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The SWIRM domain: a conserved module found in chromosomal
proteins points to novel chromatin-modifying activities
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Abstract

Background: Eukaryotic chromosomal components, especially histones, are subject to a wide
array of covalent modifications and catalytic reorganization. These modifications have an
important role in the regulation of chromatin structure and are mediated by large multisubunit
complexes that contain modular proteins with several conserved catalytic and noncatalytic
adaptor domains.

Results: Using computational sequence-profile analysis methods, we identified a previously
uncharacterized, predicted �-helical domain of about 85 residues in chromosomal proteins such
as Swi3p, Rsc8p, Moira and several other uncharacterized proteins. This module, termed the
SWIRM domain, is predicted to mediate specific protein-protein interactions in the assembly of
chromatin-protein complexes. In one group of proteins, which are highly conserved throughout
the crown-group eukaryotes, the SWIRM domain is linked to a catalytic domain related to the
monoamine and polyamine oxidases. Another human protein has the SWIRM domain linked to a
JAB domain that is involved in protein degradation through the ubiquitin pathway. 

Conclusions: Identification of the SWIRM domain could help in directed experimental analysis
of specific interactions in chromosomal proteins. We predict that the proteins in which it is
combined with an amino-oxidase domain define a novel class of chromatin-modifying enzymes,
which are likely to oxidize either the amino group of basic residues in histones and other
chromosomal proteins or the polyamines in chromatin, and thereby alter the charge distribution.
Other forms, such as KIAA1915, may link chromatin modification to ubiquitin-dependent protein
degradation.
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Figure 1
Multiple sequence alignment of the SWIRM domain. Proteins are designated by their gene names followed by the species abbreviations and GenBank (gi)
numbers. The coloring represents the conservation profile of amino-acid residues at 90% consensus distinguished by the following amino-acid classes:
h, hydrophobic residues (LIYFMWACV (in the single-letter amino-acid code)), a, aromatic residues (FHYW) and l, aliphatic (LIAV) residues, all shaded
yellow; c, charged (KERDH) residues (basic (KRH) residues and acidic (DE) residues) colored magenta; p, polar (STEDRKHNQC) residues colored blue;
s, small (SACGDNPVT) residues colored green; u, tiny (GAS) residues shaded green (in positions that are always glycine, this is indicated with a G); b, big
(LIYERFMWQ) residues shaded gray. The predicted secondary structure is shown above the alignment: H or h, � helix; E or e, � strand. Species
abbreviations: At, Arabidopsis thaliana; Bna, Brassica napus; Ce, Caenorhabditis elegans; Ddi, Dictyostelium discoideum; Dm, Drosophila melanogaster; Ecu,
Encephalitozoon cuniculi; Hs, Homo sapiens; Osa, Oryza sativa; Sc, Saccharomyces cerevisiae; Sp, Schizosaccharomyces pombe; Zm, Zea mays. A subset of Rsc8p
orthologs is represented in the automatically generated, uncurated PFAM-B entry 3680.

Secondary structure:         .........hhhHHHHHHHHHHHHHHh.............HHHHHHHHHHHHH.......eeeeHHHHHHHH...........HHHHHHHHHHHHeeeeee.........
SMARCC2_Hs_18601480      424 IIIPSYAAWFDYNSVHAIERRALPEFFNGK----NKSKTPEIYLAYRNFMIDTYRLNPQEYLTSTACRRNLAG-----DV---CAIMRVHAFLEQWGLINYQVDAESRPT 521
Mor_Dm_4220848           430 IIVPSYSAWFDYNSIHVIEKRAMPEFFNSK----NKSKTPEIYMAYRNFMIDTYRLNPTEYLTTTACRRNLAG-----DV---CAIMRVHAFLEQWGLINYQIDADVRPT 527
Y113G7B.23_Ce_17566496    83 IVVPSYAGWFDYNAIHQIEKRAMPEFFNGK----NKSKTPDVYVAYRNFMVDTYRLNPFEYVSATACRRNLAG-----DV---CSIVRLHSFLEQWGLLNYQVDSDARPA 176
SPAC17G6.10_Sp_19115169   52 VEVPEWAQWFDFSKVHEIEKKQNPEFFDGK----NTSKTPEVYKEYRDFMISTFRLNSKVYLTFTACRRNLAG-----DV---CAVLRVHRFLEQWGLINYNVNPDTRPS 149
RSC8_Sc_14318562          80 VIIPSFASWFDISKIHEIEKRSNPDFFNDS----SRFKTPKAYKDTRNFIINTYRLSPYEYLTITAVRRNVAM-----DV---ASIVKIHAFLEKWGLINYQIDPRTKPS 177
SPAC23H3.10_Sp_19114712   18 IIVPSYAGWFDMSKIHDIERRSNPEFFNGK----SPLKTPSIYKDYRDFMINSYRLEPNEYLTVTACRRNLVG-----DV---CAIIRVHAFLEQWGLINYQIDPETRPA 115
SMARCC1_Hs_4507079       449 IIIPSYASWFDYNCIHVIERRALPEFFNGK----NKSKTPEIYLAYRNFMIDSYRLNPQEYLTSTACRRNLTG-----DV---CAVMRVHAGGEQWGLVNYQVDPESRPM 546
SWI3_Sc_6322286          305 IVIPSYSKWFNLEKIHSIEVQSLPEFFTNR----IPSKTPEVYMRYRNFMVNSYRLNPNEYFSVTTARRNVSG-----DA---AALFRLHKFLTKWGLINYQVDSKLLPK 402
dd_02347_Ddi_19569914    641 TIPPSQCTWFKMERIHEVEKNQLPEFFTGK----SPSKTPEVYKEYRDFMINTYLQNPYQYLTLTAIRRNLVG-----DV---CSILRVHSFLEHWGLINYFVNPDGGAY 738
At2g33610_At_15226136     48 IHVPSYSSWFSWTDINDCEVRSLPEFFDSR----SSSKNPKFYLYLRNSIIKQYRDDHPRKISFTDVRRTLVS-----DV---VSIRRVFDFLDSWGLINYNSSASAKPL 145
BAA82389_Osa_5441891      88 ITIPSYSAWFSYDSIHETERRLMPEFFEGEAAAASGSRGPEAYKYYRDTLVRRFRARPGRRLTLTEARRGLVG-----DV---GSVRRVFDFLEEWGLINYGASPSGAKQ 189
At2g47620_At_17065436     13 YTIPAQSSWFLWDDIHEIERREFAEFFTES----SITRTPKVYKEYRDFIINKFREDTCRRLTFTSVRKFLVG-----DV---NLLQKVFLFLEKWGLINFSSSLKKNDH 110
At4g34430_At_18377706    145 HVVPNHCGWFSWEKIHPLEERSLPSFFNGK----LEGRTSEVYREIRNWIMGKFHSNPNIQIELKDLTELEVG-----DS---EAKQEVMEFLDYWGLINFHPFPPTDTG 242
At1g21700_At_15219067    176 HVLPMHSDWFAPNTVDRLERQVVPQFFSGK----SPNHTPESYMEFRNAIVSKYVENPEKTLTISDCQGLVDGV----DI---EDFARVFRFLDHWGIINYCATAQSHPG 274
dJ184J9.1_Hs_6946683     272 VEGAAFQSRLPHDRMTSQEAACFPDIISG------PQQTQKVFLFIRNRTLQLWLDNPKIQLTFEATLQQLEAPY-NSDT---VLVHRVHSYLERHGLINFGIYKRIKPL 371
CG17149_Dm_7293681       160 QEGAVFQSRLPFNKMTPNEEACFPDISR------SGILGHRVFLNIRNSLLHMWVDNPKIQLSFEIALKNLPPPF-DSEP---SLVRRVHSFLERHGFINFGIFKRLKPI 259
KIAA1915_Hs_15620889     270 LKPPEQEIEIDRNIIQEEEKQAIPEFFEGR-----QAKTPERYLKIRNYILDQWEICKPKYLNKTSVRPGLKNCG---DV---NCIGRIHTYLELIGAINFGCEQAVYNR 368
At3g13682_At_15231329     51 EKETETEALIALSVGFPIDELLEEEIRAGVVRE-LGGKEQNDYIVVRNHIVARWRGNVGIWLLKDQIRETVSS-----DF--EHLISAAYDFLLFNGYINFGVSPLFAPY 152
Y40B1B.6_Ce_17509955      28 LAAAASAARLPFDRPTDHELAFFPELWEHKT-------AVEVFLLLRNSTLATWQYNPLKECTALDVRNNVFPPF-NSDL---DLIQNIVHYLSRHGLINFGRYVRSTKI 126
At3g10390_At_15228277     76 NKEATTEALLALTAGFPADSLTEEEIEFGVVPI-VGGIEQVNYILIRNHIISKWRENISSWVTKEMFLNSIPK-----HC--SSLLDSAYNYLVTHGYINFGIAQAIKDK 177
SPBC146.09c_Sp_19112190  153 CYESAIASNLPPNALSPLEAEMLSEILENPT-------WLSLYLSIRNGICYLWHRNPTLYVSFNEALGIVREKK---AF---PLASLAFEFLSRNGHINYGCIYIISSL 249
T08D10.2_Ce_17569719     136 LAEVARRHGISADRPTEIEAAFFPEVQMSR-------SFSDVFLMIRNTTLSIWLASATTECTAEDVIKHLTPPY-NTEI---HLVQNIVLFLSRFGMINIGFFFPKTEL 234
R13G10.2_Ce_17554628     204 PFTDVIANIVHPEFMETDEKFAFPKFADD--------PISIYYLQVRNTIIAMWLKHPFVELTVKMIEPQIIVRGHARIFFIEHLIHPILEFLTIKGVVNYGAFDFRIDP 305
At4g16310_At_15234887    378 GRAAAVTAGLKAQSVSPIEKIILKEVLKRKG-------SNQEYLVCRNSILGLWSKNVSRILPVTECGVTGGPS--ESELPSASLIREVYKFLDQRGYINAGISSVNGKA 478
CAB98166_Bna_9368354     341 GRAAAVAAGLKAQSVSPVEKTILKEVLKRKG-------SHQEYLRCRNSILGLWSKNVSRILPVTECVVGHSES----EFPSAGLIREVYKFLDQRGYINTGVSSVRGKG 439
SPAC23E2.02_Sp_19113849  394 AAEAARKCNLDPRALESFEQHMLSDRLHDP-------VVLFHYFQIRNSICWLWIKNPTHAISRVEAQGVCVDR----CL--FQLASLAYEFLVRYGYINYGCLSFDSSF 490
ECU05_0350_Ecu_19173572   47 TYQVKSPGWFRKGDLSALELVSMNRVILG--------VGKERYMQTRDRIVSGYE-DGCRPMTIGKALMLTDM-----DL---HSLLEVFSFVERWGLINHRSLLEKEIR 139
Asy1_At_18408753         357 MYIKKRDKTPESEFTFVKEEADGQISP-GKS------VAPEDYLYMKA----LYHSLPMKYVTITKLHNMLDG-----EA----NQTAVRKLMDRMTQEGYVEASSNRRL 446
Secondary structure:         .........hhhhhHHHHHHHHHHHhh.............HHHHHHHHhhh..........eeeHHHHHHHH...........HHHHHHHHHHHHeeeeee.........
ADA2L_Hs_19743889        356 NSGRRSAPPLNLTGLPGTEKLNEKEKELCQMV----RLVPGAYLEYKSALL--NECNKQGGLRLAQARALIKI-----DV---NKTRKIYDFLIREGYITKG*        443
ADA2_Sp_19075511         347 IVPRKPATPTMFSASADRQLLSEDEQALCSKL----QIFPKPFLALKFALISASLTSKKPFQKTDAVNLFKHL-----DA---NKVEQVYDFFHNARWIGAPT*       437
ADA2_Sc_ 6320656         349 GGRKKNMTISDIQHAPDYALLSNDEQQLCIQL----KILPKPYLVLKEVMF-RELLKTGGNLSKSACRELLNI-----DP---IKANRIYDFFQSQNWM*           434
ADA2a_At_18398044        461 PRIYSGLDTWDVDGLLGADLLSETEKKMCNET----RILPVHYLKMLDILT--REIKKGQIKKKSDAYSFFKV-----EP---SKVDRVYDMLVHKGIGDST*        548
Fun19p_Sc_6319285        361 DSNKSLKIEWKGSPMDLSTDPLRNELHPAELVLAQTLRLPCDLYLDSKRRL--FLEKVYRLKKGLPFRRTDAQKACRIDV---NKASRLFQAFEKVGWLQDSNFTKYL*  463
ADA2_Zm_18642468         474 LTSVKQWDDWDIVGLPGAKLLSASEKLLCCQ----NRLLPSHYLRMQEVLM--QEIFKGSVLKKEDAHVLFKV-----DP---TKVDSVYDMVTKKLGNHVELPTV*    565
ADA2_Enu_19074100        239 RGVYIEKRLHELLNRRNRENRDAMDVKNILPSKYFVSDKERRLCETYNLSPGMYLELKKEVISCFIRRGEFTKEDFNRLFGFLGEADGLYGLFLERGWIHEEKETK*    344
SPAC14C4.12c_Sp_19115829 207 LRSEWKGPPLDLSNDENRHLLHPAELQLAA----TLRLPCLVYLDNKRRIFAEWHNRRTQGLSFRKTDAQRASRV---DV---NKASRLWKAFHDEGFFDD*         297
consensus/85%                .........h..p.....p.....c..............s..hb.hpp..h..b..p....hp...h...........c......h..ha.al...Ghls..........
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Figure 2
Domain architectures of proteins predicted to have the SWIRM domain. Proteins are designated by their gene names, species abbreviations and gi
numbers. The phyletic distribution of a particular domain architecture is additionally given in brackets, where A represents animals; P, plants; F, fungi;
D, D. discoideum and Pf, Plasmodium falciparum. Domains are typically represented by their standard names or abbreviations. ZZ represents the ZZ-type
of zinc finger, and ‘helical’ designates the conserved �-helical domain found at the carboxyl terminus of proteins with a Myb (SANT) and an RSC8-like
SWIRM domain.
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Figure 3 (see the figure on the next page)
Multiple sequence alignment of the polyamine oxidase domain. Amino-acid residues are colored at 100% consensus. The protein designations, coloring
scheme and consensus abbreviations are as described in Figure 1; +, acidic residues. The crystal-structure-derived secondary-structure assignments are
shown above the alignment with positions involved in cofactor or substrate binding marked by an asterisk. Inserts in individual sequences are given as
brown numbers. Species abbreviations: At, A. thaliana; Ce, C. elegans; Dm, D. melanogaster; Hs, Homo sapiens; Mm, Mus musculus; Mtu, Mycobacterium
tuberculosis; Rn, Rattus norvegicus; Sp, S. pombe; Zma, Z. mays.
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Figure 3 (see the legend on the previous page)

Secondary structure          ...EEEEEE..HHHHHHHHHHH.......EEEEEE.......EEEEE.......EEEEEE...............HHHHHHH.............................
                                     ******                    *       *
PAO_Zma_13096271           3 VGPRVIVVGAGMSGISAAKRLSEAGIT--DLLILEATDHIGGRMHKTNF----AGINVELGANWVEGVNGGKMNPIWPIVNSTLKLRNFRSDFDY--LAQNVYKEDGGVY-
C24G6.6_Ce_17558184       30 IKPSIAIVGAGISGLSTARRLIELGID--DFDIYEGLDRIGGRIHAIPY----KDGFLQMGAQFINGA----QNPLYKIANR-LGLLADVVSDTA--HVDNAHFAFGNQ--
PAO1_Hs_14860862          23 GQPRVVVIGAGLAGLAAAKALLEQGFT--DVTVLEASSHIGGRVQSVKL----GHATFELGATWIHGSH---GNPIYHLAEA-NGLLEETTDGER11GVACYLTNHGRRIP
MAOB_Hs_4505093            3 NKCDVVVVGGGISGMAAAKLLHDSGL---NVVVLEARDRVGGRTYTLRN---QKVKYVDLGGSYVGPT----QNRILRLAKE-LGLETYKVNEVE2-IHHVKGKSYPFRGP
At5g13700_At_15240690      2 STASVIIIGAGISGISAAKVLVENGVE--DVLILEATDRIGGRIHKQNF----GDVPVELGAGWIAGVGGKESNPVWELASR-FNLRTCFSDYTN--ARFNIYDRSGKIFP
Y40B1B.6_Ce_17509955     133 DRRSVIVIGAGAAGISAATQLESFGF---DVIVLEARNCIGGRIHSFKS---KSGEIMETGGDTLRKIED---SPMATLLHQ-VNFEEHGVF-----DFTSVFVE-GRPL-
MaoB_Rn_6981180            3 NKCDVIVVGGGISGMAAAKLLHDCGL---SVVVLEARDCVGGRTYTIR---NKNVKYVDLGGSYVGPT----QNRILRLAKE-LGLETYKVNEV----ERLIHFVKGKSYA
Fig1_Mm_6753872           57 KPQKVVVVGAGVAGLVAAKMLSDAGH---KVTILEADNRIGGRIFTFRD--EKTGWIGELGAMRMPSS----HRILHKLCRT-LGLNLTQFTQYD1-NTWTEVHNVK----
MT3259_Mtu_15842747       12 WTVDVVVVGAGFAGLAAARELTRQGH---EVLVFEGRDRVGGRSLTGR----VAGVPADMGGSFIGPT----QDAVLALATE-LGIPTTPTHRD----GRNVIQWRGSARS
R13G10.2_Ce_17554628     309 MRPKIAIIGAGISGISTARHLKHLGI---DAVLFEAKDRFGGRMMDDQS----LGVSVGKGAQIIVGNI---NNPITLLCEQ-IGIKYRNSN-----FFCPLIDENGRCFT
KIAA0601_Hs_3043726      311 KTGKVIIIGSGVSGLAAARQLQSFGM---DVTLLEARDRVGGRVATFRK----GNYVADLGAMVVTGLG---GNPMAVVSKQ-VNMELAKIK-----QKCPLYEANGQAVP
CG17149_Dm_7293681       263 KLGKVIVIGAGISGLAVAHQLQQFGM---DVIVLEARDRVGGRISTFRK----NSYIADVGAMVVTGVY---GNPMTILSKQ-IGMDLVPIQ-----QTCPLYGPDGKPVP
At3g13682_At_15231329    158 TEGSVIVVGAGLAGLAAARQLLSFGF---KVLVLEGRSRPGGRVYTQKMGGKDRFAAVELGGSVITGLH---ANPLGVLARQ-LSIPLHKVR-----DNCPLYNSEGVLVD
At3g10390_At_15228277    183 SKSSVIIVGAGLSGLAAARQLMRFGF---KVTVLEGRKRPGGRVYTKKMEANRVGAAADLGGSVLTGTL---GNPLGIIARQ-LGSSLYKVR-----DKCPLYRVDGKPVD
At2g43020_At_15224204     26 RSPSVIVIGGGFGGISAARTLQDASF---QVMVLESRDRIGGRVHTDYS----FGFPVDLGASWLHGVCK--ENPLAPVIGR-LGLPLYRTSGDN7-ESYALFDMDGNQVP
At1g65840_At_15218830     27 VQPSVIVIGSGISGLAAARNLSEASF---KVTVLESRDRIGGRIHTDYS----FGCPVDMGASWLHGVSD--ENPLAPIIRR-LGLTLYRTSGDD7-ESYGLFDMHGNKIP
SPBC146.09c_Sp_19112190  256 SQKTVAIIGAGMAGISCARQLTNLFAQ13RIVIYEASERLGGHIYTHMVP-LSDNEVSEKSSLATTVNAT--NECMVNLLTDSLIGMPTLDSD-----PLYIISSQQL---
consensus/100%               ...plhllGuGhuGhssAp.L.p......ph.lbEu.pp.GG+.................uu...........p.h..l................................

PAO_Zma_13096271             ---------DEDYVQKRIELADSVEEMGEKLSATLHASGRDDMSILAMQRLNEH5--ATPVDMVVDYYKFDYEF--AEPP--RVTSLQNTVPLATF--------------S
C24G6.6_Ce_17558184          ----------NVQEKDIKTFLDFTSKLDPKYRSIAKHDEKTARRYTFKEIFTLD14-TNVFDSLARSFRSYWEF--------EWAADWSTLSVHVLKE----------WND
PAO1_Hs_14860862             ------KDVVEEFSDLYNEVYNLTQEFFRHDKPVNAESQNSVGVFTREEVRNRI5--DPEATKRLKLAMIQQYLKVESCESSSHSMDEVSLSAFGE------------WTE
MAOB_Hs_4505093              FP----PVWNPITYLDHNNFWRTMDDMGREIPSDAPWKAPLAEEWDNMTMKELL3--CWTESAKQLATLFVNLC------VTAETHEVSALWFLWYVKQCGGTTRIISTTN
At5g13700_At_15240690        ------------TGIASDSYKKAVDSAILKLKSLEAQCSGQVAEEAPSSP-------KTPIELAIDFILHDFEM-----------AEVEPISTYV----------------
Y40B1B.6_Ce_17509955         ------NEEKIHLFLDHYKSAHGALNYQAHQCEHRDDQGSFISRQQAYENLLSM97-KQYMHPGSEFATFNFML---GFEEYLVGAQLEKVQFSC----------DSMQNK
MaoB_Rn_6981180              FRGPFPPVWNPITYLDYNNLWRTMDEMGQEIPSDAPWKAPLAEEWDYMTMKELL3--CWTNSTKQIATLFVNLC------VTAETHEVSALWFLWYVKQCGGTTRIISTTN
Fig1_Mm_6753872              ----------LRNYVVEKMPEKLGYNLNNRERGHSPEDIYQMALNKAFKDLKAL20-EGNLSRPAVQLLGDVMS----EEGFFYLSFAEALRAH----------------A
MT3259_Mtu_15842747          YRGTI-PKLSLTGLIDIGRLRWQFERIARGVPVAAPWDARRARELDDVSLGEWL5l-SSSRNLMAIMTRVTW---------GCEPDDVSMLHAARYVRAAGGLDRLLDV-K
R13G10.2_Ce_17554628         LER---KELDDQVDLHYNNVLDAIRNKYQSDRNFPDVPLEVTNFRHFTEMFSKM9--LDSLYTPEFEKLLDFHL--GNLEF-SCGTHVSNLSAKDYDHNEKFG-------N
KIAA0601_Hs_3043726          ------KEKDEMVEQEFNRLLEATSYLSHQL-DFNVLNNKPVSLGQALEVVIQL98-SDVYLSSRDRQILDWHF--ANLEF-ANATPLSTLSLKHWDQDDDF--------E
CG17149_Dm_7293681           ------KEKDDVIEREFNRLLESASYLSHRL-DFNYAGDCPVSLGDALEWIISM105SDVYLSSRDRLILDWHF--ANLEF-ANATRLNNLSLKHWDQDDDF--------E
At3g13682_At_15231329        ------KVADSNVEFGFNKLLDKVTE----VREMMEGAAKKISLGEVLETLRVL---YGVAKDSEERKLFDWHL--ANLEY-ANAGCLSNLSAAYWDQDDPY--------E
At3g10390_At_15228277        ------PDVDIKVEVAFNQLLDKASK----LRQLMGDVSMDVSLGAALETFRQV---SGNDVATEEMGLFNWHL--ANLEY-ANAGLVSKLSLAFWDQDDPY--------D
At2g43020_At_15224204        ------QELVTQIGVTFERILEEINK----VRDEQDADISISQAFSIVFSRK-----PELRLEGLAHNVLQWYV--CRMEG-WFAADAETISAKCWDQEE----------L
At1g65840_At_15218830        ------PQLVTKVGDAFKRILEETEK-------IRDETANDMSVLQGISIVLDR1--PELRQEGMAYEVLQWYL--CRMEA-WFAVDANLISLKCWDQDE----------C
SPBC146.09c_Sp_19112190      ------------SLDAVHTRNREFILHDIENGRIDTEHVQRIFRLFDALLFYFN55-SLLHLTVLDLKIFEWF-----KEYLSQSLSVSLENVYPGSIPNLN--------L
consensus/100%               ...............................................................................................................

Secondary structure          .HHHHHHHH...EEEE..EEEEE..EEEE.........EEEEE.........EEEE..EEEEE..HHHHHHH......EEEE...HHHHHHHH..EEEEEEEEEEEEE...
                                                                                                                                  *        *
PAO_Zma_13096271             YEAVVYYLA11KIVDP-RLQLNKVVREIKYSPGG----VTVKT------EDNSVYSADYVMVSASLGVLQSD----LIQFKPKLPTWKVRAIYQFDMAVYTKIFLKFPRKF
C24G6.6_Ce_17558184          FKAILDDIA--APIPRKAFNFNSRVENINLDSNT--GKIKLTVS-----DRAVPTEYDYIIVTSSLGVLKKY---HHKMFTPPLPRQKIEAIEKIGFGGSCKVFFEWETPF
PAO1_Hs_14860862             FMRVVELLA--EGIPAHVIQLGKPVRCIHWDQAS40WSVVVEC------EDRELIPADHVIVTVSLGVLKRQ---YTSFFRPGLPTEKVAAIHRLGIGTTDKIFLEFEEPF
MAOB_Hs_4505093              SGQVSERIM---DLLGDRVKLERPVIYIDQTREN----VLVET------LNHEMYEAKYVISAIPPTLGMKI------HFNPPLPMMRNQMITRVPLGSVIKCIVYYKEPF
At5g13700_At_15240690        YECLLYKMA8-GNILDYRLKLNQVVREVQQSRNG----VVVKT------EDGSVYEANYVIVSASIGVLQSD----LLSFQPLLPRWKTEAIQKCDVMVYTKIFLKFPQCF
Y40B1B.6_Ce_17509955         IAELLTQLS2-RKLD---IRLKHRVLDIDYSGFE---HVLLKVQREN--GDIEEMKAAFVVSTLPIGVLKKTII6RAPTFTPSLPDKKVEAIRNIGCGSVNKCILEFDRVF
MaoB_Rn_6981180              SGQVSERI---KDILGDRVKLERPVIHIDQTGEN----VVVKT------LNHEIYEAKYVISAIPPVLGMKI------HHSPPLPILRNQLITRVPLGSVIKCMVYYKEPF
Fig1_Mm_6753872              WDLLPRALL--SSLSG-ALLLNAPVVSITQGRND----VRVHIATSL--HSEKTLTADVVLLTASGPALQRI------TFSPPLTRKRQEALRALHYVAASKVFLSFRRPF
MT3259_Mtu_15842747          TQQIAQAAA--AQLGA-RVLLNAAVRRIDRHGAG----VTVT-------SDQGQAEAGFVIVAIPPAHRVAI------EFDPPLPPEYQQLAHHWPQGRLSKAYAAYSTPF
R13G10.2_Ce_17554628         AQRIIDFLA--TGLD---IRLNCPVKCIDWGRDD--RKVKIFFEN----AEQAAEEFDKVVITTSLSVLKSN---HSKMFVPPLPIEKQKAIDDLGAGLIEKIAVKFDRRF
KIAA0601_Hs_3043726          YSCVPVALA--EGLD---IKLNTAVRQVRYTASG----CEVIAVNTRSTSQTFIYKCDAVLCTLPLGVLKQQPP--AVQFVPPLPEWKTSAVQRMGFGNLNKVVLCFDRVF
CG17149_Dm_7293681           YSCVPVALT--ENLD---IRVNSAVKEIKYGTKG----VEVVAENLKTSNSQMTYKADLVVCTLTLGVLKVAVA7NTVKFDPPLPDWKQQAIKRLGFGNLNKVVLCFDRIF
At3g13682_At_15231329        NWRLINALA--EGLP---IIYGKSVDTIKYGDGG----VEVI-------SGSQIFQADMILCTVPLGVLKKR----SIKFEPELPRRKQAAIDRLGFGLLNKVAMLFPSVF
At3g10390_At_15228277        NGRLVQALA--ENVP---ILYEKTVQTIRYGSNG----VKVTA-------GNQVYEGDMVLCTVPLGVLKNG----SIKFVPELPQRKLDCIKRLGFGLLNKVAMLFPYVF
At2g43020_At_15224204        YRPVINTLA--KGLD---IRVGHRVTKIVRRYNG----VKVTTE------NGQTFVADAAVIAVPLGVLKSG----TIKFEPKLPEWKQEAINDLGVGIENKIILHFEKVF
At1g65840_At_15218830        YEPVIRTIA--KDLD---IRLNHRVTKVVRTSNN---KVIVAVE------GGTNFVADAVIITVPIGVLKAN----LIQFEPELPQWKTSAISGLGVGNENKIALRFDRAF
SPBC146.09c_Sp_19112190      MADMLNSLA3-SPLP---ILFDQCVHTVKLEDNT----VNLSF------VNETTVSVDKVVICIPMDKLNTH----LITFEPPLEEKKLKAIDRCHFTNVKKVILIFKTQF
consensus/100%               ...h...h.....l....h.h...V..l.b........h.l..................hh.s.s.s............a.P.L...b..hh..h......Khhh.a...F

Secondary structure          .............EEEEE......EEEE.......................EEEEEEEEEhhhhhh....HHHHHHHHHHHHHHH............EEEEEEE.......
                             *                                                                                                      *
PAO_Zma_13096271             WPEGKGR----EFFLYASSRRGYYGVWQEFE--------------KQYPDANVLLVTVTDEESRRIEQQSDEQTKAEIMQVLRKMFPGK--DVPDATDILVPRWWSDRFYK
C24G6.6_Ce_17558184          WSNNTYSIAPLPVKGMIRDKLDAFEDETTIL-------------QVVDWAPNVLSAWYAGRGHQLVDNMSEEELKQRITKLMRDMYNDK--SIPEPSKIIRTQLTKNELLL
PAO1_Hs_14860862             WGPECNS------LQFVWEDEAESHTLTYPPELWYRKICGFDVLYPPERYGHVLSGWICGEEALVMEKCDDEAVAEICTEMLRQFTGNP--NIPKPRRILRSAWGSNPYFR
MAOB_Hs_4505093              WRKKDYC------GTMIIDGEEAPVAYTL-------------DDTKPEGNYAAIMGFILAHKARKLARLTKEERLKKLCELYAKVLGSL--EALEPVHYEEKNWCEEQYSG
At5g13700_At_15240690        WPCGPGQ----EFFIYAHEQRGYFTFWQH--------------MENAYPGSNILVVTLTNEQSKRVEAQSDQETMKEAMSVLRDMFGA---TIPYATDILVPRWWNNRFQR
Y40B1B.6_Ce_17509955         WTANGGR----NQFVTVSPNIKTRGSMNI---------------WSSVPGSKVLCTYIVGEEA--MLELPDDVIIQNAMINLQKAFGNN--CPRAPISAHITRWHDDELAF
MaoB_Rn_6981180              WRKKDFC------GTMVIEGEEAPIAYTL-------------DDTKPDAGCAAIMGFILAHKARKLVRLTKEERLRKLCELYAKVLNSQ--EALQPVHYEEKNWCEEQYSG
Fig1_Mm_6753872              WHEEHIE------GGHSNTDRPSRLIFY----------------PARGEGSLLLASYTWSDAAAPFAGLSTDQTLRLVLQDVAALHGPVVFRL-WDGRGVVKRWAEDPHSQ
MT3259_Mtu_15842747          WRAS----------GYSGQALSDEAPVFITF-----------DVSPHADGPGILMGFVDAR---GFDSLPIEERRRDALRCFASLFGD---EALDPLDYVDYRWGTEEFAP
R13G10.2_Ce_17554628         WDTVDADGLRTEYFGKVSDCKTDRSLFNIFYDFS--------GKDPNGEDTFVLMSYVTAEHVNLVNVLTESEVADKFCATLRKMFPS---AVINPLGHMMSHWGADRFVG
KIAA0601_Hs_3043726          WDPSVNL------FGHVGSTTASRGELFLFWN---------------LYKAPILLALVAGEAAGIMENISDDVIVGRCLAILKGIFGSS--AVPQPKETVVSRWRADPWAR
CG17149_Dm_7293681           WDPNANL------FGHVGSTTASRGEMFLFW---------------SISSSPVLLALVAGMAANLVESVTDDIIIGRCMSVLKNIFGNT--SVPQPKETVVTRWRSDPWAR
At3g13682_At_15231329        WGDELDT------FGCLNESSINRGEFFLFYA------------YHTVSGGPALVALVAGEAAQRFECTEPSVLLHRVLKKLRGIYGPKGVVVPDPIQTVCTRWGSDPLSY
At3g10390_At_15228277        WSTDLDT------FGHLTEDPNYRGEFFLFYSY------------APVAGGALLIALVAGEAAHKFETMPPTDAVTRVLHILRGIYEPQGINVPDPLQTVCTRWGGDPFSL
At2g43020_At_15224204        WPKV-------EFLGVVAETSYGCSYFLNLH---------------KATGHPVLVYMPAGQLAKDIEKMSDEAAANFAVLQLQRILP----DALPPVQYLVSRWGSDVNSM
At1g65840_At_15218830        WPNV-------EFLGMVAPTSYACGYFLNLH---------------KATGHPVLVYMAAGNLAQDLEKLSDEATANFVMLQLKKMFP----DAPDPAQYLVTRWGTDPNTL
SPBC146.09c_Sp_19112190      WEPNISI------FGSLPQDSGRNFIFNDC---------------TRFYEHPTLSVFVKVE---GIDFMKDDDIVNGIVSQLKKVYKPKS-EAINPIRTIISNWENNSYTN
consensus/100%               W....................................................l.....s.....h.....p.....h...h..h..........s.......h..p....

Secondary structure          ...............hhhh.HHHHHH....EEEEEE..........HHHHHHHHHHHHHHHHHH.
                                                                 *
PAO_Zma_13096271             GTFSNWPV--GVNR-YEYD-QLRAPV---GRVYFTGEHTSEHYNGYVHGAYLSGIDSAEILINCA 458 \Poly- and mono amine oxidases
C24G6.6_Ce_17558184          GSYSYMTQVQALSH-ISHS-QLAIPVK4-PKVLFAGEATHHRLFQTTIGGYLSGRREADRAVNDW 493 |
PAO1_Hs_14860862             GSYSYTQV--GSSG-ADVE-KLAKPLP9-MQVLFSGEATHRKYYSTTHGALLSGQREAARLIEMY 547 |
MAOB_Hs_4505093              GCYTTYFP--PGIL-TQYGRVLRQPV---DRIYFAGTETATHWSGYMEGAVEAGERAAREILHAM 454 |
At5g13700_At_15240690        GSYSNYPM--ISDN-QLLQ-NIKAPV---GRIFFTGEHTSEKFSGYVHGGYLAGIDTSKSLLEEM 433 |
Y40B1B.6_Ce_17509955         GSGAFMSL--RTET-TSFD-DVMEPLK5-SRVYFAGEHTCSSYTSTIQGAWMSGARAAADISNDH 680 |
MaoB_Rn_6981180              GCYTAYFP--PGIL-TQYGRVLRQPV---GKIFFAGTETASHWSGYMEGAVEAGERAAREILHAI 454 |
Fig1_Mm_6753872              GGFVVQPPLYGREA-EDYD--WSAPF---GRIYFAGEHTALPH-GWVETAVKSGLRAAVRINNNY 506 |
MT3259_Mtu_15842747          GGPTAAVP--PGSW-TKYGHWLREPV---GPIHWASTETADEWTGYFDGAVRSGQRAAAEVAALL 454 /
R13G10.2_Ce_17554628         MSYTFVPF--GSDGDATYN-QLKKSID--EKLYFAGEHTIAAEPQTMAGAYISGLREAGQIVMSL 775 \SWIRM-associated oxidase domains
KIAA0601_Hs_3043726          GSYSYVAA--GSSG-NDYD-LMAQPIT12PRLFFAGEHTIRNYPATVHGALLSGLREAGRIADQF 863 |
CG17149_Dm_7293681           GSYSYVSV--GSSG-SDYD-LLAAPVI10PRLFFAGEHTIRNYPATVHGAYLSGLREAGRIADYY 828 |
At3g13682_At_15231329        GSYSHVRV--GSSG-VDYD-ILAESVS--NRLFFAGEATTRQHPATMHGAYLSGLREASKILHVA 597 |
At3g10390_At_15228277        GSYSNVAV--GASG-DDYD-ILAESVG1-GRLFFAGEATTRRYPATMHGAFVTGLREAANMAQSA 623 |
At2g43020_At_15224204        GSYSYDIV--GKPH-DLYE-RLRVPVD---NLFFAGEATSSSFPGSVHGAYSTGLMAAEDCRMRV 461 |
At1g65840_At_15218830        GCYAYDVV--GMPE-DLYP-RLGEPVD---NIFFGGEAVNVEHQGSAHGAFLAGVSASQNCQRYI 463 |
SPBC146.09c_Sp_19112190      HSSYQISN--LFLE-EDYA-ILSEPID--NTVFFASEAISQKNSGSIRGAFDSGILAARDVLASL 758 /
consensus/100%               .s...................h..sh.....l.asup...........suh.sG...u..h....
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