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The structure of the bacterial DNA segregation ATPase filament reveals 
the conformational plasticity of ParA upon DNA binding. 
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Supplementary Figure 1: Micrograph and 2D classes of ParA2vc dimers. (a) Representative 
negative-stain electron micrograph (out of a 10-20 micrograph dataset) of ParA2vc in the presence of 
ATP. Elongated particles, approximately 10 nm long, are visible. The scale bar indicates 100nm. (b) 
2D classes of particles from negative-stain EM micrographs of ParA2vc in varying nucleotide states. 
Two-lobbed particles, consistent with a dimer in different orientations, are visible in all states.   
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Supplementary Figure 1: Micrograph and 2D classes of ParA2vc dimers. (a) Representative
negative-stain electron micrograph (out of a 10-20 micrograph dataset) of ParA2vc in the presence of
ATP. Elongated particles, approximately 10 nm long, are visible. The scale bar indicates 100nm. (b) 2D
classes of particles from negative-stain EM micrographs of ParA2vc in varying nucleotide states. Two-
lobbed particles, consistent with a dimer in different orientations, are visible in all states.
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Supplementary Figure 2: Comparison of ParA structures across bacterial species. A monomer 
(left) and dimer (right) is shown for the structures of ParA2VC (cyan), the E.coli P7 plasmid ParA 
(orange), and HpSoj (purple). All three structures are aligned at the bottom, on the left chain for the 
dimer.  
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Supplementary Figure 3: Comparison of chains in the ParA2vc-ADP asymmetric unit. (a) 
Cartoon representation of the ParA2vc-ADP structure asymmetric unit, showing 4 protein molecules, 
in purple, blue, orange, and cyan, respectively. Density for the nucleotide is found in all four. (b) 
Overlay of all 4 chains, coloured as in (a). (c) Side (top) and top (bottom) views of the two dimers in 
the ASU, coloured as in (a). All four chains only show minor variations in loop regions, and the 
dimeric architecture is the same for the two dimers. 
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Supplementary Figure 3: Comparison of chains in the ParA2vc-ADP asymmetric unit. (a) Cartoon
representation of the ParA2vc-ADP structure asymmetric unit, showing 4 protein molecules, in purple,
blue, orange, and cyan, respectively. Density for the nucleotide is found in all four. (b) Overlay of all 4
chains, coloured as in (a). (c) Side (top) and top (bottom) views of the two dimers in the ASU, coloured
as in (a). All four chains only show minor variations in loop regions, and the dimeric architecture is the
same for the two dimers.



 
 
Supplementary Figure 4: Nucleotide binding in ParA orthologues. The structure of ParA2vc is 
shown in purple, with the bound ADP molecule in cyan. The nucleotide in overlaid P1 ParA structure 
(ADP:PDB ID 3ZE6) and in hpSoj (ATP:PDB ID 6IUB) are in green and orange, respectively. The 
nucleotide is positioned similarly in all three structures. 
 
  

Supplementary Figure 4: Nucleotide binding in ParA
orthologues. The structure of ParA2vc is shown in purple, with
the bound ADP molecule in cyan. The nucleotide in overlaid P1
ParA structure (ADP:PDB ID 3ZE6) and in hpSoj (ATP:PDB ID
6IUB) are in green and orange, respectively. The nucleotide is
positioned similarly in all three structures.



 
 
Supplementary Figure 5: Negative-stain electron micrographs of ParA2vc with ssDNA, in 
varying nucleotide states. All micrographs are representatives of 10-20 micrograph datasets. (a) 
Filament formation in various nucleotide state.  The white bar indicates 100 nm. ParA2vc only forms 
filaments on DNA in the presence of nucleotide, and in large excess of protein. At lower protein 
concentration, ATP!S is required to observe stable filaments. (b) Filament formation with mutations 
that affect nucleotide binding/hydrolysis. The conservative mutations K124R and K124Q still permit 
filament assembly, but no filaments were observed with the more deleterious K124E mutation. 
 
 
  

Supplementary Figure 5: Negative-stain electron micrographs of ParA2vc with ssDNA, in varying
nucleotide states. All micrographs are representatives of 10-20 micrograph datasets. (a) Filament formation
in various nucleotide state. The white bar indicates 100 nm. ParA2vc only forms filaments on DNA in the
presence of nucleotide, and in large excess of protein. At lower protein concentration, ATP!S is required to
observe stable filaments. (b) Filament formation with mutations that affect nucleotide binding/hydrolysis. The
conservative mutations K124R and K124Q still permit filament assembly, but no filaments were observed with
the more deleterious K124E mutation.
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Supplementary Figure 6: Details of the ParA2vc-ATP!S-DNA filament cryo-EM structure 
determination. (a) Data processing pipeline. (b) FSC curves for the masked post-processing 
refinement. (c) Local resolution of the electron potential map, calculated using ResMal with the scale 
bar in Å. 
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Supplementary Figure 6: Details of the ParA2vc-ATP!S-DNA filament cryo-EM structure determination. (a)
Data processing pipeline. (b) FSC curves for the masked post-processing refinement. (c) Local resolution of the
electron potential map, calculated using ResMal with the scale bar in Å.

Data collection
5785 micrographs

Motion 
correction

CTF 
estimation 

Manual 
picking 

390,604 particles 

3D Classification 

6.9 Å

35,694  

5.3 Å

3D Refinement 

58,274  20,623 38,526  54,454  

Post-processing

182,997  
Twist: -78.3º

Rise: 28Å
Twist: -76.2º
Rise: 31.9Å

Twist: -81.6º
Rise: 33.3Å

Twist: -80.7º
Rise: 27.8Å

Twist: -79.9º
Rise: 33.6Å

Twist: -84.1º
Rise: 30.9Å

Twist: -80.57º
Rise: 28.68Å

4.5 Å

a b

c

0.143

4.5Å

3.3 5.83.8 4.3 4.8 5.3

FSCmap

FSCmap-to-model



 
 
Supplementary Figure 7: Examples of the fit of the ParA2vc-ATP!S-DNA atomic model to the 
electron potential map. Various elements are shown, including the full atomic model (a), DNA (b), 
a single ParA2vc monomer (c), the N-terminal (d) and C-terminal (e) helices, and the  two nucleotides 
of the central dimer (f). These illustrate that the map features are consistent with the reported 
resolution. 
 
  

Supplementary Figure 7: Examples of the fit of the ParA2vc-ATP!S-DNA atomic model to the electron
potential map. Various elements are shown, including the full atomic model (a), DNA (b), a single ParA2vc
monomer (c), the N-terminal (d) and C-terminal (e) helices, and the two nucleotides of the central dimer (f).
These illustrate that the map features are consistent with the reported resolution.
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Supplementary Figure 8: Multiple sequence alignment of various ParA orthologues. The first six are Type Ia sequences, the next seven are 
type Ib sequences, and the bottom sequence is for the archaea pNOB8 plasmid ParA. The secondary structure elements for ParA2vc is in blue at 
the top, and for HpSoj in green at the bottom. Conserved residues are in red box, similar residues in red characters. The orange boxes indicate 
regions of ParA2vc that interact with DNA, and the purple bars indicate the filament oligomerization interfaces. 

Supplementary Figure 8: Multiple sequence alignment of various ParA orthologues. The first six are
Type Ia sequences, the next seven are type Ib sequences, and the bottom sequence is for the archaea pNOB8
plasmid ParA. The secondary structure elements for ParA2vc is in blue at the top, and for HpSoj in green at the
bottom. Conserved residues are in red box, similar residues in red characters. The orange boxes indicate
regions of ParA2vc that interact with DNA, and the purple bars indicate the filament oligomerization interfaces.

                                                                             TT                          TT                                      ParA2_Vibrio                  
  1       10        20        30        40        50        60        70        80        90       100       110       120       130       140   

ParA2_Vibrio                                                                                                                                          KGG  K                                                                                                                                     I V N       S T V LA  L L      ..MAMKREQTIENLYQLAQLTQQVQADRIEIVLEERRDEHFPPMSKALMETRSGLTRRKLDEAIAKMEEAGHQFTKNNANHYSISLSEAHMLMDAAGVPKFHERKKNNENKPWI N Q Q   TG  M A H  AC A NLDKR.

ParA_P1                                                                                                                                               KGG  K                                                                                                                                     I I N    V  T S V LA  M A      ...MSDSSQLHKVAQRANRMLNVLTEQVQLQKDELHANEFYQVYAKAALAKLPLLTRANVDYAVSEMEEKGYVFDKRPAGSSMKYAMSIQNIIDIYEHRGVP.KYRDRYSEAYV F S L    S  V T S  HA R HPHLLM

ParA_P7                                                                                                                                               KGG  K                                                                                                                                     I V N    V  T S V LA  L V      MMMKRDYGGVGTIALRASALLKAMSQDIEDQRKEFNQTEYYQTFTRNAVAKLPKLSRRIVEQAIKEMEDDGYQFNKKQVGNVEQYALTIQNVIDIYAHRKIP.KYRDIHKSPYV F V L    S  V T T  HA R HQDLLR

SopA_bacillus                                                                                                                                         KGG  K                                                                                                                                     I V      V  TS  V LA  L L      .....MKLMETLNQCINAGHEMTKAIAIAQFNDDSPEARKITRRWRIGEAADLVGVSSQAIRDAEKAGRLPHPDMEIRGRVEQRVGYTIEQINHMRDVFGTR.LRRAEDVFPPV G AAH    Y   VS H  QD A KG....

ParA_plasmid_Yersinia_pestis_S                                                                                                                         KGG  K                                                                                                                                     L I      A  TST V IA  M L      .....MDLKSTLDRCIERGQFMTQEIAKSQFGNDSPAARTITRRWRITEAAELVGVTPQTIRNYEDSGKLPPPDTAMIGRVEQRTGYSIQQINDMRDVFKTR.LSKPKGENPVV A AAH    Y    S H  QW A QG....

ParA_Mycobacterium_tuberculosi                                                                                                                         KGG  K                                                                                                                                     L I N    V  TTT V IA  L V      ...........................MSAPWGPVAAGPSALVRSGQASTIEPFQREMTPPTPTPEAAHNPTMNVSRETSTEFDTPIGAAAERAMRVLHTTH.EPLQRPGRRRV T A Q    G    A N  AA A QG....

Soj_escherichia                                                                                                                                       KGG  K                                                                                                                                     L   N    V  TST V LA           .............................................................................................................MAMKV VTA Q    G    L H  FDFSERG....

Soj_thermophilus                                                                                                                                      KGG  K                                                                                                                                     I L N    V  TTT I LA  L        ..........................................................................................................MLRAKVRR A A Q    G    A N  AY ARLG....

ParA1_vibrio                                                                                                                                          KGG  K                                                                                                                                     V I N    V  TTT I LA  M A      ..............................................................................................................MGKI A A Q    G    C N  AS A TK....

ParA_Chlamydia                                                                                                                                        KGG  K                                                                                                                                     I V S       TST L L   L        ...............................................................................................................MKT A N F   TA    T H GAA AQYHK...

ParA_Treponema_pallidum                                                                                                                               KGG  K                                                                                                                                     L   N    V  TTS I L   L L      ..............................................................................................................MGKT VFV Q    G    A N GAY A AG....

ParA_caulobacter                                                                                                                                      KGG  K                                                                                                                                     L L S    A  TT  V L   A L      ...............................................................................................................MKT A I R    G   LA N SLT H AG....

ParA_pNOB8                                                                                                                                            KGG  K                                                                                                                                     I I N    V  TTT A IA  L A      ..............................................................................................................IAKV T H F    G    T I  MG G MG....

                                                                                                          1       10        20        30         

                                                                                                                                                 Soj_thermophilus              

            TT             TT                                    TT                                                                              ParA2_Vibrio                  
        150       160       170       180       190       200       210       220       230        240       250       260       270       280   

ParA2_Vibrio                             D Q                                                                                                   D    D                             RI LID   P  SL                                                  L  I                                 LI      F  IMI   P V     NAM A   LLIP    ..Y  C   .L   G  RLFLNPQISLAEHTNIYSAVDIMLDNVPDGVQVDTEFLRKNVMLPTQYPN KT SAFPEDAMFNAEAWQYLSQNQ.SLDIVRLLKEK  DKIASD  I    TG H DPLVW   Y SNA    CAAK

ParA_P1                                  D Q                                                                                                   D    D                             RILVID   P  SAT                                                 V  M        I                        VI      Y  ILV   P L     NAL  A  L  P    EDL      .L   S   MFLSHKHSIGIVNATSAQAMLQNV........SREELLEEFIVPSVVPG DV PASIDDAF ASDWRELCNEHLPGQNIHAVLKEN  DKLKSD  F    SG H DAFLK   AS NI FT LPPA

ParA_P7                                  D Q                                                                                                   D    D                             RILVID   P  S T                                                 V  I        V                        II      Y  I I   P L     N L A   LL P    HDL      .L   A S MFLDHTHSIGSILETAAQAMLNDL........DAETLRKEVIRPTIVPG DV PASIDDGF ASQWKELVEEHLPGQNQYEILRRN  DRVADD  F F  TG H DPFLL G A SDL  T TPPA

SopA_bacillus                            D Q                                                                                                   D    D                             RVLLVE   P  TAS                                                 L  I        I                        AI      Y  IVI   P L     NVV AA  LIVP    ..L      GN   G   MYHGWVPDLHIHAEDTLLPFYL..........GEKDDVTYAIKPTCWPG DI PSCLALHR ETELMGKFDEGK.LPTDPHLMLRL  ETVAHD  V    SA N GIGTI   C  DV    TPAE

ParA_plasmid_Yersinia_pestis_S            D Q                                                                                                   D    D                             RVLLID   P  TAS                                                 L  I        I                        AI      Y  VVL   P L     NVV AA  IVVP    ..L      AT   A   LYHGYVPDLHIHEEDTLLPYYL..........GQRDDAAYAIKPTCWPN EV PSCLAVHR ESEIYGLHDQGK.LPVAPHLLLRA  ESVWDS  V    SA N GIGTI   C  DV    TPAE

ParA_Mycobacterium_tuberculosi            D Q                                                                                                   D    D                             K LVID   P  NAS                                                 L  I        A                        LA      F  V V   P L     NAL AA  VMIP    ..L T    .L   G   TALG..ITDRQSGTPSSYEMLI..........GEVSLHTALRRSPHSER FC PATIDLAG EIELVSMVAR.......ENRLRTA  ALDNFD  Y F  CP S GLLTI   V  PE    IQCE

Soj_escherichia                          D Q                                                                                                   D    D                             RVAVID      NAS                                                 I  I        V                        L       F   LI   P V      AL  A  VV P    ..K      .M T G   FTLK..........QFSSGIKANE........MWGEIEPTRFTQIPESG SL ESDIQLAN EKLNLPEMVK.........QFRHN QQLADSG  VC   TA T NNALIV  AS DF  C IELE

Soj_thermophilus                         D Q                                                                                                   D    D                             RVLLVD   P  NAT                                                    L        A                                Y  VLL   P L     NAL AA  VVVP    ..K      .L   G   SGLG..VRAER....GVYHLLQ..........GEPLEGLVHP....VDGFHL PATPDLVG TVELAG.............APTALREALRDEG  L    AP S SPLTL   A  EG    VQAE

ParA1_vibrio                             D Q                                                                                                   D    D                             KVLVVD   P  NAT                                                 L  A        A                        LA      Y  I I   P L     NAM AA  VLVP    ..R      .L   G   MASG..VDKYQVDSTAYELLVE..........DAPFDQVVCRKTTGHYD IA NG..DVTA EIKLMEVFAR.......EVRLKNA  SVR.DN  F F  CP S NLLTI   A  DS    MQCE

ParA_Chlamydia                           D Q                                                                                                   D    D                             RVLLID      NLT                                                 L  I        V                        IL      Y  VII   P L     SAL AA  ALI     ..A      .F A A   AGLG.......LDPDCYDSLAVVL........QGEKNIEEVIRPIDSSG DL PADTWLER EVSGSLAADRYS......HERLKI  SKIEHR  Y    TP S CWLTE   I  QH   CATPE

ParA_Treponema_pallidum                  D Q                                                                                                   D    D                             K LLVD   P  NMS                                                 L  I        A                        LA      Y  ILI   P L     N L AA  V IP    ..K T    .F   G   SGLG..LARG....LTVYDLLA..........GKAHINSVLRTTPVHN. FA PASIDLSG TVELVDEQDR.......ELYLKKI  EVK.DT  F    CP S GILTL G A  NE F  LQCE

ParA_caulobacter                         D Q                                                                                                   D    D                             KVLLAD   P  SAS                                                 L  I                                         Y  MLI            AV  A   IL     ..W      .I   R   DALR.....................................ARAAPGPA AE NAG.........................KLFQTRSQALHDA  V    TPAAPDADVAV  NS DLC  VCRPT

ParA_pNOB8                               D Q                                                                                                   D    D                             RVLLID      SLT                                                    V                                 ML      Y  ILI   P        IL A   LLIP    ..K      .F A M   QIFVREEDRLKILESSHDVTQDKS.......AFALLRTMEPARIKFFHEGKG KFGIDVIPGSYMSIFKLMFEGYIPIQSEWNILR  DLYRDQ  Y    TA SDTVTIKP  R SHY    EDGT

     40         50              60                  70            80        90                    100       110       120       130       140    

                                                            .... TT                                           TT                                 Soj_thermophilus              

                      TT                                .                                                                                        ParA2_Vibrio                  
    290       300          310       320       330        340       350       360       370       380       390       400                        

ParA2_Vibrio                               L  V                  LM                 M        V    I R                                          L                               RLDWASTVNFFQH PT YEMFPEDW...KGLEFVR  PTMFEDDNKKQVSVLTE N.YLLGDQ MMAT P SRAFETCADTYSTVFDLTVNDFEGGKKTLATAQDAVQKSALE ERVLHSHWSSLNQG.................

ParA_P1                                 V  L  L               L   I                 L    F   M    L R              I                           V  R                            TVDFHSSLKY AR PE VKLISDEG...CECQ ATN GFMSKLSNKADHKYCHS AKEV GGD LDVF P LDGFERCGESFDTV SANPATYVGSADALKNARIAAEDFAKA FD IEFIRSN.....................

ParA_P7                                 L  L  M               L   I                 L    Y   I    L R              I                           V  R                            QVDFHSTLKY TR PE LEQLEEEG...VEPR SAS GFMSKMTGKRDHETSHS AREV ASN LDSS P LDGFERCGESFDTV SANPQSYPGSAEALKKARTEAERFTKA FD IEFVRGEAA...................

SopA_bacillus                              L  L               V  LL                 I    W   V    V                V                       V   I  R                            LFDYTSALQFFDM RD LKNVDLKG...FEPD RI  TKYSNSNGSQSPWMEEQ R.DA GSM LKNV RETDEVG.KGQIRMRT FEQAIDQRSSTGAWRNALSIWEP CNE FD LIKPRWEIR...................

ParA_plasmid_Yersinia_pestis_S              L  L               V  LI                 I    W   V    V                V                       V   I  R                            LYDYVSTLQFFTM RD MSNIDLNG...FEPD RV  TKFSNAIGSQSQWMDDQ R.NA GGM LKEV RVTDEVG.KGQVRMRT FEQAANQRSTPAAWRNAVSIWEP CAE FN LVKPRWENA...................

ParA_Mycobacterium_tuberculosi           M  I  V               V  VI                 V    F   V    I R              I                       A   L  R                            YYALEGVSQL RN EM KAHLNPQ......LE TT  LTMYDGRTKLADQVADE R.QY GSK LRTV P SVKVS.EAPGYSMT IDYDPGSRG........AMSYLD SRE AE DRPPSAKGRP..................

Soj_escherichia                         L     V                  MV                 L        V      R                                      L   V  K                            VYSIQGIKKM TTFTQ KRKMNSK......LEFIG  PSKVDGRNPRHVNHLQE QTAYPTLM PVSVGL SSIADALASHVPVWKIKKTAARKAS........QEMRA ADH FT MEIA........................

Soj_thermophilus                        L  L  V               L  IL                 L    F   V    I R              I                       L   V  R                            YYALEGVAGL AT EE RAGLNPR......LR LG  VTMYDGRTLLAQQVEAQ R.AH GEK FWTV P NVRLA.EAPSFGKT AQHAPTSPG........AHAYRR AEE MA VQEA........................

ParA1_vibrio                            M  I  L               I  IL                 L    F   V    I R              A                       L   M  R                            YFALEGLTAL DT SK AAVVNDN......LK EG  RTMYDPRNRLANEVSDQ K.KH GSK YRTV P NVRLA.EAPSHGKP MYYDKQSAG........AKAYLA AGE LR EEIPA.......................

ParA_Chlamydia                          A  I  I               I  V                  I    F   L    I R              V                       L   L                               FYSVKGLERL TF QG SSRHPLN........ LG TLSFWNYRGKNNAAFTEL Q.KT PGK LNTR R DITIS.EAAIHGKP FSTAPSARAS........EDYLK TEE LFLLRNI........................

ParA_Treponema_pallidum                 L  V  V               I  I                  V    F   V    I R              I                       L   I  R                            YFALEGLTLL QT KR QSGLNTA......LS GG FFTMYDTRTKLAQEVVKQ T.TY GDK FNTI P NVKLS.EAPSHGLP SSYDAQCAG........ARSYEK ARE VA DGQR........................

ParA_caulobacter                        A  V  L               L  L                  V    F          R              V                       L      R                            FLDIASVARS EM RR GK...........AG IV NQAPSKRGGFEPASVQQA EALR CGLPIAPVGL SRTLYQQAIARGLS GEWDAQAPAAREVDRLWSHVAGL ALDGRG DARAG.......................

ParA_pNOB8                              L  A                  I  VI                 I             V                I                       V   L                               PEAFTAMRIF NE LPKYILPRPEGGFYKYPR LG  LTRVRRNSTAILMKHNK LEEELSNSELKDH IYPPYFGADKDNPEDY LSSRKEYLSDLIWRDEKRAPISE FDK FLVDDKVQKDLYAFFSKVFTEIPKEVVRRVE
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  1       10        20        30        40        50        60        70        80        90       100       110       120       130       140   

ParA2_Vibrio                                                                                                                                          KGG  K                                                                                                                                     I V N       S T V LA  L L      ..MAMKREQTIENLYQLAQLTQQVQADRIEIVLEERRDEHFPPMSKALMETRSGLTRRKLDEAIAKMEEAGHQFTKNNANHYSISLSEAHMLMDAAGVPKFHERKKNNENKPWI N Q Q   TG  M A H  AC A NLDKR.

ParA_P1                                                                                                                                               KGG  K                                                                                                                                     I I N    V  T S V LA  M A      ...MSDSSQLHKVAQRANRMLNVLTEQVQLQKDELHANEFYQVYAKAALAKLPLLTRANVDYAVSEMEEKGYVFDKRPAGSSMKYAMSIQNIIDIYEHRGVP.KYRDRYSEAYV F S L    S  V T S  HA R HPHLLM

ParA_P7                                                                                                                                               KGG  K                                                                                                                                     I V N    V  T S V LA  L V      MMMKRDYGGVGTIALRASALLKAMSQDIEDQRKEFNQTEYYQTFTRNAVAKLPKLSRRIVEQAIKEMEDDGYQFNKKQVGNVEQYALTIQNVIDIYAHRKIP.KYRDIHKSPYV F V L    S  V T T  HA R HQDLLR

SopA_bacillus                                                                                                                                         KGG  K                                                                                                                                     I V      V  TS  V LA  L L      .....MKLMETLNQCINAGHEMTKAIAIAQFNDDSPEARKITRRWRIGEAADLVGVSSQAIRDAEKAGRLPHPDMEIRGRVEQRVGYTIEQINHMRDVFGTR.LRRAEDVFPPV G AAH    Y   VS H  QD A KG....

ParA_plasmid_Yersinia_pestis_S                                                                                                                         KGG  K                                                                                                                                     L I      A  TST V IA  M L      .....MDLKSTLDRCIERGQFMTQEIAKSQFGNDSPAARTITRRWRITEAAELVGVTPQTIRNYEDSGKLPPPDTAMIGRVEQRTGYSIQQINDMRDVFKTR.LSKPKGENPVV A AAH    Y    S H  QW A QG....

ParA_Mycobacterium_tuberculosi                                                                                                                         KGG  K                                                                                                                                     L I N    V  TTT V IA  L V      ...........................MSAPWGPVAAGPSALVRSGQASTIEPFQREMTPPTPTPEAAHNPTMNVSRETSTEFDTPIGAAAERAMRVLHTTH.EPLQRPGRRRV T A Q    G    A N  AA A QG....

Soj_escherichia                                                                                                                                       KGG  K                                                                                                                                     L   N    V  TST V LA           .............................................................................................................MAMKV VTA Q    G    L H  FDFSERG....

Soj_thermophilus                                                                                                                                      KGG  K                                                                                                                                     I L N    V  TTT I LA  L        ..........................................................................................................MLRAKVRR A A Q    G    A N  AY ARLG....

ParA1_vibrio                                                                                                                                          KGG  K                                                                                                                                     V I N    V  TTT I LA  M A      ..............................................................................................................MGKI A A Q    G    C N  AS A TK....

ParA_Chlamydia                                                                                                                                        KGG  K                                                                                                                                     I V S       TST L L   L        ...............................................................................................................MKT A N F   TA    T H GAA AQYHK...

ParA_Treponema_pallidum                                                                                                                               KGG  K                                                                                                                                     L   N    V  TTS I L   L L      ..............................................................................................................MGKT VFV Q    G    A N GAY A AG....

ParA_caulobacter                                                                                                                                      KGG  K                                                                                                                                     L L S    A  TT  V L   A L      ...............................................................................................................MKT A I R    G   LA N SLT H AG....

ParA_pNOB8                                                                                                                                            KGG  K                                                                                                                                     I I N    V  TTT A IA  L A      ..............................................................................................................IAKV T H F    G    T I  MG G MG....

                                                                                                          1       10        20        30         

                                                                                                                                                 Soj_thermophilus              

            TT             TT                                    TT                                                                              ParA2_Vibrio                  
        150       160       170       180       190       200       210       220       230        240       250       260       270       280   

ParA2_Vibrio                             D Q                                                                                                   D    D                             RI LID   P  SL                                                  L  I                                 LI      F  IMI   P V     NAM A   LLIP    ..Y  C   .L   G  RLFLNPQISLAEHTNIYSAVDIMLDNVPDGVQVDTEFLRKNVMLPTQYPN KT SAFPEDAMFNAEAWQYLSQNQ.SLDIVRLLKEK  DKIASD  I    TG H DPLVW   Y SNA    CAAK

ParA_P1                                  D Q                                                                                                   D    D                             RILVID   P  SAT                                                 V  M        I                        VI      Y  ILV   P L     NAL  A  L  P    EDL      .L   S   MFLSHKHSIGIVNATSAQAMLQNV........SREELLEEFIVPSVVPG DV PASIDDAF ASDWRELCNEHLPGQNIHAVLKEN  DKLKSD  F    SG H DAFLK   AS NI FT LPPA

ParA_P7                                  D Q                                                                                                   D    D                             RILVID   P  S T                                                 V  I        V                        II      Y  I I   P L     N L A   LL P    HDL      .L   A S MFLDHTHSIGSILETAAQAMLNDL........DAETLRKEVIRPTIVPG DV PASIDDGF ASQWKELVEEHLPGQNQYEILRRN  DRVADD  F F  TG H DPFLL G A SDL  T TPPA

SopA_bacillus                            D Q                                                                                                   D    D                             RVLLVE   P  TAS                                                 L  I        I                        AI      Y  IVI   P L     NVV AA  LIVP    ..L      GN   G   MYHGWVPDLHIHAEDTLLPFYL..........GEKDDVTYAIKPTCWPG DI PSCLALHR ETELMGKFDEGK.LPTDPHLMLRL  ETVAHD  V    SA N GIGTI   C  DV    TPAE

ParA_plasmid_Yersinia_pestis_S            D Q                                                                                                   D    D                             RVLLID   P  TAS                                                 L  I        I                        AI      Y  VVL   P L     NVV AA  IVVP    ..L      AT   A   LYHGYVPDLHIHEEDTLLPYYL..........GQRDDAAYAIKPTCWPN EV PSCLAVHR ESEIYGLHDQGK.LPVAPHLLLRA  ESVWDS  V    SA N GIGTI   C  DV    TPAE

ParA_Mycobacterium_tuberculosi            D Q                                                                                                   D    D                             K LVID   P  NAS                                                 L  I        A                        LA      F  V V   P L     NAL AA  VMIP    ..L T    .L   G   TALG..ITDRQSGTPSSYEMLI..........GEVSLHTALRRSPHSER FC PATIDLAG EIELVSMVAR.......ENRLRTA  ALDNFD  Y F  CP S GLLTI   V  PE    IQCE

Soj_escherichia                          D Q                                                                                                   D    D                             RVAVID      NAS                                                 I  I        V                        L       F   LI   P V      AL  A  VV P    ..K      .M T G   FTLK..........QFSSGIKANE........MWGEIEPTRFTQIPESG SL ESDIQLAN EKLNLPEMVK.........QFRHN QQLADSG  VC   TA T NNALIV  AS DF  C IELE

Soj_thermophilus                         D Q                                                                                                   D    D                             RVLLVD   P  NAT                                                    L        A                                Y  VLL   P L     NAL AA  VVVP    ..K      .L   G   SGLG..VRAER....GVYHLLQ..........GEPLEGLVHP....VDGFHL PATPDLVG TVELAG.............APTALREALRDEG  L    AP S SPLTL   A  EG    VQAE

ParA1_vibrio                             D Q                                                                                                   D    D                             KVLVVD   P  NAT                                                 L  A        A                        LA      Y  I I   P L     NAM AA  VLVP    ..R      .L   G   MASG..VDKYQVDSTAYELLVE..........DAPFDQVVCRKTTGHYD IA NG..DVTA EIKLMEVFAR.......EVRLKNA  SVR.DN  F F  CP S NLLTI   A  DS    MQCE

ParA_Chlamydia                           D Q                                                                                                   D    D                             RVLLID      NLT                                                 L  I        V                        IL      Y  VII   P L     SAL AA  ALI     ..A      .F A A   AGLG.......LDPDCYDSLAVVL........QGEKNIEEVIRPIDSSG DL PADTWLER EVSGSLAADRYS......HERLKI  SKIEHR  Y    TP S CWLTE   I  QH   CATPE

ParA_Treponema_pallidum                  D Q                                                                                                   D    D                             K LLVD   P  NMS                                                 L  I        A                        LA      Y  ILI   P L     N L AA  V IP    ..K T    .F   G   SGLG..LARG....LTVYDLLA..........GKAHINSVLRTTPVHN. FA PASIDLSG TVELVDEQDR.......ELYLKKI  EVK.DT  F    CP S GILTL G A  NE F  LQCE

ParA_caulobacter                         D Q                                                                                                   D    D                             KVLLAD   P  SAS                                                 L  I                                         Y  MLI            AV  A   IL     ..W      .I   R   DALR.....................................ARAAPGPA AE NAG.........................KLFQTRSQALHDA  V    TPAAPDADVAV  NS DLC  VCRPT

ParA_pNOB8                               D Q                                                                                                   D    D                             RVLLID      SLT                                                    V                                 ML      Y  ILI   P        IL A   LLIP    ..K      .F A M   QIFVREEDRLKILESSHDVTQDKS.......AFALLRTMEPARIKFFHEGKG KFGIDVIPGSYMSIFKLMFEGYIPIQSEWNILR  DLYRDQ  Y    TA SDTVTIKP  R SHY    EDGT

     40         50              60                  70            80        90                    100       110       120       130       140    

                                                            .... TT                                           TT                                 Soj_thermophilus              

                      TT                                .                                                                                        ParA2_Vibrio                  
    290       300          310       320       330        340       350       360       370       380       390       400                        

ParA2_Vibrio                               L  V                  LM                 M        V    I R                                          L                               RLDWASTVNFFQH PT YEMFPEDW...KGLEFVR  PTMFEDDNKKQVSVLTE N.YLLGDQ MMAT P SRAFETCADTYSTVFDLTVNDFEGGKKTLATAQDAVQKSALE ERVLHSHWSSLNQG.................

ParA_P1                                 V  L  L               L   I                 L    F   M    L R              I                           V  R                            TVDFHSSLKY AR PE VKLISDEG...CECQ ATN GFMSKLSNKADHKYCHS AKEV GGD LDVF P LDGFERCGESFDTV SANPATYVGSADALKNARIAAEDFAKA FD IEFIRSN.....................

ParA_P7                                 L  L  M               L   I                 L    Y   I    L R              I                           V  R                            QVDFHSTLKY TR PE LEQLEEEG...VEPR SAS GFMSKMTGKRDHETSHS AREV ASN LDSS P LDGFERCGESFDTV SANPQSYPGSAEALKKARTEAERFTKA FD IEFVRGEAA...................

SopA_bacillus                              L  L               V  LL                 I    W   V    V                V                       V   I  R                            LFDYTSALQFFDM RD LKNVDLKG...FEPD RI  TKYSNSNGSQSPWMEEQ R.DA GSM LKNV RETDEVG.KGQIRMRT FEQAIDQRSSTGAWRNALSIWEP CNE FD LIKPRWEIR...................

ParA_plasmid_Yersinia_pestis_S              L  L               V  LI                 I    W   V    V                V                       V   I  R                            LYDYVSTLQFFTM RD MSNIDLNG...FEPD RV  TKFSNAIGSQSQWMDDQ R.NA GGM LKEV RVTDEVG.KGQVRMRT FEQAANQRSTPAAWRNAVSIWEP CAE FN LVKPRWENA...................

ParA_Mycobacterium_tuberculosi           M  I  V               V  VI                 V    F   V    I R              I                       A   L  R                            YYALEGVSQL RN EM KAHLNPQ......LE TT  LTMYDGRTKLADQVADE R.QY GSK LRTV P SVKVS.EAPGYSMT IDYDPGSRG........AMSYLD SRE AE DRPPSAKGRP..................

Soj_escherichia                         L     V                  MV                 L        V      R                                      L   V  K                            VYSIQGIKKM TTFTQ KRKMNSK......LEFIG  PSKVDGRNPRHVNHLQE QTAYPTLM PVSVGL SSIADALASHVPVWKIKKTAARKAS........QEMRA ADH FT MEIA........................

Soj_thermophilus                        L  L  V               L  IL                 L    F   V    I R              I                       L   V  R                            YYALEGVAGL AT EE RAGLNPR......LR LG  VTMYDGRTLLAQQVEAQ R.AH GEK FWTV P NVRLA.EAPSFGKT AQHAPTSPG........AHAYRR AEE MA VQEA........................

ParA1_vibrio                            M  I  L               I  IL                 L    F   V    I R              A                       L   M  R                            YFALEGLTAL DT SK AAVVNDN......LK EG  RTMYDPRNRLANEVSDQ K.KH GSK YRTV P NVRLA.EAPSHGKP MYYDKQSAG........AKAYLA AGE LR EEIPA.......................

ParA_Chlamydia                          A  I  I               I  V                  I    F   L    I R              V                       L   L                               FYSVKGLERL TF QG SSRHPLN........ LG TLSFWNYRGKNNAAFTEL Q.KT PGK LNTR R DITIS.EAAIHGKP FSTAPSARAS........EDYLK TEE LFLLRNI........................

ParA_Treponema_pallidum                 L  V  V               I  I                  V    F   V    I R              I                       L   I  R                            YFALEGLTLL QT KR QSGLNTA......LS GG FFTMYDTRTKLAQEVVKQ T.TY GDK FNTI P NVKLS.EAPSHGLP SSYDAQCAG........ARSYEK ARE VA DGQR........................

ParA_caulobacter                        A  V  L               L  L                  V    F          R              V                       L      R                            FLDIASVARS EM RR GK...........AG IV NQAPSKRGGFEPASVQQA EALR CGLPIAPVGL SRTLYQQAIARGLS GEWDAQAPAAREVDRLWSHVAGL ALDGRG DARAG.......................

ParA_pNOB8                              L  A                  I  VI                 I             V                I                       V   L                               PEAFTAMRIF NE LPKYILPRPEGGFYKYPR LG  LTRVRRNSTAILMKHNK LEEELSNSELKDH IYPPYFGADKDNPEDY LSSRKEYLSDLIWRDEKRAPISE FDK FLVDDKVQKDLYAFFSKVFTEIPKEVVRRVE
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                                                                             TT                          TT                                      ParA2_Vibrio                  
  1       10        20        30        40        50        60        70        80        90       100       110       120       130       140   

ParA2_Vibrio                                                                                                                                          KGG  K                                                                                                                                     I V N       S T V LA  L L      ..MAMKREQTIENLYQLAQLTQQVQADRIEIVLEERRDEHFPPMSKALMETRSGLTRRKLDEAIAKMEEAGHQFTKNNANHYSISLSEAHMLMDAAGVPKFHERKKNNENKPWI N Q Q   TG  M A H  AC A NLDKR.

ParA_P1                                                                                                                                               KGG  K                                                                                                                                     I I N    V  T S V LA  M A      ...MSDSSQLHKVAQRANRMLNVLTEQVQLQKDELHANEFYQVYAKAALAKLPLLTRANVDYAVSEMEEKGYVFDKRPAGSSMKYAMSIQNIIDIYEHRGVP.KYRDRYSEAYV F S L    S  V T S  HA R HPHLLM

ParA_P7                                                                                                                                               KGG  K                                                                                                                                     I V N    V  T S V LA  L V      MMMKRDYGGVGTIALRASALLKAMSQDIEDQRKEFNQTEYYQTFTRNAVAKLPKLSRRIVEQAIKEMEDDGYQFNKKQVGNVEQYALTIQNVIDIYAHRKIP.KYRDIHKSPYV F V L    S  V T T  HA R HQDLLR

SopA_bacillus                                                                                                                                         KGG  K                                                                                                                                     I V      V  TS  V LA  L L      .....MKLMETLNQCINAGHEMTKAIAIAQFNDDSPEARKITRRWRIGEAADLVGVSSQAIRDAEKAGRLPHPDMEIRGRVEQRVGYTIEQINHMRDVFGTR.LRRAEDVFPPV G AAH    Y   VS H  QD A KG....

ParA_plasmid_Yersinia_pestis_S                                                                                                                         KGG  K                                                                                                                                     L I      A  TST V IA  M L      .....MDLKSTLDRCIERGQFMTQEIAKSQFGNDSPAARTITRRWRITEAAELVGVTPQTIRNYEDSGKLPPPDTAMIGRVEQRTGYSIQQINDMRDVFKTR.LSKPKGENPVV A AAH    Y    S H  QW A QG....

ParA_Mycobacterium_tuberculosi                                                                                                                         KGG  K                                                                                                                                     L I N    V  TTT V IA  L V      ...........................MSAPWGPVAAGPSALVRSGQASTIEPFQREMTPPTPTPEAAHNPTMNVSRETSTEFDTPIGAAAERAMRVLHTTH.EPLQRPGRRRV T A Q    G    A N  AA A QG....

Soj_escherichia                                                                                                                                       KGG  K                                                                                                                                     L   N    V  TST V LA           .............................................................................................................MAMKV VTA Q    G    L H  FDFSERG....

Soj_thermophilus                                                                                                                                      KGG  K                                                                                                                                     I L N    V  TTT I LA  L        ..........................................................................................................MLRAKVRR A A Q    G    A N  AY ARLG....

ParA1_vibrio                                                                                                                                          KGG  K                                                                                                                                     V I N    V  TTT I LA  M A      ..............................................................................................................MGKI A A Q    G    C N  AS A TK....

ParA_Chlamydia                                                                                                                                        KGG  K                                                                                                                                     I V S       TST L L   L        ...............................................................................................................MKT A N F   TA    T H GAA AQYHK...

ParA_Treponema_pallidum                                                                                                                               KGG  K                                                                                                                                     L   N    V  TTS I L   L L      ..............................................................................................................MGKT VFV Q    G    A N GAY A AG....

ParA_caulobacter                                                                                                                                      KGG  K                                                                                                                                     L L S    A  TT  V L   A L      ...............................................................................................................MKT A I R    G   LA N SLT H AG....

ParA_pNOB8                                                                                                                                            KGG  K                                                                                                                                     I I N    V  TTT A IA  L A      ..............................................................................................................IAKV T H F    G    T I  MG G MG....

                                                                                                          1       10        20        30         

                                                                                                                                                 Soj_thermophilus              

            TT             TT                                    TT                                                                              ParA2_Vibrio                  
        150       160       170       180       190       200       210       220       230        240       250       260       270       280   

ParA2_Vibrio                             D Q                                                                                                   D    D                             RI LID   P  SL                                                  L  I                                 LI      F  IMI   P V     NAM A   LLIP    ..Y  C   .L   G  RLFLNPQISLAEHTNIYSAVDIMLDNVPDGVQVDTEFLRKNVMLPTQYPN KT SAFPEDAMFNAEAWQYLSQNQ.SLDIVRLLKEK  DKIASD  I    TG H DPLVW   Y SNA    CAAK

ParA_P1                                  D Q                                                                                                   D    D                             RILVID   P  SAT                                                 V  M        I                        VI      Y  ILV   P L     NAL  A  L  P    EDL      .L   S   MFLSHKHSIGIVNATSAQAMLQNV........SREELLEEFIVPSVVPG DV PASIDDAF ASDWRELCNEHLPGQNIHAVLKEN  DKLKSD  F    SG H DAFLK   AS NI FT LPPA

ParA_P7                                  D Q                                                                                                   D    D                             RILVID   P  S T                                                 V  I        V                        II      Y  I I   P L     N L A   LL P    HDL      .L   A S MFLDHTHSIGSILETAAQAMLNDL........DAETLRKEVIRPTIVPG DV PASIDDGF ASQWKELVEEHLPGQNQYEILRRN  DRVADD  F F  TG H DPFLL G A SDL  T TPPA

SopA_bacillus                            D Q                                                                                                   D    D                             RVLLVE   P  TAS                                                 L  I        I                        AI      Y  IVI   P L     NVV AA  LIVP    ..L      GN   G   MYHGWVPDLHIHAEDTLLPFYL..........GEKDDVTYAIKPTCWPG DI PSCLALHR ETELMGKFDEGK.LPTDPHLMLRL  ETVAHD  V    SA N GIGTI   C  DV    TPAE

ParA_plasmid_Yersinia_pestis_S            D Q                                                                                                   D    D                             RVLLID   P  TAS                                                 L  I        I                        AI      Y  VVL   P L     NVV AA  IVVP    ..L      AT   A   LYHGYVPDLHIHEEDTLLPYYL..........GQRDDAAYAIKPTCWPN EV PSCLAVHR ESEIYGLHDQGK.LPVAPHLLLRA  ESVWDS  V    SA N GIGTI   C  DV    TPAE

ParA_Mycobacterium_tuberculosi            D Q                                                                                                   D    D                             K LVID   P  NAS                                                 L  I        A                        LA      F  V V   P L     NAL AA  VMIP    ..L T    .L   G   TALG..ITDRQSGTPSSYEMLI..........GEVSLHTALRRSPHSER FC PATIDLAG EIELVSMVAR.......ENRLRTA  ALDNFD  Y F  CP S GLLTI   V  PE    IQCE

Soj_escherichia                          D Q                                                                                                   D    D                             RVAVID      NAS                                                 I  I        V                        L       F   LI   P V      AL  A  VV P    ..K      .M T G   FTLK..........QFSSGIKANE........MWGEIEPTRFTQIPESG SL ESDIQLAN EKLNLPEMVK.........QFRHN QQLADSG  VC   TA T NNALIV  AS DF  C IELE

Soj_thermophilus                         D Q                                                                                                   D    D                             RVLLVD   P  NAT                                                    L        A                                Y  VLL   P L     NAL AA  VVVP    ..K      .L   G   SGLG..VRAER....GVYHLLQ..........GEPLEGLVHP....VDGFHL PATPDLVG TVELAG.............APTALREALRDEG  L    AP S SPLTL   A  EG    VQAE

ParA1_vibrio                             D Q                                                                                                   D    D                             KVLVVD   P  NAT                                                 L  A        A                        LA      Y  I I   P L     NAM AA  VLVP    ..R      .L   G   MASG..VDKYQVDSTAYELLVE..........DAPFDQVVCRKTTGHYD IA NG..DVTA EIKLMEVFAR.......EVRLKNA  SVR.DN  F F  CP S NLLTI   A  DS    MQCE

ParA_Chlamydia                           D Q                                                                                                   D    D                             RVLLID      NLT                                                 L  I        V                        IL      Y  VII   P L     SAL AA  ALI     ..A      .F A A   AGLG.......LDPDCYDSLAVVL........QGEKNIEEVIRPIDSSG DL PADTWLER EVSGSLAADRYS......HERLKI  SKIEHR  Y    TP S CWLTE   I  QH   CATPE

ParA_Treponema_pallidum                  D Q                                                                                                   D    D                             K LLVD   P  NMS                                                 L  I        A                        LA      Y  ILI   P L     N L AA  V IP    ..K T    .F   G   SGLG..LARG....LTVYDLLA..........GKAHINSVLRTTPVHN. FA PASIDLSG TVELVDEQDR.......ELYLKKI  EVK.DT  F    CP S GILTL G A  NE F  LQCE

ParA_caulobacter                         D Q                                                                                                   D    D                             KVLLAD   P  SAS                                                 L  I                                         Y  MLI            AV  A   IL     ..W      .I   R   DALR.....................................ARAAPGPA AE NAG.........................KLFQTRSQALHDA  V    TPAAPDADVAV  NS DLC  VCRPT

ParA_pNOB8                               D Q                                                                                                   D    D                             RVLLID      SLT                                                    V                                 ML      Y  ILI   P        IL A   LLIP    ..K      .F A M   QIFVREEDRLKILESSHDVTQDKS.......AFALLRTMEPARIKFFHEGKG KFGIDVIPGSYMSIFKLMFEGYIPIQSEWNILR  DLYRDQ  Y    TA SDTVTIKP  R SHY    EDGT

     40         50              60                  70            80        90                    100       110       120       130       140    

                                                            .... TT                                           TT                                 Soj_thermophilus              

                      TT                                .                                                                                        ParA2_Vibrio                  
    290       300          310       320       330        340       350       360       370       380       390       400                        

ParA2_Vibrio                               L  V                  LM                 M        V    I R                                          L                               RLDWASTVNFFQH PT YEMFPEDW...KGLEFVR  PTMFEDDNKKQVSVLTE N.YLLGDQ MMAT P SRAFETCADTYSTVFDLTVNDFEGGKKTLATAQDAVQKSALE ERVLHSHWSSLNQG.................

ParA_P1                                 V  L  L               L   I                 L    F   M    L R              I                           V  R                            TVDFHSSLKY AR PE VKLISDEG...CECQ ATN GFMSKLSNKADHKYCHS AKEV GGD LDVF P LDGFERCGESFDTV SANPATYVGSADALKNARIAAEDFAKA FD IEFIRSN.....................

ParA_P7                                 L  L  M               L   I                 L    Y   I    L R              I                           V  R                            QVDFHSTLKY TR PE LEQLEEEG...VEPR SAS GFMSKMTGKRDHETSHS AREV ASN LDSS P LDGFERCGESFDTV SANPQSYPGSAEALKKARTEAERFTKA FD IEFVRGEAA...................

SopA_bacillus                              L  L               V  LL                 I    W   V    V                V                       V   I  R                            LFDYTSALQFFDM RD LKNVDLKG...FEPD RI  TKYSNSNGSQSPWMEEQ R.DA GSM LKNV RETDEVG.KGQIRMRT FEQAIDQRSSTGAWRNALSIWEP CNE FD LIKPRWEIR...................

ParA_plasmid_Yersinia_pestis_S              L  L               V  LI                 I    W   V    V                V                       V   I  R                            LYDYVSTLQFFTM RD MSNIDLNG...FEPD RV  TKFSNAIGSQSQWMDDQ R.NA GGM LKEV RVTDEVG.KGQVRMRT FEQAANQRSTPAAWRNAVSIWEP CAE FN LVKPRWENA...................

ParA_Mycobacterium_tuberculosi           M  I  V               V  VI                 V    F   V    I R              I                       A   L  R                            YYALEGVSQL RN EM KAHLNPQ......LE TT  LTMYDGRTKLADQVADE R.QY GSK LRTV P SVKVS.EAPGYSMT IDYDPGSRG........AMSYLD SRE AE DRPPSAKGRP..................

Soj_escherichia                         L     V                  MV                 L        V      R                                      L   V  K                            VYSIQGIKKM TTFTQ KRKMNSK......LEFIG  PSKVDGRNPRHVNHLQE QTAYPTLM PVSVGL SSIADALASHVPVWKIKKTAARKAS........QEMRA ADH FT MEIA........................

Soj_thermophilus                        L  L  V               L  IL                 L    F   V    I R              I                       L   V  R                            YYALEGVAGL AT EE RAGLNPR......LR LG  VTMYDGRTLLAQQVEAQ R.AH GEK FWTV P NVRLA.EAPSFGKT AQHAPTSPG........AHAYRR AEE MA VQEA........................

ParA1_vibrio                            M  I  L               I  IL                 L    F   V    I R              A                       L   M  R                            YFALEGLTAL DT SK AAVVNDN......LK EG  RTMYDPRNRLANEVSDQ K.KH GSK YRTV P NVRLA.EAPSHGKP MYYDKQSAG........AKAYLA AGE LR EEIPA.......................
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ParA_caulobacter                        A  V  L               L  L                  V    F          R              V                       L      R                            FLDIASVARS EM RR GK...........AG IV NQAPSKRGGFEPASVQQA EALR CGLPIAPVGL SRTLYQQAIARGLS GEWDAQAPAAREVDRLWSHVAGL ALDGRG DARAG.......................

ParA_pNOB8                              L  A                  I  VI                 I             V                I                       V   L                               PEAFTAMRIF NE LPKYILPRPEGGFYKYPR LG  LTRVRRNSTAILMKHNK LEEELSNSELKDH IYPPYFGADKDNPEDY LSSRKEYLSDLIWRDEKRAPISE FDK FLVDDKVQKDLYAFFSKVFTEIPKEVVRRVE

   150       160             170       180       190        200       210        220       230               240                                 

                                          TT            .                   .                  ........                                          Soj_thermophilus              

                                                                                                                                                 ParA2_Vibrio                  
                                                                                                                                                 

ParA2_Vibrio                  ...                                                                                                                                              

ParA_P1                       ...                                                                                                                                              

ParA_P7                       ...                                                                                                                                              

SopA_bacillus                 ...                                                                                                                                              

ParA_plasmid_Yersinia_pestis_S ...                                                                                                                                              

ParA_Mycobacterium_tuberculosi ...                                                                                                                                              

Soj_escherichia               ...                                                                                                                                              

Soj_thermophilus              ...                                                                                                                                              

ParA1_vibrio                  ...                                                                                                                                              

ParA_Chlamydia                ...                                                                                                                                              

ParA_Treponema_pallidum       ...                                                                                                                                              

ParA_caulobacter              ...                                                                                                                                              

ParA_pNOB8                    NDQ                                                                                                                                              

                                                                                                                                                 

                                                                                                                                                 Soj_thermophilus              

α1 α2 α3 α4 α5 η1 β1 α6 

β2 α7 α8 β3 β4 η2 α9 α10 η3 β5 α11 β6 

α12 α13 β7 α14 α15 η4 α16 

β1 α1 

β2 α2 α3 η1 β3 β4 α4 α5 β5 α6 β6 

α7 β7 α8 η2 α9 α10 α11 

 

ParA2vc

P1 ParA
P7 ParA

SopA
S3 plasmid ParA

M. tuberculosis ParA
ecSoj
hpSoj

ParA1vc

C. trachomatis ParA
T. Pallidum ParA

C. crescentus ParA
pNOB8 ParA

ParA2vc

P1 ParA
P7 ParA

SopA
S3 plasmid ParA

M. tuberculosis ParA
ecSoj
hpSoj

ParA1vc

C. trachomatis ParA
T. Pallidum ParA

C. crescentus ParA
pNOB8 ParA



 
 

Supplementary Figure 9: Comparison of the DNA binding in ParA orthologues. The structure 

of the ParA dimer, from the side and bottom, is shown for ParA2vc (left), HpSoj (centre), and pNOB8 

ParA (right). The two ParA2vc molecules are colored as in figure 3c, with the DNA in black. For 

HpSoj and pNOB8 ParA, the position of the DNA in the filament structure reported here is shown in 

black, for comparison.  
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Supplementary Figure 10: Molecular details of the oligomerization interface. (a) surface 

representation of a ParA2vc monomer in the filament structure, colored by charge. The boundaries of 

the domains involved in dimer-dimer interaction are indicated. (b) Helical wheel plot of !-helices 14 

and 16 of ParA2vc, that form the filament oligomerization interface. The charged residues cluster on 

the interface side.  

 

 

 

 

 

 
 

Supplementary Figure 11: Effect of the filament interface mutants of filament formation. No 

filaments are observed in the context of a point mutation at the filament interface (K388A). In 

contrast, deletion of the N-terminal helix of ParA (Δ3-36, left) does not impair its ability to form 

filaments. The scale bar indicates 100 nm.  
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and 16 of ParA2vc, that form the filament oligomerization interface. The charged residues cluster on
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Supplementary Figure 11: Effect of the filament interface
mutants of filament formation. No filaments are observed in the
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contrast, deletion of the N-terminal helix of ParA (Δ3-36, left) does
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Supplementary Figure 12. Comparison of the ParA2vc-DNA filament to MinD in the MinCD 
filament.  A ParA2vc dimer bound to the DNA from the filament structure is shown, represented as 

in figure 3c. Adjacent MinD dimers from the MinCD filament structure are in light and dark green 

for one dimer, yellow and orange for the other. The central green MinD dimer is aligned to ParA2vc, 

the arrows indicate the direction of the MinD filament architecture.  
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