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Supplemental Table S1. Nucleotide sequences of the primers used for the cDNA cloning from P.

fulvidraco.
Primers Sequences (5'-3")
Primers for partial fragment
ops11 -F CAACTBGACCGCCTNAAGARAAC
ops11-R TGRTGAGBATGAACSTTAGTGCTT
ops16 -F TTKCTCADACCTCCAHAATGTCGC
ops16 -R GCCYTCTTGCYCCTCGTGKTCTAC
ups18-F GCTHTGAGCGTCCSTCGGAGTA
ups18 -R GGGTBTTGTGGTGCYTGGGGTTA
ops33b -F GCCATGBCCMCGTTTGAGTTCCC
ops33b -R CTTGHTGGTGDAGGCRGGTTGTG
opsd1 -F AGGATGRTGGAGADMGAGGATGG
opsdl -R TGGGTGGTSTTCAVIGGTGAMTGTT
lamp1 -F CTTHCTCBGCYGCTCCACAAACG
lamp1 -R GCTCGRBGCHGTGAATCACCACT
meoln1 -F ACTGGTSCTGTTTCYCTGCTVTCTG
meoln1 -R GCYTGACGCHCTGGGTYTGAATA
ctsd1-F CTGCYCATCCGTBTCCGTTTHCC
ctsdl -R CTGACGCACYCTCGTBCHCTCCC
tfeb-F TCGCCTGTATGADGTTRTCCGAGT
tfeb -R TAAAMGGGGTGATGASGGGACTG
Primers for 3'-RACE PCR
3 GS-ups11-O GGAGATCACCGAAGCACGACGCC
3' GS- ops1-1 AGGAGTACCCTAAAGTGGTCG
3 GS- ops16 -O TGATAAAGCAGACTGGGACGA
3' GS- vps16 -1 CTGGCAGTAGGCGATTTGGAA
3 GS- vps18- O GGACGAGTACCACCATCACAT
3' GS- ops18 -1 CACCTGTGACTTTCCCTTACTC
3 GS- ops33b -0 AAGCACGAATCAAAACAGACC
3' GS- vps33b -1 GAGAAAGGCTATAAGTTTATCGTGG
3 GS- vpsd1-0 GCTGGGAAATGTCGATAAGGC
3 GS- opsd1 1 AAAGATGCACAGAACCCAGAT
3 GS- lamp1-O CGGCACGACCTGTCTTCTT
3' GS- lamp1 -1 TGAATCCACGACCGCTACT
3 GS-mcolnl -O GCGTATGAGACCATCAAGCA
3' GS- meolnd -1 TGACAGAACCACCACTTATGAA
3 GS- ctsd1-O GCCTTCCCTTCCTACTATTTCC
3' GS- ctsdl-1 CACCTGTGACTTTCCCTTACTC
3' GS- eb-O ATGGAGGAAGTTATTGAGGACA
3 GS- tfeb-1 ACTCCTGCCCTGCCAACCTACA
3' RACE Outer TACCGTCGTTCCACTAGTGATTT
3' RACE Inner CGCGGATCCTCCACTAGTGATTTCACTATAGG
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Primers for 5'-RACE PCR

2 of 17

5' GS- vps11 -O
5' GS-vps1l -1
5' GS-vps16 -O
5' GS- vps16-1
5' GS- vps18-O
5' GS- vps18-1
5' GS- vps33b-O
5' GS- vps33b-1
5' GS- vps41-O
5' GS- vps41-1
5' GS- lamp1 -O
5' GS lamp1 -1
5' GS- mcoln1-O
5' GS- mcoln1-1
5' GS- ctsd1-O
5' GS- ctsd1-1
5' GS- tfeb-O
5' GS-tfeb- 1
5'RACE Outer

5' RACE Inner

GAAGGCGATGAACTTATTGTCTAG
CAAAAGCAAAACAAGGACCTCT

GCTCATCGTCAGAAGAAAAGGCAATC
TCAATGTTTGTTGCCAGGGTA
GGCGTGGTCTTTGGGTTTCAGTG
TCCAGCCTCACGTTCACAAAT
TCACATCACCGTAAACACCCT
GCCTATGAGGTCCTTCCTGCTGA
GGTGTTTGTTTCGTTGCCTAA
GTCTTCTTCCTCCGAGTCATC
GGGAAACTCCTGCTTCACC
CTCGTGCCATTGATGATAGG
GCTTTCTTCCCTTGGCATAGTA
TTTGCCGTCATGCGAACCATA
GCCCCATTATACTTGTGATGAAGC
TCTCACCATAGTATTGGGCATC
TTCTGAGACTGGCGGATGTGG
TGTTTGTACCTTCAGCACCTC
TAGGGCCTAATACGACTCACTA

CTAATACGACTCACTATAGGGCA
AGCAGTGGTATCAACGCAGAGT

Notes: K-G/T; M-A/C; R-A/G; S-G/T; Y-C/T; B-G/T/C; D-G/A/T; H-A/T/C; V-G/A/C; N-A/T/G/C. Abbreviations

ctsd1; Cathepsin D; lamp; lysosome-associated membrane glycoproteinl; mcolnl: mucolipin-1; tfeb: transcription
factor EB; vps, vacuolar protein sorting-associated protein.
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Supplemental Table S2. Primers used for real-time quantitative PCR analysis.

3 of 17

Genes Forward primer (5’-3") Reverse primer (5’-3") Size Accession no.
11 AGAGAGTGA TGAGT! AATCT ACCA AGAA 1
ovps GCAGAGAGTGAGGCTGAGTG CTGCCACCACCGAGAAG 50 MEI301091
1 TGTCCTGTCTCACTGTT! TGCAGGTT TCTCATT 184
vps16 GTCCTGTCTCACTGTTCGC CCTGCAGGTTCCGTCTC 8 ME301092
1 AGAGAAGA AGAT TGCT! TTGTTGTAGA 182
vps18 CCGGAGAGAAGACGCAGATC GGTGCTCCGGTTGTTGTAG 8 MEI301093
TT TGAGGTCACTT AGA TGCTCCTGTTTCA! 2
vps33b GGGCCTGAGGTCACTTC GACGGTGCTCCTGTTTCAG 30 ME301094
41 TCTCACTGT! AACTT TTGTCAAGCA AGTCGAT 1
vps CTCACTGTCCGCAACTTCC GTCAAGCAGCCAGTCG 53 ME301095
1 AGCAACAGCAGTAGT A AGCTCAGTGTAAGGTT 1
lamp CAGCAACAGCAGTAGTGGG GCTCAGTG GGTTGGCC 50 ME301096
1 ATCGTGA AAACT! TT T TATATCTT 184
mcoln CGTGACCC CTCGC GGTCGGCGGG CTTGG 8 ME301097
1 TTTGTAA A T Al TGT AAATTGAAGGA 1
ctsd G GGGAGGCTGCGAG GTCCGCCC GAAGG 50 ME301098
tfeb
Hfe ACCAGCGACCTCCTCCTAAT AGCTCAAATCTCCCAGGCAC 240 MHE459004
P-actin GGACTCTGGTGATGGTGTGA CTGTAGCCTCTCTCGGTCAG 138 EU161066
rpl7 GGCAAATGTACAGGAGCGAG GCCTTGTTGAGCTTGACGAA 199 KP938522
hprt ATGCTTCTGACCTGGAACGT TTGCGGTTCAGTGCTTTGAT 181 KP938523
tuba TCAAAGCTGGAGTTCTCGGT AATGGCCTCGTTATCCACCA 135 KP938526
b2m GCTGATCTGCCATGTGAGTG TGTCTGACACTGCAGCTGTA 186 KP938520
ubce TCAAGAAGAGCCAGTGGAGG TAGGGGTAGTCGATGGGGAA 150 KP938524
tbp AGCAAAGAGTGAGGAGCAGT ACTGCTGATGGGTGAGAACA 170 KP938525
gapdh TTTCAGCGAGAGAGACCCAG ATGACTCTCTTGGCACCTCC 132 KP938521
18s rRNA AGCTCGTAGTTGGATCTCGG CGGGTATTCAGGCGAGTTTG 196 KP938527
elfa GTCTGGAGATGCTGCCATTG AGCCTTCTTCTCAACGCTCT 151 KU886307
CATTGAGCAAGACGGAAAC
fatp TCGTGGTGGTGAGGACTTTG A 1o4 MG637279
TGCCCCTCACATAGT TGCTG CACTTCCTCGAACA
fabp TCCCTCAT 148 MG882758

Abbreviations: b2m, beta-2-microglobulin ctsd1; Cathepsin D1; elfa, translation elongation factor;
gapdh, Glyceraldehyde-3-phosphate dehydrogenase; hprt, hypoxanthine-guanine phosphoribosyl

transferase; lampl; lysosome-associated membrane glycoproteinl; mcolnl: mucolipin-1; rpl7,

ribosomal protein L7; tuba, tubulin alpha chain; tfeb: transcription factor EB; ubce, ubiquitin-

conjugating enzyme; vps, vacuolar protein sorting-associated protein; fabp, fatty acid binding protein;
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transport protein

MAAFLCWRREVEFDKETVKLPSENGKSE2ALPMGISACESGREHVVLEDMDGCIWEL SRSLCLTSECAYKIRVTHIYQOLRQ
MAAFLCWRREVEFDKETVKLPSENGANE2ALPVGISACIAGRGHVVLEDMDGCIWEL SRSLCLTSECAYKIRVTHIYQLRQ
MAAFSCWRREVEFDKETVKLPSENGKNECLPMGISACESGRCH IVLEDMDGCIWEL TRSLCLSSECAYKIRVTHI YOLKQ
....................... ASKFLCLPPGITVCLSGRGSLVFGDMEGCIWELI PRSLCLTGECAYKIRVTHIYQOLKQ
_____________________________ MPWIWTBPHQ. . -z --z.--.......KESQEADEYLREIGCELGQITCAVQ

HSILVSVGQLEHGINPLVKVWNTLCKRDSGSPLCTRIFEAIPGNKEAEVSCLSVHENLNEMAIGETIDGSVVLTKGEITRER
HSILVSVGQLEHGINPLVKVWNTLCKRDSGSPLCTRIFEAIPGNKPTEVSCLSVHENLNEMATIGETIDGSVVLTKGECITRER
HNILVSVGQLEPGINPLVKVWNLLCKRDSGSPLCTRIFEAIPGNKPTEVSCLSVHENLNEMATIGETIDGSVVLTKGLCITRILR
HENIIASVGELEEGINPLVKIWNLEKRDGGNPLCTRILEAIPGTEPTVVSCLTVHENLNEMNAIGETIDGSVILNKGCITRLR
CCIEARAGHEHQPDMCKSLLRVGLEGR . AGEGGAGRGWLGQQESS . - . - - - o o0 o oo n e oo ILSPSGSSCZEZASFGKCFLER

HSKTLTLHEGSCPVIGILAFRCAGRVTHLEVATIEKVQCYTLSVRKEYERVELLCTHGCALRCSEALTCPSQDSQEIVAGDDCV
HSKTLTLHEGCSCPVIGILAFRCAGRKVTHLEVATIEKVQCY TLSMKEYERVELLTHGCALRCSEALTLCPSQDSQFIVAGDDCV
HSKTLSLHECGCNCPITGILAFRCAGRKVTHLEVATIEKVQCY TLSVKEYERVELLTHGCALRCSEALTLCPSQDSQFEIVAGDDCV
HSKTQILHKGSYPVIGILAFRCAGKTTHLEVVTITENVQSY IVSGKDYERVELLTHGCGLRCSALSLCPSQDIQEIVAGDECV
EPPD-sooe = & isse = SEVHMCCDLRVINAVRDYHIGIPLTYSQYRQLTICVL . .. .. ... LDRLVLRRLYPIAIQICE

Y¥LYQPLCERGECEAELGHKII AHWHRGYLILISRDIKSENKPLFGPRCLSPTERQVITIYDIDNKEIAFSEZAEDDIIDIIA
Y¥LYQPLERGECEAFLGHKIIAHWHRGYLILISRDIKSENKPLFGSRCLTPTERQVITIYDIDNKEIAYSZAFDDIIDVIA
YLYQPLCERGECEAEFLGHKLI THWHRGYLI LLTHSNKSESKSLYGSRCTSPTERHILITIYDIDNKEIAYSAVEDDVIDVIA
YLYQPILERGECEAEFEGHKLIAHWFRGYLVIVSRDRKVSPRKSEFTSRLSQONSCKQIINIYDICNKEIAYSAVEEDVVDVIA
4 7 0 = o VSRIIA

EWGSFYVLTRDGKMFMLQEKRDTQTKLEMIFKKNLEVMAINI 2AKSQHIDNDGLSEIERQYGLHLY IKGDHCGAIQCYIRTI
EWGSFYVLTRDGKMFMLQEKDTQTKLEMIFKKNLEVMAINI 2AKSQHIDNDGILSEIERQYGLHLY IKGDHLGAIQCYIRTT
EWGSFYVLTSDRTVYMLQERDTQTKLEMIFKKNLEVMAINI AKSQHIDNDGISEIFRQYGLCHLYVKGDHLGAIQCYTIRTT
EWGSLYVLTRDGRVEALQEKDTQTIKLEMIFKKNLEFEMAINI AKSQHIDSDGIAQIEFMQYGLHLY SKGNHECGAVQCYIRTI
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CGKLEPSYVIRKFLLCAQRIHNLIAYLCALHRQSIANADHTTLILNCYTIKLKDSSKLEEFIKS . SESEVHFELCVEIAIKVLRQ
GKLEPSYVIRKFLLCAQRIHNLTAYLCALHRQSIANADHTTLILNCYTIKLKDSSKLEEFIKS . SESEVHELCVEIAIKVLRQ
CKLEPSYVIRKFLLCZ2QRIHNLTAYLCALHRQSIANADHTTLILNCYTKLKDSSKLEEFIKS . NESEVHFLCVEIAIRVLRQ
CGKLEPSYVIRKFLLCAQRIHNLIAYLGTLHRQSIANADHTTLILNCYTIKLKDSSKLEEFIKTIKSESEVHECLVETAIKVLRQ
RSGEQVPLLIKMKRSK. .. ........ IALSKAIESGLCTDLVETVLIHLENELNRGDEEMT. . . .. . LRNQPMAISLYRO
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Clathrin repeat domain
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AGYYSEALYIAENHAHHEWYLKICLEDIKN . YCEALRYIGKIPEECAESNMKRYGKILMHHIPECTTQLIKGLCIDYRES

FCKHQELETIKDLYNQDDNHQELCSFHIFASYZAEERIEGRVAALQTIAALAFYRARNEFARKATEDOMRILRLORRLELE
Clathrin repeat domain

¢CDS . TERDSVDKLIVDKASSEEEIPIEANNPRELRAFIEHMINVEPESPQGVYDTILELRIQDWAHEQDEEKKKHLQGSA
¢CDS . TERDSVDRILAENKASSEEEFIPTEANNPRELRAFIEHMITVEPLCSPQGVYDTILELRIQDWAHEQDEEKKTTLQRZ2A
KDS.TERDSIDRPVENKANEEEFIPVEANNPRELRLEIEHMIEVDPEFSPEGVYDTILELRIQDWAHEQDEGKKKVLQEZRA
IEGRGELRE. .. . FPSCRANSEEEIPTEANNPRELKAEFIEHMSEVQOPLCSPOGI¥DTILELRIONWAHEKDECARERLHAEA
EGGL mimimemim == misteimm = mimimiete = isEteie 2 - - e —— = QELDLSIHDTVTTLIIGGHNKRAECL

ILLLTTIE. .NTVEDEALVLCOMHNEKEGVLYLYEKGKIL YQQIMHYHMONEEY PKVVEACKRYGDCEVCLWECALCYEARK
ILLLRSE. .NTVEDEALVLCOMHNEKEGVLYLYEKGKIYQQIMHYHMONEEYSKVVEACKRYGDCEVCLWECALCYEARK
ISLLRSD. .NTVEDEALVLCOMHNEKEGVLYLYEKGKILYQQIMHYHMNONEEYGKVVEACKRYGDSEVCLWECALGCYEARK
ISLLKSGRFCDVEDEALVLCOMHLEQDGVLYLYEQGKILFQQIMHYHNOHEQYRQVIAVCERHGECEPSLWECALSYEARK
ARDERIP...... DERLWWLKLIZALAD. ... . IEDWEELEKESKSKKSPIGYLPEVEICMEBQHN. . ... .. ... ......

EEDCEAYISEVLHHIDONNIMPPILVVQIIAHNSTATISVIKDYLINKLCRESKQIEEDERKIQCYREEIAHIRSEIQEL
EEDCEAYISEVLQHIDONNIMPPILVVQIIAHNSTATISVIKDYLINKLQRESKQIEEDERKIQCYREEIAHLRSEIQEL
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KYEARKYASRVGPECK. . . .NKALLLVGLCVACZ2ADVAIEHRNEAELSLVLSHCTGATDG . - - - = o -« 2 2 e o e e e e e

RING-H2 finger motif

STSARKIEQKTKC C PLELPSVHFL1QCHSE QFESYAESEAECPTCTEENRRKVMDMIRAQEQKRDIHDHENRQLRS
STSARKIFQRTIKCSNONSPLELPSVHFELQCHSFHQOHQFESYAESEAECPTCTEENRRVMDMIRAQEQKRDIHDHENRQLRS
KTCARIFQRKTIKCSNONSPLELPSVHFRIQCHYFHQHQLESFAESEAECPTCTEENRRVMDMIRAQIQKRDIHDHEHBRQLRC
KEASPKIFQKTKCSIONSALELPSVHFELC EfEQHQFESYSESCADCPTCLEENRRVMDMIRAQEQRKRDIHDQECHQLKC
.- .i — i . . . .ATACKIQRARACZLEQOKK .

< < RING-H2 Domain
Zn binding site

SNDGESVVALYEGRCGVENKITL ITDPPGCKAGSGSLEADLQRDLLIHTKKKNA
SNDGESVVALYEGRGVENKRITLITDPPGGCKPGSGGLE2ADLQRDLLIHTKR.NA
SNDGESVIALYEGRGVENKITLITDPPGCKGGAGN. - .. - - oo s o e e e e m s
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Supplemental Figure 1. Multiple amino acid sequence alignment of VPS11 from P. fulvidraco and

other species. Accession numbers as followed: Pelteobagrus fulvidraco (Pf), MH301091; Ictalurus
punctatus (Ip), AAI66363.1; Danio rerio (Dr), NP_001032797.1; Rattus norvegicus (Rn), 1AAI68871.1;
Homo sapiens (Hs) AAH12051.2). Arrows below the sequences represented Clathrin repeat domain
and RING-H2 domain. RING-H2 finger motif were boxed. Zn binding site were marked with the
symbol (A).
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MAFVIANWNPLG .ENEYRKIELYEMGWNLEKDGERDCLIAAAPYGGPIALLR. .EPCRRSPNARPOLEIY¥YSASGGTLGSFEP
MAFVIANWNPLG .ENEYRRKIELYEMGWNLEDGERDCLIAAAPYGGPIALLR. .EPCRRSPSARPQLEIYSASGGTIASFEFP
MAFVIANWNPLG .EAFYRRIELYEMAWKLEKDGLKDCLEAARRPYGGPIALLK. .WHNRRSPSARPOQLEIY¥SSSGLPIASFEFP
MDCY TANWNPLGLSAFYREYELYSMDW L CLEEELKDCLVARAPYGGPIALLRNCWREREFAASVRPVLEMYSASGMPIASLL
= MDCY TANWNPLGDSAFYRRYELYSMDW CLEKEELRDCLVAAAPYGGPIALLRNPWRRKEFAASVRPVEDIY¥SASGMPIASLL

-
N-terminal region
WESGVVKCLGWTVCDLLLCVCEDGTVLVY DLFGSFRRHFSMGNEVGOSOVVEAKIFHSPYGTGVAIVIGASRETLATNID
WEKSGVVRCLGWTVCDDLLCICEDGTVLVY DLFGSFRRHFSMGNEVGOSOVVEARKVEHSPYGTGVAIVIGASRETLATNID
WESGVVKCLGWTVSDLDLELCVOEDGTVLVY DL LGGFRRHFSMGNEVSOSOVLETKIFHSPYGTGVAILTGALRETLATNID
WEKSGPVVALGWSAEEELLCVCEDGAVLVYGLHGDFRRHFSMGNEVLONRVLDCARIFHTEFGSGVAILTGAYRETLSANVG
‘WKSG PVVSLGWSAEEELLCVCEDGAVLVYGLHGDFRRHFSMGNEVLONRVLDARIFHTEFGSGVAILTGAHRETLSANVG
-

N-terminal region
DLELRRLPEVPGLOGAPSCWAVLTODRCCKVLVANCAEIFILDYGTCIAVSPPGLSPCATSIVHMCVSESYKYLALFTDS
DLELRRLPEVPGLOGVPSCWAVIMODRCSKLLVASCADLFILDYGTCIAVNPPGLSPCATSIIHMCVSESYKYLALFTDS
DIRLRRLPEVPGICAARPSCWAVLTODRCSKVLVASCAHLFILDNTACTPVTPPGLSPCASSILHMCVSESYXKYLALLTDS
DLELRRMPEVPGILOSAPSCWTITLCHERVAHILIAVGPLLY LLDHATCSAVTPAGLAPGVSSFLOMAVSFTYRYLALFTIDT
DLELRRMPEVPGLOSAPSCWIVLCODRVAHILIAVGPD LY LLDHAACSAVTPPGLAPGVSSFLOMAVSETYRHLALFTDT

= = >
N-terminal region
GHVWMGSSNLREERLSEVEIKVRNPPRONAWCRRPKSQCPSVVIMWLDRYLLVVGVCEDTIPYHLDDESVLVEPELDGVRIVN
GHVWMGS TNLREERLSEVETKVRNPPRKON AWCRRPKSQCPSVVIMWDRYLLVVGVCEDTIPYHLEDDSVLIPELDSVRIIN
GHVWMGTSNLEKERLSEVETKIKTPPRONAWCRRPKSQEPSAVVMWDGLLLVVGECKETIQYQEDDESILVEPELDGVRIIS
CY IWMGTASLEKEERLCEFNCNIRAPPROMVWCSRPRSKERAVVVAWERRLMVVGNAPESIQFVLDEDSYLVPELDGVRIFS
CY IWMGTASLERKERLCEFNCNIRAPPROMVWCSRPRSKERAVVVAWERRLMVVGLCAPESIQFVEDEDSYLVEELDGVRIFS

GTNHELLCEVEARACEEIFKIASMAPCALLLEAHRKEYERESCRADEYLREIRECDLLSEAVROCVERAGHEHEPETCKTLL
ATNHELLCEVEAARCEEIFKIASMAPCGALLLEAHREYERESCRADEYLREIKECNLLGEAVROCVERAGNEREAETCRKTLL
GTHHELLCEVEGACEEIFKIASMAPCALLLEAHKEYERESCRADEYLREIKECSLLSEAVCOCVERAGHEHEPETORTLL
RSTHEFLHEVEVASEEIFKIASMAPCGALLLEACKEYERESCRADEYLREICELGOLICAVCOCIEAAGHEHOPDMORRLL:
RSTHEFLHEVEAASEEIFKIASMAPCALLLEACKEYERESCRADEYLREICELGQLTCAVCOCIERAGHEHQPDMOKSLL

EAASFGRCFLSNEPAEPEVSMCRDLRVILNAVRDY TVGIPLTIHTOFEOMTIVOVLTDRLVYRELYPLAIEICRYLKTPEYOG
FEAASFGRCFLSNEPPEPEVSMCRDLRVILNAVRDY TVGIPLTIHTOFREOMTIVOVILTDRLVYRELYPLAIEICRYLKTPEYQG
FAASFGRCFLSNEPPEQEVSMCRDLRVINAVRDY TIGIPLTHTOQFROMTVOVLIDRLVYRELYPLAIEVCRYLKTPEYQG
FAASFGRCFLLCREPPLCSEVHEMCCDLRVINAIRDYHIGIPLTIYTOQYRQLTICVILDRLVLRRLYPLAICICEYLRLPEVQG
EAASFGRCFLLREPPLSEVHMCCDLRVINAVRDYHIGIPLTIYSOQYRQLTICVILDRLVLRRLYPLAICICEYLRLPEVOG

VSRVLKHRACCKVOOREEADEVIARTIVSLELGLIAAGISYSEIANKAYECGRTELAIRLLEFEPRSGECVPLLILRMERSQOL
VSRVLEKHRACCEVOOREEADEVIARTISLELGLIAAGISYSEIANKAYECGRTELAIRKLLEFEPRSGECVPLLLRMERSOL
VSRVLEKHRACFREVOOREESDEVIARAVSVRIAILAAGISYSEIATKAYESGRTELAIKRLLEFEPRSGECVPLLLKMEKSPL
VSRILAHWACYRVOORDVSDEDVARAINQCKLGEDTPGVSYSDIRAARAYGCGFAELAIRLLEYEPRSGECQVPLLLKMERSKL
VSRILAHRACYRVOORDVSDEDVARAINQOKLGDTPGVSYSDIZARAYGCGRTELAIRLLEYEPRSGECVPLLLKMERSKL

C-terminal region

ALSEAIESGDIDLVYIVVTYLENEMNRGDFEFMTLRNOFEFVALSLYRCFCEKHCECETLEDLFNODDDHQOELGNFYVEASYK .
ALSEAIESGDIDLVYIVVIYLENEMNRGDFEMTLRNOFVALSLYRCFCRKHCECDTLEDLFNODDDHOELGNFYVKASYK .
ALSEAIESGDTIDLVYTIVVMYLEKNELNRGDFFMMLRNQEVALSLYRCFCKHCECDTLEDLFNQDDDHEELGNFYVEKASYK .
ALSEAIESGDIDLVFEFIVLLHLENELNRGDFEFMTLRNOFPMALSLYRCFCRKHCELDTLRDLYNOQDDNHQELGSFHIRASYAR
ALSEAIESGDTIDLVFIVLLHLENE LNRGDFFMTLRNOFMALSLYRCFCEKHCELETLEDLYNODDNHQELGSFHI RASY*
C-terminal region
ERRLEARMSLILOSAVDEYNEAERNEF ZARATEEEMRLLRFORKLEEEKGECVT GE‘SLBDTLSTI.LALGLHKCAEQLYKBEa
ERRLEARMSLLOSAVDEYNEARNEF AAFATEEEMRLLRFORKLEELCKGECIQGFSLHDTLSTLLSLGLHEKEAEQLYKDFH
EQRLEARIALLOSAVDEYYRARNEFSARSTEDEMRLLRFORKLEEEKGEPLVGFSLHDTMTTLLSVGLHEKEAEQLYKDFH
EERIEGRVAALOIAAILAFYRARNEF A ARATEDCMRLLRLORRLEDELGGRFLOLSLHDTVITLILGGHNEFAEQLARDFER
EERIEGRVAALOIAAILAFYRARNEF A ARATEDCMRLLRLORRLEDELGGOFLOLSLHDTVITLILGGHNEFAEQLARDFER

Coiled-coil region
VPDRRYWWLEL TALACKADWLCELEREARSKESPIGYMPEVEVCVERNNEFEARKYVLEVTPECKVEAYLAVGDLEGAALDA
VPDRRYWWLELTALACKADWEELERFEARSKESPIGYMPFVEECVERSNRFEARKYVSKVTPECKVEAHLAVGDLEGAADA
VPDRREWWLRKLKALAEKEDW CELEKREARSKESPIGYLPFVDVCIKHENRYEARKYVSKVTPECKVEAHLAVGDMEGCARER
IPDRRLWWLRLSAL A LEEEELERESKSKRSPIGYLPFVEICMKCHNRKHEARRKY ASRVGPECKVEALLLVGDVACAADV
I L T DLED! EELEKESKSKKSPIG!LEE’VEICMKCHTKYEAKKYASRVGEEQKVBALLLVGDVACAABV
>

Coiled-coil region C-terminal region
AIERRNEGEISTVLSHCSPFATDRTLVERLNEAFATATERK
AIERRNEGEISTILSRCSPTIDRLLVERLNEAKTTATEER
AIERRNDTEISTVLSRCSSTIDEALVERLNEAEFATATEER

AIEHRNETELSLVLSHCTGTIDCGAIADKIQFAFACAQEK
AIEHRNEARELSLVLSHCTGATDCGCATADEKIQFAFACAQEK

>

C-terminal region
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477
477
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557
557
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716
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796
796
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Supplemental Figure 2. Multiple amino acid sequence alignment of VPS16 from P. fulvidraco and

other species. Accession numbers as followed: Pelteobagrus fulvidraco (Pf), MH301092; Ictalurus
punctatus  (Ip), XP_017336907.1; Danio rerio (Dr), NP_001091659.1; Rattus norvegicus
NP_001005541.1; Homo sapiens (Hs), AAH73959.1). Arrows below the sequences represented
conserved domains: N-terminal region and C-terminal region. Coiled coil domain was boxed.

(Rn),
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IP_Vvpsls
PF_VPS18
DR_VpslS8
HS_VPS18
RN_VPS18

IP_VPS18
PF_VPS18
DR_VpslS
HS_VPS18
RN_VPS18

IP_VPS18
PF_VPS18
DR_VpslS8
HS_VPS18
RN_VPS18

IP_VPS18
PF_VPS18
DR_VpslS
HS_VPS18
RN_VPS18

IP_VPS18
PF_VPS18
DR_VpslS
HS_VPS18
RN_VPS18

IP_vPSsls
PF_vPSls
DR_VpslS8
HS_VPS18
RN_VPS18

IP_VPS18
PF_VPS18
DR_VpslS
HS_VPS18
RN_VPS18

IP_VPS18
PF_VPS18
DR_VpslS8
HS_VPS18
RN_VPS18

IP_vPSls
PF_vPsSls
DR_Vpsl8
HS_VPS18
RN_VPS18

IP_vpsls
PF_vPSls
DR_VpslS8
HS_VPS18
RN_VPS18

IP_VPS18
PF_VPS18
DR Vps.L 8
HS_VPsSls8
RN_VPS18

IP_Vvpsls
PF_VPS18
DR_VpslS
HS_VPS18
RN_VPS18

IP_Vvpsls
PF_VPS18
DR_VpslS8
HS_VPS18
RN_VPS18

MATIICDYEDSCMIRHEFVCSGRILPAANMIGITHSGFVNIRIEEEKPIFNKORIDE SPFERKINHEFCVCNNOICMSIGRKETL
MATIICDYEDSCLIRHFVCEFGRILPAANMIGITHSGFVNVRIEEEKPIFNKORIDETPFEKINHFAVCNNOICMSIGRLTL
MASIICQYEDSCNIR. ..CHSEMSTAN.IGITHSGEFVNVRILEEEKPIFETKORIDE SPEEKINCESVCNNOQILCMSIGKLTL
MASIICEYENSISRSAVLCEG. -.CESVGIPHSGYVNAQIEKEVPIFTRKQRIDETPSERITSILVVSSNQICMSIGKLTL
MASIICEYEDSISRSAVLCTG . .CESVGIPHSGYVNAHIEKEVPIFTRQRIDETPSERITSILVVSCSQICMSIGKLTL

IRIDIGKEFLCQINQIELGRELCDGRVHRKLELLCETGSHLVISLSTSECVYLNRNTCKVRGLSRWRGHLIESVGWNKILGNETN
IRIDIGKFLCOENQIELGRELCDCRVHRLELLETGSHLVISLTTSECVYLNRNTCKVRGLSRWRGHLIESVGWNRILGNETN
IRIDIGKEFLCOQENQIELGRKELCDSKVHRLELLCETGSHLVICLTTNECVYLNRNTCKVRGLSRWRGHLIESIGWNRKLIGSETN
IRIDIGKANEENHVELGRELCDARVHEMELLHTGSHLLIALSSTEVLYVNRNGCKVRPIARWKGCLVESVGWNRALGTESS
IRIDIGKASEENRVELGRELCDARVHEMELLHTGSHLLVALSSTEVLYMNRNGCKARPLARWKGCLVESVGWNRALGSESS

TIGEIIVGTGOQGITFEAEISASECGSIENTNEFECQYFRCVHSLEEDGKPAPVCCICVERGIESKYE ITATTRKRIEFCEVGKLA
TGEFIIVGTSQGITIFEAEISASECGTIENTNEFCQYFRCVHSLEEDGKPAPVCCICVERGIESKYE ITATTRKRILFCE VGKLA
TIGEILVGTISQGIIEEAEISASEGCSIENTNECQYERCVHYLEEDGKPAPVCCILEVERGILETRYE ITATTRKRLECEVGKLA
TGEIILVGTAQGHIEEAELSASECGLEGFAFLLYERFLYVLNEEGGPAPVCSIEAERGEFDGRSEVIATTRORIECE IGRAA
TGEILVGTAQGCIFEAELSASECGLEGFAFLCLYERELYVLNEEGGPAPVCSIEAERGEDGRGEVIATTRORLECE IGRAV

EGSECCGESSIEACNCLPSESECEEPVAMGYSEIGEYTSKIRS SENSFAWRMMCGNGVEYGRIDYSRECSILSCVCVWEYTP
EGSECCGESPIEACNCLIIESECEEPVNMGYSEIGEYTSKIRSSENSFARMMCGNGVLYGHIDYSRECSILTCVHVWEYTP
EGSECCGESSIFACNCELIESECEEPVNMGYSEITEYTSKIRSREKTE VLYGCIDYVRELCSILSCVCVWEYTQ
EGAEACGESGIEAAYTCHEFEFPEREFPSNLGYSEIAEYTFRIRSAFRAFAWRMMGDGVLYGALIDCGRECSILSEERVWEYPE
EDAEACGESGILEAAYTCHFEPEREEPGNLGYSEIAEYTFRIRSAERAFARMMGDGVLYGSIDCGRECSILSEERVWEYPA

CICFLCYNREISIVITCEHELLIIPCRVKAVCTINECVVYELVEFCRKEGEFIKEMIKLCPVGGLVWIYTEKAVERYHIORESR
CICFSYNKEISIVITCEHELLIIPCRVKAICTINGCVVYELCVEFCKYGEFIKKITIKLCPVGCGLVWIYTEKAVERYHIQORESR
CICLNEVKEISIVITCFHEILITI PCRVRGICTINGCVVHELCVEFEREGTIQKMIKCPITGILVWIYTEKAVERYHTIQKEAR
GVGPGASFELAIVITCFHEILITIALCRVEAVCTITGCVVIRCHELEREGEFIKEMVRESSTGCLWAYTERAVERYHVOREAR
GIGPGANFELAIVITCEFHEILITACRVEAVCTITGCVVIRCHELEREGEIREMVRLSSTGHLWAYTERAVERYHVOREAR

LCVWRMYMSMKRKEDIAREYCKDREECKIMVIAKEAEHWECNKHYLESAKCYALTONYFEEIALRKE IEAKCEEALKEFLIRK
LCVWCMYMNMKREDIAREYCKDREECKLTVIAKEAEHWECNKHYILESAKCYAITONYFEETIALKE TEAKCEEALKEFIIRK
LCVWCMYMNMNREDIAREYCKDREECLIMVIAKEAEHCECNKRYLESAKCYALTONYFEEIALRE IEAKCEEALKEFL IKK
CVWRTYLIMNREDIAREYCREREDCLLTVIAREADFCERQRRYLESARCYAITQSYFEEIALRELEARCEEALAEFICREK
CVWRTYLLCMNREDIAREYCREREDCLETVIAREADECERQHRYLESARCYALTQSYFEEIALKE LEARCEEALAEFICRK

IDNLRAKERTCITILVIWILTELYLNRILGOLEACLVRKRAEFCETREEFRRELCTNKHKECEYNNRSTIYCLIASHGNVLCCM
INNLREGEKTCITILVITWILTELYLNRLGOILEAEEENGARFKEMREEERRELCSTKHKECEFYNNRSTIYCLIASHGNVLCCM
IVNLRESEKTCITILVIWITELYLNRIGOILEACEGKQHIFIETREEFRTELKSPKHRCCFYNNRSTIYCLIASHGDVLCNM
IASLRFAERTCATILTTWITELYLSRIGAICGLFEALTIYRETRECERTELSSPREHKEWI FASRASIHELIASHGDTEHM
IAGLRETERTCATILTTWITELYLSRIGALICGEFDALNILYRETRECERTELSSPREHREWI FASRASTIHELIASHGDTEHM

VYESVIMCLCYERVISHHCCHDCYAAAILVISKHCDEKLEYRESEVIMOHIPKKVVEAWICMGNRLLCFKCLIFAIVNYSQT
VYESVIMCLCYERVISHYCCHDCYAAAILLVISKHCDEKLEYRESEVIMOHIPKCVVEAWIEMGARLEEKCLIFALVNYSQTI
VYESVIMCLCYERVISHYCCHDCYSAAILCVISKHCDCKILEYRESEVIMOQHIPKKVVEAWICMGNRLECFKNLIFATIVNYSCM
VYFAVIMCCYERVVAYHCCHEAYEEATIAVIARHRDFQILEYKESEILIRHIPRCLVECAWIEMGSRLEARCLIFAIVNYSQG
VYEAVIMCCYERVVTYHCCHEAYEEATAVIARHRDEFQILEYKESEVLIRHIPRCLVECAWIEMGSRLEARCLIEATLVNYSQG

GSTQCIDETIRYMEFCVHEL SVKEEATHNYILSIYAKYKPLCSLIWYIECAGTHASEIHYLCIKYALRICAEHGYHCACVLV
GSTQCINETIRYMEFCVNEL SVKDEAIBNYILSILYAKYKPLCSLIWYILECAGTHASEIRYLCIRKYALRICAEHCGYILCACVLV
GSMOQCINETIRYMEFCVYELDVRKEEAIHENYILSIYAKHKPLCALIWYILECAGTHVSCIHYLCIRKYALRICSEHGYICACVLV
GEVQCVSCAIRYMEFCVNVIGETECAIENYILSIYARGRPLCSLIAYIECAGASPHRVHYLCIKYALRICAEHGHHRACVHV
GDAQCVSCAIRHMEFCVNVIGETECAIHNYILSIYARCCPASLIAYIECAGASPHRVHYELKYALRICAEHGHHRACVHV

Clathrin repeat domain

Y¥RIMELYEEAVLCLALCVDVLELARSCALI PECDEELRRKRIWIKIARHVVCEEKCVKKAMNCI SSCNIIKIECILEFEFECEV
Y¥RIMELYEEAVELALKVDVLELARKSCALI PECDEELRRKRIWIKIARHVVCEERCVKKAMNCI SSCNIIKIECILEEFECEV
YKIMELYEEAVCLALKVDVLCLAKSCALCIPECDEELRKKIWLKIARHVVCEEKCVKKAMNCLSSCNLIKIECILFEFFLCLV
YKVLELYEEAVLCLALCVDVLCLAKQCALILPEEDEELRKKIWILKIARHVVCEEELVCTAMACIASCPLIKIECVLEEFECEV
YKVLELYEEAVELALCVDVELAKQCAEIPEEDEELRKRLWLKIARHVVCEEEEVCTAMACLASCPIIKIEEVLEEFEEFV

Clathrin repeat domain G-H2 finger motif

TICHEREAICVSLEEYNQHIEEILKCEMEEATESARRIRCDICEMRNKYGVVESQERQAYCEFEILNRPEYIELC MEHY
TICHEREAICISLLCEYHHHIEEILKCEMEEATESARRIRCDICEMRNKYGVVESQERQAYCEFEFILNRPEYIELC MEHY
TICHEREAICSSLEEYNKHIEELKCEMEEATESAKRIRED ICEMRNKYGVVESQERJAYCEFEFILNRPE YT EJC EHY
TICHEREAICSSLKAYNHHIQEIQREMEEATASAQRIRRDICEIRGRYGTVEFQLRKAANCEFEILNRPEYTERC EHA

Wﬁf%KAYNHHI QREMEEATASACRIRRDICEIRGRYGTVEFQLEASTEEFEILNRPEVIE EHA
nger mo

ind te
VLkHLSAYfCSKLEEICKKLAEATCTTKSRHRPKEEDAVSIGKGQGSRECIKSEIDDIJE%J%A&CH%;S&KSI
VTEHLSAYHOQSKIEEICKELAATTCTTESRHRFREEDTVSLGRGQGSRECMESECIDLCIVASECAYCGEIMIKST
g
(e

EVIEHISVY KICEILCKELAATTCTTIRARHKFREEDTVSIGKGQGSRECIKSCIDLCITACECVYCGEIMIKST
ICRVREGL FAYHOQARIEEICRELGAAFFPARGSARAREREGGAATAGP . SRECLKALCIDELVAAECVYCGEIMIRST
BVYR R CTALED GSVKAREAEAGCAAAVGD . SRECLEALCIDEIVAAECVYCGEIMIRST

sites RING-H2 Domain

EKPFIEPHSFEEEMSS&L ..............
CKEFICPHNIETKRKCNEMRYNCCPLSVNSRRP
CKEFICPCKFLCEMSSWL. .
CREFICPCRYEEECLSWL. .
EREEICEBCHYEEEHLSWE . . . . .- - . ... ...

b o oo
L
H H -
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Supplemental Figure 3. Multiple amino acid sequence alignment of VPS18 from P. fulvidraco and
other species. Accession numbers (Pelteobagrus fulvidraco (Pf) VPS18, MH301093; Ictalurus punctatus
(Ip) VPS18, AHH37325.1; Danio rerio (Dr) VPS18, 1, AAI54757.1; Rattus norvegicus (Rn) VPSI18,
1AAI69083.1; Homo sapiens (Hs) VPS18, AAHO01513.1). Arrows below the sequences represented
conserved Domain: Clathrin repeat domain. The RING-H2 domains were boxed, and the six Zn

binding site were marked with the symbol (A).
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PF_VPS33B
IP_VPS33B
DR_VPS33B
HS_VPS33B
RN_VPS33B

PF_VPS33B
IP_VPS33B
DR_VPS33B
HS_VPS33B
RN_VPS33B

PF_VPS33B
IP_VPS33B
DR_VPS33B
HS_VPS33B
RN_VPS33B

PF_VPS33B
IP_VPS33B
DR_VPS33B
HS_VPS33B
RN_VPS33B

PF_VPS33B
IP_VPS33B
DR_VPS33B
HS_VPS33B
RN_VPS33B

PF_VPS33B
IP_VPS33B
DR_VPS33B
HS_VPS33B
RN_VPS33B

PF_VPS33B
IP_VPS33B
DR_VPS33B
HS_VPS33B
RN_VPS33B

PF_VPS33B
IP_VPS33B
DR_VPS33B
HS_VPS33B
RN_VPS33B

¥AQTERRDAPELPDFSLLRRLARDOLIFLLECLPGKERDLFITADLMSPLDRIANVTILKCHEVDRLYRVELEPIVSSSCQ
¥AHTGRRDAPELPDEALLRRLAKDOLIYLLECLPGREDLFITADLMSPLDRIANVITLRCHEVDRLYRVELEPIFSVSDQ
¥AQTERRDAPELPDFSLLRKRLARDOLIFLLECLPGKEDLFITADLMSPLDRIANVTILRKCHEVDRLYRVELEPIVSSSDQ
¥AFPHRPDAPELPDFSMLRRLARDOLIYLLECLPGKRDLFIEADLMSPLDRIANVSILRKCHEVDRLYRVENKPALSSNEQ
¥AFPHRLDAPELPDFSMLRRLARDOLIYLLECLPGKRDLFIEADLMSPLDRIANVSILRKCHEVDRLYRVENKLTLSSNEQ

LCFLIRPRIQTVRKWISDLVNSDRVAGRFRRYRIIFTPORFYACEMVLEEQGVYGDVTSDEWAEY LLPLDEDIISLELPEF
LCFLIRPRIQTVRWIADIVNSDRASGRFRRYRIIFTPORFYACLCTVLEEQGVYGDVTSDEWSEYLLPLDDODIISLELPEF
LCFLIRPRIQTIVEWISDLVNSDEVAGRFRRYRIIFTPORFYACETVLEEQGVYGDVTTDEWNEY ILPLDCDILSLELPEF
LCFLVRPRIKNMRYIASLVNADRLAGRTRKYRVIFSPORFYACEMVLEEEGIYGDVSCDEWAESLLPLDVDLLSMELPEF
LCFLVRPRIKIMRYIANLVNADKLAGRVRRYKRIILSPQRFYACEMVLEEEGVYGDVSCDEWAESLLPLDVDLLSMELPER

b Secl domain

FRDYFLEGDORWVTIAGSALHLLHSLYGPESKVYGIGRCAKMVYESWR . . EQVEEGECRARQPEIGNIFIIDRDVDEVIP
ERDYFLEGDORWVTIAGSALHLLHSLYGPESKVYGIGRCAKMVYESWR . . EQVEDGECRAQQPEIGNVFLIDRDVDEVIP
ERDNFLEGDORWVTTGGCALHLLOSVYGSESKVYGIGRCAKMVYESWR . . ELMEEGECRTRQPEFAKVFLIDRDVDEVIP
ERDYFLEGDORWINTVACALHLLSTLYGPEPNCYGIGRCARMAYELWRNLEEEEDGETRGRREEIGHIFLLDRDVDEVIA
ERDYFLEGDORWINTVACALELLSTLYGPEPNCYGIGRCTRMSYDLWRRLEEEEDSETRKGRRPEIGHIFLLDRDVDEVIA

»

Secl domain

LCSQVVYEGLVDDIFRIRCGCVEFGPEVTISSDKSVKVMLINSCDRVENEIRNEHFSNVESELSCRARNLOQTAYDKRRGMEI
LCSQVVYEGLVDDIFRIRCGSVEFGPEVTISSDKSIKVMLINSCDRVENEIRNEHFSNVEGELSCRARSLQTAYDKRRGMDT
LCSQVVYEGLVDDIFRIRCSSVEFGPLOVISSDKSIKVMLINSCDRVENEIRNEHFSNVEGELSCRAKNLQTAYDKRRGMDT
LCSQVVYEGLVDDTFRIRCGSVLDFGPEVTISSDKSLKVLLNAEDRVENEIRNERFSNVEGELSCRARNLCAQYDRRRGMDI
LCSQVVYEGLVDDTERIKCGSVDFGPEVTSSDKSLKVLLNAEDKVESEIRNEBPSNVEGBLSQKARNLOAQYDRRRGHQE

Secl domain g

ROMRTEVSEELKGLRCEHRLLSLHIGASESIMKRKTRODFOELLRTEHSLLECFEVRCCIGFIEEHINRCVSMIESLIRLL
KOMERTEVSEELKGLKCEBRLLSLHIGASESIMKRKTRODFQEL LKTEHSLLEDFEVRECISFIEEHINRQVSMIESLRLIL
COMEAFVADELKGLKCEBRLLSLHIGASESIMKRKTRODFQELLKTEHSLLEGFEIRECIAYIEEHINRCVSMIDSLRLL
KOMENEVSCELKGLKCERRLLSLHIGACESIMKRKTRODFQELIKTEHALLEGFNIRESTSYIEEHIDRCVSPIESLRIM
KQMENEVSCELKGLKCEERLLSLEIGACESIMKRKTRQDFQELIKTERALLEGFNIRESTSYIEEHIDRQVSPIESLRLM

»

Secl domain

CLLSLTENGLLPRDYRSLEAQYLOSYGTERLLTEFANLKCIGLLVECOPGEALIAVESRVGKLVNDRIAGRLTIDAFSSLAK
CLLSLTENGLLPRDYRSLEAQYLOSYGIERLLTFANLRCMGLLVECOPGEALTVVESRVGKLVNDRKTVGRKLIDAFSSLAK
CLLSITENGLLSKDYRSLEAQYLOSYGIERLLTFANLRCLGLLEECOTGETLTVMESRVGRKLVNDRKIAGKLIDAFSSLAK
CLLSITENGLIPRDYRSLEKTOYLOSYGPEHLLTESNLRFAGLLTECAPGDTLIAVESKVSKLVTDRAAGRITDAFSSLAK
CLLSITENGLIPKDYRSLKTQYLQSYGPEELLTESNLRFAGLLTECASGDTLIAVENKVSKLVTDKAAGKITBRFSSLAE

Secl domain v

KSNERALSERKLMLIPRTGDEYDLRVPRDMAY IFSGAYIPLSCKLIEQVLERDGWTGLEEVTRLLNGHEEAVIGSTSVSEA
KSNERALSERKLMLIPRTGEEYDLRVPRDMAY IFSGAYVPLSCKLIEQVLERDGWTGLEEVTRLLNGHEEAVIGGTSGTEA
KSNERALSERIALVPRSGEEYDLRVPRDMAY IFSGAYIPLSCKLIEQVLERDGWTGLEEVTRMLNGCDEAVIGGSSSSEA
RSNERAISKKLNLIPRVDGEYDLKVPRDMAYVFGGAYVPLSCRITIEQVLERRSWQGLCEVVRLLNCSDEAFIDMTK. .ED
RSNERAISKKLNLIPRVDGEYDLKVPRDMAYVESGAYVFLSCRIIEQVLDRRSHQGLDBVVRLLNCSDEAFTDHAK..EB

»
Secl domain

RIKTDPQRIILVMFLGGCTFSEISALRFIGREKGYKEIVVTIAITNSGRLLEAMLEYCA
RIKTDPQRIILVMFLGGCTYSEMSALRFIGREKGYREIVVTIAITNSSRLLEAMLEYCA
RNKSNGQRIILVMFLGGCTYSEISALRFLGKERGCREIVLTIAITNSGRLLEALLDKEHEV
RASSESLRLILVVFLGGCTFSEISALRFLCREKGYRFIFLTIAVINSARLMEAMSEVEA
FASSESLRLILVVFLGGCTFSEISALRFLGREKGYRFIFLTIAVINSARLMEAMSEVKS

»

Secl domain

160
160
160
160
160

238
238
238
240
240

318
318
318
320
320

398
398
398
400
400

478
478
478
480
480

558
558
558
558
558

€17
€17
€17
€17
€17

Supplemental Figure 4. Multiple amino acid sequence alignment of VPS33B from P. fulvidraco and
other species. Accession numbers as follows: P. fulvidraco (Pf), MH301094; Ictalurus punctatus (Ip),
XP_017314277.1; Danio rerio (Dr), NP_001014370.1; Rattus norvegicus (Rn) NP_071622.1; Homo sapens
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(Hs), CAB93109. Arrows below the sequences represented conserved Secl domain.

IP_VPS41 MSEVEEQGKKESEESTLCSEEEDSEEEEKLKYERIANGVTEILGTDAASCLTVHOKFLALGTHFGRVFLLOICGE VICKY
PF VPS41  MSEVVEQGKKEGEESTDLSEEEDSEEEEKLKYERISNGVSEILCKDARSCLIVHDKFLALGTHFGKVFLLEICGNITCRY
DR_VPS41  MAEVEEQGRKLSEESTDESEEEDTEEEEKLKYERITNGVTEILCKDAASCMIVHEKFLALGTHFGRVFLLEICGNVICKF
HS VPS41  ...AEEQETGSLEESTDESEEEESEEEEKLKYERISNGVTEILCKDAASCMIVHCKELALGTHYGKVYLLIVCGNITCKF
RN_VPS41 MAEAEEQETESLEESTDESEEE.SEEEFKLKYERISNGVTEILCKDAASCMIVHDKFLALGTHYGRVYLLIVCGNITCKF
IP_VPS4l EISSVKINQISLDESGEEVGICSEDGKVCVEGLY TREGFHENFECEIEVVALHECE SKSNNEQFVIGGNKLLI YERNWLN
PF_VPS41 EISSVKINQISLDESGEHMGICSEDGKVCVFGLYTREGEHENFLCEIEVVALHECESKSSNKQEVIGGNKLLLYERNWLK
DR VPS4l EISSVKINQISLDESGCEVGICSEDGKVCVFGLY TREGEHENFLCEIEVVALHECESKSNNKQEVIGGNKLLIYERNWLN
HS_VPS41  [VSEVKINQISLDESGEHMGVCSEDGKVCVEGLYSGEEFHETEDCEIRI I2VHEHE VRS SCKQEVIGGKKLLI FERSHMN
RN_VPS4l [VSEVKINQISLDESGEHMGVCSEDGKLCVEGLYSGEEFHETECCEIRIVEVHECE VRSSCEQEVIGGKKLLLFERTHMN
IP VPS4l  RWEMSVIHEGEGTITNIKWRANLIAWANNVGVKI YDISSKORITNVIRDNSSIREDMYPCSLCWKDNTILIIGWGESVEI
PF_VPS41  NWKTSVIHEGEGTITNLEWRANLIAWANSVGVKIYDISSKQRITNVLRDNSNIREDMYPCSLCWKDNTTLIIGWGSSVKI
DR VPS4l RWETSVLHEGEGNITSVKWRGNLIAWANNVGVKIYDIGSKQRITNVIRDNTSLREDMYPCSLCWEDNTILIIGWGCSVRI
HS_VPS41  RWESEAVLHEGEGNIRSVHKWRGHLIAWANNMGVKIFDIISKQRITNVERDCISLREDMYPCSLCWKDYNVILIIGWGTSVEV
RN_VPS41 RWKSSVLHEGEGNIRSVEWRGHLIAWANNMGVEIFDITSKOQRITNVEFRDCISLREDMYPCSICWKDAVILIIGWGTSIKI
IP VPS4l (CVVKERCESEMBDLESRYVEIVSAFETEEFISGLAELADCLVTIYYVKENSEHMEEEFRSRERLDIIQFLFESCEEISSD
PF_VPS41 CIVKERCESEMRDLESRYVEIVSAFETEEFISGLAELADCLVTLYEVKENSEEMEEEFRSRERLEIICALFESCEEISSD
DR_VPS41 CAVEERCETEMRDLESRYVEIVSAFETEEFISGLAELADCLVTLYYVKENSDHMEEEFRTRERLDIICFLFEGCEEISSD
HS VPS4l  CSVKERHASEMBDLESRYVEIVSCEETEFYISGLAELCEQLYVISYVKE ISEKTEREYCARERLEIICFLSETCEEISSD
RN_VPS41 CSVEERHASEMRDLESRYVEIVSCEETEEYISGLAELCDQLYVLSYVKEVSEKTEREYCARERLDIICFLFETCEEISSD
IP_VPS41 ALIVERHECENECRDYRIEHSEGESLEYIISPKEIVVAKERDCDCHIDWLICKKKYEEALMAREISFKNIKRHIVCKIGMA
PF VPS41 ALIVRNECENECRDYRLEHSEGESLFYIISPKLIVVAKERDCDDHIDWLICKKKYEEALMAAEISFKNIKRHIVCKIGMA
DR_VPS41 ALIVENECENCCRDYRLEHSEGESLEYIISPKLIVVAKERDCDDHICWLIEKKKYEEALMAAEISFKNIKRHIVCKIGMA
HS_VPS41  ALIVRGECENECRDYHLEYSEGESLEYIVSERIVVVAKERDCODHIDWLIEKKKYEEALMAAEISOKNIKREKILCIGLA
RN_VPS41 ALIVRGEQENECRDYHLEYSEGESLEYVVSPRLVVVAKERDQDCHIDWLIEKKKYEEALMAREISHRNIKREXILEIGLA
IP_VPS41 ¥INHIVEKGLYDAAARKCCKVIGKNMDIWENEVYREKTIGOLKAISCYLERGOIRLREATYEMIIHEFIKTDYDGEATLI
PF_VPS41  YLNHIVEKGLCYDGARRKCCKVLGKNMDIWENEVFREKTIGOLKAISCYLERGELRLREAIYEMILHEFIKTDYEGEATLI
DR VPS41 YINHIVEKGCYLTAARKCCKVLGKNMDLWENEVYREKTIGOLKAISCYLERGLLRLREAIYEMILHCFIKTDYEGFATLI
HS_VPS41  YINHIVERGCYDIAARKCCKILGENAALWEYEVYKFEEIGQOLKAISFYLERGLEVLKELIYEMILHEFIESDYEGFATLI
RN_VPS41  YVNHIVERGEYLMAARKCCKILGKNASLWEYEVYKFKEIGOLKAISFYLERGDEVLKELIYEMILHEFLESDYEGFATLI
IP VPS4l |REWEGELYNNMTIVCAVICHIRKDSTNSILLTILAELYTYDCRYDRALEIYLRIRHKIVYCLIHKHNLESSIEDKIVLIIM
PF_VPS41 REWEGELYNNMTIVGAVICHIRKESTNSILLTTLAELYTYDCRYDRALEIYLRILRHKIVYCLIHKHNLESAIEDKIVLIM
DR VPS41 REWEGELYNNMAIVCAVNEHIKKCFTNSILLTILAELYTYDCRYDRALEIYLRLRHKLVYCLIHKHNLESSIKDRIVLIM
HS_VPS41  REWEGDLYNNSVIVCAVRCHIKKLSCNKTLLKTILAELYTYDKNYGNALEIYLTLRHKLVFCLIHKHNLESSIKDKIVLIM
RN_VPS41 REWEGDLYNN<VIVCAVRCHIKKLSCNKTLLKILAELYTYDKNYGNALEIYLTLRHKLVFCLIHRHNLESSIKDKIVLIM
IP_VPS41 |DFDKEQRVDMLIDNEDKISVLEVVEELKDRPELLEVYLHKLFERDHEKGCRYHEKQISLYAEYDRSNILPFIRDSTHCEL
PF VPS41 DFDKEKAVDMLIENEDKISVCFVVEELKDRPELLEVYLHKLFKKDHHRGCRYHEKQISLYAEYDRANLLPFLRDSTHCEL
DR_VPS41 EDFEKEKAVDMLIDNEDKISMCHVVEELKCRPELLEVYLHKLFKRDHHKGCKYHERQISLYAEFDRPNLLPFLRESMHCEL
HS VPS4l  DFEDSEKAVDMLIDNEDKISIKKVVEELEDRPEIQEVYLHKLFKRDHHKGCRYHEKQISLYAEYDRPNLLPFLRDSTHCEL
RN_VPS41 EFESEXE RNEDE K A3 REPELO HE KRDHEXCCRYHEXOD RE RPNLLPELRDSTHCE
Clathrin repeat domain
IP_VPS41 EKALEICCORHEVEETVFLLSRMGNCRRALQMIMEELGIVDKAIEFAKECCDAELWECLISYSICKEEFITGLLNNIGTH
PF VPS4l EKALEICCORHEVEETVFLLSRMGNCRRALQMIMEELGNVDRAIDFAKECDDAELWEDLISYSIDKEEFITGLLENIGTH
DR_VPS41 EKALEICCORHEVEETVFLLSRMGNCRRALQMIMEELANVDKAIEFAKECDDRELWELLISYSICKEEFITGLLENIGTH
HS_VPS4l  EKALEICCORNFVEETVYLLSRMGNSRSALKMIMEELHIVDKAIEFAKECDDGELWECLILYSICKEEFITGLLNNIGTH
RN_VPS41 YSICKEEFITGLLNNIGTH
Clathrin repeat domain
IP_VPS41 VDEILLIHRIKEGMEIENLRLCSLVKILHCYNLCILLREGCKKIIVACSLSLLCKMHRTQMRGVEVDEENICEACEVTILP
PF_VPS41 VDEILLIBRIKEGMEIENLRCSLVKILHCYNLCILLREGCKRIIVALCSLSLLCKMHRTQMRCVFVDEENICEACEVTILP
DR VPS41 VDEILLIBRIKEGMEIENLRLCSLVKILHCYNLCILLREGCKRKIIVALCSLSLLCRMHRTQRKCVFVDEENICESCHIPILP
HS_VPS41 VDEILLIBRIKEGMEIENLRLCSLVKILCCYNLCILLREGCKKIIVACSLSLLKKMHRTQMKCVIVDEENICESCLSPILP
RN_VPS4L MOttt e uee cae oeuoeeaaneenneessnaesaneeansaeaseesseseansesssaeassesaneeennsaneans
RING-H2 finger motif A A A
Zn binding site
IP VPS4l SDTACPFSVVVEHK RGPGSGILEMEK
PF_VPS41 ADTACAFSVVVE RGPGSGILEMEKK
DR_VPS41 SDTACAECVVVE RGPGSGILEMKK
HS VPS4l SDAARKPESVVWVE INRGPGSAILEMKK
RN_VPS41 RSESAWWSSIVGTM...J1]- 1d. --L). - -STRSAYICCAY).............
RING-H2

Zn binding site

8
8

80

8
8
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400
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399
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557
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719
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Supplemental Figure 5. Multiple amino acid sequence alignment of VPS41 from P. fulvidraco and
other species. Accession numbers as followed: P. fulvidraco (Pf), MH301095; Ictalurus punctatus (Ip),
AHH39036.1; Danio rerio (Dr), XP_691671.2; Rattus norvegicus (Rn), NP_001100825; Homo sapiens (Hs),
NP_055211.2. Arrows below the sequences represented the conserved domains: Clathrin repeat
domain and RING-H2 domain. The RING-H2 domain were boxed; The Zn binding site was marked
with the symbol (A).
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LAMP1_PF
LAMP1_IP
LAMP1 DR
LAMP1 RN
LAMP1 HS

LAMP1 PF
LAMP1_IP
LAMP1 DR
LAMP1 RN
LAMP1 HS

LAMP1 PF
LAMP1_IP
LAMP1 DR
LAMP1 RN
LAMP1 HS

LAMP1 PF
LAMP1_IP
LAMP1 DR
LAMP1 RN
LAMP1 HS

LAMP1_PF
LAMP1 IP
LAMP1 DR
LAMP1_RN
LAMP1 HS

LAMP1_PF
LAMP1 IP
LAMP1 DR
LAMP1 RN
LAMP1 HS

-MTHRLPSVS. .AISSLEVLGCLTAVHAVIEEVKNGN . STCIKACISANETITY . PIINGTRSVVVPLPATAVVG.NSST
-MTHRLPSVS. .AISCFIVLGWLTAAHAVTEEVKNGN . STCIKADISANET ITYNSTTNVTKTVVVPLPESAVVG.NGSS
..... MARAA. .GVCWTLLMGCVFAAHAVTEEVTDGN . STCIKGELNASESISY .NTTNGTSVSVEFALEASASVS .ERSS
MAAPG.ARRP. . .LLLLLLAGLAHSAP.ALEEVKDNNGTACIMASESASELTTY . DAGHVSKVSNMTLPASAEVLKNSSS
MAAPGSARRPLLLLLLLLLLGLMHCASAAMFMVKN%VGTACIMANFSAAFSVNY.DTKSGPKNMTEBLPSBATVVLNRSS

N-glycosylation sites
CGEAGVS .PDLLASEGDG. .HSLGLVEASNNLIYRVANLTLSYNLSDTTTEPNSSSK.EIVVLSTNSSQISAKLNTTYRC
CGDS. ...PALQASEGDG. .HSLDCLVESSDGHIYRVANLNLTYNLSDNATFPGSSSK . EIMVLTTNTSGIAAQLNTTYRC
CGSAAVP.PELALVEGDTHTHTLSLLESRDQRLYRVSNISLQYNLSDGDIFPQSSSAGVQSVMASVSELMSARLNSTYRC
CGEKNASEPTLAITEGEG. . YLLKLTETKNTTRYSVQHMYEFTYNLSDTQFFENASSKGPDTVDSTTD. . IKADINKTYRC
CGKENTSDPSLVIAFGRG..HTLTLNFTRNATRYSVQLMSFVYNLSDTHLFPNASSKEIKTVESITE..IRADIDKKEBE

N-glycosylation sites hinge region
LSSSSVRLGSSGATVTFENTHMOAYMPSSNLSTDETVCSADIBTTIVVETT TPV TPTT BVVETNPERGNY SVVNSNGTTC
MSSSSVSLGGPGVTVTFFDIRLOAYMPSANLSTNETICSADIBSTTAAPTTTPITSTTPVTETNPERGNY SVENST . SAC
VSSSSISLS.AAVNLTLSGVQMEAYMSSANLSACESVCSADQESTTVAPPPSTTTSPPPIPEV . PERGNYSVTLGNGTVC
VSCIRVYMK. .NVTIVLWDATIQAYLPSSNESKEETRCPQDQESPTITGP. . .PSPSP. PLVETNPSVSKYNVTGDN. GTC
VSGTQVHMN. .NVTVTLHDAT IQAYLSNSSFSRGETRCEQERESPTTAPPAPPSPSP . SPVPKSPSVDKYNVSGTN. GTC

hinge region
LLARMGLQLNVTYFSKSQNKT IVKISNLCPKSTSFSGMCESTTATLLLTGN .HTNLTFTESLNSTTKIYQLSALNLSASW
LLARMGLQLNLTYLSRNONKTVVAIRNVVPSRMVASGSCESTTATLQLTGD . LANLTFMETLNSTTKKYQLSALNMSASW
VLALMGLQLNITHTT . TOQNQSVSELMNLQPNQTTVSGSCGVTESSLRLSEE . TTNLTFSETMNSTTQKYYLSAVSVSALW
LLASMALQLNITYMK.KDNTTVTRAFNINPS.DKYSGTCGAQLVTLKVGNK . SRVLELQEGMNATSSLEFLQGVQLNMTL
LLASMGLQLNLTYER . KDNTTVTRLLNINPNKTSASGSCGAHLVTLELHSEGTTVLLFQEGMNASSSRFFLQGIQLNTIL

N-glycosylation sites Cgsteine residue N-glycosylation sites
EDMAAP.EIV$NSSLQYLOGTLGRSYMCSVEEVLPVVSTFTLNTECLQVQPEGIHDNQEGPADVCRMQKDNMLVPIIVGA

CDMRDP. EKV$NSSLQYMQGTLGRSYMCNIEEVEPVVSTFSLNTELDLQVQPEGVHDNQEGPADVCPMQKDNMLVPIIVGA
PDMSVV.EEAGNTSLSALQCSVGRSYVCSAQCMLSVTPVFSINTERLQLOPENITANRE STAEECRVDQENMLIPIIVGA
PDAIEPTEST$NYSLKALQASVGNSYKCNSEEHIFVSKALALNVESVQVQAEFRVESCREGSVEECVQDGNNML IPIAVGG
PDARDPAEKA GSLRALQATVGNSY%FNAEEHVRVTKAFSVNIFKVWVQAFKVEGGQFGSVEECLLDENSMLIPIAVGG

Cysteine residue
SLAGLVLIVLVAYLIGRKRSHAGYQTT]
SLAGLVLIVLIAYLIGRKRSHAGYQTT

¢ Juminal domain A
N-glycosylation sites Cysteine residue

ALAGLVLIVLIAYLVGRKRSHAGYQT T

transmembrane helix C-terminal cytoplasmic tail

150
148
149
150
155

230
227
2217
223
231

Cysteine residue

309
306
305
300
310

388

384
380
390

415
412
411
407
417
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Supplemental Figure 6. Multiple amino acid sequence alignment of LAMP1 from P. fulvidraco and

other species. Accession numbers as followed: P. fulvidraco (Pf), MH301096; Ictalurus punctatus (Ip),
XP_017312814.1; Danio rerio (Dr), NP_001313461.1; Rattus norvegicus (Rn), NP_003556.1; Homo sapiens
(Hs), NP003556.1. Arrows below the sequences represented conserved domains: luminal domain, one
transmembrane helix domain and hinge region. The C-terminal cytoplasmic tail were boxed, and the

cysteine residue was marked with the symbol (A), and N-glycosylation was marked with the symbol

).
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PF_MCOLN1
IP_MCOLN1
DR_MCOLN1
HS_MCOLN1
RN_MCOLN1

PF_MCOLN1
IP_MCOLN1
DR_MCOLN1
HS_MCOLN1
RN_MCOLN1

PF_MCOLN1
IP_MCOLN1
DR_MCOLN1
HS_MCOLN1
RN_MCOLN1

PF_MCOLN1
IP_MCOLN1
DR_MCOLN1
HS_MCOLN1
RN_MCOLN1

PF_MCOLN1
IP_MCOLN1
DR_MCOLN1
HS_MCOLN1
RN_MCOLN1

PF_MCOLN1
IP_MCOLN1
DR_MCOLN1
HS_MCOLN1
RN_MCOLN1

PF_MCOLN1
IP_MCOLN1
DR_MCOLN1
HS_MCOLN1
RN_MCOLN1

PF_MCOLN1
IP_MCOLN1
DR_MCOLN1
HS_MCOLN1
RN_MCOLN1

MAVVEQNNLIHLA. . ...TERDRLLSPVTCYGSHDGKTDHGﬁkKIYPPTGTWVTMDEEBEELRRKLKYFEMSPC 69
MALVYQNNAVHDS. . J. . ..TEKDRLLSPVNCYGSHDHCIDHNNBRLYEATG IWVTMDQEEEALRRKMKYFEMSPC 69
MARVDPNKLDHIS..{........ SEEDRLLYPVAHYGSNDCMDEYSKPRPTPVIDGWICADPEEEELRRKLKYFEMSPC 69
MIAEAGPRGS. .... 4. ........ ETERLLTPNPGYGT...... CAGPSERPPT. ..... PPEEEDLRRRLKYFEMSPC 53
MATAAGRRGSGERGRHECAPGSATSETEQLLTPNPGYGT...... CAGSERPTT. ..... PPEEEDLRRRLKYFEMSPC 68
transmembrane domains.
DRKYYAKGRKEPYKLFLQLVKIIIVIAQLVLEGLSNOQMVVTEKEENTATEKHLELKDY SDGADDTIAVYTQSDVYDHIYYAT 149
DKYHAKGRKEFKLVLQILKIFIVIVQLVLEGLSNOQMVVTEKEENTIASEKHLELKDYVDGADDTIAVYTQSDVYEQIYYAT 149
EKYCAKGRKPFKLILQILKIVIVIAQLVLEGLSNENAVMEKEENTASEKHLELKDYAD . SDEALAVYTQSDVYDHMEYAV 148
DKFRAKGRKPCKLMLQVVKILVVTIVQLILEGLSNQIAVTEREENT IAFRHLFLLGY SDGADDTFAAYTREQLYCAIFHAV 133
DKFRAKGRKPCKILMLQVVKILVVTIVQLILEGLSNQLVVTEREENT IAFRHLFLLGY SDGSDDTFARYTREQLYCAIFYAV 148
EQYLHLPETTVGRYAYVYGVG. . . ENGSALSLCQQYYKKGRIDEANDTESIDPHIITDCIGVTPLDVE........ EGEV 218
EQYLILPDTTVGRYAYVYGVG. . . VNGSALSLCQQYYKKGRIDEANDTESIDPHIITDCVGVSPLSIP. .. ..... DGEV 218
EQYLSIADTTVGQYAYVYGVG. . . VNGSALSLCQQYYKKGRIDEANDTE IIDPLVVTDCIGVNPLSTP. ....... TRRG 217
DRYIALPDVSLGRYAYVRGGGDPWTNGSGIALCQRYYHRGHVDEANDTEDIDPMVVTIDCIQVDEPERPPPPPSDDLTLLE 213
DQYLTLPEISLGRYAYVRGGGGPWANGSAIALCQRYYHRGHVDEANDTEDIDPRVVTDCIQVDPPDRPPDIPSEDLDFLD 228
NS.DFRNFTLKFHKLINVTIQFQUKAINLOSIINNEIPDCYTE LIJIMLDNKAHSGKVKISLDNEVSIKECKDPSV| 297
KN.EFENFTLKFHKLINVTIQFQUKAINLOQTIINNEIPDCYTEVIYIVLDNKAHSGKVKISLENQVSIKECRDPSV) 297
TGRDYRNFTLKEHKLINVTIQFQUKAINLQT ITHNEIPDCYTELIYILLDNKAHSGKVRISLDNKASIKECRDPSV| 297
SSSSYRNLTLKFHKLVNVTIHERIJKTINLQSLINNEIPDCYTESV]ITFDNKAHSGRIPISLETCAHIQECKHPSY| 293
GSTSYRKNITLKFHKLINVTIHEQUKTINLQSLINNEIPDCYTESIJITFDNKAHSGRIPIRLETQTHIQECKHPSV) 308
transmembrane domains. transmembrane
ESNSRLAEDVVVLICAISLLLCGRYTIRG ILLQREEVRY FKNKLDY TV]WGDRMEE INGWYILL I ISDVLTITGSLIK 377
[ESYTRVAFDVVVAIMCGLSLVLCGRYIFRGILLOHEFVQYFKNKLKRSVQWGDRMEE INGWYILLIISDLLTIAGSFIK 377
[DSNARVLEDIAVALVCVESLLLCGRYIIRGIILONEEVKYFKTSLKRHVJWGDRMEE INGWYILLIISDLLTITGSIIK 377
[DNSFRLLEDVVV]LTCSLSFLLCARYLLRGFLLONEEVGFMWRQRGRVIJLWERLEEVNGWYILLVTSDVLTISGTIMK 373
JLTCSLSFLLCARSLLRGE N 'VEMWRRRGREI$LWERLEE 388
domainS transmembrane domains. transmembrane
SSYDVCGILLGTSTLLVWVGVIRYLSFEQKYNILIVTLRAAFPNVIRESCCVAVI 457
IESKN]SSYDVCGILLGTSTLLVWVGVIRYLSFEQCKYNILIVTLRAAFPNVIRECCCVAVI 457
IELKNISSYDECGILLGTSTLLVWVGVIRYLTFEQKYNILIVTLCAAFPNVIRECCCVAVI 457
IEAKNI)ASYDVCSILLGTSTLLVWVGVIRYLTEFHNYNILIATLRVALPSVMRECCCVAVI 453
i SYDVCSILLGTSTLLVWVGVIRYLTFFHKYNILIATLRVALPSVMRECCCVAVI 468
domains transmembr:
[FRSNAMVSECLESLINGDDMEVTESGMQES. . . STLVWIESQLYLYTFISLEIYMVLSLEIALITGAYETIKHQTQEPIH 534
[FRSSMVSECLESLINGDDMEVTESGMQES. . . STLVWVESQVYLYTFIALFIYMVLSLEIALITGAYETIKHQTQEPIH 534
[FRSIISSVSECLESLINGDDMEVTESGMQES . . . SMLVWVESQVYLYTFISLEIYMVLSLEIALITCAYETIKHQTQEPIH 534
[FRSYSMVSECLFSLINGDDMEVTEARAMCAQQGRSSLVWLESQLYLYSFISLFIYMVLSLFIALITGAYDTIKHPGCAGAE 533
[ERS]|SMVSECLESLINGDDMEVTEARMCAQQGRS SLVWLESQLYLY SEISLEIYMVLSLEIALITCAYDTIKHPGGTGTE 548
domains channel pore
ITDLHAFIAECKDTPSSGKFRGLESSPCSFFCCCDRTTTYEDYLLV! 581
ITDLHAFIAECKDTEPSSGKERGLETSPCSFFCCCDRTTTYED] 581
ITDLHAEIAECTDTPCSGKERGIETSPCSFFCCCDRTTTYEq 581
ESELCAYIARQCQODSPTSGKFRRGSGSACSLLCCCGRDPSEEH 580
KSELCAYIEQCQDSPTSGKERRGSGSTCSLLCCCGRNSPEDHLLV! 595
c-terminal cytoplasmic tails lysosomal targeting signal.
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Supplemental Figure 7. Multiple amino acid sequence alignment of MCOLNT1 from P. fulvidraco and

other species. Accession numbers as follows: P. fulvidraco (Pf), MH301097; Ictalurus punctatus (Ip),
XP017329106.1; Danio rerio (Dr), NP001299842.1; Rattus norvegicus (Rn), AAH61575.1; Homo sapiens
(Hs), NP003891.1. Arrows below the sequences represented conserved domain: C-terminal
cytoplasmic tails and channel pore. Six transmembrane domains were boxed, and lysosomal targeting

signal was marked with circles.
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PF_CTSD | MKLG..FLLLLALVTWITCAYIRIPLTKERSIRRSMSCSGRAVEELLASSKQTKYNLGEEL .KSGETPESL LCAQYY 71
IP CTSD | MKLA..CLLLLVIAAWIACAYVRIPLTKERSIRRSMSCSGRSVEELLANSRHMKYNLCFEP.KSGETPETL LLCAQYY 77
DR CTSD | MRIA..FLLIVVAFFCTISCAIVRIPLKKERTLRRTLSLCSGRSLEELVSSSNSLKYNLCFEA.SNCETPETL LLCAQYY 77
HS CTSD | MCPSSILPLALCLLAAEASALVRIPLHKETSIRRTMSEVGGSVELCLIAKGPVSKYSCAVEAVTEGETIPEVLYNYMCAQYY 80
RN CTSD | MGTEGVLLLILGLLAASSSA}IRIPLRKETSIRRTMIEVGGSVELCLIIKGPITKYSMCSSPRTKEEVSELL LLCAQYY 80

propeptide N-glycosylation sites

PF_CTSD GEIGLGTEIQTETVVELTGS$NLWVESVHCSLTCIACLIHHK TAEAICYGSGSLSCYLSQLICT. .. 154
IP CTSD  GEIGLCSEVQTETVVELTGSPNELWVPSVHCSLTCIACLIIHHKYNGEAKSSTYVRNETAEAIQYGSGSLSCYLSQLVCT. .. 154
DR CTSD GEIGLGTEVQTETVVELTGSENEWVPSVHCSLTCIACLLHHRKYN¢EGKSSTYVRKNETCEAIQYGSGSLSCYLSQLTCT. .. 154
HS CTSD  GEIGICTEPQCETVVELTGSPNLWVPSTHCKLLLCIACWIHHKYNPCKSSTYVENGTSECIHYGSGSLSGYLSQETVSVEC 160
RN_CTSD GEIGIGTPPQCFTVVFBFGS WVPSTHCKIIDTIACWVHHK SECIHYGSGSLSCYLSCLETVSVEC 160

N-glycosylation sites

Signal peptide N-glycosylation sites

cysteine residue

PE ‘CTSD. .« cuezene esoie IGCIAVQKCIEGEATKCPCIAFTAAKECCILGMAYPRISVCGVFEVECMMMSCKKVE ESEYLNRNPLTQ 226
IPCTSD ...cc... IGCIAVEKCIEGEATKQPCVAEIAAKELCILGMAYPRIAVCGVEPVELMVMMSCKKVE ESEYLNRNPLTQ 226
DR CTSD  ...cennn IGCIAVEKCIFGEATKCPCVAFIAARKFLCILGMAYFPRIAVLGVFEVECMVMSCKKVE ESEYLNRNELTQ 226
HS CTSD  QSASSASALGGVKVERCVEGEATKQPGITEIAAKELCCILGMAYPRISVNNVLPVECNIMCOKIVE ESEYLSRLCPCRQ 240
RN CTSD K..... SCLGGIKVEKCIEGEATKQPCVVEIAAKELCILGMGYEFISVNNVLPVECNIMKGKLVE ESEYINRLCETCQ 235

N-glycosylation sites

PF_CTSD  PGGELILGGTCPKYYTGLCEFHY SRCAYWGQTHMEGMT IGSQCINLCKCGCEAIVETGISL ITGEAREVKALCKAIGATEL 306
IP CTSD PGGELILGGTLFKEYTGLEHY| TRCAYWQ THMEGMT IGSQL TLCKCGCEATIVETGTISI ITGEAAEVKALCKAIGATEL 306
DR CTSD  PGGELILGGTLPKYYTCGLENYNMEIJSRCAYWCTHMEGNSIGSGL SLCKCGCEAIVETGISL ITGEARAEVEALGKATIGATEL 306
HS CTSD  PGGELNMLGGTLSKYYKGSLSY! TRKAYWQVHLLQVEVASGLTLCKEGCEATIVETGISIMVGEVCEVEELCKATIGAVEL 320
RN CTSD  BGGELNMLGGTCSRYYHGELSYANVTRKAYWQVHMCQIEVGSELTLCGKCGEEATIVLTGISLILVGEVCEVKELQKATGAVEL 315

N-glycosylation sites cysteine residue

PF_CTSD ICGEYNVCCKKVESLETISENLGGOTYTLTGEQYTILKESQAGREICLSGEMALCTIPPEAGPLWILGEVEIGOYYTLECRE 386
IP CTSD IQGEYNVLCKKVESLETISENLGGCTYTLTGEQYILKESQAGREICLSGEMALCIPPEAGPLWILGEVEIGQYYTMELEE 386
DR CTSD  MQGEYNVLCCKRVPTLETISESLGGKVYSLTGEQYILKESQGGHCICLSGEMGILIPPEAGPLWILGCVEIGQYYTVELEE 386
HS CTSD IQGEYNTPCERKVSTLEAITLKLGGKGYKL SPECYTLEVSQAGKTLCLSGEMGMEIPPESGPLWILGEVEIGRYYTVECED 400
RN_CTSD IQGEYNIPCEKVSSLPIITFKLGGQNYEIHPEKYILKVSQAGKT{KFSGFMGMEIPPESGPIWILGEVEIGCYYTVEDFE 395

A .
cysteine residue cysteine residue
PF_CTSD RVGEFRAT. 396
IP CTSD VGERKAV . 396
DR_CTSD VGERKAKSY 398
HS_CTSD VGEREAAR]] 412
RN CTSD VGEPKAAT]] 407

KKXX-like motif
N-glycosylation sites

Supplemental Figure 8. Multiple amino acid sequence alignment of ctsd1 from P. fulvidraco and other
species. Accession numbers as follows: P. fulvidraco (Pf), MH301098; Ictalurus punctatus (Ip),
NP_001244039.1; Danio rerio (Dr), AAI64814.1; Rattus norvegicus (Rn), NP_599161.2; Homo sapiens (Hs),
CAG33228.1. Arrows below the sequences represented the conserved domain of the propeptide.
Signal peptide and kkxx-like motif was boxed; N-glycosylation was circled, and cysteine residue site
was marked with the symbol (A).



Genes 2019, 10, 751

PF_TFEB
IP TFEB
DR_TFEB
HS TFEB
RN_TFEB

PF TFEB
IP_TFEB
DR_TFEB
HS TFEB
RN_TFEB

PF TFEB
IP_TFEB
DR TFEB
HS_TFEB
RN_TFEB

PF TFEB
IP_TFEB
DR TFEB
HS_TFEB
RN_TFEB

PF TFEB
IP_TFEB
DR TFEB
HS_TFEB
RN_TFEB

DF_TFEB
IP TFEB
DR TFEB
HS_TFEB
RN_TFEB

PF_TFEB
IP TFEB
DR_TFEB
HS_TFEB
RN_TFEB

PF_TFEB
IP TFEB
DR_TFEB
HS TFEB
RN_TFEB
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........................................................... NMVSBVCMBRCITIMFECICCEEQ 21
........................................................... MVSBVENMNRCITIMFECNCCEEQ 21
........................................................... NMSSRIGCIRICIMELCMCCEEQ 21
............................................. MIRASSCWEEAERATMASRICGIRNCIMEECACCEEQ 35
MACIL2CREWANEFCELSVSEYACWECEYIGCETIRLSELLEYFNCISSICCFEEESTAANMASRICIRMNCIMFECACCEEQ 80
CH
FERCF....HILECMNCCCVSG......SRETERINAEVHEEAENCVEVEVIRVCTHIENEICYBEIRCSCRCCVREYIHSTF 91
FERCF....HIEHICEREEGE..... ERSSERINAEVHELARENCVEVEVIEVCTHIENEICYBIRCSCRCCVREYISSTIF 92
FERCCCC2VSMEYMCERMEGE. . ... EEETERISAETHECCEMCVEVEVIREVCTHIENEICYBIRCSCRCCVREYISTIY 96
FERNMCCC .AVMEYNCCCCCCCCCCIGGEETERAINTEVHECSEEEVEGEVIRVCSYITENETSYBICCSCHCRVREYISETY 114
EEBN;QQ.AVNEY¥SCCCCCCCCCIGGEPTEEINTEVHECSEEEVEGEVIBVCSYIENETS E BHCRVR SEZY 159
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Supplemental Figure 9. Multiple amino acid sequence alignment of TFEB from P. fulvidraco and other
species. Accession numbers as follows: Pelteobagrus fulvidraco (Pf), MH459004; Ictalurus punctatus (Ip),
XP_017306305.1; Danio rerio (Dr), NP_001244121.1; Rattus norvegicus (Rn), NP_001020878.1; Homo
sapiens (Hs), NP_001161299.2. Arrows below the sequences represented conserved domains: basic

region helix-loop helix domain and the leucine zipper. DNA bind site was circled. Abbreviations: CH,

charged helical domain; QB, glutamine-rich, basic domain; MAPK, consensus MAP kinase

phosphorylation site.
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XP 017548174.1 VPS11 Pygocentrus nattereri
99 XP 007258189.1 VPS11 Astyanax mexicanus
" _|——XF’017344206.1 VPS11 Ictalurus punctatus
| 100 A MH301091 VPS11 Pelteobagrus fulvidraco
80 NP 001032797.1 VPS11 Danio rerio
XP 003977947.1 VPS11 Takifugu rubripes
o7 FXP 014877418.1 VPS11 Poecilia latipinna
100 L XP 007543852. VPS11 Poecilia formosa
XP 006642339. VPS11 Lepisosteus oculatus
XP 020918616.1 VPS11 Sus scrofa
|— XP 010810811. VPS11 Bos taurus
AAH12051.2 VPS11 Homo sapiens
AAH16258.1 VPS11 Mus musculus
100 ' AAI68871.1 VPS11 Rattus norvegicus
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Supplemental Figure 10. Phylogenetic tree based on the protein sequences of VPS11 from P. fulvidraco
and other vertebrate species using the neighbor-joining (NJ) method in MEGA 5.0 ¢ based on the
JTT+G model ¢4. Branch support values represented a percentage of 1000 bootstrap replicates.

499|: XP 017336907.1 VPS16 Ictalurus punctatus
98 A MH301092 VPS16 Pelteobagrus fulvidraco
99 L XP017557655.1 VPS16 Pygocentrus nattereri

NP 001091659.1 VPS16 Danio rerio
41()()'_— XP 018961161.1 VPS16 Cyprinus carpio
XP 006636484.1 VPS16 Lepisosteus oculatus
39 NP 001005541.1 VPS16 Rattus norvegicus

BAB64892.1 VPS16 Mus musculus
100 AAH73959.1 VPS16 Homo sapiens
71 XP 013840614.1 VPS16 Sus scrofa
63 L= NP 001015522.1 VPS16 Bos taurus
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Supplemental Figure 11. Phylogenetic tree based on the protein sequences of VPS16 from P. fulvidraco
and other vertebrate species using the neighbor-joining (NJ) method in MEGA 5.0 ¢ based on the
JTT+G model ¢4. Branch support values represented a percentage of 1000 bootstrap replicates.
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XP 007231569.2 Vps18 Astyanax mexicanus
XP 017548074. Vps18 Pygocentrus nattereri
AAIS4757.1 Vps18 Danio rerio
AHH37325.1 Vps18 Ictalurus punctatus
MH301093 VPS18 Pelteobagrus fulvidraco
XP 008396634.1 Vps18 Poecilia reticulata
XP 005808375.1 Vps18 Xiphophorus maculatus
XP 007561114.1 Vps18 Poecilia formosa
95! XP 014909400.1 Vps18 Poecilia latipinna
XP 006632494.1 Vps18 Lepisosteus oculatus
— NP 001121454.1 Vps18 Xenopus tropicalis
100—— NP 001085645.1 Vps18 Xenopus laevis
AAH01513.1 Vps18 Homo sapiens

a:‘_ixp 013848625.1 Vps18 Sus scrofa
109 AAI50097.1 Vps18 Bos taurus

41 I:AAI69083.1 Vps18 Rattus norvegicus
100— AAH39043.1 Vps18 Mus musculus
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Supplemental Figure 12. Phylogenetic tree based on the protein sequences of VPS18 from P. fulvidraco
and other vertebrate species using the neighbor-joining (NJ) method in MEGA 5.0 ®» based on the
JTT+G model ¢4. Branch support values represented a percentage of 1000 bootstrap replicates.

XP 018965475.1 VPS33B Cyprinus carpio
NP_001014370.1 VPS33B Danio rerio
XP 017567093. VPS33B Pygocentrus nattereri
XP 022521014.1 VPS33B Astyanax mexicanus
XP 017314277. VPS33B /ctalurus punctatus
A MH301094 VPS33B Pelteobagrus fulvidraco
|—XP 005808149.1 VPS33B Xjphophorus maculatus
1()[)‘_IIXP 008404255.1 VPS33B Poecilia reticulata
8
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8| r XP 014915744.1 VPS33B Poecilia latipinna
97 XP 007558902.1 VPSS33B Poecilia formosa
l_NP 001039749.1 VPS33B Bos taurus
10 XP 020954643.1 VPS33B Sus scrofa
54| CAB 93109.1 VPS33B Homo sapiens
57 NP 835171.2 VPS33B Mus musculus
95—NP 071622.1 VPS33B Rattus norvegicus
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Supplemental Figure 13. Phylogenetic tree based on the protein sequences of VPS33B from P.
fulvidraco and other vertebrate species using the neighbor-joining (NJ) method in MEGA 5.0 ¢ based
on the JTT+G model . Branch support values represented a percentage of 1000 bootstrap replicates.
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XP 014884005.1 VPS41 Poecilia latjpinna

XP 005798603.1 VPS41 Xiphophorus maculatus
52 LXP 008394885.1 VPS41 Poecilia reticulata
XP 691671.2 VPS41 Danio rerio

68 EAHH39036.1 VPS41 [ctalurus punctatus

73 A MH301095 VPS41 Pelteobagrus fulvidraco
XP 011606323.1 VPS41 Takifugu rubripes
AAI33482.1 VPS41 Bos taurus

100l NP 055211.2 VPS41 Homo sapiens
7|_— AAH57905.1 VPS41 Mus musculus

67| XP 016535692.1 VPS41 Poecilia formosa
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Supplemental Figure 14. Phylogenetic tree based on the protein sequences of VPS41 from P. fulvidraco
and other vertebrate species using the neighbor-joining (NJ) method in MEGA 5.0 ¢ based on the
JTT+G model 4. Branch support values represented a percentage of 1000 bootstrap replicates.

100 XP 014901379.1 LAMP1 Poecilia latipinna
93 LXP 007554035.1 LAMP1 Poecilia formosa
XP 003969941.1 LAMP1 Takifugu rubripes
29 NP 001313461 .LAMP1 Danio rerio
XP 018967281.1 LAMP1 Cyprinus carpio
67 XP 017312814.1 LAMP1 /ctalurus punctatus
100 I— AMH301096 LAMP1 Pelteobagrus fulvidraco
XP 006639363.2 LAMP1 Lepisosteus oculatus
AAI40611.1 LAMP1 Bos taurus
AAH06345.2 LAMP1 Homo sapiens
86 —— AAH06785.1 LAMP1 Mus musculus
10— NP036989.1 LAMP1 Rattus norvegicus
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Supplemental Figure 15. Phylogenetic tree based on the protein sequences of LAMP1 from P.
fulvidraco and other vertebrate species using the neighbor-joining (NJ) method in MEGA 5.0 ¢ based
on the JTT+G model 4. Branch support values represented a percentage of 1000 bootstrap replicates.
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82 XP 017313585.1 MCOLN1 /ctalurus punctatus
_‘—AMH301095 MCOLN1  Pelteobagrus fulvidraco
r—————— NP_001315094.1 MCOLN1 Danio rerio
99l—— XP 018923854.1 MCOLN1 Cyprinus carpio
XP 011610837.1 MCOLN1 Takifugu rubripes
— XP 008413601.1 MCOLN1 Poecilia reticulata
100— XP 014903679.1 MCOLN1 Poecilia latjpinna
93— XP 020939578.1 MCOLN1 Sus scrofa
NP 001159604.1 MCOLN1 Bos taurus
10 NP 065394.1 MCOLN1 Homo sapiens
j;l_‘:xp 006248818.1 MCOLN1 Rattus norvegicus
54

EDL21911.1 MCOLN1 Mus musculus
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Supplemental Figure 16. Phylogenetic tree based on the protein sequences of MCOLNT1 from P.
fulvidraco and other vertebrate species using the neighbor-joining (NJ) method in MEGA 5.0 ¢ based
on the JTT+G model 4. Branch support values represented a percentage of 1000 bootstrap replicates.

92 NP 001244039.1 CTSD /ctalurus punctatus

_‘82 EA MH301098 CTSD Pelteobagrus fulvidraco
XP 017546147.1 CTSD Pygocentrus n-attereri
53 —ij AAI64814.1 CTSD Danio rerio
94 XP 018974496.1 CTSD Cyprinus carpio

XP 005808161.1 CTSD Xiphophorus maculatus
XP 015193920.1 CTSD Lepisosteus oculatus
NP 001072052.1 CTSD Takifugu rubripes

75I CAG33228.1 CTSD Homo sapiens
NP 001032810.1 CTSD Sus scrofa

100_'7 NP 599161.2 CTSD Rattus norvegicus
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8 AAH19682.1 CTSD Mus musculus
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Supplemental Figure 17. Phylogenetic tree based on the protein sequences of CTSD1 from P.
fulvidraco and other vertebrate species using the neighbor-joining (NJ) method in MEGA 5.0 ® based
on the JTT+G model 4. Branch support values represented a percentage of 1000 bootstrap replicates.
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—ml:XP017306305.1 TFEB /ctalurus punctatus
77 A VIH459004 TFEB Pelteobagrus fulvidraco
62 {XP 007247820.2 TFEB Astyanax mexicanus
99 XP 017550219.1 TFEB Pygocentrus nattereri
24 NP_001244121.1 TFEB  Danio rerio

——————XP 011612581.1 TFEB Takifugu rubripes
100—————— XP 008407487.1 TFEB Poecilia reticulata
XP 015198083.1 TFEB Lepisosteus oculatus
89| XP 020954334.1 TFEB Sus scrofa
r:\lP 001161299.2 TFEB Homo sapiens
100|_ENP 001020878. TFEB Rattus norvegicus
99— NP 001155195.1 TFEB Mus musculus
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Supplemental Figure 18. Phylogenetic tree based on the protein sequences of TFEB from P. fulvidraco
and other vertebrate species using the neighbor-joining (NJ) method in MEGA 5.0 ¢ based on the
JTT+G model 4. Branch support values represented a percentage of 1000 bootstrap replicates.
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