
                                                                      Ci-VSP               
                                                                      

Ci-VSP               ......................................................................
Dr-vsp                ......................................................................
Xl-VSP ......................................................................
Hs-TPIP                 ......................................................................
Mm-VSP               MYGEKKSHLYLWMEHYGYDMPANIYKMYSQPSRKTDDANKKVSVSASRTIKLNGSTGYDTNEQITLITNG
Gg-VSP              ......................................................................
Hs-PTEN              ......................................................................

                                                                      Hs-PTEN              

                                                                      Ci-VSP               
                     1       10        20        30        40         

Ci-VSP               .....................MEGFDGSDFSPPADLVGVDGAVMRNVVDVTINGDVTAPPKAAPRKSESV
Dr-vsp                ..................................................................MTSV
Xl-VSP ..................................................................MSSV
Hs-TPIP  ............................................MNESPQTNEFKGTTEEAPAKESPHTS
Mm-VSP               SSLSYPDEIKSASYADPISTKAYTNDSSVYDPGGASSSTTLYELNSLSEVSKEIITQGESALLRDKEATS
Gg-VSP  ..................................................................MTTV
Hs-PTEN              ......................................................................

                                                                      Hs-PTEN              

                                                                      Ci-VSP               
50        60        70        80             90       100       110    

Ci-VSP               KKVHWNDVDQGPSEKPETRQEERIDIPEISG.....LWWGENEHGVDDGRMEIPTTGVGRVQFRVRAVID
Dr-vsp                HFNPGLDSKEVNGNSVKEEAEVQIDDGKEE....................TKDPDTMYHQVRKKITPFVM
Xl-VSP TDEQREEPSMVNG.FGKTEAKVIIDNGKNE....................VEEPATWWNKLRKVISPFVM
Hs-TPIP                 EFKGAALVSPISKSMLERLSKFEVEDAEN........................VASYDSKIKKIVHSIVS
Mm-VSP               ELKIPSTLQTQTSMSTNTLSLSDLSSDYQEEQMNKCKLNQMSKLYDDDERTDIQKSYWNVVKKFVGILVS
Gg-VSP  RYEQGSELTETSSSPTADEPTIKIDDGRDE....................GNEQDSCSNTIRRKISPFVM
Hs-PTEN              ......................................................................

                                                                      Hs-PTEN              

                                                                      Ci-VSP               
   120       130       140       150       160       170       180    

Ci-VSP               HLGMRVFGVFLIFLDIILMIIDLSLPGKSESSQSFYDGMALALSCYFMLDLGLRIFAYGPKNFFTNPWEV
Dr-vsp                SFGFRVFGLVLIILDIIMVIVDLSLSEKSRDVGGAPETVSLVISFFFLIDVLLRVYVEGFKVYFSSKLNI
Xl-VSP SFGFRVFGVVLIIVDFVLVIVDLSVIDKSREATTAISSISLAISFFFLIDVLLHIFVEGFRQYFSSKLNI
Hs-TPIP  SFAFGIFGVFLVLLDVTLLLADLIFTDSKLYIPLEYRSISLAIGLFFLMDVLLRVFVEGRQQYFSDLFNI
Mm-VSP               SVAFRIFGIFLVILDVFLVVVDLNVSEKKIYIPLDYRSISLAIALFFLVDILLRVSVEGRRRYFSDVLNT
Gg-VSP  SFGFRVFGVVLIIVDIIVVIVDLAISEKKRGIREILEGVSLAIALFFLVDVLMRVFVEGFKNYFRSKLNT
Hs-PTEN              ......................................................................

                                                                      Hs-PTEN              

                                                                      Ci-VSP               
   190       200       210       220       230       240       250    

Ci-VSP                                                                               S NKRR                                                       MKASSRRTI Q    ADGLIIVVTFVVTIFYTVLDEYVQETGADGLGRLVVLARLLRVVRLARIFYSHQQ               
Dr-vsp                                                                                S NKRR                                                       LEKVTRRMV E    VDACIVVITLVVTMIYAFSDFSGASLIPR.VVTFLRSLRILILVRIFRLASQKRE               
Xl-VSP                                                                 S NKRR                                                       LEKVTRRLV E    FDAAIVIVTLLVTLVYAFTDFSGATNIPR.LVNFLRGLRIIILVRILRLASQKRQ               
Hs-TPIP                                                                                 S NKRR                                                       LEKLMRRLV E    LDTAIIVIPLLVDVIYIFFDIKLLRNIPR.WTHLVRLLRLIILIRIFHLLHQKRQ               
Mm-VSP                                                                               S NKRR                                                       LERLTRKLV G    LDAVVIGVTVVVAVIYALYDKHFLRDIPR.LAVLLRPLRLLILIRILQLAHQKRQ               
Gg-VSP                                                                  S NKRR                                                       LEVVTRRMV E    LDAVIVVGTLLINMTYSFSDLAATDQMPR.MVTLLRVLRIVILIRIFRLASQKKQ               
Hs-PTEN                                                                              S NKRR                                                       MTAIIKEIV R    .......................................................               

                                                                      Hs-PTEN              

   TT         TT                                                      Ci-VSP               
   260       270       280       290       300       310       320    

Ci-VSP               Y  DGFDLDLTY     IAM FP        RN I  V RF   KH       NLC E  YD   F   V RK         VT  V   S  SSGRQS F     E S  FKT     FRIY   S R    T                    DH             L   P G          PDK          G  E K DNH 
Dr-vsp                Y  DGFDLDLTY     IAM FP        RN I  V RF   KH       NLC E  YD   F   V QK         VT  V   S  SSGKQA Y     E V  LDT     YKVF   S K    K                    ER             L   P R          MDH          G  P F HYR 
Xl-VSP Y  DGFDLDLTY     IAM FP        RN I  V RF   KH       NLC E  YD   F   V QK         IT  I   S  SSGKQS Y     D V  LDS     YKIY   S K    K                    DR             F   P E          KDH          G  P Y HYR 
Hs-TPIP  Y  DGFDLDLTY     IAM FP        RN I  V RF   KH       NLC E  YD   F   V TR         VT  I   S  SSGRQS Y     E V  LDK     YRVY   S R    K                    ER             F   P E          RNH          A  P H HNR 
Mm-VSP               Y  DGFDLDLTY     IAM FP        RN I  V RF   KH       NLC E  YD   F   V KK         VT  I   S  SSGRES Y     E V  LDT     YQVY   S R    K                    ER             F   P K          PNH          A  P H HYR 
Gg-VSP  Y  DGFDLDLTY     IAM FP        RN I  V RF   KH       NLC E  YD   F   V MK         VA  V   S  SSGKQS Y     E A  LDT     YKVY   S K    K                    DR             F   P E          ADH          G  P Y HYR 
Hs-PTEN              Y  DGFDLDLTY     IAM FP        RN I  V RF   KH       NLC E  YD   F   V QE         IY  I   G  AERLEG Y     D V  LDS     YKIY   A R    A                    PN             V   N D          KNH          H  T K NCR 

              TT            TT                                TT      Hs-PTEN              

β1 β2 α1 β3 η1 

β1 β2 α1 β3 

WPD loop

      TT                      TT                                      Ci-VSP               
   330       340       350       360       370       380       390    

Ci-VSP                     DHN P L            W   D     AIHCK GKGRTG      L        A E L    RV ID     T   LL F   A   MTS    VI     G      TLV S  L D KF T K A  YFY  M     V   VD  K IDD KV     PDH                 S W  E G  D      E  
Dr-vsp                      DHN P L            W   D     AIHCK GKGRTG      L        A E L    RV ID     S   ML Y   V   MAA    VI     G      TMV T  I S QF S Q S  YFE  M     V   DD  R TAC RD     SRN                 C W  D D  E      D  
Xl-VSP       DHN P L            W   D     AIHCK GKGRTG      L        A E L    RV ID     V   ML F   V   MAE    VI     G      TMV T  V S QF S V S  YFE  F     V   AD  T TAS RA     PQN                 C Y  D D  E      D  
Hs-TPIP                       DHN P L            W   D     AIHCK GKGRTG      L        A E L    RI ID     T   MV F   V   MAQ    IV     G      TMV A  I S IF T E S  YFS  M     V   HE  V TKE NE     LEN                 C L  A E  L      Y  
Mm-VSP                     DHN P L            W   D     AIHCK GKGRTG      L        A E L    RI ID     T   ML F   V   MAQ    VV     G      TMV A  I S IV N K S  FFR  M     V   EE  L SKE NN     PEN                 C C  A E  L      Y  
Gg-VSP        DHN P L            W   D     AIHCK GKGRTG      L        A E L    RI ID     A   ML F   V   MNQ    II     G      TMV T  I S QF S K S  YFE  F     V   QD  K TAS RE     EKN                 C W  H D  E      D  
Hs-PTEN                    DHN P L            W   D     AIHCK GKGRTG      L        A E L    QY FE     Q   IK F   L   LSE    VA     A      VMI A  L R KF K Q A  FYA  P     P   EL  P CED DQ     DNH                 C Y  H G  L      D  

      TT                                                              Hs-PTEN              

β4 α2 β5 α3 α4 

β4 α2 β5 α3 α4 

P loop

★

★

PBM
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                                                       TT TT   TT     Ci-VSP              
   400       410       420       430       440       450       460    

Ci-VSP               G  RT         G    SQ RYV Y            P                               SR    E     Q VET   I     FE IK      L   KKL V  VTI  I          LS QI     DF VGDVF     A      G   K  KNYGGQ  PM   K TG   TA QGVGRGNGSD  M  
Dr-vsp                G  RT         G    SQ RYV Y            P                               ER    S     Q VET   S     YE MK      L   KSL I  IRI  I          LK KI     DK MSSKF     P      G   I  NQYNRQ  PR   K KS   HS AGVGKGNGSD  L  
Xl-VSP G  RT         G    SQ RYV Y            P                               ER    S     Q VET   S     YE LK      L   KQL I  IKI  I          LK QI     DK VSTKF     P      A   V  NKFCRQ  PE   K RS   HS QGVGRSNGTD  V  
Hs-TPIP  G  RT         G    SQ RYV Y            P                               ER    T     Q VET   N     FA VK      L   RIL I  FII  I          LK QV     NK HSNKF     P      G   Q  HLYNWN  PR   F KR   YS R....GDVCD  V  
Mm-VSP               G  RT         G    SQ RYV Y            P                               ER    S     Q IET   N     FE LK      L   KVL I  LVV  I          LE QI     DK NSSKF     P      K   K  INYQLT  PK   V KR   YS HGVGKGDGSD  V  
Gg-VSP  G  RT         G    SQ RYV Y            P                               ER    T     Q VET   S     YE LK      L   RQL I  LKI  I          MK QI     DR MSTKF     P      G   I  NKYNFQ  PE   K KN   HS HGVGKGNGTD  V  
Hs-PTEN              G  RT         G    SQ RYV Y            P                               EV    K     K VTI   R     YS LL      R   LLF K  FET  M          VV QL     RD .....     P      Y   Y  KNHLDY  VA   H MM   IP FSGGTCNPQF  C  

                                                         TT          THs-PTEN             

α5 α6 β6 β7

α5 β6 β7

  TT                                               TT                 Ci-VSP              
   470       480       490       500       510       520       530    

Ci-VSP                                                       D K  F                 FW  T V    EV L   A               V   V     L   I VR    S    R Y    F   F    SERQ  L CKF EGYNCALQYDATDDC TCE KNCPV AG      MST KSLP G DNCP Y   N S
Dr-vsp                                                         D K  F                 FW  T I    LV Q   A               V   L     V   V VM    A    K Y    F   F    VKHE  F CVC KQHNCTVFPDTGSNA VIS QDGPI TG      ESS G.LP G EDCP Y   N S
Xl-VSP                                          D K  F                 FW  T I    VV Q   E               I   L     I   I IR    T    K Y    I   F    MKKE  F CVC TQENCKLFFDAGNNS VLS EGFPV SG      EFS N.LP G DDCA Y   N C
Hs-TPIP                                           D K  F                 FW  T V    VV S   L               V   V     L   V VQ    N    K Y    F   F    MEKK  F STS ..GNCSILHDIETDK LIN YDGPP YD      FSS ..LP Y DNCP F   N S
Mm-VSP                                                        D K  F                 FW  T I    TV S   S               A   V     L   V VK    N    K Y    F   F    MWQE  F FCN ..RNCMIFHDPETDR IIN FHCPA YD      LSP ..LP Y DDCP F   H S
Gg-VSP                                           D K  F                 FW  T I    VV E   A               V   L     I   V VR    S    K Y    F   F    MKKQ  L CVC TQGNCKLFFDSESDS VIG EDSPV SG      ESN D.LP G DDCP F   N S
Hs-PTEN                                                       D K  F                 FW  T K    SS S   R               M   F     V   I VE    Q    M K    F   V    VKIY  N GPT ..........REDKF YFE PQPLP CG      FHK N..K L KDKM H   N F

T            ..........  TT                        T..T               Hs-PTEN             

   TT .................................                     TT        Ci-VSP              
   540                                        550       560       570 

Ci-VSP                                                        L     D   K K        F V   F LV                                     V   REEI N     T KIY      KL     EGDH................................. T K      PH K  W   RDN T   T S
Dr-vsp                                                         L     D   K K        F V   F FV                                     L   REEL N     T DIY      TL     ENYR................................. F S      PH P  W   KED G   S T
Xl-VSP                                          L     D   K K        F V   F FI                                     L   KNEL N     S KIY      EL     ENSR................................. Y S      PH E  G   KEN A   N E
Hs-TPIP                                           L     D   K K        F V   F FI                                     L   RNEL N     A KIY      EI     QNNR................................. C P      PH Q  W   PPE A   L G
Mm-VSP                                                       L     D   K K        F V   F FI                                     L   RNEL N     T KIY      EV     KNNR................................. Y P      TH P  W   GEK A   D G
Gg-VSP                                          L     D   K K        F V   F FI                                     L   RNEL N     T KVY      EM     ENNR................................. Y P      PH S  W   SEA A   N T
Hs-PTEN                                                       L     D   K K        F V   F FI                                     L   KNDL K     A RYF      KL     PGPEETSEKVENGSLCDQEIDSICSIERADNDKEYLV T T      AN D  N   SPN K   Y T

 Hs-PTEN             
                                                                     

Ci-VSP              
                                                                     

Ci-VSP              DAEDI..................................................              
Dr-vsp               EP.....................................................              
Xl-VSP S......................................................              
Hs-TPIP EK.....................................................              
Mm-VSP              EN.....................................................              
Gg-VSP EL.....................................................              
Hs-PTEN             KTVEEPSNPEASSSTSVTPDVSDNEPDHYRYSDTTDSDPENEPFDEDQHTQITKV              

Hs-PTEN             

β8 β9 β10 β11 η2 β12 η3

β13 η4 η5 β14
β8 β9 β10 β11 β12 η1

TI loop

CBR3 loop

★ ★

★

η2 η3 β14
                                                     TT     TT       

Supplemental Figure S3 (contd.) Amino acid sequence alignment of VSP orthologues and human PTEN.
The residue, which is made disulfide bond with Cys363, is shown in cyan. The residues interacted 
with Tyr522, Asp523 and Asn524 of CBR3 loop are in green. The secondary-structural elements of 
the cytoplasmic region of Ci-VSP are indicated above the alignment as a spiral ( α-helix) or an 
arrow ( β-sheet). Those of  human PTEN (PDB ID 1D5R) are indicated below the alignment. 
The abbreviations used are: Ci: Ciona intestinalis; Dr: Danio rerio; Xl: Xenopus laevis; 
Hs-TPIP: Homo sapiens TPTE and PTEN homologous inositol lipid phosphatase ; 
Mm: Mus musculus; Gg: Gallus gallus.
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