Suppl. Figure S1

WD-repeat 1 2 3 4 5 6 loop 6 7
Propeller blade 1 2 3 4 5 6 loop 6 7

N C (446 aa)

Propeller blade 1 2 3

WIPI-1 A SSVEQL IPDVYI, QM YHF I ILSIRL IYIHNI! KTLLDIPA
N23A LSCFSF&QD(""  LAIGTKAGYKL L IPDVYIAERLF L HTKPRQMNVYHF ICN NILSIRLNRQRLLVCLEESIYIHNIKDMKLLKTLLDIPA
Q24A MEAEAADAPPGGVESALSCFSFNADCTSLAIGTKAGYKLFSLSSVEQLDQVHGSNEIPDVYIAERLFSSSLVVVVSHTKPRQMNVYHFKKGTEICNYSYSSNILSIRLNRQRLLVCLEESIYIHNIKDMKLLKTLLDIPA
D25A MEAEAADAPPGGVESALSCFSFNQACTSLAIGTKAGYKLFSLSSVEQLDQVHGSNEIPDVYIAERLFSSSLVVVVSHTKPRQMNVYHFKKGTEICNYSYSSNILSIRLNRQRLLVCLEESIYIHNIKDMKLLKTLLDIPA
E64A MEAEAADAPPGGVESALSCFSFNQDCTSLAIGTKAGYKLFSLSSVEQLDQVHGSNEIPDVYIAARLFSSSLVVVVSHTKPROMNVYHFKKGTEICNYSYSSNILSIRLNRQRLLVCLEESIYIHNIKDMKLLKTLLDIPA
R107A MEAEAADAPFGGVESALSCFSFNQDCTSLAIGTKAGYKLFSLSSVEQLDQVHGSNEIPDVYIAERLFSSSLVVVVSHTKPRQMNVYHFKKGTEICNYSYSSNILSIALNRQRLLVCLEESIYIHNIKDMKLLKTLLDIPA
R110A MEAEAADAPPGGVESALSCFSFNODCTSLAIGTKAGYKLFSLSSVEQLDQVHGSNEIPDVYIAERLF L (PROMNVYHFKKGTEICN LSIRLNAQRLLVCLEESIYIHNIKDMKLLKTLLDIPA
R112A MEAEAADAPPGGVESALSCFSFNODCTSLAIGTKAGYKLFSLSSVEQLDQVHGSNEIPDVYIAERLFSSSLVVVVSHTKPRO! MNVYHFKKGTEICNYSYSSNILSIRLNRQALLVCLEESIYIHNIKDMKLLKTLLDIPA
H185A MEAEAADAPPGGVESALSCFSFNODCTSLAIGTKAGYKLFSLSSVEQLDQVHGSNEIPDVYIAERLFSSSLVVVVSHTKPROMNVYHFKKGTEICNYSYSSNILSIRLNROQRLLVCLEESIYIHNIKDMKLLKTLLDIPA
G198A MEAEAADAPPGGVESALSCFSFNODCTSLAIGTKAGYKLFSLSSVEQLDQVHGSNEIPDVYIAERLFSSSL PRC YHFKKGTEICN NILSIRLNRQRLLVCLEESIYIHNIKDMKLLKTLLDIPA
$203A MEAEAADAPPGGVESALSCFSFNODCTSLAIGTKAGYKLFSLSSVEQLDQVHGSNEIPDVYIAERLFSSSLVVVVSHTKPROMNVYHFKKGTEICNYSYSSNILSIRLNROQRLLVCLEESIYIHNIKDMKLLKTLLDIPA
S205A SCFSFI IGTKAGYKLFSLSSVEQLDQVHGSNEIPDVYIAERLFSSSLVVVVSHTKPROMNVYHFKKGTEICNYSYSSNILSIRLNROQRLLVCLEESIYIHNIKDMKLLKTLLDIPA
G208A MR AAD AP PG GES AL S CE SPNODC TS LATGTKAGYKL P SLLSSVEQLDQVHGSNET PDVY TAERLF SSSLVVVVSHTKPROMNY YHE TCN NILSTRLNRORLLVCLEESTYTHNIKDMKLLKTLLDIPA
T209A LSCFSFNQDCTSLATGTKAGYKL IPDVYIAERLFSSSL HTKPRQMNVYHF ICN NILSIRLNRQRLLVCLEESIYTHNIKDMKLLKTLLDIPA
R212A LSCFSFNQDCTSLATGTKAGYKL L TPDVYIAERLFSSSL HTKPRQMNVYHF ICN NILSIRLNRQRLLVCLEESIYTHNIKDMKLLKTLLDIPA
E224A LSCFSFNQDCTSLAIGTKAGYKL L IPDVYIAERLF L HTKPROQMNVYHF ICN NILSIRLNRQRLLVCLEESIYIHNIKDMKLLKTLLDIPA
F225A LSCFSFNQDCTSLAIGTKAGYKL L IPDVYIAERLFSSSL HTKPRQMNVYHF ICN NILSIRLNRQRLLVCLEESIYIHNIKDMKLLKTLLDIPA
R226A MEAEAADAPFGGVESALSCFSFNQDCTSLAIGTKAGYKLFSLSSVEQLDQVHGSNEIPDVYIAERLFSSSLVVVVSHTKPRQM’NVYHFKKGTEICNYSYSSNILSIRLNRQRLLVCLEESIYIHNIKDMI(LLKTLLDIPA
R227A MEAEAADAPPGGVESALSCFSFNQDCTSLAIGTKAGYKLFSLSSVEQLDQVHGSNEIPDVYIAERLF (PROMNVYHFKKGTEICN LSIRLNRQRLLVCLEESIYIHNIKDMKLLKTLLDIPA
R226A/R227A (RR) MEAEAADAPPGGVESALSCFSFNODCTSLAIGTKAGYKLFSLSSVEQLDQVHGSNEIPDVYIAERLF L (PROMNVYHFKKGTEICN N1LSIRLNRQRLLVCLEESIYIHNIKDMKLLKTLLDIPA
G228A MEAEAADAPPGGVESALSCFSFNODCTSLAIGTKAGYKLFSLSSVEQLDQVHGSNEIPDVYIAERLFSSSL PROMNVYHFKKGTEICN NILSIRLNRORLLVCLEESIYIHNIKDMKLLKTLLDIPA
S250A MEAEAADAPPGGVESALSCFSFNODCTSLAIGTKAGYKLFSLSSVEQLDQVHGSNEIPDVYIAERLFSSSL PROMNVYHFKKGTEICN NILSIRLNRORLLVCLEESIYIHNIKDMKLLKTLLDIPA
$251A MEAEAADAPPGGVESALSCFSFNODCTSLAIGTKAGYKLFSLSSVEQLDQVHGSNEIPDVYIAERLFSSSLVVVVSHTKPROMNVYHFKKGTEICNYSYSSNILSIRLNROQRLLVCLEESIYIHNIKDMKLLKTLLDIPA
T255A SCFSF IGTKAGYKLFSLSSVEQLDQVHGSNEIPDVYIAERLFSSSLVVVVSHTKPROMNVYHFKKGTEICNYSYSSNILSIRLNROQRLLVCLEESIYIHNIKDMKLLKTLLDIPA
H257A IGTKAGYKLFSLSSVEQL IPDVYIAERLFSSSLVVVVSHTKPRQMNVYHFKKGTEICNYSYSSNILSIRLNRQRLLVCLEESIYIHNIKDMKLLKTLLDIPA
S$335A MEAEAADAPPGGVESALSCFSFNQDCTSLAIGTKAGYKLFSLSSVEQL IPDVYIAERLFSSSL PRQMNVYHF ICN NILSIRLNRQRLLVCLEESIYIHNIKDMKLLKTLLDIPA
G336a MEAEAADAPPGGVESALSCFSFNODCTSLAIGTKAGYKLFSLSSVEQLI IPDVYIAERLFSSSL HTKPRQMNVYHF ICN NILSIRLNRQRLLVCLEESIYTHNIKDMKLLKTLLDIPA

Propeller blade 4 5 6 loop 6

WIPI-1 1A B |a§ex@llvIRvF svPDGOKLY EFERBMKRY F

N23A NPTGLCALSINHSNSYLAYPGSLTSGEIVL‘{DGNSLKTVCTIAAHEGTLMITFNASGSKLASASEKGTVIRVFSVPDGQKLYEFRRGMKRYVTISSLVFSMDSQFLC 'HIFKLEQVT! TWSGYMGKMF M TNYLPTQVSDMMHQDRAFATARLN
Q24A NPTGLCALSINHSNSYLAYPGSLTSGEIVL‘{DGNSLKTVCTIAAHEGTLMITFNASGSKLASASEKGTVIRVFSVPDGQKLYEFRRGMKRYVTISSLVFSMDSQFLC IFKL] T TWSGYMGKMF M TARLN
D25A NPTGLCALSINHSNSYLAYPGSLTSGEIVLYDGNSLKTVCTIAAHEGTLAAITFNASGSK] IR OKLYEFRRGMKRYVTISSLVFSMDSQFLC: IFKLI T TWSGYMGKMFM, TNYLEL\J TARLN
E64A NPTGLCALSINHSNSYLAYPGSLTSGEIVLYDGNSLKTVCTIAAHEGTLAAITFNASGSKLASASEKGTVIRVFSVPDGQKLYEFRRGMKRYVTISSL FSMDSQFLC, IFKL] TWSGYMGKMFMAATNYLPTOQ' TARLN
R107A NPTGLCALSINHSNSYLAYPGSLTSGEIVLYDGNSLKTVCTIAAHEGTLAAITFNASGSKLA! 'PDGOKLYEFRRGMKRYVTISSLVFSMDSQFLC: IFKL] WSGYMGKMFMAATNYLPTOQ' N
R110A NPTGLCALSINHSNSYLAYPGSLTSGEIVLYDGNSLKTVCTIAAHEGTLAAITFNASGSKLASASEKGTVIRVFSVPDGQKLYEFRRGMKRYVTISSL 'FSMDSQFLC, IFKLEQ" \TNYLPTQ' N
R112A NPTGLCALSINHSNSYLAYPGSLTSGEIVLYDGNSLKTVCTIAAHEGTLAAITFNASGSKLASASEKGTVIRVFSVPDGQKLYEFRRGMKRYVTISSLVFSMDSQFLC IFKLEQ" \TNYLPTQ' N
H185A NPTGLCALSINHSNSYLAYPGSLTSGEIVLYDGNSLl(TVCTIAAIEGTLAAITFNASGSKLASASEKGTVIRVFSVPDGQKLYEFRRGMKRYVTISSL FSMDSQFLC, IFKLEQ" TNYLPTQ' N
G198a NPTGLCALS INHSNSYLAYPGSLTSGEIVLYDGNSLKTVCTIAAHEGTLAATTFNASHSKL TRVFSVPDGQKLYEFRRGMKRYVTTSSLVFSMDSQFLC: HIFKLEQ TNYLPTQV! N
5203A NPTGLCALSINHSNSYLAYPGSLTSGEIVLYDGNSLKTVCTIAAHEGTLAAITFNASGSKLAR, TRVFSVPDGQKLYEFRRGMKRYVTISSLVFSMDSQFLC. HIFKLEQ TNYLPTOVS ATARLN
S205A NPTGLCALSINHSNSYLAYPGSLTSGEIVLYDGNSLKTVCTIAAHEGTLAAITFNASGSKI J.r\ 'FSVPI JKI 'RRGMKRYVTISSLVFSMDSQFLC. HIFKLEQ! \TNYLPTQV! ATARLN
G208A NPTGLCALSINHSNSYLAYPGSLTSGEIVLYDGNSLKTVCTIAAHEGTLAAITFNASGSKI DKL 'RRGMKRYVTISSLVFSMDSQFLC. HIFKLEQ! \TNYLPTQVSDMMH( N
T209A NPTGLCALSINHSNSYLAYPGSLTSGEIVLYDGNSLKTVCTIAAHEGTLAAITFNBSGSKLASASEKE‘VIRVFSVPDGQKLYEFRRGMKRYVTISSLVFSMDSQFLC HIFKLEQVT! TWSGYMGKMFMAATNYLPTQVSDMMHQDRAFATARLN
R212A NPTGLCALSINHSNSYLAYPGSLTSGEIVL‘{DGNSLKTVCTIAAHEGTLAAITFNASGSKLASASEKGTVI.VFSVPDGQKLYEFRRGMKRYVTISSLVFSMDSQFLC HIFKLEQVT! TWSGYMGKMFMAATNYLPTQVSDMMHODRAFATARLN
E224A NPTGLCALSINHSNSYLAYPGSLTSGEIVL‘{DGNSLKTVCTIAAHEGTLMITFNASGSKLA IRVFSVP! DKL 'RRGMKRYVTISSLVFSMDSQFLC. 'HIFKLEQVT! TWSGYMGKMFMAATNYLPTQVSDMMHODRAFATARLN
F225A NPTGLCALSINHSNSYLAYPGSLTSGEIVLYDGNSLKTVCTL. AAH 'FNASGSKLA. IRVFSVPDGOKI RYVTISSLVFSMDSQFLC: IFKLI TWSGYMGKMFMAATNYLPTOQ' TARLN
R226A NPTGLCALSINHSNSYLAYPGSLTSGEIVLYDGNSLKTVCTIAAH] 'FNASGSKI 'PDGQKL RYVTI; FSMDSQFLC; IFKL] WSGYMGKMFMAATNYLPTOQ' TARLN
R227A NPTGLCALSINHSNSYLAYPGSLTSGEIVLYDGNSLKTVCTIAAHEGTLAAITFNASGSKLASASEKGTVIRVFSVPDGQKLYEF {GMKRYVTISSLVFSMDSQFLC: IFKI 'MAATNYLPTQ' N
R226A/R227A (RR) NPTGLCALSINHSNSYLAYPGSLTSGEIVLYDGNSLKTVCT: ' TLAAITFNASGSKLASA. TVIRVFSVPD( JGMKRYVTISSLVFSMDSQFLC: IFKLEQ! 'MAATNYLPTQ' N
G228A NPTGLCALSINHSNSYLAYPGSLTSGEIVLYDGNSLKTVCTIAAHEGTLAAITFNASGSKLASASEKGTVIRVFSVPDGQKLYEFR IKRYVTISSLVFSMDSQFLC. IFKLEQ" \TNYLPTQ' N
5250 NPTGLCALS INHSNSYLAYPGSLTSGEIVLYDGNSLKTVCTIAAHEGTLAAITFNASG: TRVFSVPDGQKLYEFRRGMKRYVTTSSLVFSMDSQFLC: HIFKLEQ TNYLPTQV! N
S251A NPTGLCALSINHSNSYLAYPGSLTS uTvLYDGNSLKTV&"M HEGTLAATTFNASGSKL TRVFSVPDGQKLYEFRRGMKRYVTISSLVFSMDSQFLC. HIFKLEQ TNYLPTOVS ATARLN
T255A NPTGLCALSINHSNSYLAY] DGNSLKTVCTIAAHEGTLAAITFNASGSKI IRVF yul;g.\j_‘ EFRRGMKRYVTISSLVFSMDSQFLC. IFKLEQ? \TNYLPTQV! ATARLN
H257A NPTGLC}\LSINHSNSYLI\YPGSLTSGEIVL‘[DGNSLKTVCTT HEGTLAAITFNASGSK] 'RRGMKRYVTISSLVFSMDSQFLC: BIFKLEQ \TNYLPTQV! ATARLN
S§335A NPTGLCALSINHSNSYLAYPGSLTSGHIVL‘IDGNSLKTVCTIAAHEGTLAAITFNASGSKLASASEKGTVIRVFSVPDGQKLYEFRRGMKRYVTISSLVFSMDSQFT Ci HIFKLEQ? 'ATARLN
G336A NPTGLCALSINHSNSYLAYPGSLTSGEIVLYDGNSLKTVCTIAAHEGTLAAITFNASGSKLASASEKGTVIRVFSVPDGQKLYEFRRGMKRYVTISSLVFSMDSQFLC: HIFKLEQVT! TWSGYMGKMFMAATNYLPTQVSDMMHODRAFATARLN
Propeller blade 7

WIPI-1 FSGORN STIQKLPRL IKTHSL RPSL T PPII

N23A FSGORNICTLSTIQKLPRLL MYNLDPQDGGECVLIKTHSL RPSLPQSYAAT P RGEVIPEHEFATGPVCL PPIILC! 446 aa

Q24A FSGQRNICTLSTIQKLPRLL MYNLDPQDGGECVLIKTHSLL RPSLPQSYAAT P RGEVIPEHEFATGPVCLDDENEFPPIILCRGNQKGKTKQS

D25A FSGQRNICTLSTIQKLPRLL MYNLDPQDGGECVLIKTHSLL RPSLPQSYAAT P RGEVIPEHEFATGPVCLDDENEFPPIILCRGNQKGKTKQS

E64A FSGQRNICTLSTIQKLPRLL MYNLDPQDGGECVLIKTHSLL RPSLPQSYAAT P RGEVIPEHEFATGPVCLDDENEFPPIILCRGNQKGKTKQS

R107A FSGQRNICTLSTIQKLPRLLVASSSGHLYMYNLDPQDGGECVLIKTHSLLY T RPSLPQSYAAT TVPG® DGGALRGEVIPEHEFATGPVCLDDENEFPPIILCRGNQKGKTKQS

R110A FSGQRNICTLSTIQKLPRLLVASSSGHLYMYNLDFQDGGECVLIKTHSLL T RPSLPQSYAAT TVP( LRGEVIPEHEFATGPVCLDDENEFPPIILCRGNQKGKTKQS

R112A FSGORNICTLSTIQKLPRLI ,YMYNLDPQDGGEC KTHSLL T ENDLRPSLPQSYAAT TVP( LRGEVIPEHEFATGPVCLDDENEFPPIILCRGNQKGKTKQOS

H185A FSGQRNICTLSTIQKLPRL\' M ENDLRPSLPQSYAAT TVP( LRGEVIPEHEFATGPVCLDDENEFPPIILCRGNQKGKTKQS

G198A FSGORNICTLSTIQKLPRLL M ENDLRPSLPQSYAA" TVP( LRGEVIPEHEF TGPVCL 'PPIILC] KO

$203A FSGORNICTLSTIQKLPRLL M ENDLRPSLPQSY: TVP( GEVIP] P

5205a FSGORNICTLSTIOKLPRLL M ENDLRPSLPQSY: P RGEVIPEHEFATGPVCLDDENEFPPIILCRGNQKGKTKQS

G208A FSGORNICTLSTIQKLPRLL 'MYNLDPQDGGECVLIKTHSL RPSLPQSY; P RGEVIPEHEFATGPVCL! 'PPIILC:

T209A FSGQORNICTLSTIQKLPRLL MYNLDPQDGGECVLIKTHSL RPSLPQSYAAT P RGEVIPEHEFATGPVCLI PPIILC

R212A FSGORNICTLSTIQKLPRLL! MYNLDPQDGGECVLTKTHSL RPSLPQSYAAT P RGEVIPEHEFATGPVCL) PPITLC

E224A FSGQRNICTLSTIQKLPRLL MYNLDPQDGGECVLIKTHSL RPSLPQSYAAT P RGEVIPEHEFATGPVCLI

F225A FSGQRNICTLSTIQKLPRLL MYNLDPQDGGECVLIKTHSL RPSLPQSYAAT P RGEVIPEHEFATGPVCLDDENEFPPIILCRGNQKGKTKQS

R226A FSGQRNICTLSTIQKLPRLLVASSSGHLYMYNLDPQDGGECVLIKTHSLLY T RPSLPQSYAAT TVPG® DGGALRGEVIPEHEFATGPVCLDDENEFPPIILCRGNQKGKTKQS

R227A FSGQRNICTLSTIQKLPRLLVASSSGHLYMYNLDPQDGGECVLIKTHSLLY T RPSLPQSYAAT TVPG® DGGALRGEVIPEHEFATGPVCLDDENEFPPIILCRGNQKGKTKQS

R226A/R227A (RR) FSGORNICTLSTIQKLPRLLVASSSGHLYMYNLDPODGGECVLIKTHSLL( T RPSLPQSYAAT TVP( \LRGE irnnnrnTGPVCLDDENEFPFIILCRGNQKGKTKQS

G228A FSGQRNICTLSTIQKLPRLLVASSSGHLYMYNLDFQDGGECVLIKTHSLL T .RPSLPQSYAAT TVP( LRGEVIPEHEFATGPVCLDDENEFPPIILCRGNQKGKTKQS

S250A FSGORNICTLSTIQKLPRLI MYNLDPQDGGECVLIK' LL T RPSLPQSYAAT T YP{‘F‘VIFEHEFATGPV T“nWNWF‘PFIILCRGNQKGKTKQS

S251A FSGQRNICTLSTIQKLPRLT MYNLDPQDGGECVLIKTHSLL ENDLRPSLPQSY: TVP( IPEHEF P

T255A FSGORNICTLSTIQKLPRLL MYNLDPQDGGECVLIKTHSLL ENDLRPSLPQSY. P RGEVIPEHEFATGPVCLDDENEFPPIILCRGNQKGKTKQS

H257A FSGQORNICTLSTIQKLPRLL 'MYNLDPQDGGECVLIKTHSLL ENDLRPSLPQSY: P RGEVIPEHEFATGPVCLDDENEFPPIILCRGNQKGKTKOS

S335A FSGORNICTLSTIQKLPRLL MYNLDPODGGECVLIKTHSLL RPSLPQSY. B RGEVIPEHEFATGP' PPIILCI

G336A FSGQRNICTLSTIQKLPRLL MYNLDPQDGGECVLIKTHSL RPSLPQSY. g2l RGEVIPEHEFATGP' PPIILCI

Alanin substitutions of homologous amino acids (in yellow)




