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                     *        20         *        40         *        60         *        80       

HsRhoBTB1 : MDADMDYERPNVETIKCVVVGDNAVGKTRLICARACNTTLTQYQLLATHVPTVWAIDQYRVCQEVLERSRDVVDEVSVSL :  80 

HsRhoBTB2 : MDSDMDYERPNVETIKCVVVGDNAVGKTRLICARACNATLTQYQLLATHVPTVWAIDQYRVCQEVLERSRDVVDDVSVSL :  80 

DdRacA    : -----------MQAIKLVVVGDGAVGKSCLLIAYTTNAFPGEY------VPTVF--DNY--SANVM------IDGKPFNL :  53 

DpRacA    : -----------MQAIKLVVVGDGAVGKSCLLIAYTTNAFPGEY------VPTVF--DNY--SANVM------ISGKPYNL :  53 

AsRacA    : -----------MQNLKVVVVGDGAVGKSCLLIAYTTNAFPGEY------VPTVF--DNY--SANVM------FEGKPFNI :  53 

PvRacA    : -----------MQNVKLVVVGDGAVGKSCLLISYTTNAFPGEY------VPTVF--DNY--SANVM------VDGKPFNV :  53 

TlRacA    : -----------MQNIKTVVVGDGAVGKSCLLIAYTTNAFPGEY------VPTVF--DNY--SANVM------IQGKPYNL :  53 

PfRacA    : -----------MQNVKLVIVGDGAVGKSCLLISYTTNAFPGEY------VPTVF--DNY--CANVM------VDGKPINL :  53 

                                                                                                   

      

                                                                                              

                     *       100         *       120         *       140         *       160       

HsRhoBTB1 : RLWDTFG--DHHKDRRFAYGRSDVVVLCFSIANPNSLNHVKSMWYPEIKHFCPRTPVILVGCQLDLRYADLEAVNRARRP : 158 

HsRhoBTB2 : RLWDTFG--DHHKDRRFAYGRSDVVVLCFSIANPNSLHHVKTMWYPEIKHFCPRAPVILVGCQLDLRYADLEAVNRARRP : 158 

DdRacA    : GLWDTAGQEDYDRLRPLSYPQTDVFLICFSIVSRASFENIRAKWYPEILHHAPNIPIVLVGTKNDLR-----GHHDLKRP : 128 

DpRacA    : GLWDTAGQEDYDRLRPLSYPQTDVFLICFSIISRASFQNVKSKWFLEISHHAPHIPIVLVGTKCDLR-----GS---GKP : 125 

AsRacA    : GLFDTAGQEDYDRLRPLSYPQTDVFMVCFSVISRASFENVKYKWHQEIVHHCPGIPMILVGTKCDLR-----GS---GKP : 125 

PvRacA    : GLWDTAGQEDYDRLRPLSYPQTDVFLVCFSVVSKTSFDNIRHKWVPEIQHHAPGVPRILVGTKNDLR-----GGNNNGRP : 128 

TlRacA    : GLWDTAGQEDYDRLRPLSYPQTDVFLVCFSIVSRTAFQNISEKWLPEIQHHCPNVPVVLVGTKCDLR-----GTT--GRP : 126 

PfRacA    : GLWDTAGQEDYDRLRPLSYPQTDVFVICFDQTRRTSLENVTAKWIPEIRHHCPSTPILLVGNKSDLY-----DASNPRH- : 127 

                                                                                                   

                                                                                                   

                     *       180         *       200         *       220         *       240       

HsRhoBTB1 : LARPIKRGDILPPEKGREVAKELGLP-YYETSVFDQFGIKDVFDNAIRAALI-------SR--RHLQFWKSHLKKV---- : 224 

HsRhoBTB2 : LARPIKPNEILPPEKGREVAKELGIP-YYETSVVAQFGIKDVFDNAIRAALI-------SR--RHLQFWKSHLRNV---- : 224 

DdRacA    : E---------VSAAEANNLVRELGFSGYVETSALLQTNLRELFSLAIRTATSP--KSASAK--KKGGFFSSSSSSSSSSS : 195 

DpRacA    : E---------ISNAEAQLLVRELGFSCYVETSALTQTGLSQCFQMAINSTINAPKSKSSSS--NKKSFFSSSSSSK---- : 190 

AsRacA    : E---------ISQKEAHDLAKELGYIGYVETSALVQTNLKQLFDTAIKGTMS-------------GAYKKSKATKT---- : 179 

PvRacA    : E---------VLARDAENLARELGFSRYVETSALVQTNLKLLFDCAIQSSISPKFSK------SSGSSGSSKKEKE---- : 189 

TlRacA    : E---------VSPAEAQQLARDKRMVGYIETSALTQVGLKLLFDTAITAVTNHAMTKKSSKSSSGGGFFSSSKSKA---- : 193 

PfRacA    : ----------VSLEQAKEVAKANKMNGCLTCSALHQTNVREVFDTAIRCVLN------------GGSFHSRKSKKV---- : 181 

                                                                                                   

                                                                                                   

                     *       260         *       280         *       300         *       320       

HsRhoBTB1 : ----QKPLLQAPFLPPKAPPPVIKIPECPSMGTNEAACLLDNPLCADVLFILQDQEHIFAHRIYLATSSSKFYDLFLMEC : 300 

HsRhoBTB2 : ----QRPLLQAPFLPPKPPPPIIVVPDPPSSSEECPAHLLEDPLCADVILVLQERVRIFAHKIYLSTSSSKFYDLFLMDL : 300 

DdRacA    : SKSSEKSVPIPPVMPPAGKAPWIDI--ITSSYDKEMRETLNSESFSDVKFTFFEERPVYAHRVILCSASEFFRRVFGYTL : 273 

DpRacA    : ----EKPMPLPPVMPPAGKAPWIDI--ITSSYDKEMKETLNSETFSDVKFTFVEERPVFAHRVILCSASEFFRRLFDFTL : 264 

AsRacA    : --KSGKPMPVPPAMPPAGKAPWINI--ITSTYEKEMKQTLDHQKFADVKFTFENDKPILAHRVVLCSASQVFRRLFAVTL : 255 

PvRacA    : ----YKPAPIPPVMPPAGKAPWIDI--ITSCYEKEMKATLNSESFSDVKFTFFEDRPILAHRVILCSASQVFRRIFGITL : 263 

TlRacA    : ---PEKVEPIPPVMPPAGKAPWIDI--ITSHYDKEMKATLESESFSDVKFVFLDERPIYAHRVILSSISQVFRRVFNVTS : 268 

PfRacA    : -----KEVILPPELPPQIRAPWINI--DTSKLADSSLSLLSTGKFHDVMFTCHDGVQLKAHKIMLAAGSPYFRKLLGVGG : 254 

                                                                                              

                                                                                                   

                     *       340         *       360         *       380         *       400       

HsRhoBTB1 : E-------ESPNGSEGACEK-----------EKQSRDFQGRILSVDPEEEREEGPPRIPQADQWKSSNKSLVEALGLEAE : 362 

HsRhoBTB2 : SEGELGGPSEPGGTHPEDHQGHSDQHHHHHHHHHGRDFLLRAASFDVCESVDEAGGSGPAGLRASTSDGIL---RGNGTG : 377 

DdRacA    : S-------SDQAEFKLDD-------------LNEGKVKNIRSVTIKPNEKNDDG-------------------------- : 307 

DpRacA    : S-------SDQASYKLSD-------------INDGKVPGIRSMIVTDTEKNDDG-------------------------- : 298 

AsRacA    : N-------TDHSAFTPED-------------ISEGRVKGIVAKKTVPMAHYEDG-------------------------- : 289 

PvRacA    : S-------TDPAPYKEED-------------INQGRVRGIRSISITPTEKNEDG-------------------------- : 297 

TlRacA    : S-------SDPPPYRIDD-------------INSGKVEGFKSMTITPTEKNDDG-------------------------- : 302 

PfRacA    : V-------TVPR----EV-------------ILAGNFKGTDSVEDSP-----DG-------------------------- : 279 

                                                                                                   

                                                                                                   

                     *       420         *       440         *       460         *       480       

HsRhoBTB1 : GAVPETQTLTGWSKGFIGMHREMQVNPISKRMGPMTVVRMDASVQPGPFRTLLQFLYTGQLDEKEKD----LVGLAQIAE : 438 

HsRhoBTB2 : YLPGRGRVLSSWSRAFVSIQEEMAEDPLTYKSRLMVVVKMDSSIQPGPFRAVLKYLYTGELDENERD----LMHIAHIAE : 453 

DdRacA    : ----------------------------TKSSGEFVEISIDSSINRRVFNRFIEFLYTGVLNYLDKNDQ--LQETIALAE : 357 

DpRacA    : ----------------------------TKSSGQFVEVAIEGSISRRVFNRFIEFLYTGIVHYVDKNDQ--IHETITLGE : 348 

AsRacA    : ----------------------------SLSNGEQVEIQVASKISRRIFYRYLEFIYTGLLNCVDKTDQ--LKETIEVAE : 339 

PvRacA    : ----------------------------TKSTGEMVEISIESTISRRIFYRFIEFLYTGLLVCVDKNDQ--IKETMELGE : 347 

TlRacA    : ----------------------------TKSTGEMVEIFLDVSIERRVFYRFIEFLYTGILTYTDKNDK--IYETQRLAE : 352 

PfRacA    : ----------------------------------ILQVRLSSAVQSTSFLHALQHIYSGLPDLPKKPDKSLLSDLTYLSE : 325 

                                                                                                   

                                                                                                   

                     *       500         *       520         *       540         *       560       

HsRhoBTB1 : VLEMFDLRMMVENIMNKEAFMNQEITKAFHV-RKANRIKECL-SKGTFSDVTFKLDDGAISAHKPLLICSCEWMAAMFG- : 515 

HsRhoBTB2 : LLEVFDLRMMVANILNNEAFMNQEITKAFHV-RRTNRVKECL-AKGTFSDVTFILDDGTISAHKPLLISSCDWMAAMFG- : 530 

DdRacA    : SVGFKYLASACKNVLGGNEDLNPSIGTFLND-QLGETSKELFFTKKILSDIQFIVEGRSIFAHKALIFSRSNVVNALIG- : 435 

DpRacA    : LFKFRYLVSACKNILSGSEDLNPSIGTFLND-QLGETCKELFFSKKQLSDIQFIVEGRSIFAHKALIFSRSSVVNALIG- : 426 

AsRacA    : MFECKYLVSACKNLGNGAEDLNPSIGTFLND-EIGERSKELFFDKKIFSDIQFVVEGKTFYAHKAFIYARSNVINSYIAS : 418 

PvRacA    : IFEFKFLINACKNVLSGAEDLNPSIGTYLND-SLGETSKELFFGKSVFSDLQFNVEGRVIHAHKALIYSRSSYVNSLIG- : 425 

TlRacA    : IFQFKFLNNACKNVLNGVEDLNPSIGTFLND-QMGENCKELFFTKKVFSDIQFIVQGRTIFAHKAFIYSRSNVVNALIG- : 430 

PfRacA    : LFEIPELKTVCANIINRDEDLNPSIGTWLSDGTYGSNLKKFFYNQPLFSDITFRIGGQSVPAHRCLMSSRSPFMDAMLG- : 404 
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                     *       580         *       600         *       620         *       640       

HsRhoBTB1 : -GSFVESANSEVYLPNINKISMQAVLDYLYTKQLSPNLDLDPLELIALANRFCLPHLVALAEQHAVQELTKAATSGV-GI : 593 

HsRhoBTB2 : -GPFVESSTREVVFPYTSKSCMRAVLEYLYTGMFTSSPDLDDMKLIILANRLCLPHLVALTEQYTVTGLMEATQMMV-DI : 608 

DdRacA    : -RNFIEREGKVEMSDDVTFDSFMAILEYLYTAH-APIEEGDSVGILVLGNRFDLRRLVSLCELYISKEIERATTIGIFRS : 513 

DpRacA    : -RNFIEREGKVEMSDDITYDCFMAVLEYLYTAH-APIEEGDSVGILIMANRFDLRRLVSLCELYISKEIEKATFIGIFRS : 504 

AsRacA    : TSTFSERDDATIKVEQSTSDNFKAVLEYLYTAH-APIEEGDSVGILVLANRFGLSRLVSLCELYISKEIEKATEVGIFRS : 497 

PvRacA    : -RNFAERSGRVEMSSDVSYECFMSILEYLYTAH-APIEDHDSIGILVLANRFDLKRLVSLCELYISKEIEKATTIGIFRS : 503 

TlRacA    : -KNYSERDGRVELSDDVTYDGFMALLEYLYTAH-APIEDGDSVGILVLANRFGIGRLVSLCELYISKEIEKATTIGIFRS : 508 

PfRacA    : -GKFVEGGKSVIELSETDYESFLCVLEYVYTEH-SPIEDNDSMLIMELANQYGMPRLLTLCELYTSKLIEKKTEDGIENA : 482 

                                                                                                   

                                                                                                   

                     *       660         *       680         *       700         *       720       

HsRhoBTB1 : DGEVLSYLELAQFHNAHQLAAWCLHHICTNYNSVCSKFRKEIKSKSADNQEYFERHRWPPVWYLKEEDHYQRVKREREKE : 673 

HsRhoBTB2 : DGDVLVFLELAQFHCAYQLADWCLHHICTNYNNVCRKFPRDMKAMSPENQEYFEKHRWPPVWYLKEEDHYQRARKEREKE : 688 

DdRacA    : ELDIIGLLICAQRHNAPQLEKFCLHFISSNYQPMRR--RKEFALLDDKTKKHIEDNQWPPIHYLRAVEDY-----EKEME : 586 

DpRacA    : ELDIIGLLICAQRHNASQLEKFCLHFISSNYQPMRR--RKEYSLLDDKTKKYIEDHQWPPIKYLEDLEQY-----EKDMS : 577 

AsRacA    : ELDIIGLLICAKAHNAEQLSKFCLHFISSNYQPMRK--RKEFEKLDSSTKKYLEENQWPPVWYITACEEY-----EQEMA : 570 

PvRacA    : ELDIIGLLICAQTHNAAQLTKFCLHFIASNFQPMSR--RKEYANLDPTTKRYLEDNQWPPISYLTAVQRY-----ESDMA : 576 

TlRacA    : ELDIIGLLICAQNHNASQLVKFCMHFIASNYQPMKK--RKEFTQLDRETVTELEKNQWPPLSYLRALEDY-----ERELH : 581 

PfRacA    : DIDIIGVLLTAQDYNANQLAAFCLHYISQNFQPMKK--RKEYQELKGANLTHVEENQWPPLSYMNKLADY-----EKLVG : 555 

                                                                                                   

                                                           

                     *       740         *       760       

HsRhoBTB1 : DIALNKHRSRRKWCFWNSSPAVA----------------- : 696 

HsRhoBTB2 : DYLHLKRQPKRRWLFWNSPSSPSSSAASSSSPSSSSAVVA : 728 

DdRacA    : KLKSSSK------GWFKK---------------------- : 598 

DpRacA    : NYKKETSK-----GWFK----------------------- : 589 

AsRacA    : KLNDKNCSIM------------------------------ : 580 

PvRacA    : EYKAMQNKSGG--GFFGKKLFGK----------------- : 597 

TlRacA    : RFKGSSSSSNKKTGWFF----------------------- : 598 

PfRacA    : K--NDKCVVM------------------------------ : 563 

                                                           

 
 

Figure S1. Sequence alignment of RhoBTB 1 and 2 and RacA subfamily proteins. The amino acid 

sequences were aligned using the MUSCLE algorithm [62]. Multiple alignments were visualized and 

edited using the GeneDoc software 2.7. The amino acid residues were shaded using the conserved 

residue shading mode set to level 4 with default settings. Similar residues conserved in all proteins have 

a dark shading. The residues with 100%, 80%, and 60% conservation are shaded as white letters on the 

black background, white letters on the dark-grey background, and black letters on the light-grey 

background, respectively. Specific regions are indicated as follows: the G boxes are framed in blue (G1, 

G2, G3, G4, and G5 with the respective consensus motifs), the switch I and switch II regions are framed 

in red, a purple line designates the first BTB domain, an orange line the second BTB domain, and a 

green line the C-terminus back domain. The core effector domain and the Rho insert are indicated by 

green and orange bars, respectively.   
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                  *        20         *        40         *        60         *        80       

HsRhoA : ------------------------------------------------MA-------AIRKKLVIVGDGACGKTCLLIVF :  25 

DdRacE : ------------------------------------------------MSEDQGSG-ATRVKLVVVGDGAVGKTCLLICY :  31 

DpRacE : ------------------------------------------------MSEDTGSG-ATRVKLVVVGDGAVGKTCLLICY :  31 

AsRacE : ----------------------------------------------MSTTEAADAG-ATRVKLVVVGDGAVGKTCLLISY :  33 

CfRacE : ------------------------------------------------MSEQ-DSG-ATRVKLVVVGDGAVGKTCLLISY :  30 

HaRacE : ------------------------------------------------MAEE--SG-ATRVKLVVVGDGAVGKTCLLISY :  29 

PfRacE : MTDKATLLQFVQATDWNSHLNDPVVVNHVAAIKSHVGGGSAPTLAAATGGSTSSSGSEKRVKCVVVGDGAVGKTSLLIRY :  80 

PvRacE : ------------------------------------------------MAEDAGSGAATRVKLVIVGDGAVGKTCLLICY :  32 

TlRacE : ------------------------------------------------MTDSDNSG-ATRIKVVIVGDGAVGKTCLLICY :  31 

EhRho1 : ---------------------------------------MLAFSDMNTGAGKIENG-KKALKIVVVGDGAVGKTCLLLAF :  40 

EdRho1 : --MTEEIVNYFNSISSSNEWGKYLEDADVREKAEALQNAMLAFSDMNTGAGKIENG-KKALKIVVVGDGAVGKTCLLLAF :  77 

                                                                                                

                                                                                                

                  *       100         *       120         *       140         *       160       

HsRhoA : SKDQFPEVYVPTVFENYVADIEVDGKQVELALWDTAGQEDYDRLRPLSYPDTDVILMCFSIDSPDSLENIPEKWTPEVKH : 105 

DdRacE : AQNDFPVDYVPTVFENYTATRKRGNEDIKVHLWDTAGQEEYDRLRPLSYPGADVVLLCFSTISQSSYEAIRDKWAPEVNH : 111 

DpRacE : AQNDFPVDYVPTVFENYTATRKRGNEDIKVHLWDTAGQEEYDRLRPLSYPGADVVLLCFSTISQSSYEAIRDKWAPEVNH : 111 

AsRacE : AHNEFPTDYVPTVFENYTATRKRNGDDIKIHLWDTAGQEEYDRLRPLSYPGADVVLLCFSTISQASYEAIRDRWAPEVNH : 113 

CfRacE : AQNEFPTEYVPTVFENYTASRKRGEEDIKIHLWDTAGQEEYDRLRPLSYPGADVVLLCFSTISQASYEAIRDKWAPEVNH : 110 

HaRacE : ARNEFPVEYVPTVFENYTATTKRGNEDIKIHLWDTAGQEEYDRLRPLSYPGADVVLLCFSTISQASYESIRDRWAPEVKH : 109 

PfRacE : SSGTFPTDYLPTVFDNHTAHMNRNGEKITLHLWDTAGQEDYDRLRPLSYPGADVILLCFSTVNQSSYDAIREKWAPEVQH : 160 

PvRacE : AQNDFPVDYVPTVFENYTATRKRGNEDIKIHLWDTAGQEEYDRLRPLSYPGADVVLLCFSTISQSSYEAIRDKWAPEVNH : 112 

TlRacE : AQKEFPVDYVPTVFENYTANTKRNGEDIKIHLWDTAGQEEYDRLRPLSYPGADVVLLCFSTISQSSYEAIRDKWAPEVNH : 111 

EhRho1 : SKGEIPTAYVPTVFENFSHVMKYKNEEFILHLWDTAGQEEYDRLRPLSYADSDVVLLCFAVNNRTSFDNISTKWEPEIKH : 120 

EdRho1 : SKGEIPTAYVPTVFENFSHVMKYKNEEFILHLWDTAGQEEYDRLRPLSYADSDVVLLCFAVNNRTSFDNISTKWEPEIKH : 157 

                                                                                                

 

                                                                                                

                  *       180         *       200         *       220         *       240       

HsRhoA : FCPNVPIILVGNKKDLRNDEHTRRELAKMKQEPVKPEEGRDMANRIGAFGYMECSAKTKDGVREVFEMATRAALQAR--- : 182 

DdRacE : YIPDVPSILVGTKIDLREQQHPDPNSGKF--EPITADMGISMQKQIKAKKYLEVSAKTRQGLEEVFSAAIEIVLESRGMD : 189 

DpRacE : YIPDVPSILVGTKIDLREQQHPDPNSGKF--EPVTHDMGVSMQKQIKAKKYLEVSAKTREGLEEVFNSAIEIVLESRGMD : 189 

AsRacE : YIPDVPLILVGTKTDLREAQHPDPNSGKF--EPVTADMGTSMAKQIGAPFYLEVSAKTRTGLEEVFNTAIDQVLKSRGDT : 191 

CfRacE : YIPDVPHILVGTKVDLREAQHPDPNSGKF--EPVTPDMGLSMSKQIKAASYLEVSAKTRQGLEEIFNAAIDLVLSSRGIE : 188 

HaRacE : YIEDVPRILVGTKIDLREAQHPDPNSGKF--EPVTADMGLSMAKQIGAKQYLEVSAKSHQGLNEIFNTAIDLVLESRGME : 187 

PfRacE : YIPNIPHILIGTKIDLREEKTPDPNSGLF--EPLTAENGAAMAKEIGATKYMEICSKNGQGIEEVFNEAVDQALRDRAAA : 238 

PvRacE : YIPDIPHILVGTKIDLREAQHPDPNSGKF--EPVTPDMGLSMAKQIKAAKYLEVSAKTRQGLEEVFNAAIDIVLESRGID : 190 

TlRacE : YIPEVPHILIGTKIDLREAQHPDPNSGKF--EPVTFDMGVSMQKQIKARKYLEVSAKTRVGLEEVFNSAIDEVLESRGIE : 189 

EhRho1 : YIDTAKTVLVGLKVDLRKD----------GSDDVTKQEGDDLCQKLGCVAYIEASSVAKIGLNEVFEKSVDCIFSNKPVP : 190 

EdRho1 : YIDTAKTVLVGLKVDLRKD----------GSDDVTKQEGDDLCQKLGCVAYIEASSVAKIGLNEVFEKSVDCIFSNKPVP : 227 

                                                                                                

                                                

           

                  *       260         *       280         

HsRhoA : -----------------------RGKKKSG--CLVL------ : 193 

DdRacE : KKSQDGSSSASGVPSGDKPTKGKAGKKKSG--CIIL------ : 223 

DpRacE : KKSTDGTSNTTSV---PDKKDKKKDKKKNG--CIIL------ : 220 

AsRacE : KVDTANAPGAVPT----DKKDKAGKKKKSG--CLIL------ : 221 

CfRacE : KKNDASTPSSATT--DRKDKSKSGGKKKSS--CIIL------ : 220 

HaRacE : KKSEQPGAASTEK----GKDKPKKKEKKSGFSCSKLIQICDR : 225 

PfRacE : EGSAVASGGAAAA--------------ASP------------ : 254 

PvRacE : KKGTDGTPNTTANQETDKKDKKKKDKKKNG-NCIII------ : 225 

TlRacE : KKGEATTSPSEKV----SENKKDKQKKKPG--CIIL------ : 219 

EhRho1 : KASVTTQAKSQES---------TQQKKKSK--CLLQ------ : 215 

EdRho1 : KVSATTQPKSQES---------TQQKKKSK--CLLQ------ : 252 

 

 

 

 

Figure S2. Sequence alignment of RhoA and RacE subfamily proteins. The amino acid sequences were 

aligned using the MUSCLE algorithm [62]. Conserved sequences are shaded using the GeneDoc 

software 2.7 (see Figure S1). Specific regions are indicated as follows: the G boxes are framed in blue 

(G1, G2, G3, G4, and G5 with the respective consensus motifs), and the switch I and switch II regions 

are framed in red. The core effector domain, the Rho insert, and the conserved CAAX motif at the C-

terminus are indicated by green, orange and black bars, respectively. The grey lines at the N- and C-

terminus represent the important deletions in human or entamoeban proteins.   
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                   *        20         *        40         *        60         *        80       

HsCdc42 : ------MQTIKCVVVGDGAVGKTCLLISYTTNKFPSEYVPTVFDNYAVTVMIGGEPYTLGLFDTAGQEDYDRLRPLSYPQ :  74 

AcCdc42 : ----MATRQVKLVVVGDGAVGKTCLLLSYATNGMPKTYEPTIFDNFVVQLSANGESLELSLWDTAGQEDFDRLRPLSYGN :  76 

EdRacC  : MAAQTDATSVKLVVVGDGAVGKTCLLICYTTNEFPKDYVPTVFDNYMAPMTVDGKPVNLGLWDTAGQEDYEQLRPLSYPN :  80 

EhRacC  : --MSEKPTSIKLVVVGDGAVGKTCLLISYSIRKFPEDYIPTVFDNYVVSLTAGTRQIQLALWDTAGQEEYDQLRPLSYSS :  78 

EiRacC  : --MSEKPTSIKLVVVGDGAVGKTCLLISYSIKKFPEDYIPTVFDNYVVTLTAGSRQIQLALWDTAGQEEYDQLRPLSYSS :  78 

DdRacC  : ---MSAAEVIKLVVIGDGAVGKTCLLISYANNRFPEDYIPTVFDNYVVNLTAGDRNIELGLWDTAGQEEYDKLRPLSYAN :  77 

DpRacC  : ---MSAAEVIKLVVIGDGAVGKTCLLISYANNRFPEDYIPTVFDNYVVNLTAGDRNIELGLWDTAGQEEYDKLRPLSYAN :  77 

AsRacC  : ---MSSPEVIKLVVIGDGAVGKTCLLISYANNRFPEDYIPTVFDNYVVNLTAGDRNIELGLWDTAGQEEYDKLRPLSYAN :  77 

CfRacC  : ---MTSPEVIKLVVIGDGAVGKTCLLISYANNRFPEDYIPTVFDNYVVNLTAGERNIELGLWDTAGQEEYDKLRPLSYAN :  77 

HaRacC  : ---MSSPEVIKLVVIGDGAVGKTCLLISYANNRFPEDYIPTVFDNYVVNLTAGERNIELGLWDTAGQEEYDKLRPLSYAN :  77 

PfRacC  : --MSAPPKTIKLVVIGDGAVGKTCLLISYAKKEFPKDYVPTVFDNYVVNLTAGDQSIELGLWDTAGQEEYDRLRPLSYAN :  78 

PvRacC  : ---MSAAEVIKLVVIGDGAVGKTCLLISYANNRFPEDYIPTVFDNYVVNLTAGDRNIELGLWDTAGQEEYDKLRPLSYAN :  77 

TlRacC  : ---MSAAESIKLVVIGDGAVGKTCLLISYANNRFPEDYIPTVFDNYVVNLTAGDRNIELGLWDTAGQEEYDKLRPLSYAN :  77 

                                                                                                 

    

                                                                                              

                   *       100         *       120         *       140         *       160       

HsCdc42 : TDVFLVCFSVVSPSSFENVKEKWVPEITHHCPKTPFLLVGTQIDLRDDPSTIEKLAKNKQKPITPETAEKLARDLKAVKY : 154 

AcCdc42 : TDVFLLCFSVVDPVSFDNVLDKWLTELRHYCPSAAIILVGTKSDLRQDGTTLEALKRRGQSPVSVEQAEAGARKMRAVTY : 156 

EdRacC  : TDLFLLCFSVISRTSFNNISSKWLPEIKHYEPKCKMMVVGTKTDCRNDEAMIRKLADENQKPITTEEGEKLAKDIKAICY : 160 

EhRacC  : ASIFLICFSVTSSVSYDNVITKWHPEVIHFAPKVPIILVGTKLDTRNDPAIVKRLTEQGMTVINTAKGEELKNRIKAVKY : 158 

EiRacC  : ASIFLICFSVTSSVSYDNVLTKWHPEVVHFAPKVPIILVGTKLDTRNDPSIVQRLAEQGMTVINTAKGEELKTKIKAVKY : 158 

DdRacC  : ANVFLICFSITNPVSFENVYTKWYPEVMHFCPEVPQILVGTKLDTRDDRGVLDKLQQTGHKPITTEQGNDLARRIKAIKY : 157 

DpRacC  : ANVFLICFSITNPVSFENVYTKWYPEVMHFCADVPQILVGTKLDTRDDRNVLDKLAQTGQKPITFEQGNDLARKIKAIKY : 157 

AsRacC  : ANVFLICFSITNPVSYENVLTKWYPEVLHFCPEVPQILVGTKLDTRDDRTIIEKLESQGQRPISTEQGNELARKIKAVKY : 157 

CfRacC  : ANVFLICFSITNPVSYENVYTKWYPEVMHFCPDVPQILVGTKLDTREDRGIVEKLEAQHQKPVSIEQGQDLARKIKAVKY : 157 

HaRacC  : ANVFLICFSITNPVSFENVLSKWFPEVHHFCPDVPKILVGTKLDTRDDRAIIEKLESQGQRPISIEQGNDLAKKIKAVKY : 157 

PfRacC  : ANVFLLCFSVTSQVSFENVSTKWYPELIHFCPDVPFILVGTKADIRNDPSEAQNIASG--QIVQTEQGNELARKLKAQRY : 156 

PvRacC  : ANVFLICFSITNPVSFENVYTKWYPEVMHFCPDVPQILVGTKMDTRDDRGILDKLEQSGQRPISFEQGSELSRKIKAIKY : 157 

TlRacC  : ANVFLICFSITNPVSFENVYTKWYPEVNHFCPDVPQILVGTKLDTREDRGICEKLEQSHQRPVTFEQGNELCRKIRAVKY : 157 

                                                                                                 

                                                                

                   *       180         *       200              

HsCdc42 : VECSALTQRGLKNVFDEAILAAL--EPPETQPKRKCCIF-------- : 191 

AcCdc42 : VECSAITGHNLKHTFDEAIKAVLLGKRNRGTDKKKCLVM-------- : 195 

EdRacC  : MECSALTRSGLNQVFDEAIHIVLNKNQPQKSSHKMCTLL-------- : 199 

EhRacC  : IECSAKTSENLKTVFDEAVKTVLMNKPQQR---SKCALL-------- : 194 

EiRacC  : LECSAKTGENLKTVFDEAVKTVLMNKPAQK---SKCALL-------- : 194 

DdRacC  : MECSAKTSQNLKQVFDEAIKSVLFIKKKK----SKCIVM-------- : 192 

DpRacC  : LECSAKTSLNLKQVFDEAIKSVLFMKKKK----SKCTVM-------- : 192 

AsRacC  : MECSAKTSLHLKQVFDEAIKSVLFMKKKKR---TRCLLQ-------- : 193 

CfRacC  : MECSAKTSLNLKQVFDEAIKSVLMMKRKKR---RGCLLQ-------- : 193 

HaRacC  : MECSAKTSQNLKQVFDEAIKSVLFMKKKKK---ARCLLQ-------- : 193 

PfRacC  : MECSAKTCLNLKDVFDEAVRCVL--RPPKK--KAKCTLL-------- : 191 

PvRacC  : MECSAKTSQNLKQVFDEAIKSVLFMKKKKKRTLTNEIITPSTTTSNS : 204 

TlRacC  : MECSAKTSQNLKQVFDEAIKTVLFMKKKKK-IFGKCVLQ-------- : 195 

                                                                

 

 

 

Figure S3. Sequence alignment of Cdc42 and RacC subfamily proteins. The amino acid sequences were 

aligned using the MUSCLE algorithm [62]. Conserved sequences are shaded using the GeneDoc 

software 2.7 (see Figure S1). The amino acid residues are shaded as in Figure S1. Specific regions are 

indicated as follows: the G boxes are framed in blue (G1, G2, G3, G4, and G5 with the respective 

consensus motifs), and the switch I and switch II regions are framed in red. The core effector domain, 

the Rho insert, and the conserved CAAX motif at the C-terminus are indicated by green, orange and 

black bars, respectively. 

 

 

 

 

 

 

 

 

 

G1 (GXXXXGK(S/T) G2 (XTX) G3 (DXXG) 
Switch II Switch I 

Switch II G4 (N/T)(K/Q)XD 

Rho insert  

Core effector domain 

G5 (T/G/C)(C/S)A 

CAAX motif 



Table S1. Rho GTPases in Amoebozoa. 

 

Rho GTPase genes from Dictyostelium discoideum and Entamoeba histolytica were identified based on 

publicly available information and additional analysis at the National Center for Biotechnology 

Information database (NCBI). Amino acid sets of Rho GTPases from both organisms were used as 

queries for a sequence similarity search in the NCBI database with the blastp algorithm 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi). Predicted protein homologs from other Amoebozoa with fully 

annotated genomes that showed the highest percent identity are listed. Proteins previously reported in 

the literature were named according to already published data. Names of unpublished but predicted 

Amoebozoa 

 Phylum  Organism Rho GTPases 

C
o

n
o

sa
 

Archamoebea Entamoeba 
histolytica 

EhCdc42 
EhRacA 
EhRacB 
EhRacC 
EhRacD 

EhRacG 
EhRacH 
EhRho1 
XP_653885.1 
XP_653812.1 

XP_653308.1 
XP_649502.1 
XP_656301.1 
XP_656258.1 
XP_652660.1 

XP_652457.1 
XP_648766.1 
XP_654700.1 
XP_656370.1 

Entamoeba dispar EdRacA-like 
EdRacB-like 
EdRacC-like 
EdRacD-like 

EdRacG-like 
EdRacH-like 
EdRho1-like 
XP_001736788.1   

XP_001739099.1   
XP_001737112.1   
XP_001737038.1     
XP_001736684.1    

XP_001738433.1   
XP_001734489.1   
XP_001739566.1    
XP_001741992.1    

Entamoeba 
invadens  

EiCdc42-like 
EiRacA-like     
EiRacB-like 
EiRacC-like 

EiRacD-like 
EiRacG-like   
EiRacH-like 
XP_004261490.1   

XP_004185779.1 
XP_004258338.1     
XP_004183588.1   
XP_004261195.1 

XP_004258224.1 
XP_004185920.1 
XP_004184178.1   
XP_004254590.1        

Dictyostelia Dictyostelium 
discoideum 

DdRac1A 
DdRac1B 
DdRac1C 
DdRacA 
DdRacB 

DdRacF1 
DdRacF2 
DdRacC   
DdRacD 
DdRacE 

DdRacG 
DdRacH 
DdRacI 
DdRacJ 
DdRacL 

DdRacM 
DdRacN 
DdRacO 
DdRacP 
DdRacQ 

Dictyostelium 
purpureum 

DpRac1A-like 
DpRac1B-like 
DpRacB-like 
DpRacA-like   
DpRacC-like 

DpRacD-like 
DpRacE-like 
DpRacG-like    
DpRacH-like 
DpRacJ-like 

DpRacL-like  
DpRacP-like 
DpRacR-like 
DpRacS-like 
DpRacT-like 

DpRacU-like 
DpRacV-like   
DpRacW-like 

Acytostelium 
subglobosum  

AsRac1A-like 
AsRac1B-like 
AsRacA-like 
AsRacB-like 

AsRacC-like 
AsRacD-like 
AsRacE-like 
AsRacG-like 

AsRacH-like 
AsRacL-like 
AsRacP-like 
 

 

Cavenderia 
fasciculata 

CfRac1A-like 
CfRac1B-like 
CfRacB-like 

CfRacC-like 
CfRacD-like 
CfRacE-like 

CfRacH-like 
CfRacL-like 
CfRacP-like 

 

Heterostelium 
album  

HaRac1B-like 
HaRac1C-like   
HaRacB-like 
HaRacF2-like 

HaRacC-like 
HaRacD-like 
HaRacE-like 
HaRacG-like 

HaRacH-like 
HaRacL-like 
HaRacP-like 

 

Polysphondylium 
violaceum  

PvRac1A-like   
PvRac1B-like 
PvRacA-like 
PvRacB-like   

PvRacC-like 
PvRacD-like 
PvRacE-like 
PvRacH-like 

PvRacL-like 
PvRacP-like 

 

Tieghemostelium 
lacteum  

TlRac1A-like 
TlRacA-like 
TlRacB-like 
TlRacC-like 

TlRacD-like 
TlRacE-like 
TlRacG-like   
TlRacH-like 

TlRacL-like 
TlRacP-like 

 

Variosea Planoprotostelium 
fungivorum 

PfRac1-like 
PfRac1B-like 

PfRacA-like 
PfRacC-like 

PfRacE-like 
PfRacH-like   

 

Lo
b

o
sa

 

Discosea Acanthamoeba 
castellanii 

AcCdc42-like 
AcRac1 

AcRac1B-like   
AcRac2-like    

AcRac3-like  



proteins from other Amoebozoa were chosen based on homology and designated by adding ”-like” to 

their names. Accession numbers of all sequences reported in the table can be seen in the Supplementary 

File 2. (Accession numbers and amino acid sequences of selected species). 

 


