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 Fig. S.1. Prediction of transmembrane helix of HMA3 protein homologs.
[image: ]
 Fig. S.2. Multiple sequence alignment of HMA3protein homologs.
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WVGICCSSEVS IVGIVLAQVOGYKEF SVIVPSF TVIVVE DT LISPLOIVKALNGARLERSV
WVGICCSS VS IVGDVLRPLOGVIEFSVIVPSF TVIWV- D7 FLISQLOIVKALNCARLERSV
WGICCSS VS IVGDVLRPLOGXEF SVIVPSH VIV CNFLISPLOIVAALNCARLERSV
WVGICCSSEVSLVGDVLFPLOGYKEF SVIVPSF TVIVVF D7 -LISPLOIVKALNGARLERSY
WVGICCSHEVPLVGDVLFPLNGYXEFSVIVPSF TVIVV- DT FLISPLOIVKALVEARLERSV
WVGICCSSEVSLVGETLRPLOGYKEF SVIVPSH VIV DVLLISPLOIVKALNGARLERSV
WVGICCSSEVSLVGETLAPLOGYKEF SVIVPSH TVIVVF DVLLISPLOIVKALNGARLERSY
WVGICCSSEVSLVGETLRPLOGYKEF SVIVPSH VIV DILLISPLOIVKALVKARLERSY
VLGICCSSETPLVENTLKSLOGUK EYSVIVPSF VIV DSLLISPSCIATALNGARLERHY
VLGICCTS EVPIIENTLKALDGUK EYSVIVPSF TVIVV- DSLLISPFCIAKALNGARLERNY
VLGICCTSETPLIENTLKSLOGUK EYSVIVPSH TVIWVHOSHLTSPECIAKALNCARLERNY
VIGICCo. E1511¢p1L+. 15GVNERSVIVPSA IVIWHD. . LT5 . . CISpALNGARLERDY
VIGICCoSE15116p1L+<LOGUK EaSVIVPSA TVIWWHDShLISPROISKALNpARLERSV
hpCtpthDIIpSYFOVIGICCSSEVS1VEp]L<LOGVK EasVIVPSRTVIVVF DShLTSPhOTSKALICARLEASV.
MspsE-spihpLOTS YFOWGTCCSSEVS VG LRSLOGKE F SVIVPSH VIV DshLTSPLOIVKALNGARLEASY
. 1 . . . . : .
PYGETSLISONPSPFATVSGLLVL: PLE/ILATVAVVAGYFPILAKAVASV A7 ALOTVALTLIAVIATLCH
PYGDTSLKNOITSPFATVSGVLLAL (GPLEVFAIVAVVAGY FPILAYAVASY TR ALDTVALTLIAVIATLOH
PYGETSLKS(HPSPFATVSGVLLALSLF K YLYSPLE/FAVVAVMAGY-PILAKAVASVT - FLOTVALTLIAVIATLCH
PYGETSLKSQHPSPFAVISGVLLALSF LKYFV<PLE/LAVVAVVAGT PILAKAVASVTRFFLOTNTLTLIAVIATLCH
PYGETSFKSQHPSPFALVSGVLLALSF LK YFVSLLE/FAVVAVVAGTYPTLAKAVASVTFFLOTVALTLIAVIATVCH
PYGETSLTSONPSPFAWSGVLLALSF LK YFVRPLE/IFALVAVVAGYFPILAKAVASVT RF RV TVALTLIAVIATVCH
PYGETSLTSKIPSPFAWSGVLLALSF LK YFVSPLE/FALVAVVAGYFPILAKAVASVTRF RV TVALTLIAVIATVCH
PYGETSLTSONPSPFAWSGVLLALSF LI YFVSPLE/FAVVAVVAGYFPILAKAVASV R F VO TVALTLIAVIATVCH
AVNGET SFNKHPSPF AWSGVLLLLSF LK YVYSPLR/LXXXPAAAGT FPIVAKAFASTRRF R IDTNILVITAVVATIAN
AVNGE TNFKNKIPSPF AWSGILLLLSF L KFVYSPLR/LAVAAVAAGTYPTLAKAFASTRRLFIDTNILVITTVIATLAN
KVTGETNFYNK PSP FAVVSGILLLLSFLKFVYSPLRLAVAAVAAGIYPILAYAVASVRALRVCINILVITTVIATLAN
+5..G-TshpspHSSPFAL1SGILLALSKNKahYE. Leih. . . sshAGLaPTIAKARAS LpRRRIDINALs1IsVIAT1H
5. GET<hpspPSPFAIVSGILLALSFhKahYuPLCHNAL SAVSAGLaPTLAYARAS LpRHA 1L TNNLS 1 T<VIAT1H
SHGETShpspPSPFAIVSGVLLALSF K VhYSPLC/NAL SAVSAGLaPTLAYAVASVpRFR10TN LS TAVIAT1sH
PYGET S spiPSPFAIVSGVLLSLSF LI YhySPLEMATVAVSAGL FPTLAKAVASVTRFR 10TNSLTLIAVIATICH
AATIVFLFSVADHLESSAAH KASTVMS S LHSLAPR KAVIAD TGLEVOVD EVGTN WSVKAGESTPIDGVWIG:
AATTVFLFSVADHILES SAAGHAS TVMS SLHSLAPRKAVIAD T GLEVNVD EVN TN TWSVIAGE S IPTOGWIG:
AATTVFLFSVADHILES SAAQHASTVMS SLHSLAPQHAVIAE T GLEVOVGEVR TN TWSVIAGE S IPTOGWNEGR
YTEAATTVF LFSVADHILES SAAQHASTVMS SLHSLAPF CAVIAE GLEVOVD EVY TN TWSVIAGESPTOGWIG:
EDYTEAATIVF LFSVADHLESSAAHKASTVMSSLISLAPFKAVIAE GIEVOVDEVELTVVSVHAGE IPTOGVWOG
EDVTEAAT IV LFSVAD!LESSAHKASTVMSSLSLAPF K AVIAE GQEVOVDDVGTH TWWAVHAGES IPTOGVWOG
EDYTEAATIVF LFSVADHLESSAHKASTVMSSLISLAPFKAVIAE TGIEVOVDEVGTNTVYSVHAGE S IPTOGVVOG
EDYTEAAT IV LFSVAD!LESSAHKASTVMSS LS LAPF K AVIAE TGQEVOVDDVGTH TVVSVHAGES IPTOGVWIG
KOYTESARTVF LF TTAENLE SRASYKASAVMQSLNSLAPQYAVIAE 1GEEVEVDEVKIN TVLAVIAGE TIPTIGVWOGH
MEAARVF LF TS L TRASYKATAVHOS LHSLAPQX AT TAE TGEEVEVD EVK TS TWAVKAGE TIPTOGTWOGH
YMEAARVYF LFTTAE/ILETRASY (ASS VHQS LHSLAPQIAT TAE TGEEVEVD EVKLNTWAVK AGE TIPTOGTWOGH
PDREUASHVFLFolu-HiLEopAu. KAo. WpSLMSLAPDIATIA-TG. EVpVS-V. 15TV1UVKAGE o TPIOGIWIGD
PDREARSIVFLFo1A-HLEopAu. KASSVMpSLUSLAPDALTA-T6. EV-UD-VR1NTWVKAGE o TPTOGIWIGS
PaTEARSIVFLFO1ADHLE SpAu. KASSVMpSLMSLAPDAVIAE T6. EV-UDEVE TN WoVKAGE o TPIOGUWIGS
BT EARTIVFLFSVADHLE SSARS CASOVMS SLUSLAPDAVIAR T6. EV-UDEVEINTWUVKAGE S PIOGUWIGS
: . . . 3 . .
COVDEKTLTGESFPY "VMAATI| LNGYIKVKTTALARDCWAKN TKLVEER TONCSRYTPAVY
(COVDEKTLTGE SFPYSHRES TVLARTINLVGYIKVKTTALAR DCIVAKMNT KLVEER! TOKCSRIYTPSW.
COVDEKTLTGESFPY. "VLAATI LNGYIKVITTALARDCWAKHTKLVEEAQKT! TOCSRYYTPAW.
(COVDEKTLTGESFPYSKGRDSKVLARTIN LVGYIKVRTTALAR DCWVAKMNT KLVEER! IOHCSRYYTPAW
(COVDEKTLTGESFPYSKGRDS TVLARTINLGYIKVKTTVLAR DCWVAKMNT KLVEEF, TOCSRYYTPAW.
(COVDEKTLTGESFPYSKGRDS TVLARTINLVGYIKVKTTALAR DCVVAKMNT KLVEER! SFIDKCSRYVTPAW
(COVDEKTLTGESFPYSKGRDS TVLARTINLVGYIKVKTTALAR DCWVAKMNT KLVEER! IOHCSRYYTPAW.
(COVDEKTLTGESFPYSKGRDS TVLARTINLVGYIKVKTTALAR DCWVAKMNT KLVEER! IOCSRYYTPAW.
(CEVDEKTLTGEAFPVPKLRDSSVHAGTHA LGV ISVKTTALAEDCWVAKMAKLVEEACNSKTQTORFIDKC QY Y TPAVY
(CEVDEKTLTGEAFPVPKGRDS TVHAGT T LGYISVKTTSLAGDCVVAKWAKLVE EACSSKT KSCRLIDKCSQY Y TPATT
(CEVDEKTLTGEAFPVPKCRDS TVHAGT T LVGYISVKTTALASDCVVAKWAKLVE EACSSKT KSCRLIDKCSQY Y TPATT
(C-VDEKTLTGEUFPVSK. R-SsVIAUTH LIGYLpV=TTSLAtDCVAKMS KLVE ESCpopT poGphIOKCSpy Y TPulL
(C-VDEKTLTGEUFPVS (pR-SoVnATTH LG LpVT TuLAF DCVVAKMS KLVE EACpSpT KoCRTOKCSpy Y TPATL
(C-VDEKTLTGEUFPYS (CR -5 VAT TALIGY LpVK T TALACDCWAKMSKLVEERCpSpTHTORFLOKCSpY V TPAW
COVDEKTLTGESFPY. 'VRAATI) LNGYTKVKTTALARDCWAKN TKLVEER IOHCSRYYTPAW.
‘VSAACHAVIPVLLKVODLSF/FHLALWVLVSGCPCGLILS TPVATFCALT KARTSGF LK TGDCLETLAVIKIVAFDK TG
TLAACF AVIPALLKVHNLS - HLALWLVSGCPCGLIL S TPVATFCALTKAATSGF LI TGOCLETLAKTKTVAFDK TG
TLAACF AVIPALLKVPNLS 1 HLALWLVSGCPCGLIL S TPVATFCALTKAATSGF LIKGOCLETLAKIELIAFDK TG
‘VVAACT AVIPALLEVHNLS#4/7HLALVVLVSGCPCGLIL S TPVATFCALTKARTSG LK TGICLE TLAKIKIARFDK TG
‘VVAACF ALTPFLLIVHNLSF4/7HLALVVLVSGCPCGLIL S TPVATFCALT KARTSG LK TGLCLE TLAKIKIARFDK TG
‘VIAAC AVIPVLLKVDNLSF4/FHLALVVLVSGCPCGLILS TPVATFCALT KARTSG LK TGDCLETLAVIRIARFDK TG
‘VVAACF AVIPVLLKVDNLS#5/7HLALWVLVSGCPCGLILS TPVATFCALT KARTSG LK TGDCLE TLAVIRTARFDK TG
‘VVAACF AVIPVLLKVONLSF4FHLALWVLVSGCPCGLILS TPVATFCALT KARTSG LK TGDCLE TLAVIRISAFDK TG
TISACF ATTPVALRVRNPS - RLALWLVSACPCGLLLS TPVATFCALTKAATSGLLIKGEOYLETLSKIKIAAFDK TG
‘VVSACYATVPVIMKVHNLK: 7 HLALVVLVSGCPCGLIL S TPVATFCALT KARTSGLLIKSADYLDTLSKIKTARFDK TG
TISACF ATVPATHKVHNLN/HLALWLVSACPCGLILS TPVATFCALTKAATSGLLIKSADYLDTLSKIKIAFDK TG
1. GACHALIPHARCY 5. pHiF+LALWLUSUCPCGLIL S TPVAT FCAL TKAATSGALIYsuhL -TLufLch. AFDK TG
LLUACFALLPS 1n+Vp Lt HLALWLSUCPCGLILS TPVAT FCAL TKAATSGALTY ouDhL -TLuk LehAFDI TG
T1UACFALIPS LKVpNLS i HLALWWLUSGCPCGLIL S TPVAT FCAL TKATSGALT0GORLE TLuf L+TSAFDK TG
TIARCFALTPSLLKVCNL S HLALWLVSGCPCGLILS TPVATFCAL TKAATSGF LIKGOCLETLAKT+TUAFDK TG
ITHAEFUVEDFRSLSPSTH LHKLLYS S TECKSSHPHAALTDYAR SVSVEPKPL IVENF O FPGEGYYGRIDGODT
ITHAEFMVSDFSLSHNTNLHSLLY)VS S TESK S SHPHAALTDYAR SVSVEPKPOWVENF O FPGEGYY GRIDAUT
ITHAEFTVSDFSLSHNTNLHTLLYLVS S TESK SNHPHAAALTOHARSS VEPKPOWEN FENFPGEGY GRIDGOUT
ITHAEFTVEDFRSLSHNTNLKNLL Y35 S TESK SSHPHAAALTDYARSTSVEPKPOVEN FHIFPGEGY GRIDGOUT
ITHAEFTVSDFKSLSHSTALONLTYVVSS TESK S SHPHAEALTDY AR SVSTEPKPOVEN O FPGEGYY GKIDGOUT
ITHAEFMISDFKSLSHNTNLKTLVY4VS S TESK S SHPHAALTDYAR SVSVEP TPOMVENF O FPGEGY GRIDGOUT
ITHAEFTVSDFKSLSRNTNLKTLLY) VS S TESK S SHPHAAALTDYAR SVSVEP TPOVENF Of FPGEGYY GRIDGOUT
ITKAEFTVSOFKSLSPNTNLKTLLY)VS S TESK S SHPHAALTDYAR SVSVEPTPORVENF O FPGEGY GRIDGOUT
TTRGEFTVNDFRSLSGDTSVHSLLY)S S TESK S SHPHAAATVDYAKSVSVEPKHDAVEEYON FPGEGICGRIDGKDV
TTRGEFIVIDFKSLSROTSLRSLLYINS SVESKSSHPHATIVDYAKSVSV: PGEGT) GKIIGNOT
TTRGEFIVIDFKSLSROTSLRSLLY/NS SVESKSSHPHATTIND VAR SVSV: PGEGT GKIIGINT
TT+uEFh1.DF+5LS . STS1ppLIYMVSS1ESKSSHPHATs InDaReS . S1: PGEGLNG-Toups]
TTHUEFRV.DF+SLS  STSL+<L1YiNSS1ESKSSHPMAS S 1DVASS1SV: PGEGLIG-10G T
TT+UEFRV. DF+5L 5t TsLesLLINSSTESKSSHPHARALIDVARSVSV: PGEGL1 G106 T
TTHAEFRVRDF+5L5+S T LeoLLYINSSTESKSSHPHARALTDVARSVSV: PGV G106 T
. . L 1sa2
16 ATHCRGHT1GYTYMGAKL TGS NLLOGCH YGVAGAL KEL
10 ANCRGHT1GYTYTGAELVGS NLLOGCRYGVACALKEL KA
6w ADHIRGHT1GYTYTGAKLAGSFCLLUGCRYGVACALKELK-
10 VNG T 1GYTYIGEKL TGS | LLDGCRHGVACAL KEL
16 AN GG 1161 TYIGEEL TGS SLLUGCAHGVACAL KEL
10 KTLOLNAGY116/TYIGEEL 1GSFSLLOGCRHIRACALOEL!
10 ANICRGHT1GYTYIGEEL TGS | LLOGCAHGAACALQEL
16 TEANNKGH T TGV TYIGEEL TGSFNLLOGCRHGAACALQEL!
10 TEVDNKGGH TVGYTYVGERLAGYFLSDSCRTGAVCAVKEL!
10 TEIDTHGGH TVGYVYVGERLAGYF LSDACRSGUSCANTEL!
Touk TEVDTGGH T 1GYVYVSERLAGYF NLSDACRSGVACAYKELK-
TGUKPTAPRSGC. p. - h. .. php. phGK 16V Yhut cL sGsF L. DUCR. hssCANpEL
TGNKTAPRAGC . o, . S5EHERSHKEGKT1GY1YIGt LsGSF sL. DuCR, GsugARpELK.
TGUKRTAPRAGC  o. . PEhESShtGH TIGYTYIGECLSGSF <L, DUCRHGSACADEL K
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