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Supplementary Figure 1 The electron density map and the subunit fold of ckP2X7cryst. 

(a) The 2Fo - Fc density map of ckP2X7cryst, contoured at 1 . (b) The stereo view showing 2Fo - Fc density map 

of the ckP2X7cryst subunit, contoured at 1 . (c) Subunit of the TNP-ATP-bound ckP2X7cryst, colored according 

to the previously proposed dolphin-like model1. Based on the sequence alignments, we defined the Fluke (Cys28 

- Lys49, and Ser316 - Asn346), Lower body (Arg50 - Val68, Thr81 - Phe91, Phe176 - Asn195, Gly238 - Arg265, 

and Arg303 - Phe315), Upper body (Ala69 - Tyr80, Val92 - Asn101, Pro157 - Pro164, and Phe277 - Ile302), 

Head (Gln102 - Cys156), Right flipper (Pro165 - Asp175, and Leu219 - Gly237), Left flipper (Leu266 - Gly276), 

and Dorsal fin (Ile196 - Arg218) domains of the ckP2X7cryst. 
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                 RIW AAEY    Q    F VM N I T    Q                D        G        V   K V
              L   VF  ADY    Q  N F VM N L T    Q                D        G        I   R V
              L   IF  ADY    Q  N F VM N L S    Q                D        G        I   R I
              L   VW VADYV   Q  N F VM N IVT    Q                D        G        I   K V
              L   VW VADYV      S F VM N IVT    Q                D        G        I     V
                 KVW V EYV      S F II    AT    Q                D        G        L   R V
                 KVW V EYV      S   II    VT                     D        G        I   H V
                 RV  V DYV   Q  S F II   IVT    Q                D        G        I   R V
                 RV  V DYV   Q  S F II   IVT    Q                D        G        I   R V
              L  RIW VADYV   Q  N   VM N ILT    Q                D        G        V   R V
              L  RIW VADYV   Q  N   IM N IVT    Q                D        G        V   R V
              L  RIW VADYI   Q    F VL N IIT    Q                         G        V   R V
              L  RIW VADYV   Q  N F VV N IVT    Q                D        G        V   R L
              L  RLW VADFV   Q  N F VV N IVT    Q                D        G        L   R L
              L  RLW VADFV   Q  N F LV N LVT    Q                D        G        V     V
              L  RLW VADFV   Q  N F LV N LVT    Q                D        G        I     V
              V  RVW IAD V      N F V  N IIT                     E        G        V   R V
              I  R W VADYI      N   VI N V T                     D                 A   K I

................D        TI T TRDS F    I R EN I KT P YPT.AKAI SS K...S AK IVDVHSN  Q     
EIV.....ENGVKK VHS   T   TF L G. S F    F K EG E RL P YPT.RRTL SS R...G KK WMDPQSK  Q     
NVT.....EGGVTK VHG   T   TL L G. S F    Y K EG E KL P YPS.RGKQ HS Q...G IK WMDPQSK  Q     
...........LPG GPQ        F A GD S V    F   PK T GY A HPE.G.GI KE S...G TP KAKRKAQ  R     
...........LQG GPQ        F AHGD S V    F   PQ T GH A NPE.G.GI QD S...G TP KAERKAQ  R  N  
................H     E   K PEGG V S   RVE  HS T GT P SIRVHNAT LS A...D VA ELDMLGN  R     
................D     E   K PEGG VVS   RIE  PS TLGT P SMRVHSST HS D...D IA QLDMQGN  R     
................N  M  S   T P GT V V   KM   EN M GF P SEE..KYR VS S...Q .. PERLPGG  L     
................N  M  S   T P GT V V   KM   EN M GF P NEE..KYR VS S...Q .. PERFPGG  L     
...........TSK GF         I A EE SLF    V   MN T GL P IPD.ATTV KS A...S TA SAGTHSN  S     
...........TSQ GF         I A EE SLF    M   VN T ST P IPD.KTSI NS A...D TP LRDTHSS  A     
...........TSE GE         I P EDGS F    M   TN T SK A NPT.PAST TSHR...D KR FNDARGD  R     
...........TSD GQ         I A GE V F    L   PN R NV A NEGIPDGA SK S...D HA EAVTAGN  K     
...........TTM GE         I S GE V F    L   PN R GI A REGIPDGE SE D...D HA ESVVAGH  K     
...........IKE GN         K P GE V F    F   PA V GR P HPSVPLAN WV E...D PE EGGTHSH  K  Q  
...........VKE EK         R S GE V F    F   PA V GR P HPSVPLAN WA E...D PE EMGTYSH  K  Q  
LSDDAFYPFLSDKT YK       I V PEES Q F T  L   PS EIKT P DPSIKEAH KS NDTTS TA KSIMIGN  M     
........FSHIPG GM S       V PLEN ALF    L K ER SLSK Q SSWVPEAA YK S...D KPYFISHLGN  H     

β4 α2 β5 β6 
                                                                 TT      TT   TT          
                       80        90       100       110        120          130       140 

                    D      P          T       Q    C E        C        C          G  TG C 
                    D      P          T       Q    C E        C        C          G  TG C 
                    D      P          T       Q    C E        C        C          G  TG C 
                    D      P          T       Q    C E        C        C          G  TG C 
                    D      P          T       Q    C E        C        C          G  TG C 
                    D      P          T       Q    C E        C        C          G  TG C 
                    D      P          T       Q    C E        C        C          G  TG C 
                    D      P          T       Q    C E        C        C          G  TG C 
                    D      P          T       Q    C E        C        C          G  TG C 
                    D      P          T       Q    C E        C        C          G  TG C 
                    D      P          T       Q    C E        C        C          G  TG C 
                    D      P          T       Q    C E        C        C          G  TG C 
                    D      P          T       Q    C E        C        C          G  TG C 
                    D      P          T       Q    C E        C        C          G  TG C 
                    D      P          T       Q    C E        C        C          G  TG C 
                    D      P          T       Q    C E        C        C          G  TG C 
                    D      P          T       Q    C E        C        C          G  TG C 
                    D      P          T       Q    C E        C        C          G  TG C 

                                                       .                                  
               1       10        20        30        40         50         60        70   

ckP2X7                            Y                          Y         K YQ              KG      
hP2X7                            Y                          Y         K YQ              KG      
rP2X7                            Y                          Y         K YQ              KG      
hP2X1                            Y                          Y         K YQ              KG      
rP2X1                            Y                          Y         K YQ              KG      
hP2X2                            Y                          Y         K YQ              KG      
rP2X2                            Y                          Y         K YQ              KG      
hP2X3                            Y                          Y         K YQ              KG      
rP2X3                            Y                          Y         K YQ              KG      
hP2X4                            Y                          Y         K YQ              KG      
rP2X4                            Y                          Y         K YQ              KG      
zfP2X4                            Y                          Y         K YQ              KG      
hP2X5                            Y                          Y         K YQ              KG      
rP2X5                            Y                          Y         K YQ              KG      
hP2X6                            Y                          Y         K YQ              KG      
rP2X6                            Y                          Y         K YQ              KG      
amP2X                            Y                          Y         K YQ              KG      
smP2X                            Y                          Y         K YQ              KG      

                         F  ES K I   S  L  V   I  VIAV  I Y  I        E    SSV   L  V     
                         F  ET K   I S   G I     VII    V FA V        E    SSV TKV  I     
                         F  ET K   I S   G I  IL M V    V FA M        E    SSV TKV  V     
                         FE DT R VLVRN  VGVI RLIQLVVLV  I WV L             SSV  KL  L  T  
                         FE DT R VLVRN  VGVI RLIQLVVLV  I WV V             SSV  KL  L  T  
                         WD ET K IVVRN  LGVL RAVQLLILL  V YV I        E    SSI TKV  I  S  
                         WD ET K IVVRN  LG V RMVQLLILL  V YV I        E    SSI TKV  I  S  
                         F  ET K VVVKS  IGII RVVQLLII   V WV L        D    SSV TKV        
                         F  ET K VVVKS  IGII RAVQLLII   V WV L        D    SSV TKV        
                         FE DT R VLIRS  VGLM RAVQLLILA  I WV V        D    SSV TKV  V  T  
                         FE DT R VLIRS  VGLM RAVQLLILA  I WV V        D    SSV TKA  V  T  
                         FD  T K LIIRS  VG L R  QALVIA  I YV V        D    SSV TKV  I  T  
                         FD  T K VIAKN  VGLL RLLQA ILA  V WV L        D    S V TKV  V  T  
                         FD  T K VVAKS  VGLL RVLQLIILL  L WV L        D    S V TKV  V  T  
                          D  T K VM RN  VGAL RLLQ  IVV  V WA L        D     SI TKL  V  T  
                          D  T K VM RN  VGI  RLLQL VVV  I WA L        D     SV TKL  V  T  
                         FE DT K V I    IGVL RLIQLLIL   I YV I                 TKV  V  T  
                         FE ET K V I N  IGV  RLLQLVILI  V WV I        D    S V TKV  V  T  

...............MVAWGWMKDV N   P L RFP VG VC KWF YG     . C TL VH R  EK EL.T   RVT    AHV..

...............MPACCSCSDV Q   N VTR Q MNY T KWFFH   FS . C  L SD L  RK PV.I   H      AEVKE

...............MPACCSWNDV Q   N VTR Q VNY T KW  H T FS . S  L SD L  RK PL.I   H      AEVTE

............MARRFQEELAAFL     P M     KK    F          V G  F YE G  TSSGL.I   SV     AV Q.

............MARRLQDELSAFF     P M     KK    F          V G  F YE G  TSSDL.I   SV     AV Q.
MAAAQPKYPAGATARRLARGCWSAL     P V     RR    Y          F W  F VQ S  ES TGPE   I      TT E.
............MVRRLARGCWSAF     P V     RR  F H          F W  F VQ S  DS TGPE   I      TM E.
..................MNCISDF T   T S     WT    N        S F G  F HE A  VR TAIE   V     SGLYA.
..................MNCISDF T   T S     WT    N        S F G  F HE A  VR TAIE   V     FGRYA.
.............MAGCCAALAAFL     P I     RK    N          V G  F WE G  ET SV.V   T      AV N.
.............MAGCCSVLGSFL     P I     RK    N          V G  F WE G  ET SV.V   T      AV N.
..........MSESVGCCDSVSQCF   Y S I     KK  T N FT       V G  C YN G  DT TV.L   S      AL N.
............MGQAGCKGLCLSL   K E Y     KK    Y     S    L V  F IK G  DV TSLQ A I      AF N.
............MGQAAWKGFVLSL   K A F     KK    Y          L I  F IK S  DI TSLQ A V      AY N.
............MGS.PGATTGWGLL  K E Y  T  WR    Q    FG    V G  L AK G  ER LEPQF  I      SV Q.
..........MASAV.AAALVSWGFL  K E Y  T  CW   SQ     G    V G  L AK G  EW MDPQI  I      SV Q.
..............MNCVKTTGNYF     L V H GDQK    N        G I G  I YQ G  QFSTF.NAATT      VS KN
.................MVKGIAVL     P L Q S IK   TQ          V C  M YE G  EN IA.K A T      GF N.

α1 β2 β3 

                                                                 T....T                   
         150       160         170       180       190       200             210       220

ckP2X7 H N...ITH     KA    QGEERPP..VPA  RSSED   F     H  T N  VQ  SPKL T....S K NKV..TA L       
hP2X7 VHE...GNQ     SA     AVEEAP..RPA  NS E    L     D  GHN  TR   PGL I....T T HKT..QN Q       
rP2X7 P D...QKR     FA     EGKEAP..RPA  RS E    L     D  GHN  TR   PGM I....S T HKT..WN Q       
hP2X1 A N..D.TV     FG     VDDDIP..RPA  RE E    F     S  R KV  R   EEV AAH  T L HKT..LH L    Q  
rP2X1 P N..G.TV     FG     VDDKIP..SPA  RE E    F     S  R KV  R   EEV GTY  K L HKI..QH L    N  
hP2X2 P Y..QGPS     FG     DGAS...VSQF GTM P    L     H  K H   G   DR. DGY  R T HEA..SDLY       
rP2X2 P Y..HGDS     SA     DGTS...DNHF GKM P    L     H  K K   G   SQ.KSDY  H T DQD..SD Y       
hP2X3 N S...SVL     QG   T VDTV...ETPI. ME E    F     R  L N E G   PNL ARD  T R HPD..KD F   L   
rP2X3 N S...SVL     QG   T VDTV...EMPI. ME E    F     R  L N E G   PNL DKD  R R HPE..KA F   L   
hP2X4 A N..G.SV     AA     DDTHVP..QPAF KA E    L     W  K N   R   PNI TTY  S I DAK..TD F       
rP2X4 P N..E.SV     AA     NDVGVP..TPAF KA E    L     W  K N   R   PNI TSY  S I NAQ..TD F       
zfP2X4 S S..A.SV     LS     KIVDPP..NPP  AD E    L     R  K N   R   PNI SSY TH V SRK..TD D       
hP2X5 RRE..NLARG    FA     TSS.RP..EEPF KE ED   F   H R  K N   S   DVKDRSF  S H GPK...NHY       
rP2X5 RVG..NSTRG    FA     TKS.MP..TDP  KD E    S   F R  K N   A   ETD KHF  T H SST...NLY       
hP2X6 V N..G.TH     WS     SGV.VP..SRP  AQ Q    F     T SK N   S   ETWDPTYF H R EPQ..FS Y       
rP2X6 A N..G.TH     WS     SSA.VP..RKP  AQ K    F     T NK N   T   DTWDNTYF Y L DSL..SS Y       
amP2X QAAKPNETL V   SG     QDYGPLKDGTP  SD Q    L   Y E SL HVR S  HDIE STY  Y R HPE..KD H       
smP2X 

           CE   WCP                     T   KN            N            C           CP    G
           CE   WCP                     T   KN            N            C           CP    G
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 Y       KT  I     V            VL     F V I  NI FP F YT   I    N        F       P   IFRL 
         KT  V     IE           LL  A NF V I  NI FP   YT   IL   N        F       P   IFRL 
 Y       KT  I     AE           LL  A NF V I  NI FP   YT   IL   N        F       P   IFRL 
 F       KT  I     VE           LL  A NF L I  SI FP F  NR  LV   N   MK   F       P   VF L 
 F       KT  I     VE           LL  A NF L I  SI FP F  NR  LV   N   MK   Y       P   VF L 
 Y       KT  V     VE           L   A NF I I  SI YP F FSK  IA   T   LK   F           IFKL 
 Y       KT  V     VE           L   A NF I I  SI YP F FSK  IA       LK   F       P   IFRL 
 Y       RT  I      E            M  A NF I I  SI FP F F K  LL   T   MK   F       P   I RV 
 Y       RT  I      E            M  A NF I I  SI FP F F K  LL   T   IK   F       P   I RV 
 F       KT  V     VE            L  A NF L V  NI YP F FSK  IL   T   LK   Y       P   IFRL 
 F       KT  V     VE            L  A NF L V  NI YP F FSK  IL   T   LK   Y       P   IFRL 
 Y       KT  V     LE           LL  A NF V I  NI YP F FNK  IL   N   L    F       P   IFRL 
          T  I     LE            L  A  F I I   I FP F FSK  VM       LK   F           IFRL 
          T  I     VE           LL  A SF I I   I FP F FSK  VL   N   LK   F           IFRL 
 F       RT  I     VE           LL  A NF L I  TV F  F FSK  AL        K   Y       P   VFRI 
 F       RT  I     VE           LL  A NF L I  TV F  F FSR  AL        K   Y       P   VFRI 
         H   I     VE           LL  V NF V I   I F  F   R  L    N   LK   Y       P   VFRI 
          S  I     LE           L   V NY L I   I F  F   R  I    S   LR   Y           IF   IKP..GNDIG    YS     NDTLPLGRKSF FPM Y    L   D N EK GIH R  QNWA KKF  T L NKTDPENRF    QF 

β7 η1 β8 β9 β10 

                                                   ..                TT                   
       230       240       250       260       270         280       290       300        

ckP2X7
hP2X7 
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hP2X1 
rP2X1 
hP2X2 
rP2X2 
hP2X3 
rP2X3 
hP2X4 
rP2X4 
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amP2X 
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                GG       W C LD     C P Y F                  R             R L K  G      V
                GG       W C LD     C P Y F                  R             R L K  G      V
                GG       W C LD     C P Y F                  R             R L K  G      V
                GG       W C LD     C P Y F                  R             R L K  G      V
                GG       W C LD     C P Y F                  R             R L K  G      V
                GG       W C LD     C P Y F                  R             R L K  G      V
                GG       W C LD     C P Y F                  R             R L K  G      V
                GG       W C LD     C P Y F                  R             R L K  G      V
                GG       W C LD     C P Y F                  R             R L K  G      V
                GG       W C LD     C P Y F                  R             R L K  G      V
                GG       W C LD     C P Y F                  R             R L K  G      V
                GG       W C LD     C P Y F                  R             R L K  G      V
                GG       W C LD     C P Y F                  R             R L K  G      V
                GG       W C LD     C P Y F                  R             R L K  G      V
                GG       W C LD     C P Y F                  R             R L K  G      V
                GG       W C LD     C P Y F                  R             R L K  G      V
                GG       W C LD     C P Y F                  R             R L K  G      V
                GG       W C LD     C P Y F                  R             R L K  G      V

 IL  A   F  MA    II I I                 S  RLD          GFS  FAR Y    G    T   AY IRFDVL 
 I    G  F  VA    IMGI I                 S  RLD       L  GYNF YAKYY         T I VF IRFDIL 
 I   IG  F  VA    IMGI I                 S  RLD       L  GYNF YAKYY    G    T I AF VRFDIL 
 VV   G  F  LA    VVGI I                     L        L  GFNF FAR F    G        VF IRFDIL 
 VV   G  F  LA    VVGI I                 Q   L        L  GFNF FAR F    G        VF IHFDIL 
 IV  AG  F  LA    VIGV I                 S  RLD       A  GYNF FAKYY         T I AY IR DVI 
 IV  AG  F  LA    VIGV I                 S  RLD       A  GYNF FAKYY         T I AY IR DVI 
 VV  AG  F  LA    VLGI I                 S  RLD       V  GYNF FAKYY    G    T L AF IRFDVL 
 VV  AG  F  LA    VLGI I                 S  RLD       V  GYNF FAKYY    G    T L AF IRFDVL 
 IV  AG  F  MA    IMGI V                 S  RLD       V  GYNF FAKYY    G    T I AY IRFDII 
 IV  AG  F  MA    IMGI I                 S  RLD       V  GYNF FAKYY    G    T   AY IRFDII 
 IV  A   F  MA    VMGV I                 T  RLD       V  GYNF FAKYY    G    T I  Y IRFDVM 
 VI  AG  F  IA    VIGI I                 S  RLD       V  GYNF FARYY    G    T M AY IRFDVM 
 IV  AG  F  IA    VIGI I                    RLD       I  GYNF FARYY    G      M AY IRFDVI 
 LV  AG  F  LA     VGI V                 S    E           YNF  A  W    G    T L LY IRFDIL 
 LV   G  F  LA    AVGI I                 S    E          GYNF  A YW    G    S L LY IRFDIL 
 MV  AG  F  VA    VI V I                 S  RLD       L  GWNF Y KYY         S V AY I F IL 
 I   A      I     VIGI I                 S  RLD       I  GFNF YAHFY    G      I AY IRF I  

D  QE KEN SE  VK    A E K D D  SWSYY S E   R   DKTR..TQYP   I    H KLPD TEQ   F           
D FRET DN SD  IQ      E Y D N  RWFHH H K   R   DKTTNVS YP          K.ENNVEK               
D FQE  EN TE  VQ      E Y D N  SWSHR Q K   R   DKYTNES FP          K.EN MEK               
Y  QES QN ST  EK      T D H D  WHVRH R I E HG Y...EEKN SP        H VE.N TNY H F           
Y  RES QD RS  EK      T D K D  WHVRH K I   HG Y...GEKN SP        H VQ.N TNR H F           
F  EK  ES TE  HK      I N D D  LPASE N K   R   PKH..VP SS          KINGTT.T          I    
F  EK  EN TE  HK      I N N D  LSESE N K   R   PKY..DP SS          KINGTTTT          I    
D  KF  QD AK  RT      K G V D  KAWDQ I K   T   SVSEKSS SP          KMEN SEY               
D  KF  QD AK  RT      K G V D  KAWDQ I K   T   GVSEKSS SP          KMEN SEY               
K  EN  HS QD  VE      Q N D N  RAASL L R   R   TRDVEHN SP          RDLA NEQ               
T  ED  HS QE  VE      Q K D N  RAASL L R   R   TRDLEHN SP          RDLA KEQ   T           
D  GE EED QI  VH      Q R D D  MPQSW V R   R   NKDPDNN AP          KNSD TET     G         
S  RW  SD QD  LE      N E N D  KAASE H H   S   NK.LSKS SS          RDAA VEF               
S  RW  AD QD  LK      Y E D D  KAASK N H Y N   NK.HTHS SS          RDPN VEF D             
D  AK  GT ED  LL  S   R H D D  TGDSG W H   QLQ .........KS    T TH WEQP VEA               
D  AMT GD ED  LL      N H D N  TKGSD S Q   QLQ .........R     T N  WAAS VES               
D  DA  ED DD  AK    Q L S D N  YDVKY I N   L   ..DPKTV AK      P   NE....KE         T V   
T FEE NVD.QS FIS      D D K D  WDVQY N T   R   ..DAHAK AS          SE.N TNY D         V H 

α3 α4 β11 η2 β12 η3 β13 β14 

310       320       330       340                 350

ckP2X7  G                                                  
hP2X7  G                                                  
rP2X7  G                                                  
hP2X1  G                                                  
rP2X1  G                                                  
hP2X2  G                                                  
rP2X2  G                                                  
hP2X3  G                                                  
rP2X3  G                                                  
hP2X4  G                                                  
rP2X4  G                                                  
zfP2X4  G                                                  
hP2X5  G                                                  
rP2X5  G                                                  
hP2X6  G                                                  
rP2X6  G                                                  
amP2X  G                                                  
smP2X  G                                                  

    G F LI     IGS I   GL   I EM                    
    GKF II  VV IGS L   GL     D LI                  
    GKF II  VV IGS L   GL T   DLII                  
   AGKF IIP M TIGS I   GV T LCDLLLL                 
   AGKF IIP M TIGS I   GV T LCDLLLL                 
   AGKF LIP IINL T L   GV S LCD ILL                 
   AGKF LIP IINL T L   GV S LCD ILL                 
   AGKF IIP IIS        GV T LCDIILL                 
   AGKF IIP IIS        GV T LCDIILL                 
   AGKF IIP MINIGS L   GM T LCDIIVL                 
   AGKF IIP MINVGS L   GV T LCDVIVL                 
   AGKF IIP LLNIG  L   GL N ICD IVL                 
                             CDLVLI                 
   AGKF IIP VINIGS L   GA    CDLVLI                 
   AGKF LIP AVTLGT A   GV T  CDLLLL                 
   AGKF LIP AITVGT A   GM T LCDLLLL                 
   AGK   IP AINIGS L    V T LCDLVVL                 
   AGKF LLP  MNIGS L   GL   VCDIIAL                 

F MG Q K  ELFTF   T AYF  AVT I  CFHLYNCS..........SC
F TG   D  QL  Y   T SYF  AAVFI F  DTYSSNCCRSHIYPWCKC
F TG   D  QL  Y   T SYF  A VCI    NTYASTCCRSRVYPSCKC
D K    D   T T    G GIF  A V       HI...............
D K    D   T T    G GIF  A V       HI...............
H Q    S   T    A A TSV  G F   W   TF...............
H Q    S   T    A A TSI  G F   W   TF...............
Y N    N   T   SVAAFTSV  G V       NF...............
Y N    N   T   SVAAFTSV  G V       NF...............
F K    D   T      G ALL  A V       YC...............
F K    D   T      G ALL  A V       YC...............
F Q    N   T     AG ALL  V V   W   TF...............
N ......................KGAFF      YL...............
N K    S   T      G ALM  GAFF      YL...............
T Q    G   T      G AWL  V FF      YV...............
T Q    A   T      G AWL  V F       YV...............
Q R   LSP  I      G GLMV A V       NC...............
S E    H   LT     G ALL  APT       NL...............

α5 



Supplementary Figure 2 Sequence alignment of P2X receptors. 

The amino acid sequences of P2X receptors were aligned using Clustal Omega 

(https://www.ebi.ac.uk/Tools/msa/clustalo/), and are shown using ESPript3 

(http://espript.ibcp.fr/ESPript/ESPript/). Secondary structure elements from the ckP2X7cryst are depicted in 

cartoon representations and are labeled above the alignments, and the colors of the domains based on the 

dolphin-like model are presented below the alignments. For the sequence alignment, the following vertebrate and 

invertebrate P2X receptors were used: chicken (ckP2X7, NCBI Accession Number: XP_001235163), human 

(hP2X1, NP_002549; hP2X2, NP_733782; hP2X3, NP_002550; hP2X4, Q99571; hP2X5, Q93086; hP2X6, 

AAF13303; and hP2X7, AAH11913), rat (rP2X1, P47824; rP2X2, NP_446108; rP2X3, CAA62594; rP2X4, 

AAC52380; rP2X5, CAA63052; rP2X6, CAA63053; and rP2X7, CAA65131), zebrafish (zfP2X4, AAK00945), 

Gulf Coast tick (amP2X, AEO34575), and blood fluke (smP2X, CAH04147). 
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Supplementary Figure 3 The transmembrane pores of the apo, closed and ATP-bound, open hP2X3 and 

zfP2X4 structures. 

(a) The pore radius for the apo, closed hP2X3 structure (PDB ID: 5SVJ) along the pore center axis. (b) 

Pore-lining residues of the apo, closed hP2X3 structure are depicted by stick models. (c) The pore radius for the 

ATP-bound, open hP2X3 structure (PDB ID: 5SVK) along the pore center axis. (d) Pore-lining residues of the 

ATP-bound, open hP2X3 structure are depicted by stick models. (e) The pore radius for the apo, closed zfP2X4 

structure (PDB ID: 4DW0) along the pore center axis. (f) Pore-lining residues of the apo, closed zfP2X4 

structure are depicted by stick models. (g) The pore radius for the ATP-bound, open zfP2X4 structure (PDB ID: 

4DW1) along the pore center axis. (h) Pore-lining residues of the ATP-bound, open zfP2X4 structure are 

depicted by stick models. The pore size was calculated by the program HOLE. 



Out

In
ckL344

(hT357S)

ckV335
(hA348T)

ckS258
(hH270R)

ckR264
(hR276H)

ckF179
(hL191P)

ckE174
(hE186K)

ckR294
(hR307Q)

ckK105
(hR117W)

ckY143
(hH155Y)

ckG138
(hG150R)

a

c

b

dsSNP ID 
Amino acid change 

in hP2X7 

Corresponding residue 

in ckP2X7 

Effect on 

function 
Related disease 

rs17525809 hV76A - Partial loss Mood disorder 

rs28360445 hR117W ckK105 Loss Mood disorder 

rs28360447 hG150R ckG138 Loss Accelerated Lumbar Spine Bone Loss 

rs208294 hH155Y ckY143 Gain 
Crohn’s disease,  Papillary thyroid cancer, 

Bipolar or unipolar disorder 

rs28360451 hE186K ckE174 Loss  

rs28360452 hL191P ckF179 Loss Mood disorder 

rs7958311 hH270R ckS258 Gain  

rs7958316 hR276H ckR264 Loss  

rs28360457 hR307Q ckR294 Loss 
Accelerated Lumbar Spine Bone Loss,  Fracture risk, 

Periprosthetic osteolysis,  Crohn’s disease 

rs1718119 hA348T ckV335 Gain 
Toxoplasmosis,  Anxiety, 

Bipolar or unipolar disorder 

rs2230911 hT357S ckL344 Partial loss Mood disorder 

Supplementary Figure 4 The locations of amino acid residues substituted by SNPs in the hP2X7 receptor. 

(a,b) The amino acid residues in the hP2X7 receptor that are substituted by SNPs and involved in losses or gains 

of functions are mapped on the single subunit (a) or the trimer (b) of the ckP2X7cryst structure. The substituted 

amino acid residues are depicted by stick models. Red, yellow and blue colors indicate loss of function, partial 

loss of function and gain of function, respectively. (c) The relationship between the amino acid residues 

substituted by SNPs in the hP2X7 receptor and ckP2X7cryst. The table was created based on Sluyter and Stokes, 

2011 (ref. 2) and Roger et al., 2010 (ref. 3). The superscripts “ck” and “h” refer to the chicken and human P2X7 

receptors. 
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Supplementary Figure 5 Density of TNP-ATP and surrounding residues in the TNP-ATP binding site. 

(a,b) The Fo - Fc density map contoured at 2.5  (a) and the 2Fo - Fc density map contoured at 1  (b), showing 

the TNP-ATP. (c) The 2Fo - Fc density map contoured at 1 , showing the residues involved in TNP-ATP 

binding. The TNP-ATP molecule and the residues involved in TNP-ATP binding are depicted by stick models. 
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Supplementary Figure 6 Comparison of ATP and TNP-ATP binding sites. 

(a-c) Close-up views of the ATP binding sites in the ATP-bound zfP2X4 structure (PDB ID: 4DW1) (a), the 

ATP-bound amP2X structure (PDB ID: 5F1C) (b) and the ATP-bound hP2X3 structure (PDB ID: 5SVK) (c). 

(d,e) Close-up views of the TNP-ATP binding site in the TNP-ATP-bound ckP2X7 structure (d) and the 

TNP-ATP-bound hP2X3 structure (PDB ID: 5SVQ) (e). The amino acid residues, ATP and TNP-ATP are 

depicted by stick models. The molecule is colored according to the dolphin-like model. Dotted black lines 

indicate hydrogen bonds (<3.3 Å). 
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Supplementary Figure 7 Comparison of the overall structures of the apo closed, and TNP-ATP-bound and 

ATP-bound, open states for ckP2X7 and zfP2X4. 

(a-c) Subunit comparisons of the TNP-ATP bound ckP2X7 (orange) and ATP-bound, open zfP2X4 (gray, PDB 

ID: 4DW1) structures. Close-up views of the lower body domain (b) and the TNP-ATP binding site in ckP2X7 

(c) are shown in each box. The black arrows denote the movement from the TNP-ATP-bound state to the 

ATP-bound open state. (d-f) Subunit comparisons of the TNP-ATP-bound ckP2X7 (orange) and apo, closed 

zfP2X4 (gray, PDB ID: 4DW0) structures. Close-up views of the lower body domain (e) and the TNP-ATP 

binding site in ckP2X7 (f) are shown in each box. The black arrows denote the movement from the apo, closed 

state to the TNP-ATP-bound state. 
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Supplementary Figure 8 Comparison of the overall structures for ckP2X7, hP2X3, zfP2X4 and pdP2X7. 

(a) The superimposition of the TNP-ATP-bound ckP2X7 (orange) and ATP-bound, open hP2X3 (blue, PDB ID: 

5SVK) structures. The RMSD value is 1.87 Å for 856 C  atoms between trimers. (b) The superimposition of the 

TNP-ATP-bound ckP2X7 (orange) and apo, closed hP2X3 (cyan, PDB ID: 5SVJ) structures. The RMSD value 

is 2.31 Å for 758 C  atoms between trimers. (c) The superimposition of the apo, closed hP2X3 (cyan) and 

TNP-ATP-bound hP2X3 (pink, PDB ID: 5SVQ) structures. The RMSD value is 0.22 Å for 954 C  atoms 

between trimers. (d) The superimposition of the TNP-ATP-bound ckP2X7 (orange) and ATP-bound, open 

zfP2X4 (purple, PDB ID: 4DW1) structures. The RMSD value is 1.95 Å for 836 C  atoms between trimers. (e) 

The superimposition of the TNP-ATP-bound ckP2X7 (orange) and apo, closed zfP2X4 (green, PDB ID: 4DW0) 

structures. The RMSD value is 2.35 Å for 814 C  atoms between trimers. (f) The superimposition of the 

TNP-ATP-bound ckP2X7 (orange) and ATP/antagonist (A804598) bound pdP2X7 (black, PDB ID: 5U2H) 

structures. The RMSD value is 1.73 Å for 790 C  atoms between trimers. (g) The superimposition of the 

TNP-ATP-bound ckP2X7 (orange) and apo, closed pdP2X7 (gray, PDB ID: 5U1L) structures. The RMSD value 

is 2.18 Å for 787 C  atoms between trimers. (h) The superimposition of the apo, closed pdP2X7 (gray) and 

A804598-bound pdP2X7 (gold, PDB ID: 5U1V) structures. The RMSD value is 0.45 Å for 949 C  atoms 

between trimers. 



Supplementary Table 1 The nucleotide sequences of the synthesized ckP2X7 WT and the crystallization 

construct ckP2X7cryst used in this study. 

ckP2X7 WT seq ATGGAATTCGTGGCTTGGGGCTGGATGAAGGACGTGTTCAACTACGAGTCCCCCAAGCTGATCCGGTTCCC
CTCTGTGGGACTCGTGTGCGTGAAGTGGTTCATCTACGGCGTGATCGCCGTGTACATCTGCTACACCCTGA
TCGTGCACAAGCGCTACCAGGAAAAAGAGGAACTGACCAGCTCCGTCAGAGTGACCCTGAAGGGCGTGGC
CCACGTGGACAGAATTTGGGACGCCGCCGAGTACACCATCCCCACCCAGACCAGAGACAGCTTCTTCGTG
ATGACCAACATCATCCGGACCGAGAACCAGATCCAGAAAACCTGCCCCGAGTACCCCACCGCCAAGGCCA
TCTGCAGCAGCGATAAGAGCTGCGCCAAGGGCATCGTGGACGTGCACAGCAATGGCGTGCAGACCGGGAA
GTGCGTGCACTACAACATCACCCACAAGACCTGCGAGATCAAGGCCTGGTGCCCTGTGCAGGGCGAAGAA
AGACCTCCTGTGCCCGCCGTGCTGAGAAGCAGCGAGGACTTCACCGTGTTCATCAAGAACAACATCCACTT
CCCCACCTTCAACTACACCGTGCAGAACATCAGCCCTAAGCTGAACACCAGCTGCAAGTTCAACAAAGTG
ACCGCCCCACTGTGCCCCATCTTCCGGCTGGGAGACATTCTGCAGGAAGCCAAAGAAAACTTCAGCGAGA
TGGCCGTGAAGGGCGGCATCATTGCCATCGAGATTAAGTGGGACTGCGACCTGGACAGCTGGTCCTACTA
CTGCAGCCCTGAGTACAGCTTCCGGCGGCTGGACGACAAGACCAGAACCCAGTACCCCGGCTTCAGCATC
AGATTCGCCCGGCACTACAAGCTGCCCGACGGCACCGAACAGCGGACCCTGTTTAAGGCCTACGGCATTA
GATTCGACGTGCTGGTGTTTGGCATGGGCGGCCAGTTTAAGCTGATCGAGCTGTTCACCTTCATCGGCAGC
ACAATCGCCTACTTCGGCCTGGCCGTGACCATCATCGAGATGTGCTTCCACCTGTACAACTGCAGCTCCTG
CTGCAAGATCCAAGTGTGCGAGAACGTGATCCGGAAGAAATACGAGACAGTGCTGATGCCCGAACAAGTG
ATCCTGGTGTCCTACGTGGACAAGCCCCACATCACACTGATCAAGATGCCCCTGCGGACCAGCCTGCAGAA
CGCCGAGGGCAGCATCTTCGAGGACCACCCCGTGAAGTCTTACGACCCCCGGACCTGCTGCAGCCACAAG
AGCAACGAGAAACACGGCGCTGCCCAGAGCGAGCTGAGGCCTCTGACACAGAGCAGCAGCTCCACCAACT
GCCCCAAGTGGTGCTGCTGCGGCAGATGCCAGGTGGCCCAGAAGCACCACGAGCAGCTGTGCTGCAGAAA
GAAAGAGGGCCAGTGCATCACCACCACCTATTGGTTCGCCCAGCTGGTGCTGAGCCGGGACACACTGAAC
AAGGCCCTGCTGTACGAGGACCCCTTCCTGGATCTGACCGGCCACAGCAGCAACAGCCAGCTGAGAAGGA
TCGCCTACAAGCAGTACATCCATTGGAGATTCGGCAGCTTCGAGCTGGAAGATCGGGCCATCATCCCCAGC
TGCTGTCGGCGGCTGATCAGATCCACCTACCCCAAAGAGAACGGCAATTACACCGGCTTCAACCTGGAACT
CGAGTAA 

ckP2X7cryst seq ATGTGCGTGAAGTGGTTCATCTACGGCGTGATCGCCGTGTACATCTGCTACACCCTGATCGTGCACAAGCG
CTACCAGGAAAAAGAGGAACTGACCAGCTCCGTCAGAGTGACCCTGAAGGGCGTGGCCCACGTGGACAG
AATTTGGGACGCCGCCGAGTACACCATCCCCACCCAGACCAGAGACAGCTTCTTCGTGATGACCAACATCA
TCCGGACCGAGAACCAGATCCAGAAAACCTGCCCCGAGTACCCCACCGCCAAGGCCATCTGCAGCAGCGA
TAAGAGCTGCGCCAAGGGCATCGTGGACGTGCACAGCAATGGCGTGCAGACCGGGAAGTGCGTGCACTAC
AACATCACCCACAAGACCTGCGAGATCAAGGCCTGGTGCCCTGTGCAGGGCGAAGAAAGACCTCCTGTGC
CCGCCGTGCTGAGAAGCAGCGAGGACTTCACCGTGTTCATCAAGAACAACATCCACTTCCCCACCTTCCAG
TACACCGTGCAGAACATCAGCCCTAAGCTGAACACCAGCTGCAAGTTCAACAAAGTGACCGCCCCACTGT
GCCCCATCTTCCGGCTGGGAGACATTCTGCAGGAAGCCAAAGAAAACTTCAGCGAGATGGCCGTGAAGGG
CGGCATCATTGCCATCGAGATTAAGTGGGACTGCGACCTGGACAGCTGGTCCTACTACTGCAGCCCTGAGT
ACAGCTTCCGGCGGCTGGACGACAAGACCAGAACCCAGTACCCCGGCTTCAGCATCAGATTCGCCCGGCA
CTACAAGCTGCCCGACGGCACCGAACAGCGGACCCTGTTTAAGGCCTACGGCATTAGATTCGACGTGCTG
GTGTTTGGCATGGGCGGCCAGTTTAAGCTGATCGAGCTGTTCACCTTCATCGGCAGCACAATCGCCTACTT
CGGCCTGGCCGTGACCATCATCGAGATGTGCTTCCACCTGTACAACCTCGAGTAA 
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