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Supplementary Fig. 1 | Flow chart for cryo-EM analysis. For details, see ‘Data Processing’ section in

Methods section.
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Supplementary Fig. 2 | Cryo-EM data and map quality. a Representative cryo-EM micrograph and 2D class
averages of particle images. The scale bar in 2D class averages is 10 nm. The data were independently collected

for three times. b FSC curve of the Wnt3A-WLS complex. ¢ Local resolution map. d Euler angle distribution in
the final 3D reconstruction. e FSC curve between the map and the refined model.
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Supplementary Fig. 3 | Fit of complex and WLS model with cryo-EM density. a Fit of WLS-Wnt3a complex
model with the 3.2 A cryo-EM map. Wnt3a is colored in violet and WLS is colored in cyan. The map is generated
from the 3.2 A map in Chimera at contour level of 0.02 with dust hidden. b Cryo-EM densities (blue) are
superimposed on transmembrane helices (TM) and loop at interface 3 of the WLS model with 6 = 7.0, and beta
strands () with o = 5.0. The model is rendered in cyan sticks.
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Supplementary Fig. 4 | Fit of Wnt3a model with cryo-EM density. The 2.2 A map was low pass filtered into a 2.8
A map for Wnt3a model fit map analysis. Cryo-EM densities (blue) are superimposed on helices (H), hairpins/loop at
interfaces, Loop1, Loop3, glycan and PAM of the Wnt3a model. Both densities from the 2.8 A map and 3.2 A map
are shown for Loop1 and whole Hairpin-2. Glycan and PAM are fitted into the 2.2 A map. Figures are generated
with PyMOL at ¢ = 2.0 for Loop1, whole Hairpin-2, glycan and PAM, ¢ = 5.0 for H1, H2, and Loop3, and ¢ = 10.0
for the rest. The model is rendered in violet sticks, with glycan in red and PAM in green.
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Supplementary Fig. 5 | Mass spectrometry validation of PAM modification on Wnt3a. a MS spectra of
Wnt3a in cryo-EM sample at the m/z range from 732 to 739. The peak for tryptic peptide containing the PAM
modified serine (sequence: CHGLSGSCEVK) is indicated with a star. b The MS/MS spectrum from the precursor
ion at m/z 735.381 of Wnt3a. The value of y; minus ys equals to the molecular weight of palmitoleoylated serine.



Supplementary Fig. 6 | WLS structural features. a A POPC molecule in the hydrophobic cavity of WLS TM
domain. Structure model of the lipid fits well with cryo-EM density (o = 2.0). b Structure superimposition of
WLS luminal domain with Seipin. Result from Dali server. PDB code of Seipin structure: 6DS5. WLS luminal
domain is colored in cyan and Seipin is colored in green.
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Supplementary Fig. 7 | Analysis of WLS association and signaling activity for Wnt3a mutants. a Interaction
details between Wnt3a PAM and WLS. b Interaction details between Wnt3a Trp333 and WLS. ¢ Co-IP analysis
of Wnt3a S209A mutant binding with WLS. Co-IP of WT Wnt3a and Wnt3a S209A mutant with Flag-tagged
WLS when different total amount of plasmids at different plasmid weight ratio were transfected into Hela cells.
Experiments were independently performed for three times with similar results. d Percentage co-IP amount of
Wnt3a S209A mutant compared to WT Wnt3a (100%). e Gel filtration profile (Superose 6 Increase 10/300 was
used) and SDS-PAGE analysis of co-expressed/purified WLS-Wnt3a (S209A) complex. f Signaling activity
measurement of Wnt3a mutants. Activity is shown as relative TOPFlash activity compared to WT Wnt3a when
300 ng Wnt3a DNA was transfected into cells per well (24-well plate). All histograms in panel d and f were
generated from n=3 independent measurements by GraphPad Prism 9. Statistical analysis was performed by two-
sided test; mean =+ S.D.
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Wnt2b MLRPGGAEEAAQLPLRRASAPVPVPSPAAPDGSRASARLGLACLLLLLLLTLPARVDTSWWYIGALG--ARVICDNIPG LVSRQRQLCQRYPDIMRSVGEGA 100
wnt3 ~MEPHLLGLLLGLLLGGTRVLAGYPIWWSLALGQQYTSLGS----- QPLLCGSIPG LVPKQLRFCRNYIEIMPSVAEGV 73
Wnt4 --MSPRSCLRSLRLLVFAVFSAAASNWLYLAKLSSVGSISE------ EETCEKLKG LIQRQVQMCKRNLEVMDSVRRGA 71
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Wnt3a KIGIQECQHQFRGRRWNCTT------- VHDSLAIFGPVLDKATRESAFVHAIASAGVAFAVTRSCAEGTAAICGCSSRHQG 144
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---ALQLSTHNRLRSATRETSFIHAISSAGVMYIITKNCSMGDFENCGCDGSNNG
---ALQLSSHGGLRSANRETAFVHAISSAGVMYTLTRNCSLGDFDNCGCDDSRNG
YRASLLKRGFKETAFLYAISSAGLTHALAKACSAGRMERCTCDEAPDLE
RMGLLKRGFKETAFLYAVSSAALTHTLARACSAGRMERCTCDDSPGLE
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Wnt3a - ----SPGKQWKWGGCSEDIEFGGMVSREFADARENRP - - - DARSAMNRHNNEAGRQAIASHMHLKCKCHGLSGSCEVKTCWWSQPDFRAIGDFLKDKYDS 237
Wnt1 —mmmm---- PGGPOWHWGGCSDINIDFGRLFGREFVDSGEKGR - - - -DLRFLMNLHNNEAGRTTVFSEMRQEHCKCHGMSGSCTVRTCWMRLPTLRAVGDVLRDRFDG 252
Wwnt2 - --AKDSKGIFDWGGCSDINIDYGIKFARAFVDAKERK - - - - GKDARALMNLHNNRAGRKAVKRFLKQHCKCHGVSGSCTLRTCWLAMADFRKTGDYLWRKYNG 240
wnt2b - --HHDQRGOFDWGGCSDINIHYGVRFAKAFVDAKEKR - - - - LKDARALMNLHNNRCGRTAVRRFLKLEHCKCHGVSGSCTLRTCWRALSDFRRTGDYLRRRYDG 271
wnt3 - ----PPGEQWKWGGCSEIDADFGVLVSREFADARENRP - - - - DARSAMNKHNNEAGRTTILDHMHLKYCKCHGLSGSCEVKTCWWAQPDFRAIGDFLKDKYDS 240
Wnt4 - VSPQQFQWSGCSDINIAYGVAFSQSFVDVRERSKGAS - ~-SSRALMNLHNNEAGRKAILTHMRVEHCKCHGVSGSCEVKTCWRAVPPFRQVGHALKEKFDG 240
Wnt5a - --PKDLPROWLWGGCGDINIDYGYRFAKEFVDARERERIHAKGSYESARILMNLHNNEAGRRTVYNLADVACKCHGVSGSCSLKTCWLQLADFRKVGDALKEKYDS 272
Wwnt5b - --PKDLPROWLWGGCGDINVEYGYRFAKEFVDAREREKNFAKGSEEQGRVLMNLQNNEAGRRAVYKMADVACKCHGVSGSCSLKTCWLQLAEFRKVGDRLKEKYDS 251
Wnt6 GPPGPAGSPEGSAAWEWGGCGDIDVDFGDEKSRLFMDARHKRGRGDIR - -ALVQLHNNEAGRLAVRSHTRTHCKCHGLSGSCALRTCWQKLPPFREVGARLLERFHG 256
Wnt7a - - - - - - - YHRDEG {WKWGGCSADIRYGIGFAKVFVDAREIKQNAR- - ~TLMNLHNNEAGRKILEENMKLECKCHGVSGSCTTKTCWTTLPQFRELGYVLKDKYNE 234
Wwnt7b - --YNQAEG-{WKWGGCSADVRYGIDFSRRFVDAREIKKNAR- ~RLMNLHNNEAGRKVLEDRMQLEHCKCHGVSGSCTTKTCWTTLPKFREVGHLLKEKYNA 234
Wnt8a - ----KTGGHQWIWGGCSDINVEFGERISKLFVDSLEKGKDAR - ~ALMNLHNNRAGRLAVRATMKRTCKCHGISGSCSIQTCWLQLAEFREMGDYLKAKYDQ 214
wnt8b - ---QLGGQEQWLWGGCSDINVGFGEAISKQFVDALETGQDAR- -~-AAMNLHNNEAGRKAVKGTMKRTCKCHGVSGSCTTQTCWLQLPEFREVGAHLKEKYHA 214
Wnt9a - - - - - - oo oo NREAWQWGGCGDINLKYSSKFVKEFLG-RRSSKDLR- -ARVDFHNNLVGVKVIKAGVETTCKCHGVSGSCTVRTCWRQLAPFHEVGKHLKHKYET 249
Wnt9b - - - - - - - - - - SRQAWQWGVCGDINLKYSTKFLSNFLGSKRGNKDLR - ~-ARADAHNTHVGIKAVKSGLRTTCKCHGVSGSCAVRTCWKQLSPFRETGQVLKLRYDS 244
Wnt10a HPALPTASPGLQDYWEWGGCSPDMGFGERFSKDFLDSRE--PHRDIH- -~-ARMRLHNNRVGRQAVMENMRRKCKCHGTSGSCQLKTCWQVTPEFRTVGALLRSRFHR 296
Wnt10b PGPGSSPSPGPQDTWEWGGCNHDMDFGEKFSRDFLDSRE--APRDIQ- -ARMRIHNNRVGRQVVTENLKRKHCKCHGTSGSCQFKTCWRAAPEFRAVGAALRERLGR 281
wntll - - - - - - - - PGPEGNRWGGCADINLSYGLLMGAKFSDAPMKVKKTG - - SQANKLMRLHNSEVGRQALRASLEMKHCKCHGVSGSCSIRTCWKGLQELQDVAADLKTRYLS 243
wnt16 - ---GSASEG-|WHWGGCSDIDVQYGMWFSRKFLDFPIGNTTGKE - NKVLLAMNLHNNEAGRQAVAKLMSVDOCRCHGVSGSCAVKTCWKTMSSFEKIGHLLKDKYEN 255
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Hairpin-2
Wnt3a ASEMVVEK---HRESRGWVET---LRPRYTYFKVPTERDLVYYEASPNFCEPNPETGSFGTRDRTCNVSSHGID- GCDLLC--CGRGHNARAERRREKICRCVFHWC| 334
wntl ASRVLYGNRGSNRASRAELLR---LEPEDPAHKPPSPHDLVYFEKSPNFCTYSGRLGTAGTAGRACNSSSPALD- GCELLC--CGRGHRTRTQRVTERICNCTFHWC| 352

wnt2 AIQVVMNQDGTGFTVAN ERFKKPTKNDLVYFENSPDYCIRDREAGSLGTAGRVCNLTSRGMD -
wnt2b AVQVMATQDGANFTAAR QGYRRATRTDLVYFDNSPDYCVLDKAAGSLGTAGRVCSKTSKGTD -
Wnt3 ASEMVVEK -~-HRESRGWVET---LRAKYSLFKPPTERDLVYYENSPNFCEPNPETGSFGTRDRTCNVTSHGID-
Wnt4 ATEVEPRR --LVPRNAQFKPHTDEDLVYLEPSPDFCEQDMRSGVLGTRGRTCNKTSKAID-
Wntsa AAAMRLNSRGK-LVQVN--------- SRFNSPTTQDLVYIDPSPDYCVRNESTGSLGTQGRLCNKTSEGMD -
wntsb AAAMRVTRKGR-LELVN-=-------- SRFTQPTPEDLVYVDPSPDYCLRNESTGSLGTQGRLCNKTSEGMD -
Wnt6 ASRVMGTNDGKALLPAVR ~-TLKPPGRADLLYAADSPDFCAPNRRTGSPGTRGRACNSSAPDLS-

SCEVMC--CGRGYDTSHVTRMTKICGCKFHWC| 331
GCEIMC--CGRGYDTTRVTRVTQCECKFHWC| 362
GCDLLC--CGRGHNTRTEKRKEKICHCIFHWC| 337
GCELLC--CGRGFHTAQVELAERICSCKFHWC| 333
GCELMC--CGRGYDQFKTVQTERICHCKFHWC| 362
GCELMC--CGRGYNQFKSVQVERICHCKFHWC| 341
GCDLLC--CGRGHRQESVQLEENCLCRFHWC| 347

Wnt7a AVHVEPVRASRNKRPTFL------ KIKKPLSYRKPMDTDLVYIEKSPNYCEEDPVTGSVGTQGRACNKTAPQAS - GCDLMC--CGRGYNTHQYARVWQICNCKFHWC| 331
Wnt7b AVQVEVVRASRLRQPTFL------ RIKQLRSYQKPMETDLVYIEKSPNYCEEDAATGSVGTQGRLCNRTSPGAD - GCDTMC--CGRGYNTHQYTKVWQICNCKFHWC| 331
Wwnt8a ALKIEMDKRQLRAGNSAEG----- HWVPAEAFLPSAEAELIFLEESPDYCTCNSSLGIYGTEGRECLQNSHNTSRWERRSCGRLCTECGLQVEERKTEVISSCNCKFQWC| 319
wnt8b ALKVDLLQG---AGNSAAG----- RGAIADTFRSISTRELVHLEDSPDYCLENKTLGLLGTEGRECLRRGRALGRWERRSCRRLCGDCGLAVEERRAETVSSICNCKFHWC| 316
Wnt9a ALKVGSTTNEAAGEAGAISPPRGRASGAGGSDPLPRTPELVHLDDSPSFCLAGR--FSPGTAGRRCHREK NCESIC--CGRGHNTQSRVVTRPICQCQVRWC| 346
Wnt9b AVKVSSATNEALGRLELWAPAR---QGSLTKGLAPRSGDLVYMEDSPSFCRPSK--YSPGTAGRVCSREA SCSSLC--CGRGYDTQSRLVAFSICHCQVQWC| 338
Wnt10a ATLIRPHNRNGGQLEPGPAGAPSPAPGAPGPRRRASPADLVYFEKSPDFCEREPRLDSAGTVGRLCNKSSAGSD - GCGSMC--CGRGHNILRQTRSERCHCRFHWC| 399
Wnt10b AIFIDTHNRNSGAFQPR------------- LRPRRLSGELVYFEKSPDFCERDPTMGSPGTRGRACNKTSRLLD- GCGSLC--CGRGHNVLRQTRVERICHCRFHWC| 371
Wwnt1l ATKVVHRPMGTRKHLVP=-=--------- KDLDIRPVKDSELVYLQSSPDFCMKNEKVGSHGTQDRQCNKTSNGSD - SCDLMC--CGRGYNPYTDRVVERICHCKYHWC| 336
Wnt16 SIQISDKTKRKMR----------- RREKDQRKIPIHKDDLLYVNKSPNYCVEDKKLGIPGTQGRECNRTSEGAD - GCNLLC--CGRGYNTHVVRHVERICECKFIWC| 347

— p6
Hairpin-2

Wnt3a [CYVSCQEC|TRVYDVHTCK
Wntl CHVSCRNC|THTRVLHECL
wnt2 CAVRCQDC|ILEALDVHTCKAPKNADWTTAT -
wnt2b [CAVRCKECIRNTVDVHTCKAPKKAEWLDQT -
Wwnt3 |CYVSCQEC|IIRIYDVHTCK
Wnt4 CFVKCRQC|QRLVELHTCR
Wnt5a |[CYVKCKKC|ITEIVDQFVCK
wnts5b [CFVRCKKC|ITEIVDQYICK
Wnté6 CVVQCHRCIRVRKELSLCL
Wwnt7a [CYVKCNTC|SERTEMYTCK
Wnt7b [CFVKCNTCISERTEVFTCK- - - -~ -~~~ --- -~
Wnt8a |CTVKCDQC|RHVVSKYYCARSPGSAQSLGKGSA
wnt8b [CAVRCEQCIRRRVTKYFCSRAERPRGGAAHKPGRKP 351
Wnt9a [CYVECRQC|TQREEVYTCKG - 365
Wntob [CYVECQQC|VQEELVYTCKH
Wnt10a|CFVVCEECIRITEWVSVCK
Wnt10b|CYVLCDECIKVTEWVNVCK
Wnt11 |CYVTCRRCERTVERYVCK
Wnt16 |CYVRCRRCIESMTDVHTCK

Supplementary Fig. 8 | Sequence alignment of 19 human Wnts. Conserved residues are shaded in yellow.

Hairpin-1, Hairpin-2 and W-loop are indicated with red boxes.
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Homo sapiens -MAGAIIENMSTKKLCIVGGILLVFQIIAFLVGGLIAPGPTTAVSYMSVKCVDARKNHHKT-KWFVPWGPNHCDKIRDIEEAIPREIEANDIVFSVHIPLP----HMEMS 104
Pongo abelii -MAGAITIENMGTKKLCIVGGILLVFQITAFLVGGLIAPGPTTAVSYMSVKCVDARKNHHKT -KWFVPWGPNHCDKIRDIEEAIPREIEANDIVFSVHIPLP----HMEMS 104
Mus musculus -MAGAIIENMSTKKLCIVGGILLVFQIVAFLVGGLIAPAPTTAVPYTAIKCVDVRKNHHKT-RWLAPWGPNKCDKIRDIEEAIPREIEANDIVFSVHIPLP----SMEMS 104
Rattus norvegicus -MAGAIIENMSTKKLCIVGGILLVFQIVAFLVGGLIAPAPTTAVSYVAAKCVDVRKNHHKT -RWLMPWGPNKCNKINDFEEAIPREIEANDIVFSVHIPLP----SMEMS 104
Gallus gallus -MAGAITIENMSTRKLCIVGGILLVFQVIAFLVGGLIAPSPTTAVPYMSVKCIDVRKNHHKT -KWLMPWGPNHCEKLKDFDEAVSRQIEANDIVFAVHIPLP----SKEMS 104
Daniorerio -MAGAIIENMSTKKLVILGVILMLFQAFSFMVGGLIAPSPTAAVSYLATKCVDNEKTHHKNPKWFTPWGPDQCSKIKDFDEAMVKKIEANNIVFAIHIPPP----NTEMS 105
Xenopus laevis -MAGAIIENMSTKKLCMVGVALLLLQVLAFLVGGLIAPKPTSYVNPVAMKCVDVRKNHRSS-KWLMPWGTEPCKSIQSFDEAANRMIEANDIVFAAHIPNS----QFEMS 104

D. melanogaster -MSGTILENLSGRKLSILVATLLLCQVLCFLLGGLYAPLPAGHVTVLGSLCREDHARQNDTSFLLYSRGAGACIPVTREEVEQDSTKMANELVHVFQMPLPRDLRDLDYS 109
C.elegans MAGGAVIENLSNRKLFVIFAGLLVIQIMFFLIGAWYAPSPSSYMEFEMITCRDETKG--LSGEWIHRDN---CQQISELSEYTPSSFDLREIVFIAKMPHTRDGIELEYS 105

p3 p4 B35 B6 p7

| LN J AA A

Homo sapiens PWFQFMLFILQLDIAFKLNNQIRE---NAEVSMDVSLAYRD--DAFAEWTEMAHERVPRKLKCTFTSPKTPEHEGRYYECDVLPFMEIGSVAHKFYLLNIRLPVNE---- 205
Pongo abeli PWFQFMLFILQLDIAFKLNNQIRE---NAEVSMDVSLAYRD--DAFAEWTEMAHERVPRKLKCTFTSPKTPEHEGRYYECDVLPFMEIGSVAHKFYLLNIRLPVNE- -
Mus musculus PWFQFMLFILQLDIAFKLNNQIRE---NAEISMDVSLGYRD--DMFSEWTEMAHERVPRKLKCTFTSPKTPEHEGRYYNCDVLPFMEIGSVAHKYYLLNIRLPVNE- -
Rattus norvegicus PWFQFMLFILQIDIAFKLNNQIRE---NAEVSMDVSLGYRD--DMFSEWTEMAHERVPRKLRCTFTSPKTPEHEGRHYECDVLPFMEIGSVAHKYYLLNIRLPVNE- -
Gallus gallus PWFQFMLFIMQLDIAFKMDNDLKE---NAEITLDVSLAYRD--DMFNDWEEIAHAIEIRKLKCTFGSPKTLESEGRHYDCDFLPFMEIGSVAHKYYLINIRLPVNE- -
Daniorerio TWFQFLLLILHFDIAFKIQNQIAD---GASITIDVRLAYRD--DKLSEWTQMAHSVEQRKLSCNFTAAKTIENEGRLYDCDLLPFMELGSVAHKYYLLNVRLPVNE - -
Xenopus laevis PWFQFMLVVLQLDIAFKLNNYIEE---NSMVTLDVSVAYRD--DLKEEWKELASSVEQRKLNCILPVEKTLANEGRHYDCDVIPLMELGSVSHKYYLFNIRLPVNE----
D. melanogaster RWQQNLIGVLQVEFGYDSSSELREPPRELQLTIDMRLAYRNKGDPDNGWKLYAHGVEHRYLDCVTSHVGPTET---LYSCDMIPLFELGALHHSFYLLNLRFPLDT---- 212
C.elegans PWFQFLLGVLHVDVEYSEHFKYVA---HAPLELEVRMGYRDKESKKNEWKELVTSNVTRILECTIAE--DEKKAGGTYDCDMLDLFELGSSSYPFYLINIRIPINQQACQ 210

P8 — a2 — a3 —Q a4

A LN J vV Vv

Homo sapiens - -KKKINVGIGEIKDIRLVGIHQNGGFTKVWFAMKTFLTPSIFIIMVWYWRRITMMSRPPVLLEKVIFALGISMTFINIPVEWFSIGFDWTWMLLFGDIRQGIFYAMLLS 313
Pongo abelii - -KKKINVGIGEIKDIRLVGIHQNGGFTKVWFAMKTFLTPSIFIIMVWYWRRITMMSRPPVLLEKVIFALGISMTFINIPVEWFSIGFDWTWMLLFGDIRQGIFYAMLLS 313

Mus musculus - -KKKINVGIGEIKDIRLVGIHQNGGFTKVWFAMKTFLTPSIFIIMVWYWRRITMMSRPPVLLEKVIFALGISMTFINIPVEWFSIGFDWTWMLLFGDIRQGIFYAMLLS 313
Rattus norvegicus - -KKKINVGIGEIKDIRLVGIHQNGGFTKVWFAMKTFLTPSIFIIMVWYWRRITMMSRPPVLLEKVIFALGISMTFINIPVEWFSIGFDWTWMLLFGDIRQGIFYAMLLS 313
Gallus gallus - -RKGINVGIGEVKDIRLVGIHQNGGFTKVWFAMKTFLTPSILIIMVWYWRRITLMTRAPVLLEKVIFALGISMTFINIPVEWFSIGFDWTWMLLFGDIRQGIFYAMLLS 313
Danio rerio - -RKKVNIGIGEINDMRLVGIHQNGGFTKVWFAMKTFLTPSVLIIMIWYWKRITQMTRPPVLLEKVIFALGISMTFINIPVEWFSVGFDWTWMLLFGDIRQGIFYAMLLS 314
Xenopus laevis - -RKKANIGIGEIRDLHVVSIFQNGGFTMVWFAMKTFLTPSIIIIMIWYWRRITMMTRSPVLLEKVIFALGFSMTFINIPVEWFSIGYDWTWMLLFGDIRQGIFYAMLLS 313
D. melanogaster - -PSQMNLQFGHMHDLTLTATHQNGGFTQIWLLLKTMLFPFVVGIMIWFWRRVHLLQRSPALLEYMLIYLGAALTFLNLPLEYLSLVYEMPYMLLLSDIRQGIFYAMLLT 320
C. elegans FONKSANCQIGKLTGLRLIEIHQNGGFTLVWLWTKTFMTPVVAICLWWYYNRINQLARNPLLLERATLLLGLSLVILDFPIEWISLTYRIPFLLLISDLRQGLEYTVLFS 320

N e | e | ) e

\AA4
Homo sapiens FWIIFCGEHMMDQHERNH---IAGYWKQVGPIAVGSFCLFIFDMCERGVQLTNPFYSIWTTDIGTELAMAFIIVAGICLCLYFLFLCFMVFQVFRNISGKQ-SSLPAMSK 419
Pongo abeli FWIIFCGEHMMDQHERNH---IAGYWKQVGPIAVGSFCLFIFDMCERGVQLTNPFYSIWTTDIGTELAMAFIIVAGICLCLYFLFLCFMVFQVFRNISGKQ-SSLPAMSK 419
Mus musculus FWIIFCGEHMMDQHERNH---IAGYWKQVGPIAVGSFCLFIFDMCERGVQLTNPFYSIWTTDVGTELAMAFIIVAGICLCLYFLFLCFMVFQVFRNISGKQ-SSLPAMSK 419
Rattus norvegicus FWIIFCGEHMMDQHERNH---IAGYWKQVGPIAVGSFCLFIFDMCERGVQLTNPFYSIWTTDVGTELAMAFIIVAGICLCLYFLFLCFMVFQVFRNISGKQ-SSLPAMSK 419
Gallus gallus FWIIFCGEHMMDQNERNR---LSGYWKQVGPIAVGSFCLFIFDMCERGVQLKNPFYSIWTTEVGTELAMAFIIVAGICLCLYFLFLCFMVFQVFRNISGKQ-SSLPAMSK 419
Danio rerio FWIIFCGEHLMDQTERNR---FSVYWKQVIPIVFGSFCLFIFDMCERGVQLKNPFYSIWASDVGTELAMAFIIVAGICACLYFLFLCFMVFQVFRNISGKR-SCLPAMTK 420
Xenopus laevis FWIIFCGEHMMDQTERNR---ISVYWKQVGPIAFGSCCLFIFDMCERGVQLKNPFYSIWTTDVGAEIAMAFIIVAGICACLYFLFLCFMVYQVFRNISGKQ-SNLPAMTK 419
D. melanogaster FWLVFAGEHMLIQDAPNKSTIRSRYWKHLSAVVVGCISLFVFDICERGVQLRNPFYSIWTTPLGAKVAMTFIVLAGVSAAIYFLFLCYMIWKVFRNIGDKR-TSLPSMSQ 429
C.elegans FWLIFAGEHLIDDNTRNN---LKSYRFNLSFIITASLGLLIYDLIERGIQLYDPFYSVWSSPTGSQIAYFAIFISAISTVAYFIFLFFKIARVWSTIKSKRSAQIYQTSE 427

Homo sapiens VRRLHYEG - - ----LIFRFKFLMLITLACAAMTVIFFIVSQVTEGHWKWGG----VTVQVNSAFFTGIYGMWNLYVFALMFLYA 493
Pongo abelii ----LIFRFKFLMLITLACAAMTVIFFIVSQVTEGHWKWGG----VTVQVNSAFFTGIYGMWNLYVFALMFLYA 493
Mus musculus ----LIFRFKFLMLITLACAAMTVIFFIVSQVSEGHWKWGG----VTVQVSSAFFTGIYGMWNLYVFALMFLYA 493
Rattus norvegicus ----LIFRFKFLMLITLACAAMTVIFFIVSQVTEGHWKWGG----VTVQVSSAFFTGIYGMWNLYVFALMFLYA 493
Gallus gallus ----LIFRFKFLMLITLACAAMTVIFFIVSQVTEGHWKWGD----ITIQVNSAFFTGIYGMWNLYVFALMFLYA 493
Danio rerio ----LIFRFKFLMLVTLACAAMTVIFFIISQVSEGHWLWGG----HTVQVNSAFFTGIYGMWNLYVFALMFLYA 494
Xenopus laevis ARRLHYEG - - - - - - ---------oo oo oo oo oo oo oo o LIFRFKFLMIITLACAALTIVFFITTQITEGNWKLGD----LSIELNSAFFTGVYGMWNLYVFALMFLYA 493
D. melanogaster ARRLHYEVPLDQKVEDWAGIVYFYTKAFFFQLHKANESKGLIYRFKFLMLATLVCAALTVAGFIMGQMAEGQWDWNDN---VAIQPTSAFLTGVYGMWNIYIFALLILYA 536
C.elegans NRRLKVEG - -------------omm oo o m oo oo m oo o VIYRFKFLMLFTLLCSAFTIAAYFMKQYGEAQLHGDEARDGFLTGSTSAFFTGAFGMCNIYVLLLLAMYA 505
Homo sapiens PSHKNYG - - - -EDQSNGDLGVHSGEELQLTTTITHVDGPTEIYKLTRKEAQE--- 541
Pongo abelii PSHKNYG - - - -EDQSNGDLGVHSGEELQLTTTITHVDGPTEIYKLTRKEAQE--- 541
Mus musculus -EDQSNGDLGVHSGEELQLTTTITHVDGPTEIYKLTRKEAQE--- 541

541
541

Rattus norvegicus
Gallus gallus
Danio rerio 542
Xenopus laevis 541

D. melanogaster PSHKQWPTMHHSDETTQSNENIVASAASEEIEFSHLPSDSNPSEISSLTSFTRKVAFD 594
C.elegans PSHKHYR- - -~ ----- GASQLIDENDDDEIMEDPSNQHTESNAMTTFLKPSTD----- 549

Supplementary Fig. 9| Sequence alignment of WLS from 9 different species. Conserved residues are shaded
in yellow. Major residues at interfaces between WLS and Wnt3a are highlighted with inverted green triangles for
PAM interacting residues, red spots for rest interacting residues at interface 1, orange triangles for interface 2,
and blue squares for interface 3, respectively.
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Supplementary Fig. 10 | Comparison of WLS-Wnt3a and WLS-Wnt8a structures. a Superimposition of
Whnt3a (this study) and Wnt8a in 7KC4 (RMSD: 1.38 A) with Wnt3a colored in violet and Wnt8a colored in
wheat. In right panel, N-terminal regions are emphasized by adjusting transparency of remaining part as 80%.
The extended N-terminal region in Wnt3a is highlighted by dashed red line. b Superimposition of Wnt3a-bound
WLS (this study) and Wnt8a-bound WLS (RMSD: 1 A). ¢ WLS-Wnt8a share similar binding mode to WLS-
Wnt3a. The three interfaces corresponding to that in WLS-Wnt3a are also mediated by corresponding Hairpin-1,
Hairpin-2 and W-loop of Wnt8a in WLS-Wnt8a complex.



Supplementary Fig. 11 | Corresponding Wnt3a mutation sites in Wnt3-FZD structure. 6AHY structure
model is used for the analysis with Wnt3 in pale green and FZD-CRD in purple.



Supplementary Table 1 | Cryo-EM data collection, refinement and validation statistics

Data collection

EM equipment

Voltage (kV)

Detector

Energy filter

Pixel size (A)

Electron dose (e-/A2)

Defocus range (um)

Data set

Number of images
Reconstruction

Software

Initial number of particles

Number of used particles

Symmetry

Final Resolution (A)

Map resolution FSC threshold

Map sharpening B factor (A?)
Model building and refinement

Model building software

Refinement software

Initial model

Model resolution FSC threshold
Model composition
Protein residues
Wnt3a
Whtless
Side chains
Sugar
Lipid
Validation
Clash score
Poor rotamers (%)
R.m.s deviations
Bonds length (A)
Bonds Angle (°)
Ramachandran plot statistics (%)
Preferred
Allowed
Outlier

Titan Krios (Thermo Fisher Scientific)

300

Gatan K3 Summit
Gatan GIF Quantum, 20 eV slit

1.087 (0.5435 for super-resolution data)

50

-1.2~-22
Wntless-Wnt3a complex
12,578

RELION 3.0
10530363
8482332

Cl
2.2
0.143
-76.3

Coot
Rosetta / Phenix

6AHY, predicted model from trRosetta, tFold and

SWISS-MODEL
0.5

830
334
496
770
2
5

4.99
2.24

0.011
1.306

94.19
5.33
0.48




Supplementary Table 2 | Primer information for cloning

construct

Forward (5°-3°)

Reverse (5°-3”)

Wnt3a-10xhis

tcaaaggcctacgtcgacATGGCCCCAC
TCGGATAC

caggctctagattcgaaal TAATGGTGA
TGGTGATGG

Wnt3a-notag

tcaaaggcctacgtcgacATGGCCCCAC
TCGGATAC

caggctctagattcgaaal TACTTGCAT
GTGTGCACGTC

Wnt3a-K215/W218A

GGCAGCTGCGAGGTGGCCACA
TGCGCCTGGTCGCAACCCGAC

GTCGGGTTGCGACCAGGCGCA
TGTGGCCACCTCGCAGCTGCC

Wnt3a-W333A GCTGCGTGTTCCACGCCTGCTG | GCTGACGTAGCAGCAGGCGT
CTACGTCAGCTG GGAACACGCAGC

Wnt3a-W150A CTCACCAGGCAAGGGCGCCAA | ACAGCCACCCCACTTGGCGCC
GTGGGGTGGCTGT CTTGCCTGGTGAG

WLS-Flag

tcaaaggcctacgtcgacATGGCTGGGG
CAATTATAG

caggctctagattcgaaaIT TACTTGTCA
TCGTCATC

Wnt3a-S209A

AAGTGCCACGGGCTGGCCGGC
AGCTGCGAGGTG

CACCTCGCAGCTGCCGGCCAG
CCCGTGGCACTT

PORCN-GFP-Flag

cggaattcaaaggccaccATGGCCACCT
TTAGCCG

gagactgcaggctctagal TATTTATCG
TCATCGTC

Note: Sequences from plasmid vectors are shown in lowercase, and sequences from target genes are shown in

uppercase.




