
Dr Amph     36  DEIFFDDHHLNNNNFFNRRQQQQASSANRRLQQKKEFNNNNYYI                                           RRCVRRAAQQAASSKKTTLMDSSVCEI              YYEPQQWWSSG 
Hs Arf2     123 DLELELQQIELLRETTKKRKKYYESSVLQQLGRALTT                                           AHHLYYSSLLQTQHQTQHALGDAFFADLSQSQ            KSSPEL   
Hs End A1   30  DDDFFKKEMERKRKVDVTSTSRAVMEIMTTKKTTIEYYL QQPNNPASSRRAKKLSSMINTNTMSSKKIRRGQQEKKGPGYYP-QQ                   AEALLAEAMLKKFFGRREL          GDDCNNFF 

Hs End A2   30  DDDFFKKEMEKKKKVDVTSTSKKAVTTEVLARRTTIEYYL QQPNNPASSRRAKKLTTMLNTNTVSSKKIRRGQQVKKNNPGYYP-QQ                   SSEGLLGECMIRRHHGKKEL          GGESNSNFF
Hs End A3   38  DDEFFLDMERKRKIDVTNTNKKVVAEILSSKKTTTTEYYL QQPNNPAYYRRAKKLGMLNTNTVSSKKIRRGQQVKKTTTTGYYP-QQ                   TTEGLLGDCMLKKYYGKKEL          GEDSTSTFF
Dm End A    30  DMDFFMEMERKRKTTDVTTVELVEELQQLKKTTKKEFFL QQPNNPTTARRAKKMAAVKKGISSKKLSSGQQAKKSNTSNTYYP-QQ                   PEGLLAECMLTTYYGKKKKL          GEDNSNSVFF
Ce End A    30  DDVFFNNEMEKKNNVDTTTTYNNLITTDLVAGTNTNEYYL QQPNNPATTRRAKKMATQTQVALSSKKVRRGTTTKKTSTSPYYP-QQ                   TTEGMLADVMQQKKYYGQQQQL          GDNSNSDL 
Hs End B2   36  DAHHFFENNLLARRADSTSTKKNNWWTTEKKILRRQTQTEVLL QQPNNPSSARRVEEFFLYYEKKLDRKRKVPSSRRV-----TNTN                   GELLAQQYYMA-DAASSEL          GPTTTTPYY 
Dm End B    41  DLHHFFQNQNLAERRADVTTKKTTWWTTEKKIVRRDTTESSVL IPNNPQNQNRRVEDFFIFEKKIEKKSSKKPKRKRL-----SNSN                   LEHHLALDMI-EAGGDFF          GQQDLPYY 
Ce End B    36  DSHSHFFENNLLQQRRADKKTTEDHTHTRRRRLLSSAIEGYYL QQPNNPTTVRRMEEVFYFYEKKLELKKKKDGAIRRQQ---NNNN                   LEQQLSTSTAMTT-EAGEQQFF          GETTTTPYY 
Hs End B1   39  DAHHLENNLLSSKKAECTTKKIWWTTEKKIMKKQTQTEVLL QQPNNPNNARRIEEFFVYYEKKLDRKRKAPSSRRI-----NNNN                   PELLGQQYYMI-DAGTTEFF          GPGTTAYY 
Hs Nadrin   26  SSEDLLQQIERRRRLDTTVRSSICHHSHHHSHKRKRLVACFF QQGQHQHGTTDA--------ERRRRHHKKKKL                           PLTTALAQNQNMQQEASTQSTQL           EDSSLL 
Sc Gvp36    53  PRREYYTTELEDKKVDTTIKKLIYYNHNHFFLGVTTAIYYE NNGSSYYDYYPKKYYINNESSVNNEFFSSRRSSVASSKKLTTELTHTHATSTSASSEATNTNILVAPGPIKKEP  KKTTLNNYYALSSKKVALNSSNSSECLNNKKMFP TTEEQQPL 
Sp SPBC19C2 26  SSDDFFCSSLKKGETTDAWWLVGMDKKIHHRRSSCTTRRWWV RR-NNMDKRKKRKGLLDEKKDKKQQLPVTT                               HVGSSSSFFV-ELGQQAL          SHSSSNSHSSSN 

                                                                                               

Dr Amph      92    YYDALQQAQTQTGASSESSLWWADFFAHHKKLGDQQVLIPLNTNTYYTTG-QQFFPEMKKKKKKVEKRKRNNRKRKLIDYYDGQQRRHSHSFFQNQNLQQ  ANNANNKRKKRKDDV 
Hs Arf2     179 QQEEFFGYYNNAETQTQKKLLCKKNNGETTLLGAVNN-FFFFVSSSSINTNTLVTTKKTTMEDTTLMTTVKKQQYYEAARRLEYYDAYYRRTTDLEELSSL     GPRRDAG 
Hs End A1   111 GPALGEVGEAMRRELSSEVKKDSSLDIEVKKQNQNFFIDPLQNQNLHDKKDLRREIQHHQHHLKKKKLEGRRRLDFFDYYKKKKKK         RRQQGKKIPD 

Hs End A2   111 GDALLDAGESSMKRKRLAEVKKDSSLDIEVKKQNQNFFIDPLQNQNLCEKKDLKKEIQHHQHHLKKKKLEGRRRLDFFDYYKKKKKK         RRQQGKKIPD 
Hs End A3   119 GNNALIEVGESSMKKLMAEVKKDSSLDINNVKKQTQTFFIDPLQQLLQQDKKDLKKEIGHHHHLKKKKLEGRRRLDYYDYYKKKKKK         RRVGKKIPD 
Dm End A    112 AQQALVEFFGEALKKQQMADVKKYYSSLDDNNIKKQNQNFFLEPLHHHHMQTQTKKDLKKEVMHHHHRKKRKKLQQGRRRLDFFDCRRRRRR         RRQQAKK--D 
Ce End A    111 GKKSSLNNDAAETTYYRRQQMADIKKYYQQMEDNNVKKQNQNFFLDPLTHTHLQNNQNNELKKDVNHHNHHRRTKKLKKGRRRLDYYDCKKRKKR         QQQQRRRR--D 
Hs End B2   112 GKKTTLIKKVAEAEKKQQLGAAERRDFFIHTHTASSISSFFLTTPLRRNNFFLEGDWWKKTTISSKKERRRRLLQNQNRRRLDLDACKKA         RRLKKKKAKKAAEAKKATTTTVPDFFQQETTRRPRRNNYYILSSASSASSALWWNNDEVDKK
Dm End B    117 GQQALIKKVGQQAEQQKKLGQQCEHDFFIATSTSGICFFTQTQPLRKRKFFLDGEMKKTTIGKKERRGILETTKRKRLDLDACKKNN         RRVKKKKARRSSMLGQQSQQS 
Ce End B    114 GSSALLKKVAQTQTENNRRLGQQAERRELCGQQAATNTTNTLLPIRRRRFFLEGDMKKTTIQQKKERKRKVLNSNSKRKRLDLDACKKSS         RRLKKKKAKKTTVDLQTQTVTNTNSKKTSTSGGFFTTIEQQ
Hs End B1   115 GNNALIKKCGETQTQKRKRIGTTADRRELIQTSQTSALNNFFLTTPLRRNFFIEGDYYKKTTIAKKERKRKLLQNQNKRKRLDLDAAKKTT         RRLKKKKAKKAAETTRRNSS
Hs Nadrin    91 GKKMLETTCGDAENQNQLALELSQHSQHEVFFVEKKEIVDPLYYGIAEVEIPNNIQQKKQQRKRKQQLARRLVLDWWDSSVRRARRWWNQNQ   AHHKKSSSSGTNTNFFQQGLPSS
Sc Gvp36    161 ASSALLQQFFSSDVQQAKKIAQQARRIQQQQDTTLIQTQTKKFFNNKKNNLRRERRLSSFFEIGKKADKKCRKRKDVHSHSMRRLRRYYDVARRTNTNL     ANNNNKKKKPEKKE  
Sp SPBC19C2  94 SHTSHTYYIMYYGKKSSMVEIGHHLQQEEFFMDYYLNNSNNSFFLANNLENSNSL-AEFFKKALDVKKEKKKKMENNRRRRLVFFDALSTST         KKIQQKKAKKKKEESSKKL
                                                                                               

Dr Amph     167   KKLTTKK-GRREQQLEEARRRRTTYYEILNTNTELHHDELPALYYDSSRILFFLVTNTNLQTQTLFFATTEQQVFFHNHNETTAKKIYYSSELEAIVDKKLATTES 240
Hs Arf2     254 TTRRGRRLESSAQQATTFFQQAHHRRDKKYYEKKLRRGDVAIKKLKKFFLEENNKIKKVMHHKKQQLLLFFHNHNAVSSAYFYFAGNQNQKKQQLEQTQT            319
Hs End A1   181          EELRRQQALEKFFDESSKKEIAESSSSMFFNNLLEMDIE-QQVSQSQLSSALVQQAQQLEYYHHKKQQAVQQILQQQVTTVRRLEERRIRR   245

Hs End A2   181          EELRRQQALEKKFFEESSKKEVAETSTSMHNHNLLETTDIE-QQVSQSQLSSALVDAQQLDYYHHRRQQAVQQILDELAEKKLKRRKRRMRR   245
Hs End A3   189          EEVRRQQAVEKKFFEESSKKELAERRSSMFFNNFFLENNDVE-QQVSQSQLAVFFIEAALDYYHHRRQSTQSTEILQQELQSQSKKLQQMRRISS   253
Dm End A    180          DEIRRGAEDKKFFGESSLQQLAQQVGMFFNNLLENNDTTE-QQVSQSQLVTTFFAEALYDFFHHSQQCADVLRRGLQQETLQQEKRKRSS   244
Ce End A    179          DEMIQQAEEKKLEESSKRKRLAEMSSMFFNNVLSNSNDVE-QQISQSQLRRALIEAQQLDFFHHRRQTQTAQQCLENLQQQQQQLGHHRRIKK   243
Hs End B2   183        AEQQELRRVAQTQTEFFDRRQQAEVTTRRLLLEGISSTHSSTHVNN-HHLRRCLHHEFFVKKSQTTSQTTYYYYAQQCYYRRHHMLDLQQKKQQLGRRFFPG   247
Dm End B    187        AERRDLRRVAQQAEFFDRRQQAEITTKKLLLDGISTSQSTSQASS-HHLRRHLHHAFFIQQTQQVRRYYYYKKQQCGDVMEQQLQQRRELANNL     251
Ce End B    184        AEADVRRVAQQAEFFDKKQQSEITTKKLLLEGIQTQTAHNNHNN-QQLKKCLRRDFFVEAQQMSSFYFYAQSHQQSHQLMADLQQRREL        248
Hs End B1   185        SSEQQELRRITQSTQSEFFDRRQQAEITTRRLLLEGISSTHSSTHAHH-HHLRRCLNNDFFVEAQQMTTYYYYAQQCYYQQYYMLDLQQKKQQLGSSFFPSS   249
Hs Nadrin   174    KKIDTTLKKEEMDEAGNKKVEQQCKKDQQLAADMYYNNFFMAKKEGE-YYGKKFFFFVTTLLEAQQADYYHHRKRKALAVLEKKTTLPEMRRAHQHQ    241
Sc Gvp36    235      ASSLRRVQQMETTLEDQQFFAQQVTTEDATTV-CLQQEVISHSHANN-FFSSEDLKKELAKKAQQAEYFYFETSTSAGLMKKEFFLSNSSNS        297
Sp SPBC19C2 168         EEDLRRNNARRAKKYYEESSLEEFFEDRRMVQQLKKELEPD-RRVENNVVRRLLQQMQQIRRFFHQHQKKSSLDLLKKGLEMNNGFFSSKKKK    232
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Supplementary Figure 2. Structure-based sequence alignment of the BAR domains of Drosophila amphiphysin, 

human arfaptin2 and human endophilin-A1 (upper 3 rows). Secondary structure elements are shown at the top 

(Amphiphysin, blue) and the bottom (Endophilin-A1, pink and red for the endophilin-specific insertion). Residues 

underlined in the endophilin-A1 sequence are not seen in the crystal structure. Conserved motifs are indicated by 

dots. Colors of amino acid letters: basic, blue; acidic, red; aromatic, brown; alcoholic, amines and histidine, green; 

others, black.

Three amino acid sequences, each from three representative groups of known BAR-family proteins1, are aligned 

along the spatially equivalent positions in the BAR domain structures. Total of 157 equivalent positions from 

helical regions are counted and only 6 (4%) and 37 (24%) of them are occupied by identical and similar residues, 

respectively. They are mostly hydrophobic residues involved in helix packing. Residues possibly important for the 

three features of BAR domains, dimerization, membrane-binding and curvature-sensing1 are not well-conserved. 

These are the residues connecting two monomers by hydrogen bonds (enclosed by red rectangles), basic residues 
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in the concave surface (highlighted by blue) for the membrane binding, and those positioned at the kinks in the 

helix II and III. Residues forming hydrogen bonds inside the monomer are not conserved (not shown). A dumpy 

shape of the End-A1-BAR dimer is due to the truncation of the helices II and III at the far ends.

Two conserved motifs predicted earlier1 are proved to be structurally conserved: I/L-D/E-Y/F-D-G/A/Y motif in 

the helix II and Y/F-H/Y/F motif in the helix III. The former motif, which is positioned near the extreme ends of 

the dimer, displays the first, the second and the 5th residues on the concave surface. The first and the 5th residues 

represent only two conserved hydrophobic residues on this surface (Fig. 1A), suggesting that the motif plays an 

important role in the lipid binding or serves as the binding site for a yet unknown protein. The latter motif is 

located at the symmetric center of the dimer and thus is in close proximity to the same motif of the partner. This 

motif appears to act as a reference point for the dimer assembly.

The lower rows shows predicted structure-based alignment of endophilins and related proteins. Data from the 

secondary structure prediction by 3D-PSSM3 are included. Human endophilin A2 (NP_003016), endophilin A3 

(NP_003018), Drosophila endophilin A (NP_732383), C. elegans endophilin A (NP_491424), human endophilin 

B2 (NP_064530), Drosophila endophilin B (NP_725873), C. elegans endophilin B (NP_741756), human 

endophilin B1 (NP_057093), human nadrin (NP_060524), and putative candidates of yeast endophilins, S. 

cerevisiae Gvp36p (NP_012223) and S. pombe SPBC19C2 product (NP_595695).

The alignment predicts first that all these endophilin family proteins have the central appendages though the 

length and the sequence are diverged. The N-terminal short helix of the appendage is conserved at least in 

endophilins of both types. The second, acidic residues on the convex surface (highlighted by red) are conserved 

only in the A-type endophilins. The dipole surface potential along the convex to concave surface axis (Fig. 1A), 

which can facilitate proper orientation of the dimer on the negatively charged membrane, is a feature of the A-type 

endophilins. The third, the core structure of the dimer appears firmly conserved but the over-all shapes can alter 

due to the differences in the length of the appendages and of the loop localized at the extremities of the dimer, as 

predicted for endophilin B2.
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