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Supplementary Results 
 

Identification of LAP orthologs:  LAP orthologs were primarily identified through best 

reciprocal BLAST1 (BRB) and iterative HMMER2 searching of the predicted 

proteomes.  However, as LAP sequences were incomplete or absent from many 

Kinetoplastid organisms we performed additional searches against genome 

sequences, alternative strains and assemblies and analysed raw read data.   

The L. donovani LAP71 ortholog is missing the N-terminal region due to a 

mispredicted start site, which is rectified by an upstream in-frame methionine.  We 

were unable to identify a S. culicis ortholog from the predicted proteome, however, 



tBLASTn searches against the S. culicis TCC012E assembly (GCA_000482145)3, 

identified a full-length LAP102 ORF.  No A. deanei LAP102 ortholog was initially 

identified in the predicted proteome, however, batch_brb4 searching using the E. 

monterogeii LAP102 ortholog as query and relaxed coverage (20%) against the 

updated A. deanei assembly (GCA_903995115)5 identified a highly divergent putative 

LAP102 ortholog.   

We were unable to detect a T. cruzi LAP73 ortholog in the Dm28c strain, 

however, a full-length ortholog is present in the TCC strain (GCA_003177095.1)6.  The 

predicted protein sequence for the Phytomonas sp. Hart1 LAP73 ortholog is missing 

the N-terminal, this is due to a misprediction of the start site, using an upstream in-

frame methionine results in a full-length ORF and a Nup53-type RRM can be detected.  

We were unable to identify a LAP73 Phytomonas sp. EM1 ortholog from the predicted 

proteome, searches against the genome identify an orthologous region although the 

C-terminal of the protein appears to be missing likely due to an unsequenced region 

located directly downstream.  As there were multiple possibilities for the Phytomonas 

sp. EM1 ORF start site we predicted the start based on conservation with the 

Phytomonas sp. Hart1 start site.   

The B. ayalai LAP92 ortholog is missing the N-terminal due to a misprediction 

of the start site, utilizing an upstream in-frame methionine rectifies this.  We were 

unable to identify an E. monterogeii LAP92 ortholog from the predicted proteome, 

tBLASTn searches against the genome identifies an orthologous region in the genome 

producing a single full-length ORF. 

The S. culicis LAP102 ortholog is missing the C-terminal and contains an 

unsequenced region, however, a full-length LAP102 ORF was identified in the S. 

culicis TCC012E assembly (GCA_000482145)3.  The E. monterogeii LAP102 is 

encoded by two adjacent genes.  Analysis of the RNA-seq reads from Albanaz et al.7 

identifies an insertion in the E. monterogeii genome (52142 C), correction of this 

results in a single LAP102 ORF.  As the P. confusum LAP102 candidate 

(PCON_0077700) contains large additional N and C-terminal regions (relative to the 

other kinetoplastid orthologs) and a large unsequenced region, we processed and 

assembled the polyA RNA-seq reads from Skalický et al.8.  Searching the assembled 

transcriptome using batch_brb we were able to identify a single LAP102 candidate.  

Translation of this transcript identified seven candidate starting methionines, with four 



possessing a candidate upstream splice leader site9.  We therefore predicted the start 

site based on conservation with other kinetoplastid sequences.   

A second T. brucei sequence is predicted for LAP333, but as it contains only 

the N-terminal of the protein and is in the genome bin it is likely due to sequencing/ 

assembly errors.  Two orthologs are predicted in T. cruzi Dm28c for LAP333, these 

genes are adjacent in the assembly and comparison of these to the TbLAP333 

sequence shows one is the N-terminal and the other is the C-terminal of the protein.   

A single gene is predicted in an updated T. cruzi Dm28c genome assembly 

(GCA_002219105; BCY84_22033)10–12 and a single gene is predicted in the T. cruzi 

CL Brener Esmeraldo-like strain. ((GCA_00209065.1)13,14, suggesting the fragmented 

prediction is due to sequencing/assembly errors.  In Phytomonas sp. Hart1 the N-

terminal is missing from the predicted LAP333 ortholog.  tBLASTn searches of the 

genome identified the N-terminal in a different reading frame separated from the 

remainder of the gene by an unsequenced region.  No Phytomonas sp. EM1 ortholog 

could be identified in the predicted proteome, tBLASTn searches of the genome 

identified regions of homology across different reading frames which are separated by 

unsequenced regions.    The S. culicis predicted ortholog is missing the C-terminal.  

While searches of the S. culicis genome identified more of the sequence, the contig 

ends before the C-terminal of the sequence.  We were instead able to identify a full-

length sequence in the TCC012E S. culicis assembly (GCA_000482145)3.  Initial 

searches against the predicted proteome from A. deanei identified a partial LAP333 

ortholog.  tBLASTn searches against the updated A. deanei assembly 

(GCA_903995115)5 showed a region of homology to LAP333 which is predicted as 

four partial adjacent ORFs and no predicted ORF covering the N-terminal region.  The 

absence of an N-terminal ORF is due to a misprediction of the start site for 

ADEAN_000926000, while analysis of the llumina genome reads from Davey et al.5 

identified several indels (LR877166: 368562, (370304,5), 370880, 370227, 370235, 

370238, (370248,9), (370256,7)) leading to the fragmented gene prediction.  

Correction of these produces a single ORF which is supported by the identification of 

a full-length LAP333 ortholog in an alternate A. deanei assembly (GCA_00165986515; 

Scaffold3003_contig_10:15021-24341 (LXWQ01000889)).  In B. saltans LAP333 is 

predicted to be fragmented into two adjacent genes.  Analysing the RNA-seq reads 

from Jackson et al.16 we identified multiple regions of poor mapping against the 

genome.  We reassembled the transcriptome with Trinity17 and analysed with 



batch_brb4, identifying three transcripts encoding full-length LAP333 orthologs in B. 

saltans.  Alignment of these to the genome identifies several indels in the genomic 

sequence (Supplementary Figure S27). 

To confirm kinetoplastid restriction of LAP333 we performed additional BRB 

searches against the EukProt TCS database18 (excluding Nonionella stella) (Figure 5, 

Supplementary Figure S16).  We found the T. brucei, T. cruzi and L. major hits 

previously identified in addition to two partial T. cruzi LAP333 orthologs (P017989 and 

P008050) reflecting the Non-Esmeraldo haplotype13 N and C terminals of LAP333.  

We were unable to identify orthologs in the early-branching Neobodo designis or any 

of the other Discoba organisms.  We identified partial orthologs in TSAR organisms 

Telonema sp. P-2, Colponema vietnamica and Colponemidia sp. Colp-10 – 

orthologous to the C-terminal of LAP333 and containing at least one C-terminal 

transmembrane domain.  Using Telonema sp. P-2 as query for BRB, further putative 

orthologs were identified in T. subtile, and Telonema sp. P-2.  However, as these 

organisms were cocultured in the presence of kinetoplastid organisms (Procryptobia 

sorokini for Telonemia19 and Parabodo caudatus for Colponemidae20) the detection of 

partial LAP333 orthologs likely represents contamination.  Furthermore, these results 

suggest the presence of a partial LAP333 in Parabodonida although further work will 

be required to confirm this is a full-length gene.   

A second LAP59 sequence is predicted in T. brucei, however, as the N-terminal 

is missing and the sequence is located in the genome bin, it is likely this is due to 

sequencing/ assembly errors.  We were unable to identify a full-length S. culicis 

ortholog due to unsequenced regions and the end of the contig in two respective S. 

culicis assemblies (GCA_00044249521 and GCA_0004821453), however, a full-length 

sequence is present in the related Strigomonas galati (GCA_000482125.1)3 which 

contains two N-terminal transmembrane domains and a C-terminal cytochrome B561 

domain.  The A. deanei and E. monterogeii predicted proteins (EPY21985 and 

EMOLV88_060005900 respectively) are missing the N-terminal trans-membrane 

domains, due to a misprediction of the start site.  Correction to an upstream in-frame 

Methionine identifies the N-terminal trans-membrane domains (two in A. deanei and 

one in E. monterogeii). We were unable to identify an Alveolate LAP59 ortholog by 

sequence searching, however, two putative orthologs were identified in the ciliate 

Stentor coeruleus (A0A1R2AVT9 and A0A1R2CN18) by searching the InterPro 

database22 for Alveolate proteins containing N-terminal transmembrane domains and 



a C-terminal cytochrome B561-related domain (IPR019176).  These sequences 

identified LAP59 orthologs in reverse BLAST and the C-terminal domains of the 

AlphaFold23,24 structures align to the T. brucei LAP59 C-terminal domain (RMSD 1.31 

and 1.28 respectively). 

Due to the presence of a Sac3 domain in LAP173, additional filtering of short 

sequences (< 1000 aa) was performed to prevent misidentification of Sac3 domain 

containing proteins as LAP173 orthologs. We were, therefore, unable to initially 

identify orthologs in T. cruzi, S. culicis or A. deanei.  However, additional searching of 

alternative strains did identify full-length sequences in the S. culicis TCC012E 

(GCA_000482145)3 and T. cruzi CL Brener Esmeraldo-like (GCA_00209065.1)13,14 

strains.  For A. deanei tBLASTn searches against the updated assembly 

(GCA_903995115)5 identified a region of homology partially covered by two predicted 

genes.  Analysis of the genomic reads from Davey et al.5 identified several indels 

(LRR877162: 97187, (98387, 98388), 98642, 100294) in the genomic sequence, 

correction of which resulted in a full-length gene prediction.  No orthologs were 

identified in Phytomonas sp. despite additional tBLASTn searches against their 

genomes.   
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Supplementary figure legends 
 
Supplementary figure S1: LAP71 and LAP92 AlphaFold predictions.  LAP71 (A) 
and LAP92 (B) structures were predicted using the DeepMind monomer Colab 

notebook23–25 with default settings.  Structures are coloured by pLDDT where dark 

blue is very confident (pLDDT > 90), cyan is confident (90 > pLDDT > 70), yellow is 

low confidence (70 > pLDDT > 50) and orange is very low confidence (pLDDT < 50). 

pLDDT and predicted aligned error plots are shown for each structure.   

 
Supplementary figure S2: LAP333 globular regions used for structural 
predictions with AlphaFold DeepMind monomer models.  The LAP333 protein 

sequence was analysed using the default settings of GlobPlot26 to determine the 

globular regions to use these for AlphaFold23,24 predictions without the relaxation 

stage. Uppercase letters indicate globular regions predicted by GlobPlot26.  Coloured 

boxes indicate sequences used for AlphaFold23,24 DeepMind monomer predictions25. 

 

Supplementary figure S3: LAP333 AlphaFold DeepMind monomer models.  
AlphaFold DeepMind monomer model23–25 was used to predict the structure of 

LAP333 fragments (Supplementary Figure S2).   Structures are coloured as 

Supplementary figure S1. pLDDT and predicted aligned error plots are shown for each 

structure.   

 

Supplementary figure S4: LAP333 globular regions used for structural 
predictions with AlphaFold ColabFold monomer models.  The LAP333 protein 

sequence was analysed using the default settings of GlobPlot26 to determine the 

globular regions to use these for AlphaFold23,24 predictions without the relaxation 

stage. Uppercase letters indicate globular regions predicted by GlobPlot26.  Coloured 

boxes or black outlines indicate sequences used for AlphaFold23,24 ColabFold 

monomer predictions27. 

 

Supplementary figure S5: LAP333 ColabFold monomer models.  AlphaFold 

ColabFold monomer model23,24,27 was used to predict the structure of LAP333 

fragments (Supplementary Figure S4).   Structures are coloured by pLDDT as 



Supplementary figure S1. pLDDT and predicted aligned error plots are shown for each 

structure.   

 

Supplementary figure S6: LAP333 DeepMind and ColabFold multimer models.  
AlphaFold23,24 DeepMind25 and ColabFold27 multimer28 models were used to predict 

the structure of LAP333.   Structures are coloured by pLDDT as per Supplementary 

figure S1. pLDDT and predicted aligned error plots are shown for each structure.   

 

Supplementary figures S7, S8: LAP333 DeepMind and ColabFold multimer PAE 
plots with domains respectively.  Identified LAP333 domains were plotted onto the 

AlphaFold23,24 DeepMind25 and ColabFold27 multimer28 models predicted aligned error 

plots.  Red lines indicate region boundaries.  Coloured boxes along the scales indicate 

the type of domain identified.  Orange: signal peptide, yellow: Ig-like or a/b fold, green: 

Ig-like fold, black: possible Ig-like fold, blue: coiled-coil, pink: region containing three 

trans-membrane domains.  Nuclear localization signal is not shown.  Graphs show the 

low confidence of interdomain interactions. 

 

Supplementary figure 9: Cell cycle analysis of LAPs.  (A) Procyclic transcription 

data for the LAPs from Archer et al.29, showing that expression of LAPs is fairly 

consistent across the cell cycle.  LAP92 – a basket Nup which has moonlighting 

involvement with the mitotic spindle30 – is included for reference. (B) Bloodstream 

RNA interference target sequencing (RIT-seq) cell cycle data for the LAPs from 

Marques et al.31 showing that LAPs don’t show major cell cycle defects.  NUP-1 (a 

known disruptor of the cell cycle)32, NUP-2 and Nup92 are included for reference.   

 

Supplementary figures S10, S11, S13, S17: Phylogenetic analysis of the LAPs.  
Predicted orthologs were phylogenetically analysed using MrBayes33 and PhyML34.  

Resulting trees were combined into a single tree.  Node values show the MrBayes33 

posterior probabilities and PhyML Bootstrap. – indicates differing topology between 

the two methods.   
 

Supplementary figure S12: Alignment of LAP73 orthologs with S. culicis 
homolog.  Predicted LAP73 orthologs and homologs were aligned with MUSCLE35 



and visualized in Jalview36 with the Clustal colour scheme.  Box shows the predicted 

T. brucei LAP73 Nup53-type RNA recognition motif.  Alignment shows limited 

conservation of the S. culicis sequence, making its assignment as a LAP73 ortholog 

unclear. 

 

Supplementary figure S14: LAP102 phylogeney.  Predicted orthologs were 

phylogenetically analysed using MrBayes33 and PhyML34.  Resulting trees were 

combined into a single tree.  Node values show the MrBayes33 posterior probabilities 

and PhyML Bootstrap.  E. monterogeii is represented by the illumina corrected 

genome sequence.  P. confusum is represented by the ORF predicted from the 

Trinity17 assembled transcript TRINITY_DN2138_c0_g1_i2 using a Kinetoplastid 

conserved start site.  Due to the high levels of conservation the editing frequency was 

decreased (gaps allowed in 75% of sequences) to improve phylogenetic signal. 

 
Supplementary figure S15: Alignment of LAP102 orthologs showing P. 
confusum insertions.  Predicted LAP102 orthologs and homologs were aligned with 

MUSCLE35 and visualized in Jalview36 with the Clustal colour scheme.  E. monterogeii 

is represented by the illumina corrected genome sequence.  P. confusum is 

represented by the ORF predicted from the Trinity17 assembled transcript 

TRINITY_DN2138_c0_g1_i2 using a Kinetoplastid conserved start site.  Alignment 

shows large P. confusum insertions relative to other Kinetoplastid sequences. 

 
Supplementary figure S16: LAP333 phylogeny.  Predicted orthologs were 

phylogenetically analysed using MrBayes33 and PhyML34.  Resulting trees were 

combined into a single tree.  Node values show the MrBayes33 posterior probabilities 

and PhyML Bootstrap.  B. saltans is represented by the Trinity17 assembled transcript 

TRINITY_DN4963_c0_g1_i6, A. deanei is represented by the illumina corrected 

genome sequence.  Phytomonas sp. EM1 and Hart1 were excluded from phylogenetic 

analysis due to the presence of large unsequenced regions. 

 
Supplementary figure S18: LAP173 phylogeney.  Predicted orthologs were 

phylogenetically analysed using MrBayes33 and PhyML34.  Resulting trees were 

combined into a single tree.  Node values show the MrBayes33 posterior probabilities 



and PhyML Bootstrap.  A. deanei is represented by the illumina corrected genome 

sequence. 
 
Supplementary figure S19: LAP173 alignment.  Predicted ortholog sequences were 

aligned using MUSCLE35 and the alignment was visualized using Jalview36.  Colours 

are the Clustal colour scheme.  A. deanei is represented by the illumina corrected 

genome sequence.  The alignment shows conservation of the Sac3 domain and C-

terminal region across the eukaryotes supporting the identification of the kinetoplastid 

sequences as possible Sac3 orthologs. 

 

Supplementary figure S20: Colocalization of the LAP protein cohort with the 
NPC. Pearson’s correlation coefficients for the colocalization of selected LAPs with 

FG nups of the NPC were calculated for regions of interest surrounding the nucleus 

using the BIOP JACoP plugin37 in FIJI38.  Values greater than 0.6 (dashed line) or 

below -0.6 (dashed line) indicate positive and negative correlations respectively (and 

thereby colocalization or exclusion respectively).  Table indicates the number of cells 

counted for each stage of the cell cycle.  For post mitotic cells both nuclei were 

assessed resulting in the graph showing double the cell number (indicated as a “*” in 

the table).  The data indicates some colocalization of LAPs 71 and 102 with FG Nups 

while no colocalization is seen between LAP73 and the FG Nups. 

 

Supplementary figure S21: Colocalization of selected LAPs with NUP-1. 
Pearson’s correlation coefficients for the colocalization of the LAPs with NUP-1 were 

calculated for regions of interest surrounding the nucleus using the BIOP JACoP 

plugin37 in FIJI38.  Values greater than 0.6 (dashed line) or below -0.6 (dashed line) 

indicate positive and negative correlations respectively (and thereby colocalization or 

exclusion respectively).  Table indicates the number of cells counted for each stage of 

the cell cycle.  For post mitotic cells both nuclei were assessed resulting in the graph 

showing double the cell number (indicated by a “*” in the table).  The data indicates 

there is some colocalization of the LAPs with NUP-1 although this is lost for LAP102 

during post mitosis and only present for LAP73 during interphase. This is consistent 

with the previously described relocalisation of NUP-1 during mitosis to the distal 

regions of the separating daughter nuclei32. 

 



Supplementary figures S22 – 25: AlphaFold multimer modelling of LAP333 
DeepMind fragments with LAP59.  AlphaFold DeepMind multimer25,28 was used to 

predict the interactions between LAP333 fragments and LAP59.  LAP333 fragment 

sequences used were the LAP333 DeepMind monomer fragment sequences.  (A) 
LAP333 fragment complexed with LAP59 with colours indicating protein (brown: 

LAP333, blue: LAP59).  (B) LAP333 fragment complexed with LAP59 with colours 

indicating pLDDT as per Supplementary figure 1.  For (A) and (B) ‘ indicates LAP59.  

(C) pLDDT plots for LAP333 fragment and LAP59.  (D) predicted aligned error plot 

where the red lines indicate the end of the LAP333 fragment.  

 

Supplementary figure S26: Electrostatic and hydropathy properties for the 
LAP333 F2B and LAP59 interaction site.  (A) Surface electrostatic charge for the 

LAP333 F2B and LAP59 interaction site was calculated using the PyMOL39 APBS40,41 

plugin.  LAP333 F2B model shown in brown, LAP59 model shown in blue.  Images 

show the LAP333 F2B interaction site is primarily negative while the LAP59 interaction 

site is primarily positive.  (B) Surface hydropathy for the LAP333 F2B and LAP59 

interaction site was calculated using the color_h PyMOL script42,43.  LAP333 F2B and 

LAP59 models coloured as per (A).  Images show the interaction site for both 

molecules are primarily hydrophobic. 

 

Supplementary figure S27: Alignment of B. saltans LAP333 transcripts against 
the genome.  The three LAP333 B. saltans transcripts identified by batch_brb4 

searching the Trinity17 assembled B. saltans transcriptome were aligned to the B. 

saltans genome (CYKH01000671:26230-35710) using MAFFT44 and visualized in 

Jalview36 with the Nucleotide colour scheme.  Alignment shows several indels in the 

genomic sequence relative to the Trinity assembled transcripts.   

 

Supplementary table legends 
 
Supplementary table S1: List of organisms and sources used for the phylogenetic 

analysis of the LAPs. 

 
Supplementary tables S2, S3: ESI LC-MS results for the analysis of total sample for 

NUP-1 and NUP-2 co-immunoprecipitation experiments respectively.  



 

Supplementary tables S4: NCBI CDD search45, Phobius46,47 and TMHMM48 were 

used to predict the domains for LAP59.   

 
Supplementary table S5: List of LAP orthologs identified.   

 
Supplementary table S6: Protein sequences of LAP orthologs. 
 
Supplementary tables S7: ESI LC-MS results for the analysis of total sample for 

LAP102. 
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tmtrvvgdgv lsrppfaflt vsviiaalat hafveasvea tphnlselne qlfksseflv pnvssspcsv hhgcpHASMV WATGTFTAPD VLTPASFLVS ANLTLQLNLC CGYKFNGRLL REQSRYDTFL YDLLRSTPFH 
TLTLGEKRRM FPRDRVVIFD TQRQPPHRYE SSHVPSAEEM QRGNDGDGDV IVLVTGAVGP Girrvplqqp ptttalnlpl sglrggfdmp lgsrtgnssv gsgsavdgAV GTSADIQLRV SNVAIKCKCP HTLLVMPVLH 
ARPDTLPPIS IVGLGSHCGV GQKLRSVTPE MDVKGKVLRQ PVIQLANGGW AASLTLQPAL LPATLVHWII TDTTAVTGAA NAVLNVSLYT ALREEVEGSG MVQPQITTSG YFSVIPHHTY NVMVTVSRGA ATQTLSGLFV 
LRLPLTLEGK AAQFSNVTQP HFGVGRRLRL SRITREREEL KQAFAMLPDE GRPSHTGYWI RTQTSdevrg sdgspphvph npfSEAFVWY PLTVGRNVLS YYVRDMDEVC EPVLLEMQEL WAVQALLLEP VTSPVTVCDD 
RISLEAFELR GLLETMRSRQ RMLIRLAGDL PWEDLARSGG TQEVVEGHFK CTesgvgpcr iatgmggshf gvlqmlkrgv aelmwvvrve vdtsylqhie qlrqrqgsdv vdddndnegp fggfldpsls RVISSDGRLT 
VIEVRSPSVL IVRRMSALPR RVDVKLPMHE RRLTVRPPHP VIGQHEESLD ERDKDTDIQI TGRWVVNPPI SLISVDETYA AELNTSAVPN IRQVLPEGTL QFIAEDPGEA VQDKLLAAPY TSRCPPRVVE YIVSLVAVPA 
PPVAPEFVPV YTEDGCVALS PPREPQKDEE VRWDIRPCQE ASAPPYFSKE KQKVDLTKGY NGSADALVVV CGVEVDRWCE AMWSARNLVG SVTQTFSLRR CQRPPHLlfh kfsggdrrgs gspidtlalp svewldggit 
tgdesqhtvt rsgdnsnttd etmvhheaqp ryfarrvipi agyaaavhyt fnysgsqgdy evdfayehda ahqlhvtash fartglavsd drsgksdepn tftdpddsaa attagplllr rfvrpptvgv sgshehgsng 
kdnnegIFSD EAAYWEMERH HRDYNIDREC DARFSHNNSQ TGQYMQLHGL SNSSNYPFQY NVRLSLAAVA AAAELPSRKG AAAEFARRGM CLSRPGNISF LALNPRGLVD VIGVRDIAFC ESTFNFSRHP WLHTKYHYDF 
TWTCENTATG RSSTDSNTAD GVMMVEKRSP TFSILYQGSA GATPCKLTVY NALTETLESE TFMLKRVHPA PVTLNFSVls dnwapgncpm rrsgrqsnsf gsqsrttagk eggeplgkhq sSAAGMRTHW IVGKRAVLHV 
DAPADGRTSQ WRAVTVVPAE TTSVGTQRLL DSIQIIPLRQ PHPRAILRGA GGATVLLNNI RVPGMYTLSH QHLDPVHPNV CPNVTVTETL HVTHARVLEN ELTVCGDTAV LTAAPLPQAI NCSFTTRWEV VSVQTADNIT 
LTDETNFSGI KFEDVSSPHT VVKGLPFGIV TVRWSVYASA RTTDDDERRQ KGQPGILVDY DTVRLLVLTE NLRTTRLVTL SSSVEMLITG STLGWVLVEP ADRRASALLS ARDPTLRVGR VYKnqttsgi ggggnnsgrs 
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TRWSDIKVDN SRQCISFTVI ATEHHLQSKE VSHHLFLAQE HLSMSQPCHH TGGDFVPSEV IEGASTWSVG GSAEDSSWFR FRSRPAAEAS DGLSKFLPFM NPSTLVREDR AMRPLLGQLG VADIVASELD ISERTYMHWE 
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ICGTNISVTS TAPASLVLFS RVEVMDEPPA VGASPPAIKQ CEVEGRVPTI FINVSGTRFV SGGAFPPQNV LLEELQNPDv ieegggpegs tagVGLASCL AQMRAGMDVS VDSATRKHLR LQLSPCPSFQ MLSPIEYNEQ 
QESGQLLKRL QLPRLLRITM RDALVQDSHT QGRTTISFVV EVRPTLALLH LRSLPSQGDS LPVVWAATGR KRPLLLCEAD MRRKGVELGV ELIGDTWNEH Vgedeegaan pgdygyssdd ydadddsnap ivegsggwav 
vnagsslntr rlrpgqsegr sragvgkRKR SPHSVALLNS FSIVEHHSFD SVHHLFLQQG GVYRSHFVSY FFSEVLKDPG NGQQQRLIYR YNDTFIGVRI TSERNMQKDT LSSGTHDKYY MGASLVVDDG TNLLPPIRPF 
STIEEILFAV PGIATECQGC LLADSTFFVA GDLTGLWSSP SMLQTRYLQS SQPARSTFSA PLRIPFYDAA VVPREWRFTT MCPTAALVAL RSLWHSWNNQ GVQPFLVMEL VVYSLRDMLG GEVPLARRPA AILTSVSVPL 
GHLLKQTHVK TAQGEEMIPE IMFNVNTSAA ARAYAMMAAD FVRYGRAHVH SVHDYVRDEP QSGGALAVNG SVFLKVCVPA iphsstrgdg tpsqvnldPQ CSVVSFTHSL LLMEEPYAGA PYASWYRILW GLIYYPLLLL 
HHVVTAVVGY AALQQLPVRR LLLLRSPQDL HTASIGLTTM LFVALLFLCP LVEWLWVSLV LSLWAFVLYH ERRLATAIVM IIHGLLWTFI L
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tmtrvvgdgv lsrppfaflt vsviiaalat hafveasvea tphnlselne qlfksseflv pnvssspcsv hhgcpHASMV WATGTFTAPD VLTPASFLVS ANLTLQLNLC CGYKFNGRLL REQSRYDTFL YDLLRSTPFH 
TLTLGEKRRM FPRDRVVIFD TQRQPPHRYE SSHVPSAEEM QRGNDGDGDV IVLVTGAVGP Girrvplqqp ptttalnlpl sglrggfdmp lgsrtgnssv gsgsavdgAV GTSADIQLRV SNVAIKCKCP HTLLVMPVLH 
ARPDTLPPIS IVGLGSHCGV GQKLRSVTPE MDVKGKVLRQ PVIQLANGGW AASLTLQPAL LPATLVHWII TDTTAVTGAA NAVLNVSLYT ALREEVEGSG MVQPQITTSG YFSVIPHHTY NVMVTVSRGA ATQTLSGLFV 
LRLPLTLEGK AAQFSNVTQP HFGVGRRLRL SRITREREEL KQAFAMLPDE GRPSHTGYWI RTQTSdevrg sdgspphvph npfSEAFVWY PLTVGRNVLS YYVRDMDEVC EPVLLEMQEL WAVQALLLEP VTSPVTVCDD 
RISLEAFELR GLLETMRSRQ RMLIRLAGDL PWEDLARSGG TQEVVEGHFK CTesgvgpcr iatgmggshf gvlqmlkrgv aelmwvvrve vdtsylqhie qlrqrqgsdv vdddndnegp fggfldpsls RVISSDGRLT 
VIEVRSPSVL IVRRMSALPR RVDVKLPMHE RRLTVRPPHP VIGQHEESLD ERDKDTDIQI TGRWVVNPPI SLISVDETYA AELNTSAVPN IRQVLPEGTL QFIAEDPGEA VQDKLLAAPY TSRCPPRVVE YIVSLVAVPA 
PPVAPEFVPV YTEDGCVALS PPREPQKDEE VRWDIRPCQE ASAPPYFSKE KQKVDLTKGY NGSADALVVV CGVEVDRWCE AMWSARNLVG SVTQTFSLRR CQRPPHLlfh kfsggdrrgs gspidtlalp svewldggit 
tgdesqhtvt rsgdnsnttd etmvhheaqp ryfarrvipi agyaaavhyt fnysgsqgdy evdfayehda ahqlhvtash fartglavsd drsgksdepn tftdpddsaa attagplllr rfvrpptvgv sgshehgsng 
kdnnegIFSD EAAYWEMERH HRDYNIDREC DARFSHNNSQ TGQYMQLHGL SNSSNYPFQY NVRLSLAAVA AAAELPSRKG AAAEFARRGM CLSRPGNISF LALNPRGLVD VIGVRDIAFC ESTFNFSRHP WLHTKYHYDF 
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