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Methods

Trypanosome in vitro culture: Bloodstream form Trypanosoma brucei MITat 1.2 (Lister
427) were grown at 37°C in HMI-9 with supplements as previously described. Cell
numbers in cultures were monitored using a Z1 Coulter Counter as previously described
(Gabernet-Castello et al., 2009).

Recombinant DNA manipulations: All primer sequences used in the study are given in
Table S4. RNAIi in BSF was performed using a recombinant p2T7 plasmid containing a
~250bp long fragment of the relevant TbTBC gene. The TbTBC ORF sequence was
obtained from geneDB, and analyzed using RNAit (Redmond et al., 2003); a 250bp
region that would ensure specificity for down-regulation was identified and was PCR
amplified from BSF genomic DNA and cloned into p2T7TAblv using the Eaml1051 sites.
p2T7TAblu RNAI plasmids were digested with Notl before transfection into BSF SMB
cells. All constructs were sequence verified prior to use in transfections.

Yeast two hybrid analysis: TBC and Rab proteins were expressed in S. cerevisiae using
the Matchmaker III system (Clontech), with TBCs as the target constructs and Rabs as
baits. Sequences were PCR amplified from genomic DNA isolated from 7. brucei brucei
strain 427 (note: trypanosomes lack conventional cis-acting introns, primer sequences are
given in Table S4). For Rabs the entire ORF was used and cloned into pGBKT?7. For
TBCs only the TBC domain was used, as predicted by pfam and CCDB searches,
together with alignments of the relevant regions (Figure S8), and cloned into pGADT7-
AD. An initial analysis using wild type sequences failed to identify any significant
interactions. To increase affinity of interactions between the TBC and Rab constructs, the

glutamine of the ‘Q-finger’ was mutated to alanine for predicted catalytically-active



trypanosome TBCs as described (Pan et al., 2006), while Rabs were mutagenised to the
GTP-locked form, i.e. glutamine to leucine substitution in the DTAGQE sequence.
Mutagenesis was performed using PCR of the entire plasmid, and the critical insert
regions of all constructs were sequenced and validated using dye-deoxy Sanger
sequencing prior to use. S. cerevisiae were transformed and selected on triple dropout
(TDO) SD plates (-Leu/-Trp/-His) and allowed to grow for three days as described by
the manufacturer (Clontech).

Quantitative real-time PCR: Total RNA from T. brucei cells was extracted using the
Qiagen RNeasy mini kit. Synthesis of cDNA was performed in a 25 pl reaction volume
with 2 ug RNA and oligo dT primers using the superscript 1l reverse transcriptse kit
(Stratagene). Further, PCR amplification was performed either under standard PCR
conditions or in a reaction mixture containing cDNA and 1Q-SyBr-green supermix using
a mini-opticon instrument (BioRad). Typically telomerase and/or B-tubulin were included
as controls for data normalization.

Protein electrophoresis and Western blotting: SDS lysates from 1x10¢ — 1x107 cells were
separated on 12% SDS-polyacrylamide gels and wet-blotted onto PVDF membrane
(Immobilon, Millipore, Bedford, MA), blocked with 5% milk in TBS-T (Tris-buffered
saline, 0.5% Tween 20) for two hours at room temperature and probed with antibody to
TbRab5SA at 1:1000, TbRabl1 at 1:1000 and BiP at 1:10000 in 1% milk followed by
HRP-conjugated goat anti-rabbit IgG (Sigma) at 1:10 000 dilution in 1% milk in TBS-T.
Detection was by chemiluminescence and exposure to X-ray film (Kodak BioMax MR).
Immunofluorescence: Trypanosomes were harvested by centrifugation, washed with PBS
and fixed with 4% PFA in ice-cold vPBS. Immunofluorescence was performed as
described with modifications (Field et al., 2004). Staining was with primary antibody
concentrations of anti-TbRab5SA at 1:200 and anti-TbRabll at 1:200 and secondary
antibody anti-rabbit Cy3 (Sigma) at 1:1000. Specimens were analyzed on a Nikon
Eclipse epifluorescence microscope equipped with a Hammamatsu CCD camera and data
collected in Metamorph under non-saturating conditions (Molecular Devices). For
presentation only, acquired gray scale images were false-colored, enhanced and

assembled in Adobe Photoshop CS (Adobe Systems Inc); quantitative analysis was



performed on the raw data. Cells were counterstained with 4',6-diamidino-2-phenylindole

(DAPI) to visualise the nucleus and kinetoplast.
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Supplementary figure legends

Figures S1 to S5: Supergroup-specific phylogenetic reconstructions of TBC
evolution. Phylogenetic reconstructions were generated by Bayesian inference and
maximum likelihood analysis using a multiple alignment of the TBC domains found in
each supergroup. Reconstructed clades are shown with gray shading and systematically
named using a controlled nomenclature. Ribbons to the right show the domain
architectures of the overall proteins containing the TBC domains using the same
symbolic conventions as in Figures 2 and 3 and tick marks above the TBC domain
represent the positions of R and Q catalytic residues. Domains are drawn approximately
to scale and proteins are shown N-terminal leftmost. Figures are S1; Opisthokonta, S2;
Amoebozoa, S3; Archaplastida, S4; SAR and S5; Excavata. Bootstrap and posterior
probability support values are given for MrBayes/PhyML/RAXML and iconised by

varying shades of gray-scale circles using the key at top left. Bar is genetic distance.

Figure S6: Sequence comparisons of the putative R and Q catalytic sites and
surrounding residues in those TBC classes where it was possible to predict a
putative catalytic site. The graphic was generated with Easy Sequencing in Postcript
(ESPRIPT) (Gouet et al. 1999), based on a ClustalW sequence alignment of those TBC-
classes containing R and Q catalytic sites. Red boxes depict residues strictly conserved;
bold residues in yellow boxes depict residues conserved in more than 70% of the aligned

sequences. Black triangles indicate predicted R and Q catalytic residues.

Figure S7: TBC and Rab family interactions and expression in Trypanosoma brucei.
Panel A: Q to L GTP-locked mutants of all sixteen Rab and Rab-like proteins predicted in
the 7. brucei genome were screened against Q to A mutants of the fourteen TBC ORFs in
the genome using standard yeast two hybrid approaches and triple dropout selection.
Positive interactions were scored after three days growth. Systematic names (derived
herein) for the trypanosome TBCs are used, while the nomenclature of Ackers (Ackers et
al., 2005) is used for the GTPases. Lozenges indicate increased expression in procyclic
culture form (insect stage, or PCF) (green), increased expression in bloodstream form

(BSF) (red), predicted catalytically inactive TBC (black center) or predicted catalytically



active (gray center). At right are data from multiple studies for S. cerevisiae were
retrieved from online databases and literature representing recorded interactions between
each partner. The principal interaction is highlighted in the table in bold. Note that the
level of promiscuity appears to be quite high, and the discrimination between a principal
and secondary interaction is poorly defined or quantitated, so that true multiple
interactions may be overlooked. After excluding TbRab2 and TbRabX3 as probable
transcriptional activators, the screen identified 23 interactions out of 196 pairs, ~12%.
TbRab5B, 6, 21, 23 and Xland TbTBC-D3, E, L, ExC and RootA do not interact,
suggesting that the interactome was significantly underpopulated. Comparisons between
H. sapiens, S. cerevisiae data and T. brucei revealed that; trypanosomes and yeast possess
members of TBC clades B, D, M and Q, which interact with Rabl/Yptl and are
conserved, as is interaction between TBC-Q1 and Rabl1/Sec4. Only a TBC-B clade
member interaction is common between trypanosomes and humans; while there was
mutual recognition of Rab5, we note that TBC-B from S. cerevisiae does not. Many
additional interactions between these TBC proteins and Rabs are also apparent from the
three interactomes but are not consistently observed between the ortholog pairs studied
here, Panel B: qRT-PCR analysis of mRNA levels for the entire cohort of Rab and TBC
ORFs in Trypanosoma brucei 427. Data are plotted with ORFs exhibiting increased
expression in the BSF leftmost, followed by ORFs upregulated in the PCF stage and
finally those ORFs where there is no significant difference in detectable mRNA
abundance between life stages. A cutoff of two-fold was applied. BSF are shown as black
bars and PCF as gray. Ten of sixteen Rabs and six of fourteen TBCs exhibit statistically
different mRNA levels between life stages. There is sparse evidence for coexpression
within the detected interactions; only TbTBC-M and interactors TbRab1B, 7 and 11
exhibit coexpression. Data are the mean of three determinations with the standard error
shown. * is statistically significant difference, p<0.01 by Student’s t-test. All data are
consistent with RN Aseq analysis at TriTrypDB (Aslett et al., 2010).

Figure S8: Gene silencing analysis of select trypanosome TBCs. TbTBC-Q1, Q2 and
B were selected on account of a differing number of predicted connections (TbTBC-QI1

with six, TbTBC-Q2 with one), and developmental expression (TbTBC-Q1 and TbTBC-



B constitutive and TbTBC-Q2 down-regulated in bloodstream stage). Further, we wished
to compare TbTBC-B with TbTBC-Q1 and TbTBC-Q2 as TbTBC-QI interactions are,
except for its interaction with TbRablA, restricted to endocytic Rabs and TbTBC-Q2
interactions are restricted to a non-essential Golgi complex Rab-like protein TbRabX2,
while TbTBC-B interacts with endocytic and exocytic Rabs as well as TbRabX2
(Natesan et al., 2009). The selection also addresses the potential functional similarities
and/or redundancy between TbTBC-Q1 and TbTBC-Q2, which are paralogs. Panel A:
Predicted domain architecture for trypanosome TBC-domain proteins. Panel B:
Proliferative defects induced by RNA1 targeted against select trypanosome TBCs. In the
lower right plot a chimeric construct that targeted both Q1 and Q2 was used. Data are the
mean of triplicate cultures and error bars are the standard deviations. Panel C:
Knockdown of trypanosome TBCs Q1, Q2 and B. Bar graphs show quantitation of
residual levels of mRNA following induction for 48 hours as detected by qRT-PCR. Data
are normalized to [3-tubulin, set at 100% for both induced (Inc) and uninduced (Un) cells
(white and black bars respectively). The experiment was performed on two distinct
inductions with essentially identical results and error bars are the standard error for
triplicate assays from the same mRNA sample. Lower panels show Western blots for
endosomal compartment markers Rab5 and Rab11, with the ER chaperone, BiP, used as a
loading control. TbTBC-B is predicted to interact with TbRab5SA and TbTBC-QI1 is
predicted to interact with both TbRab5A and TbRabll. Surprisingly we found no
evidence of alterations to expression level or location of either Rab protein. Nor did we
observe an enlarged flagellar pocket, a hallmark of inhibition of endocytosis in
trypanosomes and a direct result of knockdown of TbRab5A or TbRabl1 (Hall et al.,
2004; Hall et al., 2005). Panel D: Indirect immunofluorescence micrographs showing
locations of endosomal Rab proteins in induced and uninduced cells (induction of 48
hours in all cases). Nuclei were counterstained with DAPI (blue) and antibody
fluorescence is shown in green. Right panels of each pair show the fluorescence and the

left panel is a merge with phase contrast. Scale bar = 2um.

Table S1: Accession numbers for sources of sequence data for construction of pan-

eukaryote predicted proteome database.



Table S2: TBC ORF counts and paralogs from selected taxa. SG; supergroup. Two
letter abbreviations of Linnean names are defined in Table S3. 1; In first round of SG
phylogenies (before removal of organism redundant TBCs), statistical support for
inclusion >0.8 PP/50% BS. 2; TBC-C, TBC-W/GYP6 counted as singletons. 3; TBC

subfamilies recovered from the Unikonta tree are also included.

Table S3: Systematic clade assignments for TBC-domain proteins. Clade membership
is given at left based on the phylogenetic reconstructions, and the nonsystematic names

and/or accession numbers are given at right.

Table S4: Sequences of oligonucleotides used in this study. All sequences are written

with the 5¢ end to the left.
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DmTBC-Bad MVKKPIVLIITDRLHPFYAG. . . ... SDDNOQN }\ALFNILTT ALNHPSVSCIMSDIASPLLVT
DmTBC-B5 RIEKPVOLICDRNYWYFAN. .. ... e ENE‘DKLRNVI STYVWEHLDVG)§ CDLVAPLLVI
NvTBC-Bl1 TVIDKRIVPIITDRSHPYFA. ... ... GEGNPN EEVHRS!LLN AIHNPEIGI4S L MSDLLSPVLAA
NvTBC-B2 LVDKPVTETDRTHPYYVEKET. . . .ENDN }RKtYDVLMT CMYNFDLG)¢ SDLLSPVLFL
NvTBC-B3 RIDKPIVOIICDRNYWYFITQ. .. ... ...EN RNVISSYVWTTLNVG)S CDLVAPLLVI
NvTBC-B4 MVIOKPIVVETDRVHPYFDV ... ... SDLASPILVV

TDDHPH RSLFNILVTEALANPDVS

NvTBC-B5 SIDKPVPIITDRAHPFFK. ... ... GQGNPNLIVLRDILITYAAYHQDVG)S NDILSRFLVV
MbTBC-B2 TIIKPAQITDRHFPMFA. ... ... RRDSEW :‘NAtLDILATEVN.HHN_VD SDILAPLVAV
MbTBC-B3 IVKKDIVPIITDROQHEYFE....... KDDSEHLVWLHDILVTYAVFHQEVGS NDVLAIILFV
MbTBC-B4 SIDKMVPITDRHLPEFIKYED . . . ottt ct v et tevenoeseccccoancsccnsansas SAGLTA RELLLAELMLNFDLG NDIASALWLV
ScTBC-B/GYP7 RI|SKPJVREICDRNLEIF/QYNTIDGLPPPPQOLPANENNSTSPESANDESDDADDGVRNPHLIHLONILITYNVYNTNLG)4 TDLLSPIYVI
ROTBC-B2 REQKBIOIEEERT HEARIVEEN N .« o oo o0 00 00 sis 00 e sru 008 000 0,0 880 00800 a9 NPK LETEKDXLLS NFHNTNLG)$ SDLLAPLLVV
ROTBC-B3 RIDKRPIVHIITDRTQEAF GTNPN KDILVTYNFYNTELG)S SDLLAPLFVV
CnTBC-B RIDVRICREITDRNQPIY ASLNPHIAALRTILMTYHTFSPELGH SDLLSPIYVV
DATBC-B LIQKPVIGITDRLEPMF IDSNENLRLMRDVLLTYSFFNFDIGH SDLLSPIISV
EhTBC-B1 IICKPVOEITDRDNVLF! . .STTEKVHFDVLVS SIT.SECG) RILELVKEFY
EhTBC-B2 QIDKRIVRIATDNKHEKF . . KN VMbRDVLRT ALYNWRIG)§ NDICSLIMEI
EhTBC-B3 QIKKPVIKMTDREDTKF ..CON fKTbTNvLMS SMFNMKIG)S NDIVAVLMRI
EhTBC-B4 QIENPIIGIITHISTACS LSKKEIKSIVERLLKCWTLYNFDGG)S SDILIGLMEY
EhTBC-B5 QIEKMLNETVLNNVQWTD .« .KP §EAtKRIL)MC GIYDMETM)S NEICALCMEY,
EhTBC-B7 QIDKPIVRIITDRNDSKF . .GKNCKILKNVLMTNYSFFNMRVG)S NDICALLMDI
EhTBC-B8 QILKBVKIATTVNKSVL CPIEKI TCHELLHKCEIIYDLDKG SDILVGIMEC
EhTBC-BY9 QIDKPIVRIITDNKHEKF «..KNVVMLRDVLRTYALYNWRIG NDICSLIMEI
AtTBC-B1 LIDKBVVII TDRAFEYYEGDD . « 2 ¢ ¢ ¢ o s 0o st st o s sessooscsssssssossscs NLHKINSERDILLT SFYNFDLG} SDYLSPILFV
AtTBC-B2 ITIRLPALIAADSEWANY|[SPYSTAITESKARRLAESV......... GLKDYDHLESCRLYHAARLVAILEA AMYDPEIG)4 SDLLSPILAV
AtTBC-B3 IIRLPAVIIADSEVWTSY[SPSQAVISEDRACRAAEAV. .. ... ... GLKDYNHLEPYKIFQ 'ARtVAVLEA ALYDPDIGH SDLLSPILSV
AtTBC-B4 QEGLEVNINEDRALVENIEK . . « o c e c et cceasccsnsacecsssssassassasaas KEN WDILSVNAWIDNDVGL SDLCSPMIIL
AtTBC-B5 RIEV VERRVIEEESEH LEFRIBD o o « oo 000 000 0 sis sueie srm s e s aie.e e e eone ssiaes e PGN CRHSDXLAVgAWVDPATG SDLVSPFVVL
AtTBC-B6 IIRLPYAVIIANDEWVPY[SPTQAAVSETKARGIAIQV. ... ..... GLNDYDHLEPCRIFHAARLVGILEAYAVYDPEIG) SDLLSPLIAV
AtTBC-B7 ITRLMALIADTEWTPY|SQSQALVSENRARRAAEAV. ... ... . GLKDYSYLEPSKIFHR%R VAVLEAYALHDPEIG) SDLLSPILSV
AtTBC-B8 REVVEIVVISEDSHLEFEIED . . . - o et ciceceeecenssnassccnascsssssnssss PGNLGRMSDILAVYAWVDPATGS SDLVSPFVFL
AtTBC-BY9 QIGLPIVARTDRYLCFYEN. .« e v v s et e e e eteenosonassscnsas .DRNB:SK HDVLAIETWLNLD'IG NDICSPMIIL
AtTBC-B10 SESLVVIIEDRYLCFRIES . . o c e et et cececossncososcncsss .ESNQARLWDILSINTWLNPDIG)S STLVLILNLQ

PpTBC-B1 REHE KIREAVEPBINRT T PRBIBGDD . & o ¢ o oo seoaa s oo aiasionessonssssass NKNVDILRDILVTNSFYNFDLG} SDLLSPILHV
PpTBC-B2 IIRLYAVEIIMNAEWIPYAETQAHVTFEEAARLSKVA. .o w .. GLODDEHLEPPRRHHAARLVLILEANYTIYDPKTG)S SDLLSPFVAL
PpTBC-B3 IIKLPAVIMNAEWIPYAATQASVTSQEAERLSKEA. .. ... ... GLMDDEHLEPPMRHH j}mtvnn.m;g'rnynpz'm SDLLSPFVAL
PpTBC-B4 QEIC LI VIS ERRML O YBIR S « & o v oo v o sieioe o oiee e o oin o s en e siveneemesess QEHMSKLWDILAVNCWLDPATIGH SDFCSPLVLM
PpTBC-B5 REVVEIM VI DRHLEFEINE . . . - .o cvvcnevrenanennssonanns .GKN 1}\Rtsnxmw AWVDPDTG SDLLSPFIVL
CrTBC-B1 ANID KMV REDRRHP FRIAREG . < v o v oo seoensesosescanesses ..GAGLRALRAVLLSHVTYDADLG SDLASPLLVYV
CrTBC-B3 REIAMSIREIRERRE GO VIR C 5. < saals oos e oo (o os ans e 508 arae o m s e e e DASRPAG IKRtRRILTAgALMDCEVG TDLLAPFLEV
OtTBC-B VIANDAPLITPLAYGLFARDWEAG. TLPGENDEADWQAAQRKRLTRVLEAYSILDPATIG)H SDLAAVFLON
CmTBC-B QI EKVV T DRNVDLF|RNDD « « v vt v a e et e et e ae s sn e nensnnnnnnnns SVAESQEFNILLTEAFFNFDLG SDLAAPIVYV
TbTBC-B AVEKPVLEITDRFLPAYADEC. ... .GEKLCMLRNVLLSRVMLNLDLG} SDILSPIALL
TcTBC-B1 SIEKRVIITDRSHEAYVDAD. ... .GVKERHLYNVLMTEGMLNFDLG (LEIMSDVLSPIAIL
LmTBC-B SEIVKERIOESEBRAHPARREDD . o cicis o sisio s o sisia s o sisie aiaie se'siaie s eioiessiee SDMLRVLOELLLAHVMLDMDLG4SLIMSDVAANVLLA
A A
1 10 20 3Q 49Q 59Q
HSTBC-D1/TBC1D22A QIHIBIIPEMSPEA.LILQPKVTEIFERIMFIWAIREPASGIALIJINDLVTPFF VY
HSTBC-D2/TBC1D22B QIHINIPITNPLIPLFQQPLVQEIFERIMFIWAIRHPASGIALIIINDLVITPFF VY|
DmTBC-D QIHINVP[ NPQIPLFQQQLWOEMEERII FIWAIRHPASGIALLIINDLVTPFF IV|
NvTBC-D QIHIMIPLMNPLIPLFQQILVQEIFERIMAYIWAIRHPASGIAILOMNDLVTPFEVYV
MbTBC-D QIQINVLTSPAIRTFQQPVMKEMLERVAY IWAIRHPASGIALLUMNDLATPFFAV
ScTBC-D/GYP1 QIEINIPITNPHIPLYQFKSVONSLORIMYLWAIRHPASGIAUIIINDLVTPFFET
CnTBC-D1 QIEINVPITRPGVPLWSCEKTQORSLERINYVWAIRHPASGIAJIJINDLV TPFFEV|
ROTBC-D1 QIHIMNIPITNPGIPLYQONEATQLCLERIMYQOWAIRHPASGIALIIINDLVTPIFEV
DATBC-D QIOMIVPITNPGVPFFQQPLIQDILERINYLWGIREPS TGAULJINDLATPFIWY|
EhTBC-D1 QIKKMLKISNKEIPFLFNSKIQTMMENVALVWALRHPACGIALLIMNDLLVPLIYV
EhTBC-D2 QIXKLULVISTTEVPFLFHDKAQEIMERVIAFLWALRHPASGIALIIINDLIVPLF VY|
AtTBC-D QIAVHCPIITVPDVSFFOQEQVIOKSLERIMY TWAIRHPASGIAAIIINDLVTPFLVI
PpTBC-D QIGVLAPLTLPEVPFFODPIVQATLKRIMYIWAIRHPASGIAALIIINDLATPF IVYV|
CrTBC-D QVAVUVPITAPNVPFFHEPITQESLORLAY IWGIRHEPAS GIA4 LIMNDLV TPFLAV|
CmTBC-D QIDLYVPITAPEFPLFHTGAVQQAMTRIMHLWSVRHPAAGIALLILNDILVPLLYV
CpTBC-D QIRVHLPTSIEYESLKNRIILDLMERVAFLWAIRNPASGI&LIIINDLLPPFLVY
P£TBC-D QIKVMIPITKSCYNIFINKKIQQLSEHVAFIYSVRHPACGIALLJINDLITPFLIV
PSTBC-D QILVUIIPIITNADVKLFONERIHQLQYRSH. . .|.VAIVSSGIALIIINDLMTPFLVYV|
TpaTBC-D QIRVLPITNPSFKIFKYKRLODCMERIMFVHWSCLNPDSGIALLJINDLLTLFVIV
TpsTBC-D QVLVLVPITAPETPLFHNDRVRRCLSRLAY IWAMRHEPAS S{AULIINDLATPLIAV|
TtTBC-D1 VVDTHVPITOPLYEIYKAPSIONMLKRIMVIWGLRHPACGIAAIGINEIATPFILY|
T+TBC-D2 QVIKMVETVPNSKLFRNNKIKEILIRIMFIWNVRHPASG NDVLSTFIIV
NgTBC-D2 QIHINVITNPDLQLYQNPRIQQALERIMYIWSIRHPASG NDLVTPFMSV|
TvTBC-D1 QIDRULPIITKII..LLRNKKVIODLFERVIAFVWSVRHPASG. NDLLQPFFFA
TvTBC-D2 QIDIMLPLITPNK. . LLKDPRVTLLFQHIMNFVWAVRHPASG NDILLPFFIV|
TvTBC-D3 QIQKMLPITSVA. . ILRNLRVKNLFERVIAFVY/SVRHPASG, NDVLQPFFFA
TbTBC-D2 QIASMIPLIHTOQA. .VFRHTKTVSALARCHFFWSRRYPAVGIALIIIDDIMVVFFESY
TbTBC-D3 QIRKMIPIIMAAGLAFLSNRRVMLSVERCHY IWALRHPACGALLIMDDFTIIPFISYV
TcTBC-D3 QIRKNVPIMSAGVAYLHHKRVMLSIERIMY IWALRHPACGIAALJINDLLIIPFISY|
TcTBC-D4 OIALMLPHSYA..LFHFSRTASALARCHFLWSRRYPAVGIALIIIDDIIAVFFFV
LmTBC-D2 PIRKHIPMSGGHCYLRHPRVQGSIERINFIWSLREPACG NDLVVPFMGV|

A

1 10 20 30 90 120
HSTBC-E/TBC1D13 QIDK[VRELCEHDISEEORATDYPCLLILDP SEi GcsAHWEv}IEthrFx ; IVGPLYYT
DmTBC-E oIpRMVREIL/CEDI S QPTDYPCEIVVHS. ...GOQEAHWEVVOQRILFIY NI VGPIY YV
NvTBC-E QIDKECRELCEDIS VATKYPCEDVIGE ...GQEAHWEVVERILFVYL ILGPLYYV
MbTBC-E QINKPVREILNGEDE S OPPGRP . o iic oininia vioains .ASGDERHWEVIERILFIYL G ILGPIYFC
ROTBC-E1 QIDKEVRETLEADFARJOLHVPANPLNPLSPPTKHYTIE SDHSVDYHWEVIERILFIYE NCILLAPIYYV
ROTBC-E2 QIDKEVRATLIADFARIQOLPINSQQQEQQKDDYITDPLS DDDNDAYHWQVIQRILFIY. (UNGILLAPIYYV
AtTBC-E1 RIDRPVKEITHEDIPERISG . . . .« . o et v vvvenenee i ieeaeeen ESMKNILLVFL ILAPIFYV
AtTBC-E2 QIDRBVKEITHIDIPIASG . . . o oo v v vt i v i e e KNILLVFE ILAPIFYV
AtTBC-E3 QIEREVMET BBG o ovs e s e e KNILTIFE ILAPIFYI
PpTBC-E1 QINRBIVKEIT o R e SR Y KRILFIF LAPLYYV
PpTBC-E2 QINRPVKETHEDMPERCG. . . . .. .. i KRILFIFL LAPLYYV
CrTBC-E QVERDVMEITHIEDMHEEITG . . . . o o v it v i i i eee e e EDMXRALFMY. INGILIAPLYYL
OtTBC-E QIDREVM[IY NDEGEDGRR. ....... arate .. .LYVY FGCLYYV|
TbTBC-E [EXIDIPII PLIT) g3 — RRILHTF LVGHLLFA|
TcTBC-E1 avpLiIPET BSGE . s iidnia siaienmnieie 0 wdeEeEniSE OSLRRIIHTLE NGILVGHLLYA
TcTBC-E2 AVDLHII PHEIT) o e QSLRRIIHTLE G} LVGHLLYA
LmTBC-E FIpvRVPRTMEASLNGRILADESRL . . o o v v v vt v v e nee i i i e e HALRRILISTE YVIAHLLYA

1 1o 20 30 a0 50
HSTBC-F/TBC1D5 MIEQQIVK[ITFPE|. . MQFFQQENVRKILTDVLFCYARENEQLLIK] annn{pgvrv
DmTBC-F VIRQPIVVIITFPG|. . VDFFRKPLVONAMVNILFYYAREHP YMCY4ROLIMHEILAPIIF V|
NVTBC-F IXILRPJLEJLYPE. .NPYFHTERVRDMMLNILFCHAKKNE TLG{K[ Hsnnnpkxnv
DATBC-F EISHMISTYPG. . LGFFERLDIQDIMIRILFIFSKQYPKIKMLOLUMNEILAPILYS
EhTBC-F1 EIXIKK]] RTHFDN..DIILKK...RFLL'HKLLLL!HQLDT.QFE %0 NBIISIEIEV
EhTBC-F2 DIKKMIRMTKLEKKFQTCEN. . . ROMLHRILFLFAIKHPELNMT S JIMNELIAVIFNT
PSTBC-F1 sxyxvn'rm;:l. .MpyERDpvvqcx.uva.yv;ysa'rasns NOTEOMGELLATLVYL
PSTBC-F2 EINTRLDEILFPAGNEGFFONEIYLSTLRHVLFVWCRLHPDVAMRLIMHDVVAVVL YA
TtTBC-F DIKKPIVERIT Y OD|. .KQF;VNLKIKNHL|'1‘NVLFV}PICKKNSDVS KL IMNEVAASFI IV
NgTBC-F VIVQULKJLYPE . .YPFFRTEEIQNYLKRMLFIWSKENDDIS}4RIJIMHELLSPILLYV|
TcTBC-F1 'rnoxx.nz.uwn|. .FPLEEKSTTRKALLDIIVNEYCLRHDY.G 140 stnu‘%?yn
TbTBC-F ITALPVDJIHWD. . IPLFELRTTRDALLKILSVY/CVQHSC . EJKILMHEVAAFVF YL
LmTBC-F TVAKDMSEILSWD. . VPPFHDVRAKETVADILLKY/SLMENE. D FHEIVAFLYYA
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HsTBC-G/TBCK MIEVR IR0 E M As s/ EGHAKFRRVLRIVIVVSHPD . . . LVIEIGLDSLICAP FIAYL

DmTBC-G ObyiDb P R C H[/] Dzsspnlannxx.nnu.xvl'rﬂﬂrlq. - .yvcx.nsr.'rtn'- YL
NVTBC-G MIEVH IR0 D QRS SP TAHAKFKRVLREIVVSHPN . . . LGYAIGLDSLCAPFASD
MbTBC-G FLovi 1o 0SSP EGHRKLKRVLKLVINANPD . . . LVIA'IGIDSLTAPF MKL
ROTBC-G I EVHVEEEE:0MN QINAAS/SAGHEKLRRLLKEVAANPN . . . LVIQIDNTPVLQE YAAN
DATBC-G ArELN IR0 PiRAS SROGHVOQLFRILKELISLLNLEKG . . CY4JGLDNVASPFAVH
NgTBC-G GGV v o NP IS K IGHEKLRRKVLELV Y YHKNE . GLVIQIGLDSLCAPLIAVL
TbTBC-G GLs v TG0 P IRAAS|SDGHERMWRI IKELILLINPEL . . . SJ4UCIGLDSVCAVLIAAA
TcTBC-G1 MLs v IR0 PIRAVTAEGHERMRRVIKEGILLMNPDL . . . TP IGIDSVCAVLATY
LmTBC-G L sV T A P IRANS|S SGSAQLKRILREVILYLRPEH . . . AfJSIIGLDSVCAVLIATNY
A A
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HSTBC-M/TBC1D20 QVL v1Rs’iLRRFPP.GMPEEQ.:EGLQEE IDIILLILERNP . QLY E DI VivVT FLLIV

DmTBC-M QVVLHNVNESLKRFPP.GIPYEQ.RIALQDQMTVLILRVIQKYP . NLRMYMIY IDVAVTFLLV
NvTBC-M 'qvlubvosunxrpx.snxvsa.kxvnoso NVIMRVICKHQ.NLHHYAEYHODIAVTLLLY
MbTBC-M QLEVPIVAISLWKYPD . NINADQ . REVLRTRALNIMLNILHEYP . DLHMYMEFIDVTAVIMLT
ScTBC-M/GYPS pletmzsyc ..... GIVDKNLtLQLRKL ELITRVLRKYP.TLNHYMEYDIVSVFIMC
CnTBC-M OVKLMTDESFVTYPK.EITSEN . KLAMQED#YDLIVNVLRKYP . TLSHFGYIDILSVFYLT
DATBC-M "Qv'rﬁvzs WRFT..KGNSQ.LRNRKKPEMTRIVNAVLSIHP.QLYMFEYJEIASVLLLI
EhTBC-M QITLMVKETYGRLLN. . . .. EEDSTROKERMLKILDGIFVLHP . EFKMYMEGFDIVSYLLET
CrTBC-M 'vvz[xvasr.wsrAA.DnDRzA. RAQLKRMLNAVVG.AHAG. .DVYNYMELIDVAGVLLLS
PSTBC-M QVEKMVENSLWHYDVLOQGLKESERRVKRRAMTHIILGVLGAND . ELFHMFMEYIDIVSVFLLT
TpsSTBC-M QIDREVALIVTWHLLT . . GNQRALLXKKQRRMGDFLNLVLLEEEDRLRHYEFEDIATNTAAS
TbTBC-M WVIVANVKASLWKLYP. .. . NETVREKKRKMBCNILAQILSNNP . ERHMYMLILHEMVGF VMYV
TcTBC-M1 VIQVEVOLISLWLLYR. .. .Dnsx:EIMRDv KNLLQHVLLNNS . ERHYMELELMGF VMYV
LmTBC-M VVEAMNTEMNSLWTLYP....HSAERTEQRRR NkILRIVLILHNp.zk|Fx~L ELMGYMMYM

1 10 29 30 a0Q

HsTBC-N1/TBC1Dp12 LEKLIIsFIEEsMyIEOK . GHPYHDVLES IMGAY TCYREDV N

HSTBC-N2/TBC1D14 L xtxsncr 00.G rygmu.nsx R!Tcyxnv N

NvTBC-N L Bvs RS iic IHOE . G| DVLHSI YTCYR[DV N

DATBC-N1 L uf:;x.pusx 0D . E[PLHQOSLANVAEAYVCYR[EDV 1

DATBC-N2 MEKVEL P EEVISOMRLGINE . AALHEQLRTT FALYT|HOT F

NgTBC-N b AT D) AR T F PEYL(] YPD[EPYYQPFRTIMECYSKFREDT Y

A A
1 10 20 30 a0

DATBC-RootA I[FVLIAEFEIFSND INKKKLVK IATHLKKEFGDfIoFIGLISFVAIS FLMLT

EhTBC-RootA IIYLNVFEPILKSPVYQNPLIKLATKCWKDFGD4AFIPMCLVAAFLRLT

CpTBC-RootA IFKLUJAE[RIFSDEENRIKMIITVASTIYQEIKDIMHGLGFVVAFFLLO

PfTBC-RootA I IKLMAE[SIFNKEENRSLLIQVBQSIYPITNDEHFIGISFISSFLLLF

TpaTBC-RootA LIFRLHSE[FIFKTPQYRDQFYNNACVVYERLGDIHMGEGFVIALLSIY

TbTBC-RootA VI IKMADLRIFFHPDHRKKFVSFANAMSHEFKAFIGFAMSYLAGICLLY

TCcTBC-RootAl VIIKMADISIPFHPEHRNKFVNFIATAMHNEFNANGMAMSYLAGLCLLY

LmTBC-RootA VI IXMJAD[RIFFHPDHRRKMVAFANAMYHEFHA AMSYLAGLCMLV

A A
1 10 20 30 a0 s0

HSTBC-Q1/TBC1D4 'nx'L'quPp]'rﬂyyr ................ LGPGOLSLIFNLLKAY/SLILDKEVGcEHISFVAGVLLLH
HSTBC-Q2/TBCID1 AILIDMLGIWFPTHPYF .+..LGAGQLSLYNILKAYSLLDQEVGICILILSFVAGILLLIH
HSTBC-Q3/TBCID18 VITRUIH[WIFPAHDYFKDT. . ..o v vvueunnnn. GGDGQESLYKICKAYSV|YDEDIGHCHEH0SFLAAVLLLH
HSTBC-Q4/TBCID11 AITRMJINGWIFPAHDYFKDT . « v v v v v men e GGDGQODSLYKICKAYSVYDEEIGHCHEOSFLAAVLLLH
HSTBC-Q5/EVISL LIRRYIALEIYPEHEFF e Dsu.:gr:vtnvuxnxsx.vnxxvcc~SAPIVGLLLNQ
HSTBC-Q6/EVIS LIRRMIAGMYPERNFF ....DSLGQEVLFNVMKAYSLVDREVG}C LISAFIVGLLLMQ
DmTBC-Q1 VIRRDIALBIYPEVEFFKEK. « « o v v v v vennnnn DGPGQEALFNVIKAYSLHDREVGHCHESGFIVIGLLLMQ
DmTBC-Q2 AIFINLGEMFPNHQOFYKDP . v v v v v v v e e e e nn LGLGOLSLFNLLKAYSILDPELGHCEILGFICGVLLLH
DmTBC-Q3 VIQRDIH[WIFPAHKCF S .GcsoQDAtrxvsxnyAvnnsgvoc~ SFIAASLLL[H
NvTBC-Q1 MIKRMIAIFPDHSFF ....DGIGQGTLFNVIKAYSIYDKEVGCILISAFIVGLLLMD
NVTBC-Q2 SIFIPLGEEFPRAPYFITSO. . oo v v v vvvnae s FGPGQLSLFNLLKAYSVLDTDVGHCEULSFVAGILLMH
NvTBC-Q3 VIVWDITHWFPPAHDYFIKDS . o ¢ v v v oo v e venenn GGEGQEALYKISKAYSV|YDEEVGHCEULSFFIAVLLLH
MbTBC-Q1 LIRLEIA[WIFPEHEMF ....EGLGQEVLYNVVKAYSIYDNVVGHCIJIPFLVGLLLMH
MbTBC-Q2 AIKWMLDIWIFPGHERF ....EGEGQKQLYRINSAYSVYDEEIGI{V IILSFITAVLLLH
ScTBC-Q1/GYPS TIRROLREEIKFVAEDKMES . . o o v v v vt e it i ie e eenales YKVIKVYSVYDPDVGTEMGF IAAPLLIN
CnTBC-Q AIMKDILNIGIFPNHKYFKEG. « « v v v oo v v nennnn GGVGQEGLFMVVKAYSLYDQEVGHT LAF IVAALLLIN
ROTBC-Q1 MIQRDLA[WIFPGHNYF ....DGOGQEGLYNVVRAYSVYDKDVGHCIJLAFIVGPMLLN
ROTBC-Q4 AITRDLHLWFPHHEPYFIOS .« v v v v v v v v vn e nnnn HQGQESLFNVVKAYSL[YDPEVGHCELAFVAGPLLLN
ROTBC-Q6 IIQRPLSEEIFPOLEMFKAD . . oo o v oo v e e e GGDGQLALGRLLKAYSIYDLHVGHCHEOLAFLAGPLLMT
AtTBC-Q1 DIIRMISIMIFPSHVFFIOKR. « o v v v nennn s HGPGQRSLYNVLKAYSVYDRDVGI{VLIMGF IAGLLLLY
AtTBC-Q2 DIIRNISEEIFPSHVFF ....HGPGQRSLYNVLKAYSVYDRDVG}J MGFIAGLLLLY
PpTBC-Q1 DIIRMISEMFPSHVEF ....HGPGQRALYNVLKAYSVYDRDVG}4V ItMGFLAGLLLLY
PPTBC-Q2 DIIRBISEEIFPSHVFFQOR. « o v v v v v ev e ans HGPGQRALYNVLKAYSVYDRDVGV{GMGFLAGLLLLY
CrTBC-Q1 AIMRBLNIGYPTHIYFITOR. « v v v v v v e nennans QGPGQORALYSVLRAYAVYDSKVGHVLMGFLAAVLLLY
CrTBC-Q3 .ILRYIH[VIFPEHPYF ....LEAGQRSLFRVLKAYSLHDLEVACIOMAFMAGVLLMY
CmTBC-Q IIDRBIVTEEIFCNHRLFWRGG. . . . .AAL...GLGALRNILRAYACLDPAVGCILMSSITGALYIY
CpTBC-Q LIS IRVPEEIFPELINIFR. . o« c oo v vveenennn DQASQECLFRVLNATANHIPDVGHCEMNF IAALLLIT
P£TBC-Q LILINISESFPELILIF|. . « « c o oo v v e veeannnn DKYAQOOLYRVLNAYSNYEPSVGICOMNFLVGLLLI|T
PSTBC-Q1 TLDREIDLEIFQQLOARMANNKRPNFLVKSQHSSSEFMAWKS STHOLLSVFMMLXPQIGHCHEMTSVAAVLVQE
PSTBC-Q2 TIARMIGLWFPRAESLFRDRS . o 2 o v o v v v n s SLG....QCALMNVLKAYSLHDPEVGI4C NMGFLSAMFLClY
PSTBC-Q3 LIMTHVREEIYGRVAPHKRAANHKD . . . ... .. EVSEEDLTTQLSEILHALAGRFPAVGHCHEMDY IARHVL YK
TpaTBC-Q TININVPEMFPELKVE. . . .o oo v v v i enen e NKDSQNOQLHRILSAYGNYQPEIGHC IMNFVAGLLLLYV
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