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                      .          ..                              TT                                AAC(3)-Ia PDB 1BO4

AAC(3)-Ia PDB 1BO4    I    L    V  M  AL       F D     YS          L  LL    FIA AA     VVG LAAY L             R   S I YMGI RTCR GPDQ KS RA  D.LFGRE G VA..T  QHQP..DSDY GN  RSKT   L  FDQEA   A    V PKF.......EQP ... E  
AAC(3)-Ib PDB 4YFJ    I    I   EI AM  VL       F D     YS          L  LL  E FIA AA     AIG LAAY L             R   S I YMSI ATVK GPD  S  RA  D.LFGKE E IP..T  DRQP..TNEY AN  HS T   L  FDRGT   G    V PKF.......EQA ... E  

AAC(3)-Ic                 LN  DV VM  ML       F D     Y           L  LL    FIA AA   Q VIG LAAY L             R     I YSTQTKITR  SQ  G  RA  G.MFGEA E AE..N CRAQP..SDSY QD  CGSG   I  LQG E   G    V PKF.......EQQ ...KE  
AAC(3)-Id            V    LT  DV LL  I        F D     Y           L  LL    FIA AA   Q VIG IAAY L             R   S I Y.MS EIIH  GN  A  QS NA.MFGEA N QD..S ARNKP..SSSY QK  STSS   L  VDE K   A    E QKF.......EQQ ... E  

AAC(3)-Ie            V    LT  DV LL  I        F D     Y           L  LL    FIA AA   Q VIG IAAY L             R   S I Y.MS EIIH  GN  A  QS NA.MFGEA N QD..S ARNKP..SSSY QK  STSS   L  VDE K   A    E QKF.......EQQ ... E  
meta-AAC0005              L    LS  EV LM  LL       F D     YT             LL  D FIA AA     IVG LAAY L             R   S I Y.MS DVHQ  PN  A  ET  A.TFGEA N ME..T  GNRP..RGAYSRR  ES Y   L  LEYGE   G    E KKF.......EQE ... E  

meta-AAC0007                   VT  DL LM  LL       F D     YN          M  LL  D FIA AA   Q VVG LAAY L             R   S I Y.MTYRIQQ  PA  D  NE  S.VFGQA D EE..T  GKRP..GAGY RR  ES N   L  LND K   G    E KKF.......ERE ... E  
WP_015158899.1            L   DI LM  LL       F E     YS          L  LL  D FIA AA     VVG L AY L             R   S I Y.MNSTIQQ MPA  A  SA  T.TFGEA D VE..T  GRRP..SEDY RQ  KS Y   I  LKAGE   G T  E KKF.......EQE ... E  

WP_043513615.1       A    L   DV IL  ML       F E     YT          L  LL  D FIA  A     VVG IAAY L             R   S I Y.MS SLHH APD  S  EG  V.MFGEA H MG..T  GNTP..SEAY RG  SG A   LT VKNGE   G    E KKF.......EQE ... E  
WP_026076133.1       L    I   EV LM  L        F D     YT          L  LL  E FIA AA     VVG LAAY L             R   S I Y.MS RVHQ KPD  A  EA SS.TFGDA A VE..T  GYRP..RPDY RR  ES Y   L  LKNGQ   G    E KKF.......EQE ... E  

meta-AAC0012              L    LT  DA AM  M        F D     Y              IL  D  IV A      VVG LVAY L             R   S I Y..M IYRR  EA  E  RQ NQ.MFGAA K TK..T RYDQG..DDAYFQR  GK HV  L CFHAGQ   G    V DKL.......EMA ... E  
meta-AAC0020              L    L   DL     LI       F        N          L  LL    F V VA   N IVG L  Y L             K     A YDNF KIER AEN  PKFIQ  R.LFEAV EMK..... FSIP..DSEH QK  NQNN Y F  LLE K   G TS V EQY.......YSE ...PL  

meta-AAC0044              V    L   DL LM  II       F                   I         I  IA   N IVG A  Y I             K      F... EYKL EKE  E  KE  E.DDDIE ...............DLEK NEFYNDKNV GF  KAE K   F YG D IHP........NG ...HAY  
meta-AAC0047                        I LL  L        F                   L   L        IA   N IIG A  Y L             K   T  Y............N I  KL FI.DDNMV ...............DIDN KGF NDTSSFGF  KEN K   F YC T LRP........DG ... MF  

WP_031929857.1                                F                   L   L        IA   N IIG A  Y L             K   T  Y.....................I.DDNMV ...............DIDN KGF NDTSSFGF  KEN K   F YC T LRP........DG ... MF  
ELB74597.1                     I LL  L        F                   L   L        IA   N IIG A  Y L             K   T  Y..........MKN I  KL FI.DDNMV ...............DIDN KGF NDTSSFGF  KEN K   F YC T LRP........DG ... MF  

meta-AAC0066              I    L   D  LM   L       F       YT                 E F V II   N  IG   IY M                   V YENE CIRT IDD FP  LKW TDERVLE YGGRDKK  LES...LKKHYTEPWED V R .  EYN VP  YGQ  K YDELYTDYHYPKTD...EI  
EVI30008.1           I    L   D  LM   L       F       YT                 E F V II   N  IG   IY M                   V YENE CIRT IDD FP  LKW TDERVLE YGGRDKK  LES...LKKHYTEPWED V R .  EYN VP  YGQ  K YDELYTDYHYPKTD...EI  

meta-AAC0048              V    MS  DL LM   L       F D      T                 E Y V II   T  IG A IY I                   I YEKR SFRP  ED  V  LKW TDDRVLE Y GRDKKH QKT...IREHYTEQWAD I R .  EYD IP  Y Q  R QGELFDEYNYHETE...EK  

meta-AAC0052              V    MS  DL LM   L       F D      T                 E Y V II   T  IG A IY I                   I YEKR SFRP  ED  V  LKW TDDRVLE Y GRDKKH QKT...IREHYTEQWAD I R .  EYD IP  Y Q  R QGELFDEYDYHETE...EK  

WP_032517402.1       V    MN  DL LM   L       F D      T                 E Y V II   T  IG A IY I                   I YKKR SFRP  ED  V  LKW TDDRVLE Y GRDKKH QKT...IREHYTEQWAD I R .  EYD IP  Y Q  R QGELFDEYNYHETE...EK  
WP_002592614.1       V    MS  DL LM   L       F D      T                 E Y V II   T  IG A IY I                   I YEKR SFRP  ED  V  LKW TDDRVLE Y GRDKRH QKT...IREHYTEQWAD I R .  EYD IP  Y Q  R QGELFDEYDYHETE...EK  

meta-AAC0025                    S  DL LV   L               W                  E  L   V      VG A    L                 T A YGEFSISTDR RI  D  HSF S...........NSY ARNIP..REVVRRS...V NS CFG YEGVAQ  F R..V ..........PDIA... F  

meta-AAC0040                   A   DV V    A               W           L   I      V L       V  A    I                    Y....MLKI EKE  P .... A.....ELAGM...L PHHSREELEGE LSF ESGGM. F WMEEGNP AF QC.G RTD......YVEGTHGGAIG  

meta-AAC0041                   AT  DA A    L               WS             LI  D  V  I    S AVG A    L                    YGGDFVVRE  QA  L .... A.....ELAIK...L  SHTISELQSEFLD  CS NA CF KYVG K   F QC.Q RND......YVEGTDTSPVG  

WP_019662337.1             Q   A A    L               WS             LI  D  V  I    S AVG A    L                    Y....MWLEK RKH L .... A.....ELAIK...L  SHTISELQSEFLD  CS NA CF KYVG K   F QC.Q RND......YVEGTDTSPVG  
meta-AAC0011              L           L                                I  AI     I  AA      VG AMM                        KKR ALHSSRQYNTP EIVESRNK...NLLVP.....ILHDADEDDVR AS  VDMAN SY  YIGDEC  A   .HWQLD...............ES E

SR237 PDB 1YVK            MN   L I              D                 I      E      A     LAG  VL                      V  ........  MQK R ELGEETND...ELY L....LLLADPSKD... VDEY.L RGECYT WAGDE   VY  LKTRPQ...............T E
meta-AAC0024              I     S         L        F                      II     VL AV     VVG AAL                        GTN EIVNF SELRTHFER NRGWIERQ EMEPLDYLLLQNP......ETE  EKGGA  F  ASRGE   T   K............NEGE...GVY E

meta-AAC0026                                       F D                 L          L LA   Q  AG IAL  I                     ........................MDLC Q FET..........EVAT PGKYAEPRGR L  YVD KP  C   RG ............DD...GVC E
meta-AAC0023                           M  L        Y                       V     A  IA      VG  AL  L                 S   ................ TE SA.ELAAL EVADG..........SAGFKASD EVPRA FV  RIDGFP  CG  RP ............DA... TG E

ETT37735.1           A     S   L LI  L        Y                       V     A  VA      VG  AL  L                 T V  VHA AEDIR EDS L  KE SE.ELGLL .GGDG..........TAGFQLSD EVPRA FI  RIDGYP  CG  RP ............DE... S E

  .     TT TT          .                               ..                                          AAC(3)-Ia PDB 1BO4

AAC(3)-Ia PDB 1BO4 I   LAV    RR GI T LI   L       GA VIYV AD       AV LYT  KLG RE                 M                   Y.D   SGEH  Q  A A  NL. KHEANAL  Y    Q  Y..GDDP  A   ..   I  EV............... H................  
AAC(3)-Ib PDB 4YFJ I   LAV    RR GV T LI   L    V  GA VIYV AD       AV LYT  KLG RE                 M FDI               Y.D   ASSH  L  A A  SH. KRVA EL  Y    Q  Y..GDDP  A   ..   V  DV............... H   DPRTAT.......

AAC(3)-Ic         I   L V   YRRRGI T LI   L       GA VIFV AD       AV LYT  KLG RE                 M FDI               Y.D G QGA      A A  NE. QRIAHDI  Y    Q  Y..GDDP  A   ..   I  DV............... H   EPQPAA.......  
AAC(3)-Id         I   LAV    RR GI T LI   L    A  GA VIYV AD       AI LY   KLG  E                   FDI               Y.D   AATR  E  A A  KK. KAIG AR  Y    Q  KGVEDQP  E  K..   TI DV...............FH   AVEQSKNHA....  

AAC(3)-Ie         I   LAV    RR GI T LI   L    A  GA VIYV AD       AI LY   KLG  E                   FDI               Y.D   AATR  E  A A  KK. KAIG AR  Y    Q  KGVEDQP  E  K..   TI DV...............FH   AVEQSKNHA....  
meta-AAC0005           I   LAV    RRRGI T LI   L    A  GA VIFV AD       AI LYS  KLG RE                 L FDI               Y.D   AKAH     A A  EK. KELG AR  Y    Q  TAIEDEP  A   ..   V  EV............... H   PVSQNNVD.....  

meta-AAC0007           I   LAV    RRKGI T LI   L    A  GA VIFV AD       AI LYT  KLG RE                 L FDI               Y.D   AKNH     A A  ME. KKIA AR  Y    Q  TGAEDEP  E   ..   I  DV............... H   PVENGD.......  

WP_015158899.1    I   LAV    RR GI T LI   L    A  GA VIFV AD       AI LYT  KLG RE                 L FDI               Y.D   AAAH  E  A A  QK. KEVA ER  Y    Q  L..DDDP  E   ..   I  DV............... H   AVNRGNHIA....  

WP_043513615.1    I   LAV    RR GI T LI   L    A  GA VIFV AD       AI LYS  KLG RE                 L FDI               Y.D   RSGH  E  A A  EK. KEIA QR  Y    Q  TNEEDEP  A   ..   K  DI............... H   PVDCS........  
WP_026076133.1    I   LAV    RR GI T LI   L       GA VIFV AD       AI LYT  KLG RE                 L FDI               Y.D   AKQH  E  A A  EG. KKIAQSR  Y    Q  TAVEDAP  A   ..   V  DV............... H   PVGRKHDVP....  

meta-AAC0012           I   LAV    RR GI T LI   L    A  GA VIFV AD       AI LY   KLG RE                 L FDI               Y.D   DESH  Q  A E  NE. KAIA KT  W    Q  R..EDEP  Q  E..   V  EP............... H   NLEEGN.......  

meta-AAC0020           I   LAV   W R GIG  LI           G   VFV AD       AL  Y   K    E                 V F                 Y.D   DTN Q Q   KK  TA.TNQFYTEK FEE   Q  K..VDDY  DF RST PTAE QV............... H YYTLK..........  

meta-AAC0044           I   I M   Y  KG GT LL   I       G   MFV  D    N  A  VY   KLG K                    YD                Y.S G LPD QD  Y  K  GF. KDYISSN FFE   LT K..G PR CH  E..   G NDFED..........EICYV  FEGDEK........  
meta-AAC0047           L   I M   Y  KG GS LL   I       G   MFL  D    N  A  VY   KLG K                    YD                H.S G LPN QD  Y  K  SF. KEYSKEI CSE   IT K..G PR CH  E..   G NDYKD..........EIVYV  YEKGDK........  

WP_031929857.1    L   I M   Y  KG GS LL   I       G   MFL  D    N  A  VY   KLG K                    YD                H.S G LPN QD  Y  K  SF. KEYSKEI CSE   IT K..G PR CH  E..   G NDYKD..........EIVYV  YEKGDK........  

ELB74597.1        L   I M   Y  KG GS LL   I       G   MFL  D    N  A  VY   KLG K                    YD                H.S G LPN QD  Y  K  SF. KEYSKEI CSE   IT K..G PR CH  E..   G NDYKD..........EIVYV  YEKGDK........  

meta-AAC0066                I    Y  KGIGT  I        L     A  V LD    N  AI AYQ  K GFR                                     GMDQF GEPN WS     RY KL..IFEF KKERN NA I  PHKN PR  R   .. S   I...................................  
EVI30008.1             I    Y  KGIGT  I        L     A  V LD    N  AI AYQ  K GFR                     E               GMDQF GEPN WS     RY KL..IFEF KKERN NA I  PHKN PR  R   .. S   IIEDLPEHELHEGKKEDCYLM YRYDDNATNVKAMK  

meta-AAC0048           A    I    Y   GIG            L   M A  V LD    N  AV AYQ  KAGF                   V  E                MDQF GEPE WNM   AEYCRV..VCQY RTE D NA I  PRKN PR  R   ..    EIIKELPEHELHEGKKEDC LM WRA...........  

meta-AAC0052           A    I    Y   GIG            L   M A  V LD    N  AV AYQ  KAGF                   V  E                MDQF GEPE WNM   AEYCRV..VCQY RTE D NA I  PRKN PR  R   ..    EIIKELPEHELHEGKKEDC LM WRA...........  
WP_032517402.1    A    I    Y   GIG            L   M A  V LD    N  AV AYQ  KAGFK                  V  E                MDQF GEPE WNM   AEYCRV..VCQY RTE D DA I  PRKN LR  R   ..     IIKELPEHELHEGKKEDC LM WRV...........  

WP_002592614.1    A    I    Y   GIG            L   M A  V LD    N  AV AYQ  KAGF                   V  E                MDQF GEPE WNM   AEYCRV..VCQY RTE G DA I  PRKN PR  R   ..    EIIKELPEHELHEGKKEDC LM WRA...........  
meta-AAC0025           L   V I    R RGL   LV           G   L         T  A  LYS  K GF                   V                   A.D F LESH G   SKW  ES.......IL HPD QGLRRWMLA RD HG   .. S  VPLKGV...EKWMEIHNPD Y................  

meta-AAC0040           L   I V   FRRRGIG  LL                    D    N   L   S   AGF E                     L               E.G F LEK       KV  TAC...EEWAKEQGCEEFAS TELD AEG SFH ..G   Y ANRI...........VCFVKN .............  
meta-AAC0041           L   I V   YRH G    LL                    D    N   L       MGF E                    DI               E.G F EEE   N YAKE  SKC...EKWAKEKHCTEFAS CEIN EIS QFHL..S   E ANRI...........ICFRK  .............  

WP_019662337.1    L   I V   YRH G    LL                    D    N   L       MGF E                    DI               E.G F EEE   N YAKE  SKC...EKWAKEKHCTEFAS CEIN EIS QFHL..S   E ANRI...........ICFRK  .............  
meta-AAC0011           I   IAI    R KG G  LI        M        L V     S   I  YQ  K GFR                                      L.Y   RAAD G  Y RE  AAI...VN ARERSTQA V GTAST VDN LF  .. C   M..............DSVRKDFFNYKPTPVYEHG..  

SR237 PDB 1YVK    I   IAV     KKG G  LV            L A  I I     S   L LYQ  K GFR                    F L               V.N   KESLQ   F KQ  LDA...IEKAKK G DT E GTGNS IHQ S   .. C   I.............QAIDHD F RHYDEDIFENG..  
meta-AAC0024           L   MAV    R  GIG  L    A       GA  V L          AI LY   KLGF D                 M  E                S.K   DEES GL   KA GLA. LDRVRKM  VK I YTNS..ALEP  N  R..    I VPVT...EKGYTRADVK EI FKV...........  

meta-AAC0026           M   L V   FR H LG  LV   V       G   M L          AV LY     GFRE                 M  DL               K.R F RDE  G R  LL  EK. IGEARAA YLK R DTFPP.KMGK  K  E..SH    IAPY...YNNPHTGVLF EL  .............  
meta-AAC0023           V   M     FRRKGV Q IL   L    I  G   I L       Q  AA LY    VGYH                     DL               K.R YTRRG      A A  AE. ERLA EF YTT K QTGPK.. LD  A  E..L    RIPRF...SGNWD.LVLAYQK  .............  

ETT37735.1        V   M     YRRKGI Q IL   A       G   L L       Q  AA LY   RVGY                      DL               K.R YTRNG      A A  AE. ERLANEL YTN K QTGPL.. PE  A  E..    YRIPVF...SGNWD.RVLAYQK  VHEKV........  
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                                    TT               TT                                                                 meta-AAC0038 PDB 5HT0

meta-AAC0038                      T   L   L  IGL  G AVLVH  LR VG I GGP  IL AM DVIG  GTVL Y  W                          PAFDPL S   R  ...........MSSRVSSRVS RSS AED RA   AD D     AA  K  K V   DD  D  R    PA    G AD QL..ED........EIRDDPAMREHI      R RSI D N
AAC(3)-IIIa                                  T   L      LGI  G ALMLH SVKAVG V GGP  IL AL DAL   GTLMMY  W     P        P           P FDPAT    R  .............MTDLNIPH HAH VDAFQA   RA Q     A      A M   NV  Q  M   TPD      AG QD..I DF..IDSL DALKAVYLEQH P     ARAV E N
meta-AAC0008                                      L  LGL  G  VMLH SVKAVGPV GGP  IL AI DVL   GTLMMY  W     P        P           PAFDPATS   R  ..........................MDH KA   HA QT    A        M   NT  Q  L   TPA      AG QD..I DF..LYEL EDVRQVYYEHH        RAV D N
WP_023911614.1                       T   L   L  LGV  G IIMLH SVKAVG V GGP  IL AI D LG  GTLMMY  W     P        P           P FDPAT    R  ..............MSTTISH RSQ MNH NV   DE Q     S      A M   NA  Q  L T  RD      AG QD..I DF..VLDL IEARQVYYDEH P     ARAV D H

ADW20348.1                           T   L   L  LGV  G IIMLH SVKAVG V GGP  IL AI D LG  GTLMMY  W     P        P           P FDPAT    R  ..............MSTTISH RSQ MNH NV   DE Q     S      A M   NA  Q  L T  RD      AG QD..I DF..VLDL IEARQVYYDEH P     ARAV D H
meta-AAC0030                                                  MVH SVKAIG I GGP  VV AL D L   GTLMMY  WE    P                    P FDP      R  .........................................   A      R M   NV  Q  L T TPA      VG  N..I DF..VSNLSPAVRQEYYAEH P   RIARAV D H
AAC(3)-IIIb                                          MVH  V  VG L  GP  II AL D VG  GTVLAY  WE                         P FDP  S   R  .........................................   AA SR  R LD  DT  A  R T  PG      AD  A..RYED..LVDDAGRVPPEWREHV P   QR RAI D N
AAC(3)-IIIc                      T   L   L  LGL  G AVMVH  V  VG L  GP  II AL DA    GTILAY  WE                         P FDP  S   R  .......MFSRWSKPLVLAAV RAS AAD AA   AA D     AA SK  R LD  DT  A  S  GRPA      AD  A..RYED..LVDEDGRVPQEWREHI P   RR RAI D N
AAC(3)-IIa                      T   I   L  LGV  G LLMVH SLK IGPV GG   VV AL  AVG  GTVM Y  WD    P        G           P FDPAT G  R  ...................MH QKA TEA QK   QS D     A   S    E  AET  A  RS   PT    G AS  R..S YE..ETLN ARLDDNARRTW P     A TY G F

AFN07611.1                                                                                     WD    P        G             FDPAT G  R  ...............................................................................  R..S YE..ETLN ARLDDEARRTWLP     A TY G F
AAC(3)-IIb                      T   I   L  LGV  G LIMVH SLKAVGPV GG   VV AL  AVG  GTLM Y  WD    P        G           P FD ATSG     ...................MN IES TAD HG   RP D     A        E  AAS  S  RA   SA    G AS  R..S YE..ETLN ARMDEELRRRW P  L    TYPG F
WP_012695485.1                       T   I   L  LGV  G LVMVH SLKAIGPV GG   IV AL DAVG  GSLM Y  WD    P        G           P FDPA SG  R  ...................MN RET AAD SR   QS A     A        D  AAS  S  L    PT    G AS  R..S YE..ETLN ARMDAELRHRW P    I  TY G F
AAC(3)-IIc                      T   I   L  LGV  G LLMVH SLKAIGPV GG   VV AL  AVG  GTVM Y  WD    P        G           P FDPAT G  R  ...................MH RKA TEA QK   QT D     A        E  AET  A  RS   PT    G AS  R..S YE..ETRN ARLDDKTRRTW P     A TY G F
ACV60580.1                           T   I   I  LGV  G LLMVH SLKAIGPV GG   VV AL  AVG  GTVM Y  WD    P        G           P FDPAT G  R  ...................MH RKA TEA RK   QT D     A        E  AET  A  RS   PT    G AS  R..S YE..ETLN ARLDDKARRTW P     A TY G F
meta-AAC0029                                                  MIH SLKAIGPV GG   VV AL EAVG  GTILAY  WD    P        G           PAFDPAT G  R  .........................................   A        V  ASS  A  V    NA      AS  R..S YE..ETLN AELPDTERRAW       A TY G F

meta-AAC0035                                                  MVH SLKAIGPV GGP  IV AL DAVG  GNLLAY  WD    P        G           PAFDPAT G  R  .........................................   A        D   AM  E  V    QR      VS  R..S YE..DTLN RRLSDAEREAW       A TY G F
meta-AAC0034                                                  MVH SLKAIGPV GGP  IV AL DAVG  GNLLAY  WD    P        G           PAFDPAT G  R  .........................................   A        D   AM  E  V    QS      VS  R..S YE..ETLN RRLSDAEREAW       A AY G F
AAC(3)-VIa                                  S   L   L  LGV  G MVM H SLRAVGPL  GP  LV AL EAVG  GNILAF  W     P                    PAFDP   P     MTDPRKNGDLHEPATAPATPW KSE VRQ RD   RS D   P V        AD  QT  D  I    PT      VS RD..S YE..QTLGHDAPPAAIAQSW     DHA AYPG F
AAC(3)-VIIa                                  T   L   L  LGL  G  VM H  M AVG V GGP  VI AL DVVG  GTLMV   W     P        P           PAYDPV S   H  .......MDELALLKRSDGPV RTR ARD TA   GD DT  F TR S   Y A   ET  G  R    ER     TCG ND..A PY.DFTDW QTWQDARRAEH      L EAD N N
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WP_044985444.1         F  A       G    G VG A   V    DLV  AV  L                                                                         ......R GL DGWLRER LQQE R  R HAR CASR   AV  EH AKSPLVFLCPPDEGCDECDAA..RASVPAGGARREHA..                                  
WP_037583372.1         F  A       G  R G VG A   L  A DLV  AV  L                                                                         ......G RV DDWLRPR LQ E Q  N HAR CN R   RL  EH AADPLTFLCAPETGCEECDAA..HASIPAGVRR......                                  
WP_046714710.1         F  A     A G  R G VG A   L DA DIV  AM  L                                                                         ......G RR DAWLR R QQ E K  H DAR A  R   AV  EQ ATDPLVFLCGPDAGCEECTLA..RDSVSR..........                                  
meta-AAC0018                F  A     A G  R G IG A   L EA DLI  AV  L                                                                         ......K AL DDWLR E LQ E R  N HAR I  E   RV  PR RADPLVFLHGADQGCEECGEA..RESLSR..........                                  
WP_029724114.1         F  A     A G    G IG A   L DV DLI  AV  V                                                                         ......K AL DDWLR E LQCE R  N DSR F  E   RV  PR QADPLVFLHGS.EGCEECDEA..RESLSR..........                                  
meta-AAC0016                F  A       G    G VG A   L DA DIV  AV  L                                                                         ......R AL DTWLGDA RQAE Q  H HAR A  R   AL  ER VADPLLFLHAPEAGCPECVE..ARQSVSVGEPIRNM...                                  
AAC(3)-IVa                    F  A          K G VG A   L    DIV  AL  L                                                                         ......R AL DRWLKEKSLQ E P  H FAR IRSR   AT  GQ GRDPLIFLHPPEGGMRRMRCRSPVDWLSS..........                                  

a8 b8 b9 a9 

 

backbone

CoA

sidechain
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Figure S1 (previous two pages).  Sequence alignment of meta-AAC, AAC and homologous 

enzymes in NCBI.  First alignment = GNAT family, second = Antibiotic_NAT family.  

Sequences from NCBI possess >70% sequence identity to a meta-AAC or AAC enzyme.  

Secondary structure elements from structures of AAC(3)-Ia (PDB 1BO4) and meta-AAC0038 

(PDB 5HT0) are indicated at top of alignment.  Legend indicates labeling of amino acids (either 

backbone or sidechain atoms) involved in protein-ligand (CoA or sisomicin) contacts as 

observed in crystal structures of meta-AAC0005•CoA complex (PDB 5HMN), meta-

AAC0020•CoA complex (PDB 5F48), meta-AAC0020
Y138A

•sisomicin complex (PDB 5UO8) or 

meta-AAC0038 (PDB 5HT0). 
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Figure S2.  Size exclusion chromatography profiles of AAC(3)-Ib and meta-AAC enzymes.  

Molecular weight markers are indicated with arrows. 
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Figure S3 (two pages).  Enzyme kinetics of AAC(3)-Ib and meta-AAC enzymes vs acetyl-

CoA, gentamicin, sisomicin, tobramycin, kanamycin and amikacin (only versus meta-

AAC0012).  Shown on first and second pages are sigmoidal and Michaelis-Menten model fits, 

respectively.    
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Figure S4.  LC-MS/MS profiles of tobramycin and acetyltobramycin (post-reaction mixture 

of reactions catalyzed by AAC(2’)-Ia (top), AAC(6’)-Ig (middle) and meta-AAC0020 (bottom). 

Left panels = LC of tobramycin (black plot) and acetyl-tobramycin (red, green and blue plots).  

Middle panels = MS/MS spectrum of tobramycin.  Right panels = MS/MS spectrum of 

acetyltobramycin.  
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Figure S5.  Electron density maps (left) and schematic representations (right) of crystal 

structures of meta-AAC0005•CoA, meta-AAC0020•CoA, meta-AAC0020
Y138A

•sisomicin 

complexes.  Electron density maps shown are simulated annealing omit maps contoured at 2.0 σ.  

Arrows on schematics indicate distances to key catalytic amino acids. 
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Figure S6.  Functional characterization of meta-AAC0020 and its mutants.  (A) Kirby-Bauer 

disk diffusion assay on meta-AAC0020 WT and four mutants.  D91A, L92P and Y138A do not 

confer resistance.  (B) Kinetic characterization of meta-AAC0020
D131A

 mutant shows reduced 

activity. 

 

  

STRGEN SIS TOB KAN NEOAMK CHL

Antibiotic

meta-AAC0020

mutant

WT

D91A

L92P

D131A

Y138A

µg/mL0 15 45 1355resistance:

A

B

Kinetic parameter Substrate 

 Gentamicin Sisomicin Tobramycin Acetyl-CoA 

K0.5(µM) 35.03±0.94 17.9±0.36 34±2.8 16.32±2.65 

kcat (s
-1

) 0.365±0.007 0.318±0.011 0.299±0.010 0.280±0.010 

kcat/K0.5 (M
-1

s
-1

, x10
4
) 1.04±0.034 1.89±0.076 0.868±0.077 0.171±0.077 

H 3.49±0.267 1.89±0.076 1.23±0.010 1.40±0.236 
 

meta-AAC0020D131A
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Table S1: Orthologs of meta-AAC proteins not labeled on the GNAT and the Antibiotic_NAT 

phylogenies (>70% sequence identity as determined by BLAST). 

 

 GNAT family 

Closest meta-

AAC protein 

Genbank accession # Annotation Organism 

meta-AAC0041 WP_019662337.1 GNAT family N-acetyltransferase Eubacterium siraeum 

meta-AAC0066 EVI30008.1 AAC domain of bifunctional AAC/APH Staphylococcus aureus 

meta-AAC0048 WP_032517402.1 aminoglycoside N-acetyltransferase 

AAC(6')-Im 

Enterococcus spp. 

meta-AAC0023 ETT37735.1 N-acetyltransferase GCN5 Paenibacillus sp. 

meta-AAC0047 ELB74597.1 acetyltransferase  Enterococcus faecium 

meta-AAC0047 WP_031929857.1 N-acetyltransferase  Staphylococcus aureus 

meta-AAC0005 WP_015158899.1 AAC(3)-I family aminoglycoside 3-N-

acetyltransferase  

Chamaesiphon  minutus 

meta-AAC0005 WP_043513615.1 AAC(3)-I family aminoglycoside 3-N-

acetyltransferase 

Halomonas sp. 

meta-AAC0005 WP_026076133.1 AAC(3)-I family aminoglycoside 3-N-

acetyltransferase 

Herbaspirillum massiliense 

  Antibiotic_NAT family  

Closest meta-

AAC protein 

Genbank accession # Annotation Organism 

meta-AAC0029 WP_012695485.1 AAC(3) family aminoglycoside N-

acetyltransferase  

Gammaproteobacteria 

meta-AAC0029 AFN07611.1 aminoglycoside-(3)-N-acetyl-transferase  Escherichia coli 

meta-AAC0029 ACV60580.1 aminoglycoside-(3)-N-acetyltransferase II  Klebsiella pneumoniae 

meta-AAC0008 ADW20348.1 bla aacC3-like protein  Pseudomonas aeruginosa 

meta-AAC0008 WP_023911614.1 aminoglycoside 3-N-acetyltransferase  Gammaproteobacteria 

meta-AAC0033 AKF06106.1 aminoglycoside N3-acetyltransferase Sandaracinus amylolyticus 

meta-AAC0033 WP_043428585.1 AAC(3) family N-acetyltransferase Cystobacter fuscus 

meta-AAC0033 WP_047855546.1 AAC(3) family N-acetyltransferase Archangium gephyra 

meta-AAC0033 WP_044985444.1 AAC(3) family N-acetyltransferase Sorangium cellulosum 

meta-AAC0033 WP_037583372.1 aminoglycoside 3-N-acetyltransferase  Stigmatella aurantiaca 

meta-AAC0033 WP_046714710.1 AAC(3) family N-acetyltransferase Myxococcus fulvus 

meta-AAC0018 WP_029724114.1 AAC(3) family N-acetyltransferase Sphingomonas sp. 
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Table S2: NMR chemical shift analysis of meta-AAC0020 catalyzed acetyl-tobramycin. 

 
  Tobramycin Acetyl-tobramycin Δppm 

Ring Position Atom Atom Atom 

  
13

C
 1

H
 13

C
 1

H
 13

C
 1

H
 

central 1 50.68 2.913 50.46 3.08 -0.22 0.167 

2ax 35.72 Hax:1.235, Heq:1.964* 33.69 Hax:1.36, Heq:2.08 -2.03 Hax:0.125, Heq:0.116 

3 49.73 2.886 49.3 2.9 -0.43 0.014 

4 86.13 3.336 82.68 3.47 -3.45 0.134 

5 74.62 3.632 74.56 3.65 -0.06 0.018 

6 88.16 3.247 86.4 3.36 -1.76 0.113 

prime 1’ 99.4 5.188 96.6 5.447 -2.8 0.259 

2’ 49.35 2.978 48.8 3.224 -0.55 0.246 

3’ 34.85 Ha:1.615 Hb:2.031 32.71 Ha:1.76, Hb:2.14 -2.14 Ha:0.145, Hb:0.109 

4’ 66.34 3.523 69.6 3.58 3.26 0.057 

5’ 73.17 3.629 70.03 3.81 -3.14 0.181 

6’ 41.88 Ha: 2.794  

Hb: 3.053 

40.67 Ha: 3.06, Hb:3.22 -1.21 Ha: 0.266, Hb:0.167 

double 1” 100.2 5.036 100.1 5.045 -0.1 0.009 

2” 72.04 3.501 68.28 3.43 -3.76 -0.071 

3” 54.66 3.007 54.9 3.14 0.24 0.133 

4” 69.51 3.322 70.6 3.63 1.09 0.308 

5” 73.17 3.629 72.53 3.9 -0.64 0.271 

6” 60.5 Ha: 2.794,  

Hb: 3.053 

 

3.77 60.35 -0.15 0 

Acetyl CH3=O  N/A N/A 1.91 22.45   

 

*Hax = axial hydrogen, Heq = equatorial hydrogen. 
 

 


