREALMKFSYYATIGNMDEA 889
------AEDYVIEQKRLRDFEGLKSDKDVAVREALMKFSYYSTIGNMDEA 884
------PEDYMIEQKRLRDFEGLKTEKDVAVLEALMKFSYYSTIGNMDEA 883
VDSGYYHIPQMVAKRPLRDFVGLE-DCDKSTRDAMLNFSFFVTIGDMDEA 792
VEPGCHHIPQMVSRRPLRDFVGLE-DCDKATRDAMLHFSFFVTIGDMDEA 791
-SGAFQPFTSNVSKAIMTSFQGMQ-DSDDKTRRALLDFSFNLATGNMDEA 711

L. major

L. infantum              
L. braziliensis           

T. cruzi

M. musculus
H. sapiens
C. reinhardtii 

YRCVKSIRNPAAWQGLARLCVTSGRLDVAAVCLSTMEDCVAARALREARE 939
YRCVKSIKNPAAWQGLARLCVTSGRLDVAAVCLSTMEDCVAARALREARE 939
YRCVKNIKNPAAWQGLARLCVTSGRLDVAAVCLSTMEDCVAARALREARE 934
YRCVKTIKNSTVWQSLARMCISSGRLDVAEVCLAQMQDGVAASALREART 933
FKSIKLIKSEAVWENMARMCVKTQRLDVAKVCLGNMGHARGARALREAEQ 842
FKSIKLIKSEAVWENMARMCVKTQRLDVAKVCLGNMGHARGARALREAEQ 841
FRSVKAIKNPAVWENMAHMCIRNKRLDVAEHCLSNMEHARGARALREAKS 761

L. major

L. infantum              
L. braziliensis           

T. cruzi

M. musculus
H. sapiens
C. reinhardtii 

DYPDDKDVQLATLALGLGMTEEAEELLRKSKHYDLLTDVYMACGKFEHAQ 989
DYPDDKGVQLATLALGLGMTEEAEELLRKSKRYDLLTDVYMACGKFEHAQ 989
DYPDDQGVQLAALALGLGMTEEAEELLRKSKRYDLMTDVYMAWGKFEHAQ 984
KYPEEKDVHLATLACGLGLVKECEDLLRKAKRFDLITDLLLACGKFEQAQ 983
EP--ELEARVAMLAIQLGMLEEAEQLYKKCKRYDLLNKFYQASDQWQKAV 890
EP--ELEARVAVLATQLGMLEDAEQLYRKCKRHDLLNKFYQAAGRWQEAL 889
IE--EADARVATVAVHLGMIEDAKKLYIACERYDLLNQLYRACGQWDKAL 809
                    pWD9

L. infantum              
L. braziliensis           

M. musculus
H. sapiens
C. reinhardtii 

RHSERFDRARIRPVAYKYAQFMESLQNMDAAIMWYYNAKCAGTDVPRIFF 1039
RHSERFDRARIRPVAYKYAQFMESLQNMDAAIMWYYNAKCAGTDVPRIFF 1039
RHTERFDRVRIRPVAYKYAQFMESLQNMDAAIMWYYNAKCAGTDVPRIFF 1034
RHAKQYDRIHIHPVAYKYAQFMESFSNFDSSIMWYCNAGCLATDVPRVFF 1033
EVAELHDRVHLRTTYYNYAKHLEASADCGQALSYYEKSDTHRFEVPRMLS 940
QVAEHHDRVHLRSTYHRYAGHLEASADCSRALSYYEKSDTHRFEVPRMLS 939
EVAEKNDRIHLKSTHYAYGQFMERQGDMEGARKHYEAAGCGLVEVPRMLF 859

L. infantum              
L. braziliensis           

M. musculus
H. sapiens
C. reinhardtii 

QQAFAAAAPVHCGGDDQGEPDPVGAAYFVGQLYERQGNAQLALQYYQAAG 1202
QQAFAAAAPIHCGDDEQGEPDPVGAAYFVGQLYERQGNAQLALQYYQAAG 1202
QQAFAAAP-ARLGDNEQGEPDPVGAAYFVGQLYERQGDGTRALQYYQAAG 1196
----AAGVAIARRESPTTETEPVGAAFFVGLHYEHSNDVPNALKYYKHAG 1229
--------NIQKAAEIANETGDWAASYHLARQYESQDEVKQAVHFYTRAQ 1038
--------NVQKAAQIANETGNLAASYHLARQYESQEEVGQAVHFYTRAQ 1037
--------DWKAAEDEVTNSADNAASFHLARQYEASGRIPEAIRYYTLAK 959

AYRSGVRVAWKTEQYGVVVNLAIKSSDERLMLETAMTLEKQQTYDKAVQL 1252
AYRSGVRVAWKTEQYGVVVNLAIKSSDERLMLETAMTLEKQQAYDKAVQL 1252
AYRSGVRVAWQAGQYGVVVNLAMKSSDERLMLEMAMALERQQAYDKAVQL 1246
AWRAASKLAKAQRRYVDLLALSLASDDTQLMLDSAAFLERNSVFDKAVEL 1279
AFNNAIRLCKENSLDDQLMNLALLSSPEDMIEAARYYEEKGEQMDRAVML 1088
AFKNAIRLCKENGLDDQLMNLALLSSPEDMIEAARYYEEKGVQMDRAVML 1087
RYSHGVRLAKTHELDSDLMNLALKSTPAVMIDTADYLFAKG-QHEKAATL 1008

YRRIGAVQCALDACVRGGLYETLHEVSATFASGSTDPAVFLGMADHFQSE 1302
YRRIGAVQCALDACVRGGLYETLHEVSATFASGSTDPAVFLGMADHFQSE 1302
YRRIGAVQCALDACVRGGLYETLHEVSTEFASGSTDPAVFLGMADHFQSE 1296
YHRIGDVQKAIDVCIKGGLYDTMHRISSTLDAQS-DPEVFMQMAEHFVGS 1328
YHKAGHFSKALELAFTTQQFAALQLIAEDLD-EKSDPALLARCSDFCIEH 1137
YHKAGHFSKALELAFATQQFVALQLIAEDLD-ETSDPALLARCSDFFIEH 1136
YMKGGKLSKAVEMCFQAQLFDVLQHITDDMTPEKSDPNLYNKCAEFFMGF 1058

GDYQKAVEMLLFAKHFDEALKLCETRSVTLTEEMAESMTSDMG--KLSMD 1350
GDYQKAVEMLLFAKHFDEALKLCETRSVTLTEEMAESMTSDMG--KLSME 1350
GDYQKAVEMLLFAKHYDEALKLCETRSVTLTEEMAESMTSDVG--KLSME 1344
GHYNKAAEMYIFAKAFPRALELCTSHGVTLTDEMAESMSSDANCSNLSGE 1378
RQFEKAVELLLAAKKYHEALQLCLEQNMTITEDMAEKMTVSKDSKDMSEE 1187
SQYERAVELLLAARKYQEALQLCLGQNMSITEEMAEKMTVAKDSSDLPEE 1186
GHNDKAVKMLIAAQQYGRALELCVEHDVSITEEMADSMTPDKN-AAVSAD 1107

ERQAVLRRVAHIAKDQGSWSLACKKYTQAGDRVKAMRMLMRGGETEKVIF 1400
ERQAVLRRVAHIAKDQGSWSLACKKYTQAGDRVKAMRMLMRGGETEKVIF 1400
ERQALLRKVAHIAKDQGSWSLACKKYTQAGDRVKAMKMLMRGGETEKVIF 1394
ERNALLRQIAGIAKDQGNWNLACKKYTEIGERLKAMKMLMRGGDVKKVIF 1428
SRRELLEQIANCCMRQGNYHLATKKYTQAGNKLKAMRALLKSGDTEKIVF 1237
SRRELLEQIADCCMRQGSYHLATKKYTQAGNKLKAMRALLKSGDTEKITF 1236
ERNNVICRIAKVAKRQGNFQLAAKKYTQAGDKVKAMKALLRGGDAEKIIF 1157

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

FANHSRNVEIYTMAANFLQSQKWSTDASIYKSIILFYTKAKAWTNLLVFY 1450
FANHSRNVEIYTMAANFLQSQNWSTDASIYKSIILFYTKAKAWTNLLVFY 1450
FANHSRNTEIYTMAANFLQSQSWSTDANIYKSIILFYTKAKAWMSLLVFY 1444
FASHSRNTEIYTLAGNFLQSQNWHTDSNIYKHIVLFYTKAKAFSNLISFI 1478
FAGVSRQKEIYIMAANYLQSLDWRKEPEIMKSIISFYTKGRALDLLAGFY 1287
FASVSRQKEIYIMAANYLQSLDWRKEPEIMKNIIGFYTKGRALDLLAGFY 1286
FAGVSRQKDIYLMAANYLQTLNWHSDPELMKHIISFYTKAAAWESLASFY 1207

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

ESCAQLHIDENRNYPGALRALEECIAMAESG--SAGKANIDREKVEQLKR 1498
ESCAQLHIDENRNYPEALRALEECVAMAESG--SAGKANIDSEKVEQLKR 1498
ESCAQLQIDENRNYPEALRALEDCISMVEGG--PAGKASIGNEKVEQLKR 1492
DAFAQLQIDENRNYYEAWCALNECVQVLERNRDAVYGGSSIMAKEEGLRT 1528
DACAQVEIDEYQNYDKVHGALTEAYKCLSKA--KTKNPLDQETKLAQLQS 1335
DACAQVEIDEYQNYDKAHGALTEAYKCLAKA--KAKSPLDQETRLAQLQS 1334
EACAQIEVDEYRDYEKALQAMREAAKYVAKS--KND---DRDARVGVIND 1252

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

RAEVLQAFVKAQKTVDSMVVADRGSVAEKAKADSVIASCSDIIKRSRPSS 1548
RAEVLKAFVKAQKTVDSMVVADRGSVAEKAKADSVIASCSDIIKRSRPSS 1548
RAEVLKTFVKAQKTVDSMVAADRGSVAEKAKAESVIASCSDIIKRSRPAS 1542
RRDIVQQVVMALKLLVDSASDDK-------KAKELIAVCSDLIKRSRPNH 1571
KMTLVKRFIQARRTYTEDP-------------KESLRQCELLLEEP---- 1368
RMALVKRFIQARRTYTEDP-------------KESIKQCELLLEEP---- 1367
RIAVAEQFVAARQLIGSNP-------------QEALRVCDELLRAIPPNS 1289

L. major
L. infantum              
L. braziliensis           
T. cruzi 
M. musculus
H. sapiens
C. reinhardtii 

PDHDLIQDALRIGDVFALMVRFYFDKLGESNNALKVMESMSKHGADPQFF 1598
PDHDLIQDALRIGDVFALMVRFYFDKLGESNNALKVMESMPKHGADPQFF 1598
QDHQLIHDALRIGDVFALMVRFYFDKLGEPNNALKVMESMPKHGTDPQLF 1592
QDSANVLAAIRIGDVFALLVRYYYENDRSAKD------------------ 1603
----DLDSTIRVGDVYGFLVEHHVQM-EEYQMAYKYLEEMRKRLPSANMS 1413
----DLDSTIRIGDVYGFLVEHYVRK-EEYQTAYRFLEEMRRRLPLANMS 1412
Q---DLEAGIRIGDVYALMVEYWYEA-RNPNEAYKAIEAMRRRG--IILS 1333

L. major
L. infantum              
L. braziliensis           
T. cruzi 
M. musculus
H. sapiens
C. reinhardtii 

IETDYMERVCQANGKSLANVLPGVMMAGAPGAGWEGARKASTDTRRSSVI 1648
IETDYMERVCQANGKSLANVLPGVMTAGAPGAMWEGGRKASTDTRRSSVI 1648
IEMDYMERVCQANGKSLANVLPGVMAGGAHGAGWEGDRNMGTDTRRSSVI 1642
--------------------------------------------------
YYVDQRTVDTVHQGLGLLPPSRIMPERVRHNSMEDHKEVYEEVIEEVDND 1463
YYVSPQAVDAVHRGLGLPLP-RTVPEQVRHNSMEDARELDEEVVEEADDD 1461
PYLDTRMVEDIYRSLGVALDMAEERRGPANLGLRESDAGAFVEEEVADED 1383

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

IAQMTFTESEGIPVIIDIMNDYLVAVSSKNYLRLARVSSRDLQQAGPARP 607
IAQMTFTESEGVPVIIDIMNDYLVAVSSKNYLRLARVSSRDLQQAGPTRP 607
IAQMTFTASEGVPVIIDIMNDYLVAVSSKKYLRLARVSSRDLQQIGPARP 604
IGQIAFTETEGTPIVIDVMGDVVVTISSTNAMRIACVSGRELRQLGPPRQ 617
KQLLLFSETEGSPCFLDVCGTFLVAGTDLAHFKSFDLSRREAKVHCSCKN 561
KQLLLFSETEGNPCFLDICGNFLVVGTDLAHFKSFDLSRREAKAHCSCRS 561
KQTLMFDDNHGSPTSMDVARDYLAVVTSANIVRILKVAGREAKPHAGPAP 515

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

NIVTLFATHDGLVVQNVASMRR-YQICLVGLTIPDFLLASVKINGNPSN- 845
NIVTLFATHDGLVVQNVASMRR-YQICLVGLTIPDFLLASVKINGNPNN- 845
NIVTLFATHHGLVVQNVASMRR-YQICLVGLTIPDFLLASVKINGNPSA- 840
SVVTLFSTNKGLIVHNAVLLKK-YQICLVGLTVPDFLLASVRINGNPSN- 839
ILSFFASEEHGFLLHDSFPRPS-TYQSLLGMEVPHYYFTKKPGEADKEDR 743
ILSFFISEEHGFLLHESFPRPA-TSHSLLGMEVPYYYFTRKPEEADREDE 742
CAIIFVDPDKGILLQEYQPIHTGGATACIGSCAPHLLTNKKSMVQPAPG- 663

L. major

L. major

T. cruzi

T. cruzi

L. major

T. cruzi

L. infantum              
L. braziliensis           

M. musculus
H. sapiens
C. reinhardtii 

L. major

T. cruzi

L. infantum              
L. braziliensis           

M. musculus
H. sapiens
C. reinhardtii 

L. major

T. cruzi

L. infantum              
L. braziliensis           

M. musculus
H. sapiens
C. reinhardtii 

L. major

T. cruzi

L. infantum              
L. braziliensis           

M. musculus
H. sapiens
C. reinhardtii 
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Figure 1. Comparative analyses of IFT140 homologs. Multiple sequence alignment of IFT140 gene products from 
Leishmania major (LmjF32.0310), L. braziliensis (LbrM32_V2.0380), L. infantum (LinJ32.0680), Trypanosoma cruzi 
(Tc00.1047053506215.19) sequences at GeneDB as compared to IFT140 from other species, including the murine 
and human homologs (NCBI accession No. NP_598887.2 and NP_055529.2), as well as IFT140 in the green alga 
Chlamydomonas reinhardtii (NCBI accession No. AAT95430.1). IFT140 is a very large complex A protein (1360 amino 
acids); its N-terminal region contains five WD-40 repeat domains in C. reinhardtii and three in Leishmania spp (numbered 
from WD1-5), while there are other putative WD-40 repeats along the IFT protein sequence that can be seen as underlined 
boxes (pWD6-9). Dark gray shading indicates identical amino acids and lighter shading indicates similar amino acid 
residues.

H. sapiens
C. reinhardtii 

---------------EVIMFNKQDKEQHTVPLPHTTDIAILSWSTSGSCL 118
---------------EVTVFNKQDKEQHTMPLTHTADITVLRWSPSGNCL 118
--------------GAISFWNAEERKLEEDSKIHRNTISSMTWTASGDRL 93
            WD1                WD2

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

VSASQQRQVVMWMLEQTPTETSVD----------FKLKPLWSVQAREPVV 189
VSTSQQRHVVMWMLEQTPTETSVN----------FKLKPLWSAQAREPIV 189
VSASQQRHVVMWALEQTDTETGVN----------FKLKSLWSVQASESVV 189
LTASKKLRVVMWMVESTTVNTGGNDKDGAATMMRFRLLPLWSVPTEVVIL 183
VSGDKLGVLLLWRLDQRGRVQGTP-----------LLKHEYGKALTHCIF 157
LSGDRLGVLLLWRLDQRGRVQGTP-----------LLKHEYGKHLTHCIF 157
ITGDENGRISMWKTDRLMRPIHVV-----------AYD-EPGAVIRHTVV 131

WD2                             WD3
L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

RIIHVPG-------KAARSPTAFHAC-----DGASAAAAAEDGDDDISFL 227
RIIHVPG-------KTPHSPTVFNAY-----DGASAAAAAEVGDDDISFL 227
RIIHVPG-------HAAYPSMTVNAH-----NGASAAATAEGDDDDMSFL 227
QALHVTSSIVLSLQQSAQRLQRYNTEGTLLPTPASHRGIDDEGDECAFFL 233
RLPPPG-EDLVQLAKAAVSGDEKALDMFNWRKSSFGSFLKTRSQEGLSFF 206
RLPPPG-EDLVQLAKAAVSGDEKALDMFNWKKSSSGSLLKMGSHEGLLFF 206
GLPEEMPDTNSQVVVAFYVADAQERAVVKWCNDQGYSGVVVGMSEGVHTL 181
        WD3                         WD4

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

LADGSSSVAAINEDQQLFPCVRQQEVIVSVLYDATSRTLVTLTTTCMIEV 277
LADGSSSVAAINEDQQLFPCARQEEAIVSVLYDATSRTLVTLTATCMIEV 277
LADGSASVAAINEEQQLFPCVTQQEAIVSVLYDPESRILITLSTSYMIEV 277
ASTGDKHIFALTEDRKLFPLCSLDEPLMTVLYDSAERQLVALSVANVISI 283
VSLMDGTVHYVDEKGKTAQVASTDSSIQTLFYIERREALVVVTENLLLSL 256
VSLMDGTVHYVDEKGKTTQVVSADSTIQMLFYMEKREALVVVTENLRLSL 256
VHYPERDQLLVVGSSCTLNVLTRDEQLGTWVTASK--------------M 217
            WD4

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

YRVGEDIKGSSTLRRKLSAPSTTATTSAATGERITMSMVWASPGVVAFGS 327
YRVDEDIKGSSTLRRKLSAPSTTPTTSAATGERITMTMVWASPGVVAFGS 327
YRISEDIKGTSTLRRKL---FTTPTTAAATGEQIAMSMVWASPGVVAFGG 324
YHVSEEFKVKIFLRRKLS-------TPNVKTERFTLTMLWATPGVLAFGC 326
YVVTPEGEAEEVMKVKLS-----------GKTGCRADITLIEGSLLVTAI 295
YTVPPEGKAEEVMKVKLS-----------GKTGRRADIALIEGSLLVMAV 295
KFATGTGEAATGLQVA-----------------------WAGN-LASASE 245
        WD5                       WD5
       

L. major
L. infantum              
L. braziliensis
T. cruzi
M. musculus
H. sapiens
C. reinhardtii         

GDDRVRVFDLSSESMDVLLLPQ-----PDLHVSSLATFAAKGILTVGTVE 372
GDDRVRVLDLSNESMDVLLLPQ-----PDLHVSSLAAFAAKGILTVGTVE 372
GDDRLRIFDISSESMDVLSLPQ-----PDLHVSCLATYTTKGIMTVGTVE 369
GDNRVRFFDIRDDRVYVLSHPAL----AAAHITHIATLLKKGLLAMATAE 372
GEPVLRFWDLERGENYILSLQEKFGFEKGESINCVCFCKAKGLLAAGTNK 345
GEAALRFWDIERGENYILSPDEKFGFEKGENMNCVCYCKVKGLLAAGTDR 345
KDNVVRMYNFDTEDNYVLNLEQDSGLVS--RVVCLAYDDRYNLLAVGTTD 293

WD5                        pWD6

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

GVLAVFQHRAASLSTNRHASEAKETTTISSPFAAAAG---------VASQ 413
GVLAVFQHRAASLSTSHHASEARETTTISSPFAAAAG---------VANQ 413
GVLVVFQRSAACLPPSGPAPALREPAAVSSLFASAPS---------VASQ 410
GPLAVFQRNAEAYFNGNSATTAAVNSGAEKMDNCPMGGNISKVENDPAEQ 422
GRVAMWKK-VPSFPNGRGAEGKDM-------------------------- 368
GRVAMWRK-VPDFLGSPGAEGKDR-------------------------- 368
GRVMMYKFNQPNLNLEPVLDFAKC-------------------------- 317
  pWD6

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

WEATAVHQVGKCVDRVVYTAFGDVALCRGGSELQVLHEIIRKRSWDGVAA 463
WEAIAVHQVGKCVDRVVFTAFGDVALCRGGSELQVLHEIIRKRSWDGVAA 463
WEALAIHQVGKFVDRVVFTALGDMALCRGGSELQVLHETIRKRSWDGVAA 460
WDLLTVVDMEGCVDRLSFTTASHIVVALATGKMQVLRETVRKRAWDGVVA 472
WALQTPTELEGNITQIKWGSRKNLLAVSSTESVSILSEQAMSSHFHQQVA 418
WALQTPTELQGNITQIQWGSRKNLLAVNSVISVAILSERAMSSHFHQQVA 418
WEMQPAFFVGNRALAMEWGPFPRLMVVACNDAINVCRKTMLSYKFRDGVA 367
                    pWD7

L. major
L. infantum              
L. braziliensis           
T. cruzi

VTQISSDMVVIESVTG-----CQCLLQNKGNVRGLSIAFPNIALWNGSQI 508
VTQISSDMVVIESVTG-----CQCLLQNKGNVRGLSIAFPNIALWNGSQI 508
ATQISADMVVIESVTG-----CQCLLRSKGSVRGLSIAFPNIALWNGSQI 505

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

-MSLFVVNTPEHEGQLKEHLIAAHKRKPLLATAWVNPPSVLITNSEGEVL 49
-MSLFVVNTPEHEGQLKEHLIAAHKRKPLLATVWANPPSVLITNSEGEVL 49
-MSLFVANTLEHEGQVKKSLIAAHKCKPLLATAWVNPPSVLITNNEGDTL 49
-MSLYFVNGVVSQGVVDAELVLAHPILPIVASVWKGPAHLLVTDAEGEFI 49
MALYFDHRIKAPDTPSSPSHITWHPTHPFLAVASISPSSGGNVDI--YLE 48
MALYYDHQIEAPDAAGSPSFISWHPVHPFLAVAYISTTSTGSVDI--YLE 48
---------MQPGAVGTQYLCCWLQGRPLDPNNEANIKN----------- 30

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

TPVTGPAGSTGRTHQPTALTWHPSEALLVIGWGNGEMSLWSMPSVSSLAL 99
TPVTEPAGSTGRTHQPTALAWHPSEALLVIGWSNGEMSLWLMPSVSSLAL 99
APVTEPVGSTGRTQQPTALAWHPNEALLVIGWSNGTMSLWAMPLASSLAL 99
ADSGAQLALK-DAGSITSMAWHPTHPALAIGCSSGRLMMWSLPPVK---- 94
QGEPVPDTHIERSFQATSLCWHPTRLILAIGWETG--------------- 83
QGECVPDTHVERPFRVASLCWHPTRLVLAVGWETG--------------- 83
----------VRGTECAKIAWHPLLPLLAIGWKDGEL------------- 57
                           WD1

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus

GEDYTAAAARSAVQLIAARAATQSDADGAVREHGAGAVLAAEWSTRGLYL 149
GDDYTTAAARSAVQLIAARAAVQSNAEGAVREHGAGAVLAAEWSTRGLYL 149
GEDDTSAATSSAVQLIAARAAAQSDVEGAVHEHGAGAVLAAEWSTRGLYL 149
---------KTAISMIPLEPPVDT--EKALPQHDEGSVTACVWSGGGTYL 133

M. musculus
H. sapiens
C. reinhardtii 

ATQISMEMVVVESVTG-----CQCLLKSGSKIRGMAAAFPIIGLWNGHQI 517
AVQISPSLVNVSFLSTGGTHS----LHTDMHISGVFATKDAVAVWNGKQV 464
AMQVSPSLLNVCFLSTGVAHS----LRTDMHISGVFATKDAVAVWNGRQV 464
IMQVAVDRVVLENLEVEPQRPPGRLQLQDMQLLGLDLSKGLLLVWDGERA 417
                  pWD8

L. major

L. infantum              
L. braziliensis           

T. cruzi

M. musculus
H. sapiens
C. reinhardtii 

------AEDYVIEQKRLRDFEGLKSEKDVAVREALMKFSYYATIGNMDEA 889
------AEDYVIEQKRLRDFEGLKSDKDVAVREALMKFSYYATIGNMDEA 889
------AEDYVIEQKRLRDFEGLKSDKDVAVREALMKFSYYSTIGNMDEA 884
------PEDYMIEQKRLRDFEGLKTEKDVAVLEALMKFSYYSTIGNMDEA 883
VDSGYYHIPQMVAKRPLRDFVGLE-DCDKSTRDAMLNFSFFVTIGDMDEA 792
VEPGCHHIPQMVSRRPLRDFVGLE-DCDKATRDAMLHFSFFVTIGDMDEA 791
-SGAFQPFTSNVSKAIMTSFQGMQ-DSDDKTRRALLDFSFNLATGNMDEA 711

L. major

L. infantum              
L. braziliensis           

T. cruzi

M. musculus
H. sapiens
C. reinhardtii 

YRCVKSIRNPAAWQGLARLCVTSGRLDVAAVCLSTMEDCVAARALREARE 939
YRCVKSIKNPAAWQGLARLCVTSGRLDVAAVCLSTMEDCVAARALREARE 939
YRCVKNIKNPAAWQGLARLCVTSGRLDVAAVCLSTMEDCVAARALREARE 934
YRCVKTIKNSTVWQSLARMCISSGRLDVAEVCLAQMQDGVAASALREART 933
FKSIKLIKSEAVWENMARMCVKTQRLDVAKVCLGNMGHARGARALREAEQ 842
FKSIKLIKSEAVWENMARMCVKTQRLDVAKVCLGNMGHARGARALREAEQ 841
FRSVKAIKNPAVWENMAHMCIRNKRLDVAEHCLSNMEHARGARALREAKS 761

L. major

L. infantum              
L. braziliensis           

T. cruzi

M. musculus
H. sapiens
C. reinhardtii 

DYPDDKDVQLATLALGLGMTEEAEELLRKSKHYDLLTDVYMACGKFEHAQ 989
DYPDDKGVQLATLALGLGMTEEAEELLRKSKRYDLLTDVYMACGKFEHAQ 989
DYPDDQGVQLAALALGLGMTEEAEELLRKSKRYDLMTDVYMAWGKFEHAQ 984
KYPEEKDVHLATLACGLGLVKECEDLLRKAKRFDLITDLLLACGKFEQAQ 983
EP--ELEARVAMLAIQLGMLEEAEQLYKKCKRYDLLNKFYQASDQWQKAV 890
EP--ELEARVAVLATQLGMLEDAEQLYRKCKRHDLLNKFYQAAGRWQEAL 889
IE--EADARVATVAVHLGMIEDAKKLYIACERYDLLNQLYRACGQWDKAL 809
                    pWD9

L. infantum              
L. braziliensis           

M. musculus
H. sapiens
C. reinhardtii 

RHSERFDRARIRPVAYKYAQFMESLQNMDAAIMWYYNAKCAGTDVPRIFF 1039
RHSERFDRARIRPVAYKYAQFMESLQNMDAAIMWYYNAKCAGTDVPRIFF 1039
RHTERFDRVRIRPVAYKYAQFMESLQNMDAAIMWYYNAKCAGTDVPRIFF 1034
RHAKQYDRIHIHPVAYKYAQFMESFSNFDSSIMWYCNAGCLATDVPRVFF 1033
EVAELHDRVHLRTTYYNYAKHLEASADCGQALSYYEKSDTHRFEVPRMLS 940
QVAEHHDRVHLRSTYHRYAGHLEASADCSRALSYYEKSDTHRFEVPRMLS 939
EVAEKNDRIHLKSTHYAYGQFMERQGDMEGARKHYEAAGCGLVEVPRMLF 859

L. infantum              
L. braziliensis           

M. musculus
H. sapiens
C. reinhardtii 

QQAFAAAAPVHCGGDDQGEPDPVGAAYFVGQLYERQGNAQLALQYYQAAG 1202
QQAFAAAAPIHCGDDEQGEPDPVGAAYFVGQLYERQGNAQLALQYYQAAG 1202
QQAFAAAP-ARLGDNEQGEPDPVGAAYFVGQLYERQGDGTRALQYYQAAG 1196
----AAGVAIARRESPTTETEPVGAAFFVGLHYEHSNDVPNALKYYKHAG 1229
--------NIQKAAEIANETGDWAASYHLARQYESQDEVKQAVHFYTRAQ 1038
--------NVQKAAQIANETGNLAASYHLARQYESQEEVGQAVHFYTRAQ 1037
--------DWKAAEDEVTNSADNAASFHLARQYEASGRIPEAIRYYTLAK 959

AYRSGVRVAWKTEQYGVVVNLAIKSSDERLMLETAMTLEKQQTYDKAVQL 1252
AYRSGVRVAWKTEQYGVVVNLAIKSSDERLMLETAMTLEKQQAYDKAVQL 1252
AYRSGVRVAWQAGQYGVVVNLAMKSSDERLMLEMAMALERQQAYDKAVQL 1246
AWRAASKLAKAQRRYVDLLALSLASDDTQLMLDSAAFLERNSVFDKAVEL 1279
AFNNAIRLCKENSLDDQLMNLALLSSPEDMIEAARYYEEKGEQMDRAVML 1088
AFKNAIRLCKENGLDDQLMNLALLSSPEDMIEAARYYEEKGVQMDRAVML 1087
RYSHGVRLAKTHELDSDLMNLALKSTPAVMIDTADYLFAKG-QHEKAATL 1008

YRRIGAVQCALDACVRGGLYETLHEVSATFASGSTDPAVFLGMADHFQSE 1302
YRRIGAVQCALDACVRGGLYETLHEVSATFASGSTDPAVFLGMADHFQSE 1302
YRRIGAVQCALDACVRGGLYETLHEVSTEFASGSTDPAVFLGMADHFQSE 1296
YHRIGDVQKAIDVCIKGGLYDTMHRISSTLDAQS-DPEVFMQMAEHFVGS 1328
YHKAGHFSKALELAFTTQQFAALQLIAEDLD-EKSDPALLARCSDFCIEH 1137
YHKAGHFSKALELAFATQQFVALQLIAEDLD-ETSDPALLARCSDFFIEH 1136
YMKGGKLSKAVEMCFQAQLFDVLQHITDDMTPEKSDPNLYNKCAEFFMGF 1058

GDYQKAVEMLLFAKHFDEALKLCETRSVTLTEEMAESMTSDMG--KLSMD 1350
GDYQKAVEMLLFAKHFDEALKLCETRSVTLTEEMAESMTSDMG--KLSME 1350
GDYQKAVEMLLFAKHYDEALKLCETRSVTLTEEMAESMTSDVG--KLSME 1344
GHYNKAAEMYIFAKAFPRALELCTSHGVTLTDEMAESMSSDANCSNLSGE 1378
RQFEKAVELLLAAKKYHEALQLCLEQNMTITEDMAEKMTVSKDSKDMSEE 1187
SQYERAVELLLAARKYQEALQLCLGQNMSITEEMAEKMTVAKDSSDLPEE 1186
GHNDKAVKMLIAAQQYGRALELCVEHDVSITEEMADSMTPDKN-AAVSAD 1107

ERQAVLRRVAHIAKDQGSWSLACKKYTQAGDRVKAMRMLMRGGETEKVIF 1400
ERQAVLRRVAHIAKDQGSWSLACKKYTQAGDRVKAMRMLMRGGETEKVIF 1400
ERQALLRKVAHIAKDQGSWSLACKKYTQAGDRVKAMKMLMRGGETEKVIF 1394
ERNALLRQIAGIAKDQGNWNLACKKYTEIGERLKAMKMLMRGGDVKKVIF 1428
SRRELLEQIANCCMRQGNYHLATKKYTQAGNKLKAMRALLKSGDTEKIVF 1237
SRRELLEQIADCCMRQGSYHLATKKYTQAGNKLKAMRALLKSGDTEKITF 1236
ERNNVICRIAKVAKRQGNFQLAAKKYTQAGDKVKAMKALLRGGDAEKIIF 1157

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

FANHSRNVEIYTMAANFLQSQKWSTDASIYKSIILFYTKAKAWTNLLVFY 1450
FANHSRNVEIYTMAANFLQSQNWSTDASIYKSIILFYTKAKAWTNLLVFY 1450
FANHSRNTEIYTMAANFLQSQSWSTDANIYKSIILFYTKAKAWMSLLVFY 1444
FASHSRNTEIYTLAGNFLQSQNWHTDSNIYKHIVLFYTKAKAFSNLISFI 1478
FAGVSRQKEIYIMAANYLQSLDWRKEPEIMKSIISFYTKGRALDLLAGFY 1287
FASVSRQKEIYIMAANYLQSLDWRKEPEIMKNIIGFYTKGRALDLLAGFY 1286
FAGVSRQKDIYLMAANYLQTLNWHSDPELMKHIISFYTKAAAWESLASFY 1207

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

ESCAQLHIDENRNYPGALRALEECIAMAESG--SAGKANIDREKVEQLKR 1498
ESCAQLHIDENRNYPEALRALEECVAMAESG--SAGKANIDSEKVEQLKR 1498
ESCAQLQIDENRNYPEALRALEDCISMVEGG--PAGKASIGNEKVEQLKR 1492
DAFAQLQIDENRNYYEAWCALNECVQVLERNRDAVYGGSSIMAKEEGLRT 1528
DACAQVEIDEYQNYDKVHGALTEAYKCLSKA--KTKNPLDQETKLAQLQS 1335
DACAQVEIDEYQNYDKAHGALTEAYKCLAKA--KAKSPLDQETRLAQLQS 1334
EACAQIEVDEYRDYEKALQAMREAAKYVAKS--KND---DRDARVGVIND 1252

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

RAEVLQAFVKAQKTVDSMVVADRGSVAEKAKADSVIASCSDIIKRSRPSS 1548
RAEVLKAFVKAQKTVDSMVVADRGSVAEKAKADSVIASCSDIIKRSRPSS 1548
RAEVLKTFVKAQKTVDSMVAADRGSVAEKAKAESVIASCSDIIKRSRPAS 1542
RRDIVQQVVMALKLLVDSASDDK-------KAKELIAVCSDLIKRSRPNH 1571
KMTLVKRFIQARRTYTEDP-------------KESLRQCELLLEEP---- 1368
RMALVKRFIQARRTYTEDP-------------KESIKQCELLLEEP---- 1367
RIAVAEQFVAARQLIGSNP-------------QEALRVCDELLRAIPPNS 1289

L. major
L. infantum              
L. braziliensis           
T. cruzi 
M. musculus
H. sapiens
C. reinhardtii 

PDHDLIQDALRIGDVFALMVRFYFDKLGESNNALKVMESMSKHGADPQFF 1598
PDHDLIQDALRIGDVFALMVRFYFDKLGESNNALKVMESMPKHGADPQFF 1598
QDHQLIHDALRIGDVFALMVRFYFDKLGEPNNALKVMESMPKHGTDPQLF 1592
QDSANVLAAIRIGDVFALLVRYYYENDRSAKD------------------ 1603
----DLDSTIRVGDVYGFLVEHHVQM-EEYQMAYKYLEEMRKRLPSANMS 1413
----DLDSTIRIGDVYGFLVEHYVRK-EEYQTAYRFLEEMRRRLPLANMS 1412
Q---DLEAGIRIGDVYALMVEYWYEA-RNPNEAYKAIEAMRRRG--IILS 1333

L. major
L. infantum              
L. braziliensis           
T. cruzi 
M. musculus
H. sapiens
C. reinhardtii 

IETDYMERVCQANGKSLANVLPGVMMAGAPGAGWEGARKASTDTRRSSVI 1648
IETDYMERVCQANGKSLANVLPGVMTAGAPGAMWEGGRKASTDTRRSSVI 1648
IEMDYMERVCQANGKSLANVLPGVMAGGAHGAGWEGDRNMGTDTRRSSVI 1642
--------------------------------------------------
YYVDQRTVDTVHQGLGLLPPSRIMPERVRHNSMEDHKEVYEEVIEEVDND 1463
YYVSPQAVDAVHRGLGLPLP-RTVPEQVRHNSMEDARELDEEVVEEADDD 1461
PYLDTRMVEDIYRSLGVALDMAEERRGPANLGLRESDAGAFVEEEVADED 1383

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

IAQMTFTESEGIPVIIDIMNDYLVAVSSKNYLRLARVSSRDLQQAGPARP 607
IAQMTFTESEGVPVIIDIMNDYLVAVSSKNYLRLARVSSRDLQQAGPTRP 607
IAQMTFTASEGVPVIIDIMNDYLVAVSSKKYLRLARVSSRDLQQIGPARP 604
IGQIAFTETEGTPIVIDVMGDVVVTISSTNAMRIACVSGRELRQLGPPRQ 617
KQLLLFSETEGSPCFLDVCGTFLVAGTDLAHFKSFDLSRREAKVHCSCKN 561
KQLLLFSETEGNPCFLDICGNFLVVGTDLAHFKSFDLSRREAKAHCSCRS 561
KQTLMFDDNHGSPTSMDVARDYLAVVTSANIVRILKVAGREAKPHAGPAP 515

L. major
L. infantum              
L. braziliensis           
T. cruzi
M. musculus
H. sapiens
C. reinhardtii 

NIVTLFATHDGLVVQNVASMRR-YQICLVGLTIPDFLLASVKINGNPSN- 845
NIVTLFATHDGLVVQNVASMRR-YQICLVGLTIPDFLLASVKINGNPNN- 845
NIVTLFATHHGLVVQNVASMRR-YQICLVGLTIPDFLLASVKINGNPSA- 840
SVVTLFSTNKGLIVHNAVLLKK-YQICLVGLTVPDFLLASVRINGNPSN- 839
ILSFFASEEHGFLLHDSFPRPS-TYQSLLGMEVPHYYFTKKPGEADKEDR 743
ILSFFISEEHGFLLHESFPRPA-TSHSLLGMEVPYYYFTRKPEEADREDE 742
CAIIFVDPDKGILLQEYQPIHTGGATACIGSCAPHLLTNKKSMVQPAPG- 663

L. major

L. major

T. cruzi

T. cruzi

L. major

T. cruzi

L. infantum              
L. braziliensis           

M. musculus
H. sapiens
C. reinhardtii 

L. major

T. cruzi

L. infantum              
L. braziliensis           

M. musculus
H. sapiens
C. reinhardtii 

L. major

T. cruzi

L. infantum              
L. braziliensis           

M. musculus
H. sapiens
C. reinhardtii 

L. major

T. cruzi

L. infantum              
L. braziliensis           

M. musculus
H. sapiens
C. reinhardtii 

which can be dissociated to reveal a more stable set of proteins termed the subcomplex 
B core, distinct from a subcomplex B periphery (Lucker et al., 2005). Since IFT74 and 
IFT72 are nearly identical and are encoded by the same gene, they are often referred to 

as IFT74/72 (Qin et al., 2004). Complex B subunits usually display prominent WD-40 

and TPR (tetratricopeptide repeats), among other conserved domains. WD-40-containing 
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proteins are thought to fold into a β-propeller structure and to coordinate multiprotein 
complex assemblies (Smith et al., 1999). IFT particle assembly could serve as an example 
for such complexes. TPR motifs occur as 3-16 tandem repeats per protein that are packed 

in a parallel manner and form a superhelical structure for interaction with a diverse range 
of target proteins (D’Andrea and Regan, 2003).

Leishmania IFT20 and IFT57 homologues

In both L. major and L. infantum genomes, there are sequences that we could 
identify as putative IFT20 genes: one hypothetical protein (GeneDB ID: LinJ30.1860) 
and two unnumbered, IFT proteins (GneDB IDs: LmjF30.2000 and LinJ30.2000). The 
complete sequences of these latter genes encode a predicted 130-residue protein with a 
calculated molecular mass of 15.4 kDa and an Ip of 4.6. They have an overall range of 
30-39% identity to the respective homolog in C. reinhardtii (UniProt ID: Q8LLV9) and 
70-82% identity with T. brucei and T. cruzi orthologs (Figure 2). The hypothetical protein 
LinJ30.1860 is, however, a different case, since it has a predicted 485-residue length with a 
calculated molecular mass of 51.5 kDa and an Ip of 7.4. Despite this, the primary sequence 
of LinJ30.1860 aligns with an overlapping region of LmjF30.2000 and LinJ30.2000 (data 
not shown). Considering that the overall difference in extension (LinJ30.1860 is more 
than three times longer than a canonical IFT20 sequence) and considering such divergent 
predicted molecular features, we chose not to assign a regular IFT subunit name to it at 
this time. However, this assignment is more reasonable for the other two gene products 
(GeneDB IDs: LmjF30.2000 and LinJ30.2000). Figure 2 shows the multiple sequence 
alignments of the predicted Leishmania IFT20 proteins, compared to several character-
ized IFT20 proteins (from murine, bovine, human, C. reinhardtii, C. elegans) and to the 
ortholog in T. brucei (GeneDB ID: Tb06.2N9.700). Both Leishmania putative IFT20 pro-
teins of 130 amino acid residues share high similarity when compared to IFT20 from 
diverse organisms, including mammalian homologs. A segment encompassing residues 
43-117 is predicted as a coiled-coil domain believed to be an interaction site with IFT57, 
as reported by Baker et al. (2003).

The Unc104-kinesin homolog (GeneDB ID: LmjF34.4260) in Leishmania genome 
illustrates a subunit of heterotrimeric kinesin-2, possibly as part of the IFT complex in an 
ATP-regulated manner. IFT20 appears to function in bridging the two complexes by direct-
ly interacting with both IFT57 and KIF3B/Unc104 (Baker et al., 2003). In our searches, 
we could find a sequence in both Leishmania genomes (GeneDB IDs: LmjF33.0620 and 
LinJ33.0560). The sequences showed high similarity to the IFT57 homolog in C. rein-
hardtii, as depicted by alignments in Figure 3. Leishmania major IFT57 identified in our 
study (Table 1) has a predicted protein length of 302 amino acids with a calculated mo-
lecular mass of 33.8 kDa and Ip of 4.4. The full-length IFT57 in Chlamydomonas is 429 
amino acids, and in Danio rerio it is 407 residues, with a calculated molecular mass of 46.5 
kDa. A secondary structure analysis of IFT57 was able to predict two immediately adjacent 

coiled-coil domains near the C terminus, previously identified as a myosin-like domain 
and a pseudo-death effector domain (Baker et al., 2003). We were able to predict the same 
about the Leishmania IFT57 homologs, due to their high amino acid identity in these adja-
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M. musculus      

B. taurus       

H. sapiens      

L. infantum    

L. major      

C. reinhardtii 

C. elegans       

T. brucei     

      

MAKDILGEAGLHFDELNKLRVLDPEVTQQTVELKEECKDFVDKIGQFQKI 50

MAKDILAEAGLHFDELNKLRVLDPEVSQQTIELKEECKDFVDKIGQFQKI 74    

MAKDILGEAGLHFDELNKLRVLDPEVTQQTIELKEECKDFVDKIGQFQKI 50

--MDE--DRLIMFDSNGAIRMYDPEKYDELVKTVEVERRYVEKMDEFRAL 46

--MDE--DRLIMFDSNGAIRMYDPEKYDELVKTVEVERRYVEKMDEFRAL 46

--MDAV-DRGVYFDEDFHVRILDVDKYNASKSLQDNTNVFINNIQNMQGL 47

M-GDE---AGLFVDDFNRLRLIDPDVAELLQSAQDKSSEFNDQLKNFQTT 50             

MDDDKL----VMFDANGAIRMYDPEKFDQLVKTIEVEKRFTTRMDEFKNI 46

M. musculus      

B. taurus       

H. sapiens      

L. infantum    

L. major      

C. reinhardtii 

C. elegans       

T. brucei     

VGGLIELVDQLAKEAENEKMKAIGAR-------------NLLKSIAKQRE 87

VGGLIELVDQLAKEAENEKMKAIGAR-------------NLLKSIAKQRE 111

VGGLIELVDQLAKEAENEKMKSLAVSprlectgaisahcKLCLSDSSDS- 100

VQRTMAIVQRLGEAIEAEKLKAIGFR-------------NIVESESEERF 83

VQRTMAIVQRLGEAIEAEKLKAIGFR-------------NIVESEAEERF 83

VDKYVSAIDQQVERLEAEKLKAIGLR-------------NRVAALSEERK 84

TGGLIDSIEEFANVVETEKIRAMMVR-aeddpvllqmTIRELTVEKERL 105

VNQTMSIVEQLGKAIEEEKLKAIGSR-------------NIVESEAEERF 83

M. musculus      

B. taurus       

H. sapiens     

L. infantum    

L. major      

C. reinhardtii 

C. elegans       

T. brucei     

AQQQQLQALIAEKKTQLERYRVEYEALCKVEAEQNEFIDQFIFQK----- 132

AQQQQLQALIAEKKMQLERYRVEYEALCKVEAEQNEFIDQFIFQK -----156

RVG----GTTGHRCSEL-IYSKAERSSTAATSSPNSRKENAARKVSG--- 148

RAVQEAQIRLREKQMELDRYVAEYESLKLVEQEQQTFFQHLSQAKD---- 129

RAVQEAQIRLREKQTELDRYVAEYESLKLVEQEQQTFFQHLSQAKD---- 129

RKQKEQERMLAEKQEELERLQMEEQSLIKVKGEQELMIQKLSDSSSGaay 134

RVELEAVRKI-EKEQDECIQMMTEH------------------------- 129

RTVQEAQVRLREKQAELDRYIAEYDSLKKVEQEQEMYIKHLSHASRE--- 130  

FIGURE 2. Comparative analyses of IFT20 homologs. Multiple sequence alignment of IFT20 gene products 
from Leishmania major (GeneDB ID: LmjF30.2000) and L. infantum (GeneDB ID: LinJ30.2000) sequences at 
GeneDB as compared to IFT20 from several species, including a Mus musculus hypothetical protein (UniProt 
ID Q61025), the bovine IFT20 (UniProt ID Q58CS6), the human IFT20 (NCBI accession No. AAH02640.1), 
Chlamydomonas reinhardtii IFT20 (Uniprot ID Q8LLV9), Caenorhabditis elegans IFT20 (hypothetical 
protein, Uniprot ID Q8TA52), and a putative IFT protein of Trypanosoma brucei (GeneDB ID: Tb06.2N9.70
0).  Leishmania IFT20 sequences were aligned with all other sequences using MUSCLE (Edgar, 2004). Dark 
gray shading indicates amino acid sequences identical to those in Chlamydomonas IFT20, whereas light gray 
shading indicates either similar residues among all sequences or identical among trypanosomatids. Boxes on 
residues (from 43-117) represent a predicted coiled-coil domain believed to be an interaction site with IFT57, 
as reported by Baker et al. (2003).

cent coiled-coil domains (Figure 3). The entire extended coiled-coil region, including the 
pseudo-death effector domain in IFT57, seems to be required for optimal interaction with 
IFT20, as reported by Baker et al. (2003), another line of reasoning to be considered in our 
functional assignments. 
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D. rerio
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L. major
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HLISEYRQAQSQLNKVKELYQQASGGVTERTRILAEISEELDKVKQEMEEKGSSMSDGAP 350

NLVQEYRAAQAQLSEAKERYQQGNGGVTERTRLLSEVMEELEKVKQEMEEKGSSMTDGAP 372

SLMQQYRAARTTFTDVQETYNRKTEAVADRNQEMHRIGETLEEVKAMMDEKGS-IADATP 416

DQVEDYRVKLRELNTSRDSANVAQQTVQQMTVELNQISELLDQTKRDIAERQAKISDTTP 158

DQVEDYRVKLRELNTSRDSANVAQQTVQQMTVELNQISELLDQTKRDIAERQAKISDTTP 243

DQVEDYRVKLRELNTSQDSANMASQSVEQLSAELNQLSGLLDQVKRGIEDREAKISDTTP 355
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LIQVKEAVVKVQAEIKLMSLRIGILQNGVLQHVMKQTKARREGPTAEGTEMYSGEIMFS- 302

LMQVKDAVTKVRAEIKQMSLRIGVLQHAVLHYVMKQTKAKREG-LENGLGLDDWEEIESM 414
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L. major

T. cruzi

EDEEYEEEDGLDLDALKTRTN--GELSGS---RPAVVLESDVDAAEWNLEVERVLPQLKV 230

EETDNEE-NFIDLNVLKAQTYHLDMNETA---KQEDILESTTDAAEWSLEVERVLPQLKV 252

QADDDEEEEGVYVDPGRGDAAGPGTGASAAMDAEKAVLVSKVDPTLWKIELERVAPKLRI 297

-------------GAVSGNRSAKSDADRP--------PTPKVDAEEWKMEVERVAPLLQV 39

VVIDSDDDDEVYVRAVSGNRSAKNDADRP--------PTPKVDVEEWKMEVERVAPLLQV 124

VMIESDDEEELYVRAT-GERLVKEDAGVP--------LESEINAEEWNLEVERVGPLLQV 236
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H. sapiens 

C. reinhardtii

L. infantum 

L. major

T. cruzi

TIRTDNKDWRIHLDQMHQHQDGINTSLQDAKGCLFKLREDISKTLEKVSSREKYLNTQLE 290

TIRTDNKDWRIHVDQMHQHRSGIESALKETKGFLDKLHNEITRTLEKISSREKYINNQLE 312

TIAADSKDWRSHLDEAHQHKEVISKAWPDSKTSLERLRADLNGTLEKLQTREKFLNEQFE 357

RQSS-LDDWRSRIESATVLLKAVENMYPDVKQMLERLAGDMDKSRDRIQKREQTLAQQFS 98

RQSS-LDDWRSRIESATVLLKAVENMYPDVKQMLERLAGDMDKSRDRIQKREQTLAQQFS 183

RSDA-LQDWRSRIESAGVLLRAVEKMYPEVKQMLQHVADDLEKSRDRIQKREQTLAQQFS 295

Figure 3. Comparative analyses of IFT57 homologs. Multiple sequence alignment of IFT57 gene products from 
Leishmania major and L. infantum (GeneDB IDs: LmjF33.0620 and LinJ33.0560) compared to IFT57 with several 
species, including Danio rerio (NCBI accession No. AAH95565.1), Chlamydomonas reinhardtii (NCBI accession 
No. ABB72789.1), Trypanosoma cruzi hypothetical protein (NCBI accession No. EAN97996.1) and Homo sapiens 
(NCBI accession No. CAG33532.1). Leishmania IFT57 sequences were aligned with all other sequences using 
MUSCLE (Edgar, 2004). Dark gray shading indicates amino acid sequences identical to those in Chlamydomonas 
IFT57, whereas light gray shading indicates either similar residues among all sequences or identical among 
trypanosomatids. Boxes on residues (two segments from 263-333 and from 350-416 in C. reinhardtii IFT57) 
represent predicted coiled-coil domains that have counterparts in L. major and L. infantum homologs.

Leishmania IFT52 and IFT88 homologues

We identified one copy of putative IFT52 genes in both Leishmania genomes (GeneDB 
IDs: LmjF19.0320 and LinJ19.0120) and IFT88 (GeneDB IDs: LmjF27.1130 and LinJ27.1180) 
(Table 2). The complete sequence of IFT52 genes in L. major and L. infantum encodes a 672-
residue protein with a calculated molecular mass of 73.2 kDa and an Ip of 4.9. Leishmania 
IFT52 gene products have 40-46% identity and 62-57% similarity to the respective homolog in 
C. reinhardtii (UniProt ID: Q944U2) along the 672 amino acid length of the predicted proteins 
(Figure 4). Their significant high identities (over 80%) with T. brucei and T. cruzi orthologs 
(GeneDB IDs: Tb10.61.1590 and Tc00.1047053506211.40) help to reinforce their identifica-
tion in this study. Chlamydomonas IFT52 is 49% identical to a rodent protein called NGD5 and 
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to a C. elegans protein called OSM-6 (Cole et al., 1998; Deane et al., 2001), whereas L. major 
IFT52 is 35.9% identical to murine NGD5 and 36.9% identical to C. reinhardtii OSM-6 (Uni-
Prot ID: Q946G4), the latter a gene required for flagellar assembly in Chlamydomonas (Bra-
zelton et al., 2001) and for assembly of sensory cilia in nematodes (Cole et al., 1998). Many 
mammalian and worm homologs of IFT subunits have been identified recently, while several 
lines of evidence suggest important functional roles for IFT in ciliated/flagellated mammalian 
cells (Baker et al., 2003; Cole, 2003).
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The complete sequence of the putative IFT88 genes in L. major and L. infantum 
(GeneDB IDs: LmjF27.1130 and LinJ27.1180) encodes an 811-residue protein with a calculat-
ed molecular mass of 91.2 kDa and an Ip of 6.5. The Leishmania IFT88 proteins were aligned 
with homologs in C. reinhardtii, T. brucei and D. rerio for comparison (Figure 5A). The analy-
sis revealed typical TPR domains, with a variable number of nine for LmjF27.1130 and 10 for 
LinJ27.1180, as opposed to the normal 10 TPR motifs in C. reinhardtii (UniProt ID: Q9FPWO) 
and 11 in T. brucei (UniProt ID: AAP80732) (Figure 5B and C). There was a similar pattern 
of protein architecture exhibited by Leishmania putative IFT88 homologs, when compared to 
the well-established IFT88 proteins (in Chlamydomonas and D. rerio). The amino acid identity 
and the conservation of functional domains of IFT88 homologs extend throughout the entire 
length of the Leishmania 811-residue protein, which is slightly longer than the 782-residue 
protein in C. reinhardtii IFT88. The similarity between the Leishmania and the green alga 
protein throughout the full extent of the latter is also apparent in four regions of particularly 
high similarity, all with at least 78% amino acid identity, encompassing a segment (residues 
327-375 in C. reinhardtii or 332-377 in L. infantum) that includes nearly all residues of a site 
known to interact with proline-rich segment-containing proteins, such as BAT2, as predicted 
by conserved domain databases (Marchler-Bauer et al., 2005).
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Figure 4. The Leishmania major IFT52 homolog. Multiple sequence alignment of IFT52 gene products from 
L. major (GeneDB ID: LmjF33.0320) and Trypanosoma cruzi (GeneDB ID: Tc00.1047053506211.40) as compared 
to IFT52 from Chlamydomonas reinhardtii (UniProt ID: Q944U2), which shows extensive sequence identity and 
similarity with predicted proteins: Caenorhabditis elegans osm-6 (NCBI accession No. CAA03975), Mus musculus 
NGD5 gene product (NCBI accession No. AAA96241), and C. reinhardtii osm-6 (UniProt ID: Q946G4). Leishmania 
IFT52 (GeneDB ID: LmjF19.0320) was aligned with all other sequences using MUSCLE (Edgar, 2004). Dark gray 
shading indicates amino acid sequences identical to those in Chlamydomonas IFT52, whereas light gray shading 
indicates either similar residues among all sequences or identical among trypanosomatids. 
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A
          TPR 1

L. infantum QYGLAEQINVDLTYAVHFNLAVQYQNHQLYTEALNTYNLIIRNVQFPQA 225

L. major QYGLAEQINVDLTYAVHFNLAVQYQNHQLYTEALNTYNLIIRNVQFPQA 225

T. brucei NLGLADQINSDLTYAVHFNLAVQYQNHQMYTEALNTYNLIIRNLQFPYA 235

T. brucei -------------------------------------------------

C. reinhardtii QNNMADQINLELMYAVDFNLAHMYHMNKNYSEALNLYTAIVRNKNFPQS 220

D. rerio QTGTADHINLDLTYSVLFNLANQYANNDMYTEALNTCQVIVKNKMFNNA 232

                   TPR 2                                          TPR 3

L. infantum GRLRVNMGNIYLAQQNYLLAIKMYRKVLDETPTAGKELRYHLCRNIANAFV 276

L. major GRLRVNMGNIYLAQQNYLLAIKMYRKVLDETPAAGKEFRYHLCRNIANAFV 276

T. brucei SRLRVNMGNIYAAQNKYLLAIKMYRMTLDETPSASKELRYKLMRNVGNAFV 286

T. brucei ------------------------------------------MRNVGNAFV 9

C. reinhardtii GWLRVNMGNIHFEQKKYPSAIKMYRMALDQISATAKEVRFKIMRNIGLSFV 271

D. rerio GRLKVNMANIYFKQKNYTKAIKFYRMALDQISNAHNAMRIKIMQNIGVVFI 283

           TPR 3

L. infantum KLGQYRDAANSYETVVEGNGDANATFNLILCYYALGETEKMKRTFTRLMN 326

L. major KLGQYRDAANSYETVVEGNGDVNATFNLILCYYALGETEKMKRTFTRLMN 326

T. brucei KLGQYRDAVSSYEAIMEGNGDIDAAFNLLLCYYALGETERMKRTFQKMLT 336

T. brucei KLGQYRDAVSSYEAIMEGNGDIDAAFNLLLCYYALGETERMKRTFQKMLT 59

C. reinhardtii RMGQYPDALQSFATVMDNVPDHQTGYNLVMCNYALSDREGMKNAFIKLLK 321

D. rerio HMGQYSDAITSFEYIMTESPNIKTGFNLILCYYAIGDRERMKKAFQKLIC 333

                                        *

L. infantum CRLAGLDGE------EDFEEEEKRKDVLVDDSLSRMRKERRARYLKYIIT 370

L. major CRLAGLDGE------EDFEEEEKRKDVLVDDSLSRMRKERRARYLKYIIT 370

T. brucei FKTLGAEGE------DEIEEGE--KDVLVDDSLREKIKEERTHFLYCIMT 378

T. brucei FKTLGAEGE------DEIEEGE--KDVLVDDSLREKIKEERTHFLYCIMT 101

C. reinhardtii VSPSSEMDD---DDDDDPMGDDDMQVMTMDDGLKDEMRKRNTIITRLIVK 368

D. rerio VPLGVDDDDKYIPPNDDPHANMVIEAIKNDK-LHQMERERKALAEKYIMT 382

  *

L. infantum AARLIAPVLHKD--WCVGYDYIISQLRTYEMRDPTSHVASELEMCKNLNY 418

L. major AARLIAPVLHKD--WCVGYDYIISQLRTYEMRDPTSHVASELEMCKNLNY 418

T. brucei AARLIAPVIEKD--WRAGYDYLIERLRHYEMRDSSSHLASELEMCKCLYY 426

T. brucei AARLIAPVIEKD--WRAGYDYLIERLRHYEMRDSSSHLASELEMCKCLYY 149

C. reinhardtii AAQLISEKVDRANGFEGGFMWCCEQLR----DAGYTKLANEVELAKATRF 414

D. rerio SAKLIAPAIEMS--FAAGFDWCVDMVK----GSQYVELANDLEINKAITY 426

                             TPR 4

L. infantum LKHKRYQEAINGLKEFEKKDRSLRARAATNLAYLYFLEGDYENGEQYSDL 468

L. major LKHKRYQEAINGLKEFEKKDRSLRARAATNLAYLYFLEGDYENGEQYSDL 468

T. brucei LKHNSYKEATEGLKAFEKKDKLLRARAATNLAYLYFLEGDYESGERYSDM 476

T. brucei LKHNSYKEATEGLKAFEKKDKLLRARAATNLAYLYFLEGDYESGERYSDM 199

C. reinhardtii MGQKQFDKAVGVFKDFEKKEPRVKARAATNLAFLYFLEGETDQADKYSEM 464

D. rerio LRQRDFKQAVETLKMFEKKDSRVKSAAATNLSFLYFLEKDFDQADRYAEL 476

TPR 4      TPR 5 TPR 6

L. infantum SLIANQYNAKALVNKGNFSFVKKDYDKAKELYNKALAVEADNVEAIYNLG 518

L. major SLVANQYNAKALVNKGNFSFVKKDYDKAKELYNKALAVEADNVEAIYNLG 518

T. brucei SLEANRYNARALVNKGNFFFIKADYEKARTYYNDALAVEADNIEAIYNLG 526

T. brucei SLEANRYNARALVNKGNFFFIKADYEKAQTYYNDALAVEADNIEAIYNLG 249

C. reinhardtii ALKSDRYNARAYVNKGCVLVERGDLEGARSLFNEAAGIDPYCVEAIYNLG 514

D. rerio MSADRYNPAALINKGNTLFVKEDYEKAAEFYKESLRNDSSCT-EALYNLG 526

        TPR 6       TPR 7

L. infantum LAAKKLGLYEEAVRMFKRVQALV-DSSEVLYQIADLSDLVGDP-AALEWF 566

L. major LAAKKLGLYEEAVRMFKRVQALV-DSSEVLYQIADLSDLVGDP-AALEWF 566

T. brucei LTAKRLGLYEEALKMFKRGQSLV-DSHEIVYQIADISDLVSSP-ATSEWF 574

T. brucei LTAKRLGLYEEALKMFKRGQSLV-DSHEIVYQIADISDLVSSP-ATSEWF 297

C. reinhardtii LVSQRLNELPYALAAFKKLHNMVPDNVEVIHQIATTYDMMGDFKNAVKWF 564

D. rerio LTYKRLGRLEEALDCFLKLHAILRNSAQVMYQLANLYEMLEDPHQAIEWL 576

 TPR 7       TPR 8   TPR 9

L. infantum NRLIGRVPTDPNALARIGSLYARDGDDVQAFHYYLEAYRYYQVNMDVISW 616

L. major NRLIGRVPTDPNALARIGSLYARDSDDVQAFHYYLEAYRYYQVNMDVISW 616

T. brucei NRLVGRVPTDPNILARMGSLYAREGDDSQAFHYYLEAYRYFQVNMDVISW 624

T. brucei NRLVGRVPTDPNILARMGSLYAREGDDSQAFRYYLEAYRYFQVNMDVISW 347

C. reinhardtii ELLTSLVSNDPGVLARLGAIHARFDDEAKALHYYQESHRVYPVNMDVISW 614

D. rerio MQLTSVTPTDAQVLAKLGDLYDNEGDKSQAFQYYYESYRYFPSNISVIEW 626

      TPR 9     TPR 10

L. infantum LGAYFVKNEVYDKAVQFFERASHIQPQEVKWQLMVASCHRRRGDYVQAKR 666

L. major LGAYFVKNEVYDKAVQFFERASHIQPQEVKWQLMVASCHRRRGDYVQAKR 666

T. brucei LGAYFVKNEVYDKAIQFFERASQIQPQEVKWQLMVASCHRRRGDYVQAKR 674

T. brucei LGAYFVKNEVYDKAIQFFERASQIQPQEVKWQLMVASCHRRRGDYVQAKR 397

C. reinhardtii LGAYHVKSEVYEKAMPFFDLASKIQPQEVKWALMVASCYRRTNNLPAALG 664

D. rerio LGAYYIDTQFCEKAIQYFERATLIQPTQVKWQLMVASCYRRSGNYQKALE 676

TPR 10

L. infantum LYEQVHRKYPDNIECLNYLVQLCKDAGLNEEANEWFKATKKVERQQIHSS 716

L. major LYEQVHRRYPDNIECLNYLVQLCKDAGLNEEANEWFKATKKVERQQIHSS 716

T. brucei LYEALHRKYPENLECLRYLVHLCKDAGLIDEANEWFMKVKKLEERRQVED 724

T. brucei LYE----------------------------------------------- 400

C. reinhardtii KYKQIHTQHPDNVECLRYLVHLCSELGRRAEAAEYMTKLKKAEKAAVPEA 714

D. rerio TYKEIHRKFPENVECLRFLVRLCTDMG-LKEVQDYATKLKKVEKMKEIRE 725

L. infantum SSSVGGESGDDDVESSVEGGNNINGHHRRRTSGTAAPDAAVAGRRAGGGA 766

L. major SSSVGGESGDDDVESSVEGGNNINGHHRRRTSGTAAPDTAVAGRRAGGGA 766

T. brucei SAVSGGADDDDGAKT--------------VSPTSAAPGAATAGRRAT-VG 759

T. brucei --------------------------------------------------

C. reinhardtii TAAAPAAAAAGSGMGGMGGLDDDIGSSAVSAQNRGKKMLVKEHMGGGG- 763

D. rerio QRVRSGRDSSARSRREGSAGSDSGQSNHGTSAKGERLSVKLKTLPGSNEP 775

B

YAVHFNLAVQ YQNHQLYTEA LNTYNLIIRN VQFP TPR 1

GRLRVNMGNI YLAQQNYLLA IKMYRKVLDE TPAA TPR 2

YHLCRNIANA FVKLGQYRDA ANSYETVVEG NGDV TPR 3

ARAATNLAYL YFLEGDYENG EQYSDLSLVA NQYN TPR 4

AKALVNKGNF SFVKKDYDKA KELYNKALAV EADN TPR 5

VEAIYNLGLA AKKLGLYEEA VRMFKRVQAL V-DS TPR 6

SEVLYQIADL SDLVGDP-AA LEWFNRLIGR VPTD TPR 7

PNALARIGSL YARDSDDVQA FHYYLEAYRY YQVN TPR 8

MDVISWLGAY FVKNEVYDKA VQFFERASHI QPQE TPR 9

VKWQLMVASC HRRRGDYVQA KRLYEQVHRR YPDN TPR 10
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J.J.S. Gouveia et al. 782

A
          TPR 1

L. infantum QYGLAEQINVDLTYAVHFNLAVQYQNHQLYTEALNTYNLIIRNVQFPQA 225

L. major QYGLAEQINVDLTYAVHFNLAVQYQNHQLYTEALNTYNLIIRNVQFPQA 225

T. brucei NLGLADQINSDLTYAVHFNLAVQYQNHQMYTEALNTYNLIIRNLQFPYA 235

T. brucei -------------------------------------------------

C. reinhardtii QNNMADQINLELMYAVDFNLAHMYHMNKNYSEALNLYTAIVRNKNFPQS 220

D. rerio QTGTADHINLDLTYSVLFNLANQYANNDMYTEALNTCQVIVKNKMFNNA 232

                   TPR 2                                          TPR 3

L. infantum GRLRVNMGNIYLAQQNYLLAIKMYRKVLDETPTAGKELRYHLCRNIANAFV 276

L. major GRLRVNMGNIYLAQQNYLLAIKMYRKVLDETPAAGKEFRYHLCRNIANAFV 276

T. brucei SRLRVNMGNIYAAQNKYLLAIKMYRMTLDETPSASKELRYKLMRNVGNAFV 286

T. brucei ------------------------------------------MRNVGNAFV 9

C. reinhardtii GWLRVNMGNIHFEQKKYPSAIKMYRMALDQISATAKEVRFKIMRNIGLSFV 271

D. rerio GRLKVNMANIYFKQKNYTKAIKFYRMALDQISNAHNAMRIKIMQNIGVVFI 283

           TPR 3

L. infantum KLGQYRDAANSYETVVEGNGDANATFNLILCYYALGETEKMKRTFTRLMN 326

L. major KLGQYRDAANSYETVVEGNGDVNATFNLILCYYALGETEKMKRTFTRLMN 326

T. brucei KLGQYRDAVSSYEAIMEGNGDIDAAFNLLLCYYALGETERMKRTFQKMLT 336

T. brucei KLGQYRDAVSSYEAIMEGNGDIDAAFNLLLCYYALGETERMKRTFQKMLT 59

C. reinhardtii RMGQYPDALQSFATVMDNVPDHQTGYNLVMCNYALSDREGMKNAFIKLLK 321

D. rerio HMGQYSDAITSFEYIMTESPNIKTGFNLILCYYAIGDRERMKKAFQKLIC 333

                                        *

L. infantum CRLAGLDGE------EDFEEEEKRKDVLVDDSLSRMRKERRARYLKYIIT 370

L. major CRLAGLDGE------EDFEEEEKRKDVLVDDSLSRMRKERRARYLKYIIT 370

T. brucei FKTLGAEGE------DEIEEGE--KDVLVDDSLREKIKEERTHFLYCIMT 378

T. brucei FKTLGAEGE------DEIEEGE--KDVLVDDSLREKIKEERTHFLYCIMT 101

C. reinhardtii VSPSSEMDD---DDDDDPMGDDDMQVMTMDDGLKDEMRKRNTIITRLIVK 368

D. rerio VPLGVDDDDKYIPPNDDPHANMVIEAIKNDK-LHQMERERKALAEKYIMT 382

  *

L. infantum AARLIAPVLHKD--WCVGYDYIISQLRTYEMRDPTSHVASELEMCKNLNY 418

L. major AARLIAPVLHKD--WCVGYDYIISQLRTYEMRDPTSHVASELEMCKNLNY 418

T. brucei AARLIAPVIEKD--WRAGYDYLIERLRHYEMRDSSSHLASELEMCKCLYY 426

T. brucei AARLIAPVIEKD--WRAGYDYLIERLRHYEMRDSSSHLASELEMCKCLYY 149

C. reinhardtii AAQLISEKVDRANGFEGGFMWCCEQLR----DAGYTKLANEVELAKATRF 414

D. rerio SAKLIAPAIEMS--FAAGFDWCVDMVK----GSQYVELANDLEINKAITY 426

                             TPR 4

L. infantum LKHKRYQEAINGLKEFEKKDRSLRARAATNLAYLYFLEGDYENGEQYSDL 468

L. major LKHKRYQEAINGLKEFEKKDRSLRARAATNLAYLYFLEGDYENGEQYSDL 468

T. brucei LKHNSYKEATEGLKAFEKKDKLLRARAATNLAYLYFLEGDYESGERYSDM 476

T. brucei LKHNSYKEATEGLKAFEKKDKLLRARAATNLAYLYFLEGDYESGERYSDM 199

C. reinhardtii MGQKQFDKAVGVFKDFEKKEPRVKARAATNLAFLYFLEGETDQADKYSEM 464

D. rerio LRQRDFKQAVETLKMFEKKDSRVKSAAATNLSFLYFLEKDFDQADRYAEL 476

TPR 4      TPR 5 TPR 6

L. infantum SLIANQYNAKALVNKGNFSFVKKDYDKAKELYNKALAVEADNVEAIYNLG 518

L. major SLVANQYNAKALVNKGNFSFVKKDYDKAKELYNKALAVEADNVEAIYNLG 518

T. brucei SLEANRYNARALVNKGNFFFIKADYEKARTYYNDALAVEADNIEAIYNLG 526

T. brucei SLEANRYNARALVNKGNFFFIKADYEKAQTYYNDALAVEADNIEAIYNLG 249

C. reinhardtii ALKSDRYNARAYVNKGCVLVERGDLEGARSLFNEAAGIDPYCVEAIYNLG 514

D. rerio MSADRYNPAALINKGNTLFVKEDYEKAAEFYKESLRNDSSCT-EALYNLG 526

        TPR 6       TPR 7

L. infantum LAAKKLGLYEEAVRMFKRVQALV-DSSEVLYQIADLSDLVGDP-AALEWF 566

L. major LAAKKLGLYEEAVRMFKRVQALV-DSSEVLYQIADLSDLVGDP-AALEWF 566

T. brucei LTAKRLGLYEEALKMFKRGQSLV-DSHEIVYQIADISDLVSSP-ATSEWF 574

T. brucei LTAKRLGLYEEALKMFKRGQSLV-DSHEIVYQIADISDLVSSP-ATSEWF 297

C. reinhardtii LVSQRLNELPYALAAFKKLHNMVPDNVEVIHQIATTYDMMGDFKNAVKWF 564

D. rerio LTYKRLGRLEEALDCFLKLHAILRNSAQVMYQLANLYEMLEDPHQAIEWL 576

 TPR 7       TPR 8   TPR 9

L. infantum NRLIGRVPTDPNALARIGSLYARDGDDVQAFHYYLEAYRYYQVNMDVISW 616

L. major NRLIGRVPTDPNALARIGSLYARDSDDVQAFHYYLEAYRYYQVNMDVISW 616

T. brucei NRLVGRVPTDPNILARMGSLYAREGDDSQAFHYYLEAYRYFQVNMDVISW 624

T. brucei NRLVGRVPTDPNILARMGSLYAREGDDSQAFRYYLEAYRYFQVNMDVISW 347

C. reinhardtii ELLTSLVSNDPGVLARLGAIHARFDDEAKALHYYQESHRVYPVNMDVISW 614

D. rerio MQLTSVTPTDAQVLAKLGDLYDNEGDKSQAFQYYYESYRYFPSNISVIEW 626

      TPR 9     TPR 10

L. infantum LGAYFVKNEVYDKAVQFFERASHIQPQEVKWQLMVASCHRRRGDYVQAKR 666

L. major LGAYFVKNEVYDKAVQFFERASHIQPQEVKWQLMVASCHRRRGDYVQAKR 666

T. brucei LGAYFVKNEVYDKAIQFFERASQIQPQEVKWQLMVASCHRRRGDYVQAKR 674

T. brucei LGAYFVKNEVYDKAIQFFERASQIQPQEVKWQLMVASCHRRRGDYVQAKR 397

C. reinhardtii LGAYHVKSEVYEKAMPFFDLASKIQPQEVKWALMVASCYRRTNNLPAALG 664

D. rerio LGAYYIDTQFCEKAIQYFERATLIQPTQVKWQLMVASCYRRSGNYQKALE 676

TPR 10

L. infantum LYEQVHRKYPDNIECLNYLVQLCKDAGLNEEANEWFKATKKVERQQIHSS 716

L. major LYEQVHRRYPDNIECLNYLVQLCKDAGLNEEANEWFKATKKVERQQIHSS 716

T. brucei LYEALHRKYPENLECLRYLVHLCKDAGLIDEANEWFMKVKKLEERRQVED 724

T. brucei LYE----------------------------------------------- 400

C. reinhardtii KYKQIHTQHPDNVECLRYLVHLCSELGRRAEAAEYMTKLKKAEKAAVPEA 714

D. rerio TYKEIHRKFPENVECLRFLVRLCTDMG-LKEVQDYATKLKKVEKMKEIRE 725

L. infantum SSSVGGESGDDDVESSVEGGNNINGHHRRRTSGTAAPDAAVAGRRAGGGA 766

L. major SSSVGGESGDDDVESSVEGGNNINGHHRRRTSGTAAPDTAVAGRRAGGGA 766

T. brucei SAVSGGADDDDGAKT--------------VSPTSAAPGAATAGRRAT-VG 759

T. brucei --------------------------------------------------

C. reinhardtii TAAAPAAAAAGSGMGGMGGLDDDIGSSAVSAQNRGKKMLVKEHMGGGG- 763

D. rerio QRVRSGRDSSARSRREGSAGSDSGQSNHGTSAKGERLSVKLKTLPGSNEP 775

B

YAVHFNLAVQ YQNHQLYTEA LNTYNLIIRN VQFP TPR 1

GRLRVNMGNI YLAQQNYLLA IKMYRKVLDE TPAA TPR 2

YHLCRNIANA FVKLGQYRDA ANSYETVVEG NGDV TPR 3

ARAATNLAYL YFLEGDYENG EQYSDLSLVA NQYN TPR 4

AKALVNKGNF SFVKKDYDKA KELYNKALAV EADN TPR 5

VEAIYNLGLA AKKLGLYEEA VRMFKRVQAL V-DS TPR 6

SEVLYQIADL SDLVGDP-AA LEWFNRLIGR VPTD TPR 7

PNALARIGSL YARDSDDVQA FHYYLEAYRY YQVN TPR 8

MDVISWLGAY FVKNEVYDKA VQFFERASHI QPQE TPR 9

VKWQLMVASC HRRRGDYVQA KRLYEQVHRR YPDN TPR 10
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Intraflagellar transport complex in Leishmania 783

A
          TPR 1

L. infantum QYGLAEQINVDLTYAVHFNLAVQYQNHQLYTEALNTYNLIIRNVQFPQA 225

L. major QYGLAEQINVDLTYAVHFNLAVQYQNHQLYTEALNTYNLIIRNVQFPQA 225

T. brucei NLGLADQINSDLTYAVHFNLAVQYQNHQMYTEALNTYNLIIRNLQFPYA 235

T. brucei -------------------------------------------------

C. reinhardtii QNNMADQINLELMYAVDFNLAHMYHMNKNYSEALNLYTAIVRNKNFPQS 220

D. rerio QTGTADHINLDLTYSVLFNLANQYANNDMYTEALNTCQVIVKNKMFNNA 232

                   TPR 2                                          TPR 3

L. infantum GRLRVNMGNIYLAQQNYLLAIKMYRKVLDETPTAGKELRYHLCRNIANAFV 276

L. major GRLRVNMGNIYLAQQNYLLAIKMYRKVLDETPAAGKEFRYHLCRNIANAFV 276

T. brucei SRLRVNMGNIYAAQNKYLLAIKMYRMTLDETPSASKELRYKLMRNVGNAFV 286

T. brucei ------------------------------------------MRNVGNAFV 9

C. reinhardtii GWLRVNMGNIHFEQKKYPSAIKMYRMALDQISATAKEVRFKIMRNIGLSFV 271

D. rerio GRLKVNMANIYFKQKNYTKAIKFYRMALDQISNAHNAMRIKIMQNIGVVFI 283

           TPR 3

L. infantum KLGQYRDAANSYETVVEGNGDANATFNLILCYYALGETEKMKRTFTRLMN 326

L. major KLGQYRDAANSYETVVEGNGDVNATFNLILCYYALGETEKMKRTFTRLMN 326

T. brucei KLGQYRDAVSSYEAIMEGNGDIDAAFNLLLCYYALGETERMKRTFQKMLT 336

T. brucei KLGQYRDAVSSYEAIMEGNGDIDAAFNLLLCYYALGETERMKRTFQKMLT 59

C. reinhardtii RMGQYPDALQSFATVMDNVPDHQTGYNLVMCNYALSDREGMKNAFIKLLK 321

D. rerio HMGQYSDAITSFEYIMTESPNIKTGFNLILCYYAIGDRERMKKAFQKLIC 333

                                        *

L. infantum CRLAGLDGE------EDFEEEEKRKDVLVDDSLSRMRKERRARYLKYIIT 370

L. major CRLAGLDGE------EDFEEEEKRKDVLVDDSLSRMRKERRARYLKYIIT 370

T. brucei FKTLGAEGE------DEIEEGE--KDVLVDDSLREKIKEERTHFLYCIMT 378

T. brucei FKTLGAEGE------DEIEEGE--KDVLVDDSLREKIKEERTHFLYCIMT 101

C. reinhardtii VSPSSEMDD---DDDDDPMGDDDMQVMTMDDGLKDEMRKRNTIITRLIVK 368

D. rerio VPLGVDDDDKYIPPNDDPHANMVIEAIKNDK-LHQMERERKALAEKYIMT 382

  *

L. infantum AARLIAPVLHKD--WCVGYDYIISQLRTYEMRDPTSHVASELEMCKNLNY 418

L. major AARLIAPVLHKD--WCVGYDYIISQLRTYEMRDPTSHVASELEMCKNLNY 418

T. brucei AARLIAPVIEKD--WRAGYDYLIERLRHYEMRDSSSHLASELEMCKCLYY 426

T. brucei AARLIAPVIEKD--WRAGYDYLIERLRHYEMRDSSSHLASELEMCKCLYY 149

C. reinhardtii AAQLISEKVDRANGFEGGFMWCCEQLR----DAGYTKLANEVELAKATRF 414

D. rerio SAKLIAPAIEMS--FAAGFDWCVDMVK----GSQYVELANDLEINKAITY 426

                             TPR 4

L. infantum LKHKRYQEAINGLKEFEKKDRSLRARAATNLAYLYFLEGDYENGEQYSDL 468

L. major LKHKRYQEAINGLKEFEKKDRSLRARAATNLAYLYFLEGDYENGEQYSDL 468

T. brucei LKHNSYKEATEGLKAFEKKDKLLRARAATNLAYLYFLEGDYESGERYSDM 476

T. brucei LKHNSYKEATEGLKAFEKKDKLLRARAATNLAYLYFLEGDYESGERYSDM 199

C. reinhardtii MGQKQFDKAVGVFKDFEKKEPRVKARAATNLAFLYFLEGETDQADKYSEM 464

D. rerio LRQRDFKQAVETLKMFEKKDSRVKSAAATNLSFLYFLEKDFDQADRYAEL 476

TPR 4      TPR 5 TPR 6

L. infantum SLIANQYNAKALVNKGNFSFVKKDYDKAKELYNKALAVEADNVEAIYNLG 518

L. major SLVANQYNAKALVNKGNFSFVKKDYDKAKELYNKALAVEADNVEAIYNLG 518

T. brucei SLEANRYNARALVNKGNFFFIKADYEKARTYYNDALAVEADNIEAIYNLG 526

T. brucei SLEANRYNARALVNKGNFFFIKADYEKAQTYYNDALAVEADNIEAIYNLG 249

C. reinhardtii ALKSDRYNARAYVNKGCVLVERGDLEGARSLFNEAAGIDPYCVEAIYNLG 514

D. rerio MSADRYNPAALINKGNTLFVKEDYEKAAEFYKESLRNDSSCT-EALYNLG 526

        TPR 6       TPR 7

L. infantum LAAKKLGLYEEAVRMFKRVQALV-DSSEVLYQIADLSDLVGDP-AALEWF 566

L. major LAAKKLGLYEEAVRMFKRVQALV-DSSEVLYQIADLSDLVGDP-AALEWF 566

T. brucei LTAKRLGLYEEALKMFKRGQSLV-DSHEIVYQIADISDLVSSP-ATSEWF 574

T. brucei LTAKRLGLYEEALKMFKRGQSLV-DSHEIVYQIADISDLVSSP-ATSEWF 297

C. reinhardtii LVSQRLNELPYALAAFKKLHNMVPDNVEVIHQIATTYDMMGDFKNAVKWF 564

D. rerio LTYKRLGRLEEALDCFLKLHAILRNSAQVMYQLANLYEMLEDPHQAIEWL 576

 TPR 7       TPR 8   TPR 9

L. infantum NRLIGRVPTDPNALARIGSLYARDGDDVQAFHYYLEAYRYYQVNMDVISW 616

L. major NRLIGRVPTDPNALARIGSLYARDSDDVQAFHYYLEAYRYYQVNMDVISW 616

T. brucei NRLVGRVPTDPNILARMGSLYAREGDDSQAFHYYLEAYRYFQVNMDVISW 624

T. brucei NRLVGRVPTDPNILARMGSLYAREGDDSQAFRYYLEAYRYFQVNMDVISW 347

C. reinhardtii ELLTSLVSNDPGVLARLGAIHARFDDEAKALHYYQESHRVYPVNMDVISW 614

D. rerio MQLTSVTPTDAQVLAKLGDLYDNEGDKSQAFQYYYESYRYFPSNISVIEW 626

      TPR 9     TPR 10

L. infantum LGAYFVKNEVYDKAVQFFERASHIQPQEVKWQLMVASCHRRRGDYVQAKR 666

L. major LGAYFVKNEVYDKAVQFFERASHIQPQEVKWQLMVASCHRRRGDYVQAKR 666

T. brucei LGAYFVKNEVYDKAIQFFERASQIQPQEVKWQLMVASCHRRRGDYVQAKR 674

T. brucei LGAYFVKNEVYDKAIQFFERASQIQPQEVKWQLMVASCHRRRGDYVQAKR 397

C. reinhardtii LGAYHVKSEVYEKAMPFFDLASKIQPQEVKWALMVASCYRRTNNLPAALG 664

D. rerio LGAYYIDTQFCEKAIQYFERATLIQPTQVKWQLMVASCYRRSGNYQKALE 676

TPR 10

L. infantum LYEQVHRKYPDNIECLNYLVQLCKDAGLNEEANEWFKATKKVERQQIHSS 716

L. major LYEQVHRRYPDNIECLNYLVQLCKDAGLNEEANEWFKATKKVERQQIHSS 716

T. brucei LYEALHRKYPENLECLRYLVHLCKDAGLIDEANEWFMKVKKLEERRQVED 724

T. brucei LYE----------------------------------------------- 400

C. reinhardtii KYKQIHTQHPDNVECLRYLVHLCSELGRRAEAAEYMTKLKKAEKAAVPEA 714

D. rerio TYKEIHRKFPENVECLRFLVRLCTDMG-LKEVQDYATKLKKVEKMKEIRE 725

L. infantum SSSVGGESGDDDVESSVEGGNNINGHHRRRTSGTAAPDAAVAGRRAGGGA 766

L. major SSSVGGESGDDDVESSVEGGNNINGHHRRRTSGTAAPDTAVAGRRAGGGA 766

T. brucei SAVSGGADDDDGAKT--------------VSPTSAAPGAATAGRRAT-VG 759

T. brucei --------------------------------------------------

C. reinhardtii TAAAPAAAAAGSGMGGMGGLDDDIGSSAVSAQNRGKKMLVKEHMGGGG- 763

D. rerio QRVRSGRDSSARSRREGSAGSDSGQSNHGTSAKGERLSVKLKTLPGSNEP 775

B

YAVHFNLAVQ YQNHQLYTEA LNTYNLIIRN VQFP TPR 1

GRLRVNMGNI YLAQQNYLLA IKMYRKVLDE TPAA TPR 2

YHLCRNIANA FVKLGQYRDA ANSYETVVEG NGDV TPR 3

ARAATNLAYL YFLEGDYENG EQYSDLSLVA NQYN TPR 4

AKALVNKGNF SFVKKDYDKA KELYNKALAV EADN TPR 5

VEAIYNLGLA AKKLGLYEEA VRMFKRVQAL V-DS TPR 6

SEVLYQIADL SDLVGDP-AA LEWFNRLIGR VPTD TPR 7

PNALARIGSL YARDSDDVQA FHYYLEAYRY YQVN TPR 8

MDVISWLGAY FVKNEVYDKA VQFFERASHI QPQE TPR 9

VKWQLMVASC HRRRGDYVQA KRLYEQVHRR YPDN TPR 10
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Figure 5. Sequence and structure of Leishmania putative IFT88 proteins, as predicted from the CDS deposited in 
GeneDB (IDs: LmjF27.1130 and LinJ27.1180). A. Leishmania major and L. infantum IFT88 are homologous to 
the Chlamydomonas reinhardtii (NCBI accession No. AAG37228.1), Danio rerio (UniProt ID: Q6RUQ9), and 
to Trypanosoma brucei (GeneDB ID: Tb11.55.0006/UniProt ID: Q7YZY3_9TRYP) IFT88. Dark gray shading 
indicates amino acid sequences identical to those in C. reinhardtii IFT52, whereas light gray shading indicates 
either similar amino acid residues to that same sequence (accession No. AAG37228.1) or identical residues 
among trypanosomatid orthologs. Chlamydomonas IFT88 protein sequence (NCBI accession No. AAG37228.1) 
was aligned with all other sequences using MUSCLE (Edgar, 2004). Tetratricopeptide repeat (TPR) segments are 
marked with boxes and above numbers, while the segment (marked with asterisks) from residues 332-377 in L. 
infantum represents a specific site for proline-rich-segment interaction in other proteins. B. Leishmania IFT88 
proteins contain either 9 or 10 TPR. In this figure, L. infantum IFT88 (GeneDB ID: LinJ27.1180) is illustrated with 
its 10 TPR. Residues matching the TPR consensus sequence (bottom) are indicated by bold font. C. The 10 TPR 
(shaded boxes) are organized in a group of three in the NH2-terminal half of the protein and a group of seven in the 
COOH-terminal half of the protein.

Putative IFT172 homologs

IFT172 has been characterized as a typical WD-40 repeat protein, in which TPR motifs 
are also present. The C. reinhardtii IFT172 (UniProt ID: Q5DM57) is one of the longest proteins 
of the IFT complex (with a 1755-residue length and a calculated molecular mass of 197.6 kDa). 
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The L. major IFT172 homolog that we found in our searches (annotated as conserved hypotheti-
cal protein, GeneDB ID: LmjF21.0980) has a predicted length of 1801 amino acids, with a cal-
culated molecular mass of 200.0 kDa and an Ip of 6.4. The L. major IFT172 sequence has 44% 
identity and 57% similarity to the respective homolog in C. reinhardtii, as can be seen in the full 
alignment of IFT172 homologs in Figure 6. It displays the highest similarity exactly along the 
residues that are believed to confer activity to the functional domains of the characterized protein 
in C. reinhardtii (the TPR domains and the WD-40 repeats), as seen in Figure 7. The L. infantum 

M. musculus MQLKHLRTLLSPQDGAAKVTCMAWSQNNAKFAVCTVDRVVLLYDEHGERR 50

A. mellifera MLLKYLGNVMPQQDSENRVVSIVWSPNNLKLAIASSDRSIYLFDENCVKR 50

C. reinhardtii MQLRYFKSILPPADQYQKITSLTWAPNNSRLAAVSTDKVVYLFDENGEKR 50

C. reinhardtii MQLRYFKSILPPADQYQKITSLTWAPNNSRLAAVSTDKVVYLFDENGEKR 50

L. infantum MQVQFYQNIMKGQLGTARTQAICFSANNKRLAVADATRHIQLFDEQGERR 50

L. major MQVQFYQNVMKGQLGTARTQAICFSANNKRLAVADATRHIQLFDEQGERR 50

M. musculus DKFSTKPADMKYGRKSYMVKGMAFSPDSTKIAIGQTDNIIYVYKIG--ED 98

A. mellifera DRFSTKPIDSKFGKKSYVIKSIAFSPDSTKIAVGQTDCIIYVYKIG--EQ 98

C. reinhardtii DKFKTKAAEANN-PNTYIIRAMAFSPDSTKLAIAQSDNIVFIYRLVDPDT 99

C. reinhardtii DKFKTKAAEANN-PNTYIIRAMAFSPDSTKLAIAQSDNIVFIYRLVDPDT 99

L. infantum DKFATKAASDKG-GRGYIVTGMTFSPDSSLLAIAQSDNIVFVYRLG--LE 97

L. major DKFATKAASDKG-GRGYIVTGMTFSPDSSLLAIAQSDNIVFVYRLG--LE 97

M. musculus WGDKKVICNKFIQTSAVTCLQWP---AEYV--IVFGLAEGKVRLANTKTN 143

A. mellifera WGEKKVICNKFRQSSPVTCLIWL---IEGP--IIVGLVDGKVRVALVKSQ 143

C. reinhardtii GAEKKSICNKFPQACAVTSLVWP---KDRPNEVVFGLADGKVRLGMLKNN 146

C. reinhardtii GAEKKSICNKFPQACAVTSLVWP---KDRPNEVVFGLADGKVRLGMLKNN 146

L. infantum WGEKKAIRNKLSQTSPVTCVVWPNTSSQGVELIAFATLDGSVKVGMLKAN 147

L. major WGEKKAIRNKLSQTSPVTCVVWPNTSSQGVELIAFATLDGSVKVGMLKAN 147

M. musculus KSSTIYG--TESYVVALTTNCSGKGILSGHADGTIVRYFFDDE-GSGESQ 190

A. mellifera KAQTLYT--ADSTTIALVSNIRGTAFLSSHADGSIIKYNLTDD-GNHEPS 190

C. reinhardtii KSYTCYAHPENSYVVALASSLNGQNVISGHMDGAIWKFNFPAEEGGTPTS 196

C. reinhardtii KSYTCYAHPENSYVVALASSLNGQNVISGHMDGAIWKFNFPAEEGGTPTS 196

L. infantum KSHVLYS--HDHPAVSMCTSRDNTKILTGHLDGTVYQYVFEATEDGAEVA 195

L. major KSHVLYS--HDHPAVSMCTSRDNTKILTGHLDGTVYQYVFEASEEGAEVA 195

M. musculus --GKLVNHPCPPYALAWATNSIVAAGCDRRIVAYGKEGHVLQTFDYSRDP 238

A. mellifera --GRICTHTVPAYALAWTQSHILAAGCDRRVIFYDTRGKIVKTFDYSRE- 237

C. reinhardtii --SQLVVHSCVPYSLGWG-SCIAAAGNDNRVVFYDLNGREIRSFDYSNND 243

C. reinhardtii --SQLVVHSCVPYSLGWG-SCIAAAGNDNRVVFYDLNGREIRSFDYSNND 243

L. infantum GAKRLFVHSCAPYMLAWG-ESICAAGTDCQVAFYTPKSGQKPQVIPFDMK 244

L. major GAKRLFVHSCAPYMLAWG-ESICAAGADCQVAFYTPKSGQKPQVIPFDMK 244

M. musculus QEREFTTAAASPGGQSVVLGSYDRLRVFNWSPRRSIWEEAKPKEIANLYT 288

A. mellifera NEKEIAVACCSPSGQSIAIGSWDKIRILDWSPRRSIWEEANTRSLPNFYT 287

C. reinhardtii EVREFTTCAFNPSGDTVVFGTYNRFYMYTFNIQRNDWEEAGHKQIDNFYA 293

C. reinhardtii EVREFTTCAFNPSGDTVVFGTYNRFYMYTFNIQRNDWEEAGHKQIDNFYA 293

L. infantum DVGSFTGGVCNPSGQAVAIAGREQIRIFDLNIRSHKWEEGTVVYLPHSEG 294

L. major DVGSFTGGVCNPSGQAVAIAGREQIRIFDLNIRSHKWEEGTVVYLPHSEG 294

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

VTALAWKRDGSRLCAGTLCGGVEQFDCCLRRSIYKNKFELTYVGPSQVIV 338 

VTAISWRRDGSRLLIGSLCGAVEQFETVLKRTVIRGSHEVAYVGPSQVII 337 

VSAASWKPDGSKMTVGSMTGAVDMYDACVKRHMYKGKFEFTYVSKSAVIV 343 

VSAASWKPDGSKMTVGSMTGAVDMYDACVKRHMYKGKFEFTYVSKSAVIV 343 

FSAMQWKRDGSRLVTGSVTGSVDVFDCCLRRYRMRGAYEFTYVSHSQVIV 344 

FSAMQWKRDGSRLVTGSVTGSVDVFDCCLRRYRMRGAYEFTYVSHSQVIV 344

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

KNLSSGTR-VVLKSHYGYEVEEVKILGK-ERYLVAHTSDTLLLGDLNTNR 386 

RPLNEGNRPVIIRSQTGYEIEDVKVLGRSDNNVVARTSRTLLLADIEFNL 387 

KTLKTGMR-IVLKSVYGYEIEKINIYHD--RYLIARTTYTLLMGDLDTCK 390 

KTLKTGMR-IVLKSVYGYEIEKINIYHD--RYLIARTTYTLLMGDLDTCK 390 

KRLASGTR-LVLQSYMGFEIQKVNVYQD--RYLVAHTSATLLLGDLVSHK 391 

KRLASGTR-LVLQSYMGFEIQKVNVYQD--RYLVAHTSATFFFGDLVSHK 391

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

LSEIAWQGSGGNEKYFFENENVCMIFNAGELTLVEYGSNDSLGSVRTEFM 436 

ISEIPWEEKTNTEKFFFEYPRVCLIFCSGELTIVEYGNNEALGSVRTEAI 437 

LSEIPWD-SDGSEKFHFENERVCMVHYAGELHIVEYGRNDVLGTCRTEHM 439 

LSEIPWD-SDGSEKFHFENERVCMVHYAGELHIVEYGRNDVLGTCRTEHM 439 

LSEVPWQ-LTGREKFTFDNEQICMVFNVGELCLIEYGKNMILGTCRTEER 440 

LSEVRWQ-LTGREKFTFDNEQICMVFNVGELCLIEYGKNMILGTCRTEER 440

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

NPHLISVRIN-------------------ERCQRGMEDN----------- 456 

NPHVVSVRIN-------------------ERQIAGTPDI----------- 457 

NPYLISAVVQ-------------------EARGIASES------------ 458 

NPYLISAVVQ-------------------EARGIASES------------ 458 

NAHRISVRVLNPLASDTGAGAAGSGGAGGQRREVNTTTGSPIVPTPVTGS 490 

NAHRISVRVLNPLASDAGAGAAGSGGAGGQRREVSTTTGSPIVSTSVTGS 490

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

----------KKLAYLVDIKTIAIVDLIG--GYNIGTISHESRVDWLELN 494 

----------KRLAYLLDSRTVRIMDLIT--GLTVAMISHDVRVDWLELS 495 

----------KKLAYLIDLQTVRIQDLMAPVGSTLATVNHDTKVDWLELN 498 

----------KKLAYLIDLQTVRIQDLMAPVGSTLATVNHDTKVDWLELN 498 

SGALDAYNSRCVIAYLIDRQTIQIDDLRS--GVSIARVPHESKIDWLELD 538 

SGALDAYNSRCVIAYLIDRQTIQIDDLRS--GVSIARVPHESKIDWLELD 538 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ETGHKLLFRDRKLRLHLYDIESCSKTMILNFCSYVQWVPGSDVLVAQNRN 544 

ETGHRLLSRDKRARLWLSN-ELGGKTLLLTGVSFASWVLGSDVVVAQTGQ 544 

QRGTHLLFRDKKRHLHLFSLSGQERTTLLNYCQYVQWVPGSDVIVAQSRN 548 

QRGTHLLFRDKKRHLHLFSLSGQERTTLLNYCQYVQWVPGSDVIVAQSRN 548 

FRASRLLFRDKQHQLYLYDISRQQRTTLLSYCTYVQWVPRSDVAVAQSRL 588 

FRASRLLFRDKQHQLYLYDISRQQRTTLLSYCTYVQWVPRSDVAVAQSRL 588 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

SLCVWYNIEAPERVTMSSIRGDVVGLERGGGKTEVMVTEGVTTVAYTLDE 594 

TLAVWYNVDAPEVATLIPVRGDAIDVVREDGRTSITVEELGGKVAYLLDE 594 

NLCVWYSVNKPDNVTMFPIKGEVVDIERHNHRTEVIVDEGINTVSYALDE 598 

NLCVWYSVNKPDNVTMFPIKGEVVDIERHNHRTEVIVDEGINTVSYALDE 598 

L. infantum

L. major

ELCVWYNVESPERVTIVPIRGEVEGMERGNGKTEVIVDEGVSTVAYALDE 638 

ELCVWYNVESPERVTIVPIRGEVEGMERGNGKTEVIVDEGVSTVAYSLDE 638 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

GLIEFGTAIDDGNYTRATAFLETLEMTPETEAMWKTLSKLALEARQLHTA 644 

SLIEFGTALHDNDFGKALLFLEDLADRPQAEAMWENVARNAMAARQLLIA 644 

ALIYFGAALEDQDYERAVQTLEPLELTPETEAQWMQLAEQALATNQLVIA 648 

ALIYFGAALEDQDYERAVQTLEPLELTPETEAQWMQLAEQALATNQLVIA 648 

SLIEFRAAMEERDLDRACDLLERTSLSPGTEVMWSTLANVSLQEMKLFIA 688 

SLIEFRAAMEERDLDRACDLLERTSLSPGTEVMWSTLANVSLQEMKLFIA 688 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ERCFSALGHVAKARFLHETNEIADQVSREYGGEGT--DFYQVRARLAMLE 692 

ARCYAALGDVACSRFLKNIIEIGEKYSVETGHDPL--SNSDCWAKLAILN 692 

ERCYAALGDIAKSRFLHKVVKKAQQAAKEFGGDGT--DAWSVRAMMAQLN 696 

ERCYAALGDIAKSRFLHKVVKKAQQAAKEFGGDGT--DAWSVRAMMAQLN 696 

ERCYAALGDVAKVNALQRIHQLAAKARADSADATTGYEHYTVLAELYMMS 738 

ERCYAALGDVAKVNALQRIHQLAAKARVDSADTTTGYEHYTVLAELYMMS 738 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

KNYKLAEMIFLEQNAVEEAMDMYQELHRWEECIAVAEAKGHPALEKLRRD 742 

GELKTAEAIYLEQNELNQALDMYQKYWHWEDALILAQNRGWSGLQELRDK 742 

KQWPVSESLLLAQGKVDDAITLYQDNHRWEDAIRVADSTHHANAAALKQQ 746 

KQWPVSESLLLAQGKVDDAITLYQDNHRWEDAIRVADSTHHANAAALKQQ 746 

QDFKRAEQLFLENGRAEDAMQMWEEMNRFDESLAIAESRGLDDVANRRAR 788 

QDFKRAEQLFLENGRVEDAMQMWEEMNCFDESLAIAESRGLDDVANRRAR 788 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

YYQWLMDTQQEERAGELQESQGDGLAAISLYLKAGLPAKAARLVLTREEL 792 

HLTWLLESGQTARAAAILESTNP-RRAVKLYLDARRPGRAARLAP----- 786 

YLTWLLETGQEEQAGAVKEREGDYLAAIGLYLKGGLPGRAAQVVMSVHNV 796 

YLTWLLETGQEEQAGAVKEREGDYLAAIGLYLKGGLPGRAAQVVMSVHNV 796 

YFAWLMETRQYEKAGEMREKDGKLIDAINLYLRGGTPARAAQVVS-VNNL 837 

YFAWLMETRQYEKAGEMREKDGKFVDAINLYLRGGTPARAAQVVS-VNNL 837

M. musculus

A. mellifera

C. reinhardtii

LANTELVEHITTALIKGELYERAGDLFEKIRNPQRALECYCKGNAFMKAV 842 

------------VLKITDLMELAGELLEKISEPLEAIKCYSQAGVFARAL 824 

NWDPALLDSILASLAKAGLYERAGELYEHMSRSSEAMQSYRRGHAYRKAI 846 

C. reinhardtii

L. infantum

L. major

NWDPALLDSILASLAKAGLYERAGELYEHMSRSSEAMQSYRRGHAYRKAI 846 

KPEQQLLEAIAAALFKAQVFEAAGDFFDKLHMTDRAIDAYKRGHAFSRAV 887 

KPEQQLLEAIAAALFKAQVFEAAGDFFDKLHMTDRAIDAYKRGHAFSRAV 887

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ELARLAFPVEVVRLEEAWGDHLVQQKQLDAAINHYIEARCSIKAIEAALG 892 

ELSRKVDPTSVVELERDWGKHLVSAGHYDAAINHFIEAGETALALDAAIN 874 

DLARREFPAEVIIIEEEWGDWLVTQKQMDAAINHFIESGATLKAIKAAID 896 

DLARREFPAEVIIIEEEWGDWLVTQKQMDAAINHFIESGATLKAIKAAID 896 

EYAKTAAPQQVVPLEEAWGDYLVSQKHVDQAINHYNEAGKYGKAVKAALD 937

EYAKTAAPQQVVSLEEAWGDYLVSQKHVDQAINHYNEAGKYDKAVKAALD 937 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ARQWKKAIYILDLQDRN-----------TASKYYPRVAQHYASLQEYEIA 931 

ARQWRKGLQIMQVIEDDDP---------AIKKQCEKLAEYFASIGEKNLA 915 

CRQFAKAAGIIEVLDPR-----------EAMPYFRRIAQHYETTGALEEA 935 

CRQFAKAAGIIEVLDPR-----------EAMPYFRRIAQHYETTGALEEA 935 

SRQWAKAAAILETQSNGGVGSSGVPVDAAAKSAYQRIAHHYEEVHQYAEA 987 

SRQWAKAAVILETQSNGAVGSSGVPVDAATKSAYQRIAHHYEEVHQYAEA 987 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

EELYTKGDRTKDAIDMYIQAGRWEQAHKLAMKCMRPEDVSVLYITQAQEM 981 

EKLFIRSGDIKRAVDVHIQNGNWNRAHEVALEYMTSEEANEILTKHAIAL 965 

ERYYIRADMARDAVEMYSRAGKWEAAQRVARGYLTESEMRAFYRAKAAEF 985 

ERYYIRADMARDAVEMYSRAGKWEAAQRVARGYLTESEMRAFYRAKAAEF 985 

EKLYIKCGAVSDAVDMYSRAGMTDHMYRVAQRHLEQDKLVELFVSQAKQL 1037

EKLYIKCGAVSDAVDMYSRAGMTDHMYRVAQRHLEQDKLVELFVSQAKQL 1037

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

EKQGKYREAERLYVTVE--EPDLAITMFKKHKLYDDMIRLVGKHHPDLLS 1029 

CEAGDLKHAEDLYLAIG--KYDSAIAMYRKAGRRADMIRLVGKYRPDLLE 1013 

EAAHKLKEAEKAYLAAGGDDVDKAIAMYKRNKMYDQMIRLVTQYRKEKVP 1035 

EAAHKLKEAEKAYLAAGGDDVDKAIAMYKRNKMYDQMIRLVTQYRKEKVP 1035 

ETKGDYAAAERIYLKVN--DADGAIMMYRKNRDYTNMMRLVQAYRSGYVV 1085 

ETKGDYAAAERIYLKVN--DADGAIMMYRKNRDYTNMMRLVQAYRSGYVV 1085 

M. musculus

A. mellifera

C. reinhardtii

DTHLHLGKELEAEGRLQEAEYHYLEAQEWKATVNMYRSSGLWEEAYRVAK 1079

TTHIHLAKELNDSGKPREAEEHYLAAGDWKGAVAAFRSANMWEDALRVAK 1063 

EAHTLIAQQLEVEGNLREAEKHFVEAKDWKSAVQMYRQVNQWEDALRVAK 1085 

C. reinhardtii

L. infantum

L. major

EAHTLIAQQLEVEGNLREAEKHFVEAKDWKSAVQMYRQVNQWEDALRVAK 1085 

QTHLALAAQFQKEGNLKAAETHFIAGKDWSRAVSMYRDRDLWDDAVRIAK 1135 

QTHLALAAQFQKEGNLKAAETHFIAGKDWSRAVSMYRDRDLWDDAVRIAK 1135

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

AHGGANAHKHVAYLWAKSLGGEAAVRLLNKLGLLEATIDHAADNCSFEFA 1129 

QNAGNNAAQQVALIWARTLTPELAARLLMQLNYLDECLQLACETDLFDWA 1113 

VYGGVNASKQVAYAWALTLGGDDGAQLLKKMGLLDHAIEYAVESGAFAQA 1135 

VYGGVNASKQVAYAWALTLGGDDGAQLLKKMGLLDHAIEYAVESGAFAQA 1135 

VHGGANAAKQVVVSRATVMDSEEGVRLL---------------------- 1163 

VHGGANAAKQVVVSRATVMDSEEGVRLLGKFNLIEAGIEAALESSKFDLA 1185

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

FELSRLAFKHKAPEIHLKYAMYLEDEGKFEEAEAEFIRAGKPKEAVLMFV 1179 

LEIIKYGNTDQKKEVHYRYAMALEDAGRFSEAEKEFIKAERTMEAVQMYI 1163 

FEMTRAGAKHKLPEVHLKYAMFLEDEGRFAEAEAEFISAGKPKEACDMYM 1185 

FEMTRAGAKHKLPEVHLKYAMFLEDEGRFAEAEAEFISAGKPKEACDMYM 1185 

-------------------------------------------------- 

LQWAQLARPAKVPYVYLKYAMHYEDQGDFRMAEDAFIKSGKPREAIDMYV 1235

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

HNQDWEAAQRVAEAHDPDSVAEVLVGQARGALEEKDFQKAEGLLLRAQRP 1229 

HTRDWEAAEDVAQSINQEAVVQVLIARANEAAEAQDYSLAETLLLRAHKP 1213 

HNQDWDAAMRIAERYDPTMVSEILVSQARVAVERKQWLPAEGLFIKAKRP 1235 

HNQDWDAAMRIAERYDPTMVSEILVSQARVAVERKQWLPAEGLFIKAKRP 1235 

-------------------------------------------------- 

HQHDFTGAMRVAENHDPSAVPHVCAANGRVWFQQGNYKEAEALFLRANAP 1285

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

GLALNYYKEAGLWSDALRICKDYVPGQLEALQEEYER---EATKKGGRGV 1276 

EMIIEHYKKAGMWSEALRVCREYLPSQEANLRRELGQ---KSASLAG--- 1257 

EAALKMYRDARMWNDALRVAEQYLPTKVAEVQMELLSGQGAGGGSGGASA 1285 

EAALKMYRDARMWNDALRVAEQYLPTKVAEVQMELLSGQGAGGGSGGASA 1285 

-------------------------------------------------- 

ETLLKLYVDAKMFSEAQRVAKAHCPDMQSDVAKRMAL-----------NS 1324

M. musculus

A. mellifera

EGLVEQARQWEQAGEYSRAVDCYLKVRDSGSSGL--MEKCWMKAAELSIK 1324 

ANAFEEARKWLEVGEVKAALDILILDPQAPRS-------SLIKAADILLH 1300 

C. reinhardtii

C. reinhardtii

L. infantum

L. major

DAVINKARGFERNNDYARAIETYLSLTAQDTSNQDQLEHCWGQAAQLAIN 1335 

DAVINKARGFERNNDYARAIETYLSLTAQDTSNQDQLEHCWGQAAQLAIN 1335

-------------------------------------------------- 

NDPQKAGTVLEENSEYQLAIDTYLAATPETVPDPATLANLWVRAVKVAQK 1374

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

FLPPQRSLEVVRVVGPQLIGIGKHSAAAELYLNLDLVKEAIDAFIEGEEW 1374 

QADPETAAQVGGDLGSRLFSIGEYAIAAQVFLQADRLKDAIDALASIGEW 1350 

YQR-HRMKDVVNTVSERLQEIGRHQAAGELHESIDDAQGAIRAYCAGRLW 1384 

YQR-HRMKDVVNTVSERLQEIGRHQAAGELHESIDDAQGAIRAYCAGRLW 1384 

-------------------------------------------------- 

HAR-NLLKEVLRSAIDKLKAAQRYVEAGKCLESCEDYKAAINMYVQARKF 1423

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

NKAKRVAKELDPRYEDYVDQHYKEFLKNQGKVDSLVG---VDVVAALDLY 1421 

EKAKRIVNELAPNIEPYLEEKYKEAMLRDGQIDKLVE---IDVDAGLEIL 1397 

DKARTLAGTN-PTFSRYIEDQYNNYLLQNQQADELASRGGQHAQQAIEMY 1433 

DKARTLAGTN-PTFSRYIEDQYNNYLLQNQQADELASRGGQHAQQAIEMY 1433 

-------------------------------------------------- 

DMAEALAKRVSPELENFVKRAIVQDSISGGSMKDAKVVEEMDPEAAMKAY 1473

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

VEQGQWDKCIETATKQNYKILHKYVALYATHLIREGGYAQALALYVQHGA 1471 

ANKGHWNQVFETANIQGTQILHKYVAQRAVQLLKGNTPLEALQLYVKYGT 1447 

VARDEWAKVHELAAQQGPEVASNYALKHAERRFKQGDYAQAAQVFAQHGI 1483 

VARDEWAKVHELAAQQGPEVASNYALKHAERRFKQGDYAQAAQVFAQHGI 1483 

-------------------------------------------------- 

ISKADFANALRMAAQRSPEEVQYVAGLQVQHLLRQGDPVQCLEALNKSAM 1523

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

PANPQ-NFNIYKRIFTDMVSSPGTNNAEAYHSWADLRDVLSNLCENLVKS 1520 

PPIQQ-NFNLYLQLSESVLNSEAYY---EYRYLALLRTVLLNLWNNLKS- 1492 

TAQPQ-YFELYKSIAQGVLHASQGDR--NPVAEKSLRDMMYRLVNVLRSG 1530

TAQPQ-YFELYKSIAQGVLHASQGDR--NPVAEKSLRDMMYRLVNVLRSG 1530 

-------------------------------------------------- 

DSDDFRFYETWMSVAQKVIPLLPGDD----AVATLLQPLHDGLVKVVDSM 1569

M. musculus

A. mellifera

--SEANSAAHEEFEMMLLISHYYATRSAAQSIKQLETVAARLSVSLLRHT 1568 

----LESGLKFKFKKLLEVTHYSAVKCGCNDYPVLSELVLKTSITLLRYT 1538 

C. reinhardtii

C. reinhardtii

L. infantum

L. major

GGAGKYKVDTDAFQNYYLAAHYLTCAAAAKEQGLKDIAAMNLTSVLRYVG 1580 

GGAGKYKVDTDAFQNYYLAAHYLTCAAAAKEQGLKDIAAMNLTSVLRYVG 1580 

-------------------------------------------------- 

TQSGQKSEDIAKATALASVVHIYYMSRKMETELNMPDFAVQLMLGLPRWI 1619

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

QLLPADKAFYEAGTAAKEVGWE---NMAFIFLNRFLDLTDAIEEGTL--D 1613 

DVLLADRAYYEAGIEARAVGKN---SEAFVFLNHFLDLEECIEEGDS--T 1583 

PTIPADRAFYEAGLAWYEAGRK---NMAFVMLNRFLDLSDAMDEPDSSAA 1627 

PTIPADRAFYEAGLAWYEAGRK---NMAFVMLNRFLDLSDAMDEPDSSAA 1627 

-------------------------------------------------- 

PHVAPDKAFYDAGMAAKRSGLEGMQDVAFLYLNRALDINERIDDGDTDSS 1669

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ALDHSDFQDTDIPFEVPLPAKQHVPEAQREEVRDWVLTVSMDQRLE---Q 1660 

VLDVDDLAVTDFPMEVPLPETLSLTTEQREEVREWVLAVSMDQKIE---Q 1630 

VIENADFSDTDIPYDFTIPERAYCTESQREDVRNLVLEISMDRSSD---Q 1674

VIENADFSDTDIPYDFTIPERAYCTESQREDVRNLVLEISMDRSSD---Q 1674 

-------------------------------------------------- 

GIDNTDFAATDFPKVYRLPKEPTVPAQAMEEVNNWVLTVSIDNTAASDTR 1719 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

VLPRDE-----RGVYEASLVAASTGVRALP-CLITGYPILR-NKIEFKR- 1702 

ILPTDH-----RGVYVGSLSAHSIGSTNLQGCILTGYPIRG-PIIRFSE- 1673 

SLALKACEHCGKPTYEANLTCHFCKKKYDP-CVVTGYPIQSYDRVVFKNN 1723 

SLALKACEHCGKPTYEANLTCHFCKKKYDP-CVVTGYPIQSYDRVVFKNN 1723 

-------------------------------------------------- 

TLPMVTDPENGELMFAGSVKSPHTGKVYPA-CAVTGYPVIGGGLTKCAQ- 1767 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

-PGKAANKDNWNKFLMAIKTS-HSPVCQDVLKFISQWCGGLPSTSFSFQ 1749

-GEHVTDRDDWTKLINTARQAPQDSNLNDILAFIQEWFGTISNYSF--- 1718 

GPELNAIRDMWNKWVEAFGTDPVTGMQAAPMY----------------- 1755 

GPELNAIRDMWNKWVEAFGTDPVTGMQAAPMY----------------- 1755 

------------------------------------------------- 

-CHRPANQADWNKFVLTAKRCPWCGAAANPNFKV--------------- 1800
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Intraflagellar transport complex in Leishmania 785

M. musculus MQLKHLRTLLSPQDGAAKVTCMAWSQNNAKFAVCTVDRVVLLYDEHGERR 50

A. mellifera MLLKYLGNVMPQQDSENRVVSIVWSPNNLKLAIASSDRSIYLFDENCVKR 50

C. reinhardtii MQLRYFKSILPPADQYQKITSLTWAPNNSRLAAVSTDKVVYLFDENGEKR 50

C. reinhardtii MQLRYFKSILPPADQYQKITSLTWAPNNSRLAAVSTDKVVYLFDENGEKR 50

L. infantum MQVQFYQNIMKGQLGTARTQAICFSANNKRLAVADATRHIQLFDEQGERR 50

L. major MQVQFYQNVMKGQLGTARTQAICFSANNKRLAVADATRHIQLFDEQGERR 50

M. musculus DKFSTKPADMKYGRKSYMVKGMAFSPDSTKIAIGQTDNIIYVYKIG--ED 98

A. mellifera DRFSTKPIDSKFGKKSYVIKSIAFSPDSTKIAVGQTDCIIYVYKIG--EQ 98

C. reinhardtii DKFKTKAAEANN-PNTYIIRAMAFSPDSTKLAIAQSDNIVFIYRLVDPDT 99

C. reinhardtii DKFKTKAAEANN-PNTYIIRAMAFSPDSTKLAIAQSDNIVFIYRLVDPDT 99

L. infantum DKFATKAASDKG-GRGYIVTGMTFSPDSSLLAIAQSDNIVFVYRLG--LE 97

L. major DKFATKAASDKG-GRGYIVTGMTFSPDSSLLAIAQSDNIVFVYRLG--LE 97

M. musculus WGDKKVICNKFIQTSAVTCLQWP---AEYV--IVFGLAEGKVRLANTKTN 143

A. mellifera WGEKKVICNKFRQSSPVTCLIWL---IEGP--IIVGLVDGKVRVALVKSQ 143

C. reinhardtii GAEKKSICNKFPQACAVTSLVWP---KDRPNEVVFGLADGKVRLGMLKNN 146

C. reinhardtii GAEKKSICNKFPQACAVTSLVWP---KDRPNEVVFGLADGKVRLGMLKNN 146

L. infantum WGEKKAIRNKLSQTSPVTCVVWPNTSSQGVELIAFATLDGSVKVGMLKAN 147

L. major WGEKKAIRNKLSQTSPVTCVVWPNTSSQGVELIAFATLDGSVKVGMLKAN 147

M. musculus KSSTIYG--TESYVVALTTNCSGKGILSGHADGTIVRYFFDDE-GSGESQ 190

A. mellifera KAQTLYT--ADSTTIALVSNIRGTAFLSSHADGSIIKYNLTDD-GNHEPS 190

C. reinhardtii KSYTCYAHPENSYVVALASSLNGQNVISGHMDGAIWKFNFPAEEGGTPTS 196

C. reinhardtii KSYTCYAHPENSYVVALASSLNGQNVISGHMDGAIWKFNFPAEEGGTPTS 196

L. infantum KSHVLYS--HDHPAVSMCTSRDNTKILTGHLDGTVYQYVFEATEDGAEVA 195

L. major KSHVLYS--HDHPAVSMCTSRDNTKILTGHLDGTVYQYVFEASEEGAEVA 195

M. musculus --GKLVNHPCPPYALAWATNSIVAAGCDRRIVAYGKEGHVLQTFDYSRDP 238

A. mellifera --GRICTHTVPAYALAWTQSHILAAGCDRRVIFYDTRGKIVKTFDYSRE- 237

C. reinhardtii --SQLVVHSCVPYSLGWG-SCIAAAGNDNRVVFYDLNGREIRSFDYSNND 243

C. reinhardtii --SQLVVHSCVPYSLGWG-SCIAAAGNDNRVVFYDLNGREIRSFDYSNND 243

L. infantum GAKRLFVHSCAPYMLAWG-ESICAAGTDCQVAFYTPKSGQKPQVIPFDMK 244

L. major GAKRLFVHSCAPYMLAWG-ESICAAGADCQVAFYTPKSGQKPQVIPFDMK 244

M. musculus QEREFTTAAASPGGQSVVLGSYDRLRVFNWSPRRSIWEEAKPKEIANLYT 288

A. mellifera NEKEIAVACCSPSGQSIAIGSWDKIRILDWSPRRSIWEEANTRSLPNFYT 287

C. reinhardtii EVREFTTCAFNPSGDTVVFGTYNRFYMYTFNIQRNDWEEAGHKQIDNFYA 293

C. reinhardtii EVREFTTCAFNPSGDTVVFGTYNRFYMYTFNIQRNDWEEAGHKQIDNFYA 293

L. infantum DVGSFTGGVCNPSGQAVAIAGREQIRIFDLNIRSHKWEEGTVVYLPHSEG 294

L. major DVGSFTGGVCNPSGQAVAIAGREQIRIFDLNIRSHKWEEGTVVYLPHSEG 294

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

VTALAWKRDGSRLCAGTLCGGVEQFDCCLRRSIYKNKFELTYVGPSQVIV 338 

VTAISWRRDGSRLLIGSLCGAVEQFETVLKRTVIRGSHEVAYVGPSQVII 337 

VSAASWKPDGSKMTVGSMTGAVDMYDACVKRHMYKGKFEFTYVSKSAVIV 343 

VSAASWKPDGSKMTVGSMTGAVDMYDACVKRHMYKGKFEFTYVSKSAVIV 343 

FSAMQWKRDGSRLVTGSVTGSVDVFDCCLRRYRMRGAYEFTYVSHSQVIV 344 

FSAMQWKRDGSRLVTGSVTGSVDVFDCCLRRYRMRGAYEFTYVSHSQVIV 344

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

KNLSSGTR-VVLKSHYGYEVEEVKILGK-ERYLVAHTSDTLLLGDLNTNR 386 

RPLNEGNRPVIIRSQTGYEIEDVKVLGRSDNNVVARTSRTLLLADIEFNL 387 

KTLKTGMR-IVLKSVYGYEIEKINIYHD--RYLIARTTYTLLMGDLDTCK 390 

KTLKTGMR-IVLKSVYGYEIEKINIYHD--RYLIARTTYTLLMGDLDTCK 390 

KRLASGTR-LVLQSYMGFEIQKVNVYQD--RYLVAHTSATLLLGDLVSHK 391 

KRLASGTR-LVLQSYMGFEIQKVNVYQD--RYLVAHTSATFFFGDLVSHK 391

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

LSEIAWQGSGGNEKYFFENENVCMIFNAGELTLVEYGSNDSLGSVRTEFM 436 

ISEIPWEEKTNTEKFFFEYPRVCLIFCSGELTIVEYGNNEALGSVRTEAI 437 

LSEIPWD-SDGSEKFHFENERVCMVHYAGELHIVEYGRNDVLGTCRTEHM 439 

LSEIPWD-SDGSEKFHFENERVCMVHYAGELHIVEYGRNDVLGTCRTEHM 439 

LSEVPWQ-LTGREKFTFDNEQICMVFNVGELCLIEYGKNMILGTCRTEER 440 

LSEVRWQ-LTGREKFTFDNEQICMVFNVGELCLIEYGKNMILGTCRTEER 440

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

NPHLISVRIN-------------------ERCQRGMEDN----------- 456 

NPHVVSVRIN-------------------ERQIAGTPDI----------- 457 

NPYLISAVVQ-------------------EARGIASES------------ 458 

NPYLISAVVQ-------------------EARGIASES------------ 458 

NAHRISVRVLNPLASDTGAGAAGSGGAGGQRREVNTTTGSPIVPTPVTGS 490 

NAHRISVRVLNPLASDAGAGAAGSGGAGGQRREVSTTTGSPIVSTSVTGS 490

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

----------KKLAYLVDIKTIAIVDLIG--GYNIGTISHESRVDWLELN 494 

----------KRLAYLLDSRTVRIMDLIT--GLTVAMISHDVRVDWLELS 495 

----------KKLAYLIDLQTVRIQDLMAPVGSTLATVNHDTKVDWLELN 498 

----------KKLAYLIDLQTVRIQDLMAPVGSTLATVNHDTKVDWLELN 498 

SGALDAYNSRCVIAYLIDRQTIQIDDLRS--GVSIARVPHESKIDWLELD 538 

SGALDAYNSRCVIAYLIDRQTIQIDDLRS--GVSIARVPHESKIDWLELD 538 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ETGHKLLFRDRKLRLHLYDIESCSKTMILNFCSYVQWVPGSDVLVAQNRN 544 

ETGHRLLSRDKRARLWLSN-ELGGKTLLLTGVSFASWVLGSDVVVAQTGQ 544 

QRGTHLLFRDKKRHLHLFSLSGQERTTLLNYCQYVQWVPGSDVIVAQSRN 548 

QRGTHLLFRDKKRHLHLFSLSGQERTTLLNYCQYVQWVPGSDVIVAQSRN 548 

FRASRLLFRDKQHQLYLYDISRQQRTTLLSYCTYVQWVPRSDVAVAQSRL 588 

FRASRLLFRDKQHQLYLYDISRQQRTTLLSYCTYVQWVPRSDVAVAQSRL 588 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

SLCVWYNIEAPERVTMSSIRGDVVGLERGGGKTEVMVTEGVTTVAYTLDE 594 

TLAVWYNVDAPEVATLIPVRGDAIDVVREDGRTSITVEELGGKVAYLLDE 594 

NLCVWYSVNKPDNVTMFPIKGEVVDIERHNHRTEVIVDEGINTVSYALDE 598 

NLCVWYSVNKPDNVTMFPIKGEVVDIERHNHRTEVIVDEGINTVSYALDE 598 

L. infantum

L. major

ELCVWYNVESPERVTIVPIRGEVEGMERGNGKTEVIVDEGVSTVAYALDE 638 

ELCVWYNVESPERVTIVPIRGEVEGMERGNGKTEVIVDEGVSTVAYSLDE 638 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

GLIEFGTAIDDGNYTRATAFLETLEMTPETEAMWKTLSKLALEARQLHTA 644 

SLIEFGTALHDNDFGKALLFLEDLADRPQAEAMWENVARNAMAARQLLIA 644 

ALIYFGAALEDQDYERAVQTLEPLELTPETEAQWMQLAEQALATNQLVIA 648 

ALIYFGAALEDQDYERAVQTLEPLELTPETEAQWMQLAEQALATNQLVIA 648 

SLIEFRAAMEERDLDRACDLLERTSLSPGTEVMWSTLANVSLQEMKLFIA 688 

SLIEFRAAMEERDLDRACDLLERTSLSPGTEVMWSTLANVSLQEMKLFIA 688 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ERCFSALGHVAKARFLHETNEIADQVSREYGGEGT--DFYQVRARLAMLE 692 

ARCYAALGDVACSRFLKNIIEIGEKYSVETGHDPL--SNSDCWAKLAILN 692 

ERCYAALGDIAKSRFLHKVVKKAQQAAKEFGGDGT--DAWSVRAMMAQLN 696 

ERCYAALGDIAKSRFLHKVVKKAQQAAKEFGGDGT--DAWSVRAMMAQLN 696 

ERCYAALGDVAKVNALQRIHQLAAKARADSADATTGYEHYTVLAELYMMS 738 

ERCYAALGDVAKVNALQRIHQLAAKARVDSADTTTGYEHYTVLAELYMMS 738 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

KNYKLAEMIFLEQNAVEEAMDMYQELHRWEECIAVAEAKGHPALEKLRRD 742 

GELKTAEAIYLEQNELNQALDMYQKYWHWEDALILAQNRGWSGLQELRDK 742 

KQWPVSESLLLAQGKVDDAITLYQDNHRWEDAIRVADSTHHANAAALKQQ 746 

KQWPVSESLLLAQGKVDDAITLYQDNHRWEDAIRVADSTHHANAAALKQQ 746 

QDFKRAEQLFLENGRAEDAMQMWEEMNRFDESLAIAESRGLDDVANRRAR 788 

QDFKRAEQLFLENGRVEDAMQMWEEMNCFDESLAIAESRGLDDVANRRAR 788 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

YYQWLMDTQQEERAGELQESQGDGLAAISLYLKAGLPAKAARLVLTREEL 792 

HLTWLLESGQTARAAAILESTNP-RRAVKLYLDARRPGRAARLAP----- 786 

YLTWLLETGQEEQAGAVKEREGDYLAAIGLYLKGGLPGRAAQVVMSVHNV 796 

YLTWLLETGQEEQAGAVKEREGDYLAAIGLYLKGGLPGRAAQVVMSVHNV 796 

YFAWLMETRQYEKAGEMREKDGKLIDAINLYLRGGTPARAAQVVS-VNNL 837 

YFAWLMETRQYEKAGEMREKDGKFVDAINLYLRGGTPARAAQVVS-VNNL 837

M. musculus

A. mellifera

C. reinhardtii

LANTELVEHITTALIKGELYERAGDLFEKIRNPQRALECYCKGNAFMKAV 842 

------------VLKITDLMELAGELLEKISEPLEAIKCYSQAGVFARAL 824 

NWDPALLDSILASLAKAGLYERAGELYEHMSRSSEAMQSYRRGHAYRKAI 846 

C. reinhardtii

L. infantum

L. major

NWDPALLDSILASLAKAGLYERAGELYEHMSRSSEAMQSYRRGHAYRKAI 846 

KPEQQLLEAIAAALFKAQVFEAAGDFFDKLHMTDRAIDAYKRGHAFSRAV 887 

KPEQQLLEAIAAALFKAQVFEAAGDFFDKLHMTDRAIDAYKRGHAFSRAV 887

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ELARLAFPVEVVRLEEAWGDHLVQQKQLDAAINHYIEARCSIKAIEAALG 892 

ELSRKVDPTSVVELERDWGKHLVSAGHYDAAINHFIEAGETALALDAAIN 874 

DLARREFPAEVIIIEEEWGDWLVTQKQMDAAINHFIESGATLKAIKAAID 896 

DLARREFPAEVIIIEEEWGDWLVTQKQMDAAINHFIESGATLKAIKAAID 896 

EYAKTAAPQQVVPLEEAWGDYLVSQKHVDQAINHYNEAGKYGKAVKAALD 937

EYAKTAAPQQVVSLEEAWGDYLVSQKHVDQAINHYNEAGKYDKAVKAALD 937 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ARQWKKAIYILDLQDRN-----------TASKYYPRVAQHYASLQEYEIA 931 

ARQWRKGLQIMQVIEDDDP---------AIKKQCEKLAEYFASIGEKNLA 915 

CRQFAKAAGIIEVLDPR-----------EAMPYFRRIAQHYETTGALEEA 935 

CRQFAKAAGIIEVLDPR-----------EAMPYFRRIAQHYETTGALEEA 935 

SRQWAKAAAILETQSNGGVGSSGVPVDAAAKSAYQRIAHHYEEVHQYAEA 987 

SRQWAKAAVILETQSNGAVGSSGVPVDAATKSAYQRIAHHYEEVHQYAEA 987 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

EELYTKGDRTKDAIDMYIQAGRWEQAHKLAMKCMRPEDVSVLYITQAQEM 981 

EKLFIRSGDIKRAVDVHIQNGNWNRAHEVALEYMTSEEANEILTKHAIAL 965 

ERYYIRADMARDAVEMYSRAGKWEAAQRVARGYLTESEMRAFYRAKAAEF 985 

ERYYIRADMARDAVEMYSRAGKWEAAQRVARGYLTESEMRAFYRAKAAEF 985 

EKLYIKCGAVSDAVDMYSRAGMTDHMYRVAQRHLEQDKLVELFVSQAKQL 1037

EKLYIKCGAVSDAVDMYSRAGMTDHMYRVAQRHLEQDKLVELFVSQAKQL 1037

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

EKQGKYREAERLYVTVE--EPDLAITMFKKHKLYDDMIRLVGKHHPDLLS 1029 

CEAGDLKHAEDLYLAIG--KYDSAIAMYRKAGRRADMIRLVGKYRPDLLE 1013 

EAAHKLKEAEKAYLAAGGDDVDKAIAMYKRNKMYDQMIRLVTQYRKEKVP 1035 

EAAHKLKEAEKAYLAAGGDDVDKAIAMYKRNKMYDQMIRLVTQYRKEKVP 1035 

ETKGDYAAAERIYLKVN--DADGAIMMYRKNRDYTNMMRLVQAYRSGYVV 1085 

ETKGDYAAAERIYLKVN--DADGAIMMYRKNRDYTNMMRLVQAYRSGYVV 1085 

M. musculus

A. mellifera

C. reinhardtii

DTHLHLGKELEAEGRLQEAEYHYLEAQEWKATVNMYRSSGLWEEAYRVAK 1079

TTHIHLAKELNDSGKPREAEEHYLAAGDWKGAVAAFRSANMWEDALRVAK 1063 

EAHTLIAQQLEVEGNLREAEKHFVEAKDWKSAVQMYRQVNQWEDALRVAK 1085 

C. reinhardtii

L. infantum

L. major

EAHTLIAQQLEVEGNLREAEKHFVEAKDWKSAVQMYRQVNQWEDALRVAK 1085 

QTHLALAAQFQKEGNLKAAETHFIAGKDWSRAVSMYRDRDLWDDAVRIAK 1135 

QTHLALAAQFQKEGNLKAAETHFIAGKDWSRAVSMYRDRDLWDDAVRIAK 1135

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

AHGGANAHKHVAYLWAKSLGGEAAVRLLNKLGLLEATIDHAADNCSFEFA 1129 

QNAGNNAAQQVALIWARTLTPELAARLLMQLNYLDECLQLACETDLFDWA 1113 

VYGGVNASKQVAYAWALTLGGDDGAQLLKKMGLLDHAIEYAVESGAFAQA 1135 

VYGGVNASKQVAYAWALTLGGDDGAQLLKKMGLLDHAIEYAVESGAFAQA 1135 

VHGGANAAKQVVVSRATVMDSEEGVRLL---------------------- 1163 

VHGGANAAKQVVVSRATVMDSEEGVRLLGKFNLIEAGIEAALESSKFDLA 1185

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

FELSRLAFKHKAPEIHLKYAMYLEDEGKFEEAEAEFIRAGKPKEAVLMFV 1179 

LEIIKYGNTDQKKEVHYRYAMALEDAGRFSEAEKEFIKAERTMEAVQMYI 1163 

FEMTRAGAKHKLPEVHLKYAMFLEDEGRFAEAEAEFISAGKPKEACDMYM 1185 

FEMTRAGAKHKLPEVHLKYAMFLEDEGRFAEAEAEFISAGKPKEACDMYM 1185 

-------------------------------------------------- 

LQWAQLARPAKVPYVYLKYAMHYEDQGDFRMAEDAFIKSGKPREAIDMYV 1235

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

HNQDWEAAQRVAEAHDPDSVAEVLVGQARGALEEKDFQKAEGLLLRAQRP 1229 

HTRDWEAAEDVAQSINQEAVVQVLIARANEAAEAQDYSLAETLLLRAHKP 1213 

HNQDWDAAMRIAERYDPTMVSEILVSQARVAVERKQWLPAEGLFIKAKRP 1235 

HNQDWDAAMRIAERYDPTMVSEILVSQARVAVERKQWLPAEGLFIKAKRP 1235 

-------------------------------------------------- 

HQHDFTGAMRVAENHDPSAVPHVCAANGRVWFQQGNYKEAEALFLRANAP 1285

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

GLALNYYKEAGLWSDALRICKDYVPGQLEALQEEYER---EATKKGGRGV 1276 

EMIIEHYKKAGMWSEALRVCREYLPSQEANLRRELGQ---KSASLAG--- 1257 

EAALKMYRDARMWNDALRVAEQYLPTKVAEVQMELLSGQGAGGGSGGASA 1285 

EAALKMYRDARMWNDALRVAEQYLPTKVAEVQMELLSGQGAGGGSGGASA 1285 

-------------------------------------------------- 

ETLLKLYVDAKMFSEAQRVAKAHCPDMQSDVAKRMAL-----------NS 1324

M. musculus

A. mellifera

EGLVEQARQWEQAGEYSRAVDCYLKVRDSGSSGL--MEKCWMKAAELSIK 1324 

ANAFEEARKWLEVGEVKAALDILILDPQAPRS-------SLIKAADILLH 1300 

C. reinhardtii

C. reinhardtii

L. infantum

L. major

DAVINKARGFERNNDYARAIETYLSLTAQDTSNQDQLEHCWGQAAQLAIN 1335 

DAVINKARGFERNNDYARAIETYLSLTAQDTSNQDQLEHCWGQAAQLAIN 1335

-------------------------------------------------- 

NDPQKAGTVLEENSEYQLAIDTYLAATPETVPDPATLANLWVRAVKVAQK 1374

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

FLPPQRSLEVVRVVGPQLIGIGKHSAAAELYLNLDLVKEAIDAFIEGEEW 1374 

QADPETAAQVGGDLGSRLFSIGEYAIAAQVFLQADRLKDAIDALASIGEW 1350 

YQR-HRMKDVVNTVSERLQEIGRHQAAGELHESIDDAQGAIRAYCAGRLW 1384 

YQR-HRMKDVVNTVSERLQEIGRHQAAGELHESIDDAQGAIRAYCAGRLW 1384 

-------------------------------------------------- 

HAR-NLLKEVLRSAIDKLKAAQRYVEAGKCLESCEDYKAAINMYVQARKF 1423

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

NKAKRVAKELDPRYEDYVDQHYKEFLKNQGKVDSLVG---VDVVAALDLY 1421 

EKAKRIVNELAPNIEPYLEEKYKEAMLRDGQIDKLVE---IDVDAGLEIL 1397 

DKARTLAGTN-PTFSRYIEDQYNNYLLQNQQADELASRGGQHAQQAIEMY 1433 

DKARTLAGTN-PTFSRYIEDQYNNYLLQNQQADELASRGGQHAQQAIEMY 1433 

-------------------------------------------------- 

DMAEALAKRVSPELENFVKRAIVQDSISGGSMKDAKVVEEMDPEAAMKAY 1473

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

VEQGQWDKCIETATKQNYKILHKYVALYATHLIREGGYAQALALYVQHGA 1471 

ANKGHWNQVFETANIQGTQILHKYVAQRAVQLLKGNTPLEALQLYVKYGT 1447 

VARDEWAKVHELAAQQGPEVASNYALKHAERRFKQGDYAQAAQVFAQHGI 1483 

VARDEWAKVHELAAQQGPEVASNYALKHAERRFKQGDYAQAAQVFAQHGI 1483 

-------------------------------------------------- 

ISKADFANALRMAAQRSPEEVQYVAGLQVQHLLRQGDPVQCLEALNKSAM 1523

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

PANPQ-NFNIYKRIFTDMVSSPGTNNAEAYHSWADLRDVLSNLCENLVKS 1520 

PPIQQ-NFNLYLQLSESVLNSEAYY---EYRYLALLRTVLLNLWNNLKS- 1492 

TAQPQ-YFELYKSIAQGVLHASQGDR--NPVAEKSLRDMMYRLVNVLRSG 1530

TAQPQ-YFELYKSIAQGVLHASQGDR--NPVAEKSLRDMMYRLVNVLRSG 1530 

-------------------------------------------------- 

DSDDFRFYETWMSVAQKVIPLLPGDD----AVATLLQPLHDGLVKVVDSM 1569

M. musculus

A. mellifera

--SEANSAAHEEFEMMLLISHYYATRSAAQSIKQLETVAARLSVSLLRHT 1568 

----LESGLKFKFKKLLEVTHYSAVKCGCNDYPVLSELVLKTSITLLRYT 1538 

C. reinhardtii

C. reinhardtii

L. infantum

L. major

GGAGKYKVDTDAFQNYYLAAHYLTCAAAAKEQGLKDIAAMNLTSVLRYVG 1580 

GGAGKYKVDTDAFQNYYLAAHYLTCAAAAKEQGLKDIAAMNLTSVLRYVG 1580 

-------------------------------------------------- 

TQSGQKSEDIAKATALASVVHIYYMSRKMETELNMPDFAVQLMLGLPRWI 1619

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

QLLPADKAFYEAGTAAKEVGWE---NMAFIFLNRFLDLTDAIEEGTL--D 1613 

DVLLADRAYYEAGIEARAVGKN---SEAFVFLNHFLDLEECIEEGDS--T 1583 

PTIPADRAFYEAGLAWYEAGRK---NMAFVMLNRFLDLSDAMDEPDSSAA 1627 

PTIPADRAFYEAGLAWYEAGRK---NMAFVMLNRFLDLSDAMDEPDSSAA 1627 

-------------------------------------------------- 

PHVAPDKAFYDAGMAAKRSGLEGMQDVAFLYLNRALDINERIDDGDTDSS 1669

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ALDHSDFQDTDIPFEVPLPAKQHVPEAQREEVRDWVLTVSMDQRLE---Q 1660 

VLDVDDLAVTDFPMEVPLPETLSLTTEQREEVREWVLAVSMDQKIE---Q 1630 

VIENADFSDTDIPYDFTIPERAYCTESQREDVRNLVLEISMDRSSD---Q 1674

VIENADFSDTDIPYDFTIPERAYCTESQREDVRNLVLEISMDRSSD---Q 1674 

-------------------------------------------------- 

GIDNTDFAATDFPKVYRLPKEPTVPAQAMEEVNNWVLTVSIDNTAASDTR 1719 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

VLPRDE-----RGVYEASLVAASTGVRALP-CLITGYPILR-NKIEFKR- 1702 

ILPTDH-----RGVYVGSLSAHSIGSTNLQGCILTGYPIRG-PIIRFSE- 1673 

SLALKACEHCGKPTYEANLTCHFCKKKYDP-CVVTGYPIQSYDRVVFKNN 1723 

SLALKACEHCGKPTYEANLTCHFCKKKYDP-CVVTGYPIQSYDRVVFKNN 1723 

-------------------------------------------------- 

TLPMVTDPENGELMFAGSVKSPHTGKVYPA-CAVTGYPVIGGGLTKCAQ- 1767 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

-PGKAANKDNWNKFLMAIKTS-HSPVCQDVLKFISQWCGGLPSTSFSFQ 1749

-GEHVTDRDDWTKLINTARQAPQDSNLNDILAFIQEWFGTISNYSF--- 1718 

GPELNAIRDMWNKWVEAFGTDPVTGMQAAPMY----------------- 1755 

GPELNAIRDMWNKWVEAFGTDPVTGMQAAPMY----------------- 1755 

------------------------------------------------- 

-CHRPANQADWNKFVLTAKRCPWCGAAANPNFKV--------------- 1800
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M. musculus MQLKHLRTLLSPQDGAAKVTCMAWSQNNAKFAVCTVDRVVLLYDEHGERR 50

A. mellifera MLLKYLGNVMPQQDSENRVVSIVWSPNNLKLAIASSDRSIYLFDENCVKR 50

C. reinhardtii MQLRYFKSILPPADQYQKITSLTWAPNNSRLAAVSTDKVVYLFDENGEKR 50

C. reinhardtii MQLRYFKSILPPADQYQKITSLTWAPNNSRLAAVSTDKVVYLFDENGEKR 50

L. infantum MQVQFYQNIMKGQLGTARTQAICFSANNKRLAVADATRHIQLFDEQGERR 50

L. major MQVQFYQNVMKGQLGTARTQAICFSANNKRLAVADATRHIQLFDEQGERR 50

M. musculus DKFSTKPADMKYGRKSYMVKGMAFSPDSTKIAIGQTDNIIYVYKIG--ED 98

A. mellifera DRFSTKPIDSKFGKKSYVIKSIAFSPDSTKIAVGQTDCIIYVYKIG--EQ 98

C. reinhardtii DKFKTKAAEANN-PNTYIIRAMAFSPDSTKLAIAQSDNIVFIYRLVDPDT 99

C. reinhardtii DKFKTKAAEANN-PNTYIIRAMAFSPDSTKLAIAQSDNIVFIYRLVDPDT 99

L. infantum DKFATKAASDKG-GRGYIVTGMTFSPDSSLLAIAQSDNIVFVYRLG--LE 97

L. major DKFATKAASDKG-GRGYIVTGMTFSPDSSLLAIAQSDNIVFVYRLG--LE 97

M. musculus WGDKKVICNKFIQTSAVTCLQWP---AEYV--IVFGLAEGKVRLANTKTN 143

A. mellifera WGEKKVICNKFRQSSPVTCLIWL---IEGP--IIVGLVDGKVRVALVKSQ 143

C. reinhardtii GAEKKSICNKFPQACAVTSLVWP---KDRPNEVVFGLADGKVRLGMLKNN 146

C. reinhardtii GAEKKSICNKFPQACAVTSLVWP---KDRPNEVVFGLADGKVRLGMLKNN 146

L. infantum WGEKKAIRNKLSQTSPVTCVVWPNTSSQGVELIAFATLDGSVKVGMLKAN 147

L. major WGEKKAIRNKLSQTSPVTCVVWPNTSSQGVELIAFATLDGSVKVGMLKAN 147

M. musculus KSSTIYG--TESYVVALTTNCSGKGILSGHADGTIVRYFFDDE-GSGESQ 190

A. mellifera KAQTLYT--ADSTTIALVSNIRGTAFLSSHADGSIIKYNLTDD-GNHEPS 190

C. reinhardtii KSYTCYAHPENSYVVALASSLNGQNVISGHMDGAIWKFNFPAEEGGTPTS 196

C. reinhardtii KSYTCYAHPENSYVVALASSLNGQNVISGHMDGAIWKFNFPAEEGGTPTS 196

L. infantum KSHVLYS--HDHPAVSMCTSRDNTKILTGHLDGTVYQYVFEATEDGAEVA 195

L. major KSHVLYS--HDHPAVSMCTSRDNTKILTGHLDGTVYQYVFEASEEGAEVA 195

M. musculus --GKLVNHPCPPYALAWATNSIVAAGCDRRIVAYGKEGHVLQTFDYSRDP 238

A. mellifera --GRICTHTVPAYALAWTQSHILAAGCDRRVIFYDTRGKIVKTFDYSRE- 237

C. reinhardtii --SQLVVHSCVPYSLGWG-SCIAAAGNDNRVVFYDLNGREIRSFDYSNND 243

C. reinhardtii --SQLVVHSCVPYSLGWG-SCIAAAGNDNRVVFYDLNGREIRSFDYSNND 243

L. infantum GAKRLFVHSCAPYMLAWG-ESICAAGTDCQVAFYTPKSGQKPQVIPFDMK 244

L. major GAKRLFVHSCAPYMLAWG-ESICAAGADCQVAFYTPKSGQKPQVIPFDMK 244

M. musculus QEREFTTAAASPGGQSVVLGSYDRLRVFNWSPRRSIWEEAKPKEIANLYT 288

A. mellifera NEKEIAVACCSPSGQSIAIGSWDKIRILDWSPRRSIWEEANTRSLPNFYT 287

C. reinhardtii EVREFTTCAFNPSGDTVVFGTYNRFYMYTFNIQRNDWEEAGHKQIDNFYA 293

C. reinhardtii EVREFTTCAFNPSGDTVVFGTYNRFYMYTFNIQRNDWEEAGHKQIDNFYA 293

L. infantum DVGSFTGGVCNPSGQAVAIAGREQIRIFDLNIRSHKWEEGTVVYLPHSEG 294

L. major DVGSFTGGVCNPSGQAVAIAGREQIRIFDLNIRSHKWEEGTVVYLPHSEG 294

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

VTALAWKRDGSRLCAGTLCGGVEQFDCCLRRSIYKNKFELTYVGPSQVIV 338 

VTAISWRRDGSRLLIGSLCGAVEQFETVLKRTVIRGSHEVAYVGPSQVII 337 

VSAASWKPDGSKMTVGSMTGAVDMYDACVKRHMYKGKFEFTYVSKSAVIV 343 

VSAASWKPDGSKMTVGSMTGAVDMYDACVKRHMYKGKFEFTYVSKSAVIV 343 

FSAMQWKRDGSRLVTGSVTGSVDVFDCCLRRYRMRGAYEFTYVSHSQVIV 344 

FSAMQWKRDGSRLVTGSVTGSVDVFDCCLRRYRMRGAYEFTYVSHSQVIV 344

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

KNLSSGTR-VVLKSHYGYEVEEVKILGK-ERYLVAHTSDTLLLGDLNTNR 386 

RPLNEGNRPVIIRSQTGYEIEDVKVLGRSDNNVVARTSRTLLLADIEFNL 387 

KTLKTGMR-IVLKSVYGYEIEKINIYHD--RYLIARTTYTLLMGDLDTCK 390 

KTLKTGMR-IVLKSVYGYEIEKINIYHD--RYLIARTTYTLLMGDLDTCK 390 

KRLASGTR-LVLQSYMGFEIQKVNVYQD--RYLVAHTSATLLLGDLVSHK 391 

KRLASGTR-LVLQSYMGFEIQKVNVYQD--RYLVAHTSATFFFGDLVSHK 391

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

LSEIAWQGSGGNEKYFFENENVCMIFNAGELTLVEYGSNDSLGSVRTEFM 436 

ISEIPWEEKTNTEKFFFEYPRVCLIFCSGELTIVEYGNNEALGSVRTEAI 437 

LSEIPWD-SDGSEKFHFENERVCMVHYAGELHIVEYGRNDVLGTCRTEHM 439 

LSEIPWD-SDGSEKFHFENERVCMVHYAGELHIVEYGRNDVLGTCRTEHM 439 

LSEVPWQ-LTGREKFTFDNEQICMVFNVGELCLIEYGKNMILGTCRTEER 440 

LSEVRWQ-LTGREKFTFDNEQICMVFNVGELCLIEYGKNMILGTCRTEER 440

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

NPHLISVRIN-------------------ERCQRGMEDN----------- 456 

NPHVVSVRIN-------------------ERQIAGTPDI----------- 457 

NPYLISAVVQ-------------------EARGIASES------------ 458 

NPYLISAVVQ-------------------EARGIASES------------ 458 

NAHRISVRVLNPLASDTGAGAAGSGGAGGQRREVNTTTGSPIVPTPVTGS 490 

NAHRISVRVLNPLASDAGAGAAGSGGAGGQRREVSTTTGSPIVSTSVTGS 490

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

----------KKLAYLVDIKTIAIVDLIG--GYNIGTISHESRVDWLELN 494 

----------KRLAYLLDSRTVRIMDLIT--GLTVAMISHDVRVDWLELS 495 

----------KKLAYLIDLQTVRIQDLMAPVGSTLATVNHDTKVDWLELN 498 

----------KKLAYLIDLQTVRIQDLMAPVGSTLATVNHDTKVDWLELN 498 

SGALDAYNSRCVIAYLIDRQTIQIDDLRS--GVSIARVPHESKIDWLELD 538 

SGALDAYNSRCVIAYLIDRQTIQIDDLRS--GVSIARVPHESKIDWLELD 538 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ETGHKLLFRDRKLRLHLYDIESCSKTMILNFCSYVQWVPGSDVLVAQNRN 544 

ETGHRLLSRDKRARLWLSN-ELGGKTLLLTGVSFASWVLGSDVVVAQTGQ 544 

QRGTHLLFRDKKRHLHLFSLSGQERTTLLNYCQYVQWVPGSDVIVAQSRN 548 

QRGTHLLFRDKKRHLHLFSLSGQERTTLLNYCQYVQWVPGSDVIVAQSRN 548 

FRASRLLFRDKQHQLYLYDISRQQRTTLLSYCTYVQWVPRSDVAVAQSRL 588 

FRASRLLFRDKQHQLYLYDISRQQRTTLLSYCTYVQWVPRSDVAVAQSRL 588 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

SLCVWYNIEAPERVTMSSIRGDVVGLERGGGKTEVMVTEGVTTVAYTLDE 594 

TLAVWYNVDAPEVATLIPVRGDAIDVVREDGRTSITVEELGGKVAYLLDE 594 

NLCVWYSVNKPDNVTMFPIKGEVVDIERHNHRTEVIVDEGINTVSYALDE 598 

NLCVWYSVNKPDNVTMFPIKGEVVDIERHNHRTEVIVDEGINTVSYALDE 598 

L. infantum

L. major

ELCVWYNVESPERVTIVPIRGEVEGMERGNGKTEVIVDEGVSTVAYALDE 638 

ELCVWYNVESPERVTIVPIRGEVEGMERGNGKTEVIVDEGVSTVAYSLDE 638 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

GLIEFGTAIDDGNYTRATAFLETLEMTPETEAMWKTLSKLALEARQLHTA 644 

SLIEFGTALHDNDFGKALLFLEDLADRPQAEAMWENVARNAMAARQLLIA 644 

ALIYFGAALEDQDYERAVQTLEPLELTPETEAQWMQLAEQALATNQLVIA 648 

ALIYFGAALEDQDYERAVQTLEPLELTPETEAQWMQLAEQALATNQLVIA 648 

SLIEFRAAMEERDLDRACDLLERTSLSPGTEVMWSTLANVSLQEMKLFIA 688 

SLIEFRAAMEERDLDRACDLLERTSLSPGTEVMWSTLANVSLQEMKLFIA 688 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ERCFSALGHVAKARFLHETNEIADQVSREYGGEGT--DFYQVRARLAMLE 692 

ARCYAALGDVACSRFLKNIIEIGEKYSVETGHDPL--SNSDCWAKLAILN 692 

ERCYAALGDIAKSRFLHKVVKKAQQAAKEFGGDGT--DAWSVRAMMAQLN 696 

ERCYAALGDIAKSRFLHKVVKKAQQAAKEFGGDGT--DAWSVRAMMAQLN 696 

ERCYAALGDVAKVNALQRIHQLAAKARADSADATTGYEHYTVLAELYMMS 738 

ERCYAALGDVAKVNALQRIHQLAAKARVDSADTTTGYEHYTVLAELYMMS 738 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

KNYKLAEMIFLEQNAVEEAMDMYQELHRWEECIAVAEAKGHPALEKLRRD 742 

GELKTAEAIYLEQNELNQALDMYQKYWHWEDALILAQNRGWSGLQELRDK 742 

KQWPVSESLLLAQGKVDDAITLYQDNHRWEDAIRVADSTHHANAAALKQQ 746 

KQWPVSESLLLAQGKVDDAITLYQDNHRWEDAIRVADSTHHANAAALKQQ 746 

QDFKRAEQLFLENGRAEDAMQMWEEMNRFDESLAIAESRGLDDVANRRAR 788 

QDFKRAEQLFLENGRVEDAMQMWEEMNCFDESLAIAESRGLDDVANRRAR 788 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

YYQWLMDTQQEERAGELQESQGDGLAAISLYLKAGLPAKAARLVLTREEL 792 

HLTWLLESGQTARAAAILESTNP-RRAVKLYLDARRPGRAARLAP----- 786 

YLTWLLETGQEEQAGAVKEREGDYLAAIGLYLKGGLPGRAAQVVMSVHNV 796 

YLTWLLETGQEEQAGAVKEREGDYLAAIGLYLKGGLPGRAAQVVMSVHNV 796 

YFAWLMETRQYEKAGEMREKDGKLIDAINLYLRGGTPARAAQVVS-VNNL 837 

YFAWLMETRQYEKAGEMREKDGKFVDAINLYLRGGTPARAAQVVS-VNNL 837

M. musculus

A. mellifera

C. reinhardtii

LANTELVEHITTALIKGELYERAGDLFEKIRNPQRALECYCKGNAFMKAV 842 

------------VLKITDLMELAGELLEKISEPLEAIKCYSQAGVFARAL 824 

NWDPALLDSILASLAKAGLYERAGELYEHMSRSSEAMQSYRRGHAYRKAI 846 

C. reinhardtii

L. infantum

L. major

NWDPALLDSILASLAKAGLYERAGELYEHMSRSSEAMQSYRRGHAYRKAI 846 

KPEQQLLEAIAAALFKAQVFEAAGDFFDKLHMTDRAIDAYKRGHAFSRAV 887 

KPEQQLLEAIAAALFKAQVFEAAGDFFDKLHMTDRAIDAYKRGHAFSRAV 887

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ELARLAFPVEVVRLEEAWGDHLVQQKQLDAAINHYIEARCSIKAIEAALG 892 

ELSRKVDPTSVVELERDWGKHLVSAGHYDAAINHFIEAGETALALDAAIN 874 

DLARREFPAEVIIIEEEWGDWLVTQKQMDAAINHFIESGATLKAIKAAID 896 

DLARREFPAEVIIIEEEWGDWLVTQKQMDAAINHFIESGATLKAIKAAID 896 

EYAKTAAPQQVVPLEEAWGDYLVSQKHVDQAINHYNEAGKYGKAVKAALD 937

EYAKTAAPQQVVSLEEAWGDYLVSQKHVDQAINHYNEAGKYDKAVKAALD 937 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ARQWKKAIYILDLQDRN-----------TASKYYPRVAQHYASLQEYEIA 931 

ARQWRKGLQIMQVIEDDDP---------AIKKQCEKLAEYFASIGEKNLA 915 

CRQFAKAAGIIEVLDPR-----------EAMPYFRRIAQHYETTGALEEA 935 

CRQFAKAAGIIEVLDPR-----------EAMPYFRRIAQHYETTGALEEA 935 

SRQWAKAAAILETQSNGGVGSSGVPVDAAAKSAYQRIAHHYEEVHQYAEA 987 

SRQWAKAAVILETQSNGAVGSSGVPVDAATKSAYQRIAHHYEEVHQYAEA 987 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

EELYTKGDRTKDAIDMYIQAGRWEQAHKLAMKCMRPEDVSVLYITQAQEM 981 

EKLFIRSGDIKRAVDVHIQNGNWNRAHEVALEYMTSEEANEILTKHAIAL 965 

ERYYIRADMARDAVEMYSRAGKWEAAQRVARGYLTESEMRAFYRAKAAEF 985 

ERYYIRADMARDAVEMYSRAGKWEAAQRVARGYLTESEMRAFYRAKAAEF 985 

EKLYIKCGAVSDAVDMYSRAGMTDHMYRVAQRHLEQDKLVELFVSQAKQL 1037

EKLYIKCGAVSDAVDMYSRAGMTDHMYRVAQRHLEQDKLVELFVSQAKQL 1037

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

EKQGKYREAERLYVTVE--EPDLAITMFKKHKLYDDMIRLVGKHHPDLLS 1029 

CEAGDLKHAEDLYLAIG--KYDSAIAMYRKAGRRADMIRLVGKYRPDLLE 1013 

EAAHKLKEAEKAYLAAGGDDVDKAIAMYKRNKMYDQMIRLVTQYRKEKVP 1035 

EAAHKLKEAEKAYLAAGGDDVDKAIAMYKRNKMYDQMIRLVTQYRKEKVP 1035 

ETKGDYAAAERIYLKVN--DADGAIMMYRKNRDYTNMMRLVQAYRSGYVV 1085 

ETKGDYAAAERIYLKVN--DADGAIMMYRKNRDYTNMMRLVQAYRSGYVV 1085 

M. musculus

A. mellifera

C. reinhardtii

DTHLHLGKELEAEGRLQEAEYHYLEAQEWKATVNMYRSSGLWEEAYRVAK 1079

TTHIHLAKELNDSGKPREAEEHYLAAGDWKGAVAAFRSANMWEDALRVAK 1063 

EAHTLIAQQLEVEGNLREAEKHFVEAKDWKSAVQMYRQVNQWEDALRVAK 1085 

C. reinhardtii

L. infantum

L. major

EAHTLIAQQLEVEGNLREAEKHFVEAKDWKSAVQMYRQVNQWEDALRVAK 1085 

QTHLALAAQFQKEGNLKAAETHFIAGKDWSRAVSMYRDRDLWDDAVRIAK 1135 

QTHLALAAQFQKEGNLKAAETHFIAGKDWSRAVSMYRDRDLWDDAVRIAK 1135

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

AHGGANAHKHVAYLWAKSLGGEAAVRLLNKLGLLEATIDHAADNCSFEFA 1129 

QNAGNNAAQQVALIWARTLTPELAARLLMQLNYLDECLQLACETDLFDWA 1113 

VYGGVNASKQVAYAWALTLGGDDGAQLLKKMGLLDHAIEYAVESGAFAQA 1135 

VYGGVNASKQVAYAWALTLGGDDGAQLLKKMGLLDHAIEYAVESGAFAQA 1135 

VHGGANAAKQVVVSRATVMDSEEGVRLL---------------------- 1163 

VHGGANAAKQVVVSRATVMDSEEGVRLLGKFNLIEAGIEAALESSKFDLA 1185

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

FELSRLAFKHKAPEIHLKYAMYLEDEGKFEEAEAEFIRAGKPKEAVLMFV 1179 

LEIIKYGNTDQKKEVHYRYAMALEDAGRFSEAEKEFIKAERTMEAVQMYI 1163 

FEMTRAGAKHKLPEVHLKYAMFLEDEGRFAEAEAEFISAGKPKEACDMYM 1185 

FEMTRAGAKHKLPEVHLKYAMFLEDEGRFAEAEAEFISAGKPKEACDMYM 1185 

-------------------------------------------------- 

LQWAQLARPAKVPYVYLKYAMHYEDQGDFRMAEDAFIKSGKPREAIDMYV 1235

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

HNQDWEAAQRVAEAHDPDSVAEVLVGQARGALEEKDFQKAEGLLLRAQRP 1229 

HTRDWEAAEDVAQSINQEAVVQVLIARANEAAEAQDYSLAETLLLRAHKP 1213 

HNQDWDAAMRIAERYDPTMVSEILVSQARVAVERKQWLPAEGLFIKAKRP 1235 

HNQDWDAAMRIAERYDPTMVSEILVSQARVAVERKQWLPAEGLFIKAKRP 1235 

-------------------------------------------------- 

HQHDFTGAMRVAENHDPSAVPHVCAANGRVWFQQGNYKEAEALFLRANAP 1285

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

GLALNYYKEAGLWSDALRICKDYVPGQLEALQEEYER---EATKKGGRGV 1276 

EMIIEHYKKAGMWSEALRVCREYLPSQEANLRRELGQ---KSASLAG--- 1257 

EAALKMYRDARMWNDALRVAEQYLPTKVAEVQMELLSGQGAGGGSGGASA 1285 

EAALKMYRDARMWNDALRVAEQYLPTKVAEVQMELLSGQGAGGGSGGASA 1285 

-------------------------------------------------- 

ETLLKLYVDAKMFSEAQRVAKAHCPDMQSDVAKRMAL-----------NS 1324

M. musculus

A. mellifera

EGLVEQARQWEQAGEYSRAVDCYLKVRDSGSSGL--MEKCWMKAAELSIK 1324 

ANAFEEARKWLEVGEVKAALDILILDPQAPRS-------SLIKAADILLH 1300 

C. reinhardtii

C. reinhardtii

L. infantum

L. major

DAVINKARGFERNNDYARAIETYLSLTAQDTSNQDQLEHCWGQAAQLAIN 1335 

DAVINKARGFERNNDYARAIETYLSLTAQDTSNQDQLEHCWGQAAQLAIN 1335

-------------------------------------------------- 

NDPQKAGTVLEENSEYQLAIDTYLAATPETVPDPATLANLWVRAVKVAQK 1374

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

FLPPQRSLEVVRVVGPQLIGIGKHSAAAELYLNLDLVKEAIDAFIEGEEW 1374 

QADPETAAQVGGDLGSRLFSIGEYAIAAQVFLQADRLKDAIDALASIGEW 1350 

YQR-HRMKDVVNTVSERLQEIGRHQAAGELHESIDDAQGAIRAYCAGRLW 1384 

YQR-HRMKDVVNTVSERLQEIGRHQAAGELHESIDDAQGAIRAYCAGRLW 1384 

-------------------------------------------------- 

HAR-NLLKEVLRSAIDKLKAAQRYVEAGKCLESCEDYKAAINMYVQARKF 1423

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

NKAKRVAKELDPRYEDYVDQHYKEFLKNQGKVDSLVG---VDVVAALDLY 1421 

EKAKRIVNELAPNIEPYLEEKYKEAMLRDGQIDKLVE---IDVDAGLEIL 1397 

DKARTLAGTN-PTFSRYIEDQYNNYLLQNQQADELASRGGQHAQQAIEMY 1433 

DKARTLAGTN-PTFSRYIEDQYNNYLLQNQQADELASRGGQHAQQAIEMY 1433 

-------------------------------------------------- 

DMAEALAKRVSPELENFVKRAIVQDSISGGSMKDAKVVEEMDPEAAMKAY 1473

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

VEQGQWDKCIETATKQNYKILHKYVALYATHLIREGGYAQALALYVQHGA 1471 

ANKGHWNQVFETANIQGTQILHKYVAQRAVQLLKGNTPLEALQLYVKYGT 1447 

VARDEWAKVHELAAQQGPEVASNYALKHAERRFKQGDYAQAAQVFAQHGI 1483 

VARDEWAKVHELAAQQGPEVASNYALKHAERRFKQGDYAQAAQVFAQHGI 1483 

-------------------------------------------------- 

ISKADFANALRMAAQRSPEEVQYVAGLQVQHLLRQGDPVQCLEALNKSAM 1523

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

PANPQ-NFNIYKRIFTDMVSSPGTNNAEAYHSWADLRDVLSNLCENLVKS 1520 

PPIQQ-NFNLYLQLSESVLNSEAYY---EYRYLALLRTVLLNLWNNLKS- 1492 

TAQPQ-YFELYKSIAQGVLHASQGDR--NPVAEKSLRDMMYRLVNVLRSG 1530

TAQPQ-YFELYKSIAQGVLHASQGDR--NPVAEKSLRDMMYRLVNVLRSG 1530 

-------------------------------------------------- 

DSDDFRFYETWMSVAQKVIPLLPGDD----AVATLLQPLHDGLVKVVDSM 1569

M. musculus

A. mellifera

--SEANSAAHEEFEMMLLISHYYATRSAAQSIKQLETVAARLSVSLLRHT 1568 

----LESGLKFKFKKLLEVTHYSAVKCGCNDYPVLSELVLKTSITLLRYT 1538 

C. reinhardtii

C. reinhardtii

L. infantum

L. major

GGAGKYKVDTDAFQNYYLAAHYLTCAAAAKEQGLKDIAAMNLTSVLRYVG 1580 

GGAGKYKVDTDAFQNYYLAAHYLTCAAAAKEQGLKDIAAMNLTSVLRYVG 1580 

-------------------------------------------------- 

TQSGQKSEDIAKATALASVVHIYYMSRKMETELNMPDFAVQLMLGLPRWI 1619

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

QLLPADKAFYEAGTAAKEVGWE---NMAFIFLNRFLDLTDAIEEGTL--D 1613 

DVLLADRAYYEAGIEARAVGKN---SEAFVFLNHFLDLEECIEEGDS--T 1583 

PTIPADRAFYEAGLAWYEAGRK---NMAFVMLNRFLDLSDAMDEPDSSAA 1627 

PTIPADRAFYEAGLAWYEAGRK---NMAFVMLNRFLDLSDAMDEPDSSAA 1627 

-------------------------------------------------- 

PHVAPDKAFYDAGMAAKRSGLEGMQDVAFLYLNRALDINERIDDGDTDSS 1669

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ALDHSDFQDTDIPFEVPLPAKQHVPEAQREEVRDWVLTVSMDQRLE---Q 1660 

VLDVDDLAVTDFPMEVPLPETLSLTTEQREEVREWVLAVSMDQKIE---Q 1630 

VIENADFSDTDIPYDFTIPERAYCTESQREDVRNLVLEISMDRSSD---Q 1674

VIENADFSDTDIPYDFTIPERAYCTESQREDVRNLVLEISMDRSSD---Q 1674 

-------------------------------------------------- 

GIDNTDFAATDFPKVYRLPKEPTVPAQAMEEVNNWVLTVSIDNTAASDTR 1719 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

VLPRDE-----RGVYEASLVAASTGVRALP-CLITGYPILR-NKIEFKR- 1702 

ILPTDH-----RGVYVGSLSAHSIGSTNLQGCILTGYPIRG-PIIRFSE- 1673 

SLALKACEHCGKPTYEANLTCHFCKKKYDP-CVVTGYPIQSYDRVVFKNN 1723 

SLALKACEHCGKPTYEANLTCHFCKKKYDP-CVVTGYPIQSYDRVVFKNN 1723 

-------------------------------------------------- 

TLPMVTDPENGELMFAGSVKSPHTGKVYPA-CAVTGYPVIGGGLTKCAQ- 1767 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

-PGKAANKDNWNKFLMAIKTS-HSPVCQDVLKFISQWCGGLPSTSFSFQ 1749

-GEHVTDRDDWTKLINTARQAPQDSNLNDILAFIQEWFGTISNYSF--- 1718 

GPELNAIRDMWNKWVEAFGTDPVTGMQAAPMY----------------- 1755 

GPELNAIRDMWNKWVEAFGTDPVTGMQAAPMY----------------- 1755 

------------------------------------------------- 

-CHRPANQADWNKFVLTAKRCPWCGAAANPNFKV--------------- 1800
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M. musculus MQLKHLRTLLSPQDGAAKVTCMAWSQNNAKFAVCTVDRVVLLYDEHGERR 50

A. mellifera MLLKYLGNVMPQQDSENRVVSIVWSPNNLKLAIASSDRSIYLFDENCVKR 50

C. reinhardtii MQLRYFKSILPPADQYQKITSLTWAPNNSRLAAVSTDKVVYLFDENGEKR 50

C. reinhardtii MQLRYFKSILPPADQYQKITSLTWAPNNSRLAAVSTDKVVYLFDENGEKR 50

L. infantum MQVQFYQNIMKGQLGTARTQAICFSANNKRLAVADATRHIQLFDEQGERR 50

L. major MQVQFYQNVMKGQLGTARTQAICFSANNKRLAVADATRHIQLFDEQGERR 50

M. musculus DKFSTKPADMKYGRKSYMVKGMAFSPDSTKIAIGQTDNIIYVYKIG--ED 98

A. mellifera DRFSTKPIDSKFGKKSYVIKSIAFSPDSTKIAVGQTDCIIYVYKIG--EQ 98

C. reinhardtii DKFKTKAAEANN-PNTYIIRAMAFSPDSTKLAIAQSDNIVFIYRLVDPDT 99

C. reinhardtii DKFKTKAAEANN-PNTYIIRAMAFSPDSTKLAIAQSDNIVFIYRLVDPDT 99

L. infantum DKFATKAASDKG-GRGYIVTGMTFSPDSSLLAIAQSDNIVFVYRLG--LE 97

L. major DKFATKAASDKG-GRGYIVTGMTFSPDSSLLAIAQSDNIVFVYRLG--LE 97

M. musculus WGDKKVICNKFIQTSAVTCLQWP---AEYV--IVFGLAEGKVRLANTKTN 143

A. mellifera WGEKKVICNKFRQSSPVTCLIWL---IEGP--IIVGLVDGKVRVALVKSQ 143

C. reinhardtii GAEKKSICNKFPQACAVTSLVWP---KDRPNEVVFGLADGKVRLGMLKNN 146

C. reinhardtii GAEKKSICNKFPQACAVTSLVWP---KDRPNEVVFGLADGKVRLGMLKNN 146

L. infantum WGEKKAIRNKLSQTSPVTCVVWPNTSSQGVELIAFATLDGSVKVGMLKAN 147

L. major WGEKKAIRNKLSQTSPVTCVVWPNTSSQGVELIAFATLDGSVKVGMLKAN 147

M. musculus KSSTIYG--TESYVVALTTNCSGKGILSGHADGTIVRYFFDDE-GSGESQ 190

A. mellifera KAQTLYT--ADSTTIALVSNIRGTAFLSSHADGSIIKYNLTDD-GNHEPS 190

C. reinhardtii KSYTCYAHPENSYVVALASSLNGQNVISGHMDGAIWKFNFPAEEGGTPTS 196

C. reinhardtii KSYTCYAHPENSYVVALASSLNGQNVISGHMDGAIWKFNFPAEEGGTPTS 196

L. infantum KSHVLYS--HDHPAVSMCTSRDNTKILTGHLDGTVYQYVFEATEDGAEVA 195

L. major KSHVLYS--HDHPAVSMCTSRDNTKILTGHLDGTVYQYVFEASEEGAEVA 195

M. musculus --GKLVNHPCPPYALAWATNSIVAAGCDRRIVAYGKEGHVLQTFDYSRDP 238

A. mellifera --GRICTHTVPAYALAWTQSHILAAGCDRRVIFYDTRGKIVKTFDYSRE- 237

C. reinhardtii --SQLVVHSCVPYSLGWG-SCIAAAGNDNRVVFYDLNGREIRSFDYSNND 243

C. reinhardtii --SQLVVHSCVPYSLGWG-SCIAAAGNDNRVVFYDLNGREIRSFDYSNND 243

L. infantum GAKRLFVHSCAPYMLAWG-ESICAAGTDCQVAFYTPKSGQKPQVIPFDMK 244

L. major GAKRLFVHSCAPYMLAWG-ESICAAGADCQVAFYTPKSGQKPQVIPFDMK 244

M. musculus QEREFTTAAASPGGQSVVLGSYDRLRVFNWSPRRSIWEEAKPKEIANLYT 288

A. mellifera NEKEIAVACCSPSGQSIAIGSWDKIRILDWSPRRSIWEEANTRSLPNFYT 287

C. reinhardtii EVREFTTCAFNPSGDTVVFGTYNRFYMYTFNIQRNDWEEAGHKQIDNFYA 293

C. reinhardtii EVREFTTCAFNPSGDTVVFGTYNRFYMYTFNIQRNDWEEAGHKQIDNFYA 293

L. infantum DVGSFTGGVCNPSGQAVAIAGREQIRIFDLNIRSHKWEEGTVVYLPHSEG 294

L. major DVGSFTGGVCNPSGQAVAIAGREQIRIFDLNIRSHKWEEGTVVYLPHSEG 294

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

VTALAWKRDGSRLCAGTLCGGVEQFDCCLRRSIYKNKFELTYVGPSQVIV 338 

VTAISWRRDGSRLLIGSLCGAVEQFETVLKRTVIRGSHEVAYVGPSQVII 337 

VSAASWKPDGSKMTVGSMTGAVDMYDACVKRHMYKGKFEFTYVSKSAVIV 343 

VSAASWKPDGSKMTVGSMTGAVDMYDACVKRHMYKGKFEFTYVSKSAVIV 343 

FSAMQWKRDGSRLVTGSVTGSVDVFDCCLRRYRMRGAYEFTYVSHSQVIV 344 

FSAMQWKRDGSRLVTGSVTGSVDVFDCCLRRYRMRGAYEFTYVSHSQVIV 344

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

KNLSSGTR-VVLKSHYGYEVEEVKILGK-ERYLVAHTSDTLLLGDLNTNR 386 

RPLNEGNRPVIIRSQTGYEIEDVKVLGRSDNNVVARTSRTLLLADIEFNL 387 

KTLKTGMR-IVLKSVYGYEIEKINIYHD--RYLIARTTYTLLMGDLDTCK 390 

KTLKTGMR-IVLKSVYGYEIEKINIYHD--RYLIARTTYTLLMGDLDTCK 390 

KRLASGTR-LVLQSYMGFEIQKVNVYQD--RYLVAHTSATLLLGDLVSHK 391 

KRLASGTR-LVLQSYMGFEIQKVNVYQD--RYLVAHTSATFFFGDLVSHK 391

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

LSEIAWQGSGGNEKYFFENENVCMIFNAGELTLVEYGSNDSLGSVRTEFM 436 

ISEIPWEEKTNTEKFFFEYPRVCLIFCSGELTIVEYGNNEALGSVRTEAI 437 

LSEIPWD-SDGSEKFHFENERVCMVHYAGELHIVEYGRNDVLGTCRTEHM 439 

LSEIPWD-SDGSEKFHFENERVCMVHYAGELHIVEYGRNDVLGTCRTEHM 439 

LSEVPWQ-LTGREKFTFDNEQICMVFNVGELCLIEYGKNMILGTCRTEER 440 

LSEVRWQ-LTGREKFTFDNEQICMVFNVGELCLIEYGKNMILGTCRTEER 440

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

NPHLISVRIN-------------------ERCQRGMEDN----------- 456 

NPHVVSVRIN-------------------ERQIAGTPDI----------- 457 

NPYLISAVVQ-------------------EARGIASES------------ 458 

NPYLISAVVQ-------------------EARGIASES------------ 458 

NAHRISVRVLNPLASDTGAGAAGSGGAGGQRREVNTTTGSPIVPTPVTGS 490 

NAHRISVRVLNPLASDAGAGAAGSGGAGGQRREVSTTTGSPIVSTSVTGS 490

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

----------KKLAYLVDIKTIAIVDLIG--GYNIGTISHESRVDWLELN 494 

----------KRLAYLLDSRTVRIMDLIT--GLTVAMISHDVRVDWLELS 495 

----------KKLAYLIDLQTVRIQDLMAPVGSTLATVNHDTKVDWLELN 498 

----------KKLAYLIDLQTVRIQDLMAPVGSTLATVNHDTKVDWLELN 498 

SGALDAYNSRCVIAYLIDRQTIQIDDLRS--GVSIARVPHESKIDWLELD 538 

SGALDAYNSRCVIAYLIDRQTIQIDDLRS--GVSIARVPHESKIDWLELD 538 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ETGHKLLFRDRKLRLHLYDIESCSKTMILNFCSYVQWVPGSDVLVAQNRN 544 

ETGHRLLSRDKRARLWLSN-ELGGKTLLLTGVSFASWVLGSDVVVAQTGQ 544 

QRGTHLLFRDKKRHLHLFSLSGQERTTLLNYCQYVQWVPGSDVIVAQSRN 548 

QRGTHLLFRDKKRHLHLFSLSGQERTTLLNYCQYVQWVPGSDVIVAQSRN 548 

FRASRLLFRDKQHQLYLYDISRQQRTTLLSYCTYVQWVPRSDVAVAQSRL 588 

FRASRLLFRDKQHQLYLYDISRQQRTTLLSYCTYVQWVPRSDVAVAQSRL 588 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

SLCVWYNIEAPERVTMSSIRGDVVGLERGGGKTEVMVTEGVTTVAYTLDE 594 

TLAVWYNVDAPEVATLIPVRGDAIDVVREDGRTSITVEELGGKVAYLLDE 594 

NLCVWYSVNKPDNVTMFPIKGEVVDIERHNHRTEVIVDEGINTVSYALDE 598 

NLCVWYSVNKPDNVTMFPIKGEVVDIERHNHRTEVIVDEGINTVSYALDE 598 

L. infantum

L. major

ELCVWYNVESPERVTIVPIRGEVEGMERGNGKTEVIVDEGVSTVAYALDE 638 

ELCVWYNVESPERVTIVPIRGEVEGMERGNGKTEVIVDEGVSTVAYSLDE 638 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

GLIEFGTAIDDGNYTRATAFLETLEMTPETEAMWKTLSKLALEARQLHTA 644 

SLIEFGTALHDNDFGKALLFLEDLADRPQAEAMWENVARNAMAARQLLIA 644 

ALIYFGAALEDQDYERAVQTLEPLELTPETEAQWMQLAEQALATNQLVIA 648 

ALIYFGAALEDQDYERAVQTLEPLELTPETEAQWMQLAEQALATNQLVIA 648 

SLIEFRAAMEERDLDRACDLLERTSLSPGTEVMWSTLANVSLQEMKLFIA 688 

SLIEFRAAMEERDLDRACDLLERTSLSPGTEVMWSTLANVSLQEMKLFIA 688 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ERCFSALGHVAKARFLHETNEIADQVSREYGGEGT--DFYQVRARLAMLE 692 

ARCYAALGDVACSRFLKNIIEIGEKYSVETGHDPL--SNSDCWAKLAILN 692 

ERCYAALGDIAKSRFLHKVVKKAQQAAKEFGGDGT--DAWSVRAMMAQLN 696 

ERCYAALGDIAKSRFLHKVVKKAQQAAKEFGGDGT--DAWSVRAMMAQLN 696 

ERCYAALGDVAKVNALQRIHQLAAKARADSADATTGYEHYTVLAELYMMS 738 

ERCYAALGDVAKVNALQRIHQLAAKARVDSADTTTGYEHYTVLAELYMMS 738 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

KNYKLAEMIFLEQNAVEEAMDMYQELHRWEECIAVAEAKGHPALEKLRRD 742 

GELKTAEAIYLEQNELNQALDMYQKYWHWEDALILAQNRGWSGLQELRDK 742 

KQWPVSESLLLAQGKVDDAITLYQDNHRWEDAIRVADSTHHANAAALKQQ 746 

KQWPVSESLLLAQGKVDDAITLYQDNHRWEDAIRVADSTHHANAAALKQQ 746 

QDFKRAEQLFLENGRAEDAMQMWEEMNRFDESLAIAESRGLDDVANRRAR 788 

QDFKRAEQLFLENGRVEDAMQMWEEMNCFDESLAIAESRGLDDVANRRAR 788 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

YYQWLMDTQQEERAGELQESQGDGLAAISLYLKAGLPAKAARLVLTREEL 792 

HLTWLLESGQTARAAAILESTNP-RRAVKLYLDARRPGRAARLAP----- 786 

YLTWLLETGQEEQAGAVKEREGDYLAAIGLYLKGGLPGRAAQVVMSVHNV 796 

YLTWLLETGQEEQAGAVKEREGDYLAAIGLYLKGGLPGRAAQVVMSVHNV 796 

YFAWLMETRQYEKAGEMREKDGKLIDAINLYLRGGTPARAAQVVS-VNNL 837 

YFAWLMETRQYEKAGEMREKDGKFVDAINLYLRGGTPARAAQVVS-VNNL 837

M. musculus

A. mellifera

C. reinhardtii

LANTELVEHITTALIKGELYERAGDLFEKIRNPQRALECYCKGNAFMKAV 842 

------------VLKITDLMELAGELLEKISEPLEAIKCYSQAGVFARAL 824 

NWDPALLDSILASLAKAGLYERAGELYEHMSRSSEAMQSYRRGHAYRKAI 846 

C. reinhardtii

L. infantum

L. major

NWDPALLDSILASLAKAGLYERAGELYEHMSRSSEAMQSYRRGHAYRKAI 846 

KPEQQLLEAIAAALFKAQVFEAAGDFFDKLHMTDRAIDAYKRGHAFSRAV 887 

KPEQQLLEAIAAALFKAQVFEAAGDFFDKLHMTDRAIDAYKRGHAFSRAV 887

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ELARLAFPVEVVRLEEAWGDHLVQQKQLDAAINHYIEARCSIKAIEAALG 892 

ELSRKVDPTSVVELERDWGKHLVSAGHYDAAINHFIEAGETALALDAAIN 874 

DLARREFPAEVIIIEEEWGDWLVTQKQMDAAINHFIESGATLKAIKAAID 896 

DLARREFPAEVIIIEEEWGDWLVTQKQMDAAINHFIESGATLKAIKAAID 896 

EYAKTAAPQQVVPLEEAWGDYLVSQKHVDQAINHYNEAGKYGKAVKAALD 937

EYAKTAAPQQVVSLEEAWGDYLVSQKHVDQAINHYNEAGKYDKAVKAALD 937 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ARQWKKAIYILDLQDRN-----------TASKYYPRVAQHYASLQEYEIA 931 

ARQWRKGLQIMQVIEDDDP---------AIKKQCEKLAEYFASIGEKNLA 915 

CRQFAKAAGIIEVLDPR-----------EAMPYFRRIAQHYETTGALEEA 935 

CRQFAKAAGIIEVLDPR-----------EAMPYFRRIAQHYETTGALEEA 935 

SRQWAKAAAILETQSNGGVGSSGVPVDAAAKSAYQRIAHHYEEVHQYAEA 987 

SRQWAKAAVILETQSNGAVGSSGVPVDAATKSAYQRIAHHYEEVHQYAEA 987 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

EELYTKGDRTKDAIDMYIQAGRWEQAHKLAMKCMRPEDVSVLYITQAQEM 981 

EKLFIRSGDIKRAVDVHIQNGNWNRAHEVALEYMTSEEANEILTKHAIAL 965 

ERYYIRADMARDAVEMYSRAGKWEAAQRVARGYLTESEMRAFYRAKAAEF 985 

ERYYIRADMARDAVEMYSRAGKWEAAQRVARGYLTESEMRAFYRAKAAEF 985 

EKLYIKCGAVSDAVDMYSRAGMTDHMYRVAQRHLEQDKLVELFVSQAKQL 1037

EKLYIKCGAVSDAVDMYSRAGMTDHMYRVAQRHLEQDKLVELFVSQAKQL 1037

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

EKQGKYREAERLYVTVE--EPDLAITMFKKHKLYDDMIRLVGKHHPDLLS 1029 

CEAGDLKHAEDLYLAIG--KYDSAIAMYRKAGRRADMIRLVGKYRPDLLE 1013 

EAAHKLKEAEKAYLAAGGDDVDKAIAMYKRNKMYDQMIRLVTQYRKEKVP 1035 

EAAHKLKEAEKAYLAAGGDDVDKAIAMYKRNKMYDQMIRLVTQYRKEKVP 1035 

ETKGDYAAAERIYLKVN--DADGAIMMYRKNRDYTNMMRLVQAYRSGYVV 1085 

ETKGDYAAAERIYLKVN--DADGAIMMYRKNRDYTNMMRLVQAYRSGYVV 1085 

M. musculus

A. mellifera

C. reinhardtii

DTHLHLGKELEAEGRLQEAEYHYLEAQEWKATVNMYRSSGLWEEAYRVAK 1079

TTHIHLAKELNDSGKPREAEEHYLAAGDWKGAVAAFRSANMWEDALRVAK 1063 

EAHTLIAQQLEVEGNLREAEKHFVEAKDWKSAVQMYRQVNQWEDALRVAK 1085 

C. reinhardtii

L. infantum

L. major

EAHTLIAQQLEVEGNLREAEKHFVEAKDWKSAVQMYRQVNQWEDALRVAK 1085 

QTHLALAAQFQKEGNLKAAETHFIAGKDWSRAVSMYRDRDLWDDAVRIAK 1135 

QTHLALAAQFQKEGNLKAAETHFIAGKDWSRAVSMYRDRDLWDDAVRIAK 1135

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

AHGGANAHKHVAYLWAKSLGGEAAVRLLNKLGLLEATIDHAADNCSFEFA 1129 

QNAGNNAAQQVALIWARTLTPELAARLLMQLNYLDECLQLACETDLFDWA 1113 

VYGGVNASKQVAYAWALTLGGDDGAQLLKKMGLLDHAIEYAVESGAFAQA 1135 

VYGGVNASKQVAYAWALTLGGDDGAQLLKKMGLLDHAIEYAVESGAFAQA 1135 

VHGGANAAKQVVVSRATVMDSEEGVRLL---------------------- 1163 

VHGGANAAKQVVVSRATVMDSEEGVRLLGKFNLIEAGIEAALESSKFDLA 1185

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

FELSRLAFKHKAPEIHLKYAMYLEDEGKFEEAEAEFIRAGKPKEAVLMFV 1179 

LEIIKYGNTDQKKEVHYRYAMALEDAGRFSEAEKEFIKAERTMEAVQMYI 1163 

FEMTRAGAKHKLPEVHLKYAMFLEDEGRFAEAEAEFISAGKPKEACDMYM 1185 

FEMTRAGAKHKLPEVHLKYAMFLEDEGRFAEAEAEFISAGKPKEACDMYM 1185 

-------------------------------------------------- 

LQWAQLARPAKVPYVYLKYAMHYEDQGDFRMAEDAFIKSGKPREAIDMYV 1235

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

HNQDWEAAQRVAEAHDPDSVAEVLVGQARGALEEKDFQKAEGLLLRAQRP 1229 

HTRDWEAAEDVAQSINQEAVVQVLIARANEAAEAQDYSLAETLLLRAHKP 1213 

HNQDWDAAMRIAERYDPTMVSEILVSQARVAVERKQWLPAEGLFIKAKRP 1235 

HNQDWDAAMRIAERYDPTMVSEILVSQARVAVERKQWLPAEGLFIKAKRP 1235 

-------------------------------------------------- 

HQHDFTGAMRVAENHDPSAVPHVCAANGRVWFQQGNYKEAEALFLRANAP 1285

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

GLALNYYKEAGLWSDALRICKDYVPGQLEALQEEYER---EATKKGGRGV 1276 

EMIIEHYKKAGMWSEALRVCREYLPSQEANLRRELGQ---KSASLAG--- 1257 

EAALKMYRDARMWNDALRVAEQYLPTKVAEVQMELLSGQGAGGGSGGASA 1285 

EAALKMYRDARMWNDALRVAEQYLPTKVAEVQMELLSGQGAGGGSGGASA 1285 

-------------------------------------------------- 

ETLLKLYVDAKMFSEAQRVAKAHCPDMQSDVAKRMAL-----------NS 1324

M. musculus

A. mellifera

EGLVEQARQWEQAGEYSRAVDCYLKVRDSGSSGL--MEKCWMKAAELSIK 1324 

ANAFEEARKWLEVGEVKAALDILILDPQAPRS-------SLIKAADILLH 1300 

C. reinhardtii

C. reinhardtii

L. infantum

L. major

DAVINKARGFERNNDYARAIETYLSLTAQDTSNQDQLEHCWGQAAQLAIN 1335 

DAVINKARGFERNNDYARAIETYLSLTAQDTSNQDQLEHCWGQAAQLAIN 1335

-------------------------------------------------- 

NDPQKAGTVLEENSEYQLAIDTYLAATPETVPDPATLANLWVRAVKVAQK 1374

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

FLPPQRSLEVVRVVGPQLIGIGKHSAAAELYLNLDLVKEAIDAFIEGEEW 1374 

QADPETAAQVGGDLGSRLFSIGEYAIAAQVFLQADRLKDAIDALASIGEW 1350 

YQR-HRMKDVVNTVSERLQEIGRHQAAGELHESIDDAQGAIRAYCAGRLW 1384 

YQR-HRMKDVVNTVSERLQEIGRHQAAGELHESIDDAQGAIRAYCAGRLW 1384 

-------------------------------------------------- 

HAR-NLLKEVLRSAIDKLKAAQRYVEAGKCLESCEDYKAAINMYVQARKF 1423

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

NKAKRVAKELDPRYEDYVDQHYKEFLKNQGKVDSLVG---VDVVAALDLY 1421 

EKAKRIVNELAPNIEPYLEEKYKEAMLRDGQIDKLVE---IDVDAGLEIL 1397 

DKARTLAGTN-PTFSRYIEDQYNNYLLQNQQADELASRGGQHAQQAIEMY 1433 

DKARTLAGTN-PTFSRYIEDQYNNYLLQNQQADELASRGGQHAQQAIEMY 1433 

-------------------------------------------------- 

DMAEALAKRVSPELENFVKRAIVQDSISGGSMKDAKVVEEMDPEAAMKAY 1473

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

VEQGQWDKCIETATKQNYKILHKYVALYATHLIREGGYAQALALYVQHGA 1471 

ANKGHWNQVFETANIQGTQILHKYVAQRAVQLLKGNTPLEALQLYVKYGT 1447 

VARDEWAKVHELAAQQGPEVASNYALKHAERRFKQGDYAQAAQVFAQHGI 1483 

VARDEWAKVHELAAQQGPEVASNYALKHAERRFKQGDYAQAAQVFAQHGI 1483 

-------------------------------------------------- 

ISKADFANALRMAAQRSPEEVQYVAGLQVQHLLRQGDPVQCLEALNKSAM 1523

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

PANPQ-NFNIYKRIFTDMVSSPGTNNAEAYHSWADLRDVLSNLCENLVKS 1520 

PPIQQ-NFNLYLQLSESVLNSEAYY---EYRYLALLRTVLLNLWNNLKS- 1492 

TAQPQ-YFELYKSIAQGVLHASQGDR--NPVAEKSLRDMMYRLVNVLRSG 1530

TAQPQ-YFELYKSIAQGVLHASQGDR--NPVAEKSLRDMMYRLVNVLRSG 1530 

-------------------------------------------------- 

DSDDFRFYETWMSVAQKVIPLLPGDD----AVATLLQPLHDGLVKVVDSM 1569

M. musculus

A. mellifera

--SEANSAAHEEFEMMLLISHYYATRSAAQSIKQLETVAARLSVSLLRHT 1568 

----LESGLKFKFKKLLEVTHYSAVKCGCNDYPVLSELVLKTSITLLRYT 1538 

C. reinhardtii

C. reinhardtii

L. infantum

L. major

GGAGKYKVDTDAFQNYYLAAHYLTCAAAAKEQGLKDIAAMNLTSVLRYVG 1580 

GGAGKYKVDTDAFQNYYLAAHYLTCAAAAKEQGLKDIAAMNLTSVLRYVG 1580 

-------------------------------------------------- 

TQSGQKSEDIAKATALASVVHIYYMSRKMETELNMPDFAVQLMLGLPRWI 1619

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

QLLPADKAFYEAGTAAKEVGWE---NMAFIFLNRFLDLTDAIEEGTL--D 1613 

DVLLADRAYYEAGIEARAVGKN---SEAFVFLNHFLDLEECIEEGDS--T 1583 

PTIPADRAFYEAGLAWYEAGRK---NMAFVMLNRFLDLSDAMDEPDSSAA 1627 

PTIPADRAFYEAGLAWYEAGRK---NMAFVMLNRFLDLSDAMDEPDSSAA 1627 

-------------------------------------------------- 

PHVAPDKAFYDAGMAAKRSGLEGMQDVAFLYLNRALDINERIDDGDTDSS 1669

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ALDHSDFQDTDIPFEVPLPAKQHVPEAQREEVRDWVLTVSMDQRLE---Q 1660 

VLDVDDLAVTDFPMEVPLPETLSLTTEQREEVREWVLAVSMDQKIE---Q 1630 

VIENADFSDTDIPYDFTIPERAYCTESQREDVRNLVLEISMDRSSD---Q 1674

VIENADFSDTDIPYDFTIPERAYCTESQREDVRNLVLEISMDRSSD---Q 1674 

-------------------------------------------------- 

GIDNTDFAATDFPKVYRLPKEPTVPAQAMEEVNNWVLTVSIDNTAASDTR 1719 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

VLPRDE-----RGVYEASLVAASTGVRALP-CLITGYPILR-NKIEFKR- 1702 

ILPTDH-----RGVYVGSLSAHSIGSTNLQGCILTGYPIRG-PIIRFSE- 1673 

SLALKACEHCGKPTYEANLTCHFCKKKYDP-CVVTGYPIQSYDRVVFKNN 1723 

SLALKACEHCGKPTYEANLTCHFCKKKYDP-CVVTGYPIQSYDRVVFKNN 1723 

-------------------------------------------------- 

TLPMVTDPENGELMFAGSVKSPHTGKVYPA-CAVTGYPVIGGGLTKCAQ- 1767 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

-PGKAANKDNWNKFLMAIKTS-HSPVCQDVLKFISQWCGGLPSTSFSFQ 1749

-GEHVTDRDDWTKLINTARQAPQDSNLNDILAFIQEWFGTISNYSF--- 1718 

GPELNAIRDMWNKWVEAFGTDPVTGMQAAPMY----------------- 1755 

GPELNAIRDMWNKWVEAFGTDPVTGMQAAPMY----------------- 1755 

------------------------------------------------- 

-CHRPANQADWNKFVLTAKRCPWCGAAANPNFKV--------------- 1800
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M. musculus MQLKHLRTLLSPQDGAAKVTCMAWSQNNAKFAVCTVDRVVLLYDEHGERR 50

A. mellifera MLLKYLGNVMPQQDSENRVVSIVWSPNNLKLAIASSDRSIYLFDENCVKR 50

C. reinhardtii MQLRYFKSILPPADQYQKITSLTWAPNNSRLAAVSTDKVVYLFDENGEKR 50

C. reinhardtii MQLRYFKSILPPADQYQKITSLTWAPNNSRLAAVSTDKVVYLFDENGEKR 50

L. infantum MQVQFYQNIMKGQLGTARTQAICFSANNKRLAVADATRHIQLFDEQGERR 50

L. major MQVQFYQNVMKGQLGTARTQAICFSANNKRLAVADATRHIQLFDEQGERR 50

M. musculus DKFSTKPADMKYGRKSYMVKGMAFSPDSTKIAIGQTDNIIYVYKIG--ED 98

A. mellifera DRFSTKPIDSKFGKKSYVIKSIAFSPDSTKIAVGQTDCIIYVYKIG--EQ 98

C. reinhardtii DKFKTKAAEANN-PNTYIIRAMAFSPDSTKLAIAQSDNIVFIYRLVDPDT 99

C. reinhardtii DKFKTKAAEANN-PNTYIIRAMAFSPDSTKLAIAQSDNIVFIYRLVDPDT 99

L. infantum DKFATKAASDKG-GRGYIVTGMTFSPDSSLLAIAQSDNIVFVYRLG--LE 97

L. major DKFATKAASDKG-GRGYIVTGMTFSPDSSLLAIAQSDNIVFVYRLG--LE 97

M. musculus WGDKKVICNKFIQTSAVTCLQWP---AEYV--IVFGLAEGKVRLANTKTN 143

A. mellifera WGEKKVICNKFRQSSPVTCLIWL---IEGP--IIVGLVDGKVRVALVKSQ 143

C. reinhardtii GAEKKSICNKFPQACAVTSLVWP---KDRPNEVVFGLADGKVRLGMLKNN 146

C. reinhardtii GAEKKSICNKFPQACAVTSLVWP---KDRPNEVVFGLADGKVRLGMLKNN 146

L. infantum WGEKKAIRNKLSQTSPVTCVVWPNTSSQGVELIAFATLDGSVKVGMLKAN 147

L. major WGEKKAIRNKLSQTSPVTCVVWPNTSSQGVELIAFATLDGSVKVGMLKAN 147

M. musculus KSSTIYG--TESYVVALTTNCSGKGILSGHADGTIVRYFFDDE-GSGESQ 190

A. mellifera KAQTLYT--ADSTTIALVSNIRGTAFLSSHADGSIIKYNLTDD-GNHEPS 190

C. reinhardtii KSYTCYAHPENSYVVALASSLNGQNVISGHMDGAIWKFNFPAEEGGTPTS 196

C. reinhardtii KSYTCYAHPENSYVVALASSLNGQNVISGHMDGAIWKFNFPAEEGGTPTS 196

L. infantum KSHVLYS--HDHPAVSMCTSRDNTKILTGHLDGTVYQYVFEATEDGAEVA 195

L. major KSHVLYS--HDHPAVSMCTSRDNTKILTGHLDGTVYQYVFEASEEGAEVA 195

M. musculus --GKLVNHPCPPYALAWATNSIVAAGCDRRIVAYGKEGHVLQTFDYSRDP 238

A. mellifera --GRICTHTVPAYALAWTQSHILAAGCDRRVIFYDTRGKIVKTFDYSRE- 237

C. reinhardtii --SQLVVHSCVPYSLGWG-SCIAAAGNDNRVVFYDLNGREIRSFDYSNND 243

C. reinhardtii --SQLVVHSCVPYSLGWG-SCIAAAGNDNRVVFYDLNGREIRSFDYSNND 243

L. infantum GAKRLFVHSCAPYMLAWG-ESICAAGTDCQVAFYTPKSGQKPQVIPFDMK 244

L. major GAKRLFVHSCAPYMLAWG-ESICAAGADCQVAFYTPKSGQKPQVIPFDMK 244

M. musculus QEREFTTAAASPGGQSVVLGSYDRLRVFNWSPRRSIWEEAKPKEIANLYT 288

A. mellifera NEKEIAVACCSPSGQSIAIGSWDKIRILDWSPRRSIWEEANTRSLPNFYT 287

C. reinhardtii EVREFTTCAFNPSGDTVVFGTYNRFYMYTFNIQRNDWEEAGHKQIDNFYA 293

C. reinhardtii EVREFTTCAFNPSGDTVVFGTYNRFYMYTFNIQRNDWEEAGHKQIDNFYA 293

L. infantum DVGSFTGGVCNPSGQAVAIAGREQIRIFDLNIRSHKWEEGTVVYLPHSEG 294

L. major DVGSFTGGVCNPSGQAVAIAGREQIRIFDLNIRSHKWEEGTVVYLPHSEG 294

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

VTALAWKRDGSRLCAGTLCGGVEQFDCCLRRSIYKNKFELTYVGPSQVIV 338 

VTAISWRRDGSRLLIGSLCGAVEQFETVLKRTVIRGSHEVAYVGPSQVII 337 

VSAASWKPDGSKMTVGSMTGAVDMYDACVKRHMYKGKFEFTYVSKSAVIV 343 

VSAASWKPDGSKMTVGSMTGAVDMYDACVKRHMYKGKFEFTYVSKSAVIV 343 

FSAMQWKRDGSRLVTGSVTGSVDVFDCCLRRYRMRGAYEFTYVSHSQVIV 344 

FSAMQWKRDGSRLVTGSVTGSVDVFDCCLRRYRMRGAYEFTYVSHSQVIV 344

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

KNLSSGTR-VVLKSHYGYEVEEVKILGK-ERYLVAHTSDTLLLGDLNTNR 386 

RPLNEGNRPVIIRSQTGYEIEDVKVLGRSDNNVVARTSRTLLLADIEFNL 387 

KTLKTGMR-IVLKSVYGYEIEKINIYHD--RYLIARTTYTLLMGDLDTCK 390 

KTLKTGMR-IVLKSVYGYEIEKINIYHD--RYLIARTTYTLLMGDLDTCK 390 

KRLASGTR-LVLQSYMGFEIQKVNVYQD--RYLVAHTSATLLLGDLVSHK 391 

KRLASGTR-LVLQSYMGFEIQKVNVYQD--RYLVAHTSATFFFGDLVSHK 391

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

LSEIAWQGSGGNEKYFFENENVCMIFNAGELTLVEYGSNDSLGSVRTEFM 436 

ISEIPWEEKTNTEKFFFEYPRVCLIFCSGELTIVEYGNNEALGSVRTEAI 437 

LSEIPWD-SDGSEKFHFENERVCMVHYAGELHIVEYGRNDVLGTCRTEHM 439 

LSEIPWD-SDGSEKFHFENERVCMVHYAGELHIVEYGRNDVLGTCRTEHM 439 

LSEVPWQ-LTGREKFTFDNEQICMVFNVGELCLIEYGKNMILGTCRTEER 440 

LSEVRWQ-LTGREKFTFDNEQICMVFNVGELCLIEYGKNMILGTCRTEER 440

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

NPHLISVRIN-------------------ERCQRGMEDN----------- 456 

NPHVVSVRIN-------------------ERQIAGTPDI----------- 457 

NPYLISAVVQ-------------------EARGIASES------------ 458 

NPYLISAVVQ-------------------EARGIASES------------ 458 

NAHRISVRVLNPLASDTGAGAAGSGGAGGQRREVNTTTGSPIVPTPVTGS 490 

NAHRISVRVLNPLASDAGAGAAGSGGAGGQRREVSTTTGSPIVSTSVTGS 490

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

----------KKLAYLVDIKTIAIVDLIG--GYNIGTISHESRVDWLELN 494 

----------KRLAYLLDSRTVRIMDLIT--GLTVAMISHDVRVDWLELS 495 

----------KKLAYLIDLQTVRIQDLMAPVGSTLATVNHDTKVDWLELN 498 

----------KKLAYLIDLQTVRIQDLMAPVGSTLATVNHDTKVDWLELN 498 

SGALDAYNSRCVIAYLIDRQTIQIDDLRS--GVSIARVPHESKIDWLELD 538 

SGALDAYNSRCVIAYLIDRQTIQIDDLRS--GVSIARVPHESKIDWLELD 538 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ETGHKLLFRDRKLRLHLYDIESCSKTMILNFCSYVQWVPGSDVLVAQNRN 544 

ETGHRLLSRDKRARLWLSN-ELGGKTLLLTGVSFASWVLGSDVVVAQTGQ 544 

QRGTHLLFRDKKRHLHLFSLSGQERTTLLNYCQYVQWVPGSDVIVAQSRN 548 

QRGTHLLFRDKKRHLHLFSLSGQERTTLLNYCQYVQWVPGSDVIVAQSRN 548 

FRASRLLFRDKQHQLYLYDISRQQRTTLLSYCTYVQWVPRSDVAVAQSRL 588 

FRASRLLFRDKQHQLYLYDISRQQRTTLLSYCTYVQWVPRSDVAVAQSRL 588 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

SLCVWYNIEAPERVTMSSIRGDVVGLERGGGKTEVMVTEGVTTVAYTLDE 594 

TLAVWYNVDAPEVATLIPVRGDAIDVVREDGRTSITVEELGGKVAYLLDE 594 

NLCVWYSVNKPDNVTMFPIKGEVVDIERHNHRTEVIVDEGINTVSYALDE 598 

NLCVWYSVNKPDNVTMFPIKGEVVDIERHNHRTEVIVDEGINTVSYALDE 598 

L. infantum

L. major

ELCVWYNVESPERVTIVPIRGEVEGMERGNGKTEVIVDEGVSTVAYALDE 638 

ELCVWYNVESPERVTIVPIRGEVEGMERGNGKTEVIVDEGVSTVAYSLDE 638 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

GLIEFGTAIDDGNYTRATAFLETLEMTPETEAMWKTLSKLALEARQLHTA 644 

SLIEFGTALHDNDFGKALLFLEDLADRPQAEAMWENVARNAMAARQLLIA 644 

ALIYFGAALEDQDYERAVQTLEPLELTPETEAQWMQLAEQALATNQLVIA 648 

ALIYFGAALEDQDYERAVQTLEPLELTPETEAQWMQLAEQALATNQLVIA 648 

SLIEFRAAMEERDLDRACDLLERTSLSPGTEVMWSTLANVSLQEMKLFIA 688 

SLIEFRAAMEERDLDRACDLLERTSLSPGTEVMWSTLANVSLQEMKLFIA 688 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ERCFSALGHVAKARFLHETNEIADQVSREYGGEGT--DFYQVRARLAMLE 692 

ARCYAALGDVACSRFLKNIIEIGEKYSVETGHDPL--SNSDCWAKLAILN 692 

ERCYAALGDIAKSRFLHKVVKKAQQAAKEFGGDGT--DAWSVRAMMAQLN 696 

ERCYAALGDIAKSRFLHKVVKKAQQAAKEFGGDGT--DAWSVRAMMAQLN 696 

ERCYAALGDVAKVNALQRIHQLAAKARADSADATTGYEHYTVLAELYMMS 738 

ERCYAALGDVAKVNALQRIHQLAAKARVDSADTTTGYEHYTVLAELYMMS 738 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

KNYKLAEMIFLEQNAVEEAMDMYQELHRWEECIAVAEAKGHPALEKLRRD 742 

GELKTAEAIYLEQNELNQALDMYQKYWHWEDALILAQNRGWSGLQELRDK 742 

KQWPVSESLLLAQGKVDDAITLYQDNHRWEDAIRVADSTHHANAAALKQQ 746 

KQWPVSESLLLAQGKVDDAITLYQDNHRWEDAIRVADSTHHANAAALKQQ 746 

QDFKRAEQLFLENGRAEDAMQMWEEMNRFDESLAIAESRGLDDVANRRAR 788 

QDFKRAEQLFLENGRVEDAMQMWEEMNCFDESLAIAESRGLDDVANRRAR 788 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

YYQWLMDTQQEERAGELQESQGDGLAAISLYLKAGLPAKAARLVLTREEL 792 

HLTWLLESGQTARAAAILESTNP-RRAVKLYLDARRPGRAARLAP----- 786 

YLTWLLETGQEEQAGAVKEREGDYLAAIGLYLKGGLPGRAAQVVMSVHNV 796 

YLTWLLETGQEEQAGAVKEREGDYLAAIGLYLKGGLPGRAAQVVMSVHNV 796 

YFAWLMETRQYEKAGEMREKDGKLIDAINLYLRGGTPARAAQVVS-VNNL 837 

YFAWLMETRQYEKAGEMREKDGKFVDAINLYLRGGTPARAAQVVS-VNNL 837

M. musculus

A. mellifera

C. reinhardtii

LANTELVEHITTALIKGELYERAGDLFEKIRNPQRALECYCKGNAFMKAV 842 

------------VLKITDLMELAGELLEKISEPLEAIKCYSQAGVFARAL 824 

NWDPALLDSILASLAKAGLYERAGELYEHMSRSSEAMQSYRRGHAYRKAI 846 

C. reinhardtii

L. infantum

L. major

NWDPALLDSILASLAKAGLYERAGELYEHMSRSSEAMQSYRRGHAYRKAI 846 

KPEQQLLEAIAAALFKAQVFEAAGDFFDKLHMTDRAIDAYKRGHAFSRAV 887 

KPEQQLLEAIAAALFKAQVFEAAGDFFDKLHMTDRAIDAYKRGHAFSRAV 887

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ELARLAFPVEVVRLEEAWGDHLVQQKQLDAAINHYIEARCSIKAIEAALG 892 

ELSRKVDPTSVVELERDWGKHLVSAGHYDAAINHFIEAGETALALDAAIN 874 

DLARREFPAEVIIIEEEWGDWLVTQKQMDAAINHFIESGATLKAIKAAID 896 

DLARREFPAEVIIIEEEWGDWLVTQKQMDAAINHFIESGATLKAIKAAID 896 

EYAKTAAPQQVVPLEEAWGDYLVSQKHVDQAINHYNEAGKYGKAVKAALD 937

EYAKTAAPQQVVSLEEAWGDYLVSQKHVDQAINHYNEAGKYDKAVKAALD 937 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ARQWKKAIYILDLQDRN-----------TASKYYPRVAQHYASLQEYEIA 931 

ARQWRKGLQIMQVIEDDDP---------AIKKQCEKLAEYFASIGEKNLA 915 

CRQFAKAAGIIEVLDPR-----------EAMPYFRRIAQHYETTGALEEA 935 

CRQFAKAAGIIEVLDPR-----------EAMPYFRRIAQHYETTGALEEA 935 

SRQWAKAAAILETQSNGGVGSSGVPVDAAAKSAYQRIAHHYEEVHQYAEA 987 

SRQWAKAAVILETQSNGAVGSSGVPVDAATKSAYQRIAHHYEEVHQYAEA 987 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

EELYTKGDRTKDAIDMYIQAGRWEQAHKLAMKCMRPEDVSVLYITQAQEM 981 

EKLFIRSGDIKRAVDVHIQNGNWNRAHEVALEYMTSEEANEILTKHAIAL 965 

ERYYIRADMARDAVEMYSRAGKWEAAQRVARGYLTESEMRAFYRAKAAEF 985 

ERYYIRADMARDAVEMYSRAGKWEAAQRVARGYLTESEMRAFYRAKAAEF 985 

EKLYIKCGAVSDAVDMYSRAGMTDHMYRVAQRHLEQDKLVELFVSQAKQL 1037

EKLYIKCGAVSDAVDMYSRAGMTDHMYRVAQRHLEQDKLVELFVSQAKQL 1037

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

EKQGKYREAERLYVTVE--EPDLAITMFKKHKLYDDMIRLVGKHHPDLLS 1029 

CEAGDLKHAEDLYLAIG--KYDSAIAMYRKAGRRADMIRLVGKYRPDLLE 1013 

EAAHKLKEAEKAYLAAGGDDVDKAIAMYKRNKMYDQMIRLVTQYRKEKVP 1035 

EAAHKLKEAEKAYLAAGGDDVDKAIAMYKRNKMYDQMIRLVTQYRKEKVP 1035 

ETKGDYAAAERIYLKVN--DADGAIMMYRKNRDYTNMMRLVQAYRSGYVV 1085 

ETKGDYAAAERIYLKVN--DADGAIMMYRKNRDYTNMMRLVQAYRSGYVV 1085 

M. musculus

A. mellifera

C. reinhardtii

DTHLHLGKELEAEGRLQEAEYHYLEAQEWKATVNMYRSSGLWEEAYRVAK 1079

TTHIHLAKELNDSGKPREAEEHYLAAGDWKGAVAAFRSANMWEDALRVAK 1063 

EAHTLIAQQLEVEGNLREAEKHFVEAKDWKSAVQMYRQVNQWEDALRVAK 1085 

C. reinhardtii

L. infantum

L. major

EAHTLIAQQLEVEGNLREAEKHFVEAKDWKSAVQMYRQVNQWEDALRVAK 1085 

QTHLALAAQFQKEGNLKAAETHFIAGKDWSRAVSMYRDRDLWDDAVRIAK 1135 

QTHLALAAQFQKEGNLKAAETHFIAGKDWSRAVSMYRDRDLWDDAVRIAK 1135

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

AHGGANAHKHVAYLWAKSLGGEAAVRLLNKLGLLEATIDHAADNCSFEFA 1129 

QNAGNNAAQQVALIWARTLTPELAARLLMQLNYLDECLQLACETDLFDWA 1113 

VYGGVNASKQVAYAWALTLGGDDGAQLLKKMGLLDHAIEYAVESGAFAQA 1135 

VYGGVNASKQVAYAWALTLGGDDGAQLLKKMGLLDHAIEYAVESGAFAQA 1135 

VHGGANAAKQVVVSRATVMDSEEGVRLL---------------------- 1163 

VHGGANAAKQVVVSRATVMDSEEGVRLLGKFNLIEAGIEAALESSKFDLA 1185

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

FELSRLAFKHKAPEIHLKYAMYLEDEGKFEEAEAEFIRAGKPKEAVLMFV 1179 

LEIIKYGNTDQKKEVHYRYAMALEDAGRFSEAEKEFIKAERTMEAVQMYI 1163 

FEMTRAGAKHKLPEVHLKYAMFLEDEGRFAEAEAEFISAGKPKEACDMYM 1185 

FEMTRAGAKHKLPEVHLKYAMFLEDEGRFAEAEAEFISAGKPKEACDMYM 1185 

-------------------------------------------------- 

LQWAQLARPAKVPYVYLKYAMHYEDQGDFRMAEDAFIKSGKPREAIDMYV 1235

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

HNQDWEAAQRVAEAHDPDSVAEVLVGQARGALEEKDFQKAEGLLLRAQRP 1229 

HTRDWEAAEDVAQSINQEAVVQVLIARANEAAEAQDYSLAETLLLRAHKP 1213 

HNQDWDAAMRIAERYDPTMVSEILVSQARVAVERKQWLPAEGLFIKAKRP 1235 

HNQDWDAAMRIAERYDPTMVSEILVSQARVAVERKQWLPAEGLFIKAKRP 1235 

-------------------------------------------------- 

HQHDFTGAMRVAENHDPSAVPHVCAANGRVWFQQGNYKEAEALFLRANAP 1285

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

GLALNYYKEAGLWSDALRICKDYVPGQLEALQEEYER---EATKKGGRGV 1276 

EMIIEHYKKAGMWSEALRVCREYLPSQEANLRRELGQ---KSASLAG--- 1257 

EAALKMYRDARMWNDALRVAEQYLPTKVAEVQMELLSGQGAGGGSGGASA 1285 

EAALKMYRDARMWNDALRVAEQYLPTKVAEVQMELLSGQGAGGGSGGASA 1285 

-------------------------------------------------- 

ETLLKLYVDAKMFSEAQRVAKAHCPDMQSDVAKRMAL-----------NS 1324

M. musculus

A. mellifera

EGLVEQARQWEQAGEYSRAVDCYLKVRDSGSSGL--MEKCWMKAAELSIK 1324 

ANAFEEARKWLEVGEVKAALDILILDPQAPRS-------SLIKAADILLH 1300 

C. reinhardtii

C. reinhardtii

L. infantum

L. major

DAVINKARGFERNNDYARAIETYLSLTAQDTSNQDQLEHCWGQAAQLAIN 1335 

DAVINKARGFERNNDYARAIETYLSLTAQDTSNQDQLEHCWGQAAQLAIN 1335

-------------------------------------------------- 

NDPQKAGTVLEENSEYQLAIDTYLAATPETVPDPATLANLWVRAVKVAQK 1374

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

FLPPQRSLEVVRVVGPQLIGIGKHSAAAELYLNLDLVKEAIDAFIEGEEW 1374 

QADPETAAQVGGDLGSRLFSIGEYAIAAQVFLQADRLKDAIDALASIGEW 1350 

YQR-HRMKDVVNTVSERLQEIGRHQAAGELHESIDDAQGAIRAYCAGRLW 1384 

YQR-HRMKDVVNTVSERLQEIGRHQAAGELHESIDDAQGAIRAYCAGRLW 1384 

-------------------------------------------------- 

HAR-NLLKEVLRSAIDKLKAAQRYVEAGKCLESCEDYKAAINMYVQARKF 1423

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

NKAKRVAKELDPRYEDYVDQHYKEFLKNQGKVDSLVG---VDVVAALDLY 1421 

EKAKRIVNELAPNIEPYLEEKYKEAMLRDGQIDKLVE---IDVDAGLEIL 1397 

DKARTLAGTN-PTFSRYIEDQYNNYLLQNQQADELASRGGQHAQQAIEMY 1433 

DKARTLAGTN-PTFSRYIEDQYNNYLLQNQQADELASRGGQHAQQAIEMY 1433 

-------------------------------------------------- 

DMAEALAKRVSPELENFVKRAIVQDSISGGSMKDAKVVEEMDPEAAMKAY 1473

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

VEQGQWDKCIETATKQNYKILHKYVALYATHLIREGGYAQALALYVQHGA 1471 

ANKGHWNQVFETANIQGTQILHKYVAQRAVQLLKGNTPLEALQLYVKYGT 1447 

VARDEWAKVHELAAQQGPEVASNYALKHAERRFKQGDYAQAAQVFAQHGI 1483 

VARDEWAKVHELAAQQGPEVASNYALKHAERRFKQGDYAQAAQVFAQHGI 1483 

-------------------------------------------------- 

ISKADFANALRMAAQRSPEEVQYVAGLQVQHLLRQGDPVQCLEALNKSAM 1523

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

PANPQ-NFNIYKRIFTDMVSSPGTNNAEAYHSWADLRDVLSNLCENLVKS 1520 

PPIQQ-NFNLYLQLSESVLNSEAYY---EYRYLALLRTVLLNLWNNLKS- 1492 

TAQPQ-YFELYKSIAQGVLHASQGDR--NPVAEKSLRDMMYRLVNVLRSG 1530

TAQPQ-YFELYKSIAQGVLHASQGDR--NPVAEKSLRDMMYRLVNVLRSG 1530 

-------------------------------------------------- 

DSDDFRFYETWMSVAQKVIPLLPGDD----AVATLLQPLHDGLVKVVDSM 1569

M. musculus

A. mellifera

--SEANSAAHEEFEMMLLISHYYATRSAAQSIKQLETVAARLSVSLLRHT 1568 

----LESGLKFKFKKLLEVTHYSAVKCGCNDYPVLSELVLKTSITLLRYT 1538 

C. reinhardtii

C. reinhardtii

L. infantum

L. major

GGAGKYKVDTDAFQNYYLAAHYLTCAAAAKEQGLKDIAAMNLTSVLRYVG 1580 

GGAGKYKVDTDAFQNYYLAAHYLTCAAAAKEQGLKDIAAMNLTSVLRYVG 1580 

-------------------------------------------------- 

TQSGQKSEDIAKATALASVVHIYYMSRKMETELNMPDFAVQLMLGLPRWI 1619

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

QLLPADKAFYEAGTAAKEVGWE---NMAFIFLNRFLDLTDAIEEGTL--D 1613 

DVLLADRAYYEAGIEARAVGKN---SEAFVFLNHFLDLEECIEEGDS--T 1583 

PTIPADRAFYEAGLAWYEAGRK---NMAFVMLNRFLDLSDAMDEPDSSAA 1627 

PTIPADRAFYEAGLAWYEAGRK---NMAFVMLNRFLDLSDAMDEPDSSAA 1627 

-------------------------------------------------- 

PHVAPDKAFYDAGMAAKRSGLEGMQDVAFLYLNRALDINERIDDGDTDSS 1669

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ALDHSDFQDTDIPFEVPLPAKQHVPEAQREEVRDWVLTVSMDQRLE---Q 1660 

VLDVDDLAVTDFPMEVPLPETLSLTTEQREEVREWVLAVSMDQKIE---Q 1630 

VIENADFSDTDIPYDFTIPERAYCTESQREDVRNLVLEISMDRSSD---Q 1674

VIENADFSDTDIPYDFTIPERAYCTESQREDVRNLVLEISMDRSSD---Q 1674 

-------------------------------------------------- 

GIDNTDFAATDFPKVYRLPKEPTVPAQAMEEVNNWVLTVSIDNTAASDTR 1719 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

VLPRDE-----RGVYEASLVAASTGVRALP-CLITGYPILR-NKIEFKR- 1702 

ILPTDH-----RGVYVGSLSAHSIGSTNLQGCILTGYPIRG-PIIRFSE- 1673 

SLALKACEHCGKPTYEANLTCHFCKKKYDP-CVVTGYPIQSYDRVVFKNN 1723 

SLALKACEHCGKPTYEANLTCHFCKKKYDP-CVVTGYPIQSYDRVVFKNN 1723 

-------------------------------------------------- 

TLPMVTDPENGELMFAGSVKSPHTGKVYPA-CAVTGYPVIGGGLTKCAQ- 1767 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

-PGKAANKDNWNKFLMAIKTS-HSPVCQDVLKFISQWCGGLPSTSFSFQ 1749

-GEHVTDRDDWTKLINTARQAPQDSNLNDILAFIQEWFGTISNYSF--- 1718 

GPELNAIRDMWNKWVEAFGTDPVTGMQAAPMY----------------- 1755 

GPELNAIRDMWNKWVEAFGTDPVTGMQAAPMY----------------- 1755 

------------------------------------------------- 

-CHRPANQADWNKFVLTAKRCPWCGAAANPNFKV--------------- 1800
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Intraflagellar transport complex in Leishmania 789

M. musculus MQLKHLRTLLSPQDGAAKVTCMAWSQNNAKFAVCTVDRVVLLYDEHGERR 50

A. mellifera MLLKYLGNVMPQQDSENRVVSIVWSPNNLKLAIASSDRSIYLFDENCVKR 50

C. reinhardtii MQLRYFKSILPPADQYQKITSLTWAPNNSRLAAVSTDKVVYLFDENGEKR 50

C. reinhardtii MQLRYFKSILPPADQYQKITSLTWAPNNSRLAAVSTDKVVYLFDENGEKR 50

L. infantum MQVQFYQNIMKGQLGTARTQAICFSANNKRLAVADATRHIQLFDEQGERR 50

L. major MQVQFYQNVMKGQLGTARTQAICFSANNKRLAVADATRHIQLFDEQGERR 50

M. musculus DKFSTKPADMKYGRKSYMVKGMAFSPDSTKIAIGQTDNIIYVYKIG--ED 98

A. mellifera DRFSTKPIDSKFGKKSYVIKSIAFSPDSTKIAVGQTDCIIYVYKIG--EQ 98

C. reinhardtii DKFKTKAAEANN-PNTYIIRAMAFSPDSTKLAIAQSDNIVFIYRLVDPDT 99

C. reinhardtii DKFKTKAAEANN-PNTYIIRAMAFSPDSTKLAIAQSDNIVFIYRLVDPDT 99

L. infantum DKFATKAASDKG-GRGYIVTGMTFSPDSSLLAIAQSDNIVFVYRLG--LE 97

L. major DKFATKAASDKG-GRGYIVTGMTFSPDSSLLAIAQSDNIVFVYRLG--LE 97

M. musculus WGDKKVICNKFIQTSAVTCLQWP---AEYV--IVFGLAEGKVRLANTKTN 143

A. mellifera WGEKKVICNKFRQSSPVTCLIWL---IEGP--IIVGLVDGKVRVALVKSQ 143

C. reinhardtii GAEKKSICNKFPQACAVTSLVWP---KDRPNEVVFGLADGKVRLGMLKNN 146

C. reinhardtii GAEKKSICNKFPQACAVTSLVWP---KDRPNEVVFGLADGKVRLGMLKNN 146

L. infantum WGEKKAIRNKLSQTSPVTCVVWPNTSSQGVELIAFATLDGSVKVGMLKAN 147

L. major WGEKKAIRNKLSQTSPVTCVVWPNTSSQGVELIAFATLDGSVKVGMLKAN 147

M. musculus KSSTIYG--TESYVVALTTNCSGKGILSGHADGTIVRYFFDDE-GSGESQ 190

A. mellifera KAQTLYT--ADSTTIALVSNIRGTAFLSSHADGSIIKYNLTDD-GNHEPS 190

C. reinhardtii KSYTCYAHPENSYVVALASSLNGQNVISGHMDGAIWKFNFPAEEGGTPTS 196

C. reinhardtii KSYTCYAHPENSYVVALASSLNGQNVISGHMDGAIWKFNFPAEEGGTPTS 196

L. infantum KSHVLYS--HDHPAVSMCTSRDNTKILTGHLDGTVYQYVFEATEDGAEVA 195

L. major KSHVLYS--HDHPAVSMCTSRDNTKILTGHLDGTVYQYVFEASEEGAEVA 195

M. musculus --GKLVNHPCPPYALAWATNSIVAAGCDRRIVAYGKEGHVLQTFDYSRDP 238

A. mellifera --GRICTHTVPAYALAWTQSHILAAGCDRRVIFYDTRGKIVKTFDYSRE- 237

C. reinhardtii --SQLVVHSCVPYSLGWG-SCIAAAGNDNRVVFYDLNGREIRSFDYSNND 243

C. reinhardtii --SQLVVHSCVPYSLGWG-SCIAAAGNDNRVVFYDLNGREIRSFDYSNND 243

L. infantum GAKRLFVHSCAPYMLAWG-ESICAAGTDCQVAFYTPKSGQKPQVIPFDMK 244

L. major GAKRLFVHSCAPYMLAWG-ESICAAGADCQVAFYTPKSGQKPQVIPFDMK 244

M. musculus QEREFTTAAASPGGQSVVLGSYDRLRVFNWSPRRSIWEEAKPKEIANLYT 288

A. mellifera NEKEIAVACCSPSGQSIAIGSWDKIRILDWSPRRSIWEEANTRSLPNFYT 287

C. reinhardtii EVREFTTCAFNPSGDTVVFGTYNRFYMYTFNIQRNDWEEAGHKQIDNFYA 293

C. reinhardtii EVREFTTCAFNPSGDTVVFGTYNRFYMYTFNIQRNDWEEAGHKQIDNFYA 293

L. infantum DVGSFTGGVCNPSGQAVAIAGREQIRIFDLNIRSHKWEEGTVVYLPHSEG 294

L. major DVGSFTGGVCNPSGQAVAIAGREQIRIFDLNIRSHKWEEGTVVYLPHSEG 294

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

VTALAWKRDGSRLCAGTLCGGVEQFDCCLRRSIYKNKFELTYVGPSQVIV 338 

VTAISWRRDGSRLLIGSLCGAVEQFETVLKRTVIRGSHEVAYVGPSQVII 337 

VSAASWKPDGSKMTVGSMTGAVDMYDACVKRHMYKGKFEFTYVSKSAVIV 343 

VSAASWKPDGSKMTVGSMTGAVDMYDACVKRHMYKGKFEFTYVSKSAVIV 343 

FSAMQWKRDGSRLVTGSVTGSVDVFDCCLRRYRMRGAYEFTYVSHSQVIV 344 

FSAMQWKRDGSRLVTGSVTGSVDVFDCCLRRYRMRGAYEFTYVSHSQVIV 344

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

KNLSSGTR-VVLKSHYGYEVEEVKILGK-ERYLVAHTSDTLLLGDLNTNR 386 

RPLNEGNRPVIIRSQTGYEIEDVKVLGRSDNNVVARTSRTLLLADIEFNL 387 

KTLKTGMR-IVLKSVYGYEIEKINIYHD--RYLIARTTYTLLMGDLDTCK 390 

KTLKTGMR-IVLKSVYGYEIEKINIYHD--RYLIARTTYTLLMGDLDTCK 390 

KRLASGTR-LVLQSYMGFEIQKVNVYQD--RYLVAHTSATLLLGDLVSHK 391 

KRLASGTR-LVLQSYMGFEIQKVNVYQD--RYLVAHTSATFFFGDLVSHK 391

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

LSEIAWQGSGGNEKYFFENENVCMIFNAGELTLVEYGSNDSLGSVRTEFM 436 

ISEIPWEEKTNTEKFFFEYPRVCLIFCSGELTIVEYGNNEALGSVRTEAI 437 

LSEIPWD-SDGSEKFHFENERVCMVHYAGELHIVEYGRNDVLGTCRTEHM 439 

LSEIPWD-SDGSEKFHFENERVCMVHYAGELHIVEYGRNDVLGTCRTEHM 439 

LSEVPWQ-LTGREKFTFDNEQICMVFNVGELCLIEYGKNMILGTCRTEER 440 

LSEVRWQ-LTGREKFTFDNEQICMVFNVGELCLIEYGKNMILGTCRTEER 440

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

NPHLISVRIN-------------------ERCQRGMEDN----------- 456 

NPHVVSVRIN-------------------ERQIAGTPDI----------- 457 

NPYLISAVVQ-------------------EARGIASES------------ 458 

NPYLISAVVQ-------------------EARGIASES------------ 458 

NAHRISVRVLNPLASDTGAGAAGSGGAGGQRREVNTTTGSPIVPTPVTGS 490 

NAHRISVRVLNPLASDAGAGAAGSGGAGGQRREVSTTTGSPIVSTSVTGS 490

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

----------KKLAYLVDIKTIAIVDLIG--GYNIGTISHESRVDWLELN 494 

----------KRLAYLLDSRTVRIMDLIT--GLTVAMISHDVRVDWLELS 495 

----------KKLAYLIDLQTVRIQDLMAPVGSTLATVNHDTKVDWLELN 498 

----------KKLAYLIDLQTVRIQDLMAPVGSTLATVNHDTKVDWLELN 498 

SGALDAYNSRCVIAYLIDRQTIQIDDLRS--GVSIARVPHESKIDWLELD 538 

SGALDAYNSRCVIAYLIDRQTIQIDDLRS--GVSIARVPHESKIDWLELD 538 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ETGHKLLFRDRKLRLHLYDIESCSKTMILNFCSYVQWVPGSDVLVAQNRN 544 

ETGHRLLSRDKRARLWLSN-ELGGKTLLLTGVSFASWVLGSDVVVAQTGQ 544 

QRGTHLLFRDKKRHLHLFSLSGQERTTLLNYCQYVQWVPGSDVIVAQSRN 548 

QRGTHLLFRDKKRHLHLFSLSGQERTTLLNYCQYVQWVPGSDVIVAQSRN 548 

FRASRLLFRDKQHQLYLYDISRQQRTTLLSYCTYVQWVPRSDVAVAQSRL 588 

FRASRLLFRDKQHQLYLYDISRQQRTTLLSYCTYVQWVPRSDVAVAQSRL 588 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

SLCVWYNIEAPERVTMSSIRGDVVGLERGGGKTEVMVTEGVTTVAYTLDE 594 

TLAVWYNVDAPEVATLIPVRGDAIDVVREDGRTSITVEELGGKVAYLLDE 594 

NLCVWYSVNKPDNVTMFPIKGEVVDIERHNHRTEVIVDEGINTVSYALDE 598 

NLCVWYSVNKPDNVTMFPIKGEVVDIERHNHRTEVIVDEGINTVSYALDE 598 

L. infantum

L. major

ELCVWYNVESPERVTIVPIRGEVEGMERGNGKTEVIVDEGVSTVAYALDE 638 

ELCVWYNVESPERVTIVPIRGEVEGMERGNGKTEVIVDEGVSTVAYSLDE 638 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

GLIEFGTAIDDGNYTRATAFLETLEMTPETEAMWKTLSKLALEARQLHTA 644 

SLIEFGTALHDNDFGKALLFLEDLADRPQAEAMWENVARNAMAARQLLIA 644 

ALIYFGAALEDQDYERAVQTLEPLELTPETEAQWMQLAEQALATNQLVIA 648 

ALIYFGAALEDQDYERAVQTLEPLELTPETEAQWMQLAEQALATNQLVIA 648 

SLIEFRAAMEERDLDRACDLLERTSLSPGTEVMWSTLANVSLQEMKLFIA 688 

SLIEFRAAMEERDLDRACDLLERTSLSPGTEVMWSTLANVSLQEMKLFIA 688 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ERCFSALGHVAKARFLHETNEIADQVSREYGGEGT--DFYQVRARLAMLE 692 

ARCYAALGDVACSRFLKNIIEIGEKYSVETGHDPL--SNSDCWAKLAILN 692 

ERCYAALGDIAKSRFLHKVVKKAQQAAKEFGGDGT--DAWSVRAMMAQLN 696 

ERCYAALGDIAKSRFLHKVVKKAQQAAKEFGGDGT--DAWSVRAMMAQLN 696 

ERCYAALGDVAKVNALQRIHQLAAKARADSADATTGYEHYTVLAELYMMS 738 

ERCYAALGDVAKVNALQRIHQLAAKARVDSADTTTGYEHYTVLAELYMMS 738 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

KNYKLAEMIFLEQNAVEEAMDMYQELHRWEECIAVAEAKGHPALEKLRRD 742 

GELKTAEAIYLEQNELNQALDMYQKYWHWEDALILAQNRGWSGLQELRDK 742 

KQWPVSESLLLAQGKVDDAITLYQDNHRWEDAIRVADSTHHANAAALKQQ 746 

KQWPVSESLLLAQGKVDDAITLYQDNHRWEDAIRVADSTHHANAAALKQQ 746 

QDFKRAEQLFLENGRAEDAMQMWEEMNRFDESLAIAESRGLDDVANRRAR 788 

QDFKRAEQLFLENGRVEDAMQMWEEMNCFDESLAIAESRGLDDVANRRAR 788 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

YYQWLMDTQQEERAGELQESQGDGLAAISLYLKAGLPAKAARLVLTREEL 792 

HLTWLLESGQTARAAAILESTNP-RRAVKLYLDARRPGRAARLAP----- 786 

YLTWLLETGQEEQAGAVKEREGDYLAAIGLYLKGGLPGRAAQVVMSVHNV 796 

YLTWLLETGQEEQAGAVKEREGDYLAAIGLYLKGGLPGRAAQVVMSVHNV 796 

YFAWLMETRQYEKAGEMREKDGKLIDAINLYLRGGTPARAAQVVS-VNNL 837 

YFAWLMETRQYEKAGEMREKDGKFVDAINLYLRGGTPARAAQVVS-VNNL 837

M. musculus

A. mellifera

C. reinhardtii

LANTELVEHITTALIKGELYERAGDLFEKIRNPQRALECYCKGNAFMKAV 842 

------------VLKITDLMELAGELLEKISEPLEAIKCYSQAGVFARAL 824 

NWDPALLDSILASLAKAGLYERAGELYEHMSRSSEAMQSYRRGHAYRKAI 846 

C. reinhardtii

L. infantum

L. major

NWDPALLDSILASLAKAGLYERAGELYEHMSRSSEAMQSYRRGHAYRKAI 846 

KPEQQLLEAIAAALFKAQVFEAAGDFFDKLHMTDRAIDAYKRGHAFSRAV 887 

KPEQQLLEAIAAALFKAQVFEAAGDFFDKLHMTDRAIDAYKRGHAFSRAV 887

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ELARLAFPVEVVRLEEAWGDHLVQQKQLDAAINHYIEARCSIKAIEAALG 892 

ELSRKVDPTSVVELERDWGKHLVSAGHYDAAINHFIEAGETALALDAAIN 874 

DLARREFPAEVIIIEEEWGDWLVTQKQMDAAINHFIESGATLKAIKAAID 896 

DLARREFPAEVIIIEEEWGDWLVTQKQMDAAINHFIESGATLKAIKAAID 896 

EYAKTAAPQQVVPLEEAWGDYLVSQKHVDQAINHYNEAGKYGKAVKAALD 937

EYAKTAAPQQVVSLEEAWGDYLVSQKHVDQAINHYNEAGKYDKAVKAALD 937 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ARQWKKAIYILDLQDRN-----------TASKYYPRVAQHYASLQEYEIA 931 

ARQWRKGLQIMQVIEDDDP---------AIKKQCEKLAEYFASIGEKNLA 915 

CRQFAKAAGIIEVLDPR-----------EAMPYFRRIAQHYETTGALEEA 935 

CRQFAKAAGIIEVLDPR-----------EAMPYFRRIAQHYETTGALEEA 935 

SRQWAKAAAILETQSNGGVGSSGVPVDAAAKSAYQRIAHHYEEVHQYAEA 987 

SRQWAKAAVILETQSNGAVGSSGVPVDAATKSAYQRIAHHYEEVHQYAEA 987 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

EELYTKGDRTKDAIDMYIQAGRWEQAHKLAMKCMRPEDVSVLYITQAQEM 981 

EKLFIRSGDIKRAVDVHIQNGNWNRAHEVALEYMTSEEANEILTKHAIAL 965 

ERYYIRADMARDAVEMYSRAGKWEAAQRVARGYLTESEMRAFYRAKAAEF 985 

ERYYIRADMARDAVEMYSRAGKWEAAQRVARGYLTESEMRAFYRAKAAEF 985 

EKLYIKCGAVSDAVDMYSRAGMTDHMYRVAQRHLEQDKLVELFVSQAKQL 1037

EKLYIKCGAVSDAVDMYSRAGMTDHMYRVAQRHLEQDKLVELFVSQAKQL 1037

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

EKQGKYREAERLYVTVE--EPDLAITMFKKHKLYDDMIRLVGKHHPDLLS 1029 

CEAGDLKHAEDLYLAIG--KYDSAIAMYRKAGRRADMIRLVGKYRPDLLE 1013 

EAAHKLKEAEKAYLAAGGDDVDKAIAMYKRNKMYDQMIRLVTQYRKEKVP 1035 

EAAHKLKEAEKAYLAAGGDDVDKAIAMYKRNKMYDQMIRLVTQYRKEKVP 1035 

ETKGDYAAAERIYLKVN--DADGAIMMYRKNRDYTNMMRLVQAYRSGYVV 1085 

ETKGDYAAAERIYLKVN--DADGAIMMYRKNRDYTNMMRLVQAYRSGYVV 1085 

M. musculus

A. mellifera

C. reinhardtii

DTHLHLGKELEAEGRLQEAEYHYLEAQEWKATVNMYRSSGLWEEAYRVAK 1079

TTHIHLAKELNDSGKPREAEEHYLAAGDWKGAVAAFRSANMWEDALRVAK 1063 

EAHTLIAQQLEVEGNLREAEKHFVEAKDWKSAVQMYRQVNQWEDALRVAK 1085 

C. reinhardtii

L. infantum

L. major

EAHTLIAQQLEVEGNLREAEKHFVEAKDWKSAVQMYRQVNQWEDALRVAK 1085 

QTHLALAAQFQKEGNLKAAETHFIAGKDWSRAVSMYRDRDLWDDAVRIAK 1135 

QTHLALAAQFQKEGNLKAAETHFIAGKDWSRAVSMYRDRDLWDDAVRIAK 1135

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

AHGGANAHKHVAYLWAKSLGGEAAVRLLNKLGLLEATIDHAADNCSFEFA 1129 

QNAGNNAAQQVALIWARTLTPELAARLLMQLNYLDECLQLACETDLFDWA 1113 

VYGGVNASKQVAYAWALTLGGDDGAQLLKKMGLLDHAIEYAVESGAFAQA 1135 

VYGGVNASKQVAYAWALTLGGDDGAQLLKKMGLLDHAIEYAVESGAFAQA 1135 

VHGGANAAKQVVVSRATVMDSEEGVRLL---------------------- 1163 

VHGGANAAKQVVVSRATVMDSEEGVRLLGKFNLIEAGIEAALESSKFDLA 1185

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

FELSRLAFKHKAPEIHLKYAMYLEDEGKFEEAEAEFIRAGKPKEAVLMFV 1179 

LEIIKYGNTDQKKEVHYRYAMALEDAGRFSEAEKEFIKAERTMEAVQMYI 1163 

FEMTRAGAKHKLPEVHLKYAMFLEDEGRFAEAEAEFISAGKPKEACDMYM 1185 

FEMTRAGAKHKLPEVHLKYAMFLEDEGRFAEAEAEFISAGKPKEACDMYM 1185 

-------------------------------------------------- 

LQWAQLARPAKVPYVYLKYAMHYEDQGDFRMAEDAFIKSGKPREAIDMYV 1235

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

HNQDWEAAQRVAEAHDPDSVAEVLVGQARGALEEKDFQKAEGLLLRAQRP 1229 

HTRDWEAAEDVAQSINQEAVVQVLIARANEAAEAQDYSLAETLLLRAHKP 1213 

HNQDWDAAMRIAERYDPTMVSEILVSQARVAVERKQWLPAEGLFIKAKRP 1235 

HNQDWDAAMRIAERYDPTMVSEILVSQARVAVERKQWLPAEGLFIKAKRP 1235 

-------------------------------------------------- 

HQHDFTGAMRVAENHDPSAVPHVCAANGRVWFQQGNYKEAEALFLRANAP 1285

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

GLALNYYKEAGLWSDALRICKDYVPGQLEALQEEYER---EATKKGGRGV 1276 

EMIIEHYKKAGMWSEALRVCREYLPSQEANLRRELGQ---KSASLAG--- 1257 

EAALKMYRDARMWNDALRVAEQYLPTKVAEVQMELLSGQGAGGGSGGASA 1285 

EAALKMYRDARMWNDALRVAEQYLPTKVAEVQMELLSGQGAGGGSGGASA 1285 

-------------------------------------------------- 

ETLLKLYVDAKMFSEAQRVAKAHCPDMQSDVAKRMAL-----------NS 1324

M. musculus

A. mellifera

EGLVEQARQWEQAGEYSRAVDCYLKVRDSGSSGL--MEKCWMKAAELSIK 1324 

ANAFEEARKWLEVGEVKAALDILILDPQAPRS-------SLIKAADILLH 1300 

C. reinhardtii

C. reinhardtii

L. infantum

L. major

DAVINKARGFERNNDYARAIETYLSLTAQDTSNQDQLEHCWGQAAQLAIN 1335 

DAVINKARGFERNNDYARAIETYLSLTAQDTSNQDQLEHCWGQAAQLAIN 1335

-------------------------------------------------- 

NDPQKAGTVLEENSEYQLAIDTYLAATPETVPDPATLANLWVRAVKVAQK 1374

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

FLPPQRSLEVVRVVGPQLIGIGKHSAAAELYLNLDLVKEAIDAFIEGEEW 1374 

QADPETAAQVGGDLGSRLFSIGEYAIAAQVFLQADRLKDAIDALASIGEW 1350 

YQR-HRMKDVVNTVSERLQEIGRHQAAGELHESIDDAQGAIRAYCAGRLW 1384 

YQR-HRMKDVVNTVSERLQEIGRHQAAGELHESIDDAQGAIRAYCAGRLW 1384 

-------------------------------------------------- 

HAR-NLLKEVLRSAIDKLKAAQRYVEAGKCLESCEDYKAAINMYVQARKF 1423

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

NKAKRVAKELDPRYEDYVDQHYKEFLKNQGKVDSLVG---VDVVAALDLY 1421 

EKAKRIVNELAPNIEPYLEEKYKEAMLRDGQIDKLVE---IDVDAGLEIL 1397 

DKARTLAGTN-PTFSRYIEDQYNNYLLQNQQADELASRGGQHAQQAIEMY 1433 

DKARTLAGTN-PTFSRYIEDQYNNYLLQNQQADELASRGGQHAQQAIEMY 1433 

-------------------------------------------------- 

DMAEALAKRVSPELENFVKRAIVQDSISGGSMKDAKVVEEMDPEAAMKAY 1473

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

VEQGQWDKCIETATKQNYKILHKYVALYATHLIREGGYAQALALYVQHGA 1471 

ANKGHWNQVFETANIQGTQILHKYVAQRAVQLLKGNTPLEALQLYVKYGT 1447 

VARDEWAKVHELAAQQGPEVASNYALKHAERRFKQGDYAQAAQVFAQHGI 1483 

VARDEWAKVHELAAQQGPEVASNYALKHAERRFKQGDYAQAAQVFAQHGI 1483 

-------------------------------------------------- 

ISKADFANALRMAAQRSPEEVQYVAGLQVQHLLRQGDPVQCLEALNKSAM 1523

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

PANPQ-NFNIYKRIFTDMVSSPGTNNAEAYHSWADLRDVLSNLCENLVKS 1520 

PPIQQ-NFNLYLQLSESVLNSEAYY---EYRYLALLRTVLLNLWNNLKS- 1492 

TAQPQ-YFELYKSIAQGVLHASQGDR--NPVAEKSLRDMMYRLVNVLRSG 1530

TAQPQ-YFELYKSIAQGVLHASQGDR--NPVAEKSLRDMMYRLVNVLRSG 1530 

-------------------------------------------------- 

DSDDFRFYETWMSVAQKVIPLLPGDD----AVATLLQPLHDGLVKVVDSM 1569

M. musculus

A. mellifera

--SEANSAAHEEFEMMLLISHYYATRSAAQSIKQLETVAARLSVSLLRHT 1568 

----LESGLKFKFKKLLEVTHYSAVKCGCNDYPVLSELVLKTSITLLRYT 1538 

C. reinhardtii

C. reinhardtii

L. infantum

L. major

GGAGKYKVDTDAFQNYYLAAHYLTCAAAAKEQGLKDIAAMNLTSVLRYVG 1580 

GGAGKYKVDTDAFQNYYLAAHYLTCAAAAKEQGLKDIAAMNLTSVLRYVG 1580 

-------------------------------------------------- 

TQSGQKSEDIAKATALASVVHIYYMSRKMETELNMPDFAVQLMLGLPRWI 1619

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

QLLPADKAFYEAGTAAKEVGWE---NMAFIFLNRFLDLTDAIEEGTL--D 1613 

DVLLADRAYYEAGIEARAVGKN---SEAFVFLNHFLDLEECIEEGDS--T 1583 

PTIPADRAFYEAGLAWYEAGRK---NMAFVMLNRFLDLSDAMDEPDSSAA 1627 

PTIPADRAFYEAGLAWYEAGRK---NMAFVMLNRFLDLSDAMDEPDSSAA 1627 

-------------------------------------------------- 

PHVAPDKAFYDAGMAAKRSGLEGMQDVAFLYLNRALDINERIDDGDTDSS 1669

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ALDHSDFQDTDIPFEVPLPAKQHVPEAQREEVRDWVLTVSMDQRLE---Q 1660 

VLDVDDLAVTDFPMEVPLPETLSLTTEQREEVREWVLAVSMDQKIE---Q 1630 

VIENADFSDTDIPYDFTIPERAYCTESQREDVRNLVLEISMDRSSD---Q 1674

VIENADFSDTDIPYDFTIPERAYCTESQREDVRNLVLEISMDRSSD---Q 1674 

-------------------------------------------------- 

GIDNTDFAATDFPKVYRLPKEPTVPAQAMEEVNNWVLTVSIDNTAASDTR 1719 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

VLPRDE-----RGVYEASLVAASTGVRALP-CLITGYPILR-NKIEFKR- 1702 

ILPTDH-----RGVYVGSLSAHSIGSTNLQGCILTGYPIRG-PIIRFSE- 1673 

SLALKACEHCGKPTYEANLTCHFCKKKYDP-CVVTGYPIQSYDRVVFKNN 1723 

SLALKACEHCGKPTYEANLTCHFCKKKYDP-CVVTGYPIQSYDRVVFKNN 1723 

-------------------------------------------------- 

TLPMVTDPENGELMFAGSVKSPHTGKVYPA-CAVTGYPVIGGGLTKCAQ- 1767 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

-PGKAANKDNWNKFLMAIKTS-HSPVCQDVLKFISQWCGGLPSTSFSFQ 1749

-GEHVTDRDDWTKLINTARQAPQDSNLNDILAFIQEWFGTISNYSF--- 1718 

GPELNAIRDMWNKWVEAFGTDPVTGMQAAPMY----------------- 1755 

GPELNAIRDMWNKWVEAFGTDPVTGMQAAPMY----------------- 1755 

------------------------------------------------- 

-CHRPANQADWNKFVLTAKRCPWCGAAANPNFKV--------------- 1800
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M. musculus MQLKHLRTLLSPQDGAAKVTCMAWSQNNAKFAVCTVDRVVLLYDEHGERR 50

A. mellifera MLLKYLGNVMPQQDSENRVVSIVWSPNNLKLAIASSDRSIYLFDENCVKR 50

C. reinhardtii MQLRYFKSILPPADQYQKITSLTWAPNNSRLAAVSTDKVVYLFDENGEKR 50

C. reinhardtii MQLRYFKSILPPADQYQKITSLTWAPNNSRLAAVSTDKVVYLFDENGEKR 50

L. infantum MQVQFYQNIMKGQLGTARTQAICFSANNKRLAVADATRHIQLFDEQGERR 50

L. major MQVQFYQNVMKGQLGTARTQAICFSANNKRLAVADATRHIQLFDEQGERR 50

M. musculus DKFSTKPADMKYGRKSYMVKGMAFSPDSTKIAIGQTDNIIYVYKIG--ED 98

A. mellifera DRFSTKPIDSKFGKKSYVIKSIAFSPDSTKIAVGQTDCIIYVYKIG--EQ 98

C. reinhardtii DKFKTKAAEANN-PNTYIIRAMAFSPDSTKLAIAQSDNIVFIYRLVDPDT 99

C. reinhardtii DKFKTKAAEANN-PNTYIIRAMAFSPDSTKLAIAQSDNIVFIYRLVDPDT 99

L. infantum DKFATKAASDKG-GRGYIVTGMTFSPDSSLLAIAQSDNIVFVYRLG--LE 97

L. major DKFATKAASDKG-GRGYIVTGMTFSPDSSLLAIAQSDNIVFVYRLG--LE 97

M. musculus WGDKKVICNKFIQTSAVTCLQWP---AEYV--IVFGLAEGKVRLANTKTN 143

A. mellifera WGEKKVICNKFRQSSPVTCLIWL---IEGP--IIVGLVDGKVRVALVKSQ 143

C. reinhardtii GAEKKSICNKFPQACAVTSLVWP---KDRPNEVVFGLADGKVRLGMLKNN 146

C. reinhardtii GAEKKSICNKFPQACAVTSLVWP---KDRPNEVVFGLADGKVRLGMLKNN 146

L. infantum WGEKKAIRNKLSQTSPVTCVVWPNTSSQGVELIAFATLDGSVKVGMLKAN 147

L. major WGEKKAIRNKLSQTSPVTCVVWPNTSSQGVELIAFATLDGSVKVGMLKAN 147

M. musculus KSSTIYG--TESYVVALTTNCSGKGILSGHADGTIVRYFFDDE-GSGESQ 190

A. mellifera KAQTLYT--ADSTTIALVSNIRGTAFLSSHADGSIIKYNLTDD-GNHEPS 190

C. reinhardtii KSYTCYAHPENSYVVALASSLNGQNVISGHMDGAIWKFNFPAEEGGTPTS 196

C. reinhardtii KSYTCYAHPENSYVVALASSLNGQNVISGHMDGAIWKFNFPAEEGGTPTS 196

L. infantum KSHVLYS--HDHPAVSMCTSRDNTKILTGHLDGTVYQYVFEATEDGAEVA 195

L. major KSHVLYS--HDHPAVSMCTSRDNTKILTGHLDGTVYQYVFEASEEGAEVA 195

M. musculus --GKLVNHPCPPYALAWATNSIVAAGCDRRIVAYGKEGHVLQTFDYSRDP 238

A. mellifera --GRICTHTVPAYALAWTQSHILAAGCDRRVIFYDTRGKIVKTFDYSRE- 237

C. reinhardtii --SQLVVHSCVPYSLGWG-SCIAAAGNDNRVVFYDLNGREIRSFDYSNND 243

C. reinhardtii --SQLVVHSCVPYSLGWG-SCIAAAGNDNRVVFYDLNGREIRSFDYSNND 243

L. infantum GAKRLFVHSCAPYMLAWG-ESICAAGTDCQVAFYTPKSGQKPQVIPFDMK 244

L. major GAKRLFVHSCAPYMLAWG-ESICAAGADCQVAFYTPKSGQKPQVIPFDMK 244

M. musculus QEREFTTAAASPGGQSVVLGSYDRLRVFNWSPRRSIWEEAKPKEIANLYT 288

A. mellifera NEKEIAVACCSPSGQSIAIGSWDKIRILDWSPRRSIWEEANTRSLPNFYT 287

C. reinhardtii EVREFTTCAFNPSGDTVVFGTYNRFYMYTFNIQRNDWEEAGHKQIDNFYA 293

C. reinhardtii EVREFTTCAFNPSGDTVVFGTYNRFYMYTFNIQRNDWEEAGHKQIDNFYA 293

L. infantum DVGSFTGGVCNPSGQAVAIAGREQIRIFDLNIRSHKWEEGTVVYLPHSEG 294

L. major DVGSFTGGVCNPSGQAVAIAGREQIRIFDLNIRSHKWEEGTVVYLPHSEG 294

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

VTALAWKRDGSRLCAGTLCGGVEQFDCCLRRSIYKNKFELTYVGPSQVIV 338 

VTAISWRRDGSRLLIGSLCGAVEQFETVLKRTVIRGSHEVAYVGPSQVII 337 

VSAASWKPDGSKMTVGSMTGAVDMYDACVKRHMYKGKFEFTYVSKSAVIV 343 

VSAASWKPDGSKMTVGSMTGAVDMYDACVKRHMYKGKFEFTYVSKSAVIV 343 

FSAMQWKRDGSRLVTGSVTGSVDVFDCCLRRYRMRGAYEFTYVSHSQVIV 344 

FSAMQWKRDGSRLVTGSVTGSVDVFDCCLRRYRMRGAYEFTYVSHSQVIV 344

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

KNLSSGTR-VVLKSHYGYEVEEVKILGK-ERYLVAHTSDTLLLGDLNTNR 386 

RPLNEGNRPVIIRSQTGYEIEDVKVLGRSDNNVVARTSRTLLLADIEFNL 387 

KTLKTGMR-IVLKSVYGYEIEKINIYHD--RYLIARTTYTLLMGDLDTCK 390 

KTLKTGMR-IVLKSVYGYEIEKINIYHD--RYLIARTTYTLLMGDLDTCK 390 

KRLASGTR-LVLQSYMGFEIQKVNVYQD--RYLVAHTSATLLLGDLVSHK 391 

KRLASGTR-LVLQSYMGFEIQKVNVYQD--RYLVAHTSATFFFGDLVSHK 391

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

LSEIAWQGSGGNEKYFFENENVCMIFNAGELTLVEYGSNDSLGSVRTEFM 436 

ISEIPWEEKTNTEKFFFEYPRVCLIFCSGELTIVEYGNNEALGSVRTEAI 437 

LSEIPWD-SDGSEKFHFENERVCMVHYAGELHIVEYGRNDVLGTCRTEHM 439 

LSEIPWD-SDGSEKFHFENERVCMVHYAGELHIVEYGRNDVLGTCRTEHM 439 

LSEVPWQ-LTGREKFTFDNEQICMVFNVGELCLIEYGKNMILGTCRTEER 440 

LSEVRWQ-LTGREKFTFDNEQICMVFNVGELCLIEYGKNMILGTCRTEER 440

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

NPHLISVRIN-------------------ERCQRGMEDN----------- 456 

NPHVVSVRIN-------------------ERQIAGTPDI----------- 457 

NPYLISAVVQ-------------------EARGIASES------------ 458 

NPYLISAVVQ-------------------EARGIASES------------ 458 

NAHRISVRVLNPLASDTGAGAAGSGGAGGQRREVNTTTGSPIVPTPVTGS 490 

NAHRISVRVLNPLASDAGAGAAGSGGAGGQRREVSTTTGSPIVSTSVTGS 490

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

----------KKLAYLVDIKTIAIVDLIG--GYNIGTISHESRVDWLELN 494 

----------KRLAYLLDSRTVRIMDLIT--GLTVAMISHDVRVDWLELS 495 

----------KKLAYLIDLQTVRIQDLMAPVGSTLATVNHDTKVDWLELN 498 

----------KKLAYLIDLQTVRIQDLMAPVGSTLATVNHDTKVDWLELN 498 

SGALDAYNSRCVIAYLIDRQTIQIDDLRS--GVSIARVPHESKIDWLELD 538 

SGALDAYNSRCVIAYLIDRQTIQIDDLRS--GVSIARVPHESKIDWLELD 538 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ETGHKLLFRDRKLRLHLYDIESCSKTMILNFCSYVQWVPGSDVLVAQNRN 544 

ETGHRLLSRDKRARLWLSN-ELGGKTLLLTGVSFASWVLGSDVVVAQTGQ 544 

QRGTHLLFRDKKRHLHLFSLSGQERTTLLNYCQYVQWVPGSDVIVAQSRN 548 

QRGTHLLFRDKKRHLHLFSLSGQERTTLLNYCQYVQWVPGSDVIVAQSRN 548 

FRASRLLFRDKQHQLYLYDISRQQRTTLLSYCTYVQWVPRSDVAVAQSRL 588 

FRASRLLFRDKQHQLYLYDISRQQRTTLLSYCTYVQWVPRSDVAVAQSRL 588 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

SLCVWYNIEAPERVTMSSIRGDVVGLERGGGKTEVMVTEGVTTVAYTLDE 594 

TLAVWYNVDAPEVATLIPVRGDAIDVVREDGRTSITVEELGGKVAYLLDE 594 

NLCVWYSVNKPDNVTMFPIKGEVVDIERHNHRTEVIVDEGINTVSYALDE 598 

NLCVWYSVNKPDNVTMFPIKGEVVDIERHNHRTEVIVDEGINTVSYALDE 598 

L. infantum

L. major

ELCVWYNVESPERVTIVPIRGEVEGMERGNGKTEVIVDEGVSTVAYALDE 638 

ELCVWYNVESPERVTIVPIRGEVEGMERGNGKTEVIVDEGVSTVAYSLDE 638 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

GLIEFGTAIDDGNYTRATAFLETLEMTPETEAMWKTLSKLALEARQLHTA 644 

SLIEFGTALHDNDFGKALLFLEDLADRPQAEAMWENVARNAMAARQLLIA 644 

ALIYFGAALEDQDYERAVQTLEPLELTPETEAQWMQLAEQALATNQLVIA 648 

ALIYFGAALEDQDYERAVQTLEPLELTPETEAQWMQLAEQALATNQLVIA 648 

SLIEFRAAMEERDLDRACDLLERTSLSPGTEVMWSTLANVSLQEMKLFIA 688 

SLIEFRAAMEERDLDRACDLLERTSLSPGTEVMWSTLANVSLQEMKLFIA 688 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ERCFSALGHVAKARFLHETNEIADQVSREYGGEGT--DFYQVRARLAMLE 692 

ARCYAALGDVACSRFLKNIIEIGEKYSVETGHDPL--SNSDCWAKLAILN 692 

ERCYAALGDIAKSRFLHKVVKKAQQAAKEFGGDGT--DAWSVRAMMAQLN 696 

ERCYAALGDIAKSRFLHKVVKKAQQAAKEFGGDGT--DAWSVRAMMAQLN 696 

ERCYAALGDVAKVNALQRIHQLAAKARADSADATTGYEHYTVLAELYMMS 738 

ERCYAALGDVAKVNALQRIHQLAAKARVDSADTTTGYEHYTVLAELYMMS 738 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

KNYKLAEMIFLEQNAVEEAMDMYQELHRWEECIAVAEAKGHPALEKLRRD 742 

GELKTAEAIYLEQNELNQALDMYQKYWHWEDALILAQNRGWSGLQELRDK 742 

KQWPVSESLLLAQGKVDDAITLYQDNHRWEDAIRVADSTHHANAAALKQQ 746 

KQWPVSESLLLAQGKVDDAITLYQDNHRWEDAIRVADSTHHANAAALKQQ 746 

QDFKRAEQLFLENGRAEDAMQMWEEMNRFDESLAIAESRGLDDVANRRAR 788 

QDFKRAEQLFLENGRVEDAMQMWEEMNCFDESLAIAESRGLDDVANRRAR 788 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

YYQWLMDTQQEERAGELQESQGDGLAAISLYLKAGLPAKAARLVLTREEL 792 

HLTWLLESGQTARAAAILESTNP-RRAVKLYLDARRPGRAARLAP----- 786 

YLTWLLETGQEEQAGAVKEREGDYLAAIGLYLKGGLPGRAAQVVMSVHNV 796 

YLTWLLETGQEEQAGAVKEREGDYLAAIGLYLKGGLPGRAAQVVMSVHNV 796 

YFAWLMETRQYEKAGEMREKDGKLIDAINLYLRGGTPARAAQVVS-VNNL 837 

YFAWLMETRQYEKAGEMREKDGKFVDAINLYLRGGTPARAAQVVS-VNNL 837

M. musculus

A. mellifera

C. reinhardtii

LANTELVEHITTALIKGELYERAGDLFEKIRNPQRALECYCKGNAFMKAV 842 

------------VLKITDLMELAGELLEKISEPLEAIKCYSQAGVFARAL 824 

NWDPALLDSILASLAKAGLYERAGELYEHMSRSSEAMQSYRRGHAYRKAI 846 

C. reinhardtii

L. infantum

L. major

NWDPALLDSILASLAKAGLYERAGELYEHMSRSSEAMQSYRRGHAYRKAI 846 

KPEQQLLEAIAAALFKAQVFEAAGDFFDKLHMTDRAIDAYKRGHAFSRAV 887 

KPEQQLLEAIAAALFKAQVFEAAGDFFDKLHMTDRAIDAYKRGHAFSRAV 887

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ELARLAFPVEVVRLEEAWGDHLVQQKQLDAAINHYIEARCSIKAIEAALG 892 

ELSRKVDPTSVVELERDWGKHLVSAGHYDAAINHFIEAGETALALDAAIN 874 

DLARREFPAEVIIIEEEWGDWLVTQKQMDAAINHFIESGATLKAIKAAID 896 

DLARREFPAEVIIIEEEWGDWLVTQKQMDAAINHFIESGATLKAIKAAID 896 

EYAKTAAPQQVVPLEEAWGDYLVSQKHVDQAINHYNEAGKYGKAVKAALD 937

EYAKTAAPQQVVSLEEAWGDYLVSQKHVDQAINHYNEAGKYDKAVKAALD 937 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ARQWKKAIYILDLQDRN-----------TASKYYPRVAQHYASLQEYEIA 931 

ARQWRKGLQIMQVIEDDDP---------AIKKQCEKLAEYFASIGEKNLA 915 

CRQFAKAAGIIEVLDPR-----------EAMPYFRRIAQHYETTGALEEA 935 

CRQFAKAAGIIEVLDPR-----------EAMPYFRRIAQHYETTGALEEA 935 

SRQWAKAAAILETQSNGGVGSSGVPVDAAAKSAYQRIAHHYEEVHQYAEA 987 

SRQWAKAAVILETQSNGAVGSSGVPVDAATKSAYQRIAHHYEEVHQYAEA 987 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

EELYTKGDRTKDAIDMYIQAGRWEQAHKLAMKCMRPEDVSVLYITQAQEM 981 

EKLFIRSGDIKRAVDVHIQNGNWNRAHEVALEYMTSEEANEILTKHAIAL 965 

ERYYIRADMARDAVEMYSRAGKWEAAQRVARGYLTESEMRAFYRAKAAEF 985 

ERYYIRADMARDAVEMYSRAGKWEAAQRVARGYLTESEMRAFYRAKAAEF 985 

EKLYIKCGAVSDAVDMYSRAGMTDHMYRVAQRHLEQDKLVELFVSQAKQL 1037

EKLYIKCGAVSDAVDMYSRAGMTDHMYRVAQRHLEQDKLVELFVSQAKQL 1037

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

EKQGKYREAERLYVTVE--EPDLAITMFKKHKLYDDMIRLVGKHHPDLLS 1029 

CEAGDLKHAEDLYLAIG--KYDSAIAMYRKAGRRADMIRLVGKYRPDLLE 1013 

EAAHKLKEAEKAYLAAGGDDVDKAIAMYKRNKMYDQMIRLVTQYRKEKVP 1035 

EAAHKLKEAEKAYLAAGGDDVDKAIAMYKRNKMYDQMIRLVTQYRKEKVP 1035 

ETKGDYAAAERIYLKVN--DADGAIMMYRKNRDYTNMMRLVQAYRSGYVV 1085 

ETKGDYAAAERIYLKVN--DADGAIMMYRKNRDYTNMMRLVQAYRSGYVV 1085 

M. musculus

A. mellifera

C. reinhardtii

DTHLHLGKELEAEGRLQEAEYHYLEAQEWKATVNMYRSSGLWEEAYRVAK 1079

TTHIHLAKELNDSGKPREAEEHYLAAGDWKGAVAAFRSANMWEDALRVAK 1063 

EAHTLIAQQLEVEGNLREAEKHFVEAKDWKSAVQMYRQVNQWEDALRVAK 1085 

C. reinhardtii

L. infantum

L. major

EAHTLIAQQLEVEGNLREAEKHFVEAKDWKSAVQMYRQVNQWEDALRVAK 1085 

QTHLALAAQFQKEGNLKAAETHFIAGKDWSRAVSMYRDRDLWDDAVRIAK 1135 

QTHLALAAQFQKEGNLKAAETHFIAGKDWSRAVSMYRDRDLWDDAVRIAK 1135

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

AHGGANAHKHVAYLWAKSLGGEAAVRLLNKLGLLEATIDHAADNCSFEFA 1129 

QNAGNNAAQQVALIWARTLTPELAARLLMQLNYLDECLQLACETDLFDWA 1113 

VYGGVNASKQVAYAWALTLGGDDGAQLLKKMGLLDHAIEYAVESGAFAQA 1135 

VYGGVNASKQVAYAWALTLGGDDGAQLLKKMGLLDHAIEYAVESGAFAQA 1135 

VHGGANAAKQVVVSRATVMDSEEGVRLL---------------------- 1163 

VHGGANAAKQVVVSRATVMDSEEGVRLLGKFNLIEAGIEAALESSKFDLA 1185

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

FELSRLAFKHKAPEIHLKYAMYLEDEGKFEEAEAEFIRAGKPKEAVLMFV 1179 

LEIIKYGNTDQKKEVHYRYAMALEDAGRFSEAEKEFIKAERTMEAVQMYI 1163 

FEMTRAGAKHKLPEVHLKYAMFLEDEGRFAEAEAEFISAGKPKEACDMYM 1185 

FEMTRAGAKHKLPEVHLKYAMFLEDEGRFAEAEAEFISAGKPKEACDMYM 1185 

-------------------------------------------------- 

LQWAQLARPAKVPYVYLKYAMHYEDQGDFRMAEDAFIKSGKPREAIDMYV 1235

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

HNQDWEAAQRVAEAHDPDSVAEVLVGQARGALEEKDFQKAEGLLLRAQRP 1229 

HTRDWEAAEDVAQSINQEAVVQVLIARANEAAEAQDYSLAETLLLRAHKP 1213 

HNQDWDAAMRIAERYDPTMVSEILVSQARVAVERKQWLPAEGLFIKAKRP 1235 

HNQDWDAAMRIAERYDPTMVSEILVSQARVAVERKQWLPAEGLFIKAKRP 1235 

-------------------------------------------------- 

HQHDFTGAMRVAENHDPSAVPHVCAANGRVWFQQGNYKEAEALFLRANAP 1285

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

GLALNYYKEAGLWSDALRICKDYVPGQLEALQEEYER---EATKKGGRGV 1276 

EMIIEHYKKAGMWSEALRVCREYLPSQEANLRRELGQ---KSASLAG--- 1257 

EAALKMYRDARMWNDALRVAEQYLPTKVAEVQMELLSGQGAGGGSGGASA 1285 

EAALKMYRDARMWNDALRVAEQYLPTKVAEVQMELLSGQGAGGGSGGASA 1285 

-------------------------------------------------- 

ETLLKLYVDAKMFSEAQRVAKAHCPDMQSDVAKRMAL-----------NS 1324

M. musculus

A. mellifera

EGLVEQARQWEQAGEYSRAVDCYLKVRDSGSSGL--MEKCWMKAAELSIK 1324 

ANAFEEARKWLEVGEVKAALDILILDPQAPRS-------SLIKAADILLH 1300 

C. reinhardtii

C. reinhardtii

L. infantum

L. major

DAVINKARGFERNNDYARAIETYLSLTAQDTSNQDQLEHCWGQAAQLAIN 1335 

DAVINKARGFERNNDYARAIETYLSLTAQDTSNQDQLEHCWGQAAQLAIN 1335

-------------------------------------------------- 

NDPQKAGTVLEENSEYQLAIDTYLAATPETVPDPATLANLWVRAVKVAQK 1374

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

FLPPQRSLEVVRVVGPQLIGIGKHSAAAELYLNLDLVKEAIDAFIEGEEW 1374 

QADPETAAQVGGDLGSRLFSIGEYAIAAQVFLQADRLKDAIDALASIGEW 1350 

YQR-HRMKDVVNTVSERLQEIGRHQAAGELHESIDDAQGAIRAYCAGRLW 1384 

YQR-HRMKDVVNTVSERLQEIGRHQAAGELHESIDDAQGAIRAYCAGRLW 1384 

-------------------------------------------------- 

HAR-NLLKEVLRSAIDKLKAAQRYVEAGKCLESCEDYKAAINMYVQARKF 1423

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

NKAKRVAKELDPRYEDYVDQHYKEFLKNQGKVDSLVG---VDVVAALDLY 1421 

EKAKRIVNELAPNIEPYLEEKYKEAMLRDGQIDKLVE---IDVDAGLEIL 1397 

DKARTLAGTN-PTFSRYIEDQYNNYLLQNQQADELASRGGQHAQQAIEMY 1433 

DKARTLAGTN-PTFSRYIEDQYNNYLLQNQQADELASRGGQHAQQAIEMY 1433 

-------------------------------------------------- 

DMAEALAKRVSPELENFVKRAIVQDSISGGSMKDAKVVEEMDPEAAMKAY 1473

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

VEQGQWDKCIETATKQNYKILHKYVALYATHLIREGGYAQALALYVQHGA 1471 

ANKGHWNQVFETANIQGTQILHKYVAQRAVQLLKGNTPLEALQLYVKYGT 1447 

VARDEWAKVHELAAQQGPEVASNYALKHAERRFKQGDYAQAAQVFAQHGI 1483 

VARDEWAKVHELAAQQGPEVASNYALKHAERRFKQGDYAQAAQVFAQHGI 1483 

-------------------------------------------------- 

ISKADFANALRMAAQRSPEEVQYVAGLQVQHLLRQGDPVQCLEALNKSAM 1523

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

PANPQ-NFNIYKRIFTDMVSSPGTNNAEAYHSWADLRDVLSNLCENLVKS 1520 

PPIQQ-NFNLYLQLSESVLNSEAYY---EYRYLALLRTVLLNLWNNLKS- 1492 

TAQPQ-YFELYKSIAQGVLHASQGDR--NPVAEKSLRDMMYRLVNVLRSG 1530

TAQPQ-YFELYKSIAQGVLHASQGDR--NPVAEKSLRDMMYRLVNVLRSG 1530 

-------------------------------------------------- 

DSDDFRFYETWMSVAQKVIPLLPGDD----AVATLLQPLHDGLVKVVDSM 1569

M. musculus

A. mellifera

--SEANSAAHEEFEMMLLISHYYATRSAAQSIKQLETVAARLSVSLLRHT 1568 

----LESGLKFKFKKLLEVTHYSAVKCGCNDYPVLSELVLKTSITLLRYT 1538 

C. reinhardtii

C. reinhardtii

L. infantum

L. major

GGAGKYKVDTDAFQNYYLAAHYLTCAAAAKEQGLKDIAAMNLTSVLRYVG 1580 

GGAGKYKVDTDAFQNYYLAAHYLTCAAAAKEQGLKDIAAMNLTSVLRYVG 1580 

-------------------------------------------------- 

TQSGQKSEDIAKATALASVVHIYYMSRKMETELNMPDFAVQLMLGLPRWI 1619

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

QLLPADKAFYEAGTAAKEVGWE---NMAFIFLNRFLDLTDAIEEGTL--D 1613 

DVLLADRAYYEAGIEARAVGKN---SEAFVFLNHFLDLEECIEEGDS--T 1583 

PTIPADRAFYEAGLAWYEAGRK---NMAFVMLNRFLDLSDAMDEPDSSAA 1627 

PTIPADRAFYEAGLAWYEAGRK---NMAFVMLNRFLDLSDAMDEPDSSAA 1627 

-------------------------------------------------- 

PHVAPDKAFYDAGMAAKRSGLEGMQDVAFLYLNRALDINERIDDGDTDSS 1669

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

ALDHSDFQDTDIPFEVPLPAKQHVPEAQREEVRDWVLTVSMDQRLE---Q 1660 

VLDVDDLAVTDFPMEVPLPETLSLTTEQREEVREWVLAVSMDQKIE---Q 1630 

VIENADFSDTDIPYDFTIPERAYCTESQREDVRNLVLEISMDRSSD---Q 1674

VIENADFSDTDIPYDFTIPERAYCTESQREDVRNLVLEISMDRSSD---Q 1674 

-------------------------------------------------- 

GIDNTDFAATDFPKVYRLPKEPTVPAQAMEEVNNWVLTVSIDNTAASDTR 1719 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

VLPRDE-----RGVYEASLVAASTGVRALP-CLITGYPILR-NKIEFKR- 1702 

ILPTDH-----RGVYVGSLSAHSIGSTNLQGCILTGYPIRG-PIIRFSE- 1673 

SLALKACEHCGKPTYEANLTCHFCKKKYDP-CVVTGYPIQSYDRVVFKNN 1723 

SLALKACEHCGKPTYEANLTCHFCKKKYDP-CVVTGYPIQSYDRVVFKNN 1723 

-------------------------------------------------- 

TLPMVTDPENGELMFAGSVKSPHTGKVYPA-CAVTGYPVIGGGLTKCAQ- 1767 

M. musculus

A. mellifera

C. reinhardtii

C. reinhardtii

L. infantum

L. major

-PGKAANKDNWNKFLMAIKTS-HSPVCQDVLKFISQWCGGLPSTSFSFQ 1749

-GEHVTDRDDWTKLINTARQAPQDSNLNDILAFIQEWFGTISNYSF--- 1718 

GPELNAIRDMWNKWVEAFGTDPVTGMQAAPMY----------------- 1755 

GPELNAIRDMWNKWVEAFGTDPVTGMQAAPMY----------------- 1755 

------------------------------------------------- 

-CHRPANQADWNKFVLTAKRCPWCGAAANPNFKV--------------- 1800

Figure 6. Comparative analyses of full-length IFT172 homologs. Multiple alignment of the amino acid sequences 
of IFT172 gene products from L. major (LmjF21.0980) and L. infantum (LinJ21.0860) at GeneDB as compared to 
IFT172 from different organisms, including the murine IFT172 (Mus musculus hypothetical protein, intraflagellar 
transport protein IFT172, NCBI accession No. AAH66096.1), the Apis mellifera IFT172 (intraflagellar transport 
protein IFT172, NCBI accession No. XP_392886.2) and Chlamydomonas reinhardtii IFT172 (Uniprot ID Q5DM57 
and NCBI accession No. AAT99263.1). Dark shading indicates identical amino acids and lighter shading indicates 
similar amino acid residues. The rectangles denote the location of tetratricopeptide repeat domains (residues 899-932 
and 1256-1281) and the WD-40 repeats are underlined (residues 7-44, 56-93, 102-143, 147-184, and 283-320).

IFT172 homologue (another conserved hypothetical protein, GeneDB ID: LinJ21.0860) has a 
predicted protein length of 1163 amino acids, and it also has an overall 44% identity with a higher 
(66%) similarity to the respective homolog in C. reinhardtii (UniProt ID: Q5DM57). 
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Leishmania IFT27 and IFT46 homologues

IFT27 has been characterized as a Rab-like small G protein (Lucker et al., 2005) believed to 
be instrumental in maintaining the stability of both IFT complexes. In addition to its role in flagellar 
assembly, it appears to be unique among IFT polypeptides, in that its partial knockdown results in de-
fects in cytokinesis and elongation of the cell cycle; a more complete knockdown is lethal, as recently 
reported by Qin et al. (2007). Based on their study, along with other studies about Neks (NIMA-re-
lated expressed kinases) and polycystins (Bradley and Quarmby, 2005), IFT27 is among the first cili-
ary/flagellar proteins known to be involved in cell-cycle control. The IFT27 sequence was annotated 
as the FAP156 gene in the C. reinhardtii genome and the flagellar proteome (Pazour et al., 2005). 
We used the downloaded sequence from Chlre3/scaffold_1:4778616-4780328 to perform a search 
on Leishmania genomes at GeneDB and found two putative homologs annotated as GTP-binding 
protein-like proteins: LmjF29.0090 and LinJ29.0090, with 37-38 and 52-53% identity and similarity, 
respectively. The full alignment of Leishmania IFT27 homologues with T. cruzi, T. brucei, D. rerio, 
H. sapiens, and C. reinhardtii can be seen in Figure 8, which shows that Leishmania IFT27 homologs 
contain at least four of the five Ras-GTPase consensus sequences that are essential for GDP/GTP 
binding and GTPase activity (Bourne et al., 1991), despite their relatively shorter sequences (186 
amino acids, as opposed to 214 amino acids in C. reinhardtii). Generally, Rab proteins associate with 
cellular membranes through a prenyl (geranylgeranyl) group that is added after translation to a C-ter-
minal prenylation motif containing one or (more frequently) two cysteine residues. Chlamydomonas 
IFT27 contains a prenylation motif (CRNY); however, none of the IFT27 orthologs in zebrafish, 
mouse, or human contain such a motif (Qin et al., 2007), and Leishmania and T. cruzi sequences lack 
this C-terminal motif, as demonstrated by their shortness, with about 28 residues. 

Concerning IFT46, it has recently been reported, through analysis of two-hybrid yeast 
assays, that IFT46 and IFT52 are able to interact (Lucker et al., 2005), suggesting a more direct 
role with IFT88 in its cargo function. We identified at least one copy of a putative IFT46 gene in 
Leishmania genomes (GeneDB IDs: LmjF30.1770 and LinJ302110), which shows 38.9% iden-
tical and 55% similar residues along the 316 amino acid length of the Chlamydomonas IFT46 
sequence (NCBI accession No. ABHO6907.1). The alignments are shown in Figure 9, which il-
lustrates the absence of any conserved domains or motifs; however, the overall similarity among 
compared sequences is enough to assign an IFT subunit number to Leishmania gene products 
LmjF30.1770 and LinJ302110. 

Other intraflagellar transport subunits (IFT71, IFT74/72 and IFT81 homologues)

When compared to the subunits analyzed above, which showed more consistent similari-
ties and amino acid identities, there were a few other sequences that we could also distinguish 
as putative IFT subunits. Such sequences, showing an overall lower similarity (but still signifi-
cant) to other components of the IFT complex, could also be found in Leishmania genomes. 
Among them, there are two intraflagellar transport protein-like (GeneDB IDs: LmjF22.1370 
protein/CHR22_tmp.1270 and LinJ35.1580) genes that showed similarity; they showed 22% 
identity and 51% similarity to IFT71 subunit (UniProt ID: Q6RCE1) and 23% identity and 
51% similarity to the IFT74/72 subunit (UniProt ID: Q84P51) of C. reinhardtii. In addition, we 
observed that the hypothetical proteins (GeneDB IDs: LmjF34.0230 and LinJ34.0220) showed 
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Murine MQLKHLRTLLSPQDGAAKVTCMAWSQNNAKFAVCTVDRVVLLYDEHGERRDKFSTKPADMKYGRKSYMVKGMAFSPDSTKIAIGQTDNIIYVYKIG--ED 98

A. mellifera MLLKYLGNVMPQQDSENRVVSIVWSPNNLKLAIASSDRSIYLFDENCVKRDRFSTKPIDSKFGKKSYVIKSIAFSPDSTKIAVGQTDCIIYVYKIG--EQ 98

C. reinhardtii MQLRYFKSILPPADQYQKITSLTWAPNNSRLAAVSTDKVVYLFDENGEKRDKFKTKAAEANN-PNTYIIRAMAFSPDSTKLAIAQSDNIVFIYRLVDPDT 99

C. reinhardtii L ---RYFKSILPPADQYQKITSLTWAPNNSRLAAVSTDKVVYLFDENGEKRDKFKTKAAEANN-PNTYIIRAMAFSPDSTKLAIAQSDNIVFIYRLVDPDT 99

L. infantum MQVQFYQNIMKGQLGTARTQAICFSANNKRLAVADATRHIQLFDEQGERRDKFATKAASDKG-GRGYIVTGMTFSPDSSLLAIAQSDNIVFVYRLG--LE 97

L. major MQVQFYQNVMKGQLGTARTQAICFSANNKRLAVADATRHIQLFDEQGERRDKFATKAASDKG-GRGYIVTGMTFSPDSSLLAIAQSDNIVFVYRLG--LE 97

Murine WGDKKVICNKFIQTSAVTCLQWP---AEYV--IVFGLAEGKVRLANTKTNKSSTIYG--TESYVVALTTNCSGKGILSGHADGTIVRYFFDDE-GSGESQ 190

A. mellifera WGEKKVICNKFRQSSPVTCLIWL---IEGP--IIVGLVDGKVRVALVKSQKAQTLYT--ADSTTIALVSNIRGTAFLSSHADGSIIKYNLTDD-GNHEPS 190

C. reinhardtii GAEKKSICNKFPQACAVTSLVWP---KDRPNEVVFGLADGKVRLGMLKNNKSYTCYAHPENSYVVALASSLNGQNVISGHMDGAIWKFNFPAEEGGTPTS 196

C. reinhardtii GAEKKSICNKFPQACAVTSLVWP---KDRPNEVVFGLADGKVRLGMLKNNKSYTCYAHPENSYVVALASSLNGQNVISGHMDGAIWKFNFPAEEGGTPTS 196

L. infantum WGEKKAIRNKLSQTSPVTCVVWPNTSSQGVELIAFATLDGSVKVGMLKANKSHVLYS--HDHPAVSMCTSRDNTKILTGHLDGTVYQYVFEATEDGAEVA 195

L. major WGEKKAIRNKLSQTSPVTCVVWPNTSSQGVELIAFATLDGSVKVGMLKANKSHVLYS--HDHPAVSMCTSRDNTKILTGHLDGTVYQYVFEASEEGAEVA 195

Murine --GKLVNHPCPPYALAWATNSIVAAGCDRRIVAYGKEGHVLQTFDYSRDPQEREFTTAAASPGGQSVVLGSYDRLRVFNWSPRRSIWEEAKPKEIANLYT 288

A. mellifera --GRICTHTVPAYALAWTQSHILAAGCDRRVIFYDTRGKIVKTFDYSRE-NEKEIAVACCSPSGQSIAIGSWDKIRILDWSPRRSIWEEANTRSLPNFYT 287

C. reinhardtii --SQLVVHSCVPYSLGWG-SCIAAAGNDNRVVFYDLNGREIRSFDYSNNDEVREFTTCAFNPSGDTVVFGTYNRFYMYTFNIQRNDWEEAGHKQIDNFYA 293

C. reinhardtii --SQLVVHSCVPYSLGWG-SCIAAAGNDNRVVFYDLNGREIRSFDYSNNDEVREFTTCAFNPSGDTVVFGTYNRFYMYTFNIQRNDWEEAGHKQIDNFYA 293

L. infantum GAKRLFVHSCAPYMLAWG-ESICAAGTDCQVAFYTPKSGQKPQVIPFDMKDVGSFTGGVCNPSGQAVAIAGREQIRIFDLNIRSHKWEEGTVVYLPHSEG 294

L. major GAKRLFVHSCAPYMLAWG-ESICAAGADCQVAFYTPKSGQKPQVIPFDMKDVGSFTGGVCNPSGQAVAIAGREQIRIFDLNIRSHKWEEGTVVYLPHSEG 294

Murine VTALAWKRDGSRLCAGTLCGGVEQFDCCLRRSIYKNKFELTYVGPSQVIVKNLSSGTR-VVLKSHYGYEVEEVKILGK-ERYLVAHTSDTLLLGDLNTNR 386

A. mellifera VTAISWRRDGSRLLIGSLCGAVEQFETVLKRTVIRGSHEVAYVGPSQVIIRPLNEGNRPVIIRSQTGYEIEDVKVLGRSDNNVVARTSRTLLLADIEFNL 387

C. reinhardtii VSAASWKPDGSKMTVGSMTGAVDMYDACVKRHMYKGKFEFTYVSKSAVIVKTLKTGMR-IVLKSVYGYEIEKINIYHD--RYLIARTTYTLLMGDLDTCK 390

C. reinhardtii VSAASWKPDGSKMTVGSMTGAVDMYDACVKRHMYKGKFEFTYVSKSAVIVKTLKTGMR-IVLKSVYGYEIEKINIYHD--RYLIARTTYTLLMGDLDTCK 390

L. infantum FSAMQWKRDGSRLVTGSVTGSVDVFDCCLRRYRMRGAYEFTYVSHSQVIVKRLASGTR-LVLQSYMGFEIQKVNVYQD--RYLVAHTSATLLLGDLVSHK 391

L. major FSAMQWKRDGSRLVTGSVTGSVDVFDCCLRRYRMRGAYEFTYVSHSQVIVKRLASGTR-LVLQSYMGFEIQKVNVYQD--RYLVAHTSATFFFGDLVSHK 391

Murine LANTELVEHITTALIKGELYERAGDLFEKIRNPQRALECYCKGNAFMKAVELARLAFPVEVVRLEEAWGDHLVQQKQLDAAINHYIEARCSIKAIEAALG 892

A. mellifera ------------VLKITDLMELAGELLEKISEPLEAIKCYSQAGVFARALELSRKVDPTSVVELERDWGKHLVSAGHYDAAINHFIEAGETALALDAAIN 874

C. reinhardtii NWDPALLDSILASLAKAGLYERAGELYEHMSRSSEAMQSYRRGHAYRKAIDLARREFPAEVIIIEEEWGDWLVTQKQMDAAINHFIESGATLKAIKAAID 896

C. reinhardtii NWDPALLDSILASLAKAGLYERAGELYEHMSRSSEAMQSYRRGHAYRKAIDLARREFPAEVIIIEEEWGDWLVTQKQMDAAINHFIESGATLKAIKAAID 896

L. infantum KPEQQLLEAIAAALFKAQVFEAAGDFFDKLHMTDRAIDAYKRGHAFSRAVEYAKTAAPQQVVPLEEAWGDYLVSQKHVDQAINHYNEAGKYGKAVKAALD 937

L. major KPEQQLLEAIAAALFKAQVFEAAGDFFDKLHMTDRAIDAYKRGHAFSRAVEYAKTAAPQQVVSLEEAWGDYLVSQKHVDQAINHYNEAGKYDKAVKAALD 937

Murine FELSRLAFKHKAPEIHLKYAMYLEDEGKFEEAEAEFIRAGKPKEAVLMFVHNQDWEAAQRVAEAHDPDSVAEVLVGQARGALEEKDFQKAEGLLLRAQRP1029

A. mellifera LEIIKYGNTDQKKEVHYRYAMALEDAGRFSEAEKEFIKAERTMEAVQMYIHTRDWEAAEDVAQSINQEAVVQVLIARANEAAEAQDYSLAETLLLRAHKP1213

C. reinhardtii FEMTRAGAKHKLPEVHLKYAMFLEDEGRFAEAEAEFISAGKPKEACDMYMHNQDWDAAMRIAERYDPTMVSEILVSQARVAVERKQWLPAEGLFIKAKRP1235

C. reinhardtii FEMTRAGAKHKLPEVHLKYAMFLEDEGRFAEAEAEFISAGKPKEACDMYMHNQDWDAAMRIAERYDPTMVSEILVSQARVAVERKQWLPAEGLFIKAKRP1235

L. infantum LQWAQLARPAKVPYVYLKYAMHYEDQGDFRMAEDAFIKSGKPREAIDMYVHQHDFTGAMRVAENHDPSAVPHVCAANGRVWFQQGNYKEAEALFLRANAP1285

L. major ----------------------------------------------------------------------------------------------------

Figure 7. Comparative analysis of conserved domains in IFT172 homologs. Multiple alignment of the amino acid 
sequences of IFT172 gene products from Leishmania major (LmjF21.0980) and L. infantum (LinJ21.0860) at GeneDB 
as compared to IFT172 from different organisms, including the murine IFT172 (Mus musculus hypothetical protein, 
intraflagellar transport protein IFT172, NCBI accession No. AAH66096.1), the Apis mellifera IFT172 (intraflagellar 
transport protein IFT172, NCBI accession No. XP_392886.2) and Chlamydomonas reinhardtii IFT172 (Uniprot 
ID Q5DM57 and NCBI  accession No. AAT99263.1). Dark gray shading indicates identical amino acids and light 
gray shading indicates similar amino acid residues. The rectangles denote the location of tetratricopeptide repeat 
domains (residues 899-932 and 1256-1281) and the WD-40 repeats are underlined (residues 7-44, 56-93, 102-143, 
147-184, and 283-320).
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Figure 8. Comparative analyses of IFT27 homologs. Multiple alignment of the amino acid sequences of IFT27 
gene products from Leishmania major (GeneDB ID LmjF29.0090/NCBI accession No. AAZ09460) and L. infantum 
(GeneDB ID LinJ29.0090), as compared to IFT27 from Chlamydomonas reinhardtii (Chlre3/scaffold_1:4778616-
4780328, Chlamydomonas EST database ID Chlre3:129193), Trypanosoma cruzi putative GTP-binding protein 
(GeneDB ID Tc00.1047053510647.60/NCBI accession No. AAR14145), T. brucei small GTP-binding protein 
(NCBI accession No. AAX81064), as well as with the Homo sapiens Rab protein (NCBI accession No. AAH00566) 
and Danio rerio RabL4 family protein (NCBI accession No. AAH86752). Dark gray shading indicates identical 
amino acids and lighter shading indicates similar amino acid residues. The boxes denote the location of G domains 
required for GDP/GTP binding and GTPase activities (as reported by Bourne et al., 1991), which are conserved 
across the Ras superfamily of small G proteins. Four counterparts of specific G domains, as there are five known in 
Chlamydomonas, appear along residues 12-18, 35-39, 58-61, 125-128, and 148-151 as bold, underlined residues. 

H. sapiens

C. reinhardtii   

T. cruzi

T. brucei 

D. rerio

L. major

L. infantum

6  AKCILAGDPAVGKTALAQIFRSDGAHFQKSYTLTTGMDLVVKTVpvp 47

17 cKVAVVGEATVGKSALISMFTSKGSKFLKDYAMTSGVEVVVAPVtip 58

6  LQIAVVGAPAVGKSAFVQMIHSNGMTFPRNYLMTTGCDFVVKEVqvd 47

6  LQVAVVGAPTVGKTAFVQMLHSNGTTFPKNYLMTLGCDFIVKEVpvd 47

6  ARCVVVGDAAVGKSTLCQMFCSDGAVYQKNYTMNVGVELLEKTVpip 47

6  LRVAVVGEPTSGKTAFVQMVHSNGTVFPKNYLMTMGCDFVVKEFald 47

6  LRVAVVGEPTSGKTAFVQMVHSNGTVFPKNYLMTMGCDFVVKEFAdd 47

     G1 P-loop                G2

H. sapiens

C. reinhardtii   

T. cruzi

T. brucei 

D. rerio

L. major

L. infantum

48 dtgdSVELFIFDSAGKELFSEMLDKLWESPNVLCLVYDVTNEESFNN 99 

59 dttvSVELFLLDTAGSDLYKEQISQYWNGVYYAILVFDVSSMESFES 110

48 -denTVEMLIFDIAGQKEYETMVATHVEHAAAIILMYDVSNKVKFEA 98 

48 -ddnTVEMIIFDVSGQREYEPMVSSYLQNTAVFIVMYDVSNKVTFEA 98 

48 dtsdSVELFIYDSAGRELFSDACENVWSQPSVVCVVFDVTSEASFNN 99 

48 -ednTVEVSLLDVAGQRLYDRMTSHYLESVSAFILVYDVSNKATFES 98

47 -dDNTVEVSLLDVAGQRLYDRMTSHYLESVSAFILVYDVSNKATFES 98

                  G3

H. sapiens

C. reinhardtii   

T. cruzi

T. brucei 

D. rerio

L. major

100 CSKWLEKARSqap—-gisLPGVLVGNKTDLAGRR–AVDSAEARAWA 140

111 CKAWFELLKSarpdrerpLRAVLVANKTDLPPQRhQVRLDMAQDWA 141

99  CTRWMNALKHan----sgMIGFLIANKMDLVDKA-EVTERQGTSLA 141

99  CARWVNQVRTns----keSVGILIANKSDLSDKA-EVTDRQGKDLA 141

100 CSRWIDRVQThsh—-glhTPGVLVGNKCDLTSRR–EVDAAAAQAFA 140

99  CRKWVTKARTak----kdMIGFLLGNKMDLADKA-EVTDNQAEVFA 141

L. infantum 99  CRKWVTKARTAKKD----MIGFLVGNKMDLA-DKAEVTDNQAEVFA 140

                                  G4

H. sapiens

C. reinhardtii   

T. cruzi

T. brucei 

D. rerio

L. major

L. infantum

141 LGQGLECFETSVK-EMENFEAPFHCLAKQFH       172

142 TTNTLDFFDVSANpPGKDADAPFLSIATTFY       187

142 SANQMKFYKCSAL-RGVGVREPIEDIARLYV      169

142 NANKMKFYKISTL-RGVGITEPIDEIARHYV       169

141 QTHTLQYHETSAK-EIGHYEAPFLSLAAAFH       172

142 RANQLTFFKCSAL-RGTGTVEPVERLSRMFL       169

140 RANQLTFFKCSALR-GTGTVEPVERLSRMFLEEYQKRLA 177

       G5
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L. major VRNAENVKTPRASLGPSYTPGADAGRGGGGMGQPIENAPHDEAIPVSPSA 75

L. infantum VRNAENVKTPRTSLGPSYAPEADASRGGGGMGQPIENAPHDEAIPVSPSA 75

L. braziliensis VRNAENVGTPRAVLRPSCAEEVTEGRSGG-LGKPIENAPHDEAIPVSPSG 249

T. cruzi VEDALNIPTPRG----KGQGEAG--------GLLLRNAPHDEAIPLSTRG 178

T. brucei VEGMHNVATPRSGLITTESDGAK--------GTMLRNAPHDEAIPVSGHA 151

C. reinhardtii MDDSMDYPDRDGDDLDQFQGTAR--------SQVVQNQPHDEEVNLSESE 42

L. major SQVATPTAMRTGQTMRPDDDDDEREDEGEEDEEETEIDESREYRAEGYAG 125

L. infantum SQVATPMAMRTGQTMRPDDDDDEREDEDEEDEEETEIDEGREYRAEGYAG 125

L. braziliensis SQVATPMTMRTGQMIPPDDDDDDREEEGEEDEEDTELDEGHEYRAEGYAG 299

T. cruzi SSVGTPRKQ-TGEKMGAMAPTDEGS---SADEEAEEVES----QSRGYTN 220

T. brucei ITMDTPKRT-IDVHPGTITNTDDDDDPKSTEEEESVPIG----RTRGYCN 196

C. reinhardtii SFAGADEPPAAPRDASLIESHDMDEGPAAPAR------------TLSPTG 80

L. major QKPTELAEAAPAMQVGDPQLGYNPAKYARINATASREMQELFKQIMEYEP 175

L. infantum QKPTELAEAAPVMQVGDPQLGYNPAKYARINATASREMQDLFKQIMEYEP 175

L. braziliensis QKPIDLTEAAPLMQAGDLQLGYNPAKYSRINATANREMQDLFKQIMKYEP 349

T. cruzi QRPEAIDTEAHLKTNVIPNLEYKPQDYAKINSTASREMQELFKCILDYQP 270

T. brucei PRPEAINLEAEVPETTAPNLGYKPQEYAMVNANASREVQELFKRILDYQP 246

C. reinhardtii YEAGKHAPGGIANSDEAPPGAYNAQEYKHLN--VGEDVRELFSYIGRYKP 128

L. major FAAELPAKLRPFVPDYIPTVGDLDPFVKVPRPDGIPDGLGLEMVDEPAIP 225

L. infantum FAAELPAKLRPFVPDYIPTVGDLDPFVKVPRPDGIPDGLGLEIVDEPAIP 225

L. braziliensis FTAELPAKLRPFVPDYIPAIGDLDPFLKVPRPDGIPDGLGLEMVDEPAIP 399

T. cruzi VIPDLPAKLRPFIPDYVPSIGDLDPFCKISRPDGRPDGLGLFVLDEPSVS 320

T. brucei QTPELPAKLRPFIPDYVPSIGDLDPFCKIPRPDGKPDGLGIYVLDEPSVA 296

C. reinhardtii QTVELDTRIKPFIPDYIPAVGGIDEFIKVPRPDTKPDYLGLKVLDEPAAK 178

L. major QSNPAVVLLELNATNAH--GVAADIVDSLEN-AANRPEVIDRWISDIKKV 272

L. infantum QSNPAVVLLELNATNAH--GVAADIVDSLEN-AANRPEVIDRWISDIKKV 272

L. braziliensis QSNPAVVLLELNATNAH--GVAANIVDSLEN-AANRPEVIDRWISDIKKV 446

T. cruzi QSNPAVVLLELRATNIHSSGGLAEVVDSFED-AANRPEVIDRWIADVKKV 369

T. brucei QSNPAVVLLELRATNIHSVGGLAEAVDSFED-AANRPEVIDRWINDVKKV 345

C. reinhardtii QSDPTVLTLQLRQLSKEAPGAKADMVGRLEHTDENKAKKIQQWIASINDI 228

L. major HYKKALPTVNYQRPMPDIETLMQVWPQQFEEVLNSDVAFPPSHINLDLDQ 322

L. infantum HYKKALPTVNYQRPMPDIETLMQVWPQQFEEVLNSDVAFPPSQINLDLDQ 322

L. braziliensis HYKKALPTVNYQRPMPDIETLMQVWPQQFEEVLNSDVAFPPSNINLDLDQ 496

T. cruzi HYKKPLPTTNYQMPMPEIESLLQVWPPVFEEFLNSDIQFPPPTIDMDLDQ 419

T. brucei HYKKPLPTINYQKPMPEIDLLLQVWPQEFEEFLNSDVQFPPPQIDLDLDQ 395

C. reinhardtii HKAKPAATVNYSKRMPEIEALMQEWPPEVETFLKT-MHMPSGDVELDIKT 277

L. major YVRTLCTILDIPTYSSLIDSLYVMFTLYEEFRSNQHFQHV---------- 362

L. infantum YVRTLCAILDIPTYSSLIDSLHVMFTLYEEFRSNQHFQHV---------- 362

L. braziliensis YVRTLCAILDIPTYSSLIDSLHVMFTLYEEFRSNQHFQHV---------- 536

T. cruzi YVRTLCCILDIPTYNSLVDSLHVMFTLYQEFRANQHFQHE---------- 459

T. brucei YVRALCCILDIPTYTSLIDSLHVMFTLYQEFRANQHFQHE---------- 435

C. reinhardtii YARLVCTLLDIPVYDDPVESLHVLFTLYLEFKNNPIFRQHMEMENKLDGM 327
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25% identity and 49% similarity to the C. reinhardtii IFT81 subunit (UniProt ID: Q68RJ5) and 
30/58% to the D. rerio IFT81 (accession No. AAT39118). These observations are consistent 
with reports that clarify the existence of the IFT complex B core or subcomplex, consisting 
of a more stable set of proteins that includes IFT81, IFT74, and IFT72 (Lucker et al., 2005). 
Combining two-hybrid and three-hybrid analyses, Lucker et al. (2005) showed that IFT81 can 
be routinely cross-linked to either IFT74 or IFT72, whereas they were unable to distinguish be-
tween these two nearly identical proteins. They demonstrated how IFT81 and IFT74/72 inter-
act directly to form a higher order oligomer. We also made detailed alignments and respective 
analyses of Leishmania genes homologous to these proteins (IFT81 and IFT74/72) (data not 
shown); there was enough similarity to assign them as complex B subunits (Table 2). 

Biological significance of the intraflagellar transport complex in Leishmania spp 

A question of attributing functionality to sequence-conserved homologues

The presence of so many IFT subunits in the few Leishmania genomes screened until now 
indicates that, although an IFT complex still needs to be confirmed in Leishmania, it is likely to be 
similar to the one seen in Chlamydomonas. With the advances in genome-related research and the 
computational biology advent, whose analyses have fundamentally changed the nature of research 
strategies, there has been an explosion of new information on all types of proteins, including the 
actin-related and flagellar-associated proteins, their regulation, their roles in signaling and also in 
flagellar assembly and disassembly. Some of these proteins have close homologs in prokaryotic and 
eukaryotic systems, indicating that the mechanisms behind these flagellar mechanisms are probably 
similar across divergent species (Cole, 2003). The observation that most IFT complex components 
have counterparts in Leishmania genomes (Table 2) provides insight into the possible interactions 
between the IFT complex subunits and actin-related proteins, such as kinesin-2, reported to be in-
volved with the assembly and maintenance of all cilia and flagella in eukaryotic cells (Cole et al., 
1998). Knowledge about these flagellar proteins in Leishmania might support the recent suggestion 
that kinesin-2 is needed in cell fusion in order to localize and transport flagellar agglutinins (Rosen-
baum et al., 1999; Iomini et al., 2001). Our understanding of their significance remains limited, 

L. major VRNAENVKTPRASLGPSYTPGADAGRGGGGMGQPIENAPHDEAIPVSPSA 75

L. infantum VRNAENVKTPRTSLGPSYAPEADASRGGGGMGQPIENAPHDEAIPVSPSA 75

L. braziliensis VRNAENVGTPRAVLRPSCAEEVTEGRSGG-LGKPIENAPHDEAIPVSPSG 249

T. cruzi VEDALNIPTPRG----KGQGEAG--------GLLLRNAPHDEAIPLSTRG 178

T. brucei VEGMHNVATPRSGLITTESDGAK--------GTMLRNAPHDEAIPVSGHA 151

C. reinhardtii MDDSMDYPDRDGDDLDQFQGTAR--------SQVVQNQPHDEEVNLSESE 42

L. major SQVATPTAMRTGQTMRPDDDDDEREDEGEEDEEETEIDESREYRAEGYAG 125

L. infantum SQVATPMAMRTGQTMRPDDDDDEREDEDEEDEEETEIDEGREYRAEGYAG 125

L. braziliensis SQVATPMTMRTGQMIPPDDDDDDREEEGEEDEEDTELDEGHEYRAEGYAG 299

T. cruzi SSVGTPRKQ-TGEKMGAMAPTDEGS---SADEEAEEVES----QSRGYTN 220

T. brucei ITMDTPKRT-IDVHPGTITNTDDDDDPKSTEEEESVPIG----RTRGYCN 196

C. reinhardtii SFAGADEPPAAPRDASLIESHDMDEGPAAPAR------------TLSPTG 80

L. major QKPTELAEAAPAMQVGDPQLGYNPAKYARINATASREMQELFKQIMEYEP 175

L. infantum QKPTELAEAAPVMQVGDPQLGYNPAKYARINATASREMQDLFKQIMEYEP 175

L. braziliensis QKPIDLTEAAPLMQAGDLQLGYNPAKYSRINATANREMQDLFKQIMKYEP 349

T. cruzi QRPEAIDTEAHLKTNVIPNLEYKPQDYAKINSTASREMQELFKCILDYQP 270

T. brucei PRPEAINLEAEVPETTAPNLGYKPQEYAMVNANASREVQELFKRILDYQP 246

C. reinhardtii YEAGKHAPGGIANSDEAPPGAYNAQEYKHLN--VGEDVRELFSYIGRYKP 128

L. major FAAELPAKLRPFVPDYIPTVGDLDPFVKVPRPDGIPDGLGLEMVDEPAIP 225

L. infantum FAAELPAKLRPFVPDYIPTVGDLDPFVKVPRPDGIPDGLGLEIVDEPAIP 225

L. braziliensis FTAELPAKLRPFVPDYIPAIGDLDPFLKVPRPDGIPDGLGLEMVDEPAIP 399

T. cruzi VIPDLPAKLRPFIPDYVPSIGDLDPFCKISRPDGRPDGLGLFVLDEPSVS 320

T. brucei QTPELPAKLRPFIPDYVPSIGDLDPFCKIPRPDGKPDGLGIYVLDEPSVA 296

C. reinhardtii QTVELDTRIKPFIPDYIPAVGGIDEFIKVPRPDTKPDYLGLKVLDEPAAK 178

L. major QSNPAVVLLELNATNAH--GVAADIVDSLEN-AANRPEVIDRWISDIKKV 272

L. infantum QSNPAVVLLELNATNAH--GVAADIVDSLEN-AANRPEVIDRWISDIKKV 272

L. braziliensis QSNPAVVLLELNATNAH--GVAANIVDSLEN-AANRPEVIDRWISDIKKV 446

T. cruzi QSNPAVVLLELRATNIHSSGGLAEVVDSFED-AANRPEVIDRWIADVKKV 369

T. brucei QSNPAVVLLELRATNIHSVGGLAEAVDSFED-AANRPEVIDRWINDVKKV 345

C. reinhardtii QSDPTVLTLQLRQLSKEAPGAKADMVGRLEHTDENKAKKIQQWIASINDI 228

L. major HYKKALPTVNYQRPMPDIETLMQVWPQQFEEVLNSDVAFPPSHINLDLDQ 322

L. infantum HYKKALPTVNYQRPMPDIETLMQVWPQQFEEVLNSDVAFPPSQINLDLDQ 322

L. braziliensis HYKKALPTVNYQRPMPDIETLMQVWPQQFEEVLNSDVAFPPSNINLDLDQ 496

T. cruzi HYKKPLPTTNYQMPMPEIESLLQVWPPVFEEFLNSDIQFPPPTIDMDLDQ 419

T. brucei HYKKPLPTINYQKPMPEIDLLLQVWPQEFEEFLNSDVQFPPPQIDLDLDQ 395

C. reinhardtii HKAKPAATVNYSKRMPEIEALMQEWPPEVETFLKT-MHMPSGDVELDIKT 277

L. major YVRTLCTILDIPTYSSLIDSLYVMFTLYEEFRSNQHFQHV---------- 362

L. infantum YVRTLCAILDIPTYSSLIDSLHVMFTLYEEFRSNQHFQHV---------- 362

L. braziliensis YVRTLCAILDIPTYSSLIDSLHVMFTLYEEFRSNQHFQHV---------- 536

T. cruzi YVRTLCCILDIPTYNSLVDSLHVMFTLYQEFRANQHFQHE---------- 459

T. brucei YVRALCCILDIPTYTSLIDSLHVMFTLYQEFRANQHFQHE---------- 435

C. reinhardtii YARLVCTLLDIPVYDDPVESLHVLFTLYLEFKNNPIFRQHMEMENKLDGM 327

Figure 9. Comparative analyses of IFT46 homologs. Multiple alignment of the amino acid sequences of IFT46 
gene products from Leishmania major (LmjF30.1770), L. infantum (LinJ30.2110), L. braziliensis (LbrM17_
v2.0910), Trypanosoma cruzi (Tc00.1047053511751.60), and T. brucei (Tb927.6.3100) at GeneDB, all compared 
to Chlamydomonas reinhardtii IFT46 (NCBI accession No. ABH06907.1). Dark gray shading indicates identical 
amino acids, whereas light gray shading indicates either similar residues among all sequences or identical among 
trypanosomatids. 
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because they have not been genetically characterized regarding trypanosomatid flagellar activity. 
The function of complexes A and B, as well as the contribution of basal bodies and distal structures 
of flagella (Dentler and Rosenbaum, 1977) to IFT mechanisms, have not been identified, not even in 
the advanced studies on Chlamydomonas. Although significant strides have been made in dissecting 
the mechanisms of IFT, it remains a poorly understood process. For instance, the full complement of 
its components is unknown, and the organization, regulation, and specific functions of the IFT ma-
chinery are incompletely understood (reviewed by Blacque et al., 2006). It is widely accepted that 
gene function can be predicted by identifying, in silico, pairs of genes whose evolution is correlated 
between organisms, or whose homologs are fused into a single gene in other organisms (Koonin and 
Galperin, 2002). Although many genomes have been sequenced, the precise identification of genes 
that are expressed is still a work in progress for most organisms, because the sequence features that 
govern transcription, splicing and translation are not fully understood (reviewed by Carpenter and 
Sabatini, 2004). However, functional categorization of genes that are found in genome screenings 
(as we have done here) can demonstrate regulators of (or contributors to) cellular processes, as we 
have attempted for IFT in Leishmania. Using a simple combination of computer methods for inter-
active database searches and refined multiple sequence alignments, we showed that gene products 
related to IFT in Leishmania spp are highly conserved and can be regarded as components of the 
IFT complex. Considering the very high sequence homology and structural similarities among the 
putative Leishmania and Trypanosoma orthologs of IFT subunits and a number of other IFT com-
plex subunits from several species (Figures 2-5,7,9), we suggest that they are functional homologs 
of IFT-complex components. 
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