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5a_Acinetobacter_wuhouensis_H  c                                                                             B   B                                                                         H                                                                                 Y                                                                        L SPK VEAFM.TG.....................QP.NK......................................
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1b_Klebsiella_pneumoniae_HdaH                                                       cc                    c               B      B                                KdG                 KdG                                                       HH                    C               E      G                                                    GF  ..........PGSY IACLSA LACAAVEAVLKGE.....LDNA.YSL.SRPPG  CL...........PDQSM   F

1c_Shinella_sp_DD12_DAC                                                       cc                    c               B      B                                KdG                 KdG                                                       HH                    C               Q      G                                  A                 GF  ..........PATL AALTGI GAIAAVDAVFTGK.....ADNA.FVA.ARPPG   E...........RDKAM   F

1d_Neisseria_zoodegmatis_DAC                                                       cc                    c               B      B                                KdG                 KdG                                                       HH                    C               E      G                                  A                 GF  ..........SGAL AARYAA AVAAAVDMVMKGE.....AFHA.FCA.IRPPG   K...........SDQAG   L

1e_Stentor_coeruleus_HdaH                                                       cc                    c               B      B                                KdG                 KdG                                                       HH                    C               N                                                           GF  ..........KESY AALIAANCVIEAIDEVVQGK.....FKNA.FCVI.RPPG  VGPFGAVTAEEDPNSKST   L

1f_S._cerevisiae_HOS3                                                       cc                    c               B      B                                KdG                 KdG                                                       HH                    C                      G                                                    GF  ..........SKTIKALQGTI AIETGVDSIFKGPSAEHISNRA.FVA.IRPPG  CH...........YGTPS   L

1g_Homo_sapiens_HDAC4                                                       cc                    c               B      B                                KdG                 KdG                                                       HH                    C                      G                                  A                 GF  ..........VHSAGAARLAV CVVELVFKVATGE.....LKNG.FAV.VRPPG   E...........ESTPM   Y
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2d_Chromatiales_bacterium_Acu                                                       cc                    c               B      B                                KdG                 KdG                                                       HH                    C               E      G                                  A                 GF  ..........PGLY ASADIA TTLALVDLVMG.......GRAR.RAFTPIGGL   G...........RDHAA   V

3_Legionella_cherrii_ApaH                                                       cc                    c               B      B                                KdG                 KdG                                                       HH                    C               E                                         A                 GF  ..........PGTF VLIK.......DISMTLF.......HSKK.VHFSFGLPT   F...........ADEGS   I

4_Pseudomonas_sp_M30-35_ApaH                                                       cc                    c               B      B                                KdG                 KdG                                                       HH                    C               Q                                         A                 GY  ..........AGTW AAYSAAQVALTAQHEITNGA......HSA.FAL.CRPPG   A...........SDVMG   Y

5a_Acinetobacter_wuhouensis_H                                                       cc                    c               B      B                                KdG                 KdG                                                       HH                    C               D                                         A                  F  ..........EQLR AVLAINAGQLMATELAFE.......H..G.IAANIAQGF   R...........PEYGGS  T

5b_Vibrio_cholerae_HdaH                                                       cc                    c               B      B                                KdG                 KdG                                                       HH                    C               E      G                                  A                 GF  ..........KTLI RTLHSV GTCLTVEQA.........LQSG.VAIHLSGGY   H...........ADFGS   L

5c_Moraxella_bovis_HDAC                                                       cc                    c               B      B                                KdG                 KdG                                                       HH                    C               D      G                                  A                 GF  ..........KELI RERLVV ATIECAKFA.........LNDG.ISLSTSGGT   F...........ADSGE   I
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1a_Arabidopsis_thaliana_HDA14                        A   A A          DF                                  A                        I   S H          YP                                  N .....................PD FFL T QDG......S  GT..G.K..I.SDIGK..GKG........EGTTL L

1b_Klebsiella_pneumoniae_HdaH                        B   B B          KG                                  B                        V   S H          FP                                  N .....................DD LTI L QDG......C  P.GYA.G..E.DDRGV..GAG........EGYNI I

1c_Shinella_sp_DD12_DAC                        B   B B          KG                                  B                        V   S H          YP                                  N .....................PS LFC T QMP......L  GS..G.A..K.DETGA..G............NIV A

1d_Neisseria_zoodegmatis_DAC                        B   B B          KG                                  B                        V                FP                                  N .....................PR LFLNSYEED......L  FPNQE.S..T.EK.......P........SPYAV I

1e_Stentor_coeruleus_HdaH                        B   B B          KG                                  B                        V   S H          YP                                  N APFFGNLVYDSYKPWLDDDDYKN LFI S AYGSDAYGRF  AS..G.K..Y.CSSEE..LH.........PAGIL I

1f_S._cerevisiae_HOS3                        B   B B          KG                                  B                        V   S H          FP                                  N .....................PK GYF M DIN......S  TE..S.G..FATKENI..KNASTCIMNSHDLNIW I

1g_Homo_sapiens_HDAC4                        B   B B          KG                                  B                        V   S H          FP                                  N .....................PS LYM L RYDD...GNF  GS..G.A..P.DEVGT..GPG........VGFNV M

2a_Homo_sapiens_HDAC2                        B   B B          KG                                  B                        V   S H          FP                                  N .....................DR MTV F KYGE.....Y  GT..G.D..L.RDIGA..GKG........KYYAV F

2b_S._cerevisiae_HOS1                        B   B B          KG                                  B                        I   S H          FP                                  N .....................KQ QTI V LYEP....GF  GT..G.S..L.SDSRK.............DKNVV I

2c_Bacillus_subtilis_AcuC                        B   B B          KG                                  B                        V   S H          FP                                  N .....................PD CTL I ETGR....YL  GT..G.Q..I.QEKGS..GKG........YGYSF I

2d_Chromatiales_bacterium_Acu                        B   B B          KG                                  B                              H          YP                                  N .....................PDLLIADI EDGR....AL  GT..G.R..A.GETGT..GSA........EGTKL I

3_Legionella_cherrii_ApaH                        B   B B          KG                                  B                        I                YP                                  Q ..................AADMD CHIDVFDSR......V  YQ..D.EDYI.TELFNKCGKD........EGQNI S

4_Pseudomonas_sp_M30-35_ApaH                        B   B B          KG                                  B                        V   S H          FP                                  N .....................SD LFT I GDPK...F.E  FF.LG.H..A.DEHGE..GTG........EGFNI Y

5a_Acinetobacter_wuhouensis_H                        B   B B          KG                                  B                            S            YP                                    .....................NNLYNF IYGLAF.....G  TY..E.R..A.ESRHVHTKNG...............

5b_Vibrio_cholerae_HdaH                        B   B B          KG                                  B                        I   S H          FP                                  D .....................DD ITL F CDK......N  AR..K.P.......................ASSM V

5c_Moraxella_bovis_HDAC                        B   B B          KG                                  B                        V   S H          YP                                  D .....................PH FVF M GKK......N  FI..K.P.......................LSDL I

5d_Turneriella_parva_HdaH                        B   B B          KG                                  B                            S H          YP                                  D .....................ENSYTF M EKE......N  VK..E.T........................GSH V

5e_Nannocystis_exedens_AcuC                         B   B B          KG                                  B                        V   S H                                                .....................PS FTL I NHH.......WGGT..E.A..I.....................ASTSV

5f_Homo_sapiens_HDAC11                        B   B B          KG                                  B                        V                YP                                    .....................KR YIMDVYNRH......I  GD..R.F..A.KQ.................AIRRKV

5g_Bacteriovorax_stolpii_AcuC                        C   C C          JH                                  C                        I   S H           P                                  D .....................TT RTF I MKE......GW LN..SGT..V.RDPWF.............IPSSI V
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1a_Arabidopsis_thaliana_HDA14      A     A  A                                                        DF A        L     D                                                           PD I   P.... PGGSG IAM.....................RTVFEE.IIV...............PCAQ..RF.K  I LVS

1b_Klebsiella_pneumoniae_HdaH      B     B  B                                                        KG B        L     D                                                           PE I   P.... LAGAG DSW.....................RYALET.IVI...............PALA..RF.E  L IIA

1c_Shinella_sp_DD12_DAC      B     B  B                                                        KG B        L        F                                                        PD I   P.... SMNDGSDH .....................RDAFRS.RVL...............PRVA..DF.R  V IIS

1d_Neisseria_zoodegmatis_DAC      B     B  B                                                        KG B        L        F                                                        PE V   P.... APNSSSRD .....................RETVRK.HWL...............PKLL..AF.Q  L LLS

1e_Stentor_coeruleus_HdaH      B     B  B                                                        KG B        L        F                                                        PD     P.... SKCTDSSA .....................RQQYRE.KVFP...............RLI..EF.A  LLLIS

1f_S._cerevisiae_HOS3      B     B  B                                                        KG B        L     E  F                                                           V   H.... SKWTT EE .....................NVLYRT.KYRTLFAKADEFFRSAKLEMNQQGRP.FKGL VIS

1g_Homo_sapiens_HDAC4      B     B  B                                                        KG B        L     D  Y                                                        PD V   AFTGG DPPMG AE .....................LAAFRT.VVM...............PIAS..EF.A  V LVS

2a_Homo_sapiens_HDAC2      B     B  B                                                        KG B        M     D  Y                                                        P  V   P.... RDGID ES .....................GQIFKP.IISK...............VME..MY.Q SA VLQ

2b_S._cerevisiae_HOS1      B     B  B                                                        KG B        L     D  Y                                                        PE     P.... KHGC. DN .....................LELIASKIVN...............PLIE..RH.E  ALIIE

2c_Bacillus_subtilis_AcuC      B     B  B                                                        KG B        L     D  F                                                        PD I   P.... DAFTE DS .....................LEAYRT.AASE...............VAA..YF.E  V ISQ

2d_Chromatiales_bacterium_Acu      B     B  B                                                        KG B        L     D  F                                                        PE I   P.... RPRMG EK .....................LQVWED..VEA...............FVA..SG.E  F LLQ

3_Legionella_cherrii_ApaH      B     B  B                                                        KG B                 F                                                               W....QRG..GLDY VVNLSRTTRKPGLVHPALVFAIEKMEE.QIE...............QAKI..NH.QKVALFLP

4_Pseudomonas_sp_M30-35_ApaH      B     B  B                                                        KG B        L                                                                  E V   P.... PAGSAWDSW.....................GAALDD..AC...............KRIN..AF.DA V IVS

5a_Acinetobacter_wuhouensis_H      B     B  B                                                        KG B                 Y                                                         D I   ..........SFAQ .....................LMALHE..AF...............QKAH..EW.QA I IYQ

5b_Vibrio_cholerae_HdaH      B     B  B                                                        KG B              D  F                                                        PD I   G....FANQTG EE .....................LSTFIQ.VVEM...............AVN..LH.R  L LYD

5c_Moraxella_bovis_HDAC      B     B  B                                                        KG B        L     D  Y                                                        PD V   E.... DDGTG DD .....................LSLLKY.HLPK...............VLD..DF.A  F FYQ

5d_Turneriella_parva_HdaH      B     B  B                                                        KG B        L     D  Y                                                        PD I   E.... PSHLG AE .....................LRLLAE.NLD...............KLKA..AF.F  L FYV

5e_Nannocystis_exedens_AcuC       B     B  B                                                        KG B        L     D  Y                                                        P  I   A.... GDVVG TL .....................LETVQL.HLT...............EALR..QH.R RL YFL

5f_Homo_sapiens_HDAC11      B     B  B                                                        KG B        L     D  Y                                                        PD V   E.... EWGTE DE .....................LDKVER.NIK...............KSLQ..EH.L  V VYN

5g_Bacteriovorax_stolpii_AcuC      C     C  C                                                        JH C              D  Y                                                        PD V   G....IDVG.E DQ .....................LARLES.GLLE...............MQE..RFPN  V IVV

k       iiiiiiiiiiiiiiii   ii i   jjjjk iii   TT TT                 ...  .            1a_Arabidopsis_thaliana_HDA14
 330 340 350 360 370       X   X   X   X   X

1a_Arabidopsis_thaliana_HDA14  c c                                                                   cc      A A    A           A                                                  DEF     G D                                                                   GG             D           Q                                                    Y    A Y AHVL P..LAN....L ................FTTATYYSLAKDIKRLAK...EV.CGGRCVFFLE   NLES

1b_Klebsiella_pneumoniae_HdaH  c c                                                                   cc      B B    B           B                                                  KdG     G D                                                                   GG             D           Q                                                    Y    C Y ANAM P..LAR....M ................LHSDSFRAMTEQVQQAAD...RL.CGGKLVMVHE   AESY

1c_Shinella_sp_DD12_DAC  c c                                                                   cc      B B    B           B                                                  KdG     G D                                                                   GG             D           N                                                    Y    A F AHHR P..LAQ....I ................LVADDFDWATAKLMELSE...KS.ANNRVVSLLE   DLTG

1d_Neisseria_zoodegmatis_DAC  c c                                                                   cc      B B    B           B                                                  KdG     G D                                                                   GG             D           N                                                    Y    A F GHKS E..TGR....L ................LHEADYAWLTHKLIQTAS...S..CKGKIVSVLE   TLDS

1e_Stentor_coeruleus_HdaH  c c                                                                   cc      B B    B           B                                                  KdG     G D                                                                   GG             D           D                                                    Y    A F AHGL S..INHG..FV ................LDEDDFRWVTEELIKIAN...TS.CKGKIVSVLE   SVRG

1f_S._cerevisiae_HOS3  c c                                                                   cc      B B    B           B                                                  KdG     G D                                                                   GG             E           N                                                    Y    A F ASEF Q..TSMQRHSV ................VPTSFYTTFTKDALKLAQ...MH.CHGKVLSLME   SDKA

1g_Homo_sapiens_HDAC4  c c                                                                   cc      B B    B           B                                                  KdG     G D                                                                   GG                         N                                                         S F AVEGHPTPLGG....Y ................LSARCFGYLTKQLMGLA........GGRIVLALE  HDLTA

2a_Homo_sapiens_HDAC2  c c                                                                   cc      B B    B           B                                                  KdG     G D                                                                   GG             D           N                                                    Y    C A SLSG R..LGC....F ................LTVKGHAKCVEV....VK...T..FNLPLLMLGG   TIRN

2b_S._cerevisiae_HOS1  c c                                                                   cc      B B    B           B                                                  KdG     G D                                                                   GG             D           Q                                                    Y    C G GLLG R..FNE....W ................LTIRGLSRIII...NIMK...SY.PRAHIFLLGG   NDLL

2c_Bacillus_subtilis_AcuC  c c                                                                   cc      B B    B           B                                                  KdG     G D                                                                   GG             D                                                                Y    N A AHYY P..LTH....LS................ATINIYEEIPRLAHTLAH...QY.CGGKWIAVGG   DIWR

2d_Chromatiales_bacterium_Acu  c c                                                                   cc      B B    B           B                                                  KdG     G D                                                                   GG             D           E                                                    Y    C A SIAG P..IAH....L ................FTPAAHAHAARRLCALAD...KH.CDGRILGMGG   DRDN

3_Legionella_cherrii_ApaH  c c                                                                   cc      B B    B           B                                                  KdG     G D                                                                   GG             E                                                                Y    T W SHEE T..AYC....GKYVDGYLMGATEARKTRLNTTDLTYFYESIFKLYRENKD..HIEKVYWGLE   DRKM

4_Pseudomonas_sp_M30-35_ApaH  c c                                                                   cc      B B    B           B                                                  KdG     G D                                                                   GG             D                                                                Y    L V TYKE P..ISQ....FK................LDSPDYLSMGERIAA.........MGLPTLFVME   AVEA

5a_Acinetobacter_wuhouensis_H  c c                                                                   cc      B B    B           B                                                  KdG     G D                                                                   GG             D                                                                Y    A M CHQA P..YGS....AW................FTTELIQKRDEMVFNMAK...K..AGIPIMFVLA   QDLG

5b_Vibrio_cholerae_HdaH  c c                                                                   cc      B B    B           B                                                  KdG     G D                                                                   GG             D                                                                Y    A V IHND E..LGY....LS................ISQAAIAQRDRFMLGLAK...Q..ESIPIACVIG   REDH

5c_Moraxella_bovis_HDAC  c c                                                                   cc      B B    B           B                                                  KdG     G D                                                                   GG             D           N                                                    Y    A V VLAD R..LGR....I ................LTMNGLYERERYVIETLF...N..RRLPTVVTMG   APDI

5d_Turneriella_parva_HdaH  c c                                                                   cc      B B    B           B                                                  KdG     G D                                                                   GG             D           Q                                                    Y    A V IYRD A..LGG....L ................LSFDGIAARDA...AVRD...FL.PEVPKVVLPA   ARNI

5e_Nannocystis_exedens_AcuC   c c                                                                   cc      B B    B           B                                                  KdG     G D                                                                   GG             D           Q                                                    Y    A T PAVG R..IGV....W ................ISAEGMLERDIAVFEAIR...EFAPDAAVVVCLA   GPTT

5f_Homo_sapiens_HDAC11  c c                                                                   cc      B B    B           B                                                  KdG     G D                                                                   GG             D                                                                Y    A T ILEG R..LGG....LS................ISPAGIVKRDELVFRMVR...GR..RVPILMVTS   QKRT

5g_Bacteriovorax_stolpii_AcuC  c c                                                                   cc      C C    C           C                                                  JIH     G D                                                                   GG             D           N                                                    Y    N A PYEH E..LPSAS.FI ................LSKEQMLARDKFLYQFFK...E..RNIPQSYVMA   GSKA

   z                                                                   zzz


 iiii                            ii           i                       iiiiii.    ............................  ........... .......................      1a_Arabidopsis_thaliana_HDA14
380  X

1a_Arabidopsis_thaliana_HDA14 .LSSS............................VA...........D.......................SFRALLG.

1b_Klebsiella_pneumoniae_HdaH .VPFC............................GL...........A.......................VMEALSG.

1c_Shinella_sp_DD12_DAC .LAES............................AA...........T.......................HIYRLMR.

1d_Neisseria_zoodegmatis_DAC .LAKS............................SA...........A.......................HLYVLAG.

1e_Stentor_coeruleus_HdaH .NVV.AA.LGL..S...................VA...........SHIRA..L.IRATQE.........HFCGSEG.

1f_S._cerevisiae_HOS3 .ICSG............................VF...........AH....LI.GLQNQDWVKEWGSEQVVKEIVR.

1g_Homo_sapiens_HDAC4 .ICDA............................SE...........A.......................CVSALLG.

2a_Homo_sapiens_HDAC2 .VAR.CWTYETA.V....AL................DCEIPNELPYNDYFE..Y.FGP....................

2b_S._cerevisiae_HOS1 .MSRF.Y.TYLTWC...................VT...........KQFSN..LRCGD....................

2c_Bacillus_subtilis_AcuC .VVPRAWARIWL.E....MKG............IDPGHEIP.....................................

2d_Chromatiales_bacterium_Acu .LAS.GWTAVVT.E....F..............................VR..A.C......................

3_Legionella_cherrii_ApaH .YE.QQI...........................E...........L.......................LMSIVLN.

4_Pseudomonas_sp_M30-35_ApaH .IGVN............................AV...........NV.......................LEGFEN.

5a_Acinetobacter_wuhouensis_H DLTALHT.QTF.......................H...........S.......................AYQVYYG.

5b_Vibrio_cholerae_HdaH .AAL.VP.LHL..E..................................LLKAAL.LSA....................

5c_Moraxella_bovis_HDAC .NII.VQ.GHS..V....VFG............VS...........QEIFK..L.LA.....................

5d_Turneriella_parva_HdaH .AETV.A.LH....................................AQT.............................

5e_Nannocystis_exedens_AcuC  .WQHS..ARSFA.WLQSGHRGFEPPDNDELTLMRA...........RH.......................YAALLKP

5f_Homo_sapiens_HDAC11 .ARII..ADSIL.N....LFG.........................................................

5g_Bacteriovorax_stolpii_AcuC .WEI.YL......Q..................................FLK..F.VGE....................

β8 η3 

β9 α9 α10 β10 

α11 β11 

α12 

5



1a_Arabidopsis_thaliana_HDA14
 390      X

1a_Arabidopsis_thaliana_HDA14 .....ED.......................................................................

1b_Klebsiella_pneumoniae_HdaH .....IR.......................................................................

1c_Shinella_sp_DD12_DAC .....G........................................................................

1d_Neisseria_zoodegmatis_DAC .....LG.......................................................................

1e_Stentor_coeruleus_HdaH .....ND.......................................................................

1f_S._cerevisiae_HOS3 .....GC..................................................KPAWKPYKTKRAKDVIR....

1g_Homo_sapiens_HDAC4 .....NE.......................................................................

2a_Homo_sapiens_HDAC2 ..............................................................................

2b_S._cerevisiae_HOS1 ..............................................................................

2c_Bacillus_subtilis_AcuC ..............................................................................

2d_Chromatiales_bacterium_Acu ..............................................................................

3_Legionella_cherrii_ApaH .....DL.......................................................................

4_Pseudomonas_sp_M30-35_ApaH .....VC.......................................................................

5a_Acinetobacter_wuhouensis_H ..............................................................................

5b_Vibrio_cholerae_HdaH ..............................................................................

5c_Moraxella_bovis_HDAC ..............................................................................

5d_Turneriella_parva_HdaH ..............................................................................

5e_Nannocystis_exedens_AcuC  AELTGEDDDLGLTLEDLVPSLAATAREPRFLGYYSRQGLELALERHGFLGRLRGKGFQPSLEFNLVDPQRHILKIFGD

5f_Homo_sapiens_HDAC11 .....LG...................................................................LI.G

5g_Bacteriovorax_stolpii_AcuC ..............................................................................

l       ll   l                  .......  .................1a_Arabidopsis_thaliana_HDA14

1a_Arabidopsis_thaliana_HDA14 .............................................SLA.......SEFDNP.................

1b_Klebsiella_pneumoniae_HdaH ...............................................T.......EVQ.DPLL...............

1c_Shinella_sp_DD12_DAC ..............................................................................

1d_Neisseria_zoodegmatis_DAC ..............................................................................

1e_Stentor_coeruleus_HdaH .NEKMILKSS....................VNESFRALKRNRKMYIE...............................

1f_S._cerevisiae_HOS3 .....IWAEEVIRLGRAMIPEFDDIIFKDAVN.............SAPSN.SLLKATV.EPAS...............

1g_Homo_sapiens_HDAC4 .........................................................L.DPLP...............

2a_Homo_sapiens_HDAC2 ........................................DFKLHISPSN.MTNQN...TPEY...............

2b_S._cerevisiae_HOS1 ........................................NNSFQID.............P.................

2c_Bacillus_subtilis_AcuC ............................................................PEW...............

2d_Chromatiales_bacterium_Acu ..............................................................................

3_Legionella_cherrii_ApaH ...........................................VHQD...............................

4_Pseudomonas_sp_M30-35_ApaH ..............................................................................

5a_Acinetobacter_wuhouensis_H ..............................................................................

5b_Vibrio_cholerae_HdaH ..............................................................................

5c_Moraxella_bovis_HDAC ..............................................................................

5d_Turneriella_parva_HdaH ..............................................................................

5e_Nannocystis_exedens_AcuC  PEHKELLFELVVRRDRRTIPGFELLAIDWLLL.............QNPRE.HFSED...KPALPGQRHPGLGLFEETV

5f_Homo_sapiens_HDAC11 PE............................................SPSVSAQNSD...TPL................

5g_Bacteriovorax_stolpii_AcuC ........................................NAPFHLK...............................

     ll                                                     iiiiii            .....       ............1a_Arabidopsis_thaliana_HDA14
400 410     X   X

1a_Arabidopsis_thaliana_HDA14 .....AY...................L.............................YDEPMRKVRD............

1b_Klebsiella_pneumoniae_HdaH ....EFI...................Q.............................QQQPRATFAQ............

1c_Shinella_sp_DD12_DAC ..............................................................................

1d_Neisseria_zoodegmatis_DAC ..........................K.............................PE....................

1e_Stentor_coeruleus_HdaH .................................N.......LEVS.................ME.............N

1f_S._cerevisiae_HOS3 ....TST...................IAQRIIR...SHRS......N.ASPEKELHENKPRSTEKQ............

1g_Homo_sapiens_HDAC4 ....EKV...................L.............................QQRPNANAVR............

2a_Homo_sapiens_HDAC2 ....MEK...................IKQRLFENLRMLPHAPGVQMQ.AIPEDAVHEDSGDEDGEDPDKRISIRASDK

2b_S._cerevisiae_HOS1 ....................................................F.....D...................

2c_Bacillus_subtilis_AcuC ....IVK...................WQKQ................................................

2d_Chromatiales_bacterium_Acu ..............................................................................

3_Legionella_cherrii_ApaH ..........................................................T...................

4_Pseudomonas_sp_M30-35_ApaH ..........................................................RPNNSKKD............

5a_Acinetobacter_wuhouensis_H ..............................................................................

5b_Vibrio_cholerae_HdaH ..............................................................................

5c_Moraxella_bovis_HDAC ..............................................................................

5d_Turneriella_parva_HdaH ..............................................................................

5e_Nannocystis_exedens_AcuC  ALLIIACERVGLAGLVVTPSQYHLAVQWQKRLR...FVDP......RAGARMRAIREALPGASLTE............

5f_Homo_sapiens_HDAC11 ......................................................LPP.....................

5g_Bacteriovorax_stolpii_AcuC ..............................................................................

 iii      iiii                                                                .   ......    ................................................................1a_Arabidopsis_thaliana_HDA14

1a_Arabidopsis_thaliana_HDA14 .AIQ......RAKS................................................................

1b_Klebsiella_pneumoniae_HdaH .FQR......QAID................................................................

1c_Shinella_sp_DD12_DAC ..............................................................................

1d_Neisseria_zoodegmatis_DAC ...........CAV................................................................

1e_Stentor_coeruleus_HdaH QLTAEV.......................AEEF.NGEKTQEVVSEESGGDEDQDEN.SEDESG.....NESE.....E

1f_S._cerevisiae_HOS3 .EQREIRSDTKVKQLSSNNRAAETQIPFLQQE..............F.SSEDEDEEYVYDEELNKTFNRTVEDITIDD

1g_Homo_sapiens_HDAC4 .SME......KVME................................................................

2a_Homo_sapiens_HDAC2 RI..AC.......................DEEFSDS..............EDEG.....EGGR.....RNVA.....D

2b_S._cerevisiae_HOS1 ..............................................V.CDGDDSEQFIREHDLVEMYNE.........

2c_Bacillus_subtilis_AcuC .....C...............................................................PVA.....L

2d_Chromatiales_bacterium_Acu ..............................................................................

3_Legionella_cherrii_ApaH ..............................................................................

4_Pseudomonas_sp_M30-35_ApaH .A............................................................................

5a_Acinetobacter_wuhouensis_H ..............................................................................

5b_Vibrio_cholerae_HdaH ..............................................................................

5c_Moraxella_bovis_HDAC ..............................................................................

5d_Turneriella_parva_HdaH ..............................................................................

5e_Nannocystis_exedens_AcuC  .AARALQEGRVVDQSG..............................R.TCSYEPSPM....................I

5f_Homo_sapiens_HDAC11 ..............................................................................

5g_Bacteriovorax_stolpii_AcuC ..............................................................................

η4 η5 

α13 

6



  i     i.. ..... 1a_Arabidopsis_thaliana_HDA14
420  X

1a_Arabidopsis_thaliana_HDA14 ..I.....H............................C........................................

1b_Klebsiella_pneumoniae_HdaH ..RLAQQFG............................LL.......................................

1c_Shinella_sp_DD12_DAC ..............................................................................

1d_Neisseria_zoodegmatis_DAC ..IYDKFLK............................SEH......................................

1e_Stentor_coeruleus_HdaH GEEGEEREDNEEDDEE......ESEEEDSQESKKTDKANN.......GE....................PED..N...

1f_S._cerevisiae_HOS3 ISRHLETLE..IEKKGDEDSDHELKEKNWK.......NSHQRRLQGNGMYKIPSNTKPHRIRQPQNANTPTYDDSDIS

1g_Homo_sapiens_HDAC4 ..IHSKYWR............................CLQRTT.STAGR.........SLIEAQTC......ENEEAE

2a_Homo_sapiens_HDAC2 HKKGAKKARIEEDKKETEDKKTDVKEEDK......SKDNS.......GE....................KTD..T...

2b_S._cerevisiae_HOS1 ..ENYQYWI...........................YEME.......GS.........SRMKML..............

2c_Bacillus_subtilis_AcuC PSSWSDPADLYPP....IPRKPEITEKNAQTVSKALYAIR.......SE.........................Q...

2d_Chromatiales_bacterium_Acu ..............................................................................

3_Legionella_cherrii_ApaH .............................HQM...............GK.............................

4_Pseudomonas_sp_M30-35_ApaH ..............................................................................

5a_Acinetobacter_wuhouensis_H ..............................................................................

5b_Vibrio_cholerae_HdaH ...............................................GY.............................

5c_Moraxella_bovis_HDAC ..............................................................................

5d_Turneriella_parva_HdaH ..............................................................................

5e_Nannocystis_exedens_AcuC  FPISDE.LK............................AEL..................................D...

5f_Homo_sapiens_HDAC11 ..............................................................................

5g_Bacteriovorax_stolpii_AcuC ..............................................................................

1a_Arabidopsis_thaliana_HDA14

1a_Arabidopsis_thaliana_HDA14 ....................................L

1b_Klebsiella_pneumoniae_HdaH .....................................

1c_Shinella_sp_DD12_DAC .....................................

1d_Neisseria_zoodegmatis_DAC ....................................A

1e_Stentor_coeruleus_HdaH .....................................

1f_S._cerevisiae_HOS3 MISHVSRKHTTRSGG.RW...................

1g_Homo_sapiens_HDAC4 TVTAMASL....SVG.VKPAEKRPDE.EPMEEEPP.L

2a_Homo_sapiens_HDAC2 .....................KGT...KSEQLSN..P

2b_S._cerevisiae_HOS1 .................RNDNKDRDMVELMKFYEL..

2c_Bacillus_subtilis_AcuC .....................QR..........T..K

2d_Chromatiales_bacterium_Acu .....................................

3_Legionella_cherrii_ApaH ...............................TSSP..

4_Pseudomonas_sp_M30-35_ApaH .....................................

5a_Acinetobacter_wuhouensis_H ..................................E..

5b_Vibrio_cholerae_HdaH .....................................

5c_Moraxella_bovis_HDAC .....................................

5d_Turneriella_parva_HdaH ..........................IKIMH...GRQ

5e_Nannocystis_exedens_AcuC  ............PENYLRAIDEAADE.YRFQLSSP.R

5f_Homo_sapiens_HDAC11 ................................AVP..

5g_Bacteriovorax_stolpii_AcuC .....................................

7



Subcluster 1a

Subcluster 1b

Subcluster 1c

Subcluster 1d

Subcluster 1e

Subcluster 1f

Subcluster 1g

b

8



Subcluster 2a

Subcluster 2b

Subcluster 2c

Subcluster 2d

Cluster 3

Cluster 4

Cluster 3

c

9



Subcluster 5a

Subcluster 5b

Subcluster 5c

Subcluster 5d

Subcluster 5e

Subcluster 5f

Subcluster 5g

d

10



Supplementary Figure 1: Primary sequence alignment and sequence logo representations of 
selected deacylases representing all clusters 1-5 and the sub-clusters. 
a  Show are the following sequences of the following deacylases representing the five clusters and 

the sub-clusters (code: sub-cluster, accession number/protein name/spcies): 1a, 
AT4G33470.1/HDA14/Arabidopsis thaliana; 1b, A0A378F8Q8/HdaH/Klebsiella pneumoniae; 1c, 
A0A021X4K7/Deacetylase (DAC)/Shinella sp. DD12;1d, A0A1X3CVE4/Deacetylase 
(DAC)/Neisseria zoodegmatis; 1e, A0A1R2CWG0/HdaH/Stentor coeruleus; 1f, 
Q02959/HOS3/Saccharomyces cerevisiae (strain ATCC 204508 / S288c); 1g, 
P56524/HDAC4/Homo sapiens; 2a, Q92769/HDAC2/Homo sapiens; 2b, 
Q12214/HOS1/Saccharomyces cerevisiae (strain ATCC 204508 / S288c); 
2c,P39067/AcuC/Bacillus subtilis (strain 168); 2d, A0A2E9D287/AcuC/Chromatiales bacterium; 3, 
A0A0W0SGS1/ApaH/Legionella cherrii; 4, A0A1Y0KY79/ApaH/Pseudomonas sp. M30-35; 5a, 
A0A385C7X8/HDAC/Acinetobacter wuhouensis; 5b, A0A395TF31/HDAC/Vibrio cholerae; 5c, 
A0A2Z4RAM2/HDAC/Moraxella bovis; 5d, I4B797HdaH/Turneriella parva (strain ATCC BAA-1111 
/ DSM 21527 / NCTC 11395 / H) (Leptospira parva); 5e, A0A1I2D6R7/AcuC/Nannocystis exedens; 
5f, Q96DB2/HDAC11/Homo sapiens; 5g, A0A2K9NTX8/AcuC/Bacteriovorax stolpii (Bdellovibrio 
stolpii). All sequences were aligned using the T-COFFEE multiple sequence alignment server1. The
important catalytic residues are highlighted. The secondary structure elements and numbering is 
shown for the deacylase shown at the top of the amino acid sequences above the sequence 
alignment. The alignment was created by ESPript version 3.02. 

b  Logo representation of enzymes of cluster 1. For each subcluster a sequence logo representation
is shown. The important residues are highlighted. Blue box: double-His motif with the second His 
acting as catalytic base/acid (KpHdaH: H143-H144); yellow box: conserved GFC-motif lining the 
substrate binding channel; brown boxes: Asp-His-Asp for coordination of the catalytic Zn2+-ion and 
the XGGY-motif lining the foot pocket and the catalytic Tyr (KpHdaH: Y313); green box: RPP-motif 
lining the foot pocket. 

c  Logo representation of enzymes of cluster 2, 3 and 4. For each cluster 2 a sequence logo
representation is shown for each subcluster. The important residues are highlighted. Colour coding 
as described in b.

d  Logo representation of enzymes of cluster 5. For each subcluster a sequence logo representation
is shown. The important residues are highlighted. Colour coding as described in b. 
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Supplementary Figure 2: Purification and analytical size-exclusion chromatography (SEC) of all 
purified bacterial deacylases. 
a Analytical size-exclusion chromatography (SEC) of all bacterial deacylases. 300 µg of bacterial 

deacylases were analysed on a Superdex 200 Increase 10/300 GL column. The elution volumes 
and calculated molecular weights in comparison to expected molecular weights are used to
calculate an oligomeric state. The calculated molecular weights were obtained based on the elution 
volume using a calibration curve. Below the SEC chromatograms, the SDS-PAGE gels were shown 
analysing fractions of the observed absorption peak at 280 nm (A280nm). SDS-PAGE was stained 
using Coomassie Brilliant Blue (CBB). Source data are provided as Source Data file. 

b The elution volumes and calculated molecular weights (calc. MW) in comparison to expected
molecular weights (exp. MW) are used to calculate the apparent oligomeric states of the enzymes. 
The calculated molecular weights were obtained based on the elution volume using a calibration 
curve. Calibration curve I was used for KpHdaH (1b) and the mutants thereof and calibration curve 
II for the other enzymes. Source data are provided as Source Data file. 
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Supplementary Fig. 3: Structural alignments of core domains of deacylases reveal high 
structural similarity of enzymes within each main cluster and between the clusters.  
a AlphaFold2 structure predictions were performed for selected enzymes representing the sub-

clusters. a Superposition of representative enzymes representing the five main clusters (cluster 1-
5). All structures show r.m.s.d. values close to 1 Å or lower to the reference structure 
(Supplementary Data 4). L1-loop of KpHdaH (1b) and the additional structural features of cluster 3 
enzymes, i.e. the extended b-sheet and the additional a-helices, enzymes are highlighted. 

b Superposition of representative enzymes of cluster 1 (sub-clusters 1a-1g). All structures show 
r.m.s.d. values close to 1 Å or lower to the reference structure (Supplementary Data 4). We 
observed two exceptions: Firstly, the eukaryotic enzyme HdaH of Malassezia pachydermatis (1f) 
compared to the bacterial KpHdaH (1b) with an r.m.s.d value of 7 Å in the comparison of cluster 1 
enzymes. M. pachydermatis (1f) shows a reorganization of the catalytic core domain, i.e. the a-
helix usually lining the central b-sheet is displaced by approximatly 90°.  Moreover, thos enzyme 
shows an extended a-helical N-terminal domain preceding the catalytic domain. 

c Superposition of representative enzymes of cluster 2 (sub-clusters 2a-2d). All structures show 
r.m.s.d. values close to 1 Å or lower to the reference structure (Supplementary Data 4). 

d Superposition of representative enzymes of cluster 3. All structures show r.m.s.d. values close to 
1 Å or lower to the reference structure (Supplementary Data 4). The cluster 3 enzyme of L. cherrii 
shows an r.m.s.d to the structure of KpHdaH (1b) of 5.5 Å in the comparison of enzymes 
representing the main-clusters. The structural dissimilarity of the cluster 3 enzymes is due to the 
additional structural features, i.e. the extended b-sheet and the additional a-helices compared in 
the catalytic core. 

e Superposition of representative enzymes of cluster 4. All structures show r.m.s.d. values close to 
1 Å or lower to the reference structure (Supplementary Data 4). 

f Superposition of representative enzymes of cluster 5 (sub-clusters 5a-5g). All structures show 
r.m.s.d. values close to 1 Å or lower to the reference structure (Supplementary Data 4). 
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Supplementary Figure 4: Determination of the dynamic ranges for the pre-screening assays. 
a Determination of the dynamic range for the pre-screening of the bacterial deacylases to use Boc-

Lys(Ac)-AMC as a substrate. 20 nM enzyme and 20 µM Boc-Lys(Ac)-AMC substrate was used and 
the fluorescence of the released AMC-fluorophore was measured. An assay-incubation time of 30 
min was selected as enyzmes show a linear correlation of the fluorescence signal and assay 
incubation time. The experiments were conducted in three biologically independent replicates (n=3) 
except for HsHDAC6 (1g) (n=2). Shown are means±SD. For HsHDAC6 (1g) means are shown. 
Source data are provided as Source Data file. 

b Determination of the dynamic range for the screening of PsApaH (4) on its capacity to deacetylate 
acetylated polyamines as substrates. 200 nM PsApaH (4) (left panel) and 100 nM PA1409 enzyme 
(right panel) and 3 mM acetylated polyamines as indicated. Acetylated polyamines were used as 
substrates and the released acetate was detected by a coupled enzymatic assay by formation of 
NADH+H+ from NAD+ (K-ACET, Megazyme). An assay-incubation time of 20 min was selected as 
enyzmes show a linear correlation of the absorption at 340 nM and assay incubation time. The 
release of acetate was normalized to the enzyme concentration used. The experiments were 
conducted in three or two biologically independent replicates (n=3 and n=2) for PsApaH (4) and 
PA1409, respectively. Shown are means±SD for PsApaH (4) and means for PA1409. Source data 
are provided as Source Data file. 

c Michaelis-Menten kinetics for the acetyl-putrescine deacetylation by PsApaH (4). Initial reaction 
rates were (v0) determined using 200 nM PsApaH (4) and increasing concentrations of acetyl-
putrescine as indicated and measuring the released acetate. Linearity was present up to 15 min 
assay time. The reaction rates (v0) were plotted as a funtion of the acetylputrescine concentration 
resulting in a hyperbolic curve that was fitted by a Michelis-Menten equation resulting KM, vmax and 
kcat. The experiments were conducted in three biologically independent replicates (n=3). Shown 
are means±SD. Source data are provided as Source Data file. 
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Supplementary Figure 5: Chemical structures of peptides and acyl-chain types used as 
substrates for deacylation by selected bacterial deacylases. 
a. Peptides with varying sequences used to study substrate preference for various bacterial

deacylases. The peptides suitable to detect a successful lysine deacylation by release of an C-
terminally attached AMC (7-amino-4-methylcoumarin) fluorophore upon trypsin cleavage (Fluor-
deLys-assay). The AMC fluorophore is quenched in the peptide but is fluorescent in its free form.
The peptides used were derived from histone H3 (APRKacyl, H315-18 or TARKacyl, H36-9), histone H4
(LGKacyl, H410-12) tumor suppressor protein p53 (QPKKacyl, p53317-320) and DLAT
(Dihydrolipoyllysine-residue acetyltransferase component of pyruvate dehydrogenase complex;
ETDKacyl; DLAT256-259). Charges were shown as expected at physiological pH.

b. The tri- or tetrapeptide sequences were modified at the C-terminal lysine side chain by various acyl-
chain types . These acyl-chains range from short aliphatic acylations, i.e. acetyl (C-2; Kac), propionyl
(C-3; Kpro), butyryl (C-4; Kbut), over medium-sized aliphatic acylations, i.e. hexanoly (C-6; Khex),
octanoyl (C-8; Koct), decanoyl (C-10; Kdec), to longer-chain aliphatic acylations, i.e. lauroyl (C-10;
Klau), myristoyl (C-12; Kmyr) and palmitoyl (C-14; Kpal). Moreover, we also analyzed acylations such
as the unsaturated crotonyl (Kcro), the branched acylations L-lactyl (KL-la), D-b-hydroxybutyryl KD-

bhb), charged-acylations, such as succinyl (Ksuc) and glutaryl (Kglu) and biotinyl (Kbio) (Fig. 3a;
Supplementary Fig. 5; Supplementary Fig. 6). As positive controls, we analyzed the conversion of
these lysine acylations by human HDAC3/NCoR2 (Kac, Kpro, Kbut, Kcro, KL-la, KD-bhb), human SIRT2
(Khex, Koct, Kdec, Klau, Kmyr, Kpal) and human SIRT5 (Ksuc, Kglu). For deacylation of Kbio, we did not
have a positive control (Fig. 3a; Supplementary Fig. 5). Charges were shown as expected at
physiological pH. As AMC fluorescence does not follow a linear trend at high concentrations, we
obtained a calculated conversions >100% for some enzyme-peptide combinations. To this end, we
categorized these values in a single category to all conversions >48% on the heat map (Fig. 3a;
Supplementary Fig. 6).
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Supplementary Figure 6: Bar graphs obtained for the pre-screening to uncover acyl-chain 
preferences of selected bacterial deacylases. A Fluor-de-Lys assay-based screening was performed 
using histone H3 (APRKacyl, H315-18 or TARKacyl, H36-9), histone H4 (LGKacyl, H410-12), p53 (QPKKacyl, 
p53317-320) and DLAT derived tri- or tetrapeptide sequences. Depicted is the conversion of peptide in 
released [AMC] in µM.  AMC fluorescence does not follow a linear trend at high concentrations, 
which explains calculated conversions >100%. To this end, a single category is given to all 
conversions >48% and the bar graphs show a maximal conversion of 50 µM AMC (dashed grey 
line). Positive controls were: HDAC3/NCoR2 (Kac, Kpro, Kbut, Kcr, K(L-la), K(D-bhb), SIRT2 (Khex, Koct, Kdec, 
Klau, Kmyr, Kpal) and SIRT5 (Ksuc, Kglu). For the H4-derived peptide LGKbio no positive contral was 
available. Enzyme concentration was set to 100 nM. As we did not observe a strong conversion for 
VcHdaH (5b), follow-up screening was performed at higher enzyme concentrations of 300 nM and 1 
µM. This data is the basis for the heatmap shown in Fig. 3a. The experiment was performed in two 
independent replicates (n=2). Bars depict means. Source data are provided as Source Data file. 
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Supplementary Figure 7: Bar graphs obtained for the follow-up screening to uncover de-D/L-
lactylase activity for VsHdaH (1b), LcApaH (3) and LpApaH (3). A Fluor-de-Lys assay-based 
screening was performed using histone H4 (LGKL-la/LGKD-la, H410-12) and p53 (QPKKL-la/QPKKD-la, p53317-

320) tri- and tetrapeptide sequences. Depicted is the conversion of peptide in released [AMC] in µM. The
de-D/L-lactylase selectivity assays were performed at 100 nM (VsHdaH (1b) or 300 nM (LcApaH (3),
LpApaH (3)), and at 50 µM and 5 µM substrate concentration as indicated. This data is the basis for the
heatmap shown in Fig. 3a. The experiment was performed in two independent replicates (n=2). Bars
depict means. Source data are provided as Source Data file.
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Supplementary Figure 8: Michaelis-Menten kinetics obtained for deacylation of the p53-derived 
QPKK-based peptides and acyl-chain types by a discontinuous assay format for bacterial 
deacylases KpHdaH (1b), PsApaH (4), RwDmhA (1b) and VsHdaH (1b). For the QPKK-based 
substrates the discontinuous method was used for enzyme kinetics. Michaelis-Menten kinetics were 
performed to reveal the peptide substrate and acyl-chain preference of bacterial deacylases. The 
peptide sequences and acyl-chain types are indicated (p53317-320; QPKKac/ QPKKL-la). Left panels: 
Conversion of the AMC fluorophore as a function of time results in the initial reaction rates, v0, (unit: 
nM*s-1). Right panels: The initial reaction rates, v0, were divided by the total enzyme concentration, [E0] 
(unit: nM) to yield the observed rate constants, v0/[E0], (units: s-1, i.e. v0/[E0] = [AMC]s-1/[E0]). The values 
obtained for v0/[E0] were plotted as a function of the substrate concentration. The data was fitted to the 
hyperbolic Michaelis-Menten equation resulting the kcat, i.e. the first-order rate constant under conditions 
of substrate saturation (kcat=vmax/[E0]; unit: s-1), and KM value (unit: nM). The experiment was performed 
in duplicates and the graph depicts the means of both recorded independent replicates (n=2). Source 
data are provided as Source Data file. 
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Supplementary Figure 9: Michaelis-Menten kinetics obtained for deacylation of the LGK-based 
peptides and acyl-chain types by a continuous assay format for bacterial deacylase BsAcuC (2c) 
For the LGK-based substrates the continuous method was used for enzyme kinetics. Michaelis-Menten 
kinetics were performed to reveal the acyl-chain preference of BsAcuC (2c). The peptide sequences 
and acyl-chain types are indicated (histone H410-12; LGKac/LGKpro/LGKcro). Left panels: Conversion of 
the AMC fluorophore as a function of time results in the initial reaction rates, v0, (unit: nM*s-1). Right 
panels: The initial reaction rates, v0, were divided by the total enzyme concentration, [E0] (unit: nM) to 
yield the observed rate constants, v0/[E0], (units: s-1, i.e. v0/[E0] = [AMC]s-1/[E0]). The values obtained for 
v0/[E0] were plotted as a function of the substrate concentration. The data was fitted to the hyperbolic 
Michaelis-Menten equation resulting the kcat, i.e. the first-order rate constant under conditions of 
substrate saturation (kcat=vmax/[E0]; unit: s-1), and KM value (unit: nM). The experiment was performed in 
duplicates and the graph depicts the means of both recorded independent replicates (n=2). Source data 
are provided as Source Data file. 
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Supplementary Figure 10: Michaelis-Menten kinetics obtained for deacetylation and 
depropionylation of the p53-derived QPKK-based peptides and acyl-chain types by a 
discontinuous assay format for bacterial deacylases LpApaH (3) and LcApaH (3). For the QPKK-
based substrates the discontinuous method was used for enzyme kinetics. Michaelis-Menten kinetics 
were performed to reveal the peptide substrate and acyl-chain preference of bacterial deacylases. The 
peptide sequences and acyl-chain types are indicated (p53317-320; QPKKac/QPKKpro). Left panels: 
Conversion of the AMC fluorophore as a function of time results in the initial reaction rates, v0, (unit: 
nM*s-1). Right panels: The initial reaction rates, v0, were divided by the total enzyme concentration, [E0] 
(unit: nM) to yield the observed rate constants, v0/[E0], (units: s-1, i.e. v0/[E0] = [AMC]s-1/[E0]). The values 
obtained for v0/[E0] were plotted as a function of the substrate concentration. The data was fitted to the 
hyperbolic Michaelis-Menten equation resulting the kcat, i.e. the first-order rate constant under conditions 
of substrate saturation (kcat=vmax/[E0]; unit: s-1), and KM value (unit: nM). The experiment was performed 
in duplicates and the graph depicts the means of both recorded independent replicates (n=2). Source 
data are provided as Source Data file. 
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Supplementary Figure 11: Michaelis-Menten kinetics obtained for deacylation of the LGK-based 
peptides and acyl-chain types for bacterial deacylases LcApaH (3) and LpApaH (3). For the 
histone H4-derived LGKac-based substrate peptide the continuous method was used for enzyme 
kinetics. Michaelis-Menten kinetics were performed to reveal the acyl-chain preference of LcApaH (3) 
and LpApaH (3). The peptide sequences and acyl-chain types are indicated (histone H410-12; 
LGKac/LGKpro/LGKL-la/LGKD-la). Left panels: Conversion of the AMC fluorophore as a function of time 
results in the initial reaction rates, v0, (unit: nM*s-1). Right panels: The initial reaction rates, v0, were 
divided by the total enzyme concentration, [E0] (unit: nM) to yield the observed rate constants, v0/[E0], 
(units: s-1, i.e. v0/[E0] = [AMC]s-1/[E0]). The values obtained for v0/[E0] were plotted as a function of the 
substrate concentration. The data was fitted to the hyperbolic Michaelis-Menten equation resulting the 
kcat, i.e. the first-order rate constant under conditions of substrate saturation (kcat=vmax/[E0]; unit: s-1), and 
KM value (unit: nM). The experiment was performed in duplicates and the graph depicts the means of 
both recorded independent replicates (n=2). Source data are provided as Source Data file. 
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Supplementary Figure 12: Stereo images of representative electron density for structures of 
bacterial deacylases solved in this study. 
Stereo figures for the structures of bacterial deacylases of sub-cluster 1b: KpHdaH, KpHdaH H144A, 
RwDmhA and RsPrpH of subcluster 1b. For all structures a representative closeup of the active site is 
shown on the left, including the catalytic Zn2+-ion, the coordinating His and the two Asp residues, the 
catalytic base His, except for the inactivated KpHdaH mutant here the His is mutated to an Ala, and the 
active site Tyr important to orient and polarize the carbonyl-group of the substrate and to stabilize the 
tetrahedral intermediate. As stereo images the closeup of the active site is shown with the is the electron 
density of the 2Fo-Fc map contoured at 1s in blue. For RwDmhA (1b) the Fo-Fc omit map is shown in 
green for the bound octanoic acid (contour level 3s). In violet spheres the potassium ions are shown,
the catalytic Zn2+-ion is shown as grey sphere. The stereo diagrams were prepared in wall-eyed viewing 
mode with PyMOL version 2.3.43. 
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Supplementary Figure 13: Analytical size exclusion chromatography of the L1-loop deleted 
mutant D20-37KpHdaH shows formation of a dimer and the D20-37KpHdaH (1b) is still 
catalytically active albeit with a lower activity compared to wildtype KpHdaH (1b).  
a The analytical SEC experiment on a calibrated S200 10/300 GL column reveals the deletion of the 

loop abolishes tetramer formation. Instead, D20-37KpHdaH (1b) elutes as an apparent dimer. 
Analyses of the crystal structure of KpHdaH (1b) and interface areas suggests the side-by-side 
dimer being abolished upon L1-loop deletion while the head-to-head dimer stays intact. 

b A Fluor-de-Lys assay shows D20-37KpHdaH being active as lysine deacylase, however, the activity 
is reduced compared to wildtype KpHdaH. BsAcuC (2c) shows lower activity compared to D20-
37KpHdaH and wildtype KpHdaH. The experiment was conducted in assay buffer (50 mM Tris/HCl, 
137 mM NaCl, 2.7 mM KCl, 1 mM MgCl2, 0.5 mg/mL BSA, pH 8.0). The experiment was performed 
once (n=1). Source data are provided as Source Data file.  

c Evaluation of the oligomeric state of KpHdaH (1b) and D20-37KpHdaH as determined by analytical 
size exclusion chromatography. Source data are provided as Source Data file. 
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1f_Pneumycystis_carinii_HdaH ................................EDR.........MTL...RERK...............KPLDSSLIS

1f_Malassezia_pachydermatis_H ..........................................RGLDL...DLAT...............PSRVTAGGH

1f_Saccharomyces_cerevisiae_H T.................................KVKQLSSNNR.AA...ETQIPFLQQEFSSEDEDEEYVYDEELNK

1g_Homo_sapiens_HDAC4 ..................................................NE..........................

1g_Saccharomyces_cerevisiae_H ITSQEVLIYLWDNYIKYFPSVAKIAFIGIGDSYSG.........IVHLLGHRDT...............RAVTKTVIN

1g_Arabidopsis_thaliana_HDA5 Q.................................FNDVLSQENGLNV...DSDS...............PVFDLAALQ

1a_Arabidopsis_thaliana_HDA14

1a_Arabidopsis_thaliana_HDA14 ..............................................................................

1a_Candidatus_Hinthialibacter ..............................................................................

1a_Actinobacteria_bacterium_R ..............................................................................

1b_Arabidopsis_thaliana_HDA8 ..............................................................................

1b_Klebsiella_pneumoniae_HdaH ..............................................................................

1b_Vibrio_sp_vnigr-6D03_HdaH ..............................................................................

1c_Shinella_sp_DD12_HdaH ..............................................................................

1c_Haematospirillum_jordaniae ..............................................................................

1c_Micavibrio_sp_TMED2_Acu   ..............................................................................

1d_Legionella_londiniensis_Ap ..............................................................................

1d_Thioploca_ingrica_DAC ..............................................................................

1d_Neisseria_zoodegmatis_DAC ..............................................................................

1e_Stentor_coeruleus_HdaH SEEG...........EEGEEREDNE.....................................................

1e_Chlorella_variabilis_HdaH ..............................................................................

1e_Babesia_microti__strain_RI L.DGNNMHGKFIPLFTDPGYSESQELTHGHDVDWIDNIKFEIM.....KANYTCALLLKEFF..........TRYVHL

1f_Pneumycystis_carinii_HdaH L..............................IDQIQKIKI......................................

1f_Malassezia_pachydermatis_H ..................................AL.................................RD..RSV..

1f_Saccharomyces_cerevisiae_H ............................................................TFNRTV.......EDITI

1g_Homo_sapiens_HDAC4 ..........................................................................EAET

1g_Saccharomyces_cerevisiae_H F..............................LGDKQLKPLVPLVDETLS..........EW........YFKNSLI..

1g_Arabidopsis_thaliana_HDA5 L..............................VDNKGSILEAPL.....N..........SWYGNVVCLGKE..RDIPI
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1a_Arabidopsis_thaliana_HDA14

1a_Arabidopsis_thaliana_HDA14 ..............................................................................

1a_Candidatus_Hinthialibacter ..............................................................................

1a_Actinobacteria_bacterium_R ..............................................................................

1b_Arabidopsis_thaliana_HDA8 ..............................................................................

1b_Klebsiella_pneumoniae_HdaH ..............................................................................

1b_Vibrio_sp_vnigr-6D03_HdaH ..............................................................................

1c_Shinella_sp_DD12_HdaH ..............................................................................

1c_Haematospirillum_jordaniae ..............................................................................

1c_Micavibrio_sp_TMED2_Acu   ..............................................................................

1d_Legionella_londiniensis_Ap ..............................................................................

1d_Thioploca_ingrica_DAC ..............................................................................

1d_Neisseria_zoodegmatis_DAC ..............................................................................

1e_Stentor_coeruleus_HdaH .....................E.DDEE.................................................ES

1e_Chlorella_variabilis_HdaH ..........................A.PAPAPAPAPAAGAEEAEDGGTRRKRRRG.AGSGVDYVEL.......NRQL

1e_Babesia_microti__strain_RI TSYNCKLHCD...........M......................................................RF

1f_Pneumycystis_carinii_HdaH ..................................................KPIK.....................SPQ

1f_Malassezia_pachydermatis_H ..........RRRQSHAAI.....STE.PTPARARASARSRNDGERGTSHDPAQW.........VPG.......ALPV

1f_Saccharomyces_cerevisiae_H DDISRHLETLEIEKKGDE....DSDHELKEKNWKNSHQRRL................QGNGMYKIPSNTKPHRIRQPQ

1g_Homo_sapiens_HDAC4 VTAM......ASLSVGVKPAEKRPDEE.PM................................................

1g_Saccharomyces_cerevisiae_H ..........FSNN.........................SHQCWKENESRKPRKKFGRVLRCDTDGLNNII.E..ERF

1g_Arabidopsis_thaliana_HDA5 LTMTCTLSAVEKFKSGEIP.....IRP.PAKAYANTLIRGLVEGG..............................RLS

1a_Arabidopsis_thaliana_HDA14

1a_Arabidopsis_thaliana_HDA14 ..............................................

1a_Candidatus_Hinthialibacter ..............................................

1a_Actinobacteria_bacterium_R ..............................................

1b_Arabidopsis_thaliana_HDA8 ..............................................

1b_Klebsiella_pneumoniae_HdaH ........................DRLAQQFGLL............

1b_Vibrio_sp_vnigr-6D03_HdaH ........................DLLAKNTPLLV...........

1c_Shinella_sp_DD12_HdaH ..............................................

1c_Haematospirillum_jordaniae ..............................................

1c_Micavibrio_sp_TMED2_Acu   ..............................................

1d_Legionella_londiniensis_Ap ..............................................

1d_Thioploca_ingrica_DAC ..............................................

1d_Neisseria_zoodegmatis_DAC ..............................................

1e_Stentor_coeruleus_HdaH EEEDSQESKKTDKA.NNGEPE..............DN.........

1e_Chlorella_variabilis_HdaH EEEA.AARR..AAGGSG..GG.........................

1e_Babesia_microti__strain_RI DQK............C...................QI.........

1f_Pneumycystis_carinii_HdaH ...............................TKNTDKHS.......

1f_Malassezia_pachydermatis_H ESAG.PA.T..PAAPTQ.RPSHDADTLATLLGQWQLNDTT......

1f_Saccharomyces_cerevisiae_H NANT...............PTYDDSDI.SMISHVSRKHTTRSGGRW

1g_Homo_sapiens_HDAC4 EEEP...............PL.........................

1g_Saccharomyces_cerevisiae_H EEAT...............DF.....ILDSFEEWSDEE........

1g_Arabidopsis_thaliana_HDA5 KEEA.EAYI..DKA.VS.KPL.........................
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Supplementary Figure 14: Primary sequence alignment of selected bacterial deacylases of 
cluster 1 (UniProt accession numbers are shown). 
Show are the following sequences of the following deacylases representing enzymes of cluster 1 and 
the sub-clusters (code: sub-cluster, accession number/protein name/spcies): 1a, 
AT4G33470.1/HDA14/Arabidopsis thaliana; 1a, A0A136MHB6/AphA/Candidatus Hinthialibacteria 
bacterium OLB16; 1a, A0A1F2W7Q1/HdaH/Actinobacteria bacterium RBG_16_70_17; 1b, 
Q94EJ2/HDA8/Arabidopsis thaliana; 1b, A0A378F8Q8/HdaH/Klebsiella pneumoniae; 1b, 
A0A2N0XRJ0/HdaH/Vibrio sp. vnigr-6D03; 1c, A0A021X4K7/Deacetylase (DAC)/Shinella sp. DD12; 1c, 
A0A143DCS4/AcuC/Haematospirillum jordaniae; 1c, A0A1Z8KYS1/Acu protein/Micavibrio sp. TMED2; 
1d, A0A0W0VIH3/ApaH/Legionella londiniensis; 1d, A0A090BV44/Deacetylase/Thioploca ingrica; 1d, 
A0A1X3CVE4/Deacetylase/Neisseria zoodegmatis; 1e, A0A1R2CWG0/HdaH/Stentor coeruleus; 1e, 
E1ZJU5/HdaH/Chlorella variabilis (green alga); 1e, A0A1N6LWP9/HOS3/Babesia microti (strain RI); 1f, 
A0A0W4ZQY2/HdaH/Pneumocystis carinii (strain B80); 1f, A0A0M9VQN5/HdaH/Malassezia 
pachydermatis; 1f, Q02959/HOS3/Saccharomyces cerevisiae (strain ATCC 204508 / S288c); 1g, 
P56524/HDAC4/Homo sapiens; 1g, P53973/Hda1/Saccharomyces cerevisiae (strain ATCC 204508 / 
S288c); 1g, AT5G61060.1 (Q8RX28)/HDA5/Arabidopsis thaliana. All sequences were aligned using the
T-COFFEE multiple sequence alignment server1. The important catalytic residues are highlighted. The
secondary structure elements and numbering is shown for the deacylase shown at the top of the amino
acid sequences above the sequence alignment. The alignment was created by ESPript version 3.02.
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Supplementary Figure 15: Molecular determinant of substrate specificity for cluster 1 enzymes 
KpHdaH (1b), RwDmhA (1b) and RsPrpH (1b). 
a To show the electrostatics at the active site the electrostatic surface potential was plotted onto the 

surface of the structures of KpHdaH (1b), RwDmhA (1b) and RsPrpH (1b). As visible, all enzymes 
show a highly negatively-charged surface surrounding the entry to the active site suggesting to play 
a role in substrate specificity towards proteins/molecules with neutral/positively charged 
electrostatic potential. All enzymes show a preference for peptides with a positively-charged 
residue at -1 position from the acetylated lysine side chain. For KpHdaH (1b) a monomer is shown, 
for RwDmhA (1b) a tetramer and for RsPrpH (1b) a head-to-head dimer is shown. The electrostatics 
was calculated using the APBS plugin in PyMOL4. 

b Residues lining the substrate binding tunnel mediate substrate specificity of sub-cluster 1b 
enzymes. For RwDmhA (1b) and RsPrpH (1b) we observed differences in sequence motifs lining 
the substrate binding pocket in the L1-loop (22-LFL-24/32-LYF-34 motif, and the motif 98-GHLAP-
102/107-GMLAP-111 as well as W346/W356 in the C-terminal a-helix lining the active site rim. This 
is substituted by polar motifs in KpHdaH (1b) (23-VTL-25; KpHdaH: 99-GKEAP-102; 343-FIOOQ-
347; Q347 corresponding to W346/W356 in RwDmhA (1b) and RsPrpH (1b). This is supported by 
the observation in RwDmhA (1b) a hydrophobic octanoic acid and in RsPrpH (1b) a glucose 
molecule contacted by Y33 of the 32-LYF-34 motif is bound in the substrate binding channel. The 
substrate access to the active site is determined by the oligomerization of cluster 1b enzymes 
forming tetramers, the sequence of motifs lining the substrate binding tunnel affecting substrate 
binding sterically and electrostatically. 
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2a_Homo_sapiens_HDAC2
1     10        20      

2a_Homo_sapiens_HDAC2 M                                                                                                                                           Y    AYSQGG..............................................GKKKVCYYYDGDIGN YYG

2a_Saccharomyces_cerevisiae_Rpd3 M                                                                                                                                           Y    VYEATP..................................F...DPITVKPSDKRRVAYFYDADVGN AYG

2a_Arabidopsis_thaliana_HDA7 M                                                                                                                                           Y    ASLADG..............................................GKRRVSYFYEPMIGD YYG

2b_Saccharomyces_cerevisiae_Hos1 M                                                                        SKLVI..................................................S......TSIFQSQVA

2b_Trichomonascus_ciferrii_HDAC8 M                                                                        GGHRR..................................................RVGYAYNEGLVE..AA

2b_Candida_albicans_HDAC M                                                                        STTMQ..................................................V....LSNT.A.....

2c_Bacillus_subtilis_AcuC M                                                                                                                                           Y    RD......................................................SVFIYSPSYQT MFH

2c_Staphylococcus_aureus_AcuC M                                                                                                                                           Y    QQH..................................................LSKTAYVYSDKLLQ RFH

2c_Corynebacterium_lactis_RW2-5_AcuC M                                                                                                                                           Y    SES..................................................SQVPLLVDGTDIYQ DLG

2d_Dictyoglomus_turgidum_AcuC M                                                                                                                                           Y    KNSEG....................................................SIIWGEESFL SFP

2d_Wenzhouxiangella_sp_XN24_AcuC M                                                                                                                                           Y    RSRSGSCCRARHYAARGPLREICPAGVSTCARLVYPRGTAIDHGVPVFLKRKNKGELRVLAGESIAE GFG

2d_Pseudomonadota_bacterium_AcuC M                                                                                                                                           Y    AKT......................................................CVFLGETLAA GFP

TT  .......                                                      ...2a_Homo_sapiens_HDAC2
  30    40        50          60  70        80         

2a_Homo_sapiens_HDAC2                                                    H                       P           R                   I      A   EM  Y    YI               QGH MKPH....... IRMTHNLLLNYGLYRKM.E YRP.HK TAE  TK  SDE  KFLRSIRPDNMS...

2a_Saccharomyces_cerevisiae_Rpd3                                                    H                       P           R                   I      A   EM  F    YI               AGH MKPH....... IRMAHSLIMNYGLYKKM.E YRA.KP TKQ  CQ  TDE  DFLSRVTPDNLE...

2a_Arabidopsis_thaliana_HDA7                                                    H                       P           R                   I      A   D   F    YI               VNQ TKPQ....... IRVTHNLILSYNLHRHM.E NHP.DL DAS FEK  SLE  NFLKSVTPETVT...

2b_Saccharomyces_cerevisiae_Hos1                                                    H                       P                               V      A   DL  F    YI               DLL CNNHQ......KSQLTYSLINAYDLLQHFDE LTF.PY RKD  LE  SKS  DYLINGRFNKMMAQD

2b_Trichomonascus_ciferrii_HDAC8                                                    H                      P           R                               L  Y    FI              DKL SNVG....... ARRVHALIEAFGLMDDM.ETIDA.PLIAVEG KT  DDA  DYLRDAEAADSDEEV

2b_Candida_albicans_HDAC                                                    H                                                             A   DL  Y    FV              .....NGNKEKSVYYTIRVATKIVD..........YSHI.YP QTK  TT  DDE  KHLMGPRT.......

2c_Bacillus_subtilis_AcuC                                                    H                       P           R                   I      A   EL       YI               QEH FNQQ....... VLLTYDLLKTINAFDDG.D VTP.RL SEE  SLV TDD  QAVKLAGAGKLP...

2c_Staphylococcus_aureus_AcuC                                                    H                       P           R                   I      A   EL       YV               DQH FNQM....... LKLTTELLLNANLLSPE.Q VQP.RI TDD  MLI KYD  EAIKHASHGIIS...

2c_Corynebacterium_lactis_RW2-5_AcuC                                                    H                       P           R                               L       YV               RDH MGPD....... VSLALGLADYFGVLGQF.RHETP.PPLQDGV GLV TPE  AAAKRNR........

2d_Dictyoglomus_turgidum_AcuC                                                    H                       P           R                   V      A   E   F    Y                EPH MNRR....... LESFDSEFKKFSNL..S.N ESP.EM SYD ITL  TKS TDLVKEKSK.......

2d_Wenzhouxiangella_sp_XN24_AcuC                                                    H                       P           R                   I      A   EL  F     V               DGH FGRD....... HEVFLRSLRERDLENRV.W EDPERP TRA  EL  TTRH RFIERMSI.......

2d_Pseudomonadota_bacterium_AcuC                                                    H                       P           R                   I      A   EL  F    YI               GGH FSTA....... HVAYQEALQDRGLLHAC.C REP.RQ TAD  GL  RRE  ERVRHQSE.......

..................... ....  ........................................2a_Homo_sapiens_HDAC2
     90                                         

2a_Homo_sapiens_HDAC2 .....................E....Y..SKQ........................................

2a_Saccharomyces_cerevisiae_Rpd3 .....................M....F..KRE........................................

2a_Arabidopsis_thaliana_HDA7 .....................DPHPSV..SEN........................................

2b_Saccharomyces_cerevisiae_Hos1 VNNPMVESKWSELSELADNWNE.KIDYNPSQDLQRFTTRENLYNYYLNHSQALENNMDCINNSEVPTNDKPT

2b_Trichomonascus_ciferrii_HDAC8 ..........................................................EM...........E

2b_Candida_albicans_HDAC FLD..............KNFN.....................................KIDKAETD....LT

2c_Bacillus_subtilis_AcuC .............................AE.........................................

2c_Staphylococcus_aureus_AcuC .............................ED.........................................

2c_Corynebacterium_lactis_RW2-5_AcuC ........................................................................

2d_Dictyoglomus_turgidum_AcuC ........................................................................

2d_Wenzhouxiangella_sp_XN24_AcuC ........................................................................

2d_Pseudomonadota_bacterium_AcuC ........................................................................

.........   ..                                               TT   TT  TT2a_Homo_sapiens_HDAC2
   100       110       120      130       140      

2a_Homo_sapiens_HDAC2                                                                G HH                F     D P F  L        G                          G L    .........MQR.. NV.GE C V DG FEFCQLST GSVAGAVKLNR.....QQTDMAVNWA     AKKS

2a_Saccharomyces_cerevisiae_Rpd3                                                                 G HH                F     D P F  L        G                          G L    .........SVK.. NV.GD C V DG YEYCSISG GSMEGAARLNR.....GKCDVAVNYA     AKKS

2a_Arabidopsis_thaliana_HDA7                                                                G HH                        D P F  L        G                          G M      .........LKRFNVDV.DW G V HN FDYCRAYA GSISAAAKLNR.....QEADIAINWA     VKKD

2b_Saccharomyces_cerevisiae_Hos1                                                                G HH                Y L   D P F  L        G                          G      DTYI.LNSETKQ.. N .EG C I SY PMYCQVIT ATLNLLDHLSP.....TERLIGINWD  R  AFKQ

2b_Trichomonascus_ciferrii_HDAC8                                                                G HH                  Y L   D   F  L        G                          G        DEDDERMTKREK.. G .EY CSV SG WDYVRRVS ATVACADYLLQ.....GRGTVAINWT  R  CRKG

2b_Candida_albicans_HDAC                                                                G HH                  Y L   D   F  L                                   G        NVVIEENDLDEK.. G .TF CYP PS DLYVQLTAASSINAARKIVQQVKETNDQIIAVNWY  R  CHKS

2c_Bacillus_subtilis_AcuC                                                                G HH                Y L   D P F  M        G                          G L    ........EGES.. G GTE T V AG HEAASLLV GTLTAADWVMS.....GQALHAANLG     GFRG

2c_Staphylococcus_aureus_AcuC                                                                G HH                Y L   E   F  M        G                          G L    ........EAMK.. G NDE NGQ KH HRHSATIV GALTLADLIMS.....GKALNGCHLG     AQPG

2c_Corynebacterium_lactis_RW2-5_AcuC                                                                 G HH                    L   E P    L                                   G L      ........PSES..HG GTE N IVDG PDAAAAIVSGTLAATRAVWE.....GAAPRAAHLE     AFPE

2d_Dictyoglomus_turgidum_AcuC                                                                G HH                  Y L   D P F           G                            L      ........TGEG.. . DYG T A LGCYEAASYVV STLKGIRLIVE.....GKYKRVFVPMA    ARRN

2d_Wenzhouxiangella_sp_XN24_AcuC                                                                G HH                  F L   D P F           G                            L      ........EGIG.. . DEG T A PGVYHTAANVV ATLHAGELLAT.....GEARRVFIPIA    AARD

2d_Pseudomonadota_bacterium_AcuC                                                                 G HH                  Y L   D P F           G                            L      ........SGHG.. . DAG T A PGVYEAAATVA TTVAAVDAILD.....GDCRHAFVPIA    ARRN

   TT                                                     TT    TT  2a_Homo_sapiens_HDAC2
 150  160         170       180       190       200        210     

2a_Homo_sapiens_HDAC2    GF   ND                         HGD                 H          G      AS  C    I   I  L        V YID D H   GVE  F     V T S    G   FPGT    D E     YV   VLA LE LKYH..QR L   I I       EA YTTDR M V F KY E.Y     DLR I

2a_Saccharomyces_cerevisiae_Rpd3    GF   ND                         HGD                 H          G      AS  C    I   I  L        V YID D H   GVE  F     V T S    G   FPGT    D E     YL   VLG IE LRYH..PR L   I V       EA YTTDR M C F KY E.F     ELR I

2a_Arabidopsis_thaliana_HDA7    GF   ND                         HGD                 H          G AS       V   I  L        V YIE        VE  F     V T S    G      T    D K    GYV   VLA LE LKSF..KR L   IGFP   E  EA KDTDR M V F KV D.....  DIS Y

2b_Saccharomyces_cerevisiae_Hos1    GF   ND                         HGD                 H       G      AS  C    V   I  L        I YVD D H   GVE  F     I T S     FPGT    D R     YI   VLL QR RKAK.LNK T   F L       KA QYSKQ Q I V LYEPGF     SLS S

2b_Trichomonascus_ciferrii_HDAC8    GF   ND                         HGD                 H      G      A   C    V      L        I YID D H   GVE  F     V T S    G   YPGT    D K R   YV   VLGLVR RARF..DR M   L L       AG YNSPN L L V RF KGF     RST R

2b_Candida_albicans_HDAC    GF   ND                         HGD                 H      G      A   C    V   I  L        V Y D D H   GVE  F     V T S    YPGTH A   YV   VLS NI RKNL..GS F L L L       NA KFSKK A C I RYDIGF     SLKSS

2c_Bacillus_subtilis_AcuC    GF   ND                         HGD                 H      G      AS  C        I           V YID D H   GVQ  F     V T S    G   FPGT    E R     IY  SAVA QYIQKKY.SAR L   T A       FT YDNPD C L I ET RYL     QIQ K

2c_Staphylococcus_aureus_AcuC    GF   ND                         HGD                 H          G      AS  C    I      L        V  ID D H   G Q  F     V T S    G   FPG     E R     IY   AITAQY AKEY.NQR LI  T A     T WS YADNH T Y I ET KFL   S HYT R

2c_Corynebacterium_lactis_RW2-5_AcuC    GF   ND                         HGD                 H      G          C        I  L        V YID D H   GVE  F     V T S    G   FPGT    D RMA   MY  AAVA RW LDRGGAER A   L A       QI WDDPC L I V ES LYL     FPG I

2d_Dictyoglomus_turgidum_AcuC    GF   ND                         HGD                 H          G      AS  C    I   I  L        I YVD D H   GV   Y              G   YPGT    E S     IF   GVA EY RKNYGIKN L   I A      FYE VDDPHLFIADV ED RFL     RRD R

2d_Wenzhouxiangella_sp_XN24_AcuC    GF   ND                         HGD                 H          G       S  C    I   V  L        I YVD D H   GV   F              G   FPGT    E KT    VF   GVL EN RKRHGIQR A   I A      YYG ASDPDLVFVDI ED RFL     HRE V

2d_Pseudomonadota_bacterium_AcuC    GF   ND                         HGD                 H          G      AS  C    I   I  L        V YVD D H   GV   Y     V            YPGT    E G     VF   GVA EH FSAHALES L   I A      FYS TDDER IFLDF QHSATL     RAE T

β1 η1

α1 η2 β2 α2 α3

η3 α4

α5 β3

α6 β4 α7 β5
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   TT                                   TT                  2a_Homo_sapiens_HDAC2
  220   230       240       250       260       270       280       

2a_Homo_sapiens_HDAC2           N        D                           G D    D              G           PM                       Y P  VV Q              N         AGKGKYYAV F  RDGID ESYGQIFKPIISKVMEM Q SA  L C A SLSG RLGCF LTVKGHAKCVE

2a_Saccharomyces_cerevisiae_Rpd3           N        D                           G D    D              G          VPL                       Y P  VV Q             N         VGAGKNYAV    RDGID ATYRSVFEPVIKKIMEW Q SA  L C G SLSG RLGCF LSMEGHANCVN

2a_Arabidopsis_thaliana_HDA7           N        D                           G D    D              G           PL                       Y PE IV Q             N         EGKGQYYSL A  KDGLD FSLRGLFIPVIHRAMEI E  V  L C A SLAG PFGTF LSIKGHGDCLQ

2b_Saccharomyces_cerevisiae_Hos1           N        D                           G D    D                            IPL                         PE  I E              Q           RKD...KNVV    KHGCD NYLELIASKIVNPLIERHE  AL I C G GLLG RFNEW LTIRGLSRIII

2b_Trichomonascus_ciferrii_HDAC8           N        D                           G D    D              G          IP                        F PQ VV                N         SGRGTGYTR   CRRGLS ESLKTIVQRAIVPFKQR D  A  VVC A GLSR PHKEW LTCEGLTSAVT

2b_Candida_albicans_HDAC           N        D                           G D    D                            IP                        F P  IV Q              N           R.....ENTY   TEKGLN SSMLWIIKEIVAPLISN G RA  I C C GLAL THKEW MTIKGYRDSID

2c_Bacillus_subtilis_AcuC           N        D                           G D    D              G          IPL                       F PD II Q                        SGKGYGYSF    DAFTE DSFLEAYRTAASEVAAY E  V  S N A AHYY PLTHLSATINIYEEIPR

2c_Staphylococcus_aureus_AcuC           N        D                           G D    D              G          VPL                       F PD I                 N         EDIGYGHTV    EPYTE SSFLECFKLTVEPVVKS K  I LSVN V IHYR PLTHL CTLHSLYEIPY

2c_Corynebacterium_lactis_RW2-5_AcuC           N        D                           G D    D              G          I L                       F PQ II Q             E         GPSAAGTAV  A PRDAD HTWLQAIHAAVPPLLQK S  L  S H A PHRA PLADL VSIDAMGIAYR

2d_Dictyoglomus_turgidum_AcuC           N        D                           G D    D              G          IPL                          E II Q              N         EKQAYGTKL    LPGSG DELLLAFEEV.KNFAWEVKI F  L A V GISG PITHL YSIEGYGKFVE

2d_Wenzhouxiangella_sp_XN24_AcuC           N        D                           G D    D                 G          IPL                         PE  I                Q            IGPAEGRKL    HPGAG EEFNAAWEEC.EAFLAAAR  FY LAA A SLAG PLTHL YSEGAHGRAAR

2d_Pseudomonadota_bacterium_AcuC           N        D                           G D    D                 G          I L                       F PQ V  Q                           TGGAQGKKL  E LPQSR ETFFEQWSRA.RKFIDG S  F LL C V SLRG PITDLHLSEAAHRFVTE

  ....     .                                              2a_Homo_sapiens_HDAC2
 290        300        310       320         330                     

2a_Homo_sapiens_HDAC2                  G GGY                                                                 L G            W                                       VV....KTF.NLPLLM      TIR.NVARC TYETAVALDCEIP..NELPY....................

2a_Saccharomyces_cerevisiae_Rpd3                  G GGY                                                                    G            W                                        YV....KSF.GIPMMVV     TMR.NVART CFETGLLNNVVLD..KDLPY....................

2a_Arabidopsis_thaliana_HDA7                  G GGY                                                                 L G            W                                       YV....RSF.NVPLMI      TLP.NVARC CYETAIAVGEQLD..NDLPG....................

2b_Saccharomyces_cerevisiae_Hos1                  G GGY                                                                  L G                                                     NI...MKSYPRAHIFL      NDL.LMSRFYTYLTWCVTKQF.S..N.LRCGDNNSFQIDPFDVCDGDDSE

2b_Trichomonascus_ciferrii_HDAC8                  G GGY                                                                 L G            W                                       TV...L.EW.NLPSLL      HHQ.DTARL TLITAKAIHGP...............D........SGNNW

2b_Candida_albicans_HDAC                  G GGY                                                                 L G            W                                       WI...LSHFSEIPIML      SHT.ETAKC TYLTGSVLGVS...............D.........IDTW

2c_Bacillus_subtilis_AcuC                  G GGY                                                                    G            W                                        LAHTLAHQYCGGKWIAV     DIWRVVPRA ARIWLEMKGID.P.GHEIPP..EW............IVKW

2c_Staphylococcus_aureus_AcuC                  G GGY                                                                    G            W                                        FVKYLADTYTNGKIIMF     NIWRVVPRA SHVFLSLIDQPIQ.SGYLPL..EW............INKW

2c_Corynebacterium_lactis_RW2-5_AcuC                  G GGY                                                                 L G            W                                       SMSSWARRFAGGKWVA      SRD.SVARA THVLAAVAEVELPADSRMPA..DW............G...

2d_Dictyoglomus_turgidum_AcuC                  G GGY                                                                 L G            W                                       GMVDVANQTCGGKILI      NPE.NTKNG MRVLRVIYGEF.............................

2d_Wenzhouxiangella_sp_XN24_AcuC                  G GGY                                                                  L              W                                        AVCRLADDHAQGRVLA  A   NRR.NVAAA SRVVAEFADSL.............................

2d_Pseudomonadota_bacterium_AcuC                  G GGY                                                                 L G            W                                       ELIGYAEQHCSGRLLA      NLE.NISNG TAVTESMLN.A.............................

2a_Homo_sapiens_HDAC2
           340            

2a_Homo_sapiens_HDAC2 .....N..............................................DYFEYFGPD.FKL....HIS

2a_Saccharomyces_cerevisiae_Rpd3 .....N..............................................EYYEYYGPD.YKL....SVR

2a_Arabidopsis_thaliana_HDA7 .....N..............................................DYMKYFRPD.YKL....HIL

2b_Saccharomyces_cerevisiae_Hos1 QFIREH..............................................DLVEMYNEENYQYWIYEMEG

2b_Trichomonascus_ciferrii_HDAC8 SDIPDH..............................................DFLSEYASDAYQFSFP....

2b_Candida_albicans_HDAC DILPEH..............................................KNLDAYEKDGFRFWTDHNSG

2c_Bacillus_subtilis_AcuC QKQCPVALPSSWSDPADLYPPIP.RKPEITEKNAQTVSKALYAIRSEQQRTK....................

2c_Staphylococcus_aureus_AcuC KHYSSELLPKRWEDRLNDYTYVP.RTKEISEKNKKLALHIASWYES..TR.Q....................

2c_Corynebacterium_lactis_RW2-5_AcuC ....................HAPGRTLGDEDVDIGSLTSAFDAHQVMAERPHPALVQTSRAVFPYWGLPAYG

2d_Dictyoglomus_turgidum_AcuC ........................................................................

2d_Wenzhouxiangella_sp_XN24_AcuC ........................................................................

2d_Pseudomonadota_bacterium_AcuC ........................................................................

    ..  ...                                          2a_Homo_sapiens_HDAC2
350           360            370       380       390       400       410

2a_Homo_sapiens_HDAC2 PSN.MT...NQNTPEYMEKIKQR..LF...ENLRMLPHAPGVQMQAIPEDAVHEDSGDEDGEDPDKRISIRA

2a_Saccharomyces_cerevisiae_Rpd3 PSN.MF...NVNTPEYLDKVMTN..IFANLENTKYA....................................

2a_Arabidopsis_thaliana_HDA7 PTN.R.....QNLNTRLDIITMRETLLA...QLSLVM...................................

2b_Saccharomyces_cerevisiae_Hos1 SSR.MKMLRNDN...KDRD.MVE..LM......KF.....................................

2b_Trichomonascus_ciferrii_HDAC8 PNFNLP...DENK........FA.................................................

2b_Candida_albicans_HDAC PSK.MK...DHNSVEYLNDIKTH..LL.............................................

2c_Bacillus_subtilis_AcuC ........................................................................

2c_Staphylococcus_aureus_AcuC ........................................................................

2c_Corynebacterium_lactis_RW2-5_AcuC S.......................................................................

2d_Dictyoglomus_turgidum_AcuC ........................................................................

2d_Wenzhouxiangella_sp_XN24_AcuC ........................................................................

2d_Pseudomonadota_bacterium_AcuC ........................................................................

2a_Homo_sapiens_HDAC2
 420       430       440       450       460       470            

2a_Homo_sapiens_HDAC2 SDKRIACDEEFSDSEDEGEGGRRNVADHKKGAKKARIEEDKKETEDKKTDVKEEDKSKDNSG.......EKT

2a_Saccharomyces_cerevisiae_Rpd3 .............PSVQLN..........HTPRDAEDLG......DVEEDSAEAKDTKGGSQYARDLHVEHD

2a_Arabidopsis_thaliana_HDA7 .............................HA...PSVPFQDTPSSSQATE.............AAEVDMEKR

2b_Saccharomyces_cerevisiae_Hos1 .................................................Y...................EL.

2b_Trichomonascus_ciferrii_HDAC8 ........................................................................

2b_Candida_albicans_HDAC .....................................................................SL.

2c_Bacillus_subtilis_AcuC ........................................................................

2c_Staphylococcus_aureus_AcuC ........................................................................

2c_Corynebacterium_lactis_RW2-5_AcuC ........................................................................

2d_Dictyoglomus_turgidum_AcuC ........................................................................

2d_Wenzhouxiangella_sp_XN24_AcuC ........................................................................

2d_Pseudomonadota_bacterium_AcuC ........................................................................
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2a_Homo_sapiens_HDAC2
  480

2a_Homo_sapiens_HDAC2 DTKGTKSEQLSNP

2a_Saccharomyces_cerevisiae_Rpd3 .....N.EFY...

2a_Arabidopsis_thaliana_HDA7 N....D.PR...I

2b_Saccharomyces_cerevisiae_Hos1 .............

2b_Trichomonascus_ciferrii_HDAC8 .............

2b_Candida_albicans_HDAC .............

2c_Bacillus_subtilis_AcuC .............

2c_Staphylococcus_aureus_AcuC .............

2c_Corynebacterium_lactis_RW2-5_AcuC .............

2d_Dictyoglomus_turgidum_AcuC .............

2d_Wenzhouxiangella_sp_XN24_AcuC .............

2d_Pseudomonadota_bacterium_AcuC .............
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Supplementary Figure 16: Primary sequence alignment of selected bacterial deacylases of 
cluster 2 (UniProt accession numbers are shown). 
Show are the following sequences of the following deacylases representing enzymes of cluster 2 and 
the sub-clusters (code: sub-cluster, accession number/protein name/spcies): 2a, 
Q92769/HDAC2/Homo sapiens; 2a, P32561/Rpd3/Saccharomyces cerevisiae (strain ATCC 204508 / 
S288c) (Baker's yeast); 2a, Q9FH09/Hda7/Arabidopsis thaliana; 2, bQ12214/Hos1/Saccharomyces 
cerevisiae (strain ATCC 204508 / S288c) (Baker's yeast); 2b, A0A642V618/HDAC8/Trichomonascus 
ciferrii; 2b, A0A8H6F6H7/HDAC/Candida albicans; 2c, P39067/AcuC/Bacillus subtilis (strain 168); 2c, 
Q6GFX3/AcuC/Staphylococcus aureus (strain MRSA252); 2c, A0A0K2H387/AcuC/Corynebacterium 
lactis RW2-5; 2d, B8DYU0/AcuC/Dictyoglomus turgidum (strain DSM 6724 / Z-1310); 2d, 
A0A6M1Y8Z6/AcuC/Wenzhouxiangella sp. XN24; 2d, A0A6L7MC72/AcuC/Pseudomonadota 
bacterium. All sequences were aligned using the T-COFFEE multiple sequence alignment server1. The
important catalytic residues are highlighted. The secondary structure elements and numbering is shown 
for the deacylase shown at the top of the amino acid sequences above the sequence alignment. The 
alignment was created by ESPript version 3.02. 
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Supplementary Figure 17: Deacetylation of acetylated Bacillus subtilis deacetylase AcsA by 
bacterial deacylases. 
Indicated bacterial deacylases were analysed for their capacity to deacetylate K549-acetylated B. 
subtilis AcsA. As a readout an immunoblot was performed and stained with an anti-acetyl-lysine 
antibody (IB: AcK). Lys549-acetylated B. subtilis AMP-forming acetyl-CoA synthetase (BsAcsAAcK549) 
was used as positive control and non-acetylated His6-Ran as negative control. Ponceau S-red staining 
was performed as loading control (LC: PoS). The quantification was done using ImageJ. The signal of 
the anti-AcK-blot was normalized to the anti-His6-blot (IB: His6) used as loading control. The highest 
signal of each blot was set to 100%. One representative immunoblot is shown. Ponceau S-red staining 
of the membrane was done as second loading control. Three biologically independent replicates were 
performed (n=3). The bar graph shows the values mean±SD. Source data are provided as Source Data 
file. 
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Supplementary Figure 18: Stereo images of representative electron density for structures of 
bacterial deacylases solved in this study. 
Stereo figures for the structures of bacterial deacylases: VcHdaH of sub-cluster 5b, LcApaH as well as 
LpApaH of cluster 3 and PsApaH of cluster 4. For all structures a representative closeup of the active 
site is shown on the left, including the catalytic Zn2+-ion, including the coordinating His and the two Asp 
residues, the catalytic base His and the active site Tyr important to orient and polarize the carbonyl-
group of the substrate and to stabilize the tetrahedral intermediate. As stereo images the closeup of the 
active site is shown with the is the electron density of the 2Fo-Fc map contoured at 1s in blue. For 
VcHdaH (5b) the Fo-Fc omit map is shown in green for the bound decanoic acid (contour level 3s). In
violet spheres the potassium ions are shown, the catalytic Zn2+-ion is shown as grey sphere. The stereo 
diagrams were prepared in wall-eyed viewing mode with PyMOL version 2.3.43. 
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   ................................................................5a_Acinetobacter_wuhouensis_HDAC          
1                                                                  

5a_Acinetobacter_wuhouensis_HDAC          M                                                                   LN................................................................

5a_Neisseriaceae_bacterium_HDAC           M                                                                   K.................................................................

5a_Treponema_sp_HDAC                      M                                                                   RNPG..............................................................

5b_Vibrio_cholerae_HdaH                   M                                                                   IP................................................................

5b_Pseudomonas_alcaligenes_AcuC           M                                                                   LP................................................................

5b_Leptospiraceae_bacterium_HDAC          M                                                                   VP................................................................

5c_Moraxella_bovis_HDAC                   M                                                                   FF................................................................

5c_Flavobacterium_indicum_HDAC-family     M                                                                   YS................................................................

5c_Bdellovibrionales_bacterium_HDAC       M                                                                   R.................................................................

5d_Turneriella_parva_HdaH                 M                                                                   SRK...............................................................

5d_Leptospira_interrogans_HdaH            M                                                                   EKHL..............................................................

5d_Leptospira_brenneri_HDAC               M                                                                   ASN...............................................................

5e_Archangium_gephyra_HDAC                M                                                                   NPLLALLA..K.......................................................

5e_Nannocystis_exedens_AcuC               M                                                                   TTGEKIFR..QL.........................RRRA....................NQMFA

5e_Deltaproteobacteria_bacterium_HDAC     ILE................................................................

5f_Micavibrio_sp_HDAC_domain              M                                                                   NRLTFIIT..LL.........................IQ..........................K

5f_Homo_sapiens_HDAC11                    M                                                                   LHTTQLY..........................................................Q

5f_Arabidopsis_thaliana_HDA2              M                                                                   THTRVISTWTELTRDLAIYLLFTFFAIKVFKFLFSCNRTSEISSFSMATHPEALRRERILNSKLYF

5g_Bacteriovorax_stolpii_AcuC-like        M                                                                   I.................................................................

5g_Gracilinema_caldarium_HdaH             M                                                                   IL................................................................

5g_Bacteriovorax_sp_MedPE-SWde_HDAC_domain M                                                                   SGKR..............................................................

..........                           ..                            5a_Acinetobacter_wuhouensis_HDAC          
                10                 20          30                  

5a_Acinetobacter_wuhouensis_HDAC                      F    Y                     K       L                   ..........VC S.PR F.AQT.......HTN.SME.. LLAVAEQ QQFNQN.............

5a_Neisseriaceae_bacterium_HDAC                       F                          K                           ..........VF D.ERQN.VEQNE.....SFSPSAK.. PKACLESWKK...I.............

5a_Treponema_sp_HDAC                                  Y                          K                           ......LPVPVF D.PRQS.AARNE.....SLSPSAQ.. PARVVEDWKA..TG.............

5b_Vibrio_cholerae_HdaH                               Y    Y                     K                           ..........LI H.PI SQLDLPV....GHRY.PIN.. YRLLYEEIVR..QREQSEA........

5b_Pseudomonas_alcaligenes_AcuC                       Y    Y                     K       L                   ..........LV H.DD S.PPFPA....NHRF.PME.. FRLLRDH VD..SG.............

5b_Leptospiraceae_bacterium_HDAC                      Y    Y                     K       L                   ..........LV H.PD S.FAFPR....DHRF.TMS.. FKLTYEN VR..YG.............

5c_Moraxella_bovis_HDAC                                    F                     K       L                   ..........KIAHCHE A.LPLPD....GHRF.PMA.. YELLPKK IA..DG.............

5c_Flavobacterium_indicum_HDAC-family                 Y    Y                     K       L                   ..........IA H.PI K.HPLPE....GHRF.PMI.. YELLPQQ LY..EG.............

5c_Bdellovibrionales_bacterium_HDAC                   Y    Y                     K       L                   ...........V QSDQ T.LPLPE....NHRF.PMQ.. YRILKEE VK..QQ.............

5d_Turneriella_parva_HdaH                             Y    Y                     K       L                   .......SAELV S.PI D.LSDY.....THVI.SAG.. YRQLYDA K..................

5d_Leptospira_interrogans_HdaH                        Y    Y                     K                           ......ERIGLV H.PD N.LDLG.....PHVF.PAR.. YQMVYDLVKR..DS.............

5d_Leptospira_brenneri_HDAC                           Y    Y                     K                           .......ALALI H.SS N.LELP.....GHVF.PAH.. YSHLYNRVKR..DP.............

5e_Archangium_gephyra_HDAC                            Y    F                             L                   .GR..RRPLRIF D.EA R.LPISGVEAGPRSM.ETR..RADDALHY QS..AH.............

5e_Nannocystis_exedens_AcuC                           Y    Y                             L                   RLR..PPPAAFV G.PH E.CSWPG.....SAV.DEV..RGERILTA AA..EG.............

5e_Deltaproteobacteria_bacterium_HDAC                                                    L                   .......................................RGAQVLDN VH..RG.............

5f_Micavibrio_sp_HDAC_domain                          Y    Y                     K       L                   FMPDTTIKHPVI H.PR K.LGSGWLKY.LHKL.DMD.. PGDLYRA LQ..KG.............

5f_Homo_sapiens_HDAC11                                Y    Y                     K       L                   HVP..ETRWPIV S.PR N.ITFMGLEK.LHPF.DAG.. WGKVINF KE..EK.............

5f_Arabidopsis_thaliana_HDA2                          Y    Y                     K       L                   DVP..LSKVSII S.SS D.ISFMGIEK.LHPF.DSS.. WGRVCKF VS..DG.............

5g_Bacteriovorax_stolpii_AcuC-like                    Y                                  L                   ...........F H.PDCD.LRFSEY...GIEI.PIVDERASHVFSA KY.LYP.............

5g_Gracilinema_caldarium_HdaH                         Y                                  L                   ...........L D.PALD.MRFPDY...GIQI.PIRDRRALAVLEY KK..KI....IPPMRPVHS

5g_Bacteriovorax_sp_MedPE-SWde_HDAC_domain             Y                                                      ........NLVI N.PCSL.QHYKEY...GIGI.PMLNERVEKPFAYISQ..KY.............

                                          . .                      5a_Acinetobacter_wuhouensis_HDAC          
   40            50        60        70                            

5a_Acinetobacter_wuhouensis_HDAC                                   H                                              E                       Y                                     NVKNF FHEP....KILDPEILKAL SPK VEAFMTGQP.NK.L.A................TFAGF

5a_Neisseriaceae_bacterium_HDAC                                    H                                              E              D                                              V..PV IMEV....TPVTAE LSLI DQDHVLKVLSCEK.EN....................GFQNK

5a_Treponema_sp_HDAC                                               H                                              E              E        Y                                     F..PL FRGF....QPLAPG IARA DPD VRGVLACEI.SN....................GFGNT

5b_Vibrio_cholerae_HdaH                                            H                                              E                       Y                                     WQASF FHTP....IAAELSRITPL DPD VQALLEGRL.PA.AKM.................RRIG

5b_Pseudomonas_alcaligenes_AcuC                                    H                                              E                       Y                                     LVRDG LHRP....EICPADVLALA CPA IERFASGEL.TY.QEQ.................RRLG

5b_Leptospiraceae_bacterium_HDAC                                   H                                              N              Q        Y                                     LVH.N LFTP....EKPEIE FHLA DPG VKALCKNTL.DE.KAW.................RRIG

5c_Moraxella_bovis_HDAC                                            H                                              Q              E        Y                                     IATPE FFTP....KMASVN ILTT TAD WHALDNLTL.SP.KDC.................RKIG

5c_Flavobacterium_indicum_HDAC-family                              H                                              Q              D        Y                                     TVVDR FFSP....ELPNLE IIAV DKK VQQLLDLTL.DP.RAV.................RKIG

5c_Bdellovibrionales_bacterium_HDAC                                H                                              Q              D        Y                                     ILTVD IFEA....PLIEIE LYLA DKQ VDHIINGTL.DA.KEQ.................RKIG

5d_Turneriella_parva_HdaH                                          H                                              N              Q        Y                                     .FSRW WNEP....VAATKE LLLV TER LKDFLGARL.TE.QTQ..................RAE

5d_Leptospira_interrogans_HdaH                                     H                                                             D        F                                     KLSNLYIYKP....DLAKTK LSLV TQE LDDFFSLNI.TE.RTQ..................YSE

5d_Leptospira_brenneri_HDAC                                        H                                              D              D        Y                                     VYASW ILLP....KKAEDA LELV TKE LDDLFSYEH.TS.RTM..................YSE

5e_Archangium_gephyra_HDAC                                         H                                              E                       Y                                     AVSRR IINP....TPASYEALGRV TAA LESLFQAET.LA.HIF................AVDPS

5e_Nannocystis_exedens_AcuC                                        H                                              Q                       Y                                     LVTFE VRRP....PLATYHAIRRV DDA LDACQRPEV.MS.DIL...............GGLAVS

5e_Deltaproteobacteria_bacterium_HDAC                              H                                              D              E        Y                                     FLRLS VRAP....GLVPLD LAWV TEA LDTTVTPDAL......................AHIFG

5f_Micavibrio_sp_HDAC_domain                                       H                                                             Q        Y                                     LIDADHIYTA....PQATNA LKLA NQD IDNKIGNKVWLA.DVF.............QLNL.IKW

5f_Homo_sapiens_HDAC11                                             H                                                             D        Y                                     LLSDSMLVEA....REASEE LLVV TRR LNELKWSFA.VA.TIT.............EIPP.VIF

5f_Arabidopsis_thaliana_HDA2                                       H                                                             D        Y                                     FLEEKAIVEP....LEASKI LLVV SEN LNSLKSSAT.VA.RIT.............EVAP.VAF

5g_Bacteriovorax_stolpii_AcuC-like                                 H                                              D              D        F                                     FLEYT LKTL....PRITRE LERV NKD IHRLLGTAGERQGEIYQCYELVNDQGKFERYNPKNQK

5g_Gracilinema_caldarium_HdaH                                      H                                              D              D        F                                     LASAA MLSIPEGDRHISRE IARA DAN VAALFGEGLEK..ELIKTYELMDEQGRFRRYSPGDAV

5g_Bacteriovorax_sp_MedPE-SWde_HDAC_domain                          H                                              D                       Y                                     GVQAT EALF....SKFGGEILKLA SKE CEKVENNPD.Q..VVLDTYELIKDDGSYNRYDPSCAT
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      ...................    . .       TT5a_Acinetobacter_wuhouensis_HDAC
80   90       100                            110          

5a_Acinetobacter_wuhouensis_HDAC                                                                G HH P                   G   A   A                                     K .....WNEQLRDAVLAINA QLM TEL FE...................H.GI.A.ANIAQ F  

5a_Neisseriaceae_bacterium_HDAC                                                               G HH                    G    A   A                                     L........KTIADSLLWTN SFVS ARY VK...................N.KI.STVSPTS F  

5a_Treponema_sp_HDAC                                                               G HH                    G    A   A                                     F........PEVAAALPWTT SMYA AAW AE...................RGGF.A.ASPTS F  

5b_Vibrio_cholerae_HdaH                                                                G HH P                  GGT      A                                G    F .....WSKTLIERTLHSV   CLTVEQ LQ...................S.GV.A.IHLS  Y  

5b_Pseudomonas_alcaligenes_AcuC                                                                G HH P                  GG   A   A                                G    L .....WSEPLARRTVRAV  SLL AEL LK...................H.GA.A.CHLA  T  

5b_Leptospiraceae_bacterium_HDAC                                                                G HH P                   GT  A   A                                G    L .....FSEQLIHRTLIAPA  LL SKL LE...................H.GV.A.CHIG  T  

5c_Moraxella_bovis_HDAC                                                                G HH P                  G T      A                                G    L .....MSKELIDRERLVV A IECAKF LN...................D.GI.S.LSTS  T  

5c_Flavobacterium_indicum_HDAC-family                                                                G HH P                   GT      A                                G    F .....LSSELIEREFRLAQ  IEGAKN CI...................D.KI.A.FNIA  T  

5c_Bdellovibrionales_bacterium_HDAC                                                                G HH P                  GG   A   A                                G    F .....WSPIMPLRSRASV  FMA CRY LE...................N.GF.A.GNLS  T  

5d_Turneriella_parva_HdaH                                                                G HH P                  GGT  A   A                                G    I .....IDERIVNAVCTAA   IL AEL LK...................H.GV.A.SNLS  F  

5d_Leptospira_interrogans_HdaH                                                                G HH P                  GGT                                       G    L .....LTKQIVHSFVLAV   ILSMELTQK...................Y.KF.V.YHIG  F  

5d_Leptospira_brenneri_HDAC                                                                G HH P                  GGT  A                                    G    L .....LNRSIVESFMYGV   VM AELSKN...................F.QF.A.FNMG  Y  

5e_Archangium_gephyra_HDAC                                                               G HH                    G T  A                                    G    DV.....YVDEVLRTLRLAV A IA ASFSLR...................R.RVPT.INLF  F  

5e_Nannocystis_exedens_AcuC                                                                G HH                    GGT  A   A                                G    EV.....DTARILDLQRAMT   ML TDI LG...................TGKI.A.INLG  F  

5e_Deltaproteobacteria_bacterium_HDAC                                                                G HH P                  GGT  A                                    G    V PETVDV.DALVRGQRRAV   VE ALKVTRG.................EV.KV.G.FNLG  F  

5f_Micavibrio_sp_HDAC_domain                                                                G HH P                  GGT  A   A                                G    V .FT.LTQHLLVTPLLYHT   IL GEL AE...................K.GW.A.MNLG  A  

5f_Homo_sapiens_HDAC11                                                                G HH P                  GGT  A   A                                G    L .NF.LVQRKVLRPLRTQT   IM GKL VE...................R.GW.A.INVG  F  

5f_Arabidopsis_thaliana_HDA2                                                                G HH P                  GGT  A   A                                G    F .NF.LVQQKVLYPFRKQV   IL AKL TE...................R.GW.A.INIG  F  

5g_Bacteriovorax_stolpii_AcuC-like                                                                G HH                      T      A                                G RD.....W.KELVETILMQVAM YNSTKY LK...................N.GF.S.YHLG  M  

5g_Gracilinema_caldarium_HdaH                                                                G HH P                   GT  A   A                                G    R .....L.SELFTTIRAQVW  YL CRL LAHRSKPSGVSSEPLSTNNSNP.GF.C.YYLG  M  

5g_Bacteriovorax_sp_MedPE-SWde_HDAC_domain                                                               G HH P                   GT  A   A                                G    L .....L.SDFVKKALSHIN IL CES MD...................S.GF.S.YHLG  M  

  TT   TT           ....                                 .         5a_Acinetobacter_wuhouensis_HDAC
120  130           140        150       160       170           

5a_Acinetobacter_wuhouensis_HDAC         F                          D D H   G                    A  E     C  N                  I I       GD                S     RP YGGS  TF GLALIAQ....Q.YPNKR F L C Q G   TAEFTRKYNNLYN.F IYGLA..

5a_Neisseriaceae_bacterium_HDAC         F                          D D H   G                    A      G C  N    A             I I       GN                      EYKKCI   TF GLML AVLLKKE.GLANK A L T M Y   TDNIINKLKIDY.VSHYTLG...

5a_Treponema_sp_HDAC         F                          D D H   G                    A  D   G C  N    A             V I  L    GN                      CW RGM   TF GLAI AVLLRER.GLARR G L   M Y   TAEILDRLGLSGEVLHYTFG...

5b_Vibrio_cholerae_HdaH         F                          D D H   G                   A  D   G C  ND   A             V I       GD           I    S    HA FGS   LF  LAI AHFALSL.PSVDK L I S V H   TATLCAERDD IT.L FHCDK..

5b_Pseudomonas_alcaligenes_AcuC         F                          D D H   G                    A  D   G C  ND                 V I       GD                S     HF EAS   IF  LAVVARYMLES.GRAGR L Y C V Q   TARLLENVPDAIT.V LHCEK..

5b_Leptospiraceae_bacterium_HDAC         F                          D D H   G                   A      G C  ND                 I I  L    GD        E  I    S    HYSFGS   LL  LAFSSLALNQM.KPDLK L F   V Q   TASILKN KN YT.V VHCEK..

5c_Moraxella_bovis_HDAC         F                          D D H   G                   A  D   G C  ND   A             I I  L    GN        N  V    S    FA SGE   IL  ICV SNVLLNQ.GLAKR L L   V Q   NASIMAD PH FV.F MHGKK..

5c_Flavobacterium_indicum_HDAC-family         F                          D D H   G                   A  N     C  ND   A             I I  L    GN        N  V    S    YS RGEA  LL  QAI AQYLLNQ.KLAKQ L I   V Q   TAEIFQN PR FT.F VHGKS..

5c_Bdellovibrionales_bacterium_HDAC         F                          D D H   G                    A      G C  ND   A               I  L    GD           I    S     HRAHGG   VF  FAV AYVLKQK.HKITQLA V   V Q   NASMLQGSQG FI.F MHGEK..

5d_Turneriella_parva_HdaH         F                          D D H   G                   A  D   G C  ND   A             V V  L    GN        D       S    FA HAE   FV  TVL IRALRKT.RPGLK A I   V Q   TAKLLQG ENSYT.F MHEKE..

5d_Leptospira_interrogans_HdaH         F                          D D H   G                      D   G C  ND   A             I    L    GN        D  V    S   SMP RAE   YL  AAI SKLYQKE.YPDKK LFI   L Q   NSFIFQN PD FT.F MHQEN..

5d_Leptospira_brenneri_HDAC         F                          D D H   G                      D   G C  ND   A               I  L    GN        D  V    S   SFP KAE   YL  VAV IRKQKET.NPDLNAL I   L Q   NSYIFQY DK FT.F MHQGN..

5e_Archangium_gephyra_HDAC         F                          D D H   G                   A  N   G C  ND   A             V I  L     D        D  V    S    AP RGA   AL  MAV IAELRAQ.GFQGK G L   F PP  TSACLGE AS WL.G ISGAD..

5e_Nannocystis_exedens_AcuC         F                          D D H   G                   A  Q   G C   D   A             I V  L    GD        D  V    S    HR IGR   VFH VAV IAEQRAL.GFHER L V   Q D   TRALFAD PS FT.L IHNH...

5e_Deltaproteobacteria_bacterium_HDAC         F                          D D H   G                   A      G    ND   A             I I  L    GN        D  V    S    EPSKGS  SIY  VAV IARVRHD.GYKGR A V   F Q   SLVAFAD PT FT.Y VHGSA..

5f_Micavibrio_sp_HDAC_domain         F                          D D H   G                   A  N   G C   D   A             I I  L    GN        D  V         HA DAS   MVA ITM IKNLRQRHKHMRN M I   A Q   PERDFAN PD YI.IDMFTYGVM

5f_Homo_sapiens_HDAC11         F                          D D H   G                       D   G C   D   A               I  L    GN        D  V         CSS RGG   AYA ITL IKFLFERVEGISRAT I   A Q   HERDFMD KR YI.MDVYNRH..

5f_Arabidopsis_thaliana_HDA2         F                          D D H   G                       E   G C   D                 V I  L    GN        D  V         CTA RGG   AFA ISLCIHFAFLR.LRISR M I   A Q   HETDLGD NR YI.LDMYNPE..

5g_Bacteriovorax_stolpii_AcuC-like         F                          D D H   G                           G C  ND                   I       GD        D  I    S    SMSFAGR   LV  IVITLRKLQNE.GAIKTAW V V V K   APEILQN TT RT.F IHMKE..

5g_Gracilinema_caldarium_HdaH         F                          D D H   G                   A  D   G C  ND   A             I I  L    GD        D  I    S    RY SGA   LL  III ARRLKAE.GLISS W I   A K   TAELASG PC LT.L IHMAL..

5g_Bacteriovorax_sp_MedPE-SWde_HDAC_domain         F                          D D H   G                   A      G C  ND   A               I  M    GD        D  I    S    MSFRPG   MF  MVT IKYLQQN.GKIKNAV I   A K   TAQMTYS DS RS.F IHMKG..

  TT                  TTT    .             ...  .         5a_Acinetobacter_wuhouensis_HDAC
   180                   190         200       210            220  

5a_Acinetobacter_wuhouensis_HDAC        P                     V           YL  L                 D I....FGY .TYER...........AESRH HTKNG.SF.AQ  MA HEAFQK...AH.E.WQA I I

5a_Neisseriaceae_bacterium_HDAC        P                                 FL  L                 D   ....KHY .TQDE....................QEVVA.AK  KE PSIVED...LI...KDV VLF

5a_Treponema_sp_HDAC        P                                  L  L                 E   ....G.D KTADR....................EGFDG.ELW AL DGIVRG...F....ADC VLL

5b_Vibrio_cholerae_HdaH        P                     V       D   FL                   PD I .....NF .ARKP...........ASSMD GFANQTG .EE  STFIQVVEM...AVNL.HR  L L

5b_Pseudomonas_alcaligenes_AcuC        P                     I       D   YL      L            PD V .....NF .ARKA...........KSDWD GLPIGMG .TD  KVVHDS GY...LLAL.YQ  I L

5b_Leptospiraceae_bacterium_HDAC        P                     V       D   YL      L            PD V .....NF .YRKE...........TSTVD GLYAGMS .DE  TIVEST NE...SISR.FS  I L

5c_Moraxella_bovis_HDAC        P                     I       D   YL  L   L            PD V .....NY .FIKP...........LSDLD ELDDGTG .DD  SL KYH PK...VLDD.FA  F F

5c_Flavobacterium_indicum_HDAC-family        P                     I       D   YL                   PD I .....NY .FKKE...........QSDLD ALPDQTS .AD  ALISKEIPK...LIQQ.VQ  F F

5c_Bdellovibrionales_bacterium_HDAC        P                     I       D   YL  L   L            PQ I .....NY .FKKI...........NSDLD ALPNQCQ .DE  TK SDA PK...VIA..TR  I L

5d_Turneriella_parva_HdaH        P                     V       D   YL  L   L            PD I .....NY .VKE............TGSHD ELPSHLG .AE  RL AEN DK...LKAA.FF  L F

5d_Leptospira_interrogans_HdaH        P                     I       D   YL  L   L            PD I .....LY .KKE............KSDLD SLEEGIG .KE  EL EKS RK...IESD.FK  L F

5d_Leptospira_brenneri_HDAC        P                     V       D   YL  L   L             N I .....LY .KKE............VSNLD NLEPNTK .DE  ST ESS NR...IRKD.FDS I Y

5e_Archangium_gephyra_HDAC                              V       D   YL  L   L             E V .....WGS.L.P............G.VDE RLPPGTS .GA  DA DGL DR...MP....SL L F

5e_Nannocystis_exedens_AcuC                              V       D   YL      L            P  I....HWGG.TEAI............ASTS ALGDVVG .TL  ETVQLH TE...ALRQ.HR RL Y

5e_Deltaproteobacteria_bacterium_HDAC                              I       D   YL  L   L            PE V ......WV.QRQAT...........ADAG QLPPRTG .RA  EA RYS PD...VFAE.FK  V F

5f_Micavibrio_sp_HDAC_domain        P                     V       D   YL  L   L            PD I PDGDMFY .DDRRAM........QRINIP KLNFNTK .DT  QK QNA KT...AKTD.FA  M F

5f_Homo_sapiens_HDAC11        P                     V       D   YL                   PD V .....IY .GDRFAK........QAIRRK ELEWGTE .DE  DKVERNIKK...SLQE.HL  V V

5f_Arabidopsis_thaliana_HDA2        P                     V           YL  L   L            PE V .....IY .FDYRAR........RFIDQK EVMSGTTT.DE  RK DEA EV...ASRN.FQ  L I

5g_Bacteriovorax_stolpii_AcuC-like        P                     V       D   YL  L   L            PD V .....GW .LNSGTVRDP...WFIPSSID GIDV.GE .DQ  AR ESG LE...MQERFPN  V I

5g_Gracilinema_caldarium_HdaH        P                     V       D   Y   L   L            PD   .....GW .LDPETLAHAVPSRAPLVASD DIPVSKE QAS VSR ASG LQLEMLSGG.KK  LAI

5g_Bacteriovorax_sp_MedPE-SWde_HDAC_domain        P                     I       D   YL  L   L            D   .....GW .LDKEDKNDP..S.YIPSSFD ..EV.ER .DD  SL KKG ED...FN...PRE FAI
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 TT TT TT     TT                                              .5a_Acinetobacter_wuhouensis_HDAC
 230          240       250       260         270        280   

5a_Acinetobacter_wuhouensis_HDAC    G D    D                 R                      GGY             Y A          G              D  V           P                       Q  M CHQA PY S...AWFTTELIQK  EM FNMAKKAG..I IMFVLA   QD.LGDLTALHT.

5a_Neisseriaceae_bacterium_HDAC    G D    D                 R                    GGY          Y A          G              D  V     E     P                  Q  A PHVD PY G...L.LTTEDLKQ  KI FSIAK KG..I VVWNLA   QD.FDVVLE....

5a_Treponema_sp_HDAC    G D    D                 R                      GGY          Y A         LG               D  V     E     P                    Q  A PHKD P  G...L.LTTGQLRE  RV FRTCA LG..L AAWNLA   RKPFEGVLE....

5b_Vibrio_cholerae_HdaH    G D    D                 R                    GGY          Y A         LG               D        Q     P                  D  V IHND E  Y...LSISQAAIAQ  RFMLGLAK ES..I IACVIG   REDHAALVPLHLE

5b_Pseudomonas_alcaligenes_AcuC    G D    D                 R                    GGY          Y           LG              D  V     E     P                  DG V VHKD A  Y...LQLTDAGIAA  EA FRHCL RD..I VVGLIG   DKDRAVLARRHGI

5b_Leptospiraceae_bacterium_HDAC    G D    D                 R                      GGY          Y A         LG               D  V     Q     P                    D  V IWEH K  L...LNISWQGIFE  KL FEKFK AG..I IASVIG   DPDEHELARRHSI

5c_Moraxella_bovis_HDAC    G D    D                 R                      GGY          Y A         LG               E  V     N     P                    Q  V VLAD R  R...INLTMNGLYE  RY IETLF RR..L TVVTMG   APDINIIVQGHSV

5c_Flavobacterium_indicum_HDAC-family    G D    D                 R                      GGY             Y           LG              D  V           P                       LS V ILAT K  K...LGCTINGCKE  VI FENCLKFQ..I VQVSMG   SPDIKTIIEAHAN

5c_Bdellovibrionales_bacterium_HDAC    G D    D                 R                      GGY          F A         LG               D  V     E     P                    Q  V PLFS K  H...LALSFEGLKQ  QL LGLCK YG..I VAIAMG   AEPIDDSIKAHLN

5d_Turneriella_parva_HdaH    G D    D                 R                      GGY          Y A         LG               D  V     E     P                    V  V IYRD A  G...LQLSFDGIAA  AA RDFLP ....V KVVLPA   ARNIAETVALHAQ

5d_Leptospira_interrogans_HdaH    G D    D                 R                      GGY             Y A         LG               D  V                                   I  A PFEG S  D...LKLTFQGLRK  QI RDFAYSLN.DTRVVILPA   AKDFYDTVTIHYN

5d_Leptospira_brenneri_HDAC    G D    D                 R                    GGY          Y A         LG               D  V           P                  V  A PYED S  E...LKISMKGLKE  LM RKFAETLN..V CVVTLA   ARDFRDTVEIHFN

5e_Archangium_gephyra_HDAC    G D    D                 R                      GGY                       LG               D  V           P                    VLS A VLAG R  Q...FSMSLPGVRE  LR ARRL..GS..M QVWLPA   SPHAWKVLAGVGL

5e_Nannocystis_exedens_AcuC    G D    D                 R                      GGY             F A          G              D  V     E                             L  T PAVG RI V...WQISAEGMLE  IA FEAIR FAPDAAVVVCLA   GPTTWQHSARSFA

5e_Deltaproteobacteria_bacterium_HDAC    G D    D                 R                    GGY          Y A         LG               D  V     E                        L  N VLAG A  D...FVLSPRGVLD  LY TRLTR HS..AGLVVVIA   GKFAWQCTANYLR

5f_Micavibrio_sp_HDAC_domain    G D    D                 R                      GGY          Y A         LG               D  V     E     P                    I  S ILED A  M...QAITKSGLIE  EM FAFAK LG..A IVSVQA   QPNLGKIVADSIE

5f_Homo_sapiens_HDAC11    G D    D                 R                    GGY          Y A         LG               D  V           P                  N  T ILEG R  G...LSISPAGIVK  EL FRMVRGRR..V ILMVTS   QKRTARIIADSIL

5f_Arabidopsis_thaliana_HDA2    G D    D                 R                      GGY          Y A         LG               D  V     E     P                    N  T ILDG P  L...LKISPDGITS  EK FRFAR KN..I LVMLTS   MKSSARVIADSIE

5g_Bacteriovorax_stolpii_AcuC-like    G D    D                 R                      GGY                       L                D        E     P                    VVN A PYEH E PSASFINLSKEQMLA  KFLYQFFK RN..I QSYVMA   GSKAWEIYLQFLK

5g_Gracilinema_caldarium_HdaH    G D    D                 R                      GGY                       L                D  V     D     P                    VVD A PYEK E PSSVDLQLPLDTCVK  MT FSFLR RA..I STWLLA   GDYAWEPPAHFLT

5g_Bacteriovorax_sp_MedPE-SWde_HDAC_domain    G D    D                 R                      GGY                       L                D        D     P                    VVH A VYEK E ESASLIQLTKEEVLE  KITYNLLK RG..I QAWVMA   GKYVHEIFTQFLD

...................................................................5a_Acinetobacter_wuhouensis_HDAC

5a_Acinetobacter_wuhouensis_HDAC ...................................................................

5a_Neisseriaceae_bacterium_HDAC ...................................................................

5a_Treponema_sp_HDAC ...................................................................

5b_Vibrio_cholerae_HdaH LLKAAL..L..........................................................

5b_Pseudomonas_alcaligenes_AcuC LHHSAARVL..........................................................

5b_Leptospiraceae_bacterium_HDAC VFEAANSVF..........................................................

5c_Moraxella_bovis_HDAC VFGVSQEIF..........................................................

5c_Flavobacterium_indicum_HDAC-family TYRVANSLF..........................................................

5c_Bdellovibrionales_bacterium_HDAC TYIVAKELY..........................................................

5d_Turneriella_parva_HdaH TIKIMHGRQ..........................................................

5d_Leptospira_interrogans_HdaH TIKIFAA.D..........................................................

5d_Leptospira_brenneri_HDAC TITAFGE.K..........................................................

5e_Archangium_gephyra_HDAC ALAFD...TDEPIP.TDYDPL..EARFSGISHSLPS.ESLGDE...PFVSEADVADALGLPRQGPHR

5e_Nannocystis_exedens_AcuC WLQSG...HRGFEP.PDNDELT.LMRARHYAALLKPAELTGEDD.DLGLTLEDLVPSLAATAREP.R

5e_Deltaproteobacteria_bacterium_HDAC WLLT...DNAHAARYPDA...PLKRKFRQISRELGASELQRVDDGELAFHEEDILGDL..TNRGPPK

5f_Micavibrio_sp_HDAC_domain NLDNKFNL...........................................................

5f_Homo_sapiens_HDAC11 NLFGLGLIGPES.......................................................

5f_Arabidopsis_thaliana_HDA2 NLSRQGLIQTR........................................................

5g_Bacteriovorax_stolpii_AcuC-like FVGE...............................................................

5g_Gracilinema_caldarium_HdaH KVLT...............................................................

5g_Bacteriovorax_sp_MedPE-SWde_HDAC_domain YSLD...............................................................

...................................................................5a_Acinetobacter_wuhouensis_HDAC

5a_Acinetobacter_wuhouensis_HDAC ...................................................................

5a_Neisseriaceae_bacterium_HDAC ................IHNNT........................ALLHKE................

5a_Treponema_sp_HDAC ................IHRNT........................MAECVA................

5b_Vibrio_cholerae_HdaH ...................................................................

5b_Pseudomonas_alcaligenes_AcuC ...................................................................

5b_Leptospiraceae_bacterium_HDAC ...................................................................

5c_Moraxella_bovis_HDAC ...................................................................

5c_Flavobacterium_indicum_HDAC-family ...................................................................

5c_Bdellovibrionales_bacterium_HDAC ...................................................................

5d_Turneriella_parva_HdaH ...................................................................

5d_Leptospira_interrogans_HdaH ...................................................................

5d_Leptospira_brenneri_HDAC ...................................................................

5e_Archangium_gephyra_HDAC F.LEFYTAQGMEFALERYRILPILRRLGFQGLHVVIDQVAPYDR.ARLLGVDAIT.GKTA..SLIEL

5e_Nannocystis_exedens_AcuC F.LGYYSRQGLELALERHGFLGRLRGKGFQ.PSLEFNLVDPQRHILKIFGDP..E.HK.E..LLFEL

5e_Deltaproteobacteria_bacterium_HDAC LIHGYYTRQGIEFALERFGFLPAIRERGFAQLRTEITGMDARAPT...LHLYGKAHGKGAELLLVEL

5f_Micavibrio_sp_HDAC_domain ...................................................................

5f_Homo_sapiens_HDAC11 .................PSV...............................................

5f_Arabidopsis_thaliana_HDA2 ...................................................................

5g_Bacteriovorax_stolpii_AcuC-like ...................................................................

5g_Gracilinema_caldarium_HdaH ...................................................................

5g_Bacteriovorax_sp_MedPE-SWde_HDAC_domain ...................................................................
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.................................................................  5a_Acinetobacter_wuhouensis_HDAC

5a_Acinetobacter_wuhouensis_HDAC .................................................................QT

5a_Neisseriaceae_bacterium_HDAC ...................................................................

5a_Treponema_sp_HDAC ...................................................................

5b_Vibrio_cholerae_HdaH ...................................................................

5b_Pseudomonas_alcaligenes_AcuC ...................................................................

5b_Leptospiraceae_bacterium_HDAC ...................................................................

5c_Moraxella_bovis_HDAC ...................................................................

5c_Flavobacterium_indicum_HDAC-family ...................................................................

5c_Bdellovibrionales_bacterium_HDAC ...................................................................

5d_Turneriella_parva_HdaH ...................................................................

5d_Leptospira_interrogans_HdaH ...................................................................

5d_Leptospira_brenneri_HDAC ...................................................................

5e_Archangium_gephyra_HDAC EVEKRR.........LGEDTFLFVNWLSLRNPRAQFSDLRPQLPGQEVPGLGLAREFTEILTLMSKR

5e_Nannocystis_exedens_AcuC VVRRDRRT.......IPGFELLAIDWLLLQNPREHFSEDKPALPGQRHPGLGLFEETVALLIIACER

5e_Deltaproteobacteria_bacterium_HDAC ITSRTQITAPPDLGDPPTIDSLVIEWTLLQNPTKQFEPGRPRLPGQNFPGLGLAMLLQEILIRAAHR

5f_Micavibrio_sp_HDAC_domain ...................................................................

5f_Homo_sapiens_HDAC11 ................................SAQN.SDTPLLP.......................

5f_Arabidopsis_thaliana_HDA2 ...................................................................

5g_Bacteriovorax_stolpii_AcuC-like ...................................................................

5g_Gracilinema_caldarium_HdaH ...................................................................

5g_Bacteriovorax_sp_MedPE-SWde_HDAC_domain ...................................................................

 ..............................................               5a_Acinetobacter_wuhouensis_HDAC
   290                                                             

5a_Acinetobacter_wuhouensis_HDAC FHSAYQ..............................................VYYG...........

5a_Neisseriaceae_bacterium_HDAC .....................................................IL............

5a_Treponema_sp_HDAC .....................................................AQGD..........

5b_Vibrio_cholerae_HdaH ...................................................................

5b_Pseudomonas_alcaligenes_AcuC ...................................................................

5b_Leptospiraceae_bacterium_HDAC ...................................................................

5c_Moraxella_bovis_HDAC ...................................................................

5c_Flavobacterium_indicum_HDAC-family ...................................................................

5c_Bdellovibrionales_bacterium_HDAC ...................................................................

5d_Turneriella_parva_HdaH ...................................................................

5d_Leptospira_interrogans_HdaH ...................................................................

5d_Leptospira_brenneri_HDAC ...................................................................

5e_Archangium_gephyra_HDAC LQLAGVAFRPSWFHMAWAARHDSRFVSPERQGRFEALIRDSRRLSLLQATRAIAEGRVT.LNGKPYQ

5e_Nannocystis_exedens_AcuC VGLAGLVVTPSQYHLAVQWQKRLRFVDPRAGARMRAIREALPGASLTEAARALQEGRVVDQSGRTCS

5e_Deltaproteobacteria_bacterium_HDAC LSLECLLSRPSHYHTAALAGPRYQFLDPRVEGRFRAMRRALAHLAIPVATRIIDEGRLRSKHGEPIP

5f_Micavibrio_sp_HDAC_domain ...................................................................

5f_Homo_sapiens_HDAC11 ...................................................................

5f_Arabidopsis_thaliana_HDA2 ...................................................................

5g_Bacteriovorax_stolpii_AcuC-like ...................................................................

5g_Gracilinema_caldarium_HdaH ...................................................................

5g_Bacteriovorax_sp_MedPE-SWde_HDAC_domain ...................................................................

5a_Acinetobacter_wuhouensis_HDAC

5a_Acinetobacter_wuhouensis_HDAC ...........................................................E...

5a_Neisseriaceae_bacterium_HDAC ...................................G...........................

5a_Treponema_sp_HDAC .....RTWAAAAEL.....................D...........................

5b_Vibrio_cholerae_HdaH ...................................S................AG.....Y...

5b_Pseudomonas_alcaligenes_AcuC ...................................A................QL.....R...

5b_Leptospiraceae_bacterium_HDAC ...................................N.................V.....L...

5c_Moraxella_bovis_HDAC ...................................K................LL.....A...

5c_Flavobacterium_indicum_HDAC-family ...........................................................I...

5c_Bdellovibrionales_bacterium_HDAC ...................................S.......................K...

5d_Turneriella_parva_HdaH ...............................................................

5d_Leptospira_interrogans_HdaH ...............................................................

5d_Leptospira_brenneri_HDAC ...............................................................

5e_Archangium_gephyra_HDAC WEADEMVRW.RDEN.....................DIPQDKA.LIVAERE.RSHFEFREK...

5e_Nannocystis_exedens_AcuC YEPSPMIFPISDEL.....................KAELDPENYLRAIDEAADEYRFQLSSPR

5e_Deltaproteobacteria_bacterium_HDAC WEPGDHVLPVSERLTEYFASRVFSAKADEALRDLTN................QG.LVV.V...

5f_Micavibrio_sp_HDAC_domain ...............................................................

5f_Homo_sapiens_HDAC11 ....................................................PA.VP......

5f_Arabidopsis_thaliana_HDA2 ....................................................PE.........

5g_Bacteriovorax_stolpii_AcuC-like ....................................................NA.PFHLK...

5g_Gracilinema_caldarium_HdaH ...........................................................P...

5g_Bacteriovorax_sp_MedPE-SWde_HDAC_domain ...................................D................QG.VAR.V...
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Supplementary Figure 19: Primary sequence alignment of selected bacterial deacylases of 
cluster 5 (UniProt accession numbers are shown). 
Show are the following sequences of the following deacylases representing enzymes of cluster 5 and 
the sub-clusters (code: sub-cluster, accession number/protein name/spcies): 5a, 
A0A385C7X8/HDAC/Acinetobacter wuhouensis; 5a, A0A3S0JDS2/HDAC/Neisseriaceae bacterium; 
5a, A0A7X8CU14/HDAC/Treponema sp.; 5b, A0A395TF317HDAC/Vibrio cholerae; 5b, 
U2ZNB5/AcuC/Pseudomonas alcaligenes (strain ATCC 14909 / DSM 50342 / JCM 20561 / NBRC 
14159 / NCIMB 9945 / NCTC 10367 / 1577); 5b, A0A960ZHD4/HDAC/Leptospiraceae bacterium; 5c, 
A0A2Z4RAM2/HDAC/Moraxella bovis; 5c, H8XRQ2/HDAC family/Flavobacterium indicum (strain DSM 
17447 / CIP 109464 / GPTSA100-9); 5c, A0A2H0QAI6/HDAC/Bdellovibrionales bacterium 
CG11_big_fil_rev_8_21_14_0_20_38_13; 5d, I4B797/HDAC Superfamily/Turneriella parva (strain 
ATCC BAA-1111 / DSM 21527 / NCTC 11395 / H) (Leptospira parva); 5d, 
A0A098MZK6/HdaH/Leptospira interrogans; 5d, A0A2M9Y5D1/HDAC/Leptospira brenneri; 5e, 
A0A2W5V5Z1/HDAC/Archangium gephyra; 5e, A0A1I2D6R7/AcuC/Nannocystis exedens; 5e, 
A0A925AY58/HDAC/Deltaproteobacteria bacterium; 5f, A0A2D5Y199/HDAC domain/Micavibrio sp.; 5f, 
Q96DB2/HDAC11/Homo sapiens; 5f, Q944K3/HDA2/Arabidopsis thaliana; 5g, A0A2K9NTX8/AcuC 
like/Bacteriovorax stolpii (Bdellovibrio stolpii); 5g, F8F277/HdaH/Gracilinema caldarium (strain ATCC 
51460 / DSM 7334 / H1) (Treponema caldarium); 5g, A0A1J5KZ05/HDAC domain/Bacteriovorax sp. 
MedPE-SWde All sequences were aligned using the T-COFFEE multiple sequence alignment server1.
The important catalytic residues are highlighted. The secondary structure elements and numbering is 
shown for the deacylase shown at the top of the amino acid sequences above the sequence alignment. 
The alignment was created by ESPript version 3.02. 
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         ........    ... ................................  .....Mycoplana_ramosa_ApaH                         
1                                                        10     

Mycoplana_ramosa_ApaH                         M                                                                                 F                                              ......RV........I SE...D................................HK.....

Pseudomonas_aeruginosa_ApaH2                  M                                                                                 Y                                              ......LT........I SDDHRL................................HH.....

Pseudomonas_aeruginosa_ApaH1                  M                                                                                 Y                                              ......LS........V SD...D................................HR.....

Pseudomonas_sp_M30-35_ApaH                    M                                                                                 Y                                              ......LT........I SD...D................................HH.....

Candidatus_Scalindua_brodae_HDAC2             M                                                                .....IRIRILRDTGSLVSK...DRVKQIQEIFVQRFPKLVEYAEKIPLLIREPIRHK.YCTT

Burkholderia_pseudomallei_ApaH                M                                                                                 F                                              ......LT........Y H...PD................................QS.....

Ralstonia_insidiosa_ApaH                      M                                                                                 F                                              ......LT........F H...PE................................QL.....

Chloroflexi_bacterium_RBG_16_48_8_HdaH        M                                                                                 Y                                              ......QI........V T...DR.......................................

Fervidobacterium_pennivorans_HDAC             M                                                                                 F                                              LDGKKNRL........F CA...D..................................L....

Bordetella_hinzii_ApaH1                       M                                                                .....HVV........Y.....AD................................QQ.....

Bordetella_bronchiseptica_253_ApaH            M                                                                ......KF........VHS...ET................................HR.....

Spirochaetae_bacterium_HGW-Spirochaetae-5_ApaH M                                                                                 F                                              ....SFKI......RGV DDFLPV..........................NRKAIEHN.....

Kosmotoga_pacifica_HDAC                       M                                                                                 F                                              ...............KV ......................................YD.....

Chromatiales_bacterium_ApaH                   M                                                                                 Y                                              ......KA........V G...EQ................................QA.....

Micavibrio_aeruginosavorus_ApaH               M                                                                                 Y                                              ......KT........V SE...K................................HT.....

Laribacter_hongkongensis_ApaH                 M                                                                                 Y                                              ......LT........V SD...T................................HH.....

Pseudomonas_putida_HDAC_family                M                                                                                 F                                              ......KA........F H...PA................................QR.....

Bacteroidetes_bacterium_GWF2_33_16_HDAC       M                                                                                 F                                              ...LRIRR........I N...PY................................NK.....

Lentisphaerae_bacterium_GWF2_52_8_HDAC        M                                                                                 Y                                              ...FRIRR........I DSNIPI................................NKRAIAL

....................................                            Mycoplana_ramosa_ApaH                         
                                                                

Mycoplana_ramosa_ApaH                         ....................................LR..........................

Pseudomonas_aeruginosa_ApaH2                  ....................................GR..........................

Pseudomonas_aeruginosa_ApaH1                  ....................................LH..........................

Pseudomonas_sp_M30-35_ApaH                    ....................................LH..........................

Candidatus_Scalindua_brodae_HDAC2             LVVAEGALGRVDGFALVMHFSEINCCFLDFIATRSGLRGRGVGSALYDAVVSEYCRNLSAKGLY

Burkholderia_pseudomallei_ApaH                ....................................LH..........................

Ralstonia_insidiosa_ApaH                      ....................................LH..........................

Chloroflexi_bacterium_RBG_16_48_8_HdaH        ...................................HKL..........................

Fervidobacterium_pennivorans_HDAC             ................................................................

Bordetella_hinzii_ApaH1                       ....................................QQ..........................

Bordetella_bronchiseptica_253_ApaH            ....................................RH..........................

Spirochaetae_bacterium_HGW-Spirochaetae-5_ApaH ...............................PVMNKMR..........................

Kosmotoga_pacifica_HDAC                       ....................................RR..........................

Chromatiales_bacterium_ApaH                   ....................................EH..........................

Micavibrio_aeruginosavorus_ApaH               ....................................LH..........................

Laribacter_hongkongensis_ApaH                 ....................................EQ..........................

Pseudomonas_putida_HDAC_family                ....................................LH..........................

Bacteroidetes_bacterium_GWF2_33_16_HDAC       .................................ANIRK..........................

Lentisphaerae_bacterium_GWF2_52_8_HDAC        VQQILREQFVLIRPADIDKLPDLLKNPLKYQFRSILFV..........................

                                           .....................Mycoplana_ramosa_ApaH                         
                                                                

Mycoplana_ramosa_ApaH                         ...................NA...................KTE.....................

Pseudomonas_aeruginosa_ApaH2                  ...................H......................E.....................

Pseudomonas_aeruginosa_ApaH1                  ...................FG...................QSE.....................

Pseudomonas_sp_M30-35_ApaH                    ...................HG...................SCE.....................

Candidatus_Scalindua_brodae_HDAC2             LEVQPDLPELTTDHAELKQAQ...............IAVRFYE.................L...

Burkholderia_pseudomallei_ApaH                ...................H...................PRTY......F...........S..

Ralstonia_insidiosa_ApaH                      ...................H...................PQSY......Y...........S..

Chloroflexi_bacterium_RBG_16_48_8_HdaH        .......................................HNTD...QVLL...........E..

Fervidobacterium_pennivorans_HDAC             ...................NE...............YFVPRKE......I..............

Bordetella_hinzii_ApaH1                       ...................H..................QPEHF......M...........V..

Bordetella_bronchiseptica_253_ApaH            ...................D...................PQFF......I...........V..

Spirochaetae_bacterium_HGW-Spirochaetae-5_ApaH ...............................YYFFVAENNKGEILGFAQMSYAIDLKFCFLDLL

Kosmotoga_pacifica_HDAC                       ...................HL...............LHSPQKE.................L...

Chromatiales_bacterium_ApaH                   ...................D...................PQFF......L...........V..

Micavibrio_aeruginosavorus_ApaH               ...................HP...................GLE.....................

Laribacter_hongkongensis_ApaH                 ...................AG...................KAE.....................

Pseudomonas_putida_HDAC_family                ...................H...................PRSY......L...........S..

Bacteroidetes_bacterium_GWF2_33_16_HDAC       .................IERIKEIIQIQFPGISQKKINKLESE......LLDPIKHKYQSMLFV

Lentisphaerae_bacterium_GWF2_52_8_HDAC        .................AENIK...................GE......I..............

... . T..T    ....................                              Mycoplana_ramosa_ApaH                         
     20                                                         

Mycoplana_ramosa_ApaH                                  G                                                      ...L.YG.. ...E....................LV............P...............

Pseudomonas_aeruginosa_ApaH2                           G                                                      ...L.IG.. ...Q....................FT............P...............

Pseudomonas_aeruginosa_ApaH1                           G                                                      ...L.VD.. ...K....................LQ............P...............

Pseudomonas_sp_M30-35_ApaH                    ...LIDG..K...L....................M.............P...............

Candidatus_Scalindua_brodae_HDAC2             .....HG..V...R....................VIENSAYSVPVGNPPTTAILLFDGLGITHT

Burkholderia_pseudomallei_ApaH                         G                                                      ......R.. ...R....................MR............M...............

Ralstonia_insidiosa_ApaH                               G                                                      ......R.. ...K....................MR............T...............

Chloroflexi_bacterium_RBG_16_48_8_HdaH        ......G..N...P....................FI............T...............

Fervidobacterium_pennivorans_HDAC                      G                                                      .....DN.. ...K....................FI...........R................

Bordetella_hinzii_ApaH1                                G                                                      ......A.. ...R....................VR............................

Bordetella_bronchiseptica_253_ApaH                     G                                                      ......R.. ...Q....................IT............R...............

Spirochaetae_bacterium_HGW-Spirochaetae-5_ApaH          G                                                      ANNNKKDTG ...IGGALYKRVRDEAIHLNASGLFI............E...............

Kosmotoga_pacifica_HDAC                                G                                                      .....DN.. ...E....................WI............................

Chromatiales_bacterium_ApaH                            G                                                      ......K.. ...Q....................PR............R...............

Micavibrio_aeruginosavorus_ApaH                        G                                                      ...L.ME.. ...R....................FV............E...............

Laribacter_hongkongensis_ApaH                          G                                                      ...L.IN.. ...T....................LM............P...............

Pseudomonas_putida_HDAC_family                         G                                                      ......R.. ...Q....................MR............Q...............

Bacteroidetes_bacterium_GWF2_33_16_HDAC                G                                                      AEDINDAIR FAIL....................LY............M...............

Lentisphaerae_bacterium_GWF2_52_8_HDAC        .....SG....FAL....................LL............................

β1 η1 

β2 

β3 α1 
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         ................Mycoplana_ramosa_ApaH
        30                  

Mycoplana_ramosa_ApaH          E                                   P R                ....P..F. ..................................A F ................

Pseudomonas_aeruginosa_ApaH2          E                                   P R                ....C..F. ..................................K S ................

Pseudomonas_aeruginosa_ApaH1          E                                   P R                ....C..F. ..................................M S ................

Pseudomonas_sp_M30-35_ApaH          E                                   P R                ....C..F. ..................................M K ................

Candidatus_Scalindua_brodae_HDAC2                                                R                LAR......REAQEAIKMILTTRFAKTTDTGYIDQVIESFRDDPVTF ................

Burkholderia_pseudomallei_ApaH          E                                   P R                ......PQ. ..................................V E ................

Ralstonia_insidiosa_ApaH          E                                   P R                ......PQ. ..................................V D ................

Chloroflexi_bacterium_RBG_16_48_8_HdaH          E                                   P R                ......D.. ..................................V Q ................

Fervidobacterium_pennivorans_HDAC          E                                   P R                ...NP.... .N................................. S ................

Bordetella_hinzii_ApaH1          D                                   P R                ......PNP ..................................V A ................

Bordetella_bronchiseptica_253_ApaH          E                                   P R                ......ST. ..................................Q E ................

Spirochaetae_bacterium_HGW-Spirochaetae-5_ApaH                                                R                ..CMSDN..PE.........................FFKDKSVLKQS NRLKFYERFGANPIVN

Kosmotoga_pacifica_HDAC                                              P R                .EN......PEK................................. M ................

Chromatiales_bacterium_ApaH          E                                   P R                ......ST. ..................................Q E ................

Micavibrio_aeruginosavorus_ApaH          E                                   P R                ....N..F. ..................................K E ................

Laribacter_hongkongensis_ApaH          E                                   P R                ....C..F. ..................................N S ................

Pseudomonas_putida_HDAC_family          E                                   P R                ......PQ. ..................................V A ................

Bacteroidetes_bacterium_GWF2_33_16_HDAC                                              P                  ....PDH..KL.........................CYLDLIAVS EK..........A.S...

Lentisphaerae_bacterium_GWF2_52_8_HDAC ......H..AP.........................DLAFSYLDYLST..........A.KHFT

....  ............   ...........................  .           Mycoplana_ramosa_ApaH
         40             

Mycoplana_ramosa_ApaH ....AEWI............LAA...........................VK.EAGF.......

Pseudomonas_aeruginosa_ApaH2 ....ADMV............LDR...........................VK.AVGL.......

Pseudomonas_aeruginosa_ApaH1 ....ADTV............LAR...........................VK.SQNL.......

Pseudomonas_sp_M30-35_ApaH ....ADHI............LQR...........................VK.DRNI.......

Candidatus_Scalindua_brodae_HDAC2 ...PLRYI............KAVKENRIIRDFNSPLAYTFVFSPKHEIHHVK.ERGYFE.....

Burkholderia_pseudomallei_ApaH ....AARL............VAA...........................AF.AMGF.P.....

Ralstonia_insidiosa_ApaH ....ARNL............LQA...........................AR.DLGF.T.....

Chloroflexi_bacterium_RBG_16_48_8_HdaH ....VEVLL............QA...........................F...SAA.G.....

Fervidobacterium_pennivorans_HDAC ...L.KLVL............NY...........................LQ.EN.F.Q.....

Bordetella_hinzii_ApaH1 ....LAGL.........REGVAA...............................MGY.A.....

Bordetella_bronchiseptica_253_ApaH ....ADRL............LAA...........................AQ.RRGH.E.....

Spirochaetae_bacterium_HGW-Spirochaetae-5_ApaH PEYERESLLFYGNPYFLLFDNLG...........................IKKDLSL.NDSRKI

Kosmotoga_pacifica_HDAC ...I.ESI............RER...........................ME.NF..FG.....

Chromatiales_bacterium_ApaH ....AQRL............LAG...........................VA.RCGL.E.....

Micavibrio_aeruginosavorus_ApaH .......V............FF............................VR.DQIL....HRG

Laribacter_hongkongensis_ApaH ....ADMV............REA...........................V..DAA........

Pseudomonas_putida_HDAC_family ....IEPL............LAV...........................VN.KLGY.P.....

Bacteroidetes_bacterium_GWF2_33_16_HDAC .SGLGGAIY............TR...........................VR.EEAELLNANGL

Lentisphaerae_bacterium_GWF2_52_8_HDAC GRGVGGALY............ER...........................VR.EEVLMLKSKGL

   .                                               Mycoplana_ramosa_ApaH
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Mycoplana_ramosa_ApaH                        P                       G                .D............DV.V..A.. ...................ARH. LE............TV

Pseudomonas_aeruginosa_ApaH2                        P                    D  G                G.............EV.R..A.. ...................R F. LE............PI

Pseudomonas_aeruginosa_ApaH1                        P                    D  G                G.............EV.I..A.. ...................K F. RE............PL

Pseudomonas_sp_M30-35_ApaH                        P                    D  G                G.............EI.R..E.. ...................Q F. RD............PI

Candidatus_Scalindua_brodae_HDAC2                        P                    E  G                .RPIRVETIRSVIRDVGGFVSTV ...................R Y. E...........K.WI

Burkholderia_pseudomallei_ApaH                        P                    D  G                ...............V.R..E.. ...................D F. I...........A.PI

Ralstonia_insidiosa_ApaH                        P                    D  G                ...............I.A..Q.. ...................E H. L...........A.PL

Chloroflexi_bacterium_RBG_16_48_8_HdaH                        P                    D  G                WD............ST.L..Q.. .............T...... H. L...........G.PI

Fervidobacterium_pennivorans_HDAC                        P                    E  G                ...............A...IQ.. .............F...... F. EE...........H.I

Bordetella_hinzii_ApaH1                        P                    D  G                ...............I.H..A.. ...................E F. L...........Q.YL

Bordetella_bronchiseptica_253_ApaH                                                G                ..............RV.......E...................ARDF ............E.AI

Spirochaetae_bacterium_HGW-Spirochaetae-5_ApaH                                             D  G                FR............AV.L..E..R.............KHERDVN N. LKKFISSMKGDPQ.II

Kosmotoga_pacifica_HDAC                                             E                   ..............YT...IQ..E...................S Y.HF...........ESYI

Chromatiales_bacterium_ApaH                        P                    E  G                ...............V.V..T.. ...................D F. A...........S.PR

Micavibrio_aeruginosavorus_ApaH                        P                    E                   FS............EI.I..A.. ...................E F................PA

Laribacter_hongkongensis_ApaH                        P                    D  G                GF............SR.I..G.. ...................T H. KE............PI

Pseudomonas_putida_HDAC_family                        P                    D  G                ...............L.F..E.. ...................A H. L...........A.PL

Bacteroidetes_bacterium_GWF2_33_16_HDAC                        P                       G                FF............EC.LPDD.. ALCKDGDILLQNQKRLAFYESF. A...........R.PI

Lentisphaerae_bacterium_GWF2_52_8_HDAC                        P                       G                FF............EC.LPDD.. LLCKSPLVLRQNAQRLKFYEKY. A...........R.PI

.....     ....................  .. ....... ......Mycoplana_ramosa_ApaH
 60                                                  70      

Mycoplana_ramosa_ApaH         VH                                   Y           F      .....LK.  D............AG.................... L..N....... ......

Pseudomonas_aeruginosa_ApaH2         VH                                   F           F      .....RR.  S............EG.................... V..R....... ......

Pseudomonas_aeruginosa_ApaH1          H                                   Y           F      .....LR.L D............AA.................... L..D....... ......

Pseudomonas_sp_M30-35_ApaH         IH                                   Y           F      .....QR.  T............AE.................... L..N....... ......

Candidatus_Scalindua_brodae_HDAC2         VH                                   F           Y      L.....S.  D............KT.................... V.........H ......

Burkholderia_pseudomallei_ApaH         VH                                   Y           F      A.....A.  D............TH.................... L..R....... ......

Ralstonia_insidiosa_ApaH         VH                                   Y           F      T.....A.  G............EP.................... L..R....... ......

Chloroflexi_bacterium_RBG_16_48_8_HdaH         VH                                   Y           F      L.....D.  D............SD.................... V..D....... ......

Fervidobacterium_pennivorans_HDAC         VH                                   Y           Y      L.....K.  S............EK.................... F..N....... ......

Bordetella_hinzii_ApaH1         VH                                   Y           F      S.....R.  T............AR.................... L..D....... ......

Bordetella_bronchiseptica_253_ApaH         VH                                   Y           F      L....AE.  C............PR.................... L..D....... ......

Spirochaetae_bacterium_HGW-Spirochaetae-5_ApaH         VH                                   Y                  R.....KS  SNDDFNHYSFTVPADRKIPLLYNDGHEIHHIRDKG V..ESPVRIKSI......

Kosmotoga_pacifica_HDAC         IH                                   Y                  Y.....L.  E............PE.................... V.........SW......

Chromatiales_bacterium_ApaH         VH                                   Y           F      A.....A.  D............AT.................... L..D....... ......

Micavibrio_aeruginosavorus_ApaH         VH                                   Y           F      ..DIFSR.  D............PR.................... V..A....... ......

Laribacter_hongkongensis_ApaH         VH                                   Y           F      .....LA.  R............EN.................... V..R....... ......

Pseudomonas_putida_HDAC_family         VH                                   Y           Y      A.....A.  G............QA.................... L..D....... ......

Bacteroidetes_bacterium_GWF2_33_16_HDAC         V                                    Y           F      ANTLYEMK NP............ED................DCPP L...VYDGLNK DTLPAK

Lentisphaerae_bacterium_GWF2_52_8_HDAC         I                                    Y           F      ........ NTKYETPVKEGGDNAP.................... LVVDNLGTERS ...KKS

α2

β4

η2 
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.........   ........................ .   ..........  ...........Mycoplana_ramosa_ApaH                         
                                                                

Mycoplana_ramosa_ApaH                                  L                                                      ......... ET........................A.WDR..........WK...........

Pseudomonas_aeruginosa_ApaH2                           L                                                      ......... QN........................A.WQD..........WL...........

Pseudomonas_aeruginosa_ApaH1                           L                                                      ......... QG........................A.WAR..........WT...........

Pseudomonas_sp_M30-35_ApaH                    .........FEG........................A.WAR..........WQ...........

Candidatus_Scalindua_brodae_HDAC2                      L                                                      ......... RT........................V...........................

Burkholderia_pseudomallei_ApaH                         L                                                      ......... ET........................V.HRE..........WK...........

Ralstonia_insidiosa_ApaH                               L                                                      ......... QD........................A.HTD..........WR...........

Chloroflexi_bacterium_RBG_16_48_8_HdaH                 L                                                      ......... QT........................V.YEK..........NK...........

Fervidobacterium_pennivorans_HDAC                      L                                                      ......... VK........................................K...........

Bordetella_hinzii_ApaH1                                L                                                      ......... EH........................A.HAL..........WS...........

Bordetella_bronchiseptica_253_ApaH                     L                                                      ......... KN........................G.YAQ..........WR...........

Spirochaetae_bacterium_HGW-Spirochaetae-5_ApaH          L                                                      ......... K............VIEKSELFIKSKTSRYSERHITAVHDKDFV...........

Kosmotoga_pacifica_HDAC                                L                                                      ......... KK........................K.SNE.......................

Chromatiales_bacterium_ApaH                            L                                                      ......... DC........................A.FSE..........WS...........

Micavibrio_aeruginosavorus_ApaH                        L                                                      ......... KE........................G.YRR..........WE...........

Laribacter_hongkongensis_ApaH                          L                                                      ......... ET........................F.WER..........WS...........

Pseudomonas_putida_HDAC_family                         L                                                      ......... GS........................A.YQQ..........WH...........

Bacteroidetes_bacterium_GWF2_33_16_HDAC                L                                                      TLKGIIKAI ERKYGDYCPESYIKMVVNSVKDNPFLLRQPK..........YV...........

Lentisphaerae_bacterium_GWF2_52_8_HDAC                 L                                                      RMRQIVKAI ERKYPDLC....................NEE..........YVDMVINSISDDP

........                                                        Mycoplana_ramosa_ApaH                         
       80                                                       

Mycoplana_ramosa_ApaH                         ........AAG.Y........................K......G........EA...I.....

Pseudomonas_aeruginosa_ApaH2                  ........ATG.R........................S......H........DM...L.....

Pseudomonas_aeruginosa_ApaH1                  ........AEG.H........................S......G........DL...V.....

Pseudomonas_sp_M30-35_ApaH                    ........EQD.G........................T......G........DL...L.....

Candidatus_Scalindua_brodae_HDAC2             ........CAS.L..........................RQG...........RP...VY....

Burkholderia_pseudomallei_ApaH                ........AM.PE..............................DW........GD.........

Ralstonia_insidiosa_ApaH                      ........RL.PE..............................DW........GD.........

Chloroflexi_bacterium_RBG_16_48_8_HdaH        ........SYY.Q..............................LA.............EP....

Fervidobacterium_pennivorans_HDAC             ........SQE.V........................E......D........EY...L.....

Bordetella_hinzii_ApaH1                       ........RL..P..............................NA........GP.........

Bordetella_bronchiseptica_253_ApaH            ........ALPGA..............................SQ........EI.........

Spirochaetae_bacterium_HGW-Spirochaetae-5_ApaH ........KFF.K..............................TA........SA..SV.....

Kosmotoga_pacifica_HDAC                       .......IESG.K........................................EY...FP....

Chromatiales_bacterium_ApaH                   ........AL.PE..............................ST........A..........

Micavibrio_aeruginosavorus_ApaH               ............E........................Q......G........ESHLML.....

Laribacter_hongkongensis_ApaH                 ........RPS.R........................RSATGRDY........DA...L.....

Pseudomonas_putida_HDAC_family                ........EV.PE..............................DW........GD.........

Bacteroidetes_bacterium_GWF2_33_16_HDAC       ........KSR.K.ISSINKNIKEKNKILLIVNNKHAIHHIKERGYVESPVRVES.........

Lentisphaerae_bacterium_GWF2_52_8_HDAC        VQLRPFKYVSN.KDIEPISRRLPVDTLIPLVYNTQHIVHHVQERG......YVESPVRVETMLS

                                                                Mycoplana_ramosa_ApaH                         
                                                                

Mycoplana_ramosa_ApaH                         ..........................................................A.....

Pseudomonas_aeruginosa_ApaH2                  ..........................................................P.....

Pseudomonas_aeruginosa_ApaH1                  ..........................................................S.....

Pseudomonas_sp_M30-35_ApaH                    ..........................................................P.....

Candidatus_Scalindua_brodae_HDAC2             ..........................................................P.....

Burkholderia_pseudomallei_ApaH                .......................................E..................A.....

Ralstonia_insidiosa_ApaH                      .......................................E..................V.....

Chloroflexi_bacterium_RBG_16_48_8_HdaH        ................................................................

Fervidobacterium_pennivorans_HDAC             ..........................................................P.....

Bordetella_hinzii_ApaH1                       .......................................E..................V.....

Bordetella_bronchiseptica_253_ApaH            .......................................T..................P.....

Spirochaetae_bacterium_HGW-Spirochaetae-5_ApaH ..........................................................P.AGVS

Kosmotoga_pacifica_HDAC                       ..........................................................E.....

Chromatiales_bacterium_ApaH                   .......................................E..................V.....

Micavibrio_aeruginosavorus_ApaH               ..........................................................P.....

Laribacter_hongkongensis_ApaH                 ..........................................................P.....

Pseudomonas_putida_HDAC_family                .......................................E..................V.....

Bacteroidetes_bacterium_GWF2_33_16_HDAC       .......................................IQRELDKTGFFHQDNALEYPERFIL

Lentisphaerae_bacterium_GWF2_52_8_HDAC        ALNKTGLFNNIRERHFAEHHITSLHDRDFVDYLKKVCSAI...................PDKES

             T.......................T                      TT  Mycoplana_ramosa_ApaH                         
   90                                  100         110          

Mycoplana_ramosa_ApaH                                                                    P         GYY        ....TS.FP...VR.......................RTSPRI ..TDIEGQI   CN.AAETA

Pseudomonas_aeruginosa_ApaH2                                                             P         GYY       P....IA.WP...TR.......................RLRQTE ..DNIDGRL   SF.DAGA 

Pseudomonas_aeruginosa_ApaH1                                                             P         GYY       P....TT.FPGRRLR.......................RDGPI. ..TALMGEL   SF.DTEA 

Pseudomonas_sp_M30-35_ApaH                                                               P         GYY       P....YT.WP...AR.......................TLSQRL ..TSLHGQL   SF.DAGA 

Candidatus_Scalindua_brodae_HDAC2                                                        P         GYY        ....DT.FPI...............R...........RPDNR. ..KELPVQA   C...IDTG

Burkholderia_pseudomallei_ApaH                                                                               P....MS.NIF...............V...........REPNA.L..RGVLAQAARHLA.DGSC 

Ralstonia_insidiosa_ApaH                                                                             Y       P....MS.NIF...............V...........REPNA.L..RGVLAQAAR LA.DGSC 

Chloroflexi_bacterium_RBG_16_48_8_HdaH                                                   P         GYY       P....VFTWA.............FATR.........YTGHK... ..KHFLGQL   AF.GWGT 

Fervidobacterium_pennivorans_HDAC                                                                   FF        ....EV.FFV...............D...........QIFDT.G..TPIKKEI.  ...AAKRA

Bordetella_hinzii_ApaH1                                                                  P         GF         ....VP.NAH...............P...........RRPDA. YPRGIVGRA  HMY.DLACA

Bordetella_bronchiseptica_253_ApaH                                                       P         GF         ....HV.HPP...............R...........EESGY. ..VSIIGRA  HI...ADTS

Spirochaetae_bacterium_HGW-Spirochaetae-5_ApaH                                            P         GYY       PLYPDTF.PIR.............KN.............VKP.. ..KKLVSRA   CI.DIYS 

Kosmotoga_pacifica_HDAC                                                                              F       P....VF...G...............H.....................D...KV.. D...TGT 

Chromatiales_bacterium_ApaH                                                              P         G         P....IA.NVH...............P.........MHRRTNY. ..HSIIGRA WHMA.DTAC 

Micavibrio_aeruginosavorus_ApaH                                                          P         GYY       P....SV.FN...LQ.......................NFDAPE ..RALYGQM   IADGA.A 

Laribacter_hongkongensis_ApaH                                                            P         GYF       P....LI.WP...TR.......................CFRQVE ..EDIDGQL   SM.DAGT 

Pseudomonas_putida_HDAC_family                                                                       Y       P....MS.NIY...............I...........REGNP.L..RGILGKTAR LA.DGSC 

Bacteroidetes_bacterium_GWF2_33_16_HDAC                                                  P         GYY       PKVHDRD.YVN...YFKKVCKNLSKGKSVYPYVFPIRNGTKA.. ..KELSVRA   CF.DTFT 

Lentisphaerae_bacterium_GWF2_52_8_HDAC                                                   P         GYY       PVYPYVF.PI..............RN............NTRP.. ..KDLPMRA   CI.DTFT 

α4 

α5 

53



    .                     TT  TT   TT          Mycoplana_ramosa_ApaH
120   130        140        150       160       170        

Mycoplana_ramosa_ApaH                                       R PGHHA      G C  N  A A I         A       A       I  G     F LC P       D  G Y F  NA V A SP...GTWE ALSSMAS ID.GADL AA H.KAA S    GI MF     I       

Pseudomonas_aeruginosa_ApaH2                                        R PGHHA      G C  N  A A I         A     N A          G     F LC P       D  G Y F  NA I A TA...GTWQ ITSSA V LS.GQSELAN A.RSV S    AA YM     F       

Pseudomonas_aeruginosa_ApaH1                                        R PGHHA      G C  N  A A I         A     Q A          G     FALC P       D  G Y F  NA I   TA...GTWQ IYSSA V LT.AQEHMRQ A.RSA           GG FM     L      T

Pseudomonas_sp_M30-35_ApaH                                        R PGHHA      G C  N  A A I         A     Q A       I  G     FALC P       D  G Y Y  NA I A TA...GTWQ AYSAA V LT.AQHE TN A.HSA           AS VM     L       

Candidatus_Scalindua_brodae_HDAC2                                       R PGHHA      G C  N  A A           A     N A       I  G     Y  C P          G F Y  NA I A.TPLYANAYK ARTAV T LT.GADE LS K.RLA SI    GKRFF     F       

Burkholderia_pseudomallei_ApaH                                        R PGHHA      G C  N  A A V         A     Q A       V  G     YALC P       D  G F Y  NA I A GE...HTWR AYWSA S LA.AAAA RD A.PAA           RV AA     L       

Ralstonia_insidiosa_ApaH                                       R PGHHA      G C  N  A A V               Q A       I  G     YALC P       E  G F Y  NA V A GA...NTWRSAYWSA S AA.GAQA LN E.RLA           RR AA     L       

Chloroflexi_bacterium_RBG_16_48_8_HdaH                                        R PGHHA      G C  N  A A I         A     Q A       V  G     YALC P       D  G F Y  NA   A LE...GTWE AYWSV C LT.AADH LA E.PSV           AS LY     V    A  

Fervidobacterium_pennivorans_HDAC                                       R PGHHA      G C  N  A A V                 A       I        YAL  P       N  G Y Y  NA V A ........DIVLSATKY FE..QKV .......T   T       MV YG     F       

Bordetella_hinzii_ApaH1                                        R PGHHA      G C  N  A A I         A     N A       V  G     YALC         E  G F Y     V A GP...HTWQ MRWGA S AS.AARG AQ RMDAA     S     GP YA     L GT    

Bordetella_bronchiseptica_253_ApaH                                       R PGHHA      G C  N  A A           A       A       V  G     Y L  P       D  G F F     V A.SPMGPHTWE ALAASHS CT.AAQL IE A.PAA S S       TR RA     L HT    

Spirochaetae_bacterium_HGW-Spirochaetae-5_ApaH                                        R PGHHA      G C  N  A A I         A     D A       I  G     YAL  P       N  G F Y  NA I A NR...NSYL ARGAV C LT.GADM LK F.RIV   I       ER SF     F       

Kosmotoga_pacifica_HDAC                                        R PGHHA      G C  N  A A I                         I  G     YALC P          G Y Y  NA I A TK...AAYTVSLAAVATTLS.AVDS LD E.SVT      TRSLA     F       

Chromatiales_bacterium_ApaH                                        R PGHHA      G C  N  A A I         A     N A       V  G     YALC P       D  G F F  NA I A GK...HTFK ACVSA C LT.ATQQ VD A.RYS           YA MA     L       

Micavibrio_aeruginosavorus_ApaH                                       R PGHHA      G C  N  A A           A       A       I  G     FALC P            Y Y  NA I ALTE...TTWE ISHSAFC LT.GQKM SN E.KTA      SKRLAA    L       

Laribacter_hongkongensis_ApaH                                        R PGHHA      G C  N  A A V         A     Q A          G     FALC P       D  G Y F  NA I A TK...GTWT IYGSA T LTGADRLLA. E.KGV           AA VF     F       

Pseudomonas_putida_HDAC_family                                        R PGHHA      G C  N  A A I         A     Q A       V  G     YALC P       E  G F Y  NA I A GE...HTWQ AYWSA S VA.AAHA IE D.QAA           RA AA     L       

Bacteroidetes_bacterium_GWF2_33_16_HDAC                                       R PGHHA      G C  N  A A           A     N         I  G     Y L  P          G F Y  N  I ALNQ...NAFL ARWGV CTLT.ATDA IG R.KIA V T       ERSVF     F  C    

Lentisphaerae_bacterium_GWF2_52_8_HDAC                                       R PGHHA      G C  N  A A           A     N A       I  G     YAL  P       N  G F Y     I ALNK...NAYR ARNAV C LT.AAQA LD S.SLA   V       EQ VF     F ST    

...  ...  ....                            TT             TT     Mycoplana_ramosa_ApaH
  180    190       200        210       220       230 

Mycoplana_ramosa_ApaH                      A  D D HHG G Q IF          S H       P   G    Q                I IL       N   D  Y  R DV      GDP   F  F  Y... R...LL....DKGAKK     V F     T     .E G  FFA L    AEA  H L  

Pseudomonas_aeruginosa_ApaH2                      A  D D HHG G Q IF          S H       P   G    Q                V IL       N   D  Y  R DVL   I GDP   Y  F  Y... A...FL....DRGAGR     V Y     T     .D A   FT      RFE  Y L  

Pseudomonas_aeruginosa_ApaH1                      A  D D HHG G Q IF          S H       P   G    Q                V IL       N   D  Y  R DVL   I GDP   Y  F  Y... A...FL....DQGARR     V Y     T     .R D   FA      RVE  Y L  

Pseudomonas_sp_M30-35_ApaH                      A  D D HHG G Q IF          S H       P   G    Q                V IL       N      Y  R DVL   I GDP   F  F   ... A...FI....DQGHKR     V Y     T S   .S S   FT      KFE  F L H

Candidatus_Scalindua_brodae_HDAC2                      A  D D HHG G Q IF          S H       P   G    N                V IL       N   D  Y  R DVL   I G P   Y  F  Y... YLSQ.......EG..K     I F     T     .N N   TV    H DYS  Y S  

Burkholderia_pseudomallei_ApaH                      A  D D HHG G Q IF          S H       P   G    Q                V VL       Q   E  Y  R DVL   I GDP   Y     F... A...LR....A.RHAR     T M     I     .A R   YV      TNF  AVA  

Ralstonia_insidiosa_ApaH                      A  D D HHG G Q IF          S H       P   G    Q                V IL       Q   E  Y  R DVL   I GDP   Y     F... A...LLGQFGA.KYKR     T M     I     .D A   YV      TNF  VVA  

Chloroflexi_bacterium_RBG_16_48_8_HdaH                      A  D D HHG G Q IF          S H       P   G    Q                  IL       N      Y     VL      DP   Y  Y   RYV T...R.....QR.GSRL    I F     T S   TDPS.  YC L A  DFE  Y W Q

Fervidobacterium_pennivorans_HDAC                      A  D D HHG G Q IF          S H       P   G                     V VL       N   D  Y    NVL   I GDP   Y  F  Y...RYL...E....EKGMR.     L F     T     .KDP   YV      RKF  W S  

Bordetella_hinzii_ApaH1                      A  D D HHG G Q IF          S H       P   G    E                V I        N   D  Y  R DVL     GD    Y  Y   ... V...LR....E.RFDR   I V V     T     .A G   TI L   TAEF  F W S

Bordetella_bronchiseptica_253_ApaH                      A  D D HHG G Q IF          S H       P   G    Q                V IL       N   D  Y  R DVL      DP   Y  F  Y... W...LR....HHVAR.     V V     T     .E D   HV L A  AYF  F T  

Spirochaetae_bacterium_HGW-Spirochaetae-5_ApaH                      A  D D HHG G Q IF          S H       P   G    N                I IL       N   D  Y  R DVL   I  DP   Y  F  F... ....FL....SN.YGR     L Y     Q     .R N   TI   A  DYE  Y S  

Kosmotoga_pacifica_HDAC                      A  D D HHG G Q IF          S H       P   G                     V IL       N   E  Y     VL   I G P   Y      ...RYYQKYT.....QG..Y     L F     T     .EDSS  YV    S EKY  WIS H

Chromatiales_bacterium_ApaH                      A  D D HHG G Q IF          S H       P   G    Q                V IL       N      Y  R DVL   V  DP   Y  F   ... Y...AR....N.QHQR     V V     T G   .D Q   TI   A  SHF  F W H

Micavibrio_aeruginosavorus_ApaH                      A  D D HHG G Q IF          S H       P   G    Q                V V        N   D  Y  R DIM   I  DP   Y  Y  Y... G...FL....ESGAKR   I V Y     T     .D D   VI   A  ADD  F L  

Laribacter_hongkongensis_ApaH                      A  D D HHG G Q IF          S H       P   G    Q                V VL       N      Y  R DVL   I GDP   F  Y  F... H...LR....DKGCSR     V Y     T S   .D A   FA      RTE  F L  

Pseudomonas_putida_HDAC_family                      A  D D HHG G Q IF          S H       P   G    Q                V  L       Q   E  Y  R DVL   I GDP   Y     F... V...LR....G.KFDK  M  T M     I     .E N   YV      TNF  VVA  

Bacteroidetes_bacterium_GWF2_33_16_HDAC                      A  D D HHG G Q IF          S H       P   G    Q                V IL       N   Q  Y  R DVL   I G P   Y  F  F... R...FS....E..IGK     I F     Q     .E S   TI    H SFA  Y S  

Lentisphaerae_bacterium_GWF2_52_8_HDAC                      A  D D HHG G Q IF          S H       P   G    N                V IL       N   D     R DV    I G P   Y  F  F... ....YL....SK.YGT     I Y     Q    L.R N  FTV    H SFA  F S  

TT     TT          ..                           Mycoplana_ramosa_ApaH
 240       250                  260       270         280  

Mycoplana_ramosa_ApaH   E G         N                                                G E    G G G                              L         F    E  VV L A  T K A A TTA YPMG....RG.TP....YSV..WGEA TDSLKRIAA G..A AI  S  

Pseudomonas_aeruginosa_ApaH2   E G         N                                                G D    G G G N                            L  A      Y    D LIV L A  K N V T Y F ..YP..LAAG.SD....WAT..WSQA QA IRQIQA A..A A   S  

Pseudomonas_aeruginosa_ApaH1   E G         N                                                G D    G G G N                            L  A      Y   PD LVI L A  R E A E C H YPLA....HG.SG....WDL..WSAA DD CVRIAG A..  A   S  

Pseudomonas_sp_M30-35_ApaH   E G         N                                                G D    G G G N                            L  A      F    E  IV L A  H E T E F I YPLP....AG.SA....WDS..WGAA DD CKRINA D..A VV  S  

Candidatus_Scalindua_brodae_HDAC2   E G         N                                                G      G G   N                                      F   PD MVV L EA R E E VDF R FPLA....PR.TENDKYLRV..FDKAI..NL..ILN N..  I   S  

Burkholderia_pseudomallei_ApaH   E G         N                                                G D    G G G N                               A      F   PD LV  L D  R A E L Y V LPMP.H...G.SS....EAA..FFERVDD LRELRR A..  A  LS  

Ralstonia_insidiosa_ApaH   E G         N                                                G D    G G G N                            L  A      F   PD LV  L D  R A D E L I LPMP.H...R.SP....ESV..FFDK GV LAALER Q..  A  LS  

Chloroflexi_bacterium_RBG_16_48_8_HdaH   E G         N                                                G D    G G G N                            L  A      F   PD LV    A  Q E L R F H ..WPLP...LGTN....DKL..YLDT EQ LKTVRT S..  V  LSA 

Fervidobacterium_pennivorans_HDAC   E G         N                                               G      G   G N                            L  A      F   PD L I   ET C E NAY T L IPLP....EN.SD...I.NA..YGEA KK IQKLKD K..  A M SF 

Bordetella_hinzii_ApaH1   E G         N                                                G E    G G G N                            L  A           Q LVV L S  R Q E E A L IPLA.R...G.TA....DSA..YLAQ SA LERASQWG..A A   A  

Bordetella_bronchiseptica_253_ApaH   E G         N                                                G Q    G G G N                            L  A      F   PD  VV L A  T R I A C L LPLP.I...G.TD....DEA..FLAA RI CRRVLD K..  VV  A  

Spirochaetae_bacterium_HGW-Spirochaetae-5_ApaH   E G         N                                                G N    G G G N                            L         F   PD LII L R  T E E A Y I ..FPLP...IKTD.....GI.RYKHA EKSIKAVKK S..  F   P  

Kosmotoga_pacifica_HDAC   E G         N                                                G      G G G N                            L  A      F   PD LIV L SW I E E L Y F ..FPLP..GD.IT....GSE..YLGA EK LIEIEN D..  L   S  

Chromatiales_bacterium_ApaH   E G         N                                                G N      G G N                            L  A      F   P  L V L A  C EAE E Y L LPL..H...LLSG....DGA..FLSA EQ SHALAD N.. GL L A  

Micavibrio_aeruginosavorus_ApaH   E G         N                                                G D    G G G N                            L  A      F   PD  IV L A  K I K E Y I MPLP....LG.TD....YTS..WSKA DH LEK..T AYK  AV  S  

Laribacter_hongkongensis_ApaH   E G         N                                                G N    G G G N                            L  A      F   PD LVV L A  K E A L F H ..FPLPAGSD.VP......A..WMGA AD CRVISA R..  A   S  

Pseudomonas_putida_HDAC_family   E G         N                                                G D    G G G N                            M  A      F   PD LV  L D  T A A A F L LPMA.H...G.AS....EAD..FLAC DQ ATALHA A..  V  LS  

Bacteroidetes_bacterium_GWF2_33_16_HDAC   E G         N                                              G E    G G   N                            L         Y   PD LII   A  A E D HLF F ..FPLP...EKTT....YEA..YTKI IKSLKLIRN K..  F   AF 

Lentisphaerae_bacterium_GWF2_52_8_HDAC   E G         N                                                G E      G G N                            L  A      Y   PE LVV L A  R EDK K F I ..FPLP...E..N....ISVDKYMET KT VRKICR N..  F   A  

 TT TT TT           ..                                 ...  ..  Mycoplana_ramosa_ApaH
 290       300         310          320       330           

Mycoplana_ramosa_ApaH  D    D                                   EGGY                       P          Y     G           P   V            N        V TFEQ ISFFKLTSPD I..TM RTIAASGV... LLV M    GVPEIGL V...AN..VL

Pseudomonas_aeruginosa_ApaH2  D    D                                   EGGY                         P          Y     G     L      T  V            N          V TFKE  ISQFRLDSPD L..RM EAIGK GL...A LF M    AVEEIGI A...VN..VL

Pseudomonas_aeruginosa_ApaH1  D    D                                   EGGY                      P          Y     G     L     PT  I            N       V TYKE  ISQFRLDSPD L..RM ERIAR GL...  LF M    AVEAIGI A...VN..VL

Pseudomonas_sp_M30-35_ApaH  D    D                                   EGGY                      P          Y     G     M     PT  V            N       V TYKE  ISQFKLDSPD L..SM ERIAA GL...  LF M    AVEAIGV A...VN..VL

Candidatus_Scalindua_brodae_HDAC2  D    D                                   EGGY                         P                G           P   I                     F ILKG  TGTF.LLSP.IIFESI KRLISTKK... LLV Q    NIR..GIRS...GSKAFF

Burkholderia_pseudomallei_ApaH  D    D                                   EGGY                      P          F     G     L     PT  V            N       F VYRD  QSQVAVTTDG G..RL HLIGA RL...  VI Q    HIESLEA A...RS..FF

Ralstonia_insidiosa_ApaH  D    D                                   EGGY                      P          F     G     L     PT  V            N       F IYRE  QSQVDVSTEG G..RL ATVGA GL...  LV Q    HLATLAQ A...AA..FF

Chloroflexi_bacterium_RBG_16_48_8_HdaH  D    D                                   EGGY                                                L     PT               D          F IVEG TVGGFNIPQAGLS..QISEHIAQ KL...  IILQ    NLERLGQ V...VL..FL

Fervidobacterium_pennivorans_HDAC  D    D                                   EGGY                         P          Y     G               V                       T THIK  VGRFALLSED K..TI SSISNSLV.IDYLII H    N.SRSNL....VAVKNFL

Bordetella_hinzii_ApaH1  D    D                                   EGGY                         P          F           L     PT  V            N          F GYER  LAWLSISTDG G..RIARALAG GL...  VL Q    MCEDLAA L...RS..FM

Bordetella_bronchiseptica_253_ApaH  D    D                                   EGGY                      P          F     G     L     PT  V            N       L TYEG  LNAFRITTPG A..RI QAIAG AL...  VL Q    LSDELGE L...AT..FL

Spirochaetae_bacterium_HGW-Spirochaetae-5_ApaH  D    D                                   EGGY                         P          F     G           PT  V            N          L TAKG  SGKWNLEKDD Y..NN .RL..IGLLDI  LV Q    DSRVVGI A...FS..FF

Kosmotoga_pacifica_HDAC  D    D                                   EGGY                         P          Y     G     L     P   V            N          F THTE  VGYFSLVDSD Y..MV KQLNE DI... LLI Q    NAE...A ARAAVN....

Chromatiales_bacterium_ApaH  D    D                                   EGGY                         P          F     G     L     PT  V                       L ASES  LRGLSVTTPG R..QI SAIAD NL...  VF Q    LSDVLTDSL...AA..VL

Micavibrio_aeruginosavorus_ApaH  D    D                                   EGGY                      P          Y     G     L     PT  V            N       V TFEK  ISKFKLQHDD T..KM DTLAK NM...  LF M    AVEDIGI V...AN..VL

Laribacter_hongkongensis_ApaH  D    D                                   EGGY                         P          F     G     L     PT           N          L TYQG  ISTFKLDTPE V..RM EQLGR GV...  LFCL    AVGPIGA A...VA..VL

Pseudomonas_putida_HDAC_family  D    D                                   EGGY                         P          F     G     L     P   I            N          F IYEN  QSKVHVSHEG Y..LL QRIKA GL... CVV Q    DIATLDE A...SR..FF

Bacteroidetes_bacterium_GWF2_33_16_HDAC  D    D                                   EGGY                      P          F     G     L     PT  V            N       L TAKG  TGTWNFSFEN M..ST KLIGG KI...  LI Q    KNQSLGS A...RA..FF

Lentisphaerae_bacterium_GWF2_52_8_HDAC  D    D                                   EGGY                      P          F     G     L     PT  V            N       F TARG TGTWMLDAED K..KI AIIGK PY...  LF Q    KTKTIGK ....VS..AF

α6 β5

α7 β6 α8 β7 η3

η4 β8 α9 β9

α10 β10 α11
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.  ...... .                                                     Mycoplana_ramosa_ApaH
  340                                                    

Mycoplana_ramosa_ApaH   G                          .K ......V.A.G...............

Pseudomonas_aeruginosa_ApaH2   G                          .Q ......F.E.GV....HR........

Pseudomonas_aeruginosa_ApaH1   G                          .Q ......Y.E.GA....AR........

Pseudomonas_sp_M30-35_ApaH   G                          .E ......F.E.NV....CRPNNSKKDA

Candidatus_Scalindua_brodae_HDAC2   G                          .K ......C.N.ENRT............

Burkholderia_pseudomallei_ApaH   G                          .G .......FG.ALRG............

Ralstonia_insidiosa_ApaH   G                          .S .......LQ.SPHQPAG.........

Chloroflexi_bacterium_RBG_16_48_8_HdaH .SH......FIQSNRT.............

Fervidobacterium_pennivorans_HDAC   G                          .A .......LL.GE..............

Bordetella_hinzii_ApaH1 .TN.......FE.AAHRVERG........

Bordetella_bronchiseptica_253_ApaH   G                          .D FCQHHRPTA.TLR.............

Spirochaetae_bacterium_HGW-Spirochaetae-5_ApaH   G                          .Q ......LYE.GEYGRKNQ........

Kosmotoga_pacifica_HDAC ..F......F.S.GMLK............

Chromatiales_bacterium_ApaH   G                          .E .......VL.S...............

Micavibrio_aeruginosavorus_ApaH   G                          .T ......F.L.NR..............

Laribacter_hongkongensis_ApaH   G                          .S ......Y.D.ST....AHG.......

Pseudomonas_putida_HDAC_family   G                          .A .......MA.A...............

Bacteroidetes_bacterium_GWF2_33_16_HDAC   G                          .S .......FY.T....ANN........

Lentisphaerae_bacterium_GWF2_52_8_HDAC   G                          FR ......VWE.G....SFR........
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Supplementary Figure 20: Primary sequence alignment of selected bacterial deacylases of 
cluster 4 (UniProt accession numbers are shown). 
Show are the following sequences of the following deacylases representing enzymes of cluster 4 and 
the sub-clusters (code: sub-cluster, accession number/protein name/spcies): 4, 
Q48935/ApaH/Mycoplana ramose (Mycoplana bullata); 4, Q9I6H0/ApaH2/Pseudomonas aeruginosa 
(strain ATCC 15692 / DSM 22644 / CIP 104116 / JCM 14847 / LMG 12228 / 1C / PRS101 / PAO1); 4, 
Q9I3T5/ApaH1/Pseudomonas aeruginosa (strain ATCC 15692 / DSM 22644 / CIP 104116 / JCM 14847 
/ LMG 12228 / 1C / PRS 101 / PAO1); 4, A0A1Y0KY79/ApaH/Pseudomonas sp. M30-35; 4, 
A0A0B0EJX1/HdaC2/Candidatus Scalindua brodae; 4, Q3JUN4/ApaH/Burkholderia pseudomallei 
(strain 1710b); 4, A0A191ZTI7/ApaH/Ralstonia insidiosa; 4, A0A1F8P1D9/HdaH/Chloroflexi bacterium 
RBG_16_48_8; 4, A0A172T1R4/HDAC/Fervidobacterium pennivorans; 4, 
A0A0H4W2H7/ApaH1/Bordetella hinzii; 4, A0A0C6P6V8/ApaH/Bordetella bronchiseptica 253; 4, 
A0A2N1RQT6/ApaH/Spirochaetae bacterium HGW-Spirochaetae-5; 4, 
A0A0G2Z8U2/HDAC/Kosmotoga pacifica; 4, A0A1E5A0H0/ApaH/Chromatiales bacterium (ex Bugula 
neritina AB1); 4, A0A2W5MSH4/ApaH/Micavibrio aeruginosavorus; 4, A0A248LJH0/ApaH/Laribacter 
hongkongensis; 4, A0A1L7NGC7/HDAC family/Pseudomonas putida (Arthrobacter siderocapsulatus); 
4, A0A1F3IP43/HDAC/Bacteroidetes bacterium GWF2_33_16; 4, A0A1G0YY82/HDAC/Lentisphaerae 
bacterium GWF2_52_8All sequences were aligned using the T-COFFEE multiple sequence alignment
server1. The important catalytic residues are highlighted. The secondary structure elements and 
numbering is shown for the deacylase shown at the top of the amino acid sequences above the 
sequence alignment. The alignment was created by ESPript version 3.02. 
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Legionella_cherrii_ApaH
1    10                                                            

Legionella_cherrii_ApaH M                                                                                             F                                                                  R.....HKY.... FK.EKVS.P........................................................

Legionella_pneumophila_ApaH M                                                                                             F                                                                  DMAK.DKGF.... KK.AKME.K........................................................

Legionella_bozemanae_ApaH  M                                                                                             F                                                                  MM.K..HKY.... FR.HMTS.T........................................................

Legionella_erythra_ApaH M                                                                                             F                                                                  KL.....EELLYQ KT.HA.V.L.....AEK..................QRLSQWAYQF.SH.....HNAAFLQ.....

Legionella_geestiana_ApaH  M                                                                                PR.....LF.....KPLPSTP.A.....LKK.LQ..............KKAS...GYLI.EIEKALINNTLSEN.....

Legionella_spiritensis_ApaH M                                                                                DE.....KCKKWLLLT.IDCC.M.....KEA..................AILCNWVATYTDK.....HNRALLD.....

Legionella_waltersii_ApaH  M                                                                                             F                                                                  KK.....GF.... KN.DKIK.A........................................................

Legionella_busanensis_ApaH M                                                                                             Y                                                                  GK.....DEKKRI NT.RRMPKPTTEEVEEKKVKKRKHVTSASLNLQEENELL...SNQ.DE.....KKPKKLKTREPS

Legionella_moravica_ApaH   M                                                                                             F                                                                  PR.....TF.... EK.HSPS.N.....LRS..................ELLA.LNRLF.KG.....NKFLSIQTIE..

Legionella_sp_ApaH M                                                                                             F                                                                  KG.....TL.... FTVRGND.K.....ARK.................NALIDKIKRVQ.QEYKELQKGTVNLD.....

Legionella_antarctica_ApaH M                                                                                             F                                                                  N.....RKF.... IE.PSLS.L.....LEK..................RILC.CITNI.SS.....SNPEEIQTSS..

Legionella_sp_HdaH M                                                                                             F                                                                  YLSQCKSSF.... PQ...............................................................

        ......................................Legionella_cherrii_ApaH

Legionella_cherrii_ApaH ........................................ES......................................

Legionella_pneumophila_ApaH ................................................................................

Legionella_bozemanae_ApaH  ........................................DV......................................

Legionella_erythra_ApaH ....GL.........KACG....QHLKEIKSSPFFNHLENESKYAILRQIKS..ME....................Q.LT

Legionella_geestiana_ApaH  ....RV.........PAFL....QHLKQLSDDPEYRHLSPRMKKRINKAQLK..LF....................NRLT

Legionella_spiritensis_ApaH ....RL.........RACG....EYFSKIERHDSFPELSTCLRETVHACKKK..IS....................R.NY

Legionella_waltersii_ApaH  ................................................................................

Legionella_busanensis_ApaH VKNKKNKREATRTKRRETGAMHLETESKSTANTQYPEESIVKKTTAQS.KRSLKVNDSIGFFSVKKIHAKANKDIEHQQT

Legionella_moravica_ApaH   ....SL.........NEYK....TLVSTYIQSPNYSKLKPYIQRVANNILNK..IN....................E...

Legionella_sp_ApaH ....AF.........CDFK....NKLDEIENDSFYKLLPTNFNRSIHHMREE..LE....................QQFP

Legionella_antarctica_ApaH ....RL.........KDYL....LELKNYTQDTEFANIGLGLKREALKLLQ.............................

Legionella_sp_HdaH ................................................................................

...........................  .Legionella_cherrii_ApaH
      20        30        40     50        60    

Legionella_cherrii_ApaH                                       Q              A       DQ  R                                                I IP   D   M  M  G     E     L  M       ...........................HK.EKNQECL    SAK IQQ HG P  AD...   FE  KH TQVIATTQSK

Legionella_pneumophila_ApaH                                       Q              A       DQ  R                                                I IP   D   M  M  G     E        M       ...................NKRL....VT.PYSEECA    SEI NEQ QR P  GE...   YL IKH SALIKKY...

Legionella_bozemanae_ApaH                                        Q              A       DQ  R                                                I IP   D   M  M  G     E     L  M       ...........................HK.EKNQECC    SAK IEQ HH P  AD...   LK  KH VRVIEDYQST

Legionella_erythra_ApaH                                       Q              A       DQ  R                                                     P   E   M  M  G     Q     L  L          EQVI..............ELDLV....KK.KWPTAITY A AYD ILA RG Y  GK...   LA  LK VKTLKTQ...

Legionella_geestiana_ApaH                                        Q              A       DQ  R                                                V IP   D   M  M  G     E     L  M       PNEVLIDSDTEIDELFLTDTDDLPE..LET.LAPPLM    SAT LTY RG I  TD...   AE  GN TRLLHNF...

Legionella_spiritensis_ApaH                                       Q              A       DQ  R                                                   IP   D   M     G     D     L           IQVN..............KLFMS....EK.MDRYGITY   CKR IDA KGFC  YK...   QQ  QKISRTLAAR...

Legionella_waltersii_ApaH                                        Q              A       DQ  R                                                   I I    D      M  G     E     L  M          ..................KTDSD....CT.MNTTDLK   LADS ITETRY P  AD...   SL  KN SKVVKEY...

Legionella_busanensis_ApaH                                       Q              A       DQ  R                                                 V IP   D      M        Q                 EAAVALS.TPEIPKQNLKKEDDESSMEVE.NLQLSSI    SDT FVTYRG C AAEKKT   QQ ISKIIDVVKRH...

Legionella_moravica_ApaH                                         Q              A       DQ  R                                                I IP       M  M  G     E     L  M       .RIY...........ALSSIEDDK...EL.YDLSECY    SHNALAQ HH P  ST...   QT  MH SQILSNC...

Legionella_sp_ApaH                                       Q              A       DQ  R                                                  I  P   D   M  M  G     E       M          .......................IA..AEPGDLPLVT  H SND LAN HG F  ES...   AT IGH TLKIHESLDN

Legionella_antarctica_ApaH                                       Q              A       DQ  R                                                I IP       M  M  G     E     L  M       ..................SLDDQ....MN.SEPSECF    SEQHVEQ KG P  GI...   NI  IH SNAIRKGQKK

Legionella_sp_HdaH                                       Q              A       DQ  R                                                I IP       M  M  G     E     L  M       ..............................PSPINFS    AAEHLTW RD P  GA...   CM  SN VAKINELHQQ

Legionella_cherrii_ApaH
 70              80        90        100       110 120       130       

Legionella_cherrii_ApaH                        W                                        Y                        TD   L      LF A     D   A   F   P ED IL  L  VH  E L   I   I A    DPSLPVVT......  RVE PEH NQ  A MKKG. ENV LTL AEF E  Q  QA LA  TS   QQI RDC Q QA..

Legionella_pneumophila_ApaH                        W                                        Y                        TQ   L      LF AI    D   A   F   P DD IL  L  VH  D L   I   I A    .GDLPVIT......  ETR PYY LD  A  DEG. TPK HAL HLL Q  I  RA RA  SE   YQL KYC Q KH..

Legionella_bozemanae_ApaH                         W                                        Y                        TD   L      LF A     D       F   P ND IL  L  VH  E L   I   I A    DSSLPVVT......  VVA PTH NQ  T MKKG. AEAPLTL AQF E  E  RA LA  TQ   QKL TYC Q QQ..

Legionella_erythra_ApaH                        W                                       Y                                     L  AI    E   A   F   P DN VL  L  VH    L   V      .LKPQQLTETLSPVSHHWIDRLP LV CQ  RSR. ITL KAA DAI E  P  KA LK  DKA  VSL KTCAALAP..

Legionella_geestiana_ApaH                         W                                        Y                        TD   L      LF AI        A   F   P DD IL  L  VH    L   V   I A    .PNIPIVT......  ALF NPS NE  K  DND.TPRI ARL SEI D  P  KP LA  TRS  KKL LYS S HR..

Legionella_spiritensis_ApaH                        W                                        Y                          E          LF AI    D       F   P DN  L  L  VH  D L   I   V  .VEFEKLVETRTFPC KWLDTLP EI  Q  RGG. PELVQLA DEI G  LL QS LK  SR   WFL SQC GLSE..

Legionella_waltersii_ApaH                         W                                        Y                        TE   L      LF AI    D   A   F   P  D  L  L  VH  E L   I   I A    .SPVPLIT......  QCE SNK LK  K  DEA. WQN QTS KEI AS RL KV KG  TE   LEI QNC L HK..

Legionella_busanensis_ApaH                        W                                        Y                         T    M      LF  I    N   A   F     ND I   L   H  D     I   V  .N.FTLKP...... SDA. LKN KG  AS TEH. S.R KNL DEIDP  P KRA LAT SA  IKSI DKC NSDE..

Legionella_moravica_ApaH                          W                                        Y                          D   L      LF  I    N   A       P DD IL  L  VH  E     I   I A.HSLPVIT......S HNN PEY SQ  RE GAG. RLT FHALNQI A  I  RS LA  SN  VQQL DYS Q LE..

Legionella_sp_ApaH                        W                                        Y                        TQ   L      LF AI    N   A       P ED IL  L  I   Q L   I   I A    LAPNLLCD......  QVS AAY LD  A  RQG. ENL NRLLMAI E  Q  NA IG YKK   KQI KHT E VDSA

Legionella_antarctica_ApaH                        W                                        Y                         TE   L      LF AI        A         QD I   L  VH  D L   I   I AHSMLPVIT......  DVS PQV EE  A  NKG.CKKE FALLKQISS  R FQP LA  PI   KKI SYS D QR..

Legionella_sp_HdaH                        W                                        Y                          TD   L       F  I    N       F     QD        VH    L         A QPHYSLVK......  DLK SPS EVF RL QSNA QKDILKE TRLME  DLVQTISA  SKK  RQVLQWTLS RN..

   TT       TT               .       Legionella_cherrii_ApaH
  140   150       160          170       180       190 200        210

Legionella_cherrii_ApaH          D       F                        GLP HHA      GFC   K               K   N  I     T E LI D   TL          FSF       F D        N  AVL          P   KGW QL. S  LITPG   V  K ISM  FHSK...KVH      T    A EGS   IL  S   LKHMQR.NTK LKH

Legionella_pneumophila_ApaH          D       F                        GLP HHA      GFC   K               K   N       T E LI D  TTL          FSF       Y Q        N  A L          P   FGF QL. A LVVTPK   I  R CA   FNPA...KAH      S    T MGS   LI  T M MKQAELSSAQ PKF

Legionella_bozemanae_ApaH           D       F                       GLP HHA      GFC   K               K      I       E LI D   TL          FSF       F D        N  AIL          P   KGW QL.SP  LITPGA  V  K IAM  FHFG...KVH      S    S EGS   IL  S   IKYLQSLSSK LKH

Legionella_erythra_ApaH          D       F                        GLP HHA      GFC   K               K   D  I     T E LI E  TTL          F         Y D        N  AV           P   GKV EI. I  LCGHL   V  H LL   EQRQ...QFN CL   T    R RGA   LL  L  VMAYEELTADA FHT

Legionella_geestiana_ApaH           D       F                        GLP HHA      GFC   K                   N  V     T E LI D  T            FSF       F D        N  AVM          P   KGLHAL. D  VVTPK   L  R LA SILIPA...PVC      G    S RAN   LI  T   MQHMANNSPA LKF

Legionella_spiritensis_ApaH          D       F                        GLP HHA      GFC   K               K   D  V     T E LI D  TT             F       Y E        N  AV           P   GAI EV. V  VCGRL   V  Q LI  ITQRR...AINVC    T    R RAA   MI  T  VMVYEQLMASK FKA

Legionella_waltersii_ApaH           D       F                       GLP HHA      GFC  K               K   N  I     T E L  D   TL          FSF       F E        N  A L          P   TGI RL. S  VITPK   I MK CAL  MSTT...KAT      S    S TGT   VL  T L IKHAELTSSK LQY

Legionella_busanensis_ApaH          D       F                        GLP HHA      GFC K                    D  I     T   LI D  TT           F         Y E        N  AVL         DS.DEE. T  HINNQ  KV  K IA  IEGFKQHHNMI GI   T    R KAA   IF  V   IHYFGH.....VNN

Legionella_moravica_ApaH            D       F                        GLP HHA      GFC   K               K   N  I     T E LI D  TTL          FSF       F D        N  AVL          P   NGV EI. S  VITPG   V  T LA   LNPS...KMI      T    H EGS   LI  T   MKYWETVHAE LHY

Legionella_sp_ApaH          D       F                        GLP HHA      GFC   K               K   N  I     T E  I D  TTL           SF                  N  AVL          P   RGT RIN N  VYTPG   LI R LA   FCPT...PICI     T   TGSRAS   HL  T   IDFLHKTSSE LSF

Legionella_antarctica_ApaH          D       F                        GLP HHA      GFC   K               K   N  I     T E LI D  TTL          FSF       F          N  AIL          P   TGL KI. A  LITPH   L  K IA   MHPA...KCY      T    SRESS   IF  I   IKNAELTHPN LKH

Legionella_sp_HdaH          D       F                        GLP HHA      GFC   K                    D        T E  I D  TTL           SF       F D        D   I          KDILEVP L LRFNRY   LI R LF   NNPA...KFLC     S    A GGS   IL  TS WLTSYLQ.KVPQAMV

α1

β1 α2 η1 α3

β2 η2 α4 α5 α6 α7

β3 β4 α8 β5 α9
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       TT TT             ... TT      TT        Legionella_cherrii_ApaH
 220       230         240       250       260    270       280     

Legionella_cherrii_ApaH    G D N D GL                H D  DSRVYP                                  Y    LIIV T V R N    IL          I  I VF       Q    I   F                W         VN              CD  MNSAA..DMD C           Y DEDY TEL NKCGKDE...GQNIQS QRGGLD FV   

Legionella_pneumophila_ApaH    G D N D GL                H D  DSRVYP                                  Y    LVII T V R N    IL          I  I VF       Q    I   F                W         VD              CD  RHSFS..HLS C           Q DFAY NNE NSEGVDI...GKNIHV HHNNLN YA   

Legionella_bozemanae_ApaH     G D N D GL                H D  DSRVYP                                  Y    LIIV T V R N    VL          I  V VF       Q    I   F                W         VD              CD  WNSAS..DMD C           Q DDAF TEA QKSGEDI...GQKIHM QRGNLE YA   

Legionella_erythra_ApaH    G D N D GL                H D  DSRVYP                                  Y    LVII T I R D    VL             I IY       Q                         W         VD              NS  MAETT..TQSFT           W DDGVLQERMG...API...EEHGRV QKGNKC HS   

Legionella_geestiana_ApaH     G D N D GL                H D  DSRVYP                                  Y    LIVI   V R D    VL          I  I VF       D    I   F                W          D     L        CN  REKLS..HLD C           M GSMQ DQE GVRKPRT...APAYNT KQGNYV YAQ  

Legionella_spiritensis_ApaH    G D N D GL                H D  DSRVYP                                  Y    LIVI T V R D    IL                Y            I                    W         ID              SA  MGDDF..KQNLL L A       WHKEKQ NEIIGCE.SYS...EPGVSV SKEGKR LG   

Legionella_waltersii_ApaH     G D N D GL                H D  DSRVYP                                  Y    L VV T V R N    VL          I  I VF       Q    I   F                W         VD M            CD  RRQFS..HLP C           G NAED NLE STKGTTT...QQKIQK SSDKYD FM   

Legionella_busanensis_ApaH    G D N D GL                H D  DSRVYP                                  Y    LVI    V   D     L          I     Y            V                               Q   C L   E    RNT STSNFSKSRT L L S       YSASGN KYDK................VINEQYI LPL  

Legionella_moravica_ApaH      G D N D GL                H D  DSRVYP                                  Y    LIIV T V R N    I           I  I VF       Q    I   F                W         VD              CD IRQTSS..HMN C           G NHLD NKE NLTGTEV...GEQIKY KHNNLD YA   

Legionella_sp_ApaH    G D N D GL                H D  DSRVYP                                  Y    L II T V R N    IL          V  I IF       Q    I   F                W         ID F            CQ  RTKQT..EAP C           Q NFND TME TQ.SPDI...APNMAL KEGNYE MA   

Legionella_antarctica_ApaH    G D N D GL                H D  DSRVYP                                  Y    LIII   V R N    VL          I  I IF       Q    I   F                W         VD     P        SA  RESFS..CLD C           H DHSF EYE QTQGKAE...QQQIKS HQNQMD YA   

Legionella_sp_HdaH    G D N D GL                H D  DSRVYP                                  Y    L VI T I R N     L          I     F       Q    I   F                W         ID L            SAN QKM.N..AAQ Y L L       K GSAE KKQ NQDEVKVGVETQAVNY VQGCLT YA   

   TT                     .              TT TT         TT           Legionella_cherrii_ApaH
 290             300       310        320       330       340               

Legionella_cherrii_ApaH                    H                A              GWDSH  E A C K                               PAL F                   V L LPT                         S...RTTR.....K.PGLV    V AIEKMEEQIEQ K.INHQK A F        EE T Y G YVDG...........

Legionella_pneumophila_ApaH                    H                A              GWDSH  E A C K                               PAL F                   I L LPT                         S...LTSR.....K.SVGV    L ALEQLKESIRE K.AKGQK A Y        ED T Y G FVNG...........

Legionella_bozemanae_ApaH                     H                A              GWDSH  E A C K                               PAL F                   V L LPT                         S...LTLR.....K.PSLV    V AIEKIEEQIEQ K.TNHQK A F        EE T Y G YVDG...........

Legionella_erythra_ApaH                    H             A              GWDSH  E A C K                                AL Y                   V L LPT                       A...LCSR.....Q.RRGC A  H ALEALETLLVN A.KKKEN M F        EM E P G EIGK..........D

Legionella_geestiana_ApaH                     H                A              GWDSH  E A C K                               PA  F                   V L LPT                       S...LQETQKSPAN.PGML   ID AVTKAQEEINR I.RQGKK A L        CK T D S MFEH...........

Legionella_spiritensis_ApaH                    H                A              GWDSH  E A C K                               PAL                     V L LPT                       S...RHAR.....KNETDY    LLILSQLKTALEE C.LKKSP I F        HE Q P S WLNQ..........K

Legionella_waltersii_ApaH                     H                A              GWDSH  E A C K                               PAL F                   I L MPT                         K...DTYR.....K.KVGV    L ALEQIKEKVKL K.SKGIQ A L        ED T P G FVDG...........

Legionella_busanensis_ApaH                    H                A              GWDSH  E A C K                                P M                         L                          DDPNYVRE.....N.SRDL  I EDLLTQI....EQ CQNNPRDTAIY VL     GK K G S DIYRGINKTTKEFEY

Legionella_moravica_ApaH                      H                A              GWDSH  E A C K                               PAL F                   I L LPT                         S...LTFR.....K.KISL    Q ALAKIKEQIAQ K.THHHH A L        ED T P G WVNE...........

Legionella_sp_ApaH                    H                A              GWDSH  E A C K                               PAL Y                   I L LP                        Q...SGRT.....N.ATEL    L SISTLKNQVEH K.TNQQK M L  S     VH T P G LLYG..........H

Legionella_antarctica_ApaH                    H                A              GWDSH  E A C K                               PAL F                   I L L T                       K...LTIR.....S.SISI    L SLGKIKENIVN K.RTGQK V Y A      EN T Y G FIND...........

Legionella_sp_HdaH                    H                A              GWDSH  E A C K                               PAL Y                   I L LPT                         S...MLP......K.TTGI    I TLNKTAALFDK Q.REQRP I A        VD K Y A YLGN...........
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Supplementary Figure 21: Primary sequence alignment of selected bacterial deacylases of 
cluster 3 (UniProt accession numbers are shown).  
Show are the following sequences of the following deacylases representing enzymes of cluster 3 and 
the sub-clusters (code: sub-cluster, accession number/protein name/spcies):  3, 
A0A0W0SGS1/ApaH/Legionella cherrii; 3, A0A2S6EWV0/ApaH/Legionella pneumophila; 3, 
A0A0W0RV07/ApaH/Legionella bozemanae (Fluoribacter bozemanae); 3, 
A0A0W0TS12/ApaH/Legionella erythra; 3, A0A0W0TY70/ApaH/Legionella geestiana; 3, 
A0A0W0YXX3/ApaH/Legionella spiritensis; 3, A0A0W1A0K6/ApaH/Legionella waltersii; 3, 
A0A378JU93/ApaH/Legionella busanensis; 3, A0A378K274/ApaH/Legionella moravica; 3, 
A0A522FB57/ApaH/Legionella sp.; 3, A0A6F8T350/ApaH/Legionella antarctica; 3, 
A0A8I1Q8A3/HdaH/Legionella sp. All sequences were aligned using the T-COFFEE multiple sequence 
alignment server1. The important catalytic residues are highlighted. The secondary structure elements 
and numbering is shown for the deacylase shown at the top of the amino acid sequences above the 
sequence alignment. The alignment was created by ESPript version 3.02. 
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Supplementary Figure 22: Overview of structures of deacylase hydroxamate inhibitors SAHA, 
trichostatin A (TSA), benzamide etinostat (MS-275) and the cyclic peptides apicidin A and 
trapoxin A. 
a. The hydroxamate inhibitors trichostatin A (TSA) and SAHA (vorinostat, suberoylanilide hydroxamic 

acid (SAHA)) are potent class I and class II classical HDAC pan-inhibitors. The hydroxamate moiety 
is used to complex the catalytic Zn2+-ion. Bacterial deacylases of all clusters, except from cluster 
B,  are potently inhibited by these hydroxamate inhibitors.

b. The benzamide inhibitor entinostat (MS-275) shows selectivity towards class I HDACs. Our 
data show no bacterual deacylase being potently inhibited by this benzamide inhibitor.

c. The cyclic peptide inhibitors trapoxin A and apicidin A were shown to selectively inhibit class I 
HDACs. This is in agreement with our data revealing only cluster B enzyme BsAcuC being 
selectively and potently inhibited by both cyclic peptide inhibitors.
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Supplementary Figure 23: Screening of hydroxamate, benzamide and cyclic peptide inhibitors 
to inhibit selected bacterial deacylases.  
The hydroxamate inhibitors trichostatin A (TSA) and SAHA (vorinostat), the benzamide inhibitor 
entinostat (MS-275) and the cyclic peptide inhibitors trapoxin A and apicidin A were used at 
concentrations of 1 µM and 10 µM and varying enzyme concentrations (cluster A: 15 nM KpHdaH, 30 
nM RwDmhA 1.5 nM VsHdaH; cluster B: 200 nM BsAcuC; cluster D: 40 nM PsApaH; cluster E: 30.5 nM 
LcApaH, 0.5 nM LpApaH) to screen selected bacterial deacylases. The assay was conducted for 1h at 
37°C before stopping the reaction. The measured residual activity was determined in % based on the 
AMC fluorescence obtained defining the 100% value by measuring the fluorescence of the free AMC-
fluorophore at the substrate concentrations (40 µM LGKac BsAcuC (2c), LcApaH (3), LpApaH (3); 60 
µM QPKKac: KpHdaH (1b), RwDmhA (1b), VsHdaH (1b), PsApaH (1b)). The data obtained for 1 µM 
inhibitor was used to create the heat map shown in Fig. 8a. The experiment was performed in two 
independent replicates (n=2). Bars depict means. Source data are provided as Source Data file. 
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Supplementary Figure 24: Structural determinants for selectivity of hydroxamate inhibitors 
SAHA and TSA and of trapoxin A and apicidin A in inhibition of bacterial deacylases. 
a RwDmhA (1b) is the only enzyme showing better inhibition by SAHA compared to TSA and VsHdaH 

(1b) is equally well inhibited by SAHA and TSA. To reveal the underlying mechanism, the structures 
of RwDmhA (1b) and VsHdaH (1b) (AF2) were superimposed with KpHdaH (1b)•TSA and KpHdaH 
(1b)•SAHA. Shown is a closeup to provide details on binding of the inhibitors. 

b To reveal molecular determinants underlying the low potency of inhibition of BsAcuC (2c) activity 
observed for SAHA and TSA, the AlphaFold2 model of BsAcuC (2c) was superimposed with the 
structures of KpHdaH (1b)•TSA and KpHdaH (1b)•SAHA. 

c D101/D100 in HsHDAC8/HsHDAC2 is needed for inhibition by trapoxin A and apicidin A. 
Superposition of the structures of the core domains of bacterial deacylases KpHdaH (1b), RwDmhA 
(1b), RsPrpH (1b) BsAcuC (2c), LpApaH (3), LcApaH (3), PsApaH (4) VcHdaH (5b) and HsHDAC2 
(2a) and HsHDAC8 (2a) and modelling of trapoxin A and apicidin A reveals, except from PsApaH 
(4) and VcHdaH (5b), either a negatively charged D or E is present at analogue localization as in
HsHDAC2 (2a) and HsHDAC8 (2a). The observed lack of inhibition of KpHdaH (1b), RwDmhA (1b),
RsPrpH (1b), LpApaH (3), LcApaH (3), PsApaH (4) VcHdaH (5b) is due to other determinants in
structure or sequence.

d Except from BsAcuC (2c) none of the bacterial enzymes is inhibited by apicidin A or trapoxin A. 
Superposition of structures of bacterial deacylases with apicidin A and trapoxin A were done to 
reveal molecular mechanisms explaining the lack of inhibition of bacterial deacylases KpHdaH (1b), 
and PsApaH (4) by apicidin A and trapoxin A. PsApaH (4) and VcHdaH (5b) do not contain an D/E 
at the analogous positiion to D101/D100 in HsHDAC8/HsHDAC2 explaining their lack in inhibition 
by cyclic peptides (KpHDAH (1b): E101; BsAcuC (2c): D91 ; LpApaH (3): D146; LcApaH (3): D144; 
PsApaH (4): G117; VcHdaH (5b): G97; HsHDAC2: D100; HsHDAC8: D101). For the complexes 
the crystal structures of the indicated enyzmes were superimposed with the structures of 
HDAC2•apicidinA (PDB: 7LTG [https://doi.org/10.2210/pdb7LTG/pdb]) and HDAC8•trapoxin A 
(PDB: 5VI6 [https://doi.org/10.2210/pdb5VI6/pdb]) to model the localization of apicidin A and 
trapoxin A. For BsAcuC (2c) the AlphaFold2 model was used. 
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Supplementary Figure 25: Impact of genomic deletion of hdaH in K. pneumoniae on growth, 
biofilm formation and virulence. 
a Genomic deletion of the gene hdaH encoding for KpHdaH (1b) in the genome of K. pneumoniae 

B5055 (B5055). To determine whether the gene encoded a product that was functional in the 
metabolism and pathogenesis of site-specific mutagenesis deleting the hdaH gene in B5055 was 
conducted. The KpHdaH enzyme is annotated as a putative histone deacetylase encoded by 
BN49_1579 (BN49_RS09375) on the chromosome of Klebsiella pneumoniae. The BN49_1579 
gene was disrupted by replacing a 920 bp coding region with a 1,478 bp kanamycin resistance 
cassette (flanked by FRT sites) using l-red recombinase-mediated gene gorging method5. The 
location of BN49_1579 and key sites for mutagenesis are shown, with genomic coordinates 
obtained from www.biocyc.org. Block arrows depict annotated transcription units in the direction of 
transcription. Dotted lines indicate the excision points immediately adjacent to the deleted 
sequence. The up- and downstream sequences flanking the deletion site are shown above, with 
the last bp retained and their coordinates shown in red. Blue triangles show primer binding sites 
(For, forward primer; Rev, reverse primer) for PCR that confirms gene deletion. The agarose gel 
electrophoresis image shows PCR products of expected size for wildtype (WT) and knockout (KO) 
K. pneumoniae. The B5055 hdaH mutant (DhdaH) and wildtype (WT) B5055 were analysed by 
whole-genome sequencing using the Illumina platform. No secondary mutation outside of 
BN49_1579 was detected, thus validating site-specific mutation in the mutant strain. Source data 
are provided as Source Data file. 

b Growth of B5055 in LB-medium and M9-medium supplemented with glucose is not affected by the 
absence of HdaH. Top panel, b.1: The B5055 WT and B5055 DhdaH were grown in Luria-Bertani 
broth, a rich medium containing multiple carbon sources. The growth curves of the WT and DhdaH 
were determined using a CLARIOstar Plus plate reader over 48 hours. There was no difference in 
the fundamental growth kinetics. Both isolates demonstrated similarities in lag, log and stationary 
phases. Lower panel, b.2: To determine whether the multiple carbon sources and high glucose 
concentrations of LB obscured differences in growth kinetics, the B5055 WT and B5055 DhdaH 
were grown in minimal medium (M9) with varying concentrations of glucose. Terminal OD600 was 
determined by glucose concentration and were approximately 25% of OD600 generated by growth 
in LB broth. Again, there were no differences in the growth kinetics of the B5055 WT and B5055 
DhdaH. The analysis of growth in rich and simple media comparing B5055 WT and B5055 DhdaH 
in central glucose metabolism of B5055 suggested that KpHdaH (1b) had no role in determining 
the kinetics of growth when glucose was provided as the sole source of carbon. The experiment 
was performed with three biological replicates (n=3) each containing 4 technical replicates. Data 
are presented as means±SD of the three biological replicates. Source data are provided as Source 
Data file. 

c We next explored whether B5055 DhdaH increased the rate or level of growth when sodium acetate 
was provided as the sole carbon source. Left pane, c.1: Growth of B5055 in sodium acetate was 
very limited albeit the level of growth was determined by the concentration by the amount of sodium 
acetate added. Again there was no difference in growth rate when the WT was compared with the 
DhdaH mutant. Middle panel, c.2: When glucose was added to acetate in M9 medium, differences 
in growth rate were observed between the B5055 WT and the B5055 DhdaH mutant. The level of 
growth for the B5055 DhdaH was increased over that of the B5055 WT for the first 24 hours, 
suggesting that the presence of an intact hdaH locus, together with sodium acetate reduced growth 
of K. pneumoniae B5055. Right panel,c.3: When the analysis was extended by a further 24 hours, 
a second lag and renewed exponential growth was seen in an additional phase of growth (diauxic 
growth). We hypothesized that once glucose was consumed B5055 swiched to using acetate as 
the carbon source. The experiment was performed with two biological replicates (n=2), each 
containing 4 technical replicates. Data are represented as means. Source data are provided as 
Source Data file. 

d Genomic deletion of K. pneumoniae hdaH does not result in a generalised alteration of the 
acetylation pattern in cells grown in M9 medium. To determine whether any deacylation activity of 
KpHdaH could be identified in cultured K. pneumoniae B5055, the B5055 WT and B50555 DhdaH 
mutant from stationary phase cultures of bacteria grown in M9 medium were analysed by Western 
immunoblotting using an acetyl-group specific antibody (IB: AcK). The positive control was 
acetylated bovine serum albumin (BSA), which was clearly positive in the Western blot, with a MW 
consistent with that of BSA (67 kDa). Different additives including the classical deacetylase inhibitor 
trichostatin A (TSA; 200 nM) and nicotinamide (NA; 2 mM) were supplied but there was no 
difference in the Western blot profile of B5055 WT and B5055 DhdaH. Source data are provided as 
Source Data file. 

e K. pneumoniae HdaH does not affect biofilm formation. Two further analyses were undertaken of 
the B5055 WT and B5055 DhdaH. Firstly, the impact of the putative de-acetylase on biofilm 
formation was determined. K. pneumoniae B5055 is a poor biofilm former because it lacks an intact 
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copy of MrkH, the transcriptional activator of Mrk fimbriae expression. The Mrk fimbria is a key 
mediator of K. pneumoniae biofilm formation6. To address this issue, B5055 and the DhdaH mutant 
of B5055 were transfected with a functional plasmid copy of MrkH (pMrkH). The supply of mrkH in 
trans resulted in an increase in biofilm formation, however there was no significant difference in the 
level of biofilm produced by the WT complemented with pMrkH) and the DhdaH mutant. Ten 
independent biological experiments were conducted and the data shown are the technical 
replicates from one representative experiment. Ten individual data points for each isolate (B5055 
WT and B5055 DhdaH) were collected from each of two independent experiments. A representative 
experiment is presented (technical replicates, n=10). There was no statistical difference (ns) in the 
level of biofilm produced by B5055 and B5055 DhdaH using an ordinary one-way ANOVA test 
(Tukey’s multiple comparison test) with a significance level of p<0.05. Exact values can be found 
in the Source Data. Source data are provided as Source Data file. 

f K. pneumoniae HdaH has no direct effect on K. pneumoniae virulence. Lastly, the virulence of the 
WT and the DhdaH mutant was tested in C57BL/6 (BL/6) mice. B5055 is a known virulent isolate 
in BL/6 mice7,8. Animals were infected with 3 different doses of WT and DhdaH mutant. In toto, 
these studies failed to reveal a dose-dependent phenotype associated with loss of the hdaH locus. 
While in some experiments, it appeared that there may have been some growth attenuation of 
DhdaH, the effects were not consistent. At low doses (103 colony forming units (CFU) injected 
intravenously (i.v.)), there may have been some growth deficit in DhdaH but this was not seen when 
doses were increased 10-fold, where survival and weight loss post-infection were not increased by 
loss of the locus. Competitive infections were also assessed, where C57BL/6 mice were infected 
with equal numbers of the WT and KpHdaH DhdaH mutant and then killed at day 1 or day 3 post-
infection, and the number of K. pneumoniae in various tissues analysed by viable counts (right 
panel). However, again no significant effect was observed and the data shows quite huge variation. 
Data points represent individual mice (n=6) in one experiment. The result is representative of two 
independent experiments. Source data are provided as Source Data file. 
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Supplementary Figure 26: Overview of structures of bacterial deacylases in complexes with the 
hydroxamate inhibitors SAHA, and trichostatin A (TSA). 
a. Overview of all inhibitor bound-structures of bacterial deacylases of all sub-clusters. Shown are the

following complexes of the deacylases in complexes with the hydroxamates SAHA and/or TSA:
KpHdaH•TSA, KpHdaH•SAHA and RwDmhA•SAHA of sub-cluster 1b and VcHdaH•SAHA of
cluster 5b. For the complexes of BsAcuC of sub-cluster 2c with apixidin A and trapoxin A, the
AlphaFold2 model of BsAcuC was superimposed with the structures of HDAC2•apicidinA (PDB:
7LTG [https://doi.org/10.2210/pdb7LTG/pdb]) and HDAC8•trapoxin A (PDB: 5VI6
[https://doi.org/10.2210/pdb5VI6/pdb]).

b. Closeup of the structures of KpHdaH•TSA, RwDmhA•SAHA and of the AlphaFold2 model of
BsAcuC in complex with apicidin A (from PDB: 7LTG [https://doi.org/10.2210/pdb7LTG/pdb]). The
conserved Tyr (KpHdaH: Tyr313) directly contacts the oxygen /nitrogen of the hydroxamate groups
of SAHA or TSA, respectively, or the gemdiol(ate) function of the apicidin A.. This is at the
analogous position of the substrates’ carbonyl oxygen of the acyl group. The hydroxamate and
gemdiol(ate) function furthermore directyl coordinates the catalytic Zn2+-ion in a bidentate fashion.
As dexcribed for the interaction with SAHA, Thr24 in KpHdaH form an interaction to the TSA
carbonyl oxygen. The interaction of the cyclic peptide inhibitor apicidin A is created by formation of
a hydrogen bound with the conserved Asp91 in BsAcuC (2c) towards the peptide bonds of the
cyclic peptide inhibitor. This Asp contributes to the selectively to inhibit class I HDACs.

KpHdaH (1b)•TSA KpHdaH (1b)•SAHA RwDmhA (1b)•SAHA

BsAcuC (2c) AF2•apicidin A
(from PDB: 7LTG)

VcHdaH (5b)•SAHA

apicidin A trapoxin A

BsAcuC (2c) AF2•trapoxin A
(from PDB: 5VI8)

KpHdaH (1b)•SAHA RwDmhA (1b)•SAHA

Y312

Zn2+

SAHA

b

KpHdaH (1b)
RwDmhA (1b)
BsAcuC (2c) AF2
HsHDAC2 (2a)•apicidin A

BsAcuC (2c) AF2•apicidin A

D100HsHDAC2

apicidin A

Zn2+

D91BsAcuC

Y304HsHDAC2

Y302BsAcuC

a

T24

Y313

Zn2+

SAHA
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Supplementary Figure 27: Stereo images of representative electron density for inhibitor-bound 
structures of bacterial deacylases of sub-cluster 1b solved in this study. 
Stereo figures for the inhibitor bound-structures of bacterial deacylases of all sub-clusters. Shown are 
closeups of the following complexes: KpHdaH (1b)•SAHA, KpHdaH (1b)•TSA and RwDmhA (1b)•SAHA 
and VcHdaH (5b)•SAHA of subcluster 1b. For all structures a representative closeup of the active site 
is shown, including the bidentate Zn2+-binding of the hydroxamate inhibitor, the coordinating His and the 
two Asp residues, the catalytic base His and the active site Tyr important to orient and polarize the 
carbonyl-group of the substrate and to stabilize the tetrahedral intermediate. Shown in blue is the 
electron density of the 2Fo-Fc map contoured at 1s. The stereo diagrams were prepared in wall-eyed 
viewing mode with PyMOL version 2.3.43. 
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Supplementary Figure 28: Fo-Fc omit maps for the electron density of the hydroxamates TSA and 
SAHA for all inhibitor-bound structures of bacterial deacylases solved in this study. 
Shown are the Fo-Fc omit maps (contour level 3s) for the inhibitors TSA and SAHA for the structures of 
the deacylases in complexes with the hydroxamate inhibitors: KpHdaH (1b)•SAHA, KpHdaH (1b)•TSA, 
RsPrpH (1b)•SAHA, RwDmhA (1b)•SAHA and VcHdaH (5b)•SAHA. For all structures a representative 
closeup of the active site is shown, including the bidentate Zn2+-binding of the hydroxamate inhibitor, 
the coordinating His and the two Asp residues, the catalytic base His and the active site Tyr important 
to orient and polarize the carbonyl-group of the substrate and to stabilize the tetrahedral intermediate. 
Shown in green is the electron density of the Fo-Fc map contoured at 3s. The figures were prepared 
with PyMOL version 2.3.43. 
and the XGGY-motif lining the foot pocket and the catalytic Tyr (KpHdaH: Y313); green box: RPP-motif 
lining the foot pocket. 
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Supplementary Table 1: Escherichia coli strains used in this study. 

Strain Genotype Reference/construction 
BL21 (DE3) B F– ompT gal dcm lon hsdSB(rB–mB–) l(DE3 

[lacI lacUV5-T7p07 ind1 sam7 nin5]) [malB+]K-
12(lS) 

9 

DH5a F– endA1 glnV44 thi-1 recA1 relA1 gyrA96 
deoR nupG purB20 φ80dlacZDM15 D(lacZYA-
argF)U169, hsdR17(rK–mK+), l– 

10 

 

Supplementary Table 2: Oligonucleotides used in this study. All oligonucleotides ordered from 
Sigma/Merck (https://www.sigmaaldrich.com/DE/de/configurators/tube?product=standard). 

Primer Sequence 5’->3’ 
QC_VsHdaH_H144A_fo gtcgtccgccgggtcatgcttgcctggcc 
QC_VsHdaH_H144A_rev ggccaggcaagcatgacccggcggacgac 
QC_RsPrpH_H143A_fo gccggccatgcctgtctgccggatac 
QC_RsPrpH_H143A_rev gtatccggcagacaggcatggccggc 
QC_RwDmhA_H143A_fo ggcaggtcatgcatgtctggcagatac 
QC_RwDmhA_H143A_rev gtatctgccagacatgcatgacctgcc 
QC_VcHdaH_H126A_fo gtggttatcatgccgcccatgcagac 
QC_VcHdaH_H126A_rev gtctgcatgggcggcatgataaccac 
QC_ApaHD3_H159A_fo ccgggccatgcagcagcaagtgatgttatg 
QC_ApaHD3_H159A_rev cataacatcacttgctgctgcatggcccgg 
QC_LcApaH_E_H179A_fo cgacccatgcagccttcgcagatgaag 
QC_LcApaH_E_H179A_rev cttcatctgcgaaggctgcatgggtcg 
QC_LpApaH_H181A_fo gccgagccatgccgcctataccc 
QC_LpApaH_H181A_rev gtataggcggcatggctcggc 
Gi_pOPIN_fo gttatgaaggtgcagcccgttagaccatttaaacaccac 
Gi_pOPIN_rev ctatacacactcagcataccgtaccaccgatctgttc 
Gi_PA1409_fo cagatcggtggtaccggtatgctgagtgtgtatagcg 
Gi_PA1409_rev ggtggtgtttaaatggtctaacgggctgcaccttc 
QC_PsApaH_1-342_Stop_fo gaaaatgtgtaacgtccgaataatagtaaaaaag 
QC_PsApaH_1-342_Stop_rev ctattattcggacgttacacattttcgaag 
Insert_LpApaH_28-426_fo tgtgcaattcagattccgag 
Insert_LpApaH_28-426_fo ggtacccacgtgatggtg 
Gi_LpApaH_28-426_fo catcaccacagccaggatccgtgtgcaattcagattccgag 
Gi_LpApaH_28-426_rev gcggtttctttaccagactcgagggtaccgctcgagttagtaactcatactatgac 
Gi_pRSF-Duet_Lp_fo gtatgagttactaactcgagcggtaccctcgagtctggtaaagaaac 
Gi_pRSF-Duet_Lp_fo gctcggaatctgaattgcacacggatcctggctgtggtgatg 
QC_LpApaH_L414Stop_fo gtgattgaaaaacagtaactgccgaaag 
QC_LpApaH_L414Stop_rev ctatctttcggcagttactgtttttcaatc 
Insert_LcApaH_22-434_fo tgtctgatccagattccgag 
Insert_LcApaH_22-434_rev ggtacccacgtgatggtg 
Gi_LcApaH_22-434_fo caccacagccaggatccgaattgtctgatccagattccgagtgcc 
Gi_LcApaH_22-434_rev cggtttctttaccagactcgagttacgggctgctggttttgcc 
Gi_pRSF-Duet_Lc_fo gcaaaaccagcagcccgtaactcgagtctggtaaagaaaccgctg 
Gi_pRSF-Duet_Lc_rev ctcggaatctggatcagacaattcggatcctggctgtggtg 
QC_LcApaH_N409Stop_fo gagcattgttctgtaagatctggttc 
QC_LcApaH_N409Stop_rev ctgatgaaccagatcttacagaacaatg 
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Supplementary Table 3: Peptide substrates with various acyl-chains used in this study. The 
peptide backbone was derived from histone H3 (APRKacyl, H315-18 or TARKacyl, H36-9), histone H4 
(LGKacyl, H410-12) tumor suppressor protein p53 (QPKKacyl, p53317-320) or DLAT (Dihydrolipoyllysine-
residue acetyltransferase component of pyruvate dehydrogenase complex; ETDKacyl; DLAT256-259). The 
C-terminal lysine side chain carried various acyl-chain types, i.e. acetyl (C-2; Kac), propionyl (C-3; Kpro),
butyryl (C-4; Kbut), hexanoly (C-6; Khex), octanoyl (C-8; Koct), decanoyl (C-10; Kdec), lauroyl (C-10; Klau),
myristoyl (C-12; Kmyr), palmitoyl (C-14; Kpal), crotonyl (Kcro), L-lactyl (KL-la), D-b-hydroxybutyryl KD-bhb),
succinyl (Ksuc), glutaryl (Kglu) and biotinyl (Kbio). The references are given.

Shorthand Sequence Source 
LGKac Ac-Leu-Gly-Lys(Ac)-AMC Bradner et al., 201011 

QPKKac Ac-Gln-Pro-Lys-Lys(Ac)-AMC Madsen et al., 201612 

APRKac Ac-Ala-Pro-Arg-Lys(Ac)-AMC Moreno-Yruela et al., 202213 

ETDKac Ac-Glu-Thr-Asp-Lys(Ac)-AMC Galleano et al., 2016 

LGKpro Ac-Leu-Gly-Lys(Pro)-AMC Olesen et al., 201814 

LGKbut Ac-Leu-Gly-Lys(But)-AMC Olesen et al., 201814 

QPKKhex Ac-Gln-Pro-Lys-Lys(Hex)-AMC Madsen et al., 201612 

QPKKoct Ac-Gln-Pro-Lys-Lys(Oct)-AMC Madsen et al., 201612 

QPKKdec Ac-Gln-Pro-Lys-Lys(Dec)-AMC Madsen et al., 201612 

TARKdec Ac-Thr-Ala-Arg-Lys(Dec)-AMC Madsen et al., 201612 

ETDKdec Ac-Glu-Thr-Asp-Lys(Dec)-AMC Galleano et al., 2016 

QPKKlau Ac-Gln-Pro-Lys-Lys(Lau)-AMC Madsen et al., 201612 

QPKKmyr Ac-Gln-Pro-Lys-Lys(Myr)-AMC Madsen et al., 201612 

TARKmyr Ac-Thr-Ala-Arg-Lys(Myr)-AMC Madsen et al., 201612 

ETDKmyr Ac-Glu-Thr-Asp-Lys(Myr)-AMC Galleano et al., 2016 

QPKKpal Ac-Gln-Pro-Lys-Lys(Pal)-AMC Madsen et al., 201612 

LGKcr Ac-Leu-Gly-Lys(Cr)-AMC Madsen et al., 2012a15 

LGK(L-la) Ac- Leu-Gly-Lys(L-la)-AMC Moreno-Yruela et al., 202213 

LGK(D-la) Ac- Leu-Gly-Lys(D-la)-AMC Moreno-Yruela et al., 202213 

QPKK(L-la) Ac-Gln-Pro-Lys-Lys(L-la)-AMC Moreno-Yruela et al., 202213 

QPKK(D-la) Ac-Gln-Pro-Lys-Lys(D-la)-AMC Moreno-Yruela et al., 202213 

LGK(D-bhb) Ac- Leu-Gly-Lys(D-bhb)-AMC Moreno-Yruela et al., 202213 

LGKsuc Ac-Leu-Gly-Lys(Suc)-AMC Madsen et al., 2012b16 

LGKglu Ac-Leu-Gly-Lys(Glu)-AMC Anderson et al., 201717 

LGKbio Ac-Leu-Gly-Lys(Bio)-AMC Moreno-Yruela et al., 201818 
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Supplementary Table 4: Crystallization of the enzymes and complexes crystallized in this study. 
Shown are the enzymes of different sub-clusters, the crystallization conditions, the cryoprotectant used 
to freeze the crystals in liquid nitrogen, the time needed until crystals were observed (in days) and the 
time at which the crystals were harvested. The PDB code is shown under which the structures are 
deposited in the protein data bank (PDB; https://www.rcsb.org/). 

Protein condition Cryo-protection Crystals 
observed Harvested PDB 

entry 

KpHdaH (1b) 
12% (w/v) PEG 8000, 
10% (v/v) glycerol and 
0.5M KCl

with additional 
10% glycerol  overnight overnight 9GLB 

KpHdaH 
H144A (1b) 

12% (w/v) PEG 8000, 
10% (v/v) glycerol and 
0.5M KCl 

with additional 
10% glycerol  overnight overnight 9GN1 

KpHdaH 
(1b)•SAHA 

12% (w/v) PEG 8000, 
10% (v/v) glycerol and 
0.5M KCl

with additional 
10% glycerol  overnight 

overnight 
following 
soaking (1h) 

9GN6 

KpHdaH 
(1b)•TSA 

12% (w/v) PEG 
8000, 10% (v/v) 
glycerol and 0.5M KCl 

with additional 
10% glycerol  overnight 

overnight 
following 
soaking (1h) 

9GN7 

RsPrpH (1b) 4% tacsimate pH 6  
12% (w/v) PEG3350 

with saturated 
glucose 5 days 16 days 9GKU 

RwDmhA (1b) 0.2 M KF pH 7.3 and 
20% (w/v) PEG3350 

with 15% (w/v) 
PEG400 4 days 7 days 9GKW 

RwDmhA 
(1b)•SAHA 

0.2 M NaF pH 7.3  
20% (w/v) PEG3350 

with saturated 
glucose 3 days 5 days 9GKX 

VcHdaH (5b) 
1 M Na/K tartrate,  
0.1 M imidazole pH 8 
0.2 M NaCl 

with saturated 
glucose 9 days 14 days 9GKY 

VcHdaH 
(5b)•SAHA 

1.4 M sodium acetate 
0.1 M MES pH 6.5 

with saturated 
glucose 12 days 20 days 9GKV 

PsApaH1-342 (4) 
0.1 M sodium acetate 

pH 4.5  
20% (w/v) PEG3000 

with 15% (w/v) 
PEG400 10 days 29 days 9GKZ 

LcApaH22-409
(3) 

1 M (NH4)2SO4
5% (w/v) PEG400 
0.1 M Na-MES pH 6.5 

2 M (NH4)2SO4 
10% (w/v) 
PEG400 0.1 M 
Na-MES pH 6.5 
12% (v/v) glycerol 

26 days 30 days 9GL0 

LpApaH (3) 
0.2 M calcium acetate 
0.1 M HEPES pH 7.5, 
18% (w/v) PEG8000 

with 12% (w/v) 
PEG400 6 days 11 days 9GL1 
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Supplementary Table 5: Data collection and refinement statistics (molecular replacement) for the 
KpHdaH (1b) wildtype structure of cluster 1b enzymes and for the catalytically inactive mutant KpHdaH 
(1b) H144A structure. 

KpHdaH (1b) (PDB: 9GLB 
[https://doi.org/10.2210/pdb
9GLB/pdb] ) 

KpHdaH (1b) H144A (PDB: 9GN1 
[https://doi.org/10.2210/pdb9GL
N1/pdb] ) 

Data collection 
Space group I 2 3 I 2 3 
Cell dimensions 
    a, b, c (Å) 147.163 147.163 147.163 146.117 146.117 146.117 
    a, b, g  (°)  90.0 90.0 90.0 90.0 90.0 90.0 
Resolution (Å) 25.24 - 2.1 (2.175 - 2.1) *1 46.21 - 2.35 (2.434 - 2.35) *2 
Rmerge (%)a 14.14 (24.13) 2.628 (23.49) 
I / sI 15.77 (1.14) 13.44 (1.46) 
Completeness (%) 99.84 (99.94) 99.88 (99.91) 
Redundancy 19.9 (20.4) 22.6 (22.5) 

Refinement 
Resolution (Å) 2.1 2.35 
No. reflections 30973 (3080) 21754 (1152) 
Rwork / Rfree b 0.1496 (0.2466) / 

0.1784 (0.2710) 
0.1533 (0.2633)/ 
0.2042 (0.3170) 

No. atoms 3071 2973 
    Protein 2818 2815 
    Ligand/ion 25 21 
    Water 239 137 
No. protein residues  370 370 
Ramachandran Plot (%)c 
    Most favored 95.65 92.93 
    Additionallly allowed 3.53 4.89 
    Disfavored 0.82 2.17 
    Clashscore 4.12 6.09 
B-factors 51.10 48.21 

Protein 50.65 47.80 
Ligand/ion 70.88 56.84 
Water 55.27 41.93 

R.m.s. deviations
Bond lengths (Å) 0.004 0.013 
Bond angles (°) 0.66 2.30 

*1 One crystal was used to solve the KpHdaH (1b) WT structure by molecular replacement.
*2 One crystal was used to solve the structure of KpHdaH (1b) H144A by molecular replacement.
a:  Rmerge =  Σhkl  Σn i=1 |Ii (hkl) – Ī (hkl)| / Σhkl  Σn i=1 Ii (hkl)  where Ii (hkl) is the measured intensity of the reflection i at
position hkl and Ī (hkl) is the average intensity of the reflection(s) at position hkl19.
b:  Rwork = Σ |Fo – Fc| / Σ Fo where Fo and Fc are the observed and calculated structure factor amplitudes. Rfree is calculated
similarly to Rwork using random 5% of working set of reflections20.
c: MolProbity21.
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Supplementary Table 6: Data collection and refinement statistics (molecular replacement) for the 
hydroxamate inhibitor complexes KpHdaH (1b)•SAHA and KpHdaH (1b)•TSA. 

KpHdaH (1b)•SAHA (PDB: 
9GN6 
[https://doi.org/10.2210/pdb9G
N6/pdb] ) 

KpHdaH (1b)•TSA (PDB: 
9GN7 
[https://doi.org/10.2210/pdb9
GN7/pdb] ) 

Data collection 
Space group I 2 3 I 2 3 
Cell dimensions 
    a, b, c (Å) 146.206 146.206 146.206 146.57 146.57 146.57 
    a, b, g  (°)  90.0 90.0 90.0 90.0 90.0 90.0 
Resolution (Å) 42.21 - 1.95 (2.02 - 1.95) *1 46.35 - 2.18 (2.258 - 2.18) *2 
Rmerge (%)a 11.63 (37.52) 2.781 (28.25) 
I / sI 22.62 (1.25) 12.16 (2.58) 
Completeness (%) 99.97 (100.00) 99.97 (99.96) 
Redundancy 39.5 (41.2) 2.0 (2.0) 

Refinement 
Resolution (Å) 1.95 2.18 
No. reflections 37871 (2629) 27454 (2367) 
Rwork / Rfree b 0.1373 (0.2950)/ 

0.1756 (0.3161) 
0.1478 (0.2210)/ 
0.1862 (0.2390) 

No. atoms 3081 2985 
    Protein 2827 2822 
    Ligand/ion 22 44 
    Water 232 119 
No. protein residues  369 369 
Ramachandran Plot (%)c 
    Most favored 95.11 94.29 
    Additionallly allowed 4.35 5.16 
    Disfavored 0.54 0.54 
    Clashscore 2.49 2.65 
B-factors 48.60 43.95 

Protein 48.38 43.23 
Ligand/ion 53.06 59.37 
Water 56.12 41.49 

R.m.s. deviations
Bond lengths (Å) 0.012 0.014 
Bond angles (°) 1.94 2.24 

*1 One crystal was used to solve the KpHdaH (1b)•SAHA structure by molecular replacement.
*2 One crystal was used to solve the KpHdaH (1b)•TSA structure by molecular replacement.
a:  Rmerge =  Σhkl  Σn i=1 |Ii (hkl) – Ī (hkl)| / Σhkl  Σn i=1 Ii (hkl)  where Ii (hkl) is the measured intensity of the reflection i at
position hkl and Ī (hkl) is the average intensity of the reflection(s) at position hkl19.
b:  Rwork = Σ |Fo – Fc| / Σ Fo where Fo and Fc are the observed and calculated structure factor amplitudes. Rfree is calculated
similarly to Rwork using random 5% of working set of reflections20.
c: MolProbity21.
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Supplementary Table 7: Data collection and refinement statistics (molecular replacement) for the 
RwDmhA (1b) octanoic acid structure and for the hydroxamate inhibitor complex RwDmhA (1b)•SAHA. 

RwDmhA (PDB: 9GKW 
[https://doi.org/10.2210/pdb
9GKW/pdb]) 

RwDmhA•SAHA (PDB: 9GKX 
[https://doi.org/10.2210/pdb9GK
X/pdb] ) 

Data collection 
Space group C 1 2 1 C 1 2 1 
Cell dimensions 
    a, b, c (Å) 131.62 144.03 92.96 132.12 144.96 92.66 
    a, b, g  (°)  90.0 92.1 90.0 90.0 91.81 90.0 
Resolution (Å) 54.64 - 2.1 (2.12 - 2.1) *1 46.31 - 1.75 (1.79 - 1.75) *2 
Rmerge (%)a 20.26 (97.36) 19.51 (146.3) 
I / sI 7.26 (1.57) 4.90 (0.64) 
Completeness (%) 84.54 (85.80) 99.70 (99.05) 
Redundancy 4.6 (4.3) 3.5 (3.3) 

Refinement 
Resolution (Å) 2.1 1.75 
No. reflections 393612 (18427) 174373 (11513) 
Rwork / Rfree b 0.1719 (0.239)/ 

0.2173 (0.273) 
0.1626 (0.3732)/ 
0.1903 (0.4108) 

No. atoms 12389 13142 
    Protein 11187 11200 
    Ligand/ion 102 162 
    Water 1100 1780 
No. protein residues  1469 1464 
Ramachandran Plot (%)c 
    Most favored 97.40 97.25 
    Additionallly allowed 2.40 2.75 
    Disfavored 0.21 0.00 
    Clashscore 7.45 3.43 
B-factors 20.69 21.94 

Protein 19.75 19.92 
Ligand/ion 52.53 28.69 
Water 27.34 34.03 

R.m.s. deviations
Bond lengths (Å) 0.027 0.007 
Bond angles (°) 2.21 0.85 

*1 One crystal was used to solve the RwDmhA structure by molecular replacement.
*2 One crystal was used to solve the RwDmhA•SAHA structure by molecular replacement.
a:  Rmerge = Σhkl  Σn i=1 |Ii (hkl) – Ī (hkl)| / Σhkl  Σn i=1 Ii (hkl)  where Ii (hkl) is the measured intensity of the reflection i at
position hkl and Ī (hkl) is the average intensity of the reflection(s) at position hkl19.
b:  Rwork = Σ |Fo – Fc| / Σ Fo where Fo and Fc are the observed and calculated structure factor amplitudes. Rfree is calculated
similarly to Rwork using random 5% of working set of reflections20.
c:  MolProbity21.
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Supplementary Table 8: Data collection and refinement statistics (molecular replacement) for the apo-
structure of VcHdaH (5b) and for the hydroxamate inhibitor complex VcHdaH (5b)•SAHA. 

VcHdaH (5b) (PDB: 9GKY 
[https://doi.org/10.2210/pdb
9GKY/pdb] ) 

VcHdaH (5b)•SAHA (PDB: 
9GKV 
[https://doi.org/10.2210/pdb9G
KV/pdb] ) 

Data collection 
Space group P 1 21 1 P 21 21 21 
Cell dimensions 
    a, b, c (Å) 51.11 51.15 108.82 50.92 81.53 133.17 
    a, b, g  (°)  90.0 102.22 90.0 90.0 90.0 90.0 
Resolution (Å) 26.39 - 1.129 (1.14 - 1.13) *1 40.45 - 1.643 (1.68 - 1.64) *2 
Rmerge (%)a 5.977 (188.8) 10.44 (180.9) 
I / sI 5.56 (0.36) 7.31 (0.23) 
Completeness (%) 94.57 (84.52) 77.17 (11.89) 
Redundancy 1.9 (1.9) 5.4 (1.6) 

Refinement 
Resolution (Å) 1.13 1.64 
No. reflections 194387 (5740) 52756 (531) 
Rwork / Rfree b 0.1576 (0.357)/ 

0.1789 (0.364) 
0.2081 (0.563)/ 
0.2130 (0.558) 

No. atoms 6006 5335 
    Protein 5148 4935 
    Ligand/ion 62 37 
    Water 796 363 
No. protein residues  621 618 
Ramachandran Plot (%)c 
    Most favored 98.06 97.39 
    Additionallly allowed 1.94 2.61 
    Disfavored 0.00 0.00 
    Clashscore 5.86 4.57 
B-factors 14.14 29.85 

Protein 11.71 29.12 
Ligand/ion 16.72 48.57 
Water 29.67 37.96 

R.m.s. deviations
Bond lengths (Å) 0.013 0.014 
Bond angles (°) 1.66 2.12 

*1 One crystal was used to solve the VcHdaH (5b) structure by molecular replacement.
*2 One crystal was used to solve the structure of VcHdaH (5b)•SAHA by molecular replacement.
a:  Rmerge = Σhkl  Σn i=1 |Ii (hkl) – Ī (hkl)| / Σhkl  Σn i=1 Ii (hkl)  where Ii (hkl) is the measured intensity of the reflection i at
position hkl and Ī (hkl) is the average intensity of the reflection(s) at position hkl19.
b:  Rwork = Σ |Fo – Fc| / Σ Fo where Fo and Fc are the observed and calculated structure factor amplitudes. Rfree is calculated
similarly to Rwork using random 5% of working set of reflections20.
c: MolProbity21.

76

https://doi.org/10.2210/pdb9GKY/pdb
https://doi.org/10.2210/pdb9GKV/pdb


Supplementary Table 9: Data collection and refinement statistics (molecular replacement) for the RsPrpH 
(1b) structure and for the PsApaH (4) structure. 

RsPrpH (1b) (PDB: 9GKU
[https://doi.org/10.2210/pdb
9GKU/pdb] ) 

PsApaH1-342 (4) (PDB: 
9GKZ
[https://doi.org/10.2210/pdb9
GKZ/pdb] )

Data collection 
Space group P 1 P 21 21 2 
Cell dimensions 
    a, b, c (Å) 103.861 103.698 104.499 147.342 48.858 82.249 
    a, b, g  (°)  113.6 93 120.61 90.0 90.0 90.0 
Resolution (Å) 44.56 - 1.481 (1.5 - 1.48) *1 73.67 - 2.716 (2.89 - 2.72) *2 
Rmerge (%)a 7.0 (137.3) 8.563 (49.85) 
I / sI 9.1 (1.1) 7.04 (1.22) 
Completeness (%) 90.8 (64.6) 99.90 (100.00) 
Redundancy 1.8 (1.5) 2.0 (2.0) 

Refinement 
Resolution (Å) 1.48 2.72 
No. reflections 493363 (12890) 16666 (2708) 
Rwork / Rfree b 0.1528 (0.335)/ 

0.1834 (0.334) 
0.1556 (0.2166)/ 
0.2324 (0.2976) 

No. atoms 24997 5145 
    Protein 22739 4986 
    Ligand/ion 188 30 
    Water 2070 129 
No. protein residues  2960 642 
Ramachandran Plot (%)c 
    Most favored 96.60 94.64 
    Additionallly allowed 3.12 5.36 
    Disfavored 0.27 0.00 
    Clashscore 5.17 7.92 
B-factors 28.54 35.79 

Protein 27.69 35.82 
Ligand/ion 36.43 44.62 
Water 37.26 32.87 

R.m.s. deviations
Bond lengths (Å) 0.013 0.008 
Bond angles (°) 1.70 0.94 

*1 One crystal was used to solve the RsPrpH (1b) structure by molecular replacement.
*2 One crystal was used to solve the structure of PsApaH (4) by molecular replacement.
a:  Rmerge = Σhkl  Σn i=1 |Ii (hkl) – Ī (hkl)| / Σhkl  Σn i=1 Ii (hkl)  where Ii (hkl) is the measured intensity of the reflection i at
position hkl and Ī (hkl) is the average intensity of the reflection(s) at position hkl19.
b:  Rwork = Σ |Fo – Fc| / Σ Fo where Fo and Fc are the observed and calculated structure factor amplitudes. Rfree is calculated
similarly to Rwork using random 5% of working set of reflections20.
c: MolProbity21.
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Supplementary Table 10: Data collection and refinement statistics (molecular replacement) for the 
structure LcApaH and for the LpApaH structure, both enzymes classified into cluster 3. 

LcApaH (PDB: 9GL0 
[https://doi.org/10.2210/pdb
9GL0/pdb] ) 

LpApaH (PDB: 9GL1 
[https://doi.org/10.2210/pdb
9GL1/pdb] ) 

Data collection 
Space group P 32 2 1 P 41 2 2 
Cell dimensions 
    a, b, c (Å) 113.564 113.564 90.426 109.121 109.121 400.511 
    a, b, g  (°)  90.0 90.0 120.0 90.0 90.0 90.0 
Resolution (Å) 43.2 - 2.4 (2.43 - 2.4) *1  45.96 - 2.701 (2.73 - 2.7) 
Rmerge (%)a 9.656 (137.7) 18.5 (365.9) 
I / sI 6.22 (0.45) 4.85 (0.27) 
Completeness (%) 98.59 (97.53) 94.60 (27.26) 
Redundancy 8.2 (1.4) 10.3 (1.1) 

Refinement 
Resolution (Å) 2.4 2.7 
No. reflections 26336 (867) 64002 (607) 
Rwork / Rfree b 0.2373 (0.5791)/ 

0.2633 (0.5272) 
0.2403 (0.6215)/ 
0.3160 (0.6736) 

No. atoms 3141 12721 
    Protein 3130 12688 
    Ligand/ion 3 15 
    Water 8 18 
No. protein residues  389 1568 
Ramachandran Plot (%)c 
    Most favored 87.86 87.88 
    Additionallly allowed 10.86 9.87 
    Disfavored 1.29 2.24 
    Clashscore 21.44 17.53 
B-factors 123.57 113.81 

Protein 123.60 113.83 
Ligand/ion 112.79 106.77 
Water 114.03 103.69 

R.m.s. deviations
Bond lengths (Å) 0.010 0.009 
Bond angles (°) 1.14 1.08 

*1 One crystal was used to solve the LcApaH structure by molecular replacement.
*2 One crystal was used to solve the LpApaH structure by molecular replacement.
a:  Rmerge =  Σhkl  Σn i=1 |Ii (hkl) – Ī (hkl)| / Σhkl  Σn i=1 Ii (hkl)  where Ii (hkl) is the measured intensity of the reflection i at
position hkl and Ī (hkl) is the average intensity of the reflection(s) at position hkl19.
b:  Rwork = Σ |Fo – Fc| / Σ Fo where Fo and Fc are the observed and calculated structure factor amplitudes. Rfree is calculated
similarly to Rwork using random 5% of working set of reflections20.
c:  MolProbity21.
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