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                                                            TLK2-hs_Q86UE8-1_     
1                                                           

TLK2-hs_Q86UE8-1_     M                                                            .......................................................... .
TLK2-mouse_O55047_    M                                                            .......................................................... .
TLK1-hs_Q9UKI8-1_     M                                                            SVQSS..........SGSLEGPPSWSQLSTSPTPGSAAAARSLLNHTPPSG..RPREG A
TLK1-mouse_Q8C0V0_    M                                                            SVQSS..........SGSLEGPPSWSRLSTSPTPGSAAAARSLLNHTPPSG..RPREG A
TLK-1-C.elegan_Q2XN10_ M                                                            ATGDTGRVGNVTYMSSGMLGATQFMPQNSSHPS......TSVMMQQVPPQNGGATRSS P
TSL-A.thal_Q39238_    M                                                            SDDMV.............LHFSSNSS................................ .

                                                            TLK2-hs_Q86UE8-1_     
                           10        20                     

TLK2-hs_Q86UE8-1_                             H   P                                E                     L SL  RR  LLEAR TG                   M ....................E    D   QE     F  V................. .
TLK2-mouse_O55047_                            H   P                                E                     L SL  RR  LLEAR TG                   M ....................E    D   QE     F  V................. .
TLK1-hs_Q9UKI8-1_                             H   P                                D                     L SL  RR  LLEAR TG                   M ....................E    D   QE     F  V................. .
TLK1-mouse_Q8C0V0_                            H   P                                D                     L SL  RR  LLEAR TG                   M ....................E    D   QE     F  V................. .
TLK-1-C.elegan_Q2XN10_                         H   P                                E                     V  M  H   M                          T MQQCMQAMSEDSIEMRDYNSG  H H  QMQ QQQQQHHQQQYNMSYHNHQQQMQQM H
TSL-A.thal_Q39238_                            H   P                                                        SL   K   LEAR TG                   NQ....................SD   . D IAK    L  K................. .

                                                            TLK2-hs_Q86UE8-1_     
                                                       30   

TLK2-hs_Q86UE8-1_                                                              NS E....................................GV............SK..GPL   
TLK2-mouse_O55047_                                                             NS E....................................GV............SK..GPL   
TLK1-hs_Q9UKI8-1_                                                              NN E....................................ASGSTGSTGSCSVGAK..AST   
TLK1-mouse_Q8C0V0_                                                             NN E....................................ATGSTGSTGSCSVGAK..AST   
TLK-1-C.elegan_Q2XN10_                                                           N EYHQQQQQYQQQQAQHHQMYAPQIQQQQQQPQQQSQQQSAQ....QP..QQSSAALQHV  
TSL-A.thal_Q39238_                                                             QQ  ....................................TP............SS.AKPP  Q

                                                            TLK2-hs_Q86UE8-1_     
                         40        50                       

TLK2-hs_Q86UE8-1_                          S     S  S SD   E                                          S N     VG L  KE  T    P K              ....................   QSLC         V  .... E ............. .
TLK2-mouse_O55047_                         S     S  S SD   E                                          S N     VG L  KE  T    P K              ....................   QSLC         V  .... E ............. .
TLK1-hs_Q9UKI8-1_                          S     S  S SD   E                                          S N     LG L  KE  T    P K              ....................   HSFG         S  .... E ............. .
TLK1-mouse_Q8C0V0_                         S     S  S SD   E                                          S N     LG L  KE  T    P K              ....................   HSFG         S  .... E ............. .
TLK-1-C.elegan_Q2XN10_                      S     S  S SD   E                                          S N     AG I  RE  Q    P R              ....................   ..LS         P  HGGT Q ............. .
TSL-A.thal_Q39238_                         S     S  S SD   E                                          T T        I   D  N      R              QQQQQQVSLWSSASAAVKVV   PPGL ET    S D  TGDFLI ANTKKRQKVQESN N

                                                            TLK2-hs_Q86UE8-1_     
                   60          70         80        90      

TLK2-hs_Q86UE8-1_                            RK   A                                                ND  R   R K E        K   PRGHKISDY         ........K.......Q  .Q N   .   P.YETSQG GT.         FEFAGGSA P
TLK2-mouse_O55047_                           RK   A                                                ND  R   R K E        K   PRGHKISDY         ........K.......Q  .Q N   .   P.YDTSQG GT.         FERRAE.. .
TLK1-hs_Q9UKI8-1_                            RK   A                                                SE  R   R K E        K   GRGHKISDY         ........K.......Q  SS G   .   NQNESSQG SIG         FEYQGGN. .
TLK1-mouse_Q8C0V0_                           RK   A                                                SE  R   R K E        K   GRGHKISDY         ........K.......Q  SS G   .   SQNESSQG SIG         FEYQGGN. .
TLK-1-C.elegan_Q2XN10_                        RK   A                                                TD  K   R K                 RKITEF         ........PTAPQSSTA  .K T   R  GP.T...EDQATPKQE      MKVGGEVA S
TSL-A.thal_Q39238_                           RK   A                                                            E        K   GRGR              FSVVDHVEP...Q....EAAYDG  N.D  SKTGLDVS KKQ    A............ .

                                                            TLK2-hs_Q86UE8-1_     
 100       110       120          130       140       150   

TLK2-hs_Q86UE8-1_     GTSPGRSVPPVARSSPQHSLSNPLPRR...VEQPLYGLDGSAAKEATEEQSALPTLMSV M
TLK2-mouse_O55047_    ................................QPLYGLDGSAAKEASEEQSALPTLMSV M
TLK1-hs_Q9UKI8-1_     GSSPVRGIPPAIR.SPQNSHS.............................HS....... .
TLK1-mouse_Q8C0V0_    GSSPVRGIPPAIR.SPQNSHS.............................HS....... .
TLK-1-C.elegan_Q2XN10_ GNSVARCLLTEY...........HQNQGSPKRQPAVQQNGSNSYDSQQQQPQ....... .
TSL-A.thal_Q39238_    ........................................................... .

                                                            TLK2-hs_Q86UE8-1_     
    160       170       180                190       200    

TLK2-hs_Q86UE8-1_                                      T                                                  A    SPS                H      Q S  LAKPRLDTEQLAQRGAGLCFTFVS QQ.N   S ........GSGNTE SCSSQK I I Q
TLK2-mouse_O55047_                                     T                                                  A    SPS                H      Q S  LAKPRLDTEQLAPRGAGLCFTFVS QQ.N   S ........GSGNTE SCSSQK I I Q
TLK1-hs_Q9UKI8-1_                                      T                                                  V    SPS                H      Q S  ...................TPSSS RP.N   P ........ALAFGD PIVQPK L F K
TLK1-mouse_Q8C0V0_                                     T                                                  V    SPS                H      Q S  ...................TPSSS RP.N   P ........ALAFGD PVVQPK L F K
TLK-1-C.elegan_Q2XN10_                                  T                                                  V    TPT                       N S  .....MNQHEMQNSYWGVATPSLG NNRG   P QQQHYSSDSNSNSNQSPPGQG Q G R
TSL-A.thal_Q39238_                                     T                                                         S                K           ............................... S ........GRGRGS T......... N

                                                            TLK2-hs_Q86UE8-1_     
        210       220       230       240                   

TLK2-hs_Q86UE8-1_                                    K  R                                 TQSD TI  I AL N   SD E  E   D  LRA  CD              HR.....Q    L  EK S  E SKN  L K  G I DL   .N  ............. .
TLK2-mouse_O55047_                                   K  R                                 TQSD TI  I AL N   SD E  E   D  LRA  CD              HR.....Q    L  EK S  E SKN  L K  G I DL   .N  ............. .
TLK1-hs_Q9UKI8-1_                                    K  R                                  QTD TM  L AL S   QD E  E   D  LRA  CD              .......II   L  LK A  E NKI  L K  G I DL   .N  ............. .
TLK1-mouse_Q8C0V0_                                   K  R                                 TQTD TM  L AL S   QD E  E   D  LRA  CD              .......I    L  LK A  E TKN  L K  G I DL   .N  ............. .
TLK-1-C.elegan_Q2XN10_                                K  R                                 TQTD SL       N    D             I   D              MVRTIDEE    S  SQ....A PQNA EVA MN ...... .IE ............. .
TSL-A.thal_Q39238_                                   K  R                                 T S   V  V AA Q   S  D  D   D  LR   C               ND.....V K QFV AP S  S LDA .. Q  F P GQ  NGE SLQDEDLKSLRAKI A

CC1

(Section A) 

Supplementary Figure 1. TLKs sequence alignment. Sequence alignment of TLK2 from plants to human showing a
highly-conserved protein sequence around the predicted coiled-coil regions and the kinase domain. Red box and white
residue symbolise strict identity conservation. Red residue symbolises similar physicochemical properties. Blue frame
symbolises similarity across the group.



Supplementary Figure 1 (Part b)

                                                            TLK2-hs_Q86UE8-1_     
                     250          260       270       280   

TLK2-hs_Q86UE8-1_                         R          L                 LLI     E                    LR QIDE QK     EK K  LNR   M KK   EKS Q K  ..................       Q  ..M .  Y ER   CVT S        K   M
TLK2-mouse_O55047_                        R          L                 LLI     E                    LR QIDE QK     EK K  LNR   M KK   EKS Q K  ..................       Q  ..M .  Y ER   CVT S        K   M
TLK1-hs_Q9UKI8-1_                         R          L                 LLI     E                    LR QIDE QK     EK K  LNK   M KK   EKS Q K  ..................       Q  ..L .  Y ER   CIS S        T   L
TLK1-mouse_Q8C0V0_                        R          L                 LLI     E                    LR QIDD QK     EK K  LNK   M KK   EKS Q K  ..................       Q  ..L .  Y ER   CIS S        T   L
TLK-1-C.elegan_Q2XN10_                     R          L                 LLI     E                     R QIEE N      ER K  ASK     KR   DKN   R  ..................H      L SKNS .  R NE   ..ETI        QI  K
TSL-A.thal_Q39238_                        R          L                 LLI     E                    L  NLE   K     D      QK   V        S T R  MLEEELRKSRQDSSEYHH V    NEV ..D K QEQQGK  TTK ISD   SV K   Q

                                                            TLK2-hs_Q86UE8-1_     
    290       300       310       320       330       340   

TLK2-hs_Q86UE8-1_       R K      R G     R G      W DG                   I      L     D SMQD L L  F TV    SF EQ    YAF  L KQQE IN QREE ERQRKM  AC       R    H T   H A  T   T     QN I    R  S            A
TLK2-mouse_O55047_      R K      R G     R G      W DG                   I      L     D SMQD L L  F TV    SF EQ    YAF  L KQQE IN QREE ERQRKM  AC       R    H T   H A  T   T     QN I    R  S            A
TLK1-hs_Q9UKI8-1_       R K      R G     R G      W DG                   I      L     E SMQD L L  F TV    SF EQ    FAF  L KQQE VN QRED ERQRKL  SS       R    H T   H A  T   T     QN V    W  Q            A
TLK1-mouse_Q8C0V0_      R K      R G     R G      W DG                   I      L     E SMQD L L  F TV    SF EQ    FAF  L KQQE VN QRED ERQRKL  SS       R    H T   H A  T   T     QN V    W  Q            G
TLK-1-C.elegan_Q2XN10_   R K      R G     R G      W DG                   I      L     D TA D   I  F T     SF DQ    WAF  M K TE IN  R E      L  AL     A SP   C K T T D  R   V     AE D K  Q  AE N  ASASA  K
TSL-A.thal_Q39238_      R K      R G     R G      W DG                   I      L         NE L L     L       ET     M   L  Q   L  TKE  ERQRKL  EA T VR  S    SVGV  T TIIA   E  Q LKD NA LRQ LE   A        K

                                                            TLK2-hs_Q86UE8-1_     
    350                 360         370       380       390  

TLK2-hs_Q86UE8-1_     KR                                   G                        KPP M     P      N        Q  S    N  ENE                       A G..QA PA...T E.....QK RK K..T  A   TPSSGNTELKNTAPALG A
TLK2-mouse_O55047_    KR                                   G                        KPP M     P      N        Q  S    N  ENE                       A G..QA PA...T E.....QK RK K..T  A   ................. .
TLK1-hs_Q9UKI8-1_     KR                                   G                        KPP A     P      S        Q  N    N  END                       T NNSQA ST...N E.....PK RK KA.V  A   PF.............VR P
TLK1-mouse_Q8C0V0_    KR                                   G                        KPP A     P      S        Q  T    N  END                       T NNSQA AT...N E.....AK RK KA.V  A   PF.............VR P
TLK-1-C.elegan_Q2XN10_ KR                                   G                        KP  I     P      N        Q  T    N  D                        LG G..KE KRPQAV SQNDSNGM PS SSNT  . DAIF.............RR P
TSL-A.thal_Q39238_    KR                                   G                          G                                  DTE                    QN DKN............................D T   ................. .

                                                            TLK2-hs_Q86UE8-1_     
      400       410       420       430       440       450  

TLK2-hs_Q86UE8-1_              E     E  K R      EE     E ER         RE KR   E  S       LT   Y E E IF L L HLKK   EIQA    LER RNLHI  L  I N D  QHSLLR  LA  H Q        G      A     L     V           H   N  
TLK2-mouse_O55047_             E     E  K R      EE     E ER         RE KR   E  S       LT   Y E E IF L L HLKK   EIQA    LER RNLHI  L  I N D  Q....T  LA  H Q        G      A     L     V           H   N  
TLK1-hs_Q9UKI8-1_              E     E  K R      EE     E ER         RE KR   E  S       LT   Y E E IF L L HLKK   EIQA    LER RNLHI  L  I N D  QNLPQL  LA  H Q        G      A     L     V           N   N  
TLK1-mouse_Q8C0V0_             E     E  K R      EE     E ER         RE KR   E  S       LT   Y E E IF L L HLKK   EIQA    LER RNLHI  L  I N D  QNLPQL  LA  H Q        G      A     L     V           N   N  
TLK-1-C.elegan_Q2XN10_          E     E  K R      EE     E ER         RE KR   E  S       IQ   Y E D IY L   HLRK   DLSM    LEK KQ HV  L  A N    QEEPKE  YQ  I L       RE      T     K     E  H        S  SA  
TSL-A.thal_Q39238_             E     E  K R      EE     E ER         RE KR   E  S                D VY   L  IKR    V          K L M  M  I   D   ....SGAQE DIIP     S  TS     EA LR R  YTLE G L       RD  G R

                                                            TLK2-hs_Q86UE8-1_     
      460       470       480       490       500       510  

TLK2-hs_Q86UE8-1_     F     L  RY  L LLG GGFSEV KA D    RY A K H  N  W  EKK  Y  H A  DHP  N   LL     R      Y  F L EQ  V   I  L KN RD    N  K   K   T  D     H                T      V   Q          E  H   
TLK2-mouse_O55047_    F     L  RY  L LLG GGFSEV KA D    RY A K H  N  W  EKK  Y  H A  DHP  N   LL     R      Y  F L EQ  V   I  L KN RD    N  K   K   T  D     H                T      V   Q          E  H   
TLK1-hs_Q9UKI8-1_     F     L  RY  L LLG GGFSEV KA D    RY A K H  N  W  EKK  Y  H A  DHP  N   LL     R      Y  F L EQ  A   I  L KS RD    N  K   K   T  E     H                Y      V   Q          E  H   
TLK1-mouse_Q8C0V0_    F     L  RY  L LLG GGFSEV KA D    RY A K H  N  W  EKK  Y  H A  DHP  N   LL     R      Y  F L EQ  A   I  L KS RD    N  K   K   T  E     H                Y      V   Q          E  H   
TLK-1-C.elegan_Q2XN10_ F     L  RY  L LLG GGFSEV KA D    RY A K H  N  W  EKK  Y  H A  DH       LM     K      W  F I EN  V   I  V K  KE    N  K   N  RL HK     N                E      C   H   D      A  V   
TSL-A.thal_Q39238_    F     L  RY  L LLG GGFSEV KA D    RY A K H  N  W  EKK  Y  H A    P  N   AL     K      Y  Y L D   V   L  L  Q  E    S  R   NHF V  S     N                V H    C   G  A  S    Q  I   

            TT           TT                                 TLK2-hs_Q86UE8-1_     
      520       530       540       550       560       570  

TLK2-hs_Q86UE8-1_      RE  IHK L H  IV   D    D   FCTVLEY  G DLD  LK      EKEAR I            D  R  KLY  FSL T S       C  N   FY  Q K MS     S IC  YR   E   P       Y     D         E          H L          
TLK2-mouse_O55047_     RE  IHK L H  IV   D    D   FCTVLEY  G DLD  LK      EKEAR I            D  R  KLY  FSL T S       C  N   FY  Q K MS     S IC  YR   E   P       Y     D         E          H L          
TLK1-hs_Q9UKI8-1_      RE  IHK L H  IV   D    D   FCTVLEY  G DLD  LK      EKEAR I            D  R  KLY  FSL T T       C  N   FY  Q K MS     S VC  YR   E   P       Y     D         E          H L          
TLK1-mouse_Q8C0V0_     RE  IHK L H  IV   D    D   FCTVLEY  G DLD  LK      EKEAR I            D  R  KLY  FSL T T       C  N   FY  Q K MS     S VC  YR   E   P       Y     D         E          H L          
TLK-1-C.elegan_Q2XN10_  RE  IHK L H  IV   D    D   FCTVLEY  G DLD  LK      EKEAR I            D  R  K Y   TI N S          N   FY  Q R IS     S IM  KD   S   C    Q  LL    H        VP          N S          
TSL-A.thal_Q39238_     RE  IHK L H  IV   D    D   FCTVLEY  G DLD  LK      EKEAR I               H  RLW  F I   T       C              L        IN  CE   S V H       K H  MH         S K   AV  ATSN P     I  

                   TT        TT                   TTT  TTT  TLK2-hs_Q86UE8-1_     
      580       590       600       610       620       630  

TLK2-hs_Q86UE8-1_      Q V  L YLN     IIHYDLKP N L       G  K TDFGLSKI          G  M I NA     E   P        G I L  GT    I I        MDDDS      M       K    IKP              VN  AC E                YNSVD  
TLK2-mouse_O55047_     Q V  L YLN     IIHYDLKP N L       G  K TDFGLSKI          G  M I NA     E   P        G I L  GT    I I        MDDDS      M       K    IKP              VN  AC E                YNSVD  
TLK1-hs_Q9UKI8-1_      Q V  L YLN     IIHYDLKP N L       G  K TDFGLSKI          G  M I NA     E   P        G I L  GT    I I        MDDDS      M       R    IKP              VD  AC E                YG.VD  
TLK1-mouse_Q8C0V0_     Q V  L YLN     IIHYDLKP N L       G  K TDFGLSKI          G  M I NA     E   P        G I L  GT    I I        MDDDS      M       R    IKP              VD  AC E                YG.VD  
TLK-1-C.elegan_Q2XN10_  Q V  L YLN     IIHYDLKP N L       G  K TDFGLSKI          G  M V SA     E   P          I L  GN    I I        ME ES      I       V    KST         A    ES  TS A             G  DDHDL  
TSL-A.thal_Q39238_     Q V  L YLN     IIHYDLKP N L       G  K TDFGLSKI          G  V I Q                   G V          A V        VED        M     G V   KKSQK            FD...EF V              NV.G.SQ  

    TT                                             TT       TLK2-hs_Q86UE8-1_     
      640       650       660       670       680       690  

TLK2-hs_Q86UE8-1_      LTSQ AGTYWYLPPE F      P I  KVDVWS GV F Q   G  PFG    Q  I LE    G          C VV K P K SN      V  I Y CLY RK   H QS Q                       G E                             N    D  
TLK2-mouse_O55047_     LTSQ AGTYWYLPPE F      P I  KVDVWS GV F Q   G  PFG    Q  I LE    G          C VV K P K SN      V  I Y CLY RK   H QS Q                       G E                             N    D  
TLK1-hs_Q9UKI8-1_      LTSQ AGTYWYLPPE F      P I  KVDVWS GV F Q   G  PFG    Q  I LD    G          C VV K P K SN      V  I F CLY RK   H QS Q                       G E                             N    D  
TLK1-mouse_Q8C0V0_     LTSQ AGTYWYLPPE F      P I  KVDVWS GV F Q   G  PFG    Q  I LD    G          C VV K P K SN      V  I F CLY RK   H QS Q                       G E                             N    D  
TLK-1-C.elegan_Q2XN10_  LTSQ AGTYWYLPPE F      P I  KVDVWS GV F Q   G  PFG    Q  I LE                 IV   P K T       I  I Y CIY KK      T Q        F          T   ..P     C                      NDL   K  
TSL-A.thal_Q39238_     LTSQ AGTYWYLPPE F      P I  KVDVWS GV F Q   G  PFG    Q  I LE    G          C  L K     SS      V  L Y  LF KR   H QS                       E N .T M                M         D   ER  
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Supplementary Figure 1. TLKs sequence alignment. Sequence alignment of TLK2 from plants to human showing a
highly-conserved protein sequence around the predicted coiled-coil regions and the kinase domain. Red box and white
residue symbolise strict identity conservation. Red residue symbolises similar physicochemical properties. Blue frame
symbolises similarity across the group.



Supplementary Figure 1 (Part c)

                                                            TLK2-hs_Q86UE8-1_     
      700        710       720       730       740          

TLK2-hs_Q86UE8-1_        TI  A  V FP   P     A   IRRCL Y  EDR DV   A               EN  LK  E Q    K VVT E K F       RK       QL  DPYLLPH  IR SQ       T     P.     P   A      A      I  Q   C       ..  K  
TLK2-mouse_O55047_       TI  A  V FP   P     A   IRRCL Y  EDR DV   A               EN  LK  E Q    K VVT E K F       RK       QL  DPYLLPH  IR SQ       T     P.     P   A      A      I  Q   C       ..  K  
TLK1-hs_Q9UKI8-1_        TI  A  V FP   P     A   IRRCL Y  EDR DV   A               EN  LK  E Q    K VVS E K F       RK       QL  DPYLLPH  MR SQ       T     V.     S   A      A      F  H   N       ..  R  
TLK1-mouse_Q8C0V0_       TI  A  V FP   P     A   IRRCL Y  EDR DV   A               EN  LK  E Q    K VVS E K F       RK       QL  DPYLLPH  MR SQ       T     V.     S   A      A      F  H   N       ..  R  
TLK-1-C.elegan_Q2XN10_    TI  A  V FP   P     A   IRRCL Y  EDR DV   A                N  I   E S    K  VS     F       RK        L       PR  IR SEY    N R     S.  Q  SA QD      Q      A  FE  KHELFR  GA  A  
TSL-A.thal_Q39238_       TI  A  V FP   P     A   IRRCL Y  EDR DV   A               E   IK         R AIS E K                  TM  DPYLA     K  R D     KK E  VT     N   DL     T NQ   P  L   Q     YS..K . .

                                                            TLK2-hs_Q86UE8-1_     
750       760            770                                 

TLK2-hs_Q86UE8-1_                  T     N                                        VSTSSPAGAAIAS SGASN S.....SS.N                              
TLK2-mouse_O55047_                 T     N                                        VSTSSPAGAAIAS SGASN S.....SS.N                              
TLK1-hs_Q9UKI8-1_                  S     S                                        NSSGNLHMAGLTA PTPPS S.....IITY                              
TLK1-mouse_Q8C0V0_                 T     S                                        NSSGNLHMSGLTA PTPPS S.....IITY                              
TLK-1-C.elegan_Q2XN10_              S     S                                        VA.......GSVS PSIPR PSVNREDDNM                              
TSL-A.thal_Q39238_    ..............................                              
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(Section C) 

Supplementary Figure 1. TLKs sequence alignment. Sequence alignment of TLK2 from plants to human showing a
highly-conserved protein sequence around the predicted coiled-coil regions and the kinase domain. Red box and white
residue symbolise strict identity conservation. Red residue symbolises similar physicochemical properties. Blue frame
symbolises similarity across the group.
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Supplementary Figure 2. Detailed scheme of the constructs used in this study. a) TLK2
Domain architecture and constructs. All the constructs were overexpressed, purified and validated by
mass spectrometry. Coiled-coil domains (Green), wild-type kinase domain (Blue), kinase-dead
domain D613A (Red), and C-tail (Yellow).



Supplementary Figure 3. DN-TLK2 and Kinase domain kinetics. a) SDS-PAGE and autoradiograms (left
panels) together with the initial velocity for DN-TLK2-p and its respective kinase domain (KdomLp) calculated
via densitometric measurements (right panels). b) Plots showing autophosphorylation rates. The tables show the
autophosphorylation rates normalized with the protein concentration present in each measurement (mean ± s.d.,
n = 3 biological replicates).
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Supplementary Figure 4. Phosphorylation of TLK2 substrates. SDS-PAGE and autoradiograms of
substrate phosphorylation by various TLK2 constructs showing a) MBP and b) ASF1a phosphorylation.
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Supplementary Figure 5. Mass spectrometry analysis of TLK2 and DN-TLK2. a) Overview of the TLK2 mass
spectrometry peptide coverage after expression in HEK293 cells. The tryptic coverage is marked in yellow, while
miss-cleaved peptides are shown in green These are a by-product of the tryptic protein digest and usually not as
abundant as the tryptic peptides. b) Differences in phosphorylation between TLK2 and DN-TLK2 constructs
expressed in HEK293 cells. The heatmap contains normalized log-transformed intensities for all 3 replicates of the
two conditions. The analysis shows a t-test with this dataset and attached the resulting Volcano plot. According to
this, sites S226, S771, S330, and S223 are significantly (p = 0.05) higher in phosphorylation in the truncated
construct. c) Positive ion ESI-TOF mass spectrum (top) and the deconvoluted spectrum (bottom) of intact DN-TLK2
sample used in Fig 3. The number of phosphorylations are labelled in red. The shoulder peaks, which become the
dominant species at higher phosphorylation states have an added mass of 16 Da, which is likely due to oxidation of a
methionine residue.
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Supplementary Figure 6. Mass spectrometry analysis of TLK2, DN-TLK2 and DN-TLK2 heterodimer. a) 
Schematic representation of a fusion TLK2 construct with two different tags, Twin-Strep-LSL tag on the kinase-
dead and a penta-His tag on a kinase active protein. SDS-PAGE showing the two proteins, Twin-Strep-LSL-DN-
TLK2-KD dead and penta-His-DN-TLK2 that were separated and extracted for trypsin digest and MS analysis. b) 
Volcano plot based on t-test analysis showing a clear difference in phosphopeptides (marked in red) detected in 
the DN-TLK2 and DN-TLK2-KD homodimers. c) Volcano plot based on t-test analysis comparing the DN-TLK2-
KD phosphopeptides in the context of the heterodimer and the homodimer. d) Volcano plot based on t-test 
analysis comparing the phosphopeptides of DN-TLK2 and DN-TLK2-KD in the context of the heterodimer.
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Supplementary Figure 7. TLK2 kinase domain regulatory segments. a) Sequence alignment of TLK kinase domains from various species
and the human PKA protein kinase. All the important elements in the kinase domain such as activation loop, activation segment, catalytic loop,
glycine-rich region, Magnesium-binding loop, R-spine and C-spine are highlighted. Localization of the TLK2 residues presumably involved in
the formation of the R-spine, and the C-spine was based on the localization of those residues in PKA. Localization of the important elements of
the kinase domain according to Ref 48 . Red box and white residue symbolise strict identity conservation. Red residue symbolises similar
physicochemical properties. Blue frame symbolises similarity across the group. b) Mapping of the R- and C- spines in the TLK2 kinase domain
structure.
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Supplementary Figure 8. Detailed view of the electron density map of the TLK2 kinase structure. The
characteristic region of the TLK family containing the activation loop and a section of the P+1 loop is shown.
The figure displays the 2mFo-DFc refined electron density map contoured at 1.2 s.



Supplementary Figure 9. Activity assays for different TLK2 mutants. a) Representative autoradiograms of in vitro kinase
assays of Strep-pulldowns from cells expressing Strep-FLAG tagged TLK2 phosphorylation site mutants (S>A) or mimics (S>D).
Results are quantified in Fig. 5b. b) Western blotting of input or Strep-pulldowns from AD293 cells transiently expressed with
Strep-FLAG tagged TLK2 mutants. Levels of co-purified ASF1 are shown. Short or long exposure of the same film is indicated as
(se) or (le), respectively. Histograms showing ID mutants phosphorylation of c) ASF1a and d) MBP. Kinase autophosphorylation
profiles of the ID mutants when using e) ASF1a and f) MBP as substrates. The data points indicate the relative kinase activity and
the autophosphorylation activity of the TLK2-mutants normalized to the activity of the wild-type protein (mean ± s.d., n = 3
biological replicates).
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Supplementary Figure 10. Uncropped gels for figure 1D and 1E
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Supplementary Figure 11. Uncropped gels for figure 2a and 2c



Figure 5d
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Supplementary Figure 12. Uncropped gels for figure 5d



Figure 6A: autoradiographs and Coomassie
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Supplementary Figure 3a
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Supplementary Figure 14. Uncropped gels for Supplementary figure 3a



Supplementary Figure S8A-B: autoradiographs (A) and Western (B)

102

24
17

24
17
31

24
17
31

102
76

150

102
76

150

Flag (input)

Flag (IP)

TLK1 (IP)

ASF1 se (IP)

ASF1 le (IP)

Supplementary Figure 15. Uncropped gels for Supplementary figure 8a-b



 
Construct TLK2 primer 

name DNA sequence 
 InFusion 

Cloning  
 Vector fwd gcttgcggccgcataatgcttaag  

Vector rev ctggctgtggtgatgatggtgat 

 
 
KdomS (451-753) 

KdomS fwd catcaccacagccagGATCCACAATTT 

KdomS rev tatgcggccgcaagctTTTAGCTACTT 
 
 
KdomL (451-772) 

KdomL fwd catcaccacagccagCAATTTAAAGATCATCCAACGCTAAATGACAGA 

KdomL rev tatgcggccgcaagcTCAATTAGAAGAACTGTTATTGGACGCCC 

 
 
ΔN_TLK2 (191-772) 

ΔN_TLK2 fwd catcaccacagccagACAGAGCATTCCTGCAGCTCCC 

ΔN_TLK2 rev tatgcggccgcaagcTCAATTAGAAGAACTGTTATTGGACGCCC 

 
 
ΔN_TLK2s (191-753) 

ΔN_TLK2s fwd catcaccacagccagACAGAGCATTCCTGCAGCTCCC 

ΔN_TLK2s rev tatgcggccgcaagctTTTAGCTACTT 

 SDM primer 
name DNA sequence 

 
D613A D613A_Fwd GTGGAGAGATAAAAATTACAGcaTTTGGTCTTTCGAAGATCATGGATGATG 

D613A_Rev CATCATCCATGATCTTCGAAAGACCAAAtgCTGTAATTTTTATCTCTCCAC 

 
H493R H493R_Fwd TGTGAAAATTcgcCAGTTAAATAAAAAC 

H493R_Rev GCTACGTATCTTTGCTCTG 

 
H518R H518R_Fwd ATACCGGATTcgcAAAGAGCTGGATC 

H518R_Rev TCCCTACATGCATGCTTG 

 
H518N H518N_Fwd ATACCGGATTaacAAAGAGCTGGATC 

H518N_Rev TCCCTACATGCATGCTTG 

 
R720A R720A_Fwd GTTTATTCGAgccTGCTTGGCCTACCGAAAG 

R720A_Rev GCCTTTGCTTCAGGTGTT 

 
D629N D629N_Fwd CAATTCAGTGaacGGCATGGAGC 

D629N_Rev TAGCTATCATCATCCATG 

 
 
Supplementary Table 1. TLK2 Primer sequences. All SDM were carried out using Q5 SDM Kit (NEB) 
except for D613A that was performed using QuickChange II Kit (Agilent). The lambda phosphatase was 
cloned into MCS2 of a pET_Duet vector using the traditional restriction enzymes cloning (BamHI and 
HindIII).  



 
1st G-Block Codes for Twin-Strep_LSL and a part of TLK2 
 
 
CATATGatggatagcgcttggagccacccgcagttcgagaaaggtggaggttccggaggtggatcgggaggtggatcg
tggagccacccgcagttcgaaaaaggcgccagcggtgtagatctgggtaccATGACCGACATCTACATCCCGCCGGAG
GGTCTCTACTTCCGCCTCCTTGGCTTTGCCAGTCGGCAGGTGATCTTCGCGCGCAACTCTCCCTCTCCCGATGTTGGT
CTGTCTCCGGTCAACGACCAGGCTACCGACCAGTACTTCTCGCTCATCTACGGCACTGGAGAACACGCCGGTCTCTAC
GCGATAAAGAGCAAAGCGACGGGCAAGGTGCTCTTCTCGCGTAGGCCTGCGGAACCGTATGTGGGCCAAATCGATGGC
GACGGGCGTTATCCCGACAACTGGTTCAAGATTGAGCCAGGAAAGACCTATCTCTCCAAATATTTCCGGCTCGTTCAG
CCGTCGACTGGCACCGCGCTTGTCTCGCGCACGCATTTGCAGCCATACTTCTGGAATCACCCTCAGACTGAAGTCTTC
GACGACCAATACTTCACCTTCCTCTTCGAGGATgagaacctgtacttccaatccACAGAGCATTCCTGCAGCTCCCAA
AAACAGATCTCCATCCAGCACAGACAGACCCAGTCCGACCTCACAATAGAAAAAATATCTGCACTAGAAAACAGTAAG
AATTCTGACTTAGAGAAGAAGGAGGGAAGAATAGATGATTTATTAAGAGCCAACTGTGATTTGAGACGGCAGATTGAT
GAACAGCAAAAGATGCTAGAGAAATACAAGGAACGATTAAATAGATGTGTGACAATGAGCAAGAAACTCCTTATAGAA
AAGTCAAAACAAGAGAAGATGGCGTGTAGAGATAAGAGCATGCAAGACCGCTTGAGACTGGGCCACTTTACTACTGTC
CGACACGGAGCCTCATTTACTGAACAGTGGACAGATGGTTATGCTTTTCAGAATCTTATCAAGCAACAGGAAAGGATA
AATTCACAGAGGGAAGAGATAGAAAGACAACGGAAAATGTTAGCAAAGCGGAAACCTCCTGCCATGG 
 
2nd G-Block code for the rest of the TLK2 protein (with the D613A mutation) 
 
 
CCATGGGTCAGGCCCCTCCTGCAACCAATGAGCAGAAACAGCGGAAAAGCAAGACCAATGGAGCTGAAAATGAAACGC
CCTCTTCTGGGAATACAGAGCTAAAGGATACAGCCCCAGCCTTAGGAGCCCACAGTTTACTTAGGTTAACGTTAGCAG
AATACCATGAACAAGAAGAAATCTTCAAACTCAGATTAGGTCATCTTAAAAAGGAGGAAGCAGAGATCCAGGCAGAGC
TGGAGAGACTAGAAAGGGTTAGAAATCTACATATCAGGGAACTAAAAAGGATACATAATGAAGATAATTCACAATTTA
AAGATCATCCAACGCTAAATGACAGATATTTGTTGTTACATCTTTTGGGTAGAGGAGGTTTCAGTGAAGTTTACAAGG
CATTTGATCTAACAGAGCAAAGATACGTAGCTGTGAAAATTCACCAGTTAAATAAAAACTGGAGAGATGAGAAAAAGG
AGAATTACCACAAGCATGCATGTAGGGAATACCGGATTCATAAAGAGCTGGATCATCCCAGAATAGTTAAGCTGTATG
ATTACTTTTCACTGGATACTGACTCGTTTTGTACAGTATTAGAATACTGTGAGGGAAATGATCTGGACTTCTACCTGA
AACAGCACAAATTAATGTCGGAGAAAGAGGCCCGGTCCATTATCATGCAGATTGTGAATGCTTTAAAGTACTTAAATG
AAATAAAACCTCCCATCATACACTATGACCTCAAACCAGGTAATATTCTTTTAGTAAATGGTACAGCGTGTGGAGAGA
TAAAAATTACAGCGTTTGGTCTTTCGAAGATCATGGATGATGATAGCTACAATTCAGTGGATGGCATGGAGCTAACAT
CACAAGGTGCTGGTACTTATTGGTATTTACCACCAGAGTGTTTTGTGGTTGGGAAAGAACCACCAAAGATCTCAAATA
AAGTTGATGTGTGGTCGGTGGGTGTGATCTTCTATCAGTGTCTTTATGGAAGGAAGCCTTTTGGCCATAACCAGTCTC
AGCAAGACATCCTACAAGAGAATACGATTCTTAAAGCTACTGAAGTGCAGTTCCCGCCAAAGCCAGTAGTAACACCTG
AAGCAAAGGCGTTTATTCGACGATGCTTGGCCTACCGAAAGGAGGACCGCATTGATGTCCAGCAGCTGGCCTGTGATC
CCTACTTGTTGCCTCACATCCGAAAGTCAGTCTCTACAAGTAGCCCTGCTGGAGCTGCTATTGCATCAACCTCTGGGG
CGTCCAATAACAGTTCTTCTAATTGACTCGAG 
 

 
Supplementary Table 2. Cloning strategy for heterodimer ΔTLK2- ΔTLK2 KD 
The plasmid containing 6xHis_ΔN_TLK2 was digested with NdeI and XhoI (MCS2 of pET_Duet) 
Two inserts obtained from G-Blocks were then ligated after restriction enzyme digests: 
1st G-Block was digested with NdeI / NcoI and the  2nd G-Block was digested with NcoI /XhoI to produce a  
heterodimer ( 6xHis_ΔN_TLK2 and TwinStrepTAG_LSL_ΔN_TLK2_KD). 
 
  



 
 
 

 
Supplementary Table 3. TLK Purification buffers. 
 

 
Lysis Buffer 
 

 
20mM Tris, 500mM NaCl, 20mM Imidazole, 0.2 mM TCEP, pH8.8, 
protease inhibitor (1/50ml) 

 
HisTrap Chealting HP (5ml) 
Buffer A (Binding buffer) 
 

 
20mM Tris, 500mM NaCl, 20mM Imidazole, 0.2 mM TCEP,  

 
HisTrap Chealting HP (5ml) 
Buffer B (Elution buffer) 
 

 
20mM Tris, 25mM NaCl, 500mM Imidazole, 0.2 mM TCEP,  pH8.8 

 
HiTrap Q HP (1ml) 
Buffer A (Binding buffer) 
 

 
20mM Tris, 25mM NaCl, 0.2 mM TCEP,  pH8.8 

 
HiTrap Q HP (1ml) 
Buffer A (Elution buffer) 
 

 
20mM Tris, 1.0 M NaCl, 0.2 mM TCEP,  pH8.8 

 
Superdex 75 16/60 
SEC Buffer 
 

 
20mM HEPES, 150 mM NaCl, 0.2 mM TCEP,  pH7.5 


