
 
 

 
 
Supplementary Figure 1: DP1(144-622) possesses 3’-5’ exonuclease activity and DP2(1-
1061) is capable of 5’-3’ DNA primer extension. Left panel shows the time-course of the 3’-
5’ digestion of mispaired nucleotides by DP1(144-622). A control experiment obtained in 
absence of DP1 is also shown (left band). Right panel shows time-course of the 5’-3’ primer-
elongation assays with the indicated increasing amounts of DP2(1-1061). A control 
experiment was performed in absence of DP2 (right band). Details for the nuclease and 
primer-extension activity assays are provided in Methods section.  
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Supplementary Figure 2: Alignment of DP1 structure amino acid sequence with other 
DP1 subunits. MultAlin1 and ESPript2 3.0 were used to generate an alignment with four 
representative protein sequences whose sequence diversity was chosen to best illustrate the 
sequence variability (GI accession number): Pyrococcus abyssi (499168969), Thermococcus 
barophilus (948739970), Methanocadococcus jannaschii (2833545), Natronomonas 
pharaonis (499641234), Nitrosoarchaeum limnia (329137458). Conserved residues are boxed 
in red and highly conserved residues are coloured in red. Secondary structure elements and 
phosphodiesterase conserved motifs observed in P. abyssi DP1 structure are also shown. 
Metal-coordinating residues and proton donor residues are outlined by red and purple circles, 
respectively. 
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Supplementary Figure 3: DP1 contains a dinuclear Fe3+-Zn2+ active site. Validation of 
metal-ion binding sites by comparing anomalous maps calculated from datasets collected at 
different energies. (A) Plots showing the anomalous scattering coefficients as a function of 
energy around the iron (left) and zinc (right) K-edges. (B) Close-view of the dinuclear Fe3+-
Zn2+ DP1 active site showing the anomalous maps calculated from datasets collected at the Fe 
K-edge and below the Fe K-edge (left panel), and the anomalous maps calculated from 
datasets collected at the Zn K-edge and below the Zn K-edge (right panel). Anomalous maps 
calculated at K-edge and below K-edge are contoured at 5 σ and coloured in magenta and 
blue, respectively. All anomalous maps were calculated using a resolution range of 3.5-30 Å, 
from a set of datasets collected on the same crystal. Iron and zinc ions are shown as spheres 
coloured in red and grey, respectively.   
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Supplementary Figure 4. Distances between metal ions, dAMP and protein residues in 
DP1 and Mre11 PDE domains. (A) Catalytic residues are shown as sticks, red for the metal-
coordinating residues, purple for the proton-donnor. dAMP is shown in green. Catalytic 
metals are shown as spheres. Distances are measured in Å. (B) Same view for P. furiosus 
Mre11.    
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Supplementary Figure 5. Comparison of the DP1 and Mre11 PDE domains. (A) Cross-
eye stereo-diagram of the N-terminal domain of the DP1 PDE domain superimposed on the 
PDE domain of P. furiosus Mre11. DP1 is drawn as a thin tube in blue, Mre11 in pink. 
Dissimilar regions are coloured in grey. Catalytic metals are shown as van der Waals spheres 
and dAMP as sticks. (B) Comparison of the DP1 and Mre11 nuclease active sites. Catalytic 
residues and dAMP are shown as sticks. For comparison, the corresponding residues and 
dAMP-bound molecule of the P. furiosus Mre113 active site superimposed on DP1 are shown 
in black and yellow, respectively. 
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Supplementary Figure 6. Dali4 search of the DP1 structure against the Protein Data 
Bank. Top twenty hits of DALI of the DP1 structure (top), DP1-OB domain (middle) and 
DP1-PDE domain (bottom) against the Protein Data Bank. Chain A was used in the search but 
comparable results were obtained with chain B. Eukaryotic DNA polymerases B-subunits are 
coloured in blue. 
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Z score Entry rmsd lali nres %id Organism Description
33,1 3e0j-E 3,0 353 408 19 H. sapiens  DNAP δ B-subunit
25,4 4y97-G 3,5 354 436 15 H. sapiens  DNAP α B-subunit
24,0 3flo-A 3,5 342 433 16 S. cerevisiae  DNAP α B-subunit
14,8 1s3m-A 14,8 161 165 20 M. jananaschii Phosphodiesterase MJ0936
14,3 1wyd-A 14,3 117 428 16 S. tokodaii Aspartyl-tRNA synthetase
13,4 1low-A 13,4 120 580 19 T. thermophilus Aspartyl-tRNA synthetase
13,4 4wj3-M 10,4 117 589 19 P. aeruginosa Glutamyl-tRNA emidotransferase
13,4 1eqr-A 11,5 116 590 17 E. coli Aspartyl-tRNA synthetase
13,3 2xtiB 13,7 118 429 17 B. malayi Asparaginyl-tRNA synthetase
13,1 3tho-B 3,2 177 366 16 T. maritima Mre11
13,0 3av0-A 3,0 182 369 14 M. jananaschii Mre11
13,0 2a22-A 2,8 170 193 18 C. parvum Vacuolar Protein Sorting 29
13,0 4rmf-A 11,6 119 579 13 M. smegmatis Aspartyl-tRNA synthetase
13,0 4tug-A 3,1 186 317 13 M. jananaschii Mre11
13,0 1il2-B 11,4 117 585 16 S. cerevisiae Aspartyl-tRNA synthetase
12,9 1ii7-A 3,1 183 333 18 P. furiosus Mre11
12,9 3dsd-B 3,2 184 333 13 P. furiosus Mre11
12,8 3t1i-C 3,1 192 377 14 H. sapiens Mre11
12,8 4fbw-A 3,0 190 379 17 S. pombe Mre11
12,8 4hd0-A 3,1 185 332 18 P. furiosus Mre11

Z score Entry rmsd lali nres %id Organism Description
14,6 1wyd-A 1,6 85 428 20 S. tokodaii Aspartyl-tRNA synthetase
13,6 2xti-B 1,4 82 429 23 B. malayi Aspartyl-tRNA synthetase
13,4 1l0w-A 1,8 85 580 25 T. thermophilus Aspartyl-tRNA synthetase
13,3 4wj3-M 1,7 85 589 24 P. aeruginosa Glutamyl-tRNA synthetase
13,2 1eqr-A 1,8 85 590 21 E. coli Aspartyl-tRNA synthetase
13,0 4wj4-A 1,7 85 586 24 P. aeruginosa Aspartyl-tRNA synthetase
12,9 1x54-A 1,6 84 435 18 P. horikoshii Aspartyl-tRNA synthetase
12,9 4o2d-A 1,7 83 581 18 M. smegmatis Aspartyl-tRNA synthetase
12,7 1il2-A 1,9 85 585 21 S. cerevisiae Aspartyl-tRNA synthetase
12,6 3nem-A 1,8 85 439 20 T. kodakarensis Aspartyl-tRNA synthetase
12,4 1efw-A 1,9 85 580 25 E. coli Aspartyl-tRNA synthetase
12,2 1e24-A 1,9 84 486 17 E. coli Lysyl-tRNA synthetase
12,1 3e9h-D 1,8 84 485 17 G. stearothermophilus Lysyl-tRNA synthetase
12,0 2z6k-B 1,8 77 126 22 H. sapiens Replication protein A
11,9 1upa-A 2,1 85 515 18 E. histolytica Lysyl-tRNA synthetase
11,9 3e0e-A 1,7 78 91 14 M. maripaludis Replication protein A
11,7 1quq-A 1,8 77 121 22 H. sapiens Replication protein A
11,7 3dm3-B 1,8 78 98 24 M. jannaschii Replication protein A
9,9 1z9f-A 1,6 72 89 14 T. maritima SSB protein
9,9 2dud-B 1,8 73 92 14 H. sapiens Mitochondrial SSB protein
... ... ... ... ... ... ... ...

7,8 3e0j-A 2,2 70 416 17 H. sapiens DNAP δ B-subunit
... ... ... ... ... ... ... ...

4,9 4y97-A 2,0 70 442 21 H. sapiens DNAP α B-subunit

Z score Entry rmsd lali nres %id Organism Description
25,8 3e0j-A 2,5 264 416 19 H. sapiens  DNAP δ B-subunit
20,8 4y97-G 3,2 266 436 14 H. sapiens  DNAP α B-subunit
19,4 3flo-A 3,0 252 433 16 S. cerevisiae  DNAP α B-subunit
14,8 1s3m-B 2,5 161 165 20 M. jananaschii Phosphodiesterase MJ0936
13,1 3tho-B 3,2 179 366 16 T. maritima Mre11
13,0 2a22-A 2,8 170 193 18 C. parvum Vacuolar Protein Sorting 29
13,0 3av0-A 3,0 182 369 14 M. jananaschii Mre11
12,9 4tug-A 3,1 186 317 13 M. jananaschii Mre11
12,9 1ii7-A 3,1 183 333 18 P. furiosus Mre11
12,9 3dsd-B 3,1 183 333 13 P. furiosus Mre11
12,7 3t1i-C 3,1 191 377 14 H. sapiens Mre11
12,7 4fbw-A 3,0 190 379 17 S. pombe Mre11
12,6 4fbq-A 3,1 193 418 17 S. pombe Nbs1-Mre11 complex
12,8 4hd0-A 3,1 185 332 18 P. furiosus Mre11
12,6 1s8e-B 3,2 184 333 17 P. furiosus Mre11-3
12,5 3lh7-A 3,1 183 333 18 M. musculus Vacuolar Protein Sorting 29
12,3 1uf3-F 3,0 167 228 12 T. thermophilus TT1561
12,2 2zo9-C 3,1 177 271 15 E. aerogenes glycerophosphodiesterase
12,1 3ib7-A 3,6 178 296 17 M. tuberculosis Rv0805
12,1 4yke-A 3,0 191 404 16 C. thermophilum Mre11
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12,9 4tug-A 3,1 186 317 13 M. jananaschii Mre11
12,9 1ii7-A 3,1 183 333 18 P. furiosus Mre11
12,9 3dsd-B 3,1 183 333 13 P. furiosus Mre11
12,7 3t1i-C 3,1 191 377 14 H. sapiens Mre11
12,7 4fbw-A 3,0 190 379 17 S. pombe Mre11
12,6 4fbq-A 3,1 193 418 17 S. pombe Nbs1-Mre11 complex
12,8 4hd0-A 3,1 185 332 18 P. furiosus Mre11
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K.cryptofilum                                   Y              A  A     DP    E                                   D FD L   MD    V    R  G     DI I ................................M    T RKG  ELLS  RR  SL L  SN    S

                            .                                      P.abyssi     
      50        60        70         80        90       100        

P.abyssi      A     R     G                               G              A R   A   DMA  VE LV   GVA RIREL  E   KE AALKIVDEIIE KFGD  S E  AE  V TAL Q T   G   S   PP   K     VK .YG  I                LG R KY  Q       

T.nautili     A     R     G                               G              A R   A   DMA  VE LV   GVAERIREL  E   KE AALKVVDEIIE KFGD  S E  AE  V TAL Q T   G   S   PP         VK .YG  L                LG K KY  Q       

P.pacificus   A     R     G                               G              A R   A   DMA  VE LV   GVAERIR L  E   KE A LKIVDEIIE KFGD  S E  AE  V TAL Q T   G   S   PK       A AK .YG  L S              LG E KI  Q       

H.volcanii    A     R     G                               G              A R   A   DMAD VE    I GVAERVREL  E  S EEAAL  V D VD   GD  S E   E  V TA  V K       NIL  D         EG .M R     EL T F   NV  YD R GKV G     V 

A.profundus   A     R     G                               G              A R   A   NMAE VE L  I G A RI EL  E  S EE   KI EEIVE KFG     E   D  V  A  I K       K M  N L K  V  EE GL R  ICF  A         KF.DR TAL K   V V 

M.barkeri     A     R     G                               G              A R   A   DLAD VE LI V GVA  IR L     S EE AL I  QV E   GN        E  I   M L K       N    E   AK  V EEK.M R  C  E GR  A  EV  FATKKDAV A   VS  

K.cryptofilum  A     R     G                               G              A R   A   EL E I  L  I    ERV        SK E A  VI EIV   Y    S E  AE      M L N  H   AA F  PELG   KYWLDATG  L T FR  G   P Y LKI. Y RR  L L VG  

                                                                   P.abyssi     
110       120       130       140       150       160       170     

P.abyssi       T   V AP EGI                    Y GPIR  GGT    SVL  DY R     D   IL EGI S  I   A VKI  N   D SEYL  Y A    S    AQAL   VG  V  KLGL RFK               N   KR TWA N    AL        S                R        

T.nautili      T   V AP EGI                    Y GPIR  GGT    SVL  DY R     D   IL EGI S      A VKI  N   D SEYL  Y A    S    AQAL   VG  V  KLGL RFK          L    D   KR TWA N    AL        S                K        

P.pacificus    T   V AP EGI                    Y GPIR  GGT    SVL  DY R     D   VL EGI S      A VKI  N   DGS YL  Y A    S    AQAL   VG  V  KLGL  YK          L    Y   RE P..   K  AL        S                K     G  

H.volcanii     T   V AP EGI                    Y GPIR  GGT    SVL  DY R     D    L EGV    I     V I  N   DG EF  VY A    SA   AQAL   V       L    YKL      A      DR E LE D..  T  VN                     A  A SL DI E  

A.profundus    T   V AP EGI                    Y GPIR  GGT    SVL  DY R     D   I  EGV    I   A IKI  N   DG EFL IY A    SA   AQ     VG  V  KLGL RYK Q     A       K   DK D..  T   K               VV         R        

M.barkeri      T   V AP EGI                    Y GPIR  GGT    SVL  DY R     D   V  EGV    I     V    N   DGSEY  IF      SA   AQAL   VG  V    G  RYK I     A      NK ELGK D..     IR   S                      RGI I    

K.cryptofilum   T   V AP EGI                    Y GPIR  GGT    SVL  DY R     D   I  D   S  I     V V  Q    G  YL VY       A     A        I   LG  RY  I  AT        SK E KK .... GT  S   N    T    EG I   MA    QR  I   R

                                                           TT      P.abyssi     
  180       190       200       210       220        230       240 

P.abyssi            R  EE  LY      LQY     E R    N P    G  T   EV   R      TN  P    IE  V  VD   R VT     PS E V LA     IEIT E  DDV  S   D P VE     SEKH   M       H A  R   H  P      MR I       A       .H  V G    QL

T.nautili           R  EE  LY      LQY     E R    N P    G  T   EV   R      TN  P  E IE  V  ID   R VT     P  D V LA     IEIT E  D V  S   N P VE     SE H   M       H A  R   H EA      MR I       E  K    .H  V G    HL

P.pacificus         R  EE  LY      LQY     E R    N P    G  T   EV   R      TN  P  EEIE YV  VD   R VT     PS D V LAI    VEIT E  DQV  SGY NLPRVE     TH             H A  R   H  A       K I       A                  QL

H.volcanii          R  EE  LY      LQY     E R    N P    G  T   EV   R      TN     DEVE YV  IN      T     P             I    E   D   SGY DL RVD    ART             DK.E G   S KDK S FIAE M  MLD  A G E        E     SA

A.profundus         R  EE  LY      LQY     E R    N P    G  T   EV   R      TN  P  EEI  Y   I      V      PS   I L V    V I  E  EDV  SGY DLPRVE     TR   L  C   P  KK. AN   L  DA    I E C  C D  P                  RV

M.barkeri           R  EE  LY      LQY     E R    N P    G  T   EV   R      TN  P  EEVE YV  I    R V      PS D I L V    V I  D  EE    G  NL RI      RP          V  K . AS   M  E     I K C  C D  P   A  E H   E  G  RI

K.cryptofilum        R  EE  LY      LQY     E R    N P    G  T   EV   R      TN  P  EEIE YV  V    R I         N V  AV    VEIT    E    S F NLPRVE     TQ          S  K . AH   NSEP    I  S L      PP  KE   S          RV

                                                                   P.abyssi     
      250       260       270       280       290        300       

P.abyssi     RGG  LV       KA K                                                    AI  LAEGV Q  K L KYIDKM IEGWEWL E VE    G   E    EE   E     EE              L      V      G       K F  AKEK EPK EGK.  SLA ST..L  TK

T.nautili    RGG  LV       KA K                                                    AI  LAEGV Q  K L KYIDKM VEGWDW  E VE    G   E    DE   E     EE              L      V      G      IK F  AKEK KSS EPKV  SKA DSGAR  VA

P.pacificus  RGG  LV       KA K                                                    AI  LAEGV Q  K L KYIDKL VEGWEWL E VE    G   E     E   E     EE              L      L      N       K F  SKES KKS AVK.S PLE A...K  IS

H.volcanii   RGG  LV       KA K                                                        MAEGI         Y   L    W WL D ID       DN    DD   D      E     MC       AL  P IQR TRQ DEVD P  Q L  GTIGKDD  AANA  AGD GDEAEA TD

A.profundus  RGG  LV       KA K                                                         AEGI      L K VDKL IDGWDWL   IN       E     D          EE     MC  I    AL  P  K M    K       DKL  KEFEQEE VVKFT ATYQPKSEEE  VE

M.barkeri    RGG  LV       KA K                                                        LAEG         K VNKL  DGWDWL   I     G  E                       MC      LAL  P VK H    NM      DIL GGAKT GD ....................

K.cryptofilum RGG  LV       KA K                                                    AV    D I Q  K L K ID     G D   D       G  EE    E                     IN C I      K I  QIKKI F ... SCWGWIE KK  ESEE AGGCP.........

                                  TT  TT                           P.abyssi     
  310       320       330       340       350       360       370  

P.abyssi                         P  K       GRP    PS  GGFRLRYGR R    A     P TM   D              I     Y KEVI     FS              S  SGF T GIN A  VEV MGFYYSLYQKFKEE A SD  A    G   L  D  KP           A     W       

T.nautili                        P  K       GRP    PS  GGFRLRYGR R    A     P TM   E              I     Y KEII     F               S  SGF T  VN A  EKV KGFYYELYERFRAN A NK  T    G   L AE  EN           V     WS      

P.pacificus                      P  K       GRP    PS  GGFRLRYGR R    A     P TM   E              I     Y KEII     F               S  SGF T  I  A  VKV KGFYYGLYETFREK A NK  T    G   L AE  TN           T     WS H    

H.volcanii                       P  K       GRP    PS  GGFRLRYGR R    A     P TM   E              V     F  D I    VF H               N GF T GV  A  PDA ADDAESDAPDGPTR E AT  LR L A     G   AP         A  H    A  H    

A.profundus                      P  K       GRP    PS  GGFRLRYGR R    A     P TM                  I     Y  DIV    VFSH               NSGF T GIN A  SIEKEKEENQ.......E K KD  LS   A         RK         A       V       

M.barkeri                        P  K       GRP    PS  GGFRLRYGR R    A     P TM                  I     Y  D I    VFSH             S N  F   GIN    ....EDEKKN.......K K KD  IR L A         RP            TS  AA    S  

K.cryptofilum                     P  K       GRP    PS  GGFRLRYGR R    A     P TM                  I     Y KD V    V SH               N G    G N A  .................V E SY  L  A M    L    RI         A  T L SI M     

                                     TT                            P.abyssi     
     380       390       400       410       420       430         

P.abyssi        D F   GTQ   ERPGK          EGP V L  G          A         I   G   L  E  AI   LKT       VV PVTTI     K KD SV RVDDYN  L V EDVEE L L D I V   L             GA  T        I        L      L  K R       Y   A

T.nautili       D F   GTQ   ERPGK          EGP V L  G          A         I   G      E IAI   MKT       IV P TTV     K KD SVVRVDDYE  L V NEIEE L   D LIL                 GC  T A      I               T  R K       YV  A

P.pacificus     D F   GTQ   ERPGK          EGP V L  G          A         I   G   L  E  AV   MKT       IV P TTV     K KD SV RIENYE  L V DDVDE L L DVL V   L             GC  T A      I        L      T  K K       Y    

H.volcanii      D F   GTQ   ERPGK          EGP V L  G          A         I   G      D IA     KT        V PV  I   T    N  V RIDD E      N VE  L L E HIV     T   I       AGG V  DS      R A  D R    P E KELQ G  K  D   Y

A.profundus     D F   GTQ   ERPGK          EGP V L  G          A         I   G        IAI   LK         V PVTTI   T K KN  VV INDY   L   DEVEE   L EIVIA G         V     AGG V               D  K    KT  ALK      ID    

M.barkeri       D F   GTQ   ERPGK          EGP V L  G          A         I   G   L  D I     LK            V  I   T        VRIDD         QVE      EIV L    TN     V     AAAMSA DS      R YS DL     IKE YELRS   V VDI   

K.cryptofilum    D F   GTQ   ERPGK          EGP V L  G          A         I   G   L    IAV             VV PV  I   T    D SVIRVDD D  M I DQVEE   L DVY L S       VRI     SA  M  DS      R R         P E  R M      IH    

                                         TT                        P.abyssi     
440       450       460       470       480       490       500      

P.abyssi         G F ENN  L P     EWW                                            I F D V      L A Y E   I E   A  EI      P  E  E                   V A        QT    N C     L FVK LK  YEVHLE FT NE ESIEEASDYLEIDPEFLKE

T.nautili        G F ENN  L P     EWW                                           LVNF D V      L A YVE   VQE   A  E       P  D                                 QT    N         LVK IE LYEVELK FS NPREAVEEAAEYLEVDPDFLES

P.pacificus      G F ENN  L P     EWW                                           LVNF D V      L A Y E   IQE   A  EI      P  E  E                              QT    N A       LVK VE  YEVKLE FA ND DALEEAADYLDLEKEFLAK

H.volcanii       G F ENN  L P     EWW                                           LVNF E V   HP   A YV    IQE      NV      P  D  E                                 A  S  F      FEATEA  QALRDD AV LE ...................

A.profundus      G F ENN  L P     EWW                                           LINY D     HP M A Y     IQE      N          D                             L         S CY      VRRKGI .........G FRK...................

M.barkeri        G F ENN  L P     EWW                                           LINY D     HP M   YV      D   A  EI      P  E  D                          L        SP  F   RY YEA CS  I..... ED LK ...................

K.cryptofilum     G F ENN  L P     EWW                                           LI Y E     HP L    VE                                                G    L        SAW     EALVRRKGLRAV...............................

    TTT                                            ..         TT   P.abyssi     
 510       520       530       540       550         560       570 

P.abyssi                   A         P HP  T  W          L                               P VE     S  L I L   Y  Y N V   D E       N   AEIE  N      MLRDPLRVK P  L IHF EV G     Y  L   S EPK V K WRLLK ..Y    WS FRGIKF

T.nautili                  A         P HP  T  W          L                               PSVE    LS  LDI     Y  Y N    EE E    A  N   AQIE DE      LLRDPLRVK    L IH  KV    F  Y  L   TLKP  V E QK LL ...    W  FRKLKF

P.pacificus                A         P HP  T  W          L                               P VEE   LS  L I L   Y  Y N I  EE      A  N   AQIE DD      LLYDPLRVR K    IH  RV G     Y  L   T SV  LIR QE LV ...    W  FRGIKF

H.volcanii                 A         P HP  T  W          L                               PSVEQ L    E D  L   Y Y    I  E  D    AV        E D       .........       SWAT F A    V   L HD SV RF A AD  AAGEIVAA A GGTTAAL

A.profundus                A         P HP  T  W          L                                S DE L L  E  V L   Y Y    I  ED       V       ID         .........I E    R CD YG     D   L HD SV  YFY RDF SGG...K  ...GKMLVL

M.barkeri                  A         P HP  T  W          L                               PS    L L  E DV L   F Y    I   E E     V       VE         .........  SAL  R AE Y      K   L HD NRT F A RKF VGRGNFS  ...DEILRL

K.cryptofilum               A         P HP  T  W          L                                  ED L  S ELDV L   F YY E I  EE      AI N   AEID NE      .........RGF    RA R        R      H TS  LLK AG  R SER    L  D.....

α1 

β1 α2 α3 α4 α5 

π1 β2 β3 η1 α6 

α7 α8 β4 β5 β6 

α9 α10 α11 

α12 β7 β8 α13 

β9 β10 β11 α14 η2 β12 

β13 α15 α16 α17 

α18 η3 η4 α19 β14 

Secondary structure	
prediction

DPBB-1



 

                                                                   P.abyssi     
                         1       10        20        30        40  

P.abyssi                                       Y              A  A     DP    E                                EM E FE LQ E D AYEI  K R  G     DV IP.........................MELPK  E    M  R I K     K   AQ K  SL     

T.nautili                                      Y              A  A     DP    E                                EM   FE LQ E D AYEI  K R  G     DV VP......................MGEELYSP  KA   S  R I R     R   SQ K  SL     

P.pacificus                                    Y              A  A     DP    E                                NM   FE LQ E D AYEV  K R  G     EI VP.......................MSELYSE  KA   M  R I K     Q   EQ K  MR     

H.volcanii                                     Y              A  A     DP    E                                E    F   E  LD AFD        G     EV IP...........................MRE ETR  RRI AR  E   L EA KAT Y  KT     

A.profundus                                    Y              A  A     DP    E                                E  E    L  ELE AYEI  K R        NV IPMQLKLTDFITGDQKKEESKPVRDECPILLN IK  HAT LK   R     K   SKLL  YP     

M.barkeri                                      Y              A  A     DP    E                                EM E FD LE  L  A EI    R  G      V IP......................MGETIASK  H    E  AR KK I   NT  AR G  KPV    

K.cryptofilum                                   Y              A  A     DP    E                                   D FD L   MD    V    R  G     DI I ................................M    T RKG  ELLS  RR  SL L  SN    S

                            .                                      P.abyssi     
      50        60        70         80        90       100        

P.abyssi      A     R     G                               G              A R   A   DMA  VE LV   GVA RIREL  E   KE AALKIVDEIIE KFGD  S E  AE  V TAL Q T   G   S   PP   K     VK .YG  I                LG R KY  Q       

T.nautili     A     R     G                               G              A R   A   DMA  VE LV   GVAERIREL  E   KE AALKVVDEIIE KFGD  S E  AE  V TAL Q T   G   S   PP         VK .YG  L                LG K KY  Q       

P.pacificus   A     R     G                               G              A R   A   DMA  VE LV   GVAERIR L  E   KE A LKIVDEIIE KFGD  S E  AE  V TAL Q T   G   S   PK       A AK .YG  L S              LG E KI  Q       

H.volcanii    A     R     G                               G              A R   A   DMAD VE    I GVAERVREL  E  S EEAAL  V D VD   GD  S E   E  V TA  V K       NIL  D         EG .M R     EL T F   NV  YD R GKV G     V 

A.profundus   A     R     G                               G              A R   A   NMAE VE L  I G A RI EL  E  S EE   KI EEIVE KFG     E   D  V  A  I K       K M  N L K  V  EE GL R  ICF  A         KF.DR TAL K   V V 

M.barkeri     A     R     G                               G              A R   A   DLAD VE LI V GVA  IR L     S EE AL I  QV E   GN        E  I   M L K       N    E   AK  V EEK.M R  C  E GR  A  EV  FATKKDAV A   VS  

K.cryptofilum  A     R     G                               G              A R   A   EL E I  L  I    ERV        SK E A  VI EIV   Y    S E  AE      M L N  H   AA F  PELG   KYWLDATG  L T FR  G   P Y LKI. Y RR  L L VG  

                                                                   P.abyssi     
110       120       130       140       150       160       170     

P.abyssi       T   V AP EGI                    Y GPIR  GGT    SVL  DY R     D   IL EGI S  I   A VKI  N   D SEYL  Y A    S    AQAL   VG  V  KLGL RFK               N   KR TWA N    AL        S                R        

T.nautili      T   V AP EGI                    Y GPIR  GGT    SVL  DY R     D   IL EGI S      A VKI  N   D SEYL  Y A    S    AQAL   VG  V  KLGL RFK          L    D   KR TWA N    AL        S                K        

P.pacificus    T   V AP EGI                    Y GPIR  GGT    SVL  DY R     D   VL EGI S      A VKI  N   DGS YL  Y A    S    AQAL   VG  V  KLGL  YK          L    Y   RE P..   K  AL        S                K     G  

H.volcanii     T   V AP EGI                    Y GPIR  GGT    SVL  DY R     D    L EGV    I     V I  N   DG EF  VY A    SA   AQAL   V       L    YKL      A      DR E LE D..  T  VN                     A  A SL DI E  

A.profundus    T   V AP EGI                    Y GPIR  GGT    SVL  DY R     D   I  EGV    I   A IKI  N   DG EFL IY A    SA   AQ     VG  V  KLGL RYK Q     A       K   DK D..  T   K               VV         R        

M.barkeri      T   V AP EGI                    Y GPIR  GGT    SVL  DY R     D   V  EGV    I     V    N   DGSEY  IF      SA   AQAL   VG  V    G  RYK I     A      NK ELGK D..     IR   S                      RGI I    

K.cryptofilum   T   V AP EGI                    Y GPIR  GGT    SVL  DY R     D   I  D   S  I     V V  Q    G  YL VY       A     A        I   LG  RY  I  AT        SK E KK .... GT  S   N    T    EG I   MA    QR  I   R

                                                           TT      P.abyssi     
  180       190       200       210       220        230       240 

P.abyssi            R  EE  LY      LQY     E R    N P    G  T   EV   R      TN  P    IE  V  VD   R VT     PS E V LA     IEIT E  DDV  S   D P VE     SEKH   M       H A  R   H  P      MR I       A       .H  V G    QL

T.nautili           R  EE  LY      LQY     E R    N P    G  T   EV   R      TN  P  E IE  V  ID   R VT     P  D V LA     IEIT E  D V  S   N P VE     SE H   M       H A  R   H EA      MR I       E  K    .H  V G    HL

P.pacificus         R  EE  LY      LQY     E R    N P    G  T   EV   R      TN  P  EEIE YV  VD   R VT     PS D V LAI    VEIT E  DQV  SGY NLPRVE     TH             H A  R   H  A       K I       A                  QL

H.volcanii          R  EE  LY      LQY     E R    N P    G  T   EV   R      TN     DEVE YV  IN      T     P             I    E   D   SGY DL RVD    ART             DK.E G   S KDK S FIAE M  MLD  A G E        E     SA

A.profundus         R  EE  LY      LQY     E R    N P    G  T   EV   R      TN  P  EEI  Y   I      V      PS   I L V    V I  E  EDV  SGY DLPRVE     TR   L  C   P  KK. AN   L  DA    I E C  C D  P                  RV

M.barkeri           R  EE  LY      LQY     E R    N P    G  T   EV   R      TN  P  EEVE YV  I    R V      PS D I L V    V I  D  EE    G  NL RI      RP          V  K . AS   M  E     I K C  C D  P   A  E H   E  G  RI

K.cryptofilum        R  EE  LY      LQY     E R    N P    G  T   EV   R      TN  P  EEIE YV  V    R I         N V  AV    VEIT    E    S F NLPRVE     TQ          S  K . AH   NSEP    I  S L      PP  KE   S          RV

                                                                   P.abyssi     
      250       260       270       280       290        300       

P.abyssi     RGG  LV       KA K                                                    AI  LAEGV Q  K L KYIDKM IEGWEWL E VE    G   E    EE   E     EE              L      V      G       K F  AKEK EPK EGK.  SLA ST..L  TK

T.nautili    RGG  LV       KA K                                                    AI  LAEGV Q  K L KYIDKM VEGWDW  E VE    G   E    DE   E     EE              L      V      G      IK F  AKEK KSS EPKV  SKA DSGAR  VA

P.pacificus  RGG  LV       KA K                                                    AI  LAEGV Q  K L KYIDKL VEGWEWL E VE    G   E     E   E     EE              L      L      N       K F  SKES KKS AVK.S PLE A...K  IS

H.volcanii   RGG  LV       KA K                                                        MAEGI         Y   L    W WL D ID       DN    DD   D      E     MC       AL  P IQR TRQ DEVD P  Q L  GTIGKDD  AANA  AGD GDEAEA TD

A.profundus  RGG  LV       KA K                                                         AEGI      L K VDKL IDGWDWL   IN       E     D          EE     MC  I    AL  P  K M    K       DKL  KEFEQEE VVKFT ATYQPKSEEE  VE

M.barkeri    RGG  LV       KA K                                                        LAEG         K VNKL  DGWDWL   I     G  E                       MC      LAL  P VK H    NM      DIL GGAKT GD ....................

K.cryptofilum RGG  LV       KA K                                                    AV    D I Q  K L K ID     G D   D       G  EE    E                     IN C I      K I  QIKKI F ... SCWGWIE KK  ESEE AGGCP.........

                                  TT  TT                           P.abyssi     
  310       320       330       340       350       360       370  

P.abyssi                         P  K       GRP    PS  GGFRLRYGR R    A     P TM   D              I     Y KEVI     FS              S  SGF T GIN A  VEV MGFYYSLYQKFKEE A SD  A    G   L  D  KP           A     W       

T.nautili                        P  K       GRP    PS  GGFRLRYGR R    A     P TM   E              I     Y KEII     F               S  SGF T  VN A  EKV KGFYYELYERFRAN A NK  T    G   L AE  EN           V     WS      

P.pacificus                      P  K       GRP    PS  GGFRLRYGR R    A     P TM   E              I     Y KEII     F               S  SGF T  I  A  VKV KGFYYGLYETFREK A NK  T    G   L AE  TN           T     WS H    

H.volcanii                       P  K       GRP    PS  GGFRLRYGR R    A     P TM   E              V     F  D I    VF H               N GF T GV  A  PDA ADDAESDAPDGPTR E AT  LR L A     G   AP         A  H    A  H    

A.profundus                      P  K       GRP    PS  GGFRLRYGR R    A     P TM                  I     Y  DIV    VFSH               NSGF T GIN A  SIEKEKEENQ.......E K KD  LS   A         RK         A       V       

M.barkeri                        P  K       GRP    PS  GGFRLRYGR R    A     P TM                  I     Y  D I    VFSH             S N  F   GIN    ....EDEKKN.......K K KD  IR L A         RP            TS  AA    S  

K.cryptofilum                     P  K       GRP    PS  GGFRLRYGR R    A     P TM                  I     Y KD V    V SH               N G    G N A  .................V E SY  L  A M    L    RI         A  T L SI M     

                                     TT                            P.abyssi     
     380       390       400       410       420       430         

P.abyssi        D F   GTQ   ERPGK          EGP V L  G          A         I   G   L  E  AI   LKT       VV PVTTI     K KD SV RVDDYN  L V EDVEE L L D I V   L             GA  T        I        L      L  K R       Y   A

T.nautili       D F   GTQ   ERPGK          EGP V L  G          A         I   G      E IAI   MKT       IV P TTV     K KD SVVRVDDYE  L V NEIEE L   D LIL                 GC  T A      I               T  R K       YV  A

P.pacificus     D F   GTQ   ERPGK          EGP V L  G          A         I   G   L  E  AV   MKT       IV P TTV     K KD SV RIENYE  L V DDVDE L L DVL V   L             GC  T A      I        L      T  K K       Y    

H.volcanii      D F   GTQ   ERPGK          EGP V L  G          A         I   G      D IA     KT        V PV  I   T    N  V RIDD E      N VE  L L E HIV     T   I       AGG V  DS      R A  D R    P E KELQ G  K  D   Y

A.profundus     D F   GTQ   ERPGK          EGP V L  G          A         I   G        IAI   LK         V PVTTI   T K KN  VV INDY   L   DEVEE   L EIVIA G         V     AGG V               D  K    KT  ALK      ID    

M.barkeri       D F   GTQ   ERPGK          EGP V L  G          A         I   G   L  D I     LK            V  I   T        VRIDD         QVE      EIV L    TN     V     AAAMSA DS      R YS DL     IKE YELRS   V VDI   

K.cryptofilum    D F   GTQ   ERPGK          EGP V L  G          A         I   G   L    IAV             VV PV  I   T    D SVIRVDD D  M I DQVEE   L DVY L S       VRI     SA  M  DS      R R         P E  R M      IH    

                                         TT                        P.abyssi     
440       450       460       470       480       490       500      

P.abyssi         G F ENN  L P     EWW                                            I F D V      L A Y E   I E   A  EI      P  E  E                   V A        QT    N C     L FVK LK  YEVHLE FT NE ESIEEASDYLEIDPEFLKE

T.nautili        G F ENN  L P     EWW                                           LVNF D V      L A YVE   VQE   A  E       P  D                                 QT    N         LVK IE LYEVELK FS NPREAVEEAAEYLEVDPDFLES

P.pacificus      G F ENN  L P     EWW                                           LVNF D V      L A Y E   IQE   A  EI      P  E  E                              QT    N A       LVK VE  YEVKLE FA ND DALEEAADYLDLEKEFLAK

H.volcanii       G F ENN  L P     EWW                                           LVNF E V   HP   A YV    IQE      NV      P  D  E                                 A  S  F      FEATEA  QALRDD AV LE ...................

A.profundus      G F ENN  L P     EWW                                           LINY D     HP M A Y     IQE      N          D                             L         S CY      VRRKGI .........G FRK...................

M.barkeri        G F ENN  L P     EWW                                           LINY D     HP M   YV      D   A  EI      P  E  D                          L        SP  F   RY YEA CS  I..... ED LK ...................

K.cryptofilum     G F ENN  L P     EWW                                           LI Y E     HP L    VE                                                G    L        SAW     EALVRRKGLRAV...............................

    TTT                                            ..         TT   P.abyssi     
 510       520       530       540       550         560       570 

P.abyssi                   A         P HP  T  W          L                               P VE     S  L I L   Y  Y N V   D E       N   AEIE  N      MLRDPLRVK P  L IHF EV G     Y  L   S EPK V K WRLLK ..Y    WS FRGIKF

T.nautili                  A         P HP  T  W          L                               PSVE    LS  LDI     Y  Y N    EE E    A  N   AQIE DE      LLRDPLRVK    L IH  KV    F  Y  L   TLKP  V E QK LL ...    W  FRKLKF

P.pacificus                A         P HP  T  W          L                               P VEE   LS  L I L   Y  Y N I  EE      A  N   AQIE DD      LLYDPLRVR K    IH  RV G     Y  L   T SV  LIR QE LV ...    W  FRGIKF

H.volcanii                 A         P HP  T  W          L                               PSVEQ L    E D  L   Y Y    I  E  D    AV        E D       .........       SWAT F A    V   L HD SV RF A AD  AAGEIVAA A GGTTAAL

A.profundus                A         P HP  T  W          L                                S DE L L  E  V L   Y Y    I  ED       V       ID         .........I E    R CD YG     D   L HD SV  YFY RDF SGG...K  ...GKMLVL

M.barkeri                  A         P HP  T  W          L                               PS    L L  E DV L   F Y    I   E E     V       VE         .........  SAL  R AE Y      K   L HD NRT F A RKF VGRGNFS  ...DEILRL

K.cryptofilum               A         P HP  T  W          L                                  ED L  S ELDV L   F YY E I  EE      AI N   AEID NE      .........RGF    RA R        R      H TS  LLK AG  R SER    L  D.....

α1 

β1 α2 α3 α4 α5 

π1 β2 β3 η1 α6 

α7 α8 β4 β5 β6 

α9 α10 α11 

α12 β7 β8 α13 

β9 β10 β11 α14 η2 β12 

β13 α15 α16 α17 

α18 η3 η4 α19 β14 

            ........               ..... TT                        P.abyssi     
      580               590            600       610       620     

P.abyssi                              LE L   H                                         Q              KR   L G P  V      D  VI D     ALL    NLN    AKKIVIS EKLG........DS  T     L  T .....R GN  V YPWAA   TPLG   WEFM

T.nautili                             LE L   H                                        EN             IKR   L G P R          IV D     ALL    DLE    AKRVIL  DP..........Q   Y     L   LERTEDRRKV  I YPWSS   TPLG   WEFK

P.pacificus                           LE L   H                                         E             VKR   L G P  I      D  IV D     ALL    NLE    AKRVLIG F...........S   A     L  Y D..... GF  V YPWSA   VPLL   KKLT

H.volcanii                            LE L   H                                        E              I        V  R       E   V         L    D E    EHDNEP HGLEGTLVLDNAPE REA  H L A  QT....D ALR PVWRPLARS GLTD R RTWE

A.profundus                           LE L   H                                        DD              KR      V   V      N  VI         L    DL     DY....  R............A  I  D L E K R....N KI  EKWKVLVRC GLTF  R.KVD

M.barkeri                             LE L   H                                        EN             VK       V  RV      D   I E       L     L     PLKACI  G............  LI  K L L   K....A TIL K ALPFILC GLDCH KEKAP

K.cryptofilum                          LE L   H                                                       IKR   L GVP RV      N  IV D     AL      L     .....................   I          Q..... GK  L EEDWK  SYIASK PESLE

  TT                                                               P.abyssi     
            630       640       650       660       670       680  

P.abyssi                                         IG R GRPEK   R   P    LFP G   G K            Y  IDIINE   IK RDRG S   A M     AKE KMK PVQV   I LAG A PL.......... AT      NNE  L    I W                               

T.nautili                                        IG R GRPEK   R   P    LFP G   G K            F  IDIINE   IK RDRG S   A M     AKE KMK PVQV   I LAG A PF.......... TV      SNP  L    I W                               

P.pacificus                                      IG R GRPEK   R   P    LFP G   G K            Y  ID INE   IK RD G S   A M     AKE KMK PV V   I LAG P EF.......... TP  L   VSS  L  K I W                    H          

H.volcanii                                       IG R GRPEK   R   P    LFP G   G                 VE VNE     VRER P      M          L   V     I  AG LDDLSERARTWDDGDNA  A   VAPFN    A TR  N       SER D S A HT     E   

A.profundus                                      IG R GRPEK   R   P    LFP G   G K                DIV       VR   P    A M     AKE  M  P  I     LAG I AE..........GNIL   RKLSGLD  AKA TR              R S  PH    L     

M.barkeri                                        IG R GRPEK   R   P    LFP G   G                 VN        KV  R PS   A M     A   KM    QV   I  AG MPDT..........DNM  ATAFLSGF  LP A  R           NL   S AA       N   

K.cryptofilum                                     IG R GRPEK   R   P    LFP G   G              Y  I V NQ   VKV   GP            AK  KMK PVN    V     LPR........... AT K L  YLD   MPK  TK  M V       P        L     NLK 

         .....       ..                    TTT          TTT        P.abyssi     
     690              700       710       720       730       740  

P.abyssi       R    A               V      C  CG       C  C         C  C        SS DI         EEGK  E   EIA  K P     G     PN G   E     P    E  ESQ     KK A.....    VA ..    FF   K  HV PEHL     TRK LLWV  R NA YP   

T.nautili      R    A               V      C  CG       C  C         C  C         S DI         EEGK      EIA  K P     G     P  G   E     P    D  ESEQ    KK A.....    TAK..    FF   K  HT PEHL  V  TRK LLWH  K NV YP   

P.pacificus    R    A               V      C  CG       C  C         C  C        SS DI         EEGK      EIA  K P           P     TE     P       E       YK Y.....    STT..    HF   E  HVDIFPT  R NSK  HLYT  K GHSST EK

H.volcanii     R    A               V      C  CG       C  C         C  C        S  DV         E GK GQI      RK P     G     PD G  TE               E Q   GD ARH.RG S  R   S RLGQ    D  AF FKSK     GH  PHYE DD GSVIEPD 

A.profundus    R    A               V      C  CG       C  C         C  C           NI          NG  GEI  EIA R        G        G  TE     P        SEKQ   KE IN..CTS  VR   E    L R KE  KE FWLK .K  GV  QIYY  R RIKC.G  

M.barkeri      R    A               V      C  CG       C  C         C  C           N           NGK GEI  E   R  P            D G  T      P    E  NSELT  LVS SNYSVSM   I   E  MGI E  A  KETYFWR .   EY RPKLF  R KI VR   

K.cryptofilum   R    A               V      C  CG       C  C         C  C        SS                 G V  EVA R              PN G  T      P    Q        SLDL Y........EK S N    L L RK  SRTTLFR     SP YKISF  I GK VNGKC

        TT                                                         P.abyssi     
     750       760       770       780         790       800       

P.abyssi                                    A              KGV          E  EKG L       CP CN    PY   KI   E   R MENV       D L    GMTSG K P PL     AEGYNYT  K  VKLR  AKR  RPS LLN      KVYG..V K    M     W M       L 

T.nautili                                   A              KGV          E  EKG L       CP CD E  PY    I   E   R MDNV       D L   KGMTSG K   PL     AKEFGFR  R  V LK  AERE KPS LLR      KVYG..I R          Y MA      L 

P.pacificus                                 A              KGV          E  EKG L       CP C  D  PY        D     M NV       D L    GM S  K   PL   I V......  N RI MR  ARYSFKVS YLVP  R  RVNT..L K    L  S AF LA        

H.volcanii                                  A              KGV          E  EKG L       C  CE D        VD        LE V E     Q L   KGLTS  K P P    V SGRV..Y ER  W VESAEWQD  LNSEYRD   R G RESSF I         AN T   I     

A.profundus                                 A              KGV          E  EKG L       CP C  E  PY   KIN  E     L N  E     D      GMTS  K P  L   I V......  N KG AK  LKR   IR FYEE  K LN WDS.F VI   I    KW I  R      

M.barkeri                                   A              KGV          E  EKG L       CP C          K D      R  ENV E     D     K L  G   P PL   I T......  K GRKPTSVSNV L FRSIYK  F   G REK.M LI    R MN QMT         

K.cryptofilum                                A              KGV          E  EKG L           N E  PY   K N  E   R L    E     E     KGLTSG K P P    I Q.......DHP A PV  RSV L IR EVD   RKLG SPGIL RV         S I   I     

         TT                                           TT      TT   P.abyssi     
810       820       830       840       850       860       870    

P.abyssi     R K     FKDGT R D      T     E         ELGY  D  G  L   DQ   LK QD   A  DVYV     I F ATDAPI HFRP  IGVSVEKLR     H FE KP   E  IVE     II   N                        R              T        VS        P    

T.nautili    R K     FKDGT R D      T     E         ELGY  D  G  L   DQ   LK QD      DVYV     I F ATDAPI HF P  IGVSVEKLR     H FE KP   D  IVE  V  II V N                      K K              T        ER             

P.pacificus  R K     FKDGT R D      T     E         ELGY  D  G  L   DQ   LK QD   A  DVYV     I F ATDAPI HFRP  VGVSVEKLR     H FE KP   E  I E  V  VI   N                        R              T        VS    L        

H.volcanii   R K     FKDGT R D      T     E         ELGY  D  G  L   DQ   LK QD   A HDV       V Y  TD PV   RP    V  D  R        D  P   D   VE  V  IV      SS         M  L   AV  E LD TA HF     ET I  E  RF   L         

A.profundus  R K     FKDGT R D      T     E         ELGY  D  G  L   DQ   LK QD   A H VFV     I Y  TD P  HF P  IGVSVE L      H Y       D  IVE     IV    G            M  L L   K K       R K    R   M NE KN        P    

M.barkeri    R K     FKDGT R D      T     E         ELGY  D  G  L   DQ   LK QD   A HDVYI     V Y   D P  H R   IGI   KLR           P   D  IV   V   V                 MS I L  V AD    TAA       VE IY N  ER     C     L 

K.cryptofilum R K     FKDGT R D      T     E         ELGY  D  G  L   DQ   LK QD   A H   V     V F A NA   HF P  IGVSVEKLR        E K    E    E  V  II    GLS           V  VL   K E              LE V   Y ER   LL        

                                               TT                  P.abyssi     
   880       890       900       910       920       930       940 

P.abyssi                 A   D LL   YG    Y      DL G L     PHT      R  GF      LS  AG YLL V  FV D  EKF  L RF NAEK E  I H VIGLA   SAGIVG II   DA VG  KE  R   K  K            P       M                          V  L  

T.nautili                A   D LL   YG    Y      DL G L     PHT      R  GF      LS  AG YLL V  FV D  EKF  L RF NAEK E  I H VIGLA   SAGIIG II   D  VG  YE  K   K  R            P       M                          S VL  

P.pacificus              A   D LL   YG    Y      DL G L     PHT      R  GF      L   AG YL  V NFI D  EKF  LERF NAEK E  V H VIGLA   SAGIIG IV   DA VG PKT  E  VR                       M                          V  L  

H.volcanii               A   D LL   YG    Y      DL G L     PHT      R  GF      LS  A   MM   DFV D  D F  LDRF E E  D  I   V GMA   SA VVG VV    A VG  NG AQH  QT         Q         I ER     E  F        A        TT A  

A.profundus              A   D LL   YG    Y      DL G L     PHT      R  GF       S     YL  V  FI D   KF  LE Y   EK E  I H VIGLA   SAGV G II   D    I KSCAE  VR  K      V      P  KV  P                   L      V MNAC

M.barkeri                A   D LL   YG    Y      DL G L     PHT      R  GF       S   G YML   QYV D   KY   E Y NA   Q  V    IGLA   SAGV G  I    A VGI YDG G   RT        V    V P    KTI     V L           L  L   TR S  

K.cryptofilum             A   D LL   YG    Y      DL G L     PHT      R  GF          A  YLL I NYI E   KF  LE F N       I   V              II   NA V IPRA AK   S         V      P   LRDES    Q  LTIS   FVANLA     T  D I

                                                                   P.abyssi     
      950       960       970       980       990      1000        

P.abyssi      AHP  HA KRRN DGDED  ML  D   NFS   LP   GG  DAPL      DP   D E  N  Y   YF  A    C      V  LL ALL   RYY  EKR  KM    V TTR   REV   VH MD                   A                             I   L      S      

T.nautili     AHP  HA KRRN DGDED  ML  D   NFS   LP   GG  DAPL      DP   D E  N  Y   YY  A    C      V  LL ALL    YY  EKR  KM    V TTR   REV   VH MD                   A            K                V   L      S      

P.pacificus   AHP  HA KRRN DGDED  ML  D   NFS   LP   GG  DAPL      DP   D E  N  Y   YY  A    C      V  LL ALL    YY  EKR  KM    V TTR   REV   VH MD                   A            K                V   L      S      

H.volcanii    AHP  HA KRRN DGDED  ML  D   NFS   LP   GG  DAPL      DP   D E  N  Y   YF  A    C      V  LM  LL     Y  DKR   M    VM  RI   EI    H MD                   C      G     KK        Q       SS    S   D A    

A.profundus   AHP  HA KRRN DGDED  ML  D   NFS   LP   GG  DAPL      DP   D E  N  Y   YF  A    C      V  LL  LL   RYF  DKR   M    VLT  V  REV   VH MD                   S      G               Q        AI       K      

M.barkeri     AHP  HA KRRN DGDED  ML  D   NFS   LP   GG  DAPL      DP   D E  N  Y   FF       C      V  LM   L   R Y  EKR  KM    VLTTRI   EV    H  D        S          C      GI     A                      K   K A  I 

K.cryptofilum  AHP  HA KRRN DGDED  ML  D   NFS   LP   GG  DAPL      DP   D E  N  F   F   A           I   L AL    R F              L T V    I   V  ME     L       V     S   A    I    E   SSP  RE    L V K   KY  D  Y   

                                                                   P.abyssi     
1010      1020      1030      1040      1050      1060      1070     

P.abyssi          P EFY  T     P                                  G     Y  L  M IVR Y L   EA YELK  KE   VIERVEDRLG PEMY G KFTHDT DIAL PKMS  K  G      Y             S   LVG          K    Y L      D         L  Q  D E

T.nautili         P EFY  T     P                                  G     Y  L  M VVR Y L   E  YDMK  KE    IERVEDRLG PEMY G KFTHDT DI L PKMS  K  G      Y       V     S   .IKF         K    E I      D  G      L  Q  D V

P.pacificus       P EFY  T     P                                  G     Y  L  M VVR Y L   EA YELK  KE   VIERVEDRLG PEMY G KFTHD  DIAL PKLS  K  G      Y             S   .VK          K    E I     SD         M  Q  D E

H.volcanii        P EFY  T     P                                  G     Y  L  M IVR Y     EA   M D  D    V   EE LG    Y G   THDT DIA  P LS  K  G      Q  R      LR E  D WEDE TIA  Y  TDRE T FDH    T   A  D  A  T  S M

A.profundus       P EFY  T     P                                  G     Y  L  M IV  Y L   EA     D KE    I RVED L     F   KFTHDT DIAL  K S  K        PE         LRYA    VS.. R    V PTDFR CCL      .     V E A  S KT Q

M.barkeri         P EFY  T     P                                  G     Y  L  M     Y L    A  E KN  E   I D V  RLG PE Y    FTHDT DIA  P  S  K  G   LPAR      R  Q I   T LEG M L SS   T  Q EHFM     S   A  LN S  T  S I

K.cryptofilum      P EFY  T     P                                  G     Y  L  M V         EA Y   D      IIE V  R    DLY       ET    L P             .SEL P       KFE  SKLKG   T GS IEAG   PKIVGSI  SRMD   LQTT RK ET S

                                                                   P.abyssi     
 1080      1090      1100      1110      1120      1130      1140  

P.abyssi      K           RAVD           H   D  GNLR F  Q  RC  C  K RR P  G C  CE V  QL  A  I    EH VAE ILNS   P L     S  R EF  VK NT F  P L    P     RR  EV KR       G   K     LI   R      T                  N K  V 

T.nautili     K           RAVD           H   D  GNLR F  Q  RC  C  K RR P  G C  CE VE QL LA  I    EH VAE ILNS   P L     S  R EF  VK NT Y  P L    PK     R  A  ER       H   T     LI   R      T                  I R    

P.pacificus   K           RAVD           H   D  GNLR F  Q  RC  C  K RR P  G C  CE V  QL  A KI    EH VAE I NS   P L     S  R  F  VK NT Y  P L    PK    RL  EV R        H   T I   LI   R      T  T               N K    

H.volcanii    K           RAVD           H   D  GNLR F  Q  RC  C  K RR P  G C  CD  DAQL LA K     E DVAERV E  FLP L        R E         Y    L         M    F  R L     T      I Y      I    A S   T  LD GE    M  S D RE 

A.profundus   K           RAVD           H   D  GNLR F  Q  RC  C  K RR P  G C  CD V AQM LA KI    EHDVAERVL S FLP          R EF  V  NT Y  P L     K    K   S  E               T      II    A S       N          T K T  

M.barkeri     K           RAVD           H   D  GNLR F  Q  RC  C  K RR P  G C  CD  EAQL LA KI      DVAERVL S FLP L     S  R     IK    F  P L    PK   M    S  N      AP       K       L      S  RM     GA       T A    

K.cryptofilum  K           RAVD           H   D  GNLR F  Q  RC  C  K RR P  G C  CD  EA   L  KI    E D   R L S FL             EF     N  Y  P      P    M  HFS ER       K ALS A T    R II    K GQ     SE  A      IS R  R 

β15 α20 η5 α21 β16 β17 α22 η6 

α23 β18 

η7 α24 β19 β20 β21 β22 β23 

α25 β24 α26 α27 

β25 β26 α28 α29 β27 β28 

α30 η8 β29 β30 

β31 β32 α31 η9 β33 

α32 α33 

DPBB-2

Zn-finger I Zn-finger II



 
 

 
 
Supplementary Figure 7: Alignment of DP2 structure amino acid sequence with other 
DP2 subunits. MultAlin1 and ESPript2 3.0 were used to generate an alignment with the 
following proteins (GI accession number): Pyrococcus abyssi (504648395), Thermococcus 
nautili (757137858), Paleococcus pacificus (851300592), Haloferax volcanii (490144762), 
Archaeoglobus profondus (502705717), Methanosarcina barkeri (851209399), Korarchaeum 
cryptofilum (501267152). Conserved residues are boxed in red and highly conserved residues 
are coloured in red. Secondary structure elements observed in P. abyssi DP2 structure are also 
shown. The catalytic double-psi beta-barrel subdomains DPBB-1 and DPBB-2 are highlighted 
with green and blue boxes, respectively. Dashed lines indicate regions of the protein, which 
were not seen in the electron density and not included in the final model. A yellow arrow 
shows the result of a secondary structure prediction5, which suggests the presence of a β-
strand in a disordered region of the protein; this β-strand might be part of the DPBB-1 
subdomain. Catalytic aspartic residues are outlined by purple circles.  
 

 
 
 
 
 

            ........               ..... TT                        P.abyssi     
      580               590            600       610       620     

P.abyssi                              LE L   H                                         Q              KR   L G P  V      D  VI D     ALL    NLN    AKKIVIS EKLG........DS  T     L  T .....R GN  V YPWAA   TPLG   WEFM

T.nautili                             LE L   H                                        EN             IKR   L G P R          IV D     ALL    DLE    AKRVIL  DP..........Q   Y     L   LERTEDRRKV  I YPWSS   TPLG   WEFK

P.pacificus                           LE L   H                                         E             VKR   L G P  I      D  IV D     ALL    NLE    AKRVLIG F...........S   A     L  Y D..... GF  V YPWSA   VPLL   KKLT

H.volcanii                            LE L   H                                        E              I        V  R       E   V         L    D E    EHDNEP HGLEGTLVLDNAPE REA  H L A  QT....D ALR PVWRPLARS GLTD R RTWE

A.profundus                           LE L   H                                        DD              KR      V   V      N  VI         L    DL     DY....  R............A  I  D L E K R....N KI  EKWKVLVRC GLTF  R.KVD

M.barkeri                             LE L   H                                        EN             VK       V  RV      D   I E       L     L     PLKACI  G............  LI  K L L   K....A TIL K ALPFILC GLDCH KEKAP

K.cryptofilum                          LE L   H                                                       IKR   L GVP RV      N  IV D     AL      L     .....................   I          Q..... GK  L EEDWK  SYIASK PESLE

  TT                                                               P.abyssi     
            630       640       650       660       670       680  

P.abyssi                                         IG R GRPEK   R   P    LFP G   G K            Y  IDIINE   IK RDRG S   A M     AKE KMK PVQV   I LAG A PL.......... AT      NNE  L    I W                               

T.nautili                                        IG R GRPEK   R   P    LFP G   G K            F  IDIINE   IK RDRG S   A M     AKE KMK PVQV   I LAG A PF.......... TV      SNP  L    I W                               

P.pacificus                                      IG R GRPEK   R   P    LFP G   G K            Y  ID INE   IK RD G S   A M     AKE KMK PV V   I LAG P EF.......... TP  L   VSS  L  K I W                    H          

H.volcanii                                       IG R GRPEK   R   P    LFP G   G                 VE VNE     VRER P      M          L   V     I  AG LDDLSERARTWDDGDNA  A   VAPFN    A TR  N       SER D S A HT     E   

A.profundus                                      IG R GRPEK   R   P    LFP G   G K                DIV       VR   P    A M     AKE  M  P  I     LAG I AE..........GNIL   RKLSGLD  AKA TR              R S  PH    L     

M.barkeri                                        IG R GRPEK   R   P    LFP G   G                 VN        KV  R PS   A M     A   KM    QV   I  AG MPDT..........DNM  ATAFLSGF  LP A  R           NL   S AA       N   

K.cryptofilum                                     IG R GRPEK   R   P    LFP G   G              Y  I V NQ   VKV   GP            AK  KMK PVN    V     LPR........... AT K L  YLD   MPK  TK  M V       P        L     NLK 

         .....       ..                    TTT          TTT        P.abyssi     
     690              700       710       720       730       740  

P.abyssi       R    A               V      C  CG       C  C         C  C        SS DI         EEGK  E   EIA  K P     G     PN G   E     P    E  ESQ     KK A.....    VA ..    FF   K  HV PEHL     TRK LLWV  R NA YP   

T.nautili      R    A               V      C  CG       C  C         C  C         S DI         EEGK      EIA  K P     G     P  G   E     P    D  ESEQ    KK A.....    TAK..    FF   K  HT PEHL  V  TRK LLWH  K NV YP   

P.pacificus    R    A               V      C  CG       C  C         C  C        SS DI         EEGK      EIA  K P           P     TE     P       E       YK Y.....    STT..    HF   E  HVDIFPT  R NSK  HLYT  K GHSST EK

H.volcanii     R    A               V      C  CG       C  C         C  C        S  DV         E GK GQI      RK P     G     PD G  TE               E Q   GD ARH.RG S  R   S RLGQ    D  AF FKSK     GH  PHYE DD GSVIEPD 

A.profundus    R    A               V      C  CG       C  C         C  C           NI          NG  GEI  EIA R        G        G  TE     P        SEKQ   KE IN..CTS  VR   E    L R KE  KE FWLK .K  GV  QIYY  R RIKC.G  

M.barkeri      R    A               V      C  CG       C  C         C  C           N           NGK GEI  E   R  P            D G  T      P    E  NSELT  LVS SNYSVSM   I   E  MGI E  A  KETYFWR .   EY RPKLF  R KI VR   

K.cryptofilum   R    A               V      C  CG       C  C         C  C        SS                 G V  EVA R              PN G  T      P    Q        SLDL Y........EK S N    L L RK  SRTTLFR     SP YKISF  I GK VNGKC

        TT                                                         P.abyssi     
     750       760       770       780         790       800       

P.abyssi                                    A              KGV          E  EKG L       CP CN    PY   KI   E   R MENV       D L    GMTSG K P PL     AEGYNYT  K  VKLR  AKR  RPS LLN      KVYG..V K    M     W M       L 

T.nautili                                   A              KGV          E  EKG L       CP CD E  PY    I   E   R MDNV       D L   KGMTSG K   PL     AKEFGFR  R  V LK  AERE KPS LLR      KVYG..I R          Y MA      L 

P.pacificus                                 A              KGV          E  EKG L       CP C  D  PY        D     M NV       D L    GM S  K   PL   I V......  N RI MR  ARYSFKVS YLVP  R  RVNT..L K    L  S AF LA        

H.volcanii                                  A              KGV          E  EKG L       C  CE D        VD        LE V E     Q L   KGLTS  K P P    V SGRV..Y ER  W VESAEWQD  LNSEYRD   R G RESSF I         AN T   I     

A.profundus                                 A              KGV          E  EKG L       CP C  E  PY   KIN  E     L N  E     D      GMTS  K P  L   I V......  N KG AK  LKR   IR FYEE  K LN WDS.F VI   I    KW I  R      

M.barkeri                                   A              KGV          E  EKG L       CP C          K D      R  ENV E     D     K L  G   P PL   I T......  K GRKPTSVSNV L FRSIYK  F   G REK.M LI    R MN QMT         

K.cryptofilum                                A              KGV          E  EKG L           N E  PY   K N  E   R L    E     E     KGLTSG K P P    I Q.......DHP A PV  RSV L IR EVD   RKLG SPGIL RV         S I   I     

         TT                                           TT      TT   P.abyssi     
810       820       830       840       850       860       870    

P.abyssi     R K     FKDGT R D      T     E         ELGY  D  G  L   DQ   LK QD   A  DVYV     I F ATDAPI HFRP  IGVSVEKLR     H FE KP   E  IVE     II   N                        R              T        VS        P    

T.nautili    R K     FKDGT R D      T     E         ELGY  D  G  L   DQ   LK QD      DVYV     I F ATDAPI HF P  IGVSVEKLR     H FE KP   D  IVE  V  II V N                      K K              T        ER             

P.pacificus  R K     FKDGT R D      T     E         ELGY  D  G  L   DQ   LK QD   A  DVYV     I F ATDAPI HFRP  VGVSVEKLR     H FE KP   E  I E  V  VI   N                        R              T        VS    L        

H.volcanii   R K     FKDGT R D      T     E         ELGY  D  G  L   DQ   LK QD   A HDV       V Y  TD PV   RP    V  D  R        D  P   D   VE  V  IV      SS         M  L   AV  E LD TA HF     ET I  E  RF   L         

A.profundus  R K     FKDGT R D      T     E         ELGY  D  G  L   DQ   LK QD   A H VFV     I Y  TD P  HF P  IGVSVE L      H Y       D  IVE     IV    G            M  L L   K K       R K    R   M NE KN        P    

M.barkeri    R K     FKDGT R D      T     E         ELGY  D  G  L   DQ   LK QD   A HDVYI     V Y   D P  H R   IGI   KLR           P   D  IV   V   V                 MS I L  V AD    TAA       VE IY N  ER     C     L 

K.cryptofilum R K     FKDGT R D      T     E         ELGY  D  G  L   DQ   LK QD   A H   V     V F A NA   HF P  IGVSVEKLR        E K    E    E  V  II    GLS           V  VL   K E              LE V   Y ER   LL        

                                               TT                  P.abyssi     
   880       890       900       910       920       930       940 

P.abyssi                 A   D LL   YG    Y      DL G L     PHT      R  GF      LS  AG YLL V  FV D  EKF  L RF NAEK E  I H VIGLA   SAGIVG II   DA VG  KE  R   K  K            P       M                          V  L  

T.nautili                A   D LL   YG    Y      DL G L     PHT      R  GF      LS  AG YLL V  FV D  EKF  L RF NAEK E  I H VIGLA   SAGIIG II   D  VG  YE  K   K  R            P       M                          S VL  

P.pacificus              A   D LL   YG    Y      DL G L     PHT      R  GF      L   AG YL  V NFI D  EKF  LERF NAEK E  V H VIGLA   SAGIIG IV   DA VG PKT  E  VR                       M                          V  L  

H.volcanii               A   D LL   YG    Y      DL G L     PHT      R  GF      LS  A   MM   DFV D  D F  LDRF E E  D  I   V GMA   SA VVG VV    A VG  NG AQH  QT         Q         I ER     E  F        A        TT A  

A.profundus              A   D LL   YG    Y      DL G L     PHT      R  GF       S     YL  V  FI D   KF  LE Y   EK E  I H VIGLA   SAGV G II   D    I KSCAE  VR  K      V      P  KV  P                   L      V MNAC

M.barkeri                A   D LL   YG    Y      DL G L     PHT      R  GF       S   G YML   QYV D   KY   E Y NA   Q  V    IGLA   SAGV G  I    A VGI YDG G   RT        V    V P    KTI     V L           L  L   TR S  

K.cryptofilum             A   D LL   YG    Y      DL G L     PHT      R  GF          A  YLL I NYI E   KF  LE F N       I   V              II   NA V IPRA AK   S         V      P   LRDES    Q  LTIS   FVANLA     T  D I

                                                                   P.abyssi     
      950       960       970       980       990      1000        

P.abyssi      AHP  HA KRRN DGDED  ML  D   NFS   LP   GG  DAPL      DP   D E  N  Y   YF  A    C      V  LL ALL   RYY  EKR  KM    V TTR   REV   VH MD                   A                             I   L      S      

T.nautili     AHP  HA KRRN DGDED  ML  D   NFS   LP   GG  DAPL      DP   D E  N  Y   YY  A    C      V  LL ALL    YY  EKR  KM    V TTR   REV   VH MD                   A            K                V   L      S      

P.pacificus   AHP  HA KRRN DGDED  ML  D   NFS   LP   GG  DAPL      DP   D E  N  Y   YY  A    C      V  LL ALL    YY  EKR  KM    V TTR   REV   VH MD                   A            K                V   L      S      

H.volcanii    AHP  HA KRRN DGDED  ML  D   NFS   LP   GG  DAPL      DP   D E  N  Y   YF  A    C      V  LM  LL     Y  DKR   M    VM  RI   EI    H MD                   C      G     KK        Q       SS    S   D A    

A.profundus   AHP  HA KRRN DGDED  ML  D   NFS   LP   GG  DAPL      DP   D E  N  Y   YF  A    C      V  LL  LL   RYF  DKR   M    VLT  V  REV   VH MD                   S      G               Q        AI       K      

M.barkeri     AHP  HA KRRN DGDED  ML  D   NFS   LP   GG  DAPL      DP   D E  N  Y   FF       C      V  LM   L   R Y  EKR  KM    VLTTRI   EV    H  D        S          C      GI     A                      K   K A  I 

K.cryptofilum  AHP  HA KRRN DGDED  ML  D   NFS   LP   GG  DAPL      DP   D E  N  F   F   A           I   L AL    R F              L T V    I   V  ME     L       V     S   A    I    E   SSP  RE    L V K   KY  D  Y   

                                                                   P.abyssi     
1010      1020      1030      1040      1050      1060      1070     

P.abyssi          P EFY  T     P                                  G     Y  L  M IVR Y L   EA YELK  KE   VIERVEDRLG PEMY G KFTHDT DIAL PKMS  K  G      Y             S   LVG          K    Y L      D         L  Q  D E

T.nautili         P EFY  T     P                                  G     Y  L  M VVR Y L   E  YDMK  KE    IERVEDRLG PEMY G KFTHDT DI L PKMS  K  G      Y       V     S   .IKF         K    E I      D  G      L  Q  D V

P.pacificus       P EFY  T     P                                  G     Y  L  M VVR Y L   EA YELK  KE   VIERVEDRLG PEMY G KFTHD  DIAL PKLS  K  G      Y             S   .VK          K    E I     SD         M  Q  D E

H.volcanii        P EFY  T     P                                  G     Y  L  M IVR Y     EA   M D  D    V   EE LG    Y G   THDT DIA  P LS  K  G      Q  R      LR E  D WEDE TIA  Y  TDRE T FDH    T   A  D  A  T  S M

A.profundus       P EFY  T     P                                  G     Y  L  M IV  Y L   EA     D KE    I RVED L     F   KFTHDT DIAL  K S  K        PE         LRYA    VS.. R    V PTDFR CCL      .     V E A  S KT Q

M.barkeri         P EFY  T     P                                  G     Y  L  M     Y L    A  E KN  E   I D V  RLG PE Y    FTHDT DIA  P  S  K  G   LPAR      R  Q I   T LEG M L SS   T  Q EHFM     S   A  LN S  T  S I

K.cryptofilum      P EFY  T     P                                  G     Y  L  M V         EA Y   D      IIE V  R    DLY       ET    L P             .SEL P       KFE  SKLKG   T GS IEAG   PKIVGSI  SRMD   LQTT RK ET S

                                                                   P.abyssi     
 1080      1090      1100      1110      1120      1130      1140  

P.abyssi      K           RAVD           H   D  GNLR F  Q  RC  C  K RR P  G C  CE V  QL  A  I    EH VAE ILNS   P L     S  R EF  VK NT F  P L    P     RR  EV KR       G   K     LI   R      T                  N K  V 

T.nautili     K           RAVD           H   D  GNLR F  Q  RC  C  K RR P  G C  CE VE QL LA  I    EH VAE ILNS   P L     S  R EF  VK NT Y  P L    PK     R  A  ER       H   T     LI   R      T                  I R    

P.pacificus   K           RAVD           H   D  GNLR F  Q  RC  C  K RR P  G C  CE V  QL  A KI    EH VAE I NS   P L     S  R  F  VK NT Y  P L    PK    RL  EV R        H   T I   LI   R      T  T               N K    

H.volcanii    K           RAVD           H   D  GNLR F  Q  RC  C  K RR P  G C  CD  DAQL LA K     E DVAERV E  FLP L        R E         Y    L         M    F  R L     T      I Y      I    A S   T  LD GE    M  S D RE 

A.profundus   K           RAVD           H   D  GNLR F  Q  RC  C  K RR P  G C  CD V AQM LA KI    EHDVAERVL S FLP          R EF  V  NT Y  P L     K    K   S  E               T      II    A S       N          T K T  

M.barkeri     K           RAVD           H   D  GNLR F  Q  RC  C  K RR P  G C  CD  EAQL LA KI      DVAERVL S FLP L     S  R     IK    F  P L    PK   M    S  N      AP       K       L      S  RM     GA       T A    

K.cryptofilum  K           RAVD           H   D  GNLR F  Q  RC  C  K RR P  G C  CD  EA   L  KI    E D   R L S FL             EF     N  Y  P      P    M  HFS ER       K ALS A T    R II    K GQ     SE  A      IS R  R 

β15 α20 η5 α21 β16 β17 α22 η6 

α23 β18 

η7 α24 β19 β20 β21 β22 β23 

α25 β24 α26 α27 

β25 β26 α28 α29 β27 β28 

α30 η8 β29 β30 

β31 β32 α31 η9 β33 

α32 α33 

                                                                   P.abyssi     
    1150      1160      1170      1180      1190      1200         

P.abyssi     GG   LTV      KY               Y  QR           F                     KIV    KGAIE  L TAK LV  Y V N T   I L E DI SL EN                         S        G   M  TE N K   R   C T R  D     VFPETQLTL.IVNPNDI

T.nautili    GG   LTV      KY               Y  QR           F                     KIV    KGAVE  L TAK LV RY V D T   I L EKDI  L E                          S        P   M  T  K K   R   C T    KT   TVLPEKQRTL.LGFSADV

P.pacificus  GG   LTV      KY               Y  QR           F                     KIV    KGAIE  L TAK LV  F V D T   I   EKDI  L  N   K                     S        S   M  TE K L   R   CIT    DT  T VFP VQTLLPIGTSDDV

H.volcanii   GG   LTV      KY               Y  QR           F                      V    H G VN  M TA Q    F   D T       EK   S  EN   K               R N    Q S     D  I VAEE DCR   K  LEVL  SLE V   DKN QSGIADFM.....

A.profundus  GG   LTV      KY               Y  QR           F                     K     H   I   L   KEL  RY V E T     L E EI SL E    K                LT    NSS T   GVS   CE  N S   K  LR I L  K    SDVR QVTLF........

M.barkeri    GG   LTV      KY               Y  QR           F                      VV   H GAV   L   KE   RY V   T   I L DKDI SL EN   K               N      E   R   EIS  IGK  G SS  Q   E L    C     HRV QLGISDFMSGSAR

K.cryptofilum GG   LTV      KY               Y  QR           F                      IV   HKG V   L    ELI RY         V L E EI SL  E                   N        T L   KPTL   R  GMEG LS   K I G  S   K EKINSADLSRFLCNERK

                                                                   P.abyssi     
1210      1220       1230      1240         1250       1260      1270

P.abyssi     CQRLVMARTGEVN.KSGLLENLSNGSKKTEKAE...KAEKPRKKSDEKPKK.KRVISLEEFFSRKSK

T.nautili    CEKMIKERTGSSNGKNGYLDGFNGKNGKAKKAKVGSEAKKEKKPKTEKSKDLKKEVKKEKAKARRKR

P.pacificus  CQKMVLTRKGVLREKPKKNGNGKSWNPSNDFKK...HLKKAGRPEKEEPRKETPKLK.EKKPKRKKV

H.volcanii   ...................................................................

A.profundus  ...................................................................

M.barkeri    ...................................................................

K.cryptofilum VKLVDFL............................................................

                                                                   P.abyssi     
                                                                   

P.abyssi     ..........                                                         

T.nautili    ISLDEFFGG.                                                         

P.pacificus  IGLDEFFGTK                                                         

H.volcanii   ..........                                                         

A.profundus  ..........                                                         

M.barkeri    ..........                                                         

K.cryptofilum ..........                                                         

 

Zn-finger III



 
 
 
 

 
 
Supplementary Figure 8: DP2 contains two zinc metal-ion binding motifs. Validation of 
metal-binding sites by comparing anomalous maps calculated from datasets collected at 
different energies. Close-view of zinc metal-ion binding motifs I and II. The anomalous maps 
calculated from datasets collected at the Zn K-edge (9671 eV – 1.2820 Å) and below the Zn 
K-edge (9625 eV – 1.2882 Å) are shown as mesh in magenta and blue, respectively. 
Anomalous maps are calculated using a resolution range of 3.5-30 Å and contoured at 3 σ 
(top panel) or 6 σ (bottom panel). DP2 is shown in ribbon, the cysteine ligands as sticks and 
zinc ions as spheres.  
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Supplementary Figure 9. Dali4 search of the NTD-, catalytic- and central- domains of 
DP2 structure against the Protein Data Bank. The PolD double-psi beta-barrel (DPBB-2) 
(black) is superimposed onto the double-psi beta-barrels (DPBB-A) of 11 representative RNA 
polymerases structures identified from the Dali search (red): RNAP β’ subunit from E. coli 
(4MEX6), RNAP II RPB1 subunit from B. taurus (5FLM7), RNAP II RPB1 subunit from S. 
cerevisiae (4BBS8), RNAP I A190 subunit from S. cerevisiae (4C3H9), RNAP RPOL subunit 

Z score Entry rmsd lali nres %id Organism Description
42,7 3o59-X 0,5 241 244 94 P. horikoshii PolD NTD-DP2

Z score Entry rmsd lali nres %id Organism Description
6,0 4mex-J 5,1 126 1143 15 E. coli  RNAP β' subunit
5,9 5flm-A 5,1 135 1427 11 B. taurus RNAP II RPB1 subunit
5,9 4xsx-D 5,3 138 1166 14 E. coli  RNAP β' subunit
5,8 4bbs-A 5,9 140 1419 10 S.  cerevisiae  RNAP II RPB1 subunit
5,8 4ylp-D 6,3 146 1362 13 E. coli  RNAP β' subunit
5,7 3hox-A 4,7 134 1417 7 S.  cerevisiae  RNAP II RPB1 subunit
5,7 4yln-J 5,2 134 1362 14 E. coli  RNAP β' subunit
5,7 4v1n-A 5,5 139 1422 9 S.  cerevisiae  RNAP II RPB1 subunit
5,7 4ylp-J 6,3 148 1362 14 E. coli  RNAP β' subunit
5,6 4c3h-A 5,4 136 1523 10 S.  cerevisiae  RNAP I A190 subunit
5,6 1k83-A 4,6 124 1366 8 S.  cerevisiae  RNAP II RPB1 subunit
5,6 4yfk-D 4,9 135 1163 14 E. coli  RNAP β' subunit
5,6 3m4o-A 4,9 134 1395 7 S.  cerevisiae  RNAP II RPB1 subunit
5,6 4ylo-D 5,2 134 1362 14 E. coli  RNAP β' subunit
5,6 2nvq-A 5,3 136 1405 10 S.  cerevisiae  RNAP II RPB1 subunit
5,6 3hkz-I 5,5 133 836 8 S.  solfataricus  RNAP RPOL subunit
5,6 4a3g-A 5,9 141 1422 9 S.  cerevisiae  RNAP II RPB1 subunit
5,5 4c2m-A 6,5 146 1521 10 S.  cerevisiae  RNAP I A190 subunit
5,5 3s1n-A 4,9 133 1405 7 S.  cerevisiae  RNAP II RPB1 subunit
5,5 4yfn-D 5,1 130 1163 15 E. coli  RNAP β' subunit
5,5 2yu9-A 5,3 136 1411 10 S.  cerevisiae  RNAP II RPB1 subunit
5,5 2a69-D 5,3 142 1392 13 T. thermophilus  RNAP β' subunit
5,4 4c3i-A 5,8 142 1484 10 S.  cerevisiae  RNAP I A190 subunit
5,4 4qiw-A 4,2 116 863 8 T. kodakarensis  RNAP RPOL subunit
5,4 1twf-A 4,7 135 1419 10 S.  cerevisiae  RNAP II RPB1 subunit
5,4 2pmz-Q 5,3 133 776 9 S.  solfataricus  RNAP RPOL subunit
5,4 4fer-B 3,2 94 207 6 B. subtilis  Expansin
5,4 1r9s-A 4,9 135 1381 7 S.  cerevisiae  RNAP II RPB1 subunit
5,4 4b1p-W 5,5 131 872 10 S. shibatae  RNAP RPOL subunit
5,4 4s20-I 5,3 134 1160 13 E. coli  RNAP β' subunit
5,4 2b63-A 5,5 137 1416 10 S.  cerevisiae  RNAP II RPB1 subunit
5,4 2pmz-A 5,3 132 776 8 S.  solfataricus  RNAP RPOL subunit
5,4 2cw0-D 5,3 140 1392 13 T. thermophilus  RNAP β' subunit
5,4 4by7-A 6,0 140 1426 10 S.  cerevisiae  RNAP II RPB1 subunit
5,4 4gzz-D 5,8 142 1358 13 T. thermophilus  RNAP β' subunit
5,4 4x67-A 5,6 138 1394 9 S.  cerevisiae  RNAP II RPB1 subunit
5,4 2o5i-N 5,0 139 1303 14 T. thermophilus  RNAP β' subunit
5,4 3qc8-A 3,2 87 170 10 H. sapiens Trans. End. Ret. ATPase
5,4 4q4z-D 6,1 145 1494 13 T. thermophilus  RNAP β' subunit
5,3 1r9t-A 4,9 134 1395 7 S.  cerevisiae  RNAP II RPB1 subunit
5,3 3d30-A 3,1 94 208 6 B. subtilis  Expansin-like
5,3 4xsy-D 4,9 136 1166 14 E. coli  RNAP β' subunit
5,3 3j0k-A 4,8 135 1426 7 H. sapiens  RNAP II RPB1 subunit
... ... ... ... ... ... ... ...
5,3 1ynj-D 5,1 132 1238 14 T. aquaticus  RNAP β' subunit
... ... ... ... ... ... ... ...
5,0 1n10-A 3,8 103 228 10 P. pratense  Pollen allergen PHL P1
... ... ... ... ... ... ... ...
4,0 2j7o-A 3,7 108 934 10 N. crassa  RNAP QDE1-like 
... ... ... ... ... ... ... ...

Catalytic domain

Central domain: No hit with Z-score > 4,0

NTD



from S. solfataricus (3HKZ10), RNAP β’ subunit from T. thermophilus (2A6911), RNAP 
RPOL subunit from T. kodakarensis (4QIW12), RNAP RPOL subunit from S. shibatae 
(4BLP13), RNAP II RPB1 subunit from H. sapiens (3J0K7), RNAP β’ subunit from T. 
aquaticus (1YNJ14) and RNAP QDE1-like from N. crassa (2J7O15). Cα of the catalytic 
aspartic residues are shown as spheres (red for RNAPs, black for PolD). 
	 	



	
	
	
	
	

	
	
	
Supplementary Figure 10. Illustration of the quality of the electron density. Stereo images of 
a portion of the 2Fo-Fc electron density map contoured at 1.0 σ for both DP1 (A) and DP2 
(B) crystal structures. 	
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