
Tc  ....................................................................................................

Hs       1                       V   L         L  FV            LVQ       F   V    V                 S  Q      ......M.......PRAPRCRA RSL RSHYREVLP AT  RRLGPQGWR...   RG.DPAA RAL AQCL CVPWDAR....PPPAAP FR VSCLKE

Xt       1                       L   L         I  YI            VLQ       F   V    L                 S  Q      ......M.......TLCTGGAE LSI HSLYGQVLG VE  DSLHVPGGIKVP   EG.DPEK KSF AELM CIPRGTK....SLPSPV FL LSTQRE

Ol       1                       V   L         L  FA            LLQ       F   V    V                 S  Q      ..............MTSGDLSS LNI RSLYKRTRT EE  DGVVFREGRRAA   PS.DTHS KSF RGVF CSDEELQ....DVP... CN TCTFPE

Tt       1                       V   I         L  FL            IVQ       F   L    I                 N  Q      MQKINNINNNKQMLTRKEDLLT LKQ SA.LKYVSN YE  LA.......TEK   TSELDTQ QEF TTTI ASEQNLVENYKQKYNQP FS LTI...

Tc  ....................................................................................................

Hs      80               KNVL      L              T  V         T       S  W  L    G D     L    LF  V  S   QV G LVARVLQRLCERGA    AFGFAL DGARGGPP...EAF TS RS...YLPN VTDALRG GA GL LRRV D VLVHL ARCA  VL AP CAY  C P

Xt      83               KNVL      V              T  I         S       S  W  L    G D     L    VF  V  S   QI G VVARVIQRICEKKR    AFGYGL DENSS.LN...IRL PN CS...YFPN TTTTIST IL ET LTRV D VMMYW EQCS  VF PP CCY  S Q

Ol      79               RNVL      L              Q  L         Q       S  W  V    G D     L    VF  A  S   QI G LLAFILNSLKRKRR    AHGYNF GVAQEDRDADHFRF GD ........S SAAYIHS DL KK TARL T VTRYL GSCS  VL PP CVF  C V

Tt      90               KQVI      L              T  I         N       S  F  L    G E     L    VF  V  N   QV G ..............    DDSIIL GNKQNYVQ...QIG TT GFYVEYENI LSRQTLY SN RN LNIF E DFKYF IDFL  TK EQ GYL  A V

Tc  ....................................................................................................

Hs     174  L      T                                        R                                                  P YQLGAA QARPPPHAS.GPRRRLGC....................E. AWNHSVREAG....................VPLGLPAPG.......ARRR

Xt     176  I      S                                        K                                                  P YTLPYD M......CSFRSQSFMHSNVLLQYIKRNAFFLRKKYLKPK WWKTVLNSKVEKHSKTSQMLTWQNKKSTSALPICSESSMKVTTKIHSKRK

Ol     171  A      T                                        K                                                  P YDRVSM TASS.GFLLRPPSR.KHKS...........F.....QVGK TRSANLTKTG..........................SVGDVEESRKRRRV

Tt     173  L      Q                                        K                                                  C NQYFSV ....................................VKQK WYKNNFNMNG........................................

Tc  ....................................................................................................

Hs     225 GGS...ASRSLPLP....KRPRRGAAPEPERTPVGQGSWAHPGRTRGPSDRGFCVVSPAR......PAEEATSLEGA.......................

Xt     270 MC................TTDICDIPTKKRR.....VNLDKDDKMDHVSFTSACLSSFSNVCPEAK.VQATEFITSRYGKKT.KIQCPKSTSYSVDGEFN

Ol     227 ESEVSTRKRKRESEEEESRER........RRGVHHEERRQHE........................AVLDESTLSGKSGENDAAA...............

Tt  ....................................................................................................

Tc  ....................................................................................................

Hs     289                              S   P                          Y            F          G             F .........LSGTRHSHPSVGRQHHAGPP TSR PRPW.......DTPCPPVYAETKHFL SSGD.KEQLRPS LLSSLRPSLT AR.....RLVETI L

Xt     347                              N   P                          Y            F          G             F VTLQN....NANTF.............IT ASV TIQS.......KTSFSNIFIEIGRTL SSISFKKGFSES ILNSLDCTPS SQ.....KLVETI L

Ol     280                              S   P                          Y            F          G             F .VKPPPETSAAPPPLEGGPS.......WR GAF PL...........PSSQCFIRTLGFL GGRGM.....HG CLNRKRRTAA PRRLQGQDLVRLV F

Tt     197                              Q   P                          Y            F          G             F ...KATSNNNQNN...ANLSNEKKQEN.. YIY EIQRSQIFYCNHMGREPGVFKSSFFN SEI......KKG QFKVIQEKLQ RQ........... I

Tc       1                                        M   Y   L SR         K                                       ....................................... VHY RLS K  QKAPKIVNS Y......................................

Hs     367                      L   Y             M   F  LL NH    Y   LK  C L                                  GSRPWMP......GTPRRLPR PQR W...........Q RPL LE  G  AQCP GVL  TH P RAAVTPAA.........GVCAR....EKPQG...

Xt     418                      L   Y             M   F  LI NH    Y   L   C V                                  NNFLTEQNFDQPKRDENFRSK PKR W...........R RKY QE  Q  KNFP LVY NKH P RPSMACSHKLALQKKNK..CKMDKSI....CDLS

Ol     356                      L   Y             M   F  LL  H    Y   LH  C V                                  EGLPYLN......GQERKPKK PLR F...........N VPV GR  QR RKCR SSV  RM P VELSR.............................

Tt     272                      L   Y                    IV N     F   LK  C L                                  NSDKIKPDHPQTI....IKKT LKE QSKNFSCQEERDLFLEFTEK  Q FHNIN NYL  KF K PENYQSLKSQVKQI....................

Tc      24                               L                        P    G   N   F                                                                 H      Q    I   LQ II    F T          V   L     F    L  L         ......NSILNIA............LKNFR CKK KTKKPV .... LAL  E   KSY   TT LKR YKV EKI T.QSS ECIH SV HKCYDYDAI

Hs     434                               L                        P    G   N   F                                                                QH      QV  FVR  L  LV   LW S                   H       EL   M V D ..SV...........AAPEEEDTDPRRLVQ LR  S..SPW  YG   AC RR   PG    RH ERR LRNKKFIS.LGK AKLSLQ.  TWK S R C

Xt     501                               L                        P    G   N   F                                                                QH      QV  FVR  LN LV   IW S          V   L    KF    L EL   M V D NTSVMKNKIVNDEKP...LKHVPAEATFLP LK  S..SSW  YM   EC  S   DF    SH KCR LRN KSF FFSG  GKVS L  MWK K E C

Ol     410                               L                        P    G   N   F                                                                QH       V  FVR  LT VV   LW S          V   L    KF    V EL   I V D ......................AAQGELSS IP  C..APHR YL   EC  A   EE    DH RLQ FSR RGF K.SG  ERIS A  MWK K M C

Tt     348                               L                        P    G   N   F                                                                T       QI  FLR  IQ  V   L             L   V    RF    V D    M V D .........VQSE...NKANQQSCENLFNS YD EI..SYK  TN   QI  NC  NQ L KK. FKV LEK YEF Q.MK  ENQK L YICF D F V

Tc     101  W                      L           V                       R                                         L             E   R KL      FLL      I    YY      N   I F  K  Y        HK   K         E           P  QN.........V. PNL P   LKHNL   DNI KP .IAF  KPIKTL GHE K I  EE ISFESKVF  L.K MKYLVEVQD .........VK

Hs     517  W                      L           V                       R                                         L             E   R  I    L WLM    V LLR  FYVTE   Q N L FY K VW  LQ I  R    R  L  L   E           A  RRSPGVGCVPAA. HRL EE  AKF H   SVY  E   SF     TTF K R F    S  SK  S GI QHLK VQ RE SEA VRQHREARPAL

Xt     596  W                      L           V                       R                                         I             E   R RI    I WLM    I LLK  FFVTE   Q N L FY K IW  LQ L  RK   K  L  L   E           S  RLRKSDHFVPAS. HLL E   AKF F   DTY  Q   SF     TMF K R L    R  KK  N GL  HLE VK RP SCD LEKMQQWKNIP

Ol     485  W                      L           V                       R                                         L             E   R RI    L WLL    V LVR  FYATE   Q N I FY   VW  LQ L  RR   K  M  L               D  KLRRTAGRFPPS. LAY T   SQF T   DGF  G   AC     SVG K A R   QE  SK  D AF  HIA GE EE SPAQVASLPK...GT

Tt     432  W                      L           V                       R                                                           K KI    I FII    I VLR  FYITE     S I YY K IW  VS L   K      L  V   E           E FVDLKNQKFTQKRKYISD R   GDL V   NKI  P   YN     KHKEG Q F    P  KL  K TIV LEEE.N EK ..E KLIPEDSFQKY

Tc     180     L  IPK    R I                                                                             Y    D                   I                     T     I  VL                    L   W  F           G I  IKV PRGV NI   QDNF A VS FPDSARKPFF........KLL ...SK YK  E...........EKYKTSGS YTC SE TQK......TQ Q  G    

Hs     616     L  IPK    R I                                                                             Y    D     R         P   M                     T  V  L  VL          LG SV     I   W  FV          P L FVKV LTSR  F   PDGL   VN DYVVGARTFR...REKRAERL SR KA FS  NYERARRPGL  A  LGLDD HRA RT  LRVRA.QDPP E       

Xt     695     L  IPK    R I                                                                             Y    D     R         P   V                     T  V  L  VL          IG SV     I   W  FV          G   FVK  LVSR  F   TNGL   SR SSTLGSQQ.SKENQEKKIQHF SR RN FS  NYEWNRNCSL  S  FGMDD YKQ KK  LDFEKSRAEK KF    T 

Ol     581     L  IPK    R I                                                                             Y    D     R         P   V                        I  L  ML          LG TV     I       A            L FVKV VISQ  F   TDGM   TR IGADSNT...........RLHHKR RD MS  QARVRSAPAL  S  WGMTD HKVLRSL P...AQKDKPQP       

Tt     529     L  IPK    R I                                                                             Y    D     R         P                         N  L     V           IG SV     I   F  FI          P L YV L PQGK  I   KGSF   MTFLRKDKQKNIK........LNL QI MDSQL FRNLKDMLGQK  Y  FDNKQ SEK AQ  EKWKN..KGR Q    T  

Tc     252     Y       L                                                                                       I  A  NV       LI  I                                                                      L          RD  G  KIPV CK  QS PTH................................................................... .........

Hs     712     Y       L                                                                                       V  A DTI   R   VI  I        Y V RYA         V       V                                  V  L          TG     PQD  TE  AS IK..PQNT C R   VVQKAAHGH RKAFKSH ..............STLTDL..QPYMR.....QF AH QET......

Xt     794     Y       L                                                                                       V  A DTI   K   VI  V        Y I RYA         I       V                                  V             KG     PHS  DE  LK INPNANEV C R   SVSVDSTGR IKSFKRH ..............SALADV..LPNMK.....QF SKQQEK......

Ol     667     Y       L                                                                                       V  A DSL   K   VI  A        F V HYA         L       V                                  V  L          SG     PHD  KE  TE LSPVQEEV T R   KIWADSHEG KKAFARQ ..............DFSDGSMGSTSMK.....GF MS QKS......

Tt     619     Y       L                                                                                       I    DSI   K                Y I KYL         L       L                                  A  L          KKC    DQM  LNFFNQSD..LIQDT F N   LFQRNKRPL QIQQTNN NSAMEIEEEKINKKPFKMDNINFPYYFNLKERQI YS YDDDDQILQ

Tc     276                                                                                                R  DD                                    I    V      Y    GL QG  LS  LC      MD      L            I   V  ........................LDSEKKNFIVDH SNQF AFRRKI KWNH  L  DP  GC  ELYMAF  RLYFSN DK.......DAF H T   

Hs     783                                                                                                R  DD       S  R  VV  Q          L       M   AV      Y    GI QG  LS  LC      ME      I            LL LV  ....... PL DA  IE SSSLNEASSG FDVFLRF CHH  RIRGKS VQCQ  P  SI  TL  SLCYGD  NKLFAG RR.......DGL       

Xt     867                                                                                                R  DD       N  R  LV  S          L       I   IL                                                   LM LI  ....... LT NI  EQ LLLNESSVK. LAVFQQM RSH  RIE.............................................DRV       

Ol     742                                                                                                R  DD       S  H  VL  Q          A       L   VV      Y    GI QG  VS  LC      ME      I            LM LV  ....... KV HA  VE AFGSNLRGKD LQFFTQM TGS  QHGKKT RQCR  P  SV  SL  CLCYGH  NVLFRD KN.......KGW       

Tt     717                                                                                                R  DD       S  R  IV  Q          I           VI      F    GI QG  IS  LC      LE      L            LM L   KGFKEIQ DD PF  IN DKPRCITKDI HNHLKHISQYN  SFNKVK RQKR  P  LN  GV  SFYFGK  EEYTQF KNAEQVNGSINL    T  

Tc     345                  L              K   N                         G                                     Y   SP    V  F    I GV      VN T                            YC  I    T  V   Y          IR            FFC  HPHK YD EL.  K  ....YQ  P  TRT LPTHRH...........PQDEIP   K FNLT RQ RTL KLPPN...YE  HKFKLWNFNNQ

Hs     869                  L              K   N                         G                                     FL VTP  T A TFL   V GV   G  VN       F              M       WC  LLD  TLEV   Y S       SIR  LT         L   HL H K   RT  R  PEY CV  LR TVV  PVEDEALGGTAFVQ PAHGLFP   L   TR    QSD S YAR...T   AS  F...NRG

Xt     914                  L              K   N                         G                                     FL VTP  N A TFL   A GI   G  IS Q     F              L       WC  LLD  TLDV   Y S       SIR  MT         F   HL Q K   RT  E  PQY CS  P  TVV  PVDDI.PACSEVEQ PVHCLFR   L   TQ    YYD S YAC...T   SS  F...CHS

Ol     828                  L              K   N                         G                                     FL ITP  N A SFL   L GV   G  AN Q     F              L       WC  LLD  SLDV   Y S       SLR  LT         L   DR Q Q   SI  A  PQY VV  P  VVV  QGSEGGGAFPDIRV PPHCLFP   L   TR    CKD S YAG...L   YS  L...GSA

Tt     817                  L              K   N                         G                                     YL IS   Q A N I      A   G   N Q     F              I       W    ID  TLEI     Q       TI   IS         F  DSQ N L L VQ QNC NNN FMF D  ITT  QFPQEDYNL.EHFK SVQNECQ I KS  MN    KSIQK TQQEINQ  NVA  IKNL...

Tc     426           L                      N                      F                                                N              C S              TV  N Y A I  A   YK  A M  L              V   G  W  L           ISD.D PARF QKAMDFPFI N FTKFEFNTVF DQR  FA F D M CV ...   D A MA RTSFL......... NDF FI LV .....SSTVRA

Hs     963           L                      N                      F                                                NMR K          C S    F      S  TV  N YKI LLQA   YR  A V QL              V  NP FF  V           FKAGR   R  FG..VLRLK H ...L LDLQV  LQ  CT I   L    ...   H C L  PFHQQ......... WK  T  LR .....ISDTAS

Xt    1007           L                      N                      F                                                NMK K          C S    F      S  TV  N YKI LLQA   YR  A V QL              V  NP FF  V           SAAGK   Q  LR..VLKLK H ...L LDLQV  LR  FI T   F    ...   H C V  PFGQR......... MN  P  LT .....ISDMAP

Ol     922           L                      N                      F                                                QMR K          C      F      S  SA  N  KL LLQA    R  V V SL              V  NP YF  M           HSAGQ   R  MS..ILRIK HP...L LDLKT  LE  YK IH  V    ...C  H C Q  PFAQT......... AK  T  QQ .....IWDMAH

Tt     913           L                      N                      F                                                QLK K            N    Y      S   L  Q YH   ATV   Y     L QI                 N  F   I           ...KS   N  RS......LFL QLID FNPNI  FEG CR L  HSK   MKF P MTK F  DLKKSKQYSVQYGKENT EN LKD LYYTVEDVCKI

Tc     508                                         L                                                                       I          V    L  I   AFL    RR   YK LI  I    K                      K      V A        YASRAF....KK VTYKGGKYRK TFQC KS AWR   AV K  TEI  G  DR .... SREKLTM............... .FHDGE D ...SYFCK

Hs    1041                                         L                                                                       M          L   AV  L   AFL    RHR  Y  LL  L    R                      R L    L AL  A    LCYSILKAKNAG SLGAKGAAGP PSE  QW CHQ   LK T   VT VP  GS .... TAQTQLS............... K PGTT T  EA ANPA

Xt    1085                                         L                                                                       V              AV  L   AFL     HK  YK LI  L    H                      R L    I LL  V    CFYTTFKSKNKD TRGYKDVSCQFNFE  QW SYQ   TK RN  IL  C  GP .... NCKMQLS............... R SQYT D  KA TDSS

Ol    1000                                         L                                                                       L          V   AV  L   AFL    KHR  YK LL  L    H                      R L    L  V  A    YANALIRRSNTG VLGDGAQKGS QYE  EL FCL   RV S   PV  D  PR .... KWKRRLE............... L GDLR AR RQ ANPR

Tt    1004                                         L                                                                                  I   L   I   I V    KKK  FK  L  L    R                        L    L AI  I    LCYLQFEDEIN.......SNIKE FKN YSW MWD I SY K   Q.  GY NK LQKI KSRFFYLKEGCKSLQLILSQQKYQ NKKE E  EF DLNN

Tc     581 L   F  V                                                                                             PEK RF KINRKASI......                                                                              

Hs    1122 L  DF  I                                                                                             PS  KT LD............                                                                              

Xt    1166 L  DF  I                                                                                             HK  SC MD............                                                                              

Ol    1081 A  DF  M                                                                                             LL  LA QM............                                                                              

Tt    1096 L  D   L                                                                                             IQ IKT IPKISAKSNQQNTN                                                                              

 Supplemental Figure S1)Alignment of various TERT sequences . A multiple sequence alignment of TERT
homologs from evolutionarily diverse organisms, (Tc: Tribolium castaneum, Hs: Homo sapiens, Xt: Xenopus
tropicalis, Ol: Oryzias latipes, and Tt: Tetrahymena thermophila). The six residue positions investigated in this this
study are indicated by the blue arrows and correspond to the tcTERT residue numbers. Additional residues
discussed in the text are indicated by orange circles.



180o

Supplemental Figure S2) Structural conservation between hTERTand tcTERT. A) hTERT (gray, PDB: 7QXA)
and tcTERT (tan, PDB: 7KQN) are superimposed to demonstrate the conservation between the two proteins. The
domains of the TERT ring are represented as surfaces with TRBD (yellow), RT (red), and CTE (green). The active
site center is indicated by the red star. The TEN domain and IFD-TRAP motif of hTERT are hidden to highlight
the conserved domains. (RMSD between 174 pruned atom pairs = 1.36 Å, across all 573 pairs = 12.42 Å). B-D)
Structural conservation between tcTERT (tan) and hTERT (gray). K372 and K902 are located on a large loop
which makes their absolute locations more dynamic than the other homologous residues.
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Supplemental Figure S3)Single-turnover kinetics reaction progress curves. Reaction progress curves for the
specified variants were fit to Equation 1 to obtain kobs and A values. The concentration of nucleotide triphosphate
is indicated, and plotted values represent the mean of at least three replicates. Error bars represent the standard
deviation of the mean.
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Supplemental Figure S4)Residue 194’s interactions with the incoming nucleotides triphosphate and Q308. A) Trajectories of
R194’s interactions with the triphosphate. B) R194’s interactions with Q308. C) Trajectories of Q194’s interactions with the
triphosphate. D) Q194’s interactions with Q308. E) R194’s interactions with Q308 in the WT TERT binary complex. Binary
atom pair distances calculated for each trajectory are indicated and a cutoff of 3.4 Å (dotted line) was applied to determine
the percent of frames with hydrogen bond interactions. F) Atom identities for the trajectories in panels A-E.
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