Mousel
Mouse2
Humanl
Human?2
Danio
Drosophila
All

All w/D.m.
All w/H2

Mousel
Mouse2
Humanl
Human?2
Danio
Drosophila
All

All w/D.m.
All w/H2

Mousel
Mouse2
Humanl
Human2
Danio
Drosophila
All

All w/D.m.
All w/H2

Mousel
Mouse?2
Humanl
Human2
Danio
Drosophila
All

All w/D.m.
All w/H2

Mousel
Mouse?2
Humanl
Human?2
Danio
Drosophila
All

All w/D.m.
All w/H2

Cu-binding HMA1
MEPSVDANSITITVEG IS@VRTIEQQIGKVNGVHHIKVSLEEKSATIIYDPKLQTPKTLQEAIDDMGFDALLHNANPLPVLTNTVFLTVTAPLTLPWDHIQSTLLKTKGVTGVKISP
MEPSVDANSITITVEG IS@VRTIEQQIGKVNGVHHIKVSLEEKSATIIYDPKLQTPKTLQEAIDDMGFDALLHNANPLPVLTNTVFLTVTAPLTLPWDHIQSTLLKTKGVTGVKISP
MDPSMGVNSVTISVEG INS@VWTIEQQIGKVNGVHHIKVSLEEKNATIIYDPKLQTPKTLQEAIDDMGFDAVIHNPDPLPVLTDTLFLTVTASLTLPWDHIQSTLLKTKGVTDIKIYP
MDPSMGVNSVTISVEG INS@VWTIEQQIGKVNGVHHIKVSLEEKNATIIYDPKLOQTPKTLQEAIDDMGFDAVIHNPDPLPVLTDTLFLTVTASLTLPWDHIQSTLLKTKGVTDIKIYP
MALSTNLCRVTLGVEG VOSIEGRIGGLPGVIHIQVSLEQNNATVTYDHTQHTPQSIADAIEDMGFESSLTNATSTPVQTETKVFSKAGCSADSVQQALSTLAQIKGVIETQESA
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Cu-binding HMA2
QORSAVVTIIPSVVSASQIVELVPDLSLDMGTQEKKSGACEEHSTPQAGEVMLKMKVEG HS@TSTIEGKVGKLOGVQRIKVSLDNQEATIVFQPHLITAEEIKKQIEAVGFPAFIKK
QORSAVVTIIPSVVSASQIVELVPDLSLDMGTQEKKSGACEEHSTPQAGEVMLKMKVEG HS@TSTIEGKVGKLOGVQRIKVSLDNQEATIVFQPHLITAEEIKKQIEAVGFPAFIKK
QKRTVAVTIIPSIVNANQIKELVPELSLDTGTLEKKSGACEDHSMAQAGEVVLKMKVEG HS@TSTIEGKIGKLOGVQRIKVSLDNQEATIVYQPHLISVEEMKKQIEAMGFPAFVKK
QKRTVAVTIIPSIVNANQIKELVPELSLDTGTLEKKSGACEDHSMAQAGEVVLKMKVEG HS@TSTIEGKIGKLOGVQRIKVSLDNQEATIVYQPHLISVEEMKKQIEAMGFPAFVKK
DNQGLAVTFVPSLVSEDQLGEVLKCLAPDTACRPPLSPKEGSTSRSFSGVEAVKMRIEG TTTIEGKIGKLKGVEKIKVSLESQEAAVVYLPYIITVDEIVKQIEVAGFKATVKS
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Cu-binding HMA3
QPKYLKLGAIDVERLKNTPVKSSEGSQQKSPSYPSDSTTMFTIEG] KS@VSNIESALSTLQYVSSIVVSLENRSAIVKYNASLVTPEMLRKATIEAISPGQYRVSIASEVESTASSPSS
QPKYLKLGAIDVERLKNTPVKSSEGSQQKSPSYPSDSTTMFTIEG] KS@VSNIESALSTLQYVSSIVVSLENRSAIVKYNASLVTPEMLRKATIEAISPGQYRVSIASEVESTASSPSS
QPKYLKLGAIDVERLKNTPVKSSEGSQQORSPSYTNDSTATFIIDG] KS@VSNIESTLSALQYVSSIVVSLENRSAIVKYNASSVTPESLRKAIEAVSPGLYRVSITSEVESTSNSPSS
QPKYLKLGAIDVERLKNTPVKSSEGSQQORSPSYTNDSTATFIIDG] KS@VSNIESTLSALQYVSSIVVSLENRSAIVKYNASSVTPESLRKAIEAVSPGLYRVSITSEVESTSNSPSS
KPRQLKLSASEVERLLSAPKQTEEKL--SEPPADSTVTTLFQVTG INS@VVNIQDNISKLPAVTSVVVSLENRQASIQHNPKQVSVVELQKAIEALPPGNFKAITIPASPE-———————
————————————————————————— MPSDERVEATMSTVRLPIVG] QS VRNITEHIGQKSGILGVRVILEENAGYFDYDPRQTDPARIASDIDDMG———FECSYPGDAAD———————
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Cu-binding HMA4

SSLOKMPLNIVSQPLTQEAVINING INS@VOSIEGVISKKPGVKSIHVSLANSTGTIEFDPLLTSPETLREATIEDMGFDAALPADMKEPLVVIAQPS--LE--TPLLPSSNELENV--
SSLOKMPLNIVSQPLTQEAVINING INS@VOSIEGVISKKPGVKSIHVSLANSTGTIEFDPLLTSPETLREATIEDMGFDAALP-DMKEPLVVIAQPS--LE--TPLLPSSNELENV--
SSLOKIPLNVVSQPLTQETVINIDG INS@VQOSIEGVISKKPGVKSIRVSLANSNGTVEYDPLLTSPETLRGAIEDMGFDATLS-DTNEPLVVIAQPS--SE--MPLLTSTNEFYTKGM
SSLOKIPLNVVSQPLTQETVINIDG INS@VQOSIEGVISKKPGVKSIRVSLANSNGTVEYDPLLTSPETLRGAIEDMGFDATLS-DTNEPLVVIAQPS--SE--MPLLTSTNEFYTKGM
———————— PGFLQPLVSVAEIHIEG] GS@VOSIEGTLSQKKGVRSAQVSLANHQGTFEYDPLLTSPEELRAAIEDMGEFDAFLPETNSLVPSVVKSPS--PSVRSSSLSPVRSAVKENE
————————— PPETPASAWTNIRVVG oS VRNIEGNIGTKPGIHSIEVQLAAKNARVQYDPAQYDPAQIAELIDDMGFEASVQEPRSPSQSPSPAPASSPKKRATPTPPPP SYAQNG
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Cu-binding HMAS Cu-binding HMA6
——————— MTSVQNKCYIQVSG AS@VANIERNLRREEGIYSVLVALMAGKAEVRYNPAVIQPRVIAEFIRELGFGAMVMENAGEGNGILELVVRG SBVHKIESTLTKHKGIFYC

——————— MTSVQNKCYIQVSG AS@VANIERNLRREEGIYSVLVALMAGKAEVRYNPAVIQPRVIAEFIRELGFGAMVMENAGEGNGILELVVRG
TPVQDKEEGKNSSKCYIQVTG AS@VANIERNLRREEGIYSILVALMAGKAEVRYNPAVIQPPMIAEFIRELGFGATVIENADEGDGVLELVVRG
TPVQDKEEGKNSSKCYIQVTG AS@VANIERNLRREEGIYSILVALMAGKAEVRYNPAVIQPPMIAEFIRELGFGATVIENADEGDGVLELVVRG
AESDAEPSTNTISKCFIQIGG] AS@VANIERNLKNEYGIHSVLVALMASKAEVRYSPSVIDPLRIAELIRELGFTATVMDNYDGSDGSLELVVRG
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MouselSVALATNKAHIKYDPEIIGPRDIIHTIGSLGFEASLVKKDR--SANHLDHKRETI MMVMDHHLATLHHNQNMSNEEMINMHSAMFLERQILPGLSIMN
Mouse2SVALATNKAHIKYDPEIIGPRDIIHTIGSLGFEASLVKKDR--SANHLDHKREI MMVMDHHLATLHHNQNMSNEEMINMHSAMFLERQILPGLSIMN
HumanlSVALATNKAHIKYDPEIIGPRDIIHTIESLGFEASLVKKDR--SASHLDHKRET MMVMDHHFATLHHNOQNMSKEEMINLHSSMFLERQILPGLSVMN
Human2SVALATNKAHIKYDPEIIGPRDIIHTIESLGFEASLVKKDR--SASHLDHKRETL MMVMDHHFATLHHNQNMSKEEMINLHSSMFLERQILPGLSVMN

Danio SVALSTNKAHIKYDPEVTGPRDIIRLIENMGFTASLVKKDR--PGSHLDHSRET MIVVDHMIDKYHQHHNATAEDRAKYHSTMFLEKQLLPGLSIMN
Drosophila SVTLLTKRGKFRYITEETGPRSICEAIEALGFEAKLMTGRDKMAHNYLEHKEE IRKWRNAFLVSETEGCCPCMVAMIY FMLEMSDK-——~———————— G----HAN---MCCLVPGLSMEN
All **:* *::.:::* * ***'* . * -** * *:' .:* * **::*: :* :**:* *  x *:*::: *: ::****: *
All W/D.m.****:***********: ******: * ':** KK KKK KKK .'****‘*** ** * x :*****:****:*:**:*:** . . *:‘:* . *: . **:****:*:*****:**
All w/H2 KRk Kpo vk R Rk ok ok pkx ok ke PR R S A *:*::: * HE R
T™2 ™3
Mousel L LVAMFERAKVNPITE] IAKGKTSEALAKLISLOQATEATIVTLNSENLLLS
Mouse?2 L LVAMFERAKVNPITE] IAKGKTSEALAKLISLOQATEATIVTLNSENLLLS
Humanl L LVAMYERAKVNPITE] IAKGKTSEALAKLISLOQATEATIVTLDSDNILLS
Human?2 L GKTSEALAKLISLOQATEATIVTLDSDNILLS
Danio L LVAMVERAKVNPITF IAKSKTSEALSKLMSLOATEATVVTLNEDMSVLS
Drosophila L IAAVLLEQNSSPLTF IAKGKTSEALSKLLSLKAADALLVEISPDEFDIIS
All * _******:**:**:*::* :* T . . ::*
All W/D.m.*:*:*:*:*** _******:**:********:***:_: :**
All W/H2 * :*:. KKk Kk KKk :** *:*:*:** *:****** .. KKK . :.**. :::.*: . . .*:*********::**:******:***.******:**:**:*::* :* . . ::*
phosphatase TM5
Mousel EEQVDVELVQRGDIIKVVPGGKFPVDGRVIEGHSMVDESLI MPVAKKPGSTVIAGSINQONGSLLIRATHVGADTTLSQIVKLVEEAQTSKAPIQQ
Mouse?2 EEQVDVELVQRGDIIKVVPGGKFPVDGRVIEGHSMVDESLI MPVAKKPGSTVIAGSINQNGSLLIRATHVGADTTLSQIVKLVEEAQTSKAPIQQ
Humanl EEQVDVELVQRGDIIKVVPGGKFPVDGRVIEGHSMVDESLI MPVAKKPGSTVIAGSINQNGSLLICATHVGADTTLSQIVKLVEEAQTSKAPIQQ
Human?2 EEQVDVELVQRGDIIKVVPGGKFPVDGRVIEGHSMVDESLI MPVAKKPGSTVIAGSINQNGSLLICATHVGADTTLSQIVKLVEEAQTSKAPIQQ
Danio EEQVDVELVQRGDVVKVVPGGKFPVDGRVIEGHSMADESLI MPVTKKPGSTVIAGSINQONGSLLIKATHVGTDTTLSQIVKLVEEAQTSKAPIQQ
Drosophila EKVISVDYVQRGDILKVIPGAKVPVDGKVLYGHSSCDESLI MPVAKRKGSVVIGGSINQNGVLLVEATHTGENTTLAQIVRLVEEAQTSKAPIQQ
All *: :.*: *****::**:**.*.****:*: * * * ********:***:*: **.**.******* **: ***'* :***:***:**************:**:::'*****:*':* * *
All W/D.m.*************::********************.************:******************** *****:***************************:*.*******.:*: * %
All W/H2 *: :.*: *****::**:**.*.****:*: * % * ********:***:*: **.**.******* **: ***.* :***:***:**************:**:::.*****:*.:* * *
CPC TM6 phosphorylation
Mousel ITIIGFONFEIVETYFPGYNRSISRTETII ONGILIKGGEPLEMAHKVKVVVE] HGTPVVNQVKVLVESNKISRNKI

Mouse2 BV IIIGFONFEIVETYFPGYNRSISRTETII ONGILIKGGEPLEMAHKVKVVVE HGTPVVNQVKVLVESNKISRNKI
HumanlEVWIVIGFLNFEIVETYFPGYNRSISRTETII ONGILIKGGEPLEMAHKVKVVVE HGTPVVNQVKVLTESNRISHHKI
Human2BVWIVIGFLNFEIVETYFPGYNRSISRTETII ONGILIKGGEPLEMAHKVKVVVE HGTPVVNQVKVLTESNRISHHKI

Danio .IIIGFVNFSLVQTYFPGYDKSISE‘.AEAVI QNGILIKGGEPLEMZ—\HKIQSVVF-YGAPKVVQVKMLAEGNRLPRSKL
Drosophila IIIGFSNPNLVPVAMEH-KMHMDONTIIVS INGVLVKGATALENAHKVKTVVE HGTPMTSKVTLFVTAQVCSLARA
All . **:*** * .:* . . . . . :**:.::.**.*****:*********** ** * % ** * ** * % *** . ********** * * . :* s

All W/D.m.*.**:*** **..*:******::***.:*: *****************************************************:: **********:*:* * ***:*.*.*:: H *:

All W/HZ :.**:*** * .:* . H . T .. . :**:.::.**.*****:***********.**.** **:*:**. * x ***:: **********:*:* . :*.::.

Mousel LAIVGTAESNSEHPLGAAVTKYCKKELDT--———- ETLGTCTDFQVVPGCGISCKVTNIEGLLHKSNLKIEEN---NIKNA---SLVQ--—-—— IDAINEQSSTSSS———-——————— MI
Mouse?2 LAIVGTAESNSEHPLGAAVTKYCKKELDT--———- ETLGTCTDFQVVPGCGISCKVTNIEGLLHKSNLKIEEN---NIKNA---SLVQ--—-—— IDAINEQSSTSSS———-——————— MI
Humanl LAIVGTAESNSEHPLGTAITKYCKQELDT--———- ETLGTCIDFQVVPGCGISCKVTNIEGLLHKNNWNIEDN---NIKNA---SLVQ--—-—— IDASNEQSSTSSS———-——————— MI
Human?2 LAIVGTAESNSEHPLGTAITKYCKQELDT--———- ETLGTCIDFQVVPGCGISCKVTNIEGLLHKNNWNIEDN---NIKNA---SLVQ--—-—— IDASNEQSSTSSS———-——————— MI
Danio LAIVGTAENSSEHPLGAAITKYCKQELGT--———- ESLGTCTDFQAVPGCGIRCLVSNTENLLKREDSDSEEN---Q-HNA---VLIQ--—-—— ISDARA-HSTEHP-——-—-————— LI
Drosophila LTIVGAAEQNSEHPIASAIVHFAKDMLNVGATPQAGSFGKSSHFQAVPGCGIRVTVSNYEQTLRQACNADRIINYENLHRTHPQGSVPVDNGASIEHLLPQRSVRKSMELNNQQLLSDLV
All * . *** ** **** .:*:.::_*. * . ::*__ ** ****** * . * * *k:: [

All W/D.m.********..******.*.*****:** **:**** ***_****** * *.* * **.:.: . *:*: :** *:**. . **. :*

All w/H2 R I T S HERJ I Fox ok ko . HE : *. *.



Mousel IDAH----- LSNAVNTQQYKVLIGNREWMIRNGLVISNDVDESMIEHERRGRTAVLVTIDDELCGLIAIADTVKPEAELAVHILKSMGLEVVLMTGDNSKTARSIASQVGITKVFAEVLP

Mouse2 IDAH----- LSNAVNTQQYKVLIGNREWMIRNGLVISNDVDESMIEHERRGRTAVLVTIDDELCGLIATADTVKPEAELAVHILKSMGLEVVLMTGDNSKTARSIASQVGITKVFAEVLP
Humanl IDAQ-—-—--- ISNALNAQQYKVLIGNREWMIRNGLVINNDVNDFMTEHERKGRTAVLVAVDDELCGLIATIADTVKPEAELATHILKSMGLEVVLMTGDNSKTARSIASQVGITKVFAEVLP
Human2 IDAQ-—-—--- ISNALNAQQYKVLIGNREWMIRNGLVINNDVNDFMTEHERKGRTAVLVAVDDELCGLIATIADTVKPEAELATHILKSMGLEVVLMTGDNSKTARSIASQVGITKVFAEVLP
Danio MDPQ----- PLTVVQTASYTVLIGNREWMRRNALQVRADVDEAMTEHERRGCTAVLVAVDNELCAMVAIADTVKPEAELAVHVLSAMGLEVVLMTGDNSKTARATIAAQVGIRKVFAEVLP
Drosophila LEPEEELLTDQKIIDSPEILVLIGNREWMERNAIEVPLEISDCMTHEERKGHTAVLCALNGQLVCMFAVSDMVKPEAHLAVYTLKRMGIDVVLLTGDNKNTAASIAREVGIRTVYAEVLP
All 13 . 13 . *kkkkkkkk kK . . I * . ** * * Kk Kk K T :* :‘*: .k ***** * k. ] *‘ ‘k* *** **** ‘k* ‘k* *** * * Kk ok Kk ok
All W/D.m.:* . NI * ********* * * * . **‘: * ****:* *****"*‘***‘:‘*************‘*‘*"*****************‘**‘**** * Kk ok ok ok Kk ok ok

All W/H2 e . . 1 . * ok ok ok ok ok ok ok ok **.: . Tt * ..**:* * Kk kK s :* :.*::* *****.**:: *. **::***:****.:** :** :*** .*:*****

ATP-binding ™7 TM8

Mousel SHKVAKVKQLQEEGKRVAMVGDGINDSPALAMANVGIAIGTGTDVAIEAADVVLIRNDLLD GVFLPIGLVLQ

Mpuse?2 SHKVAKVKQLOQEEGKRVAMVGDGINDSPALAMANVGIAIGTGTDVAIEAADVVLIRNDLLD GVFLPIGLVLQ

Humanl SHKVAKVKQLQEEGKRVAMVGDGINDSPALAMANVGIAIGTGTDVAIEAADVVLIRNDLLD GVFMPIGLVLQ

Human2 SHKVAKVKQLOQEEGKRVAMVGDGINDSPALAMANVGIAIGTGTDVAIEAADVVLIRNDLLD GVFMPIGLVLQ

Danio SHKVAKVEQLQQAGKRVAMVGDGVNDSPALAMADVGIAIGTGTDVAIEAADVVLIRNDLLD GVFMPVGLVLQ

Drosophila SHKVAKIQRIQANGIRVAMVGDGVNDSPALAQADVGITIAAGTDVAAEASDIVLMRNDLLD) GLFAPYGFTLL

All ******::::* * ********:******* *:***:*.:***** **:*:**:*****‘k‘k*":‘k‘k*: ‘k‘k:‘k‘k* ‘k‘k"k‘k :‘k‘k‘k:‘k‘k‘k:‘k:*:‘k * ‘k:"k ‘k*‘k"k'**‘k * Kk ok Kk

All W/D m KAKKAKAKAK e KA K e KAAAKAKAKAKAKAKAK ¢« KA KX KAKAKAKAKAK ¢ KA XK AKX KA KA AKX AKX AKX KA A KA A AR KA KA KAKAKAKAKAAK A AKAAK e AA KA KA KA A KA KAKAKAKAKAKAK ¢ AKX KA KA AR KAKA KKK e ke AKX KA KA AKX AR KA KK ) Kk kk

All W/H2 ******::::* * ********:******* *:***:*.:***** **:*:**:********..:***: **:*** **.** :***:***:*:*:* * *:.* ***.*.*** * %k %
di-leucin

Mousel LKLYRKPTYDNYELH LGLLDRIVNYSRASINSLLSDKRSLNSVVT---SEPDKHS GDFREDDDTTL---

Mouse?2 LKLYRKPTYDNYELH- LGLLDRIVNYSRASINSLLSDKRSLNSVVT---SEPDKHS GDFREDDDTTL---

Humanl LKLYRKPTYESYELP LGLLDRIVNYSRASINSLLSDKRSLNSVVT---SEPDKHS GDFREDDDTAL---

Human2 LKLYRKPTYESYELP LGLLDRIVNYSRASINSLLSDKRSLNSVVT---SEPDKHS GDFREDDDTAL---

Danio LKCYTKPTVEKLKRR-—-—--- LGDV---RTHGSLSDVSVHIGMGELRRPSPK-----— LSLLDRFVNYSRASINSLRSDKHSMNSMAL———SEPDKHS.VGDDHCDNEIV————
Drosophila LKMYRKPTAKTLRTAEYEAQLAAERASGSEDELDKLSLHRGLDDLPEKGRMPFKRSSTSLISRIFMHDYGNITSP——DAKYGEG.DPEEQYDGRTKIVRSRFHANDSTELQKL
All ok Rk gk ok ok B - R R * . . HE-

All W/D m. Kk k kK Kk . ** * Kk kk .. . . . * *::***:*: . * kK . * **** *********** KKKk . * ** . Kk ok kkkkkkkkkk : *::

All w/H2 FRokkok pkk ok okl .o ...*:* *o .o .*:.*:. HE *

Supplementary figure 1. A sequence alignment of mouse, human, Daniorerio and Drosophila melanogaster ATP7A/ATP7 proteins. Conserved domains
and motifs are marked with the same colors and abbreviations as in figure X. Sequence alighment was made with Clustal Omega software. Protein
domains were marked based on conserved domains database (CDD, Marcher-Bauer at al. 2015) and previously published ATP7 and ATP7A protein
structures (Norgate et al. 2006, Kaler 2011, Tumer 2012).Transmembrane domains of Daniorerio and Drosophila melanogaster ATP7A/ATP7 proteins
were predicted using TMHMM Server v.2.0 (http://www.cbs.dtu.dk/services/TMHMMY/). To better demonstrate the conservatism of the functional
domains within regions which are missing in Drosophila ATP7 or human ATP7A isoform 2 additional alignments were performed without the particular
sequence. All — Clustal consensus of all sequences, All w/D.m. — Clustal consensus of all sequences without Drosophila ATP7, All w/H2 — Clustal
consensus without the sequence of human isoform 2. An * (asterisk) indicates positions with fully conserved residue, a : (colon) indicates

conservation between groups of strongly similar properties and a . (period) indicates conservation between groups of weakly similar
properties.



