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SFig. 1. (A) Structure of the Si3 domain (light and dark green) of E. coli RNAP, its connection 

to the trigger loop (TL). Mg2+ bound at the active site and bridge helix (BH) are depicted as a 

sphere and cartoon models. (C) Comparing the sizes of Si3 domain (without Tail sub-domain, 

SBHM1) of cyanobacterial RNAP and the E. coli RNAP (Si3 of the E. coli RNAP is highlighted 

in green).
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SFig. 2. (A) Limited trypsinolysis of the TelSi3 protein analyzed by SDS–PAGE. Reactions 

contained 10 mg/ml of TelSi3 and 0, 5, 50, 500 and 5000 nM of trypsin (lanes 1 to 5, 

respectively). (B) 2Fo-Fc electron density map of the TelSi3dDN (gray transparent, s 

cutoff=1.3) overlaid on a protomer I in an asymmetric unit (green cartoon model). The SBHM 

are labeled (2 to 8) and sub-domains are indicated. Magnified view of a boxed area is shown 

with a stick model of the TelSi3dDN (Head sub-domain). (C) Comparing the X-ray structure of 

TelSi3dDN (left) with the structures predicted by AlphaFold2 (middle) and SWISS-MODEL 

(right).



1       10        20        30        40        50        60        70        80        90

Sel          F N  ID      LI       G        D  K LGF  AT    S    DL     K      AE            G        I   R      LKK       HY    T  VA  L     R      V I ID     G    LL          E RY   MAEAKSAP  R  V  KKQ     GWTFA   TAK AV   D  A    Y  RAG   S    KVP S AE  ES  KRIQET D  TR 

Tel          F N  ID      LI       G        D  K LGF  AT    S    DL     K      AE            G        I   R      LR         F    T  MA  I     H      V I VD     P    LL            RY   ..MTEKKP  F  I  KKG  D  AWSFSN  TAR AE   K  D    Y  RAG   S    LVP K QE  EA  KEIKTAQE  SR 

Syn          F N  ID      LI       G        D  K LGF  AT    S    DL     K      AE            G                   LKK       RY       LA  L     R      V I VD     P    ML          E RY   .......MT Y YT  KGR     ALAYR   SARCSQ   E  E    F  KAG   S    TIP E KQ  EA  KEIRTT E  AR 

Ath          F N  ID      LI       G        D  K LGF  AT    S    DL     K      AE            G        V   K      IKR       HF    T  IL  V            I L ID     P    LV          E H    .MAERANL  H  V  GTA     SRLID   MAY SH   Q  T   QQ  ATS   G    LTI S GW  QD  QQSWIL K HHY 

Osa          F N  ID      LI       G        D  K LGF  AT    S    DL     K      AE            G        V   K      MKR       HF    T  IL  I     H      I L IE     P    LV          E HY   .MAERANL  Q  E  GTA     SRLID   MGY SH   Q  T    Q  TTS   G    LTI S GW  QD  QQSFLL K  YY 

Zma          F N  ID      LI       G        D  K LGF  AT    S    DL     K      AE            G        V   K      MKR       HF    T  IL  I     H      I L IE     P    LV          E HY   .MAERANL  H  E  GTA     SRLID   MGY SH   Q  T    Q  TTS   G    LTI S GW  QD  QQSFLL K  YY 

       100       110       120       130       140       150       160       170       180

Sel     VE        W  T   L       FR  D  N V  M FSGARGN SQV QLVGMRGLM  PQG  I LPI  N REGL  TEY  I    R    ID     ND     V  N   S P    YM         I   R         A     I D    T      TV   IE TE   FQKV  T AN   E TDR VK   E   L S    A                      N   E      K  F          

Tel     VE        W  T   L       FR  D  N V  M FSGARGN SQV QLVGMRGLM  PQG  I LPI  N REGL  TEY  I    R    ID     NE  K  V      T      YM         L   R         A     I D    T      TV   IE TE   FQKV  T NS   E  NE VRH  N  VL S    A                      N   E      K  F          

Syn     VE        W  T   L       FR  D  N V  M FSGARGN SQV QLVGMRGLM  PQG  I LPI  N REGL  TEY  I    R    ID     SE  K  V  N   T P    YM         M   R         A     I D    T      TV   VE TE   FQKV  T NG   E  DQ VV   K   L S    A                      D   E      K  F          

Ath     VE        W  T   L       FR  D  N V  M FSGARGN SQV QLVGMRGLM  PQG  I LPI  N REGL  TEY  V    K    IE     SE  R  M  N   T P     M         A   H               M D    S      SL   IN HA   LRQS  I YA   Y  QE NP   M   F P H  S                     SD   Q      Q  L          

Osa     VE        W  T   L       FR  D  N V  M FSGARGN SQV QLVGMRGLM  PQG  I LPI  N REGL  TEY  V    K    VE     SE  K  M  N   T P    YL         A   H         A     M D    S      SL   IA HA   LRQS  I YA   Y  HE NS   I   S P    S                      D   Q      Q  L          

Zma     VE        W  T   L       FR  D  N V  M FSGARGN SQV QLVGMRGLM  PQG  I LPI  N REGL  TEY  I    K    VE     SE  K  M  N   T P    YL         A   H         A     M      S      SL   IA HA   LRQS  I YA   Y  QE NS   I   S P    S                      D   Q  H   Q  L          

       190       200       210       220       230        240       250       260         

Sel IS YGARKG VDTA RT D GYLTRRLV V Q       DC T                       L GR                             L    L  A          D    VIIH    G    L V   T    I         L  V A  V  P     LA   Q  S                S          S D    EV    SRG F EAM DGDR L.IPISQR     T EA LD STDEV  EAG 

Tel IS YGARKG VDTA RT D GYLTRRLV V Q       DC T                       L GR                             L    L  A          D    VIIR         I L   T    V         L  VVL DV  P     LV KNQ  S                S          S D    EE  E ERG T RSM VGDK L..ALQDR       N  RH QTGEV  A   

Syn IS YGARKG VDTA RT D GYLTRRLV V Q       DC T                       L GR                             L    L  A          D    VIVR    G    L V   T    V            LLA DV  P     IA RN   S                S          S D    EQ    ERS R TAM DGDQ K.ISLADR F     K  VG D.GEI  K  D

Ath IS YGARKG VDTA RT D GYLTRRLV V Q       DC T                       L GR                             V    V             E    IVVR    G    I V   N    M         I  VLA DI  G     VA RNQ  C              S A          V H    RT    IRG S SPR KNRM SERIFIQT       D  YI ..SRC  F   

Osa IS YGARKG VDTA RT D GYLTRRLV V Q       DC T                       L GR                             V    V  A          E    IIVR    G    I V   N    M         I  VLA DI  G     IA RNQ  C                A          V H    RR    IQA S SPQ G... TEKLFVQT       N  YI ..SRC  T   

Zma IS YGARKG VDTA RT D GYLTRRLV V Q       DC T                       L GR                             V    V  A          E    IIVR    G    I V   N    M         I  VLA DI  G     IA RNQ  C                A          V H    RR    IQG S SPQ G... TEKLFVQT       D  YI ..SRC  S   

270       280             290       300       310       320       330       340       350   

Sel      L                    R P TC      C  CYG S  H   V  GEAVG IA QSIGEPGTQLT RTFHTGGVFTG  ADI    ANR              V V S         V             M DM     I              M                NED    IEK......AGIKK K    L  EAARS  QK   W LA AQ            A                       ET 

Tel      L                    R P TC      C  CYG S  H   V  GEAVG IA QSIGEPGTQLT RTFHTGGVFTG  A I    A K V            V V S         V             L DM     I              M              A SAD  K I D......AGIEE V    L  EATGS  RL   W LA AR            A                       EV 

Syn      L                    R P TC      C  CYG S  H   V  GEAVG IA QSIGEPGTQLT RTFHTGGVFTG  AEI    ANR A            V V S         V               DL     I              M                DEA    I A.......VTDE Y    L  EAARS  QN   W LA GHK           A                       EV 

Ath      L                    R P TC      C  CYG S  H   V  GEAVG IA QSIGEPGTQLT RTFHTGGVFTG  ADL    VNR I            I I T         I             L EL     I              L                GIG    L T......FGTQS S    F  RSTSW  RL   R PT GD            G                       GT 

Osa      L                    R P TC      C  CYG S  H   V  GEAVG IA QSIGEPGTQLT RTFHTGGVFTG  ADI    VNR I            I I T         I             L EL     V              L                GIG    F TTFRAQPFRAQP Y    F  RSTSW  QL   R ST GD            G                       GT 

Zma      L                    R P TC      C  CYG S  H   V  GEAVG IA QSIGEPGTQLT RTFHTGGVFTG  ADI    VNR I            I I T         I             L EL     I              L                GIG    F TAFRAQPFRAQP Y    F  RSTSW  QL   R PT GD            G                       GT 

    360       370       380       390       400          410       420       430          

Sel      P  G             RTRHG  A                            S   V     V       E            E   R      I     A  RP          L  A   L L          T  I     I  Q         ILA V        R   RLL A VA T KLGKK RT  Y     EE L AE NFD V EGKGRK...E FA LQG T F  DGDK AAEA     PVSGRTK. TV 

Tel      P  G             RTRHG  A                            S   V     V       E            E   R      V Y   L  RP          I      L V             L     V           QLLA V        K   RQE A FA T E GKK RV  Y     DD F VETAGK V KGGQQR...QEFD SQG I L ADGET AAG      AQAARSVR AT 

Syn      P  G             RTRHG  A                            S   V     V       E            E   K      V W   L  R              I   L            T  L     L  Q        QLM  I        R   RQE A ED T K GKG ST KV     ED EQVE AGD IWKGEGKKAATQ YS TPG L F  DGQT TAG   T  SLSK..TQ ST 

Ath      P  G             RTRHG  A                            S   V     V       E            E   R      I F   L  HP          L  I   V I          S  I     L  Q        QVIA I        H   EHV A YN K K NED .V  T     HP F CY DLS I ESEDII...H VT PPK F L  NDQY ESE      REGTY.TF FK 

Osa      P  G             RTRHG  A                            S   V     V       E            E   R      I F   L  HP          L  I   I I          S  I     I  Q        QVIA I        H   DLV S SN K Q NGD .V  T     QP F CY DLH T QSQDIL...H VT PSK L L  NDQY ESE      RAGTS.AL FK 

Zma      P  G             RTRHG  A                            S   V     V       E            E   R      I F   L  HP          L  I   V I          S  I     I  Q        QVIA I        H   DLI S SN K Q NED .V  T     QP F CY DLH T QSQDIL...H VN PLK L L  NDQY ESE      RAGTS.TL FK 

440       450       460       470       480       490       500       510                   

Sel    K       G                             W L               K                              KAT  V TD   EIRF   V        GN  R A R   L V    V              D V      AE K                   D A  LA     QDI PEEKTDRQ  TT I Q GGL    AGD YNLLPGAEPTV NG R EVGDVL  T LTT............

Tel    K       G                             W L               K                              KVT  V SD    VKF            GT  R A K   I V S  V         V    D I      AE                     D A  LA Q   VNLDAEEKRDRQ  TT I P GGL     GE YNLPPGAEP V NG R EAGAVL  TTVKT............

Syn    K       G                             W L               K                              RAT  V  D   EV F   V        GN  R A R   V I S  V         V    E V      AE K                   D AG LA   L DRL PEEKTDRQ  TT I Q GGL     GE YNLPPGAEP V ND Q EVGSIM  T LVT............

Ath    K       G                             W L               K                              RV   I SD   EMHW   V         N  H L K   L I S            I    D M      AE K                 R Y Y  SE     STD SHAPEFTYS .V L P TSH     GGSCGSSLIRFS H DQ Q NIPFLS  R SISSLSVNNDQVSQK

Osa    K       G                             W L               K                              KVQ  I SE   EMHW   V        GN  R L K   L I S  M         L    D M      VD R                   H Y  SD     STD YHAPEYQY  .L R P TSH     VS CRSSIASFS H DQ Q NTYSFS  G YIFGLSMADDEVRHR

Zma    K       G                             W L               K                              KVQ  I SE   EMHW   V        GN  R L K   L I S  M         L    D M      VD R                   H Y  SD     STD YHAPEYQY  .L R P TSH     VS CRSSIASFS H DQ Q NTYSFS  G YIFDFSMANDQVSHR

         520       530       540       550       560         570               580        

Sel                                                                Q        G                               V                I  SVV DT  V A       HYVI                           V    V .........ERGGT RMGEDNGSSTHREVEI TA   L  AT K EASQGRE    ETKGG.. RFNLLAAP ........TK TTGH V

Tel                                                                Q        G                              VV                I  SVM D   V         HYII                           V   QV .........EHGG  RLPEQQDSKGGREVEI TA   L KAK LKETQQGRE    ETATG.. RFSLKAAP ........TK ANG  V

Syn                                                                Q        G                              VV                I  SVL DQ  V L        YVI                           V   SI .........NDGG  RLV......SNREIEI TA   L  AQ K ESSGGREQ   YTADK.. RFLLKAAP ........TK QNH  V

Ath                                                                Q        G                              I                 I   I  EN  L A       RFLI                               SI FFSSDFADPKKLG YDYSELNGNLGTSHYNL YSA FH  SD L KRRR..N    PFQSIQE EKEFIPQS ISVEIPINGIFRRN  F

Osa                                                                Q        G                              IL                V  SIL  N  L A       RFAI                           L   TI LLDT..FGKKDRE  DYSTPDRIMSNGHWNF YP   QN FD L KKRR..N    PLQYHQE EKEPISCF ISIEIPFMGV RRN  V

Zma                                                                Q        G                              IL                   SIL DN  L A       R VV                           L   TI LLDT..FGKKDRE  DYLTPDRIVFNGHWNCFYP   Q  SD L KKRR..N L  PLQYHQE EKERISCL ISMEIPFMGV RRN  F

590       600                                                                              

Sel A   D RY     G                                                                                    R       LLKY                                                                       ELI S   TQTG ..    SGV...................................................................

Tel A   D RY     G                                                                                    H       ILKY                                                                       ELI D   TTTG ..    ADI...................................................................

Syn A   D RY     G                                                                                    R       MIRY                                                                       ELI D   TTTG ..    AGV...................................................................

Ath A   D RY     G                                                                                    R       ILK                                                                        FFD P   RKSS ..   .......................................................................

Osa A   D RY     G                                                                                    K       IVKF                                                                       YFD P   KDKK SG    RYRTLEDEYRT..............REKDSENEYGSPENEYRTREEECKTLEDEYRTREEEYETLEDEYG

Zma A   D RY     G                                                                                    R       IVKF                                                                       YFD P   KDKR SG    RYRTLEEEYRTQEEEYRTREEEYRTREEDSEDEYESPENKYRTREG............EGEYKILEDEYR

SBHM1

SBHM2 SBHM3

SBHM4

SBHM5

TLN

Ω1

Ω1

Ω2

2
3

4
5

6
7

8

TLc

TLN
Mg

RNA

Fin Body

HeadTail
8

1

1 2 3 4 5 6 7 8SBHMs

SFig. 3 

A

B



                                                                                          

Sel ..........................................................................................

Tel ..........................................................................................

Syn ..........................................................................................

Ath .......................................................................................YGT

Osa IPENEYETLEDEYGILEDEYRTREEESEDEYGSPENKYRPRED.............KYGTLEEDSEDEHGTLEE....DSEEDSEDEYGN

Zma TLEDEYETLEDEYGILEDEYRTLEKDSEEEYGSLENKYRTREGEGEYEILEEESEEEYGSSEDGSEKEYGTLEEDSEEDSEEDSEDEYGS

         610       620       630       640       650       660       670       680        

Sel                 G       Y          I  E H      S   V         T           G   V        E  I            I KK                  W       V K    L   D Q V A   V K        IV           I  ...........E S   RAKAKQG EVTKGGTLL  PE T E N DI L N E G L E G E V DIFCQTT   S TQNNDILR  V 

Tel                 G       Y          I  E H      S   V         T           G   V        E  I            V KK                  W       V K    L   D Q V A   V K        VV    K      I  ...........E A   K..AKQG EVLKGGTLL  PE T E N DI L M E N Y E G E V DIFCQNS   E IQ NDILR  I 

Syn                 G       Y          I  E H      S   V         T           G   V        E  I            V K                   W       I K    L   D Q V A   V K        IV    K      I  ...........E A G R...KQG EVTKGGTLL  PE T E N DI L I E G Y E G E V DIFCQSS   E VQ NDILR  I 

Ath                 G       Y          I  E H      S   V         T           G   V        E  I            I  R                  F       L      I     S I V   L          LI    K      L  LKADSIIQKEDM EY  VQKIKTK E.MKVDRFF  PE V I PES. A M QNY I G D R TLNIRSQVG   R EK KK.RI  K 

Osa                 G       Y          I  E H      S   V         T           G   V        E  I            I HR                  F       L R    L   D S I V   L K        LV    K      L  PEEDSVLKKGVL E   TKEFSLK Q.KEVDRFF  LQ L I P S. S K L N I G D Q T NTRSRLG   R KR KS.HT  K 

Zma                 G       Y          I  E H      S   V         T           G   V        E  I            I HR                  F       L R    L   D S I V   L K        LV    K      L  PEEDSILKKEGF E   TKEFSLK Q.KEVDRFF  LQ L I P S. S K L N I G D Q T NTRSRLG   R KR KS.HT  K 

690       700       710       720       730               740       750          760       

Sel   G                G L                                        RP                 Q           DVH  DD D  A       V    E               V           D   LLL  V    I D   V      D   E   KP    VL  P TA KYDE R  NAGE VFPGLTAEQLVWAEA ........DGT GPL      QELV P EPP P...S  SSQ SSS

Tel   G                G L                                        RP                 Q           ELH  DD E  A       A    E              YL         T E   ILL  V  F V D   V      D       KP    LV  P A. RLKH T  RPGE VLPGLVVDTLSQVD  .......ED P GPA      QE S P EPS P...S  SSD.GSG

Syn   G                G L                                        RP                 Q           D     D    V       L    D              WI         S E   LLL  V  Y V D   A          E   KP  FYQDV PGS. KIES Q  QPGQ VFPGVTVSTLSQAE  ........E P GNG      EE K F EPA P...S GSQN EGG

Ath   G                G L                                        RP                 Q           DIH  D  D  I       I                   WI         T     VLV  V  Y I D   L      D   E   FS    FP KT K. SRHS I  PPGRGKKNSKESKK..FKN  YVQRI..TP KKKFF      AT E A SIN ATLFP  LFR K..

Osa   G                G L                                        RP                 Q           DIH  EE D  I       I    E              WV         S E   VLV  A  Y M E   L      D   E   FS    FP  A K. L..G S  PLER KKDSKESKK..REN  YVQWKKILK K KYF      VA E N GRN ATLFP  LFE E..

Zma   G                G L                                        RP                 Q           DIH  EE D  I       I    E              WV         S E   V V  A  Y M E   L      D   E   FS    FP  A K. L..G S  PPER KKDSKESKK..RKN  YVQRKKFLK K KYF S    VA E D GIN ATLFP  LLQ E..

770       780         790       800           810       820       830       840       850 

Sel     LR                         T LV                  E           R  L        R             SI   AVQ L                  LR    L                I L       E   L  V        R           R  R     R QFQDGERIKS..VEGVDL   Q   ESE....EGSSQLSAD   LPDSKDP TL  Q  IIEPVVI  DVASDTTHGST

Tel     LR                         T LV                  E           R  L        R             SI   AVQ L                  LR    L                I I       E   L  V        R           Q  R     R PYKHDERVKS..VDGVDL   Q   EIG....SEAPQLAAD   VTDEVDP AQ  Q  ILESLII  DIAADQTQGST

Syn     LR                         T LV                  E           R  L        R             QI    VQ L                  L     L                I L       D   L  V        R           R  E  S  R FYKDGDRVKS..VEGAPL S Q   EIYGSGNEGISHLSAD   QDD.EEE CQ  Q  ILESLVL  DQESDPLGGAS

Ath     LR                         T LV                  E           R  L        R             NI   V N I                  VR    L                V V       D   I  V        K           D  Q   F Y LYGNGKPTRGISDTSIQL   C   NWDKNSSLEE.VRAFF   STKGLIQ FI  G  KSHISYI  RNNSPDSGLIS

Osa     LR                         T LV                  E           R  L        R             NL   LVN I                  VR    L                V I       D   I  I        K           G  Q     F SHENSKLTQRIYHTNSQF   C   NWEQEE.KEE.ARASL   RANGLIR FL  G  KSTISYT  RYDSRSAGLIL

Zma     LR                         T LV                  E           R  L        R             NL   LVN I                  VR    V                V V       D   I  V        R           D  Q     F SHENSKLTQRIYHTNSQF   C   NWEQEE.KEG.ARASL   KTNDLIR FL  E  KSTILYT  RYDRTSVGLIP

      860                                870       880               890                  

Sel                                                      G                                     T L                               K    A IA T  QC  A                    V                H E RVKDG.........................Q VKPG V  C QI  KE  VVRGIQEG........SEA RRLLVER.........

Tel                                                      G                                     T L                               H    A IA T      A                    V                F S LVKDG.........................D IGPG V  R DIKAKQ  EVQGIVRS........GES RRILVVT.........

Syn                                                      G                                     T L                                    A VA T  QC  A                    I                K R LVQDG.........................DQIPPG V  R EI  KE  TVRGIKEG........QES RRVLLER.........

Ath                                                      G                                       M                               K    L LI S  NC  M                                     ADH NPFYSISPKSGILQQSLRQNHGTIRMFLNRN ESQS .  L SS  FR  PFNHVKHHNVINQSIKKNT....LITIKNSSGPLGT

Osa                                                      G                                     N L                               K    L MV S  NC  I                    I                H R DRTNTNSFYSKAKIQSLSQHQEAIGTLLNRN EYQS .  L AS  SR  FFKNSKNPNGVKESNPRIP PKFWGLFRNFSGLLGT

Zma                                                      G                                     N L                               K    L MI    NC  I                    I                N R DRNNTNSFYSKAKIQSLSQHQEVIGTLLNRN EYPS .  LLAS  SR  LFKNSKYPNAVKESNPRIP RDIF.......GLLGV

                                            900                                 910       

Sel                                                                                         L ..............................................ERDCVTLDLD..........................VTAATQ Q

Tel                                                                                         V ..............................................DSDRLRVETN..........................G.AKPT K

Syn                                                                                         V ..............................................AADRLVVDL............................PSAPE K

Ath                                                                                         I AT.PISNFYSFLPLLTYNQISLIKYFQLDNLKYIFQKI...NSYLIDENGIILNLDPYSNVVLNPFKLNWYFLHQNYHHNYCEETSTI S

Osa                                                                                         I IAPSISNFSSSYYLLTYNQILLKKHLLLDNLKQNFKVLQGLKHSLINENQRTSNFD..SNIMLDPFQLNWHFLPH....DSWEETSAK H

Zma                                                                                         I IVPSISNFSSSYYLLTHNQILLKKYLFLDNLKQTLQVLQGLKYSLIDENKRISNFD..SNIMLEPFHLNWHFLHH....DSWEETLAI H

920       930       940           950       960       970       980       990      1000   

Sel  G                                   R A PY    GA            GD L     E     DI QGLP  E   E  S I     L     A  SG V AI       Q  L   R   VS    LH     LV R    V  VF R KT        RI  L  P  L VAGTQ VDGII PE  E R  AP....G LQ  I    R  Q  V  VEDKG  Q   N  LL    A  G  I       E L 

Tel  G                                   R A PY    GA            GD L     E     DI QGLP  E   E    V     L     A  T  V AV         IL   R   VS    L      LV R    A  VF R KT        RI  L  V DL RPGDE AKGVT PE AA M  AD....DHV   L    L  P  V QIEEGD  Q   N  LL    A  G  I       E L 

Syn  G                                   R A PY    GA            GD L     E     DI QGLP  E   E  Q L     L     L  SG V  I       Q VL   R   VS    LH     LV R    V  VF R KT        RI  L  P  L VAGQE VPGVK EE  K LE NGKGDNY L   R    R  P  V  IEDGD  Q   N  LL    A  G  V       E L 

Ath  G                                   R A PY    GA            GD L     E     DI QGLP  E   E  Q       I        SG V IV       S VI   K   AT    VH     IL      V  IY K RS        KV  V  L  FFCENVC AKKEPHLK  Q L  QR....D A   S    L  P  K  GHYSE  YE  T  TF    S  G  T       Q L 

Osa  G                                   R A PY    GA            GD L     E     DI QGLP  E   E  Q I     L     I  SG I IV       S VI   K   AT    VH     IL K    V  IY K RS        KV  I  L  F CENVC FKSH. KK  Q F  NI....D F   A    L  T  T  GHYGE  Y   R  TF    A  S  T       Q F 

Zma  G                                   R A PY    GA            GD L     E     DI QGLP  E   E  Q I     L     I  SG I IV       S VL   K   AT    VH     IL K    V  IY K RS        KV  I  L  F CENLC FKLH. KK  Q F  NM....D F   A    L  I  T  GHYGK  Y   R  TF    S  S  T       Q F 
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Sel  R                                                                       L                A     A   A                                                   L D       L  I Y Y            KPKE CIL RRPGVAHINYSDDDAIDIQVIEADGTQADYPVGPGQPLIISDGETVDAGQA T GPANPHD  E Y D FREQLGEDYE

Tel  R                                                                       L                A         A                                                   L D       I  I F Y            HPKEKCVL VRPGTCQVTYNSDDSVEIKVIEEDGTIQEYPVLPGQNPLVVDGQKVNLADP T GPVDPHD  S Y E YKPQG..LLK

Syn  R                                                                       L                A     A   A                                                   L D       I  V F Y            KPKE CVL RAPGVCQVEYLEDESVDIKVVEDDGTVSEYPLLPGQNAMVTDGQRIDVGHA T GYNNPHE  D F S YVDKDG.CYQ

Ath  R                                                                       L                V     I   L                                                   I         I  I W F            SIDS SLN E................................................KR KGWNKCITR  G P G LI........

Osa  R                                                                       L                A     L   L                                                   I D       I    W F            SIDS SPN E................................................RR E WNERIPR  GGP G LI........

Zma  R                                                                       L                A     L   L                                                   I D       I  V W F            SIDS SPN E................................................RR E WNERIPR  G P G LI........
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SFig. 3. Si3 structure and sequence alignment. (A) The structure of elongation complex with 

NusG are shown as transparent surface, and the Si3, DNA/RNA and trigger loop (TLN, TLC) 

are shown as cartoon models. The SBHM are labeled 1 to 8 and sub-domains (Tail, Fin, Body 

and Head) are indicated. The active site of RNAP is indicated as it coordinating Mg2+ 

(magenta sphere). (B) Sequence alignment comparing cyanobacterial Si3 (Sel, Synechococcus 

elongatus; Tel, Thermosynechococcus elongatus; Syn Synechocystis sp. PCC 6803) with the 

corresponding inserts from chloroplast RNAP of plant (Ath, Arabidopsis thaliana; Osa, Oryza 

sativa; Zma, Zea mays). The identical and conserved sequences are indicated by red 

background and red text, respectively. The sequence alignment was performed using Clustal-

Omega (44) and visualized by Endscript 2.0 (45). The number scale above the sequences 

corresponds to the Sel sequence. Insertions found in chloroplast Si3 domains are indicated by 

W.

applewebdata://B4588FFD-E8AA-408B-8C8A-C68B220A4E05/
applewebdata://B4588FFD-E8AA-408B-8C8A-C68B220A4E05/
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SFig. 4. Cryo-EM processing pipeline of the cyRNAP elongation complex with NusG. (A) 

A representative micrograph used for data processing. (B) Cryo-EM data processing and 

classification flow chart. (C) Selected representative 2D classes. (D) Fourier shell correlation 

(FSC) plot for half-maps with 0.143 FSC criteria indicated. (E) Local resolution maps.



SFig. 5 

B

SFig. 5. Structure and function of cyanobacterial NusG. (A) NusG interaction with DNA. 

DNA/RNA scaffold and NusG (orange) from the EC-NusG are depicted with cartoon models 

with transparent surface of NusG showing its electrostatic potential (blue and red, positive and 

negative). A unique loop of cyanobacterial NusG (residues 110-112) is indicated by black. (B) 

NusG increases stability of cyRNAP elongation complex. Elongation complex was assembled 

using oligo DNA and RNA shown above the plot, and immobilized on Ni-NTA sepharose 

beads via His6 tag on RNAP. Plot shows kinetics of RNA release from the elongation 

complexes challenged with 300 mM NaCl, in percentage from total initial amount of RNA in 

complex.
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SFig. 6. Cryo-EM processing pipeline of the iNTP bound cyRNAP elongation complex 

with NusG. (A) A representative micrograph used for data processing. (B) Cryo-EM data 

processing and classification flow chart. (C) Fourier shell correlation (FSC) plot for half-maps 

with 0.143 FSC criteria indicated. (D) The structure of active site of iNTP bound EC overlayed 

with cryo-EM map of DNA, RNA, iNTP and Mg (gray transparent). (E) The sequence of 

DNA/RNA scaffold used for preparing the iNTP bound EC-NusG (template DNA, green; non-

template DNA, yellow; RNA, red). 3’-deoxy modified RNA was prepared by extending RNA 

with 3’-deoxy ATP after assembled EC with cyRNAP, DNA/RNA and NusG. DNA and RNA 

regions lacking cryo-EM density are underlined.



SFig. 7

SFig. 7. Activity of WT and DSi3 cyRNAPs. Kinetics of single NTP incorporation, 

pyrophosphorolysis and phosphodiester bond hydrolysis (dinucleotide cleavage) in EC14, 

EC15 and EC16. Representative gels are shown. Related to Fig 4C.



SMovie 1. Cryo-EM density map of the cyRNAP elongation complex with NusG. 

Related to Fig. 2B.

SMovie 2. Conformational changes of trigger loop/helix, rim helix and Si3 during the 

iNTP binding at the active site. Related to Fig. 4B.



Supplemental Table 1. X-ray crystallographic data collection and structure refinement 

statistics of the TelSi3N 

PDB code 8EMB   

Data collection  Refinement  

Space group P3(2)21 Resolution (Å) 50–3.06 (3.10-3.06)* 

Cell dimensions  Rwork 0.249 (0.387)* 

a (Å) 178.663 Rfree 0.278 (0.371)* 

b (Å) 178.663 No. of atoms 21,086 

c (Å) 281.038 No. of waters 0 

   () 90, 90, 120 R.m.s deviations  

Resolution (Å) 50–3.07 (3.12-3.07)* Bond length (Å) 0.014 

Total reflections 1,165,515 Bond angles () 1.557 

Unique reflections 96,754 (4,161)* Clashscore 17.63 

Redundancy 12.0 (9.5)* Ramachandran 

favored, % 

91.97 

Completeness (%) 98.9 (85.8)* Ramachandran 

outliers, % 

0.07 

I / σ 17.0 (0.74)*   

CC1/2 0.999 (0.645)*   

No. of Se sites 44   

FOM 0.753   

 

*Highest resolution shells are shown in parentheses 

 

  



Supplementary Table 2. Cryo-EM data collection, refinement and validation statistics 

 

                            

                              

 

 

 EC-NusG 

(EMD-40874) 

(8SYI) 

EC-NusG_CTP 

(EMD- 42502) 

(8URW) 

Data collection and 

processing 

  

Magnification 75,000 105,000 

Voltage (kV) 300 300 

Electron exposure (e-/Å2) 45 40 

Defocus range (μm) -0.75 to -2.5 -0.75 to -1.75 

Pixel size (Å) 0.87 0.855 

Symmetry imposed C1 C1 

Initial particle images (no.) 501,431 414,959 

Final particle images (no.) 176,309 132,172 

Map resolution (Å) 

FSC threshold 

2.94 

0.143 

2.79 

0.143 

Map resolution range (Å) 2.82 -11.48 2.47 - 8.67 

   

Refinement   

Initial model used (PDB code) 8EMB, 8GZG  

Model resolution (Å) 

FSC threshold 

2.94 

0.143 

2.79 

0.143 

Map sharpening B factor (Å2) -109 -53.4 

Model composition 

Non-hydrogen atoms 

Protein residues 

Nucleic acid residues 

Ligands 

 

29,500 

3,537 

91 

Zn:2, Mg:1 

 

29,896 

3,574 

94 

Zn:2, Mg:1 

B factors (Å2) (mean) 

Protein 

DNA/RNA 

Ligand 

 

71.71 

171.97 

100.75 

 

106.22 

195.73 

61.08 

R.m.s. deviations 

Bond lengths (Å) 

Bond angles (°) 

 

0.005 

0.644 

 

0.003 

0.562 

Validation 

MolProbity score 

Clash score 

Rotamer outliers (%) 

 

2.46 

6.85 

6.09 

 

2.26 

6.27 

4.41 

Ramachandran plot 

Favored (%) 

Allowed (%) 

Disallowed (%) 

 

91.95 

7.74 

0.31 

 

93.54 

6.12 

0.34 


