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Supplementary Figures

Figure S1 — Complete AO dataset MUSCLE alignment file. The alignment presented was the one used to
perform the phylogenetic analyses discussed in the manuscript. The relevant amino acid regions used to
extrapolate putative AO functions are tagged at the top of the respective alignment positions, and delimited by
the black colour background.
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KSTQE----VITFENLLKQ--WD-TLWTSSEFIRVWWYPYTRKCVLW— -RGNK--TTDAQ---NG - - -
AWSQT----IDADARLFST--WEGELWKQAEFVRVWWEPYMRRAVVW-—————=——=————————————
YAQQK----TLEESEVLDG--DIYGMIAPYATANFWWWPYKRKFHHR—
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VRIHY--YPFNNLSDLAKRFSQESLKPNPHQFVEALLYTRDSGVLM-—=—=======————————————
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Cysteine (C) reglon
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——-RVSGW--VDDELLSNG -= -- GLSLICQTG-RRF---PSVAPRLNRLM—--TNM-—-——-| MSSSTVQ——DRAYKVFA——TQIKV RFTEME
—-RVSGW--VDDELLSNG-——====————————————————— IFQVACSVG-RAV---PATIPGIAKIS--SRA-—-—-—— LSARTYT--DIPYKVEFT--SPRV RFVEME
DPAKEGGNEFVGLIEGLD -= ittt bt bt KYL----SDFPETRRTLLNSLR- ——HFARFDERV——DDSYAVYA——NVHNV—— --RFNEME
ISPVVRW--IDEHIVNQL-———=-—————————————————— LFATVLWLG-RWF---NGLIAPLNRLVARTYL----—-— KPRR ——GRSDKVMS——LAHPP—— --RHREME
DSRLRQW--LMDEVLSVS-- —VYRFLVWIG-NFL---PSLRPFFNKILVLSFR- ——SPLDRI——EKSYRVFN——VAEPP—— --IHREAE
TGLFIRW--VDEKILAKY-— —-IFTFLLNLG-LWF---PTLTAPINRIIKILKF- **KKEHRI**DYSYRVFN**TPHPP** -—-KHHEAE
FQRFQSW--YREKLIGYY-——————————————————————— TFELLLYLA-TYN---QRLIPLVNRWYVQQMF-—--—— SKSKQSR——GNSVSQFN——FDHLF ——————————————— KQQVNE
LORLRDW--YQOKLIGFY-— -TFQFLLYLA-TYN---QNLIPGINRWYAQQOMF-—-——— SQPKQSR**GDSLSQFN**FD!LF** -—-KQQVNE
-DPRPSW---YGTKLGRF-- —FYESLLWVSVHLY———PSFTPYVERFVFGQQYGNVETLGKGDIAV—Q—NSVEGLN——MDHLF—— --SQFVNE
EERLENL--VWEACCRAG -= -- ————DSERV——GPARDVFP——TTEAV—— --RENETE
EDPTLPMRQLLSKKVGVP ——RNSAQRL—S—DSTEVLG——FEHGG—— --SQRVLE

RTRICKI--LKGSWLRHG-————=—————————————————— VVEAALAAA-VIQ---PGIQPYINRTYRRLFY-—--—— NAPEVQY—G—TSLECFT——FD!LF ——————————————— KQWACE

ESAERAGDRSISLIVKSA-- --LKYIATDFVRHQVVECSLYAA-CLC---PAIQPYVNKAYRRAFF- ——SAPQVQR—G—SALECFT——FD!LF—— --KQWANE
—SSASNW--FWDYAIGFY-— LLEFLLWTS-TYL---PRLVGWINRFFFWLLF- ——NCKKESS——NLSHKIFS——YEHRF—— --KQHVQD
—SSASNW--FWDYAIGFY-- -LLEFLLWTS-TYL---PCLVGWINRFFFWMLF- ——NCKKESS——NLSHKIFT——YE!RF—— —--KQHVQD

—SSKANW--FRDTFLGNY- LLEFLLWIS-TFI---TGMVPWINRFFFWLLF —ASKSEQV——NISHKVFN——FDELF— KQHVQD

—~LVKNNW--FKDIIIGHH-- -LLEFCLWIA-TFF---SSIVPLITSVFFKFCY- ——EGSSECI——DRSDKIFN——ID!LF—— --KQYVTE
—SSSASW--LWDYAVGYY LLEFLLWIS-TFV---PSLVSWINRFFFWLLF - ——SSRVENI——SISYKIFN——YEERF———— KQHVQD
DEAIQHVRDLYRECLKKYRVV------P-DNSVDINELSFTELRDKLLALN-PLN---KDHIVKVNQAEAEFWR— ——KSEGYRV—G—WSDEILG——FD!GGQQ—— —--WVSETCFPAGT
EKVMDNGHNLSGKCILAS SFLGYKKLVANGL----KNGLIFTGYPVIGNQG— ——KMQTSGSCL—Y—STGKDSS————EAWDP—— —-RINGLFEFYETT
DEATIQHVRDLYKECLQKCSVV- —KSEGYRV—G—WSDEILG——FDEGGQQ— -WVSETCFPVGT
EKTMDNGRSLGGKCTMAA SFLGVKKLVANGL----KNGLIFTGYPVIGPQG- ——KMQTSGSCL—Y—STAADNS————!AWDP—— —--RINGLFFYETT
EKVMDNGHSLSGKCLLAS SFLGYKKLVANGL----KNGLIFTGYPVIGNQG— ——KMQTSGSCL—Y—STSQASS————HAWDP—— —-RINGLFEFYETT
DEAIQHVRDLYRECLRKYRVV------P-DNSVDIDELSFTELRDKLIALN-PLN---KDHIVKVNQAEAEFWR— ****KSEGYRV*G*WSDEILG**FD!GGQQ** —--WVSETCFPAGT
DEAVQHVRDLYRESIVKYRVQDSGKKSPDSSEPDIQELSFTELRDKLLALD-PLN---DVHVAKVNQAEAEFWK-—-—-— KSEGYRV—G—WSDEILG——FDEGGQQ ———————— WVSESCFPAGT
EETQERFRDANGKCAGAT-- —--RIKSEFFHQTT
EESEESSGDANDKCARAE-- —-RIKGQFFHQTA
EETQERFRDANGKCVGAT-- —-IISSTLFAPSYGLT---NNGIIFTGYPVVGSQN- **RMMSSGSCL*D*SLQDGLI**TA!AWDS** —--RIKGEFFHQTT
EETQETLRDAHGKCVTAT-- -TISSTLFSTSYGLT---NNGITFTGYPVIGSQN- **RMMSSGSCL*D*GLEDKLT**SA!AWDS** ——RVKGVFYHQTT
EESEESLEDANMKCVRAK-————=—=—=————————————— -D-SRQDGLI--TA@PWDP-—-——-——-— RIKGQFFHQTT
EEVQESLSDAAGKCLGAE-- —--RVKGEFFHQST
EDFQESLSDALGKCLSAE-— —-RVKGEFFHQTT
DEAIQHVRDLYKDSFQKYRKITT--ETPDSNEPDINELSFTELRDKLLAMD-PLN---KDYVIKINQAEAEFWR— ————KSEGYRV—G—WSDEILG——FD!GGQQ—— —--WVSETCFPAGT
EKTFENTRDVKGKCTLAT-—-—————————————=——————— TTVARKKLVGNGL----KNGLIFTGYPVIGQQG- ——KMQTSGSCL—Y—SSSSFST————EAWDP—— —-RINGLFFYETT
—-FASWWEPTNYTGVRNC - - TLNYCANGCG---DCKKNYICYDEVSDAV----SCGPEGVC----- THQFYA————HIE ——————————————— HFFPAE
-DPRPSW---YGTKLGRF-- —FYESLLWISVKFF———PKLTPFIEKFIFNQQYGKVETLGKGDIAV—Q—NSVEGLN——MDHLF—— --SQFVNE
——-PAKSW---WGTKLGRF-- —FYETLLWISTKIY———APLTPFVEKFVFNRQYGKLEKSSTGDVNV—T—DSISGFN——MDHLF—— --SQFVDE

—~RHRRPRTSFLDSRLGYH-—

**VYHNLLALA*RWF***PRITPWIEWFVFGLNYGFRNGERTRVSGV*Q*PSYEAFL**LN!LY *************** SQFVNE
-—-QQGFQONTFSVTDLEG— —TTARTLLDSG—RYL———PTSNMLAEEIFFGLWSKPNFREKTTNQPIEEW—PVYGWN——YDILIGGLYPDQRPLWEVGVQGYTLE
GNYYKPW--FFKHVENYL-— **KTNREGLEYIPLRHYYHRHTRSIFWELQDIIPFGNNPIFRYLFGWMVPPKISLLKL**T*QGETLRKLYE!
GVWHAEW--FFKQVEKHL--—-—---—-—-—-— KRKRTAIEYIPLRDYYHRHTRSLFWELQDIISFGNNFIFRYLFGWLMPPEVSLLKL——T—QPEAVTKLYNE

Glu-Arg pair (EXR)

680 690 700 710 715

- - -YGRDTCYIAV

- - SGRETAYIAV
YSVPAEH---GPACLREILALIRD VKADDIPLSMF- - - -EGRDSCSISV
YSVPMTK---AGEALRQTRALIGS-- - —--VRGDDAWLSPA- - - TARDSCQLGA
WAFDLRD---AREVLSAYRKMIDE-- -- --VKGDDYALSPC- - - —~YRRDSIWIGC
YAIPVEK---AGEAMLQIRKMIDE-- - —--VKADDCLISPA- - - FGRDTCYVGA
WAIPIEH---TAEAILQIRQMIKE-- -- —--VKGDDIWLSPC- - - —-QGRDSCYIGV
WAIPIEY---TVQALEEIRDLIQK--------—------——KDYKAHLPTjliF - ————————————————— VKGDDIWLSPC- -—= -—= -QGRDSCYIGI
WSAPLVS---GPEVLKELKQIITN--AA- SNVTYSNKPFIENDGKPSLYPSQEWLSHRSKTSAGPIPGNNLRPFLDNSPNLPYTTKE-ITNDQLTLFVNA
YGVPRDD---AVAAFRDLRSVVES---------——-———————HDVMFPV|HgD-————-————————————— VAGDDIPLSPA- -~TGRDSTFIAV
VAFPIKTPLADIEFMEKVLAVIEA - --TARSQAPMSPAFSPT--—----— - PGDPFSWVGI
WAIDISN---VMPAFHYLRGLISS -- -TGADTAALSPA- - - —HGRQTCWIGI
WAIDASR---AVEAFNRLRDMIDR TAPDVSDMSPA- - - VGRPTCWIGV
WAIPREK---TKEALLELKAMLEA -TRGDDILLSPC- - - -FQRDSCYMNI
WAIPREK---TKEALLELKAMLEA-- - -TRGDDILLSPC- - - FQRDSCYMNI
WAIPIEK---TKDALMQLKGWLEK-- - —--ARGDDILMSPC- - - YHQDSCYMNI
WAIPRRH---TAIVLREMKNWIEN - -VQKDNIMMAPS- - - -CEQDVTYIGI
WAIPIEK---TKEALLELKGALEN-- - --TRGDEIWLSPC- - - FQRDSCYMNI
LAKPSMK---DLEYIADLKQLIEK - —-TASTKSPMSPASSSR-——————————————————————————— EDDIFSWVGI
AIFPAPK---FRDFILDVKKLRDLVKPE- - —-IKASEAYLG--- - - QPEESVVVDF
LSKPSLK---DLEYIEDVKQLIEK--- - -TACTKSPMSPASSTK DDDIFSWVGI
AIFPASK---FGDFIRDVKKLRDL-KPD - -IRATGAYLG- - QPEDSVVVDF
AIFPAPK---FRDFILDVKKLRDLVKTE -—= —~IKASEAYLG--—-——————————————————————— -QPEDSVVVDF
IAKPSMK---DLEYIEDLKQLIEK - -TASSKSPMSPASSLK- EDDIFSWVGI

LANPSMK---DLEYIEELKKLIEK - -TARSKSPISPAFSTS-— - - EDDIFSWVGI
FSIPLTQ---VKSFINDIKSLVKI-ESK-----------SLCVLELYDGI|BUQY - ——-——--————————-—-—- VITSSPAYLG-——————=————=———————————————— -KETEALDFDL
FSIPLTR---VKGFINDIKALVKI-EPK- - --VTSSPAFLG--- - - KEEKALDFDL
LSVPLTQ---VKSFISDIKSLVKI-EQK- - --VTSSPAYLG--- -—= -—= -KETEALDFDI
FSIPLTQ---VKSFINDIKSLLKI-DSK- - --VTSSPAYLG--- - - KETEAIDFDI
FSVSLTN---VKSFINDIKALVKI-EPK- - --VTSSLAFLG--- -—= -—= -KEEKALDFDL
FSVGLSV---AKSFIQDVOKLIEL-EPK-----------AMCGVELYNGI|MM}Y-------————-————-—-—— VKASSAYLG--- - - KQEDAIDFDI
FSVGLSV---AKSFIQDVQKLIEL-VPK- - --VKASSAYLG--- - - KQEDAVDFDI
LAKPSMK---DLEFIEDQKQLIEK--- -- --TARSKSPMSPASSSG - - -EDDIFSWVGI
AIFPAPK---FGDFIRDVKKLRDL-NPE - - - QSEDSVVVDF
YLLEAAT---NYTLFQQSQTPRMK---— - - -LGPESSGVFA
WSSPLNS---GPDILINLKKIIID--AA SNVTYSNEPFIDDNNKKSLYPSQEWLSNRSKTSAGPIPGNNLRPYLDNSPKLPYCKNDKITNDQLTLFINA
WGCPMDN---GLEVLRSLDHSIAQ--AA-—-—-—-——-—-=-— INKEFYVHVPMmCSNTTLPSEPLDTSKRTN TSPGPVYGNVCRPFLDNTPSHCRFAPLENVT-—————=————— NSQLTLYINA
WAT PLHK***GPEALQRLSAWLNRLRPGDPGYVEHRIPFSAEGLWVHSPVmVSDTTVNASA ********* ARGNRPWLDVTP - ADGPALYLNA
LAFPITQ---ANAMLKRVRALFDD-- - --GRPYFDLLGQVTYGTADGAD WSKGVIMLDF

-LPSQPGLVHPK-- - - -GNEAELYIDI
--NNPGQLKIKP-- - - GEESQMFVDI

MLIPIEL---LEKAIAFFHDEFEV--
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region
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AG-MEFESYFRA---VEEIMD-DYAG----RP]
—-RG-TPHRAYFTA---AEQIMI-AHGG-
——-YS-MDHHNFFAA---VEPIFW-KYAG-
—--ES-EGIERYFGA---FQGAMK-ALGG—
-FEALAV-KYNG
GD-RGWKEYLHG---FEEIMA-AYDG----RP]|

ITY-MPY---GKY-VDCQSYFDD---YEKIMA-KLDG LEKMY-PHWNDFQKVRSQLDPDNIFG-—
INY-MPY---GKR-VDCRDYFND---YEKIMA-KFDG LAKIY-PHWNDFQQVRYQLDPDNLFG--
TMY-RPF---GTN-VETHQWFQL---FENVMS-KAGG LTQDEKYNEKEDLKTQLEFGGKPFYSMIGFKPVMKDWEFGEDLVKENNVRKETDPHGVE --—
—AEAVFD-RYDG FAGLY-PEFETFREARRDLDPEGLFL-
IMYNTPGQDEQGLEKVAKAFKSYCAALEGVHQ-EYGA —AAQRLRDRLEARY--PIAKFKYMRAQLDPKNILS--
VMY-RPY---LRHARDTLRYYDA---FSKAMT-VMGG- -WGPEQ - - MLKAYGKNWEDFLLFRKKMDPEGVFL-—
VMY-RPY---GQEARDTRRCYDG---FCRVME-EMGG----RPIINNYYD-———————— WGHRE-————=—————————————————————— ITATYGDHWERFLALRRRMDPDDIFV--
IMY-RPY---GKD-VPRLDYWLA---YETIMK-KFGG- —-FEKMY-PAFHKFCDIREKLDPTGMFL--
IMY-RPY---GKD-VPRLDYWLA---YETIMK-KFGG FEEMY-PTFHKFCDIREKLDPTGMFL-
IMY-RPY---GKD-VAHQEYWVE---YENIMK-KVGG —-FEKMY-PAFSTFKSIREKLDPTGMFL--

—--LAGVY-PRFGEFAAVRDRLDPDRLFT--
--LOGLY-PRWKAFAEVRQALDPRGRFL--
--LSGQY-PEFERFVALARRLDPKQIFR--
—--LRSQY-PQVDAFCALRHRLDPDHKFS—-—

ISY-RPY---GKL-VPHDKWFTF---YENLAL-KYGG FQQIY-PNFNKFMKLRSELDPDNLFL--
IMY-RPY---GKN-VPRLNYWLT---YEGIMK-KYGG FEKMY-PAFPKFCSIREKLDPTGIFL-—
IMY-LPTTDARQRKDITEEFFHYRHLTQTRLWDTYGG--—--RPF]|

NYY-RAD-DASTP-RFDQDVWEE---VEQLAFFKHSS M, N -VQSKY-SKFTKFVGVKRQLDPQNMFS-—
IMY-LPTTDARQRKEITEEFFHYRRLTQVQLWDKYGA ELASLQARLRKRF--PVDAYNKARKELDPSRILS-—
NYF-RAD-DALTP-RFNQDVWEE---VEQLAFFKYSA VQKKY-PNFNKFVAVKRQLDPQNLFS-—
NYY-RAD-DALTP-RFDQDVWEE---VEQLAFFKHGA- IAFLN - - VONKY-SKFNKFVGVKRQLDPQONMEFS——
IMY-LPTTDARQRKDITEEFFHYRHLTQTRLWDTYGA----KPIlIN TEV-———————— PKDKE--————=———————————-—— QLTTLQARLRKRF--PVDAYNKARSELDPNQILS-------

IMY-LPTADPRQRKDITDEFFHYRHLTQKQLWDQFSS—
TYY-RAK-DPLSP-RLYEDFIEE---IEQIALFKYSA-
TYY-RSKDDPLAP-RLYEDFIEE---TEQMATIFKYNA
TYY-RAK-DPLTP-RLYEDFIEE---IEQIALFKYNA
TYY-RAN-DPLTP-RLYEDFIEE---IEQIALLKYNA----LP|
TYY-RSKNDPLAP-RLYEDYIEE---TEQMAIFKYNA

-ELEALQARIRKRF--PVDAYNKARRELDPNRILS-—
VIKKY-KNVPAFLKVKESYDPMGLFS-—
== -- —VIRKY-KNANTFLKVKERFDPLGLFS-—

LAFDG - - —~AIRKY-KNANAFLKVKEKFDSLGLFS--
VINKY-KNAKEFLKVKKVYDPFGLFS-—
VINKY-KNAKEFLRVKKAYDPFGLFS—-—

NYY-RAS-EASTP-RLNQDVWEE---VEQMAFFKYGA-
VLE-IDW---MQEYNNFTTLWQNQELAEEFLP-RFGEAYNVRS|
TMY-RPF---GTN-VETHKWFQL---FENVMS-KAGG----KP|
TIY-RPF---GCN-TPIHKWFTL---FENTMM-VAGG-
TMY-RPYFRDPTG-EATERYYAA---FEWLMR-DLGG:
PTF-RPT--VGDHSRFNEPFYHN---LAKVLIDEFPC—
GAYGEPR---VKH-FEARSCMRQ---LEKFVRSVHGF-
GVYGVPK---AKG-FETIASTRH---VESFVIQNQGF-

VQHKY-PNFNRFIAARKQLDPQNMFS—-—
ILDKF-PKLPEFLAIQERQDPKCQFV--
—--LTQDEKYDKLSDLKTQLEFGGKPFYTMLGFKPVMKNWFGKDLIDFNNVRKQTDPEGVE--—
INFLGSTTLAAGPVKKDTDYDD-- -FEMRGMALKVEEWYGEDLKKFRKIRKEQDPDNVFLANKQWAT
--FASWYGDDWRAFRQVRDAADPEGMFV -
EVFAQ - - AAKNIDPDHIARFKAVREKFDPNGMF--—
--FWEMF--DGSLYHKLREKL-GCQDAF--
—-FRQMF--DHKLYDRVRASLPNCKEAF--
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--NTMIDAICGTIZ-
--NREVREYIMZ---
7777777 NSYSDRVLGKPQKTALSYSZ - - --- --- -
--NSYSDRVLGKRGRZ-----— - - —_— - -

--NEHLRDVFGAZ -= - -
-NDLIERVIGHZ--
--NGWFNSLSGNSPVLNSTISHLZ - - —_— _— .
—-NGWFRNLMSPDRV-NSTACTPZ—=—====——————————————
--NSYLEKVFY - == ——

--NSYLEKVFY-—
-NAYLEKVFY--
--NEYWKRILK -- - -
--NSYLEKVFY
--NIKLEKLFPLSDTIZ----- - - J— _— .

--SEWSDEV--VFGKEGVKGDGCALEGQCICSEDRHCSPGKGYFCKPGLVYQEARVCRYSSSPPSPFSVGSGSDKNDLZ———--—
--SEWSDEV--VYGKEGGKSDGCGLEGMCICSEDRHCSPGKGYFCKPGLVYEEARVCRYSTSSNVASDNPKTDZ - ————————-——

--SEWTDQILGIKGNVTIIKDGCALEGLCVCSEDAHCAPTKGYFCRPGKVYKEARVCTRADD-ISVIQSLSYZ-——-—-—-————-——
--TEWTNQILGLKGNVTIVKEGCALEGLCVCSDDAHCAPKKGYLCRPGKVYTKARVCTHVKSVNGYDDHTKFNLMENRIZ-—---—
-—SEWTDQILGIKGNASIVKDGCALEGLCICSKDAHCAPAKGYLCRPGKVYKEARVCTRVDGIISVIZ-—

--SEWTDQVLGLKNSVTIDKEGCALEGLCICSQDIHCAPKKGYYCSPGKVYKDARVCARVTSKMNMCEEEQWGSQDFTFKGIKIZ
--SEWTDQVLGLKNSVTIDKEGCALEGLCICSQDIHCAPNKGYYCRPGKVYKDARVCARVTSKZ-—=-——==—==———=——————
--NNKLEKLFPSSDTIZ----- --

-SEWSDEIL-FGKEAANKGDGCALEGQCMCSEDRHCSPENGYFCKQGLVYKEARVCRYSQSLSGNEYFYGIRYZ
--NDFLVQQLGITRCSGYLSMZ -- -- - - --

INGIIDPSELSDZ--
--GPWHRRYLLGERSSAGGEGGEMERLPLEEVGFFTREPAKGGZ -~
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