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Table S1  List of oligonucleotide primers

Primer name

5’- sequence-3’

Fw-inv-ABCD4-HA

Rv-inv-ABCD4-HA

Fw-D1-TM1
Rv-D1-TM1
Fw-D1-TM2
Rv-D1-TM2
Fw-D1-TM3
Rv-D1-TM3
Fw-D1-TM4
Rv-D1-TM4
Fw-D1-TM5
Rv-D1-TM5
Fw-D1-TM6
Rv-D1-TM6
Fw-D4-invTM1
Rv-D4-invTM1
Fw-D4-invTM2
Rv-D4-invTM2
Fw-D4-invTM3
Rv-D4-invTM3
Fw-D4-invTM4
Rv-D4-invTM4
Fw-D4-invTM5
Rv-D4-invTM5
Fw-D4-invTM6
Rv-D4-invTM6
Fw-LMBD1-Kpn
Rv-LMBD1-Xho
Fw-LMBD- Cla
Rv-LMBD- Cla
Fw-LMBD1-del1405G
Rv-LMBD1-del1405G
Fw-LMBD1-del848-851
Rv-LMBD1-del848-851
Fw-mutLMBD1-GFP
Rv-mutLMBD1-D469fs
Rv-mutLMBD1-K281fs
Fw-LMBD1-233AAAA

CAGACTACGCTGGTTACCCGTACGATGTACCAGACTACGCTTGACTC

GAGTCTAGAGGGCCCGTTTAAAC

GTACATCGTACGGGTAACCAGCGTAGTCTGGTACATCGTACGGGTAT

TCCACTTTGAT TCTCATCAGCTC
CGGTTCCTGTGGCTCCTGCGGCTGCTGTTC
GTCTTTGTTGACGATGCAGCGGGCCAGCC
AACAAAGACCCGCGGGCCTTTGGCTGGCAG
GTAGAGGCGGTAGGCGTGGGCCACCAGACG
CCGGACCAGTCTCTGACGGAGGACGTGG
GCACTGGTAGGAAGTCACAGCCACGTCCAG
GACCGTGGTGCTGCGGGCCTTCTCGCC
GTAGAAAGCGATCTCCTCCGAGTTGGCCAC
CATGTGGAGCTGGCCCTGCTACAGCGCTCC
GGGGATTGCCACCATGAGCAGGCCCGAG
CCCGCAGAGCGCACAGAAGCCTTCACTATTGCCC
GTAGCCAGCCAGCTCCGTCACCTCCTTGTACGAC
CTGCATCGTCAACAAAGACTTGGAAGGGTTTAAGACTC
CAGGAGCCACAGGAACCGCTGGAGAAATTG
CACGCCTACCGCCTCTACTTCCGGGGCC
GGCCCGCGGGTCTTTGTTTCCCAGGACC
GTGACTTCCTACCAGTGCTTCCAAAGCACAGGC
CGTCAGAGACTGGTCCGGGTTATCGATGTC
GAGGAGATCGCTTTCTACAGAGCTGGGCATGTGG
GGCCCGCAGCACCACGGTCCCCAGGATG
CTCATGGTGGCAATCCCCATTTTCAGCGGG
GGGCCAGCTCCACATGCCCAGCTCTGTAG
CGGAGCTGGCTGGCTACACGCACAGAATTG
CTTCTGTGCGCTCTGCGGGACTCAGGTCTC
CTGGTACCATGGCGACTTCTGGCG
GCATCTCGAGTCAAGCAGAATAGACAGAGG
GATGACCTCGAGTCTAGAGGGCC
GATAGCAGAATAGACAGAGGGCTCATCATC
ATGCTCCTGAAGATCAGTGTACTGTTACC
TGCATCACATCTCTTTGGCACAGAAAGG
GCATTTAGAATTCATTGAAAACAGCTGGTGG
CTCTCTTCTTAAGTGTTCGTAACCTTTCTTC
ATCGATATGGTGAGCAAGGGCGAGGAGC
AAAATACCCCAAGAAAGGCCCAGTTACCAAAATAG
AATGCCTCTCTTCTTAAGTGTTCGTAACCTTTCTTC
CAGCTGCGGAAAACACTGAAGACATTGAAG



Rv-LMBD1-233AAAA
Fw-LMBD1-294AAAA
Rv-LMBD1-294AAAA
Fw-GFP- Cla
Rv-GFP- Cla

CAGCAGCAGCGCTTCTAGTGCCTTTTATC
CTTGTGGCGCTCTGCGTCCCCTGAAGATC
CTGCTGCCGCCCAGCTGTTTTCAATGAATTCTAAATGC
ATCGATATGGTGAGCAAGGGCGAGG
ATCGATTTACTTGTACAGCTCGTCCATGCC




Supplementary Figure Legends

Supplementary Figure 1 - Stable expression of LMBD1-GFP in CHO cells. PNS
was prepared from CHO cells with or without the expression of LMBD1-GFP.
LMBD1-GFP was detected by immunoblot analysis using an anti-GFP antibody.

Supplementary Figure 2 - Interaction between ABCD4 and LMBD1. ABCD4-HA
constructs were transfected to CHO cells with or without the expression of
LMBD1-GFP. Cell homogenates from the cells were treated with 1% digitonin and
subjected to immunoprecipitation using an anti-GFP antibody. Co-precipitate proteins

were analyzed by SDS-PAGE followed by immunoblotting using an anti-HA antibody.

Supplementary Figure 3 - Interaction between ABCD4-HA and ABCD4-His.
ABCDA4-His constructs were transfected to HUH7 cells with or without the expression
of ABCD4-HA. Cell homogenates from the cells were treated with 1% digitonin and
subjected to immunoprecipitation using an anti-HA antibody. Co-precipitated proteins

were analyzed by SDS-PAGE followed by immunoblotting using an anti-His antibody.

Supplementary Figure 4 - Amino acid sequence alignment of ABCD4, ABCD1 and
CmABCBL. Each of the shaded sequences was exchanged between ABCD4 and
ABCD1.

Supplementary Figure 5 - Subcellular localization of LMBD1(K281fs)-GFP in
HEK?293 cells. The distribution of LMBD1(K281fs)-GFP was compared with that of

ER or lysosomes labeled with anti-KDEL and anti-LAMP1, respectively. Bar, 20 um.

Supplementary Figure 6 - Subcellular localization of ABCD4-HA in HEK293 cells



expressing mutant LMBD1-GFP. The distribution of ABCD4-HA and
LMBD1(295WTKF/AAAA)-GFP was compared with that of lysosomes stained with
anti-LAMP1. Bar, 20 pm.

Supplementary Figure 7 - Construction of LMBRD1 knockout cells. (A) Sequence
analysis of HEK293 cells injected with PX459-Imbrd1 targeting LMBRD1 gene. The
PCR products were analyzed by direct sequencing to identify mutations in LMBRDL.
(B) PNS was prepared from wild type and LMBRD1 knockout cells. LMBD1 was
detected by immunoblot analysis using an anti-LMBD1 antibody (left) and an
anti-Actin antibody (right). (C) Detection of endogenous ABCD4 in HEK293 cells.
PNS (1.5 mg) from the wild type or LMBRD1 knockout cells was concentrated by
Na,COs treatment. PNS (10 pg) of CHO cells expressing ABCD4 was used as the
positive control. Endogenous ABCD4 was detected by immunoblot analysis using an

anti-ABCD4 antibody. The asterisk indicates a non-specific signal.
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CrBCB1 MNAHAAQSFETANYSSVGENHRERTLSSS | YETDPVSPDTAVSSEATAFQESFPSLKLKEKDTPNRRWWRFWARPSAAGEDPEAGDPKKAAKASGPESAY 100

HsABCD1 MPVLSRPRPWRGNTLKRTAVLL ALAA YGAHKVYPLVRQCLAPARGLQAPAGEPTQEASGY —————~ AAAKAGMNRVF-——LQ 73
HsABCD4 MAVAGPAPGAGARP RLDLQF-———LQ 22

[ ™2 ]
CmhBCB1 TTGVTARR [FALAWSSSATMIV I GF IAS ILEGATLPAFAIV-FGRMFQVFTKSKSQ I EGETWKYSVGFVGI GVFEF | VAGSRTALFG I ASERLARDLRVA 199
HsABCD1 RLLWLLRLLFPRVLCRETGLLALHSAALVSRTFLSVYVARLDGRLARC | VRKDPRAFGWQLLQWLL | ALPATFVNSA IRYLEGQLALSFRSRLVAHAYRL 173
HsABCD4 RFLQILKVLFPSWSSQNALMFLTLLCLTLLEQFV IYQVGL IPSQYYGVLGNKDLEGFKTLTFLAVML I VLNSTLKSFDQFTCNLLYVSWRKDLTEHLHRL 122

chimera 1 chimera 2

1 [ T™3 ] [ T™M4 ]
CmABCB1 AFSNLVEQDVTYFDRRK————-——, AGEL GGKLNNDVQV | QYSFSKLGAVLFNLAQCVVG | | VAF IFAPALTGVL | ALSPLVVLAGAAQMIEMSGNTKRSS 292
HsABCD1 YFSQQTYYRVSNMDGRLRNPDQSL TEDVVAFAASVAHLYSNLTKPLLDVAVTSY TLLRAARSRGAGTAWPSA | AGLVVFLTANVLRAFSPKFGELVAEEA 273
HsABCD4 YFRGRAYYTLNVLRDD | DNPDQR | SQDVERFCRQLSSMASKL | I SPETLVYYTYQCFQSTGWL GP—————- VSIFGYF ILGTVVNKTLMGP I VMKLVHQE 216

chimera 3 chimera 4

[ T™5 | |
CrABCB1 EAYASAGSVAAEVFSN IRTTKAFEAERYETQRYGSKLDPLYRLGRRRY | SDGLFFGLS————- MLV IFCVYALALWWGGQL | ARGSLNL——————————~ 376
HsABCD1 RRKGELRYMHSRVVANSEE | AFYGGHEVELALLQRSYQDLASQ INL [ LLERLWYVMLEQFLMKYVWSASGLLMVAVP | | TATGYSESDAEAVKKAALEKK 373
HsABCD4 KLEGDFRFKHMQ | RVNAEPAAF YRAGHVEHMRTDRRLQRLLQTQRELMSKELWLY | G I-NTFDYLGS ILSYVVIAIPIFSGVY———————————————— 298

chimera 5
[ TM6 |
CrABCB1 GNLLTAFFSA|LGFMGVGQAAQVWPDVTRGLGAG——~——~~——~ GELFAMIDRVPQYRRPDPGAEVVTQPLVLK 440
HsABCD1 EEELVSERTEAFT ARNLL TAAADA |ER IMSSYKEVTEL AGYTARVHEMFQVFEDVQRCHFKRPRELEDAQAGSGT | GRSGVR--VEGPLK IRGQVVDVE 471
HsABCD4 GDLSPAELSTLVSKNAFVCIYL | SCFTQL IDLSTTLSDVAGYTHR | GALRETLLDMSLKSQDCE————~~———~ | LGE-—SEW--GLDTPPGWPAAEPAD 384
chimera 6
CrABCB1 QGIVFENVHFRYPTRMNVEVLRGISLT IPNGKTVAIVGGSGAGKST I | QLLMRFYD | EPQGGGLLLFDGTPAWNYDFHALRSQ | GLVSQEPVLFSGTIRD 540
HsABCD1 QGI ICENIPIVTPSG--EVVVASLN IRVEEGMHLL | TGPNGCGKSSLFR I LGG-—-LWPTYGGVLYKPPPQ-——————~———~ RMFY IPQRPYMSVGSLRD 555
HsABCD4 TAFLLERVS I SAPSS-DKPL IKDLSLK | SEGQSLL | TGNTGTGKTSLLRVLGG-—-LWTSTRGSVAMLTDF————-——~ GPHGVLFLPQKPFFTDGTLRE 472
Walker A
CmABCB1 NILYGK—————— RDATDEEV | QALREANAY SFYMALPDGLDTEVGERGLALSGGQKQR I ATARA | LKHPTLLCLDESTSALDAESEALVQEALDRMMAS 633
HsABCD1 QV1YPDSVEDMQRKGYSEQDLEA | LDVVHLHH | LQREGGW-—EAMCDWKDVLSGGEKQR | GMARMFYHRPKYALLDECTSAVS | DVEGK————IFQAAKD 649
HsABCD4 QVIYPLKEVYPDSGSADDER | LRFLELAGLSNLVARTEGLDQQVDWNWYDVLSPGEMQRL SFARLFYLQPKYAVLDEATSALTEEVESE-——-LYRIGQQ 568
Walker B

CrABCB1 DGVTSVV I AHRLSTVARADL I LVMQDGVVVEQGNHSELMALGPSGFYYQLVEKQLASGDMSAA 696
HsABCD1 AGIALLS | THRPSLWKYHTHLLQFDGEG————GWKFEKLDSAA--RLSLTEEKQRLEQQLAG | PKMQRRLQELCQ | LGEAVAPAHVPAPSPQGPGGLQGA 743
HsABCD4 LGMTF | SVGHRQSLEKFHSLVLKLCGGG-———RWELMR IKVE 606
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LMBD1-GFP a-LAMP1 Merge
K281fs

LMBD1-GFP a-KDEL Merge
K281fs
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ABCD4-HA  LMBD1-GFP a-LAMP1 Merge

295WTKF/AAAA
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wild TGGATATATGTTCGTAAATACCAAAGTCGGCGGGAAAGTGAAGTTGTCTC
knockout TGGATATATGTTCGTAAAT-CC———— GCGGGAAAGATAAGGTGTCTC
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