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Supplementary Figures

Passport sequence

Human 881- SWMKLLAHKVGRHLSQDTGSPSGMRPWED-LPSQDTGSPSRMRPWKDPPEDLLL-—--- 1| 934
Pig 882- SQMEFPAHKTGRHISQDNSSSSSM--------—————————— GPLEDLSEDLLL----- L| 918
Bovin 885- SQTRFPAHKTRTRLSQDNSSSSRM-----—--—————————— GPWEDIPSDLLL----- Ll -923
Mouse  879- SWMKAPAGKTGRHSNPKNSY-SGM-----————————————— KSEEDIPBELIP-----— L| 914
Frog 856- IIMEG---NLTTDKNRDLSYDSYENEADKNIYSE--EDKAKMIT-EQNTSNLLAESKPQL -909
Chicken 937- SQSDYA--———---—- VDH-—-SNM—————— === ———— e -948
Zebrafish 861- K---—--—--—- TTEHINSSL---ERI----NAIYSPITET--——--————- NINTMTET---- -891
Human  935- [KOSNSSKILVGRWHLASEKGSY-EIIQDTDEDTAVNN---—- WLISPONASR--AWGEST -986
Pig 919- |ERKPPST-INGKWHLVSEKGSY-EIVQDADEDMAVNK-———~ LPNNPQNASR--SWGENI -969
Bovin 922- |QQKDPYKILNGEWHLVSEKGSY-EIIQDANENKTVNK-———- LPNSPONDSR--TWGENI -973
Mouse  915- |KQK[ITSKELNRRWRVASEKGSY-EIIAANGEDTDVDK--——— LTNSPQNQNITVPRGEST -968
Frog 910- SNTEKSHFIKEDLSHSINKTEY-YLVTTYDNDT-—--—-———————-— ONS—————————— 944
Chicken 949- ————————- SGGEHLLSNGE-A--HVKDAEE-—————=———————————m—mm 967

Zebrafish 892- - ———————-— HTDFSITPFDGSTGEMNFTLEDDTALLNSSESEPLQSNQNSENRIAF———— -938

Passport sequence

Human 778- TDPWEAHRTPMPKIQNVSS--—-—=-—====—- SDLLMLLRQ-SPTPHGLSLSDLQEAKYE -833
Bovin 779- IDPQSGEKMOLLTEQSVSS-——-—————--—- SDLLMLLGQ-NPTPHRLSLSDLQETRNE -824
Mouse 788- TEPQFEEIAEMLKVQSVSV-----—-—-—-— SDMLMLLGQSHPTPHGLFLSDGQEAIYE -834
Pig 787- LDPQSGERTQALEELSVPS-—--———-———-——- GDGSMLLGQ-NPAPHGSSSSDLQEARNE -832
Chicken 778 —————- TRKPALCLTESSHRALPHNGTNPGPSSNGTSAF-PGSPHPDDVSTSSLPETYYD -830
Frog 722- e VUNIKQ--—-—-——————mmmm e o RGTKEKEAL-—--——-————-- -735
Zebrafish  486- -———————- AIRVC----RNRTVTDSG----——=————=—~ SNTRHNETLNRSRVCEIRYV -519
Human 834- TESDDPSPGAIDSNNSLSEMTHFRPQLHHSGDMVETPESGLQOLRLNEKLGTTAATELKKL -893
Bovin 825- ATDHLPGPTERIKGPSPSEVAHLRPELHHSGERVETQEPELPVRLNENLGTTIMAELNKL -884
Mouse 835- AIHDDHSPNAIDSNEGPSKVTQLRPESHHSEKIVETPQPGLQLRSNKSLETTIEVKWKKL -894
Pig 833- ADDYL--PGARERNTAPSAAARLRPELHHSAERVLTPEPEK--————-——————— ELKKL -876
Chicken 831- PVSYESF--—-————————— o mm oo LADEEELSKTISQDQGAGALPSGKHI -863
Frog 736 ————— e ESKNL -740
Zebraf‘ Ssh  520- PVKEE-—————————— e -524

Supplementary Fig. 1. Multiple alignments of the MCFD2-binding motif sequences on FV
and FVIII sequences. The FV and FVIII sequences were aligned with sequences from
TrEMBL databases using ClustalW. Hydrophobic residues are shaded in blue. The MCFD2-
binding motif sequences are boxed in red. The amino acid sequences annotated in the UniProt
database (P12259, Q9GLP1, Q28107, Q88783, K9J7M8, AOA1D5P5L2, Q90X47,
P00451,G5E5W1, Q06194, P12263, FINPT2, AOA1L8F225, and AOAOR4INL6) are presented.
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Supplementary Fig. 2. ERGIC-53-like protein, ERGL. (A) ERGL was expressed in HCT116
cells. The mRNA expression of ERGIC-53 and ERGL in HCT116 was analyzed by RT-PCR.

Consistent data were obtained from three independent experiments. (B) Sequence alignments of

ERGIC-53 and ERGL. Sequences were aligned using Clustal Omega

(https://www.ebi.ac.uk/Tools/msa/clustalo/). Conserved residues are shaded in yellow. The

residues involved in the MCFD2-binding site of ERGIC-53 are shown in red. The amino acid

sequences annotated in the UniProt database (P49257 and Q9HAT1) are presented.
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Supplementary Fig. 3. NMR characterization of the interaction of MCFD2 and FV-derived
peptide depending on the ERGL-derived peptide. (A) 'H-""N HSQC spectra of ["N]MCFD2
with five molar equivalents of the ERGL-derived peptide (RRFEYKLSFKGPR) in the presence
(red) and absence (black) of two molar equivalents of the FV peptide
(DPPSDLLLLKQSNSSKILVGRWHLASEK) (left). (B) "H-""N HSQC spectra of ['’N]MCFD2
in the presence (green) and absence (black) of two molar equivalents of the FV peptide. The
synthetic FV-derived peptide was purchased from FASMAC, and dissolved in 100% dimethyl
sulfoxide-d6 (DMSO-d6). Proteins were dissolved in 20 mM MES (pH 6.0) containing 10 mM
CaCl,, 150 mM NaCl, 2% (v/v) DMSO-d6, and 10% (v/v) D>,O. NMR spectra were acquired at
303 K. (C) NMR chemical shift changes observed for MCFD?2 in the presence (upper) and
absence (lower) of the ERGL-derived peptide upon addition of the FV-derived peptide. In the
NMR perturbation profiles, definition of asterisks, “P”, and chemical shift changes are the same

as those in Figure 2.
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Supplementary Fig. 4. Tagging with the SDLLMLLRQS motif caused increased secretion
of sFyRIII and al-antitrypsin (AAT) from HCT116 cells. (A) The secretion level of sFyRIII
with or without the C-terminal SDLLMLLRQS motif (sFyRIII-C-motif) was measured in the
culture medium using an enzyme-linked immunosorbent assay (ELISA). Error bars represent the
standard error of the mean (S.E.M.) (n = 9 independent transfections). Significant differences were
calculated compared with control sFyRIII expression levels using two-tailed unpaired Student’s #-
test (* p <0.01). (B) The secretion level of AAT with or without the C-terminal SDLLMLLRQS
motif (AAT-motif) was measured in the culture medium using the ELISA. Error bars represent the
standard error of the mean (S.E.M.) (n =3 independent transfections). Significant differences were
calculated compared with control AAT expression levels using two-tailed unpaired Student’s #-test

(ns p >0.05).
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Supplementary Fig. 5. Tagging with the SDLLMLLRQS motif caused increased secretion of
EPO from Expi293 and HEK293 cells. Expression levels of EPO proteins with or without the
C-terminal SDLLMLLRQS motif were analyzed by Western blotting with anti-Flag antibody.

Consistent data were obtained from two independent experiments.
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Supplementary Fig. 6. Effect of amino acid substitution in the passport sequence on its
interaction with MCFD2. (A, B) '"H-'"°N HSQC spectra of ['"N]MCFD2 in the absence (black)
or presence of (A) the FVIII-derived peptide (SDLLMLLRQS, red) or (B) its alanine-substituted
peptide (SDAAAAARQS, green) at an equivalent molar ratio. The close views of spectral regions

(boxed) are displayed at the right. These experiments were performed in the presence of fivefold



molar excess of the ERGIC-53“®P-derived peptide. The synthetic FVIII-derived peptide and its
alanine-substituted peptide were purchased from Toray Research Center, Inc., and dissolved in
100% DMSO-d6. Proteins were dissolved in 20 mM MES (pH 6.0) containing 10 mM CaCl,,
150 mM NaCl, 9.75% (v/v) dimethyl sulfoxide, 0.25% (v/v) DMSO-d6, and 10% (v/v) D,O.
NMR spectra were acquired at 303 K. (C) NMR chemical shift changes observed for MCFD2 in
the presence of the ERGIC-53“*"-derived peptide upon addition of the FVIII-derived peptide
(upper) or its alanine-substituted peptide (lower). In the NMR perturbation profiles, definitions of

asterisks, “P”, and chemical shift change are the same as those in Figure 2.
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Supplementary Fig. 7. The replacement of the leucine cluster of FVIII and FV resulted in
significant reduction in the secretion level. (A) Replacement of the LLMLL motif with AAAAA
caused a reduction in the secretion of FVIII from HCT116 cells. Wild-type FVIII and its motif-
substituted mutant (FVIII-Ala5) were expressed in HCT116 cells. (B) Replacement of the LLLL
motif with AAAA caused a reduction in the secretion of FV from COS-7 cells. Wild-type FV and its
motif-substituted mutant (FV-Ala4) were expressed in COS-7 cells. The secretion levels of FVIII
and FV antigens in the culture medium were determined using a commercial sandwich ELISA. Error
bars represent the S.E.M. (n =3 independent transfections). Significant differences were calculated
compared with the wild-type FVIII or wild-type FV expression levels using two-tailed unpaired
Student’s #-test (* p < 0.05).



ATG TGA
A Ex1 Ex2 Ex3 Ex4 Ex5 Ex6 Ex7 Ex8 Ex9Ex10Ex11 Ex12 | Ex13

E; 5 CCCCGCGGTCGCGTTGCCACATCGCCGTTTCGAGTACAAATACAGCTTCAAG-3

3- GGGGCGCCAGCGCAACE:ﬂgTAGCGGCAAAGCTCATGTTTATGTCGAAGTTC 5

PAM
5-CCCCGCGGTCGC———mmm———— CGCCGTTTCGAGTACAAATACAGCTTCAAG-3 Allele 1 (10 bp deletion)
5-CCCCGCGGTCGC-————————————— GTTTCGAGTACAAATACAGCTTCAAG-3 Allele 2 (14 bp deletion)
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Supplementary Fig. 8. Editing of LMANI gene by the CRISPR/Cas9 system. (A) Schematic
representation of the genomic target sites in the LMANI gene. Exons, indicated by rectangles, are
numbered from Ex1 to Ex13. The coding portions of the gene are shaded. The open portions of
exons 1 and 13 represent the 5’ UTR and 3’ UTR, respectively. (B) Genotyping results of ERGIC-
53 KO cell. Sequence analysis confirmed LMANI mutations, with 10- and 14-ucleotide deletions
in allele 1 and allele 2, respectively. Blue line shows the sequence of gRNAs; protospacer adjacent
motifs (PAM) are labeled in red; -, nucleotide deletion. (C) ERGIC-53 protein expression level
in wild-type (WT) and ERGIC-53 KO cells (AERGIC-53) were analyzed by Western blotting
with anti-ERGIC-53 (black arrow) and anti-B-actin antibodies (white arrow). Consistent data were

obtained from two independent experiments.



A ATG TGA
Ex1 Ex2 Ex3 Ex4 Ex5

B 5-GCAGCCAGCTTCTCCCAACCCGGCAGCATGGGCCTGGATAAGAACACAGTG-3

3-CGTCGGTCGAAGAGGGITGEGCCGTCGTACCCGGACCTATTCTTGTGTCAC-5

PAM
5-GCAGCCAGCTTCTCCCAAC--GGCAGCATGGGCCTGGATAAGAACACAGTG-3 Allele 1 (2 bp deletion)

5-GCAGCCAGCTTCTCCCAAC————— AGCATGGGCCTGGATAAGAACACAGTG-3 Allele 2 (5 bp deletion)

Q' Q'
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Supplementary Fig. 9. Editing at MCFD2 gene by the CRISPR/Cas9 system. (A) Schematic
representation of the genomic target sites in the MCFD2 gene. Exons, indicated by rectangles, are
numbered from Ex1 to Ex5. The coding portions of the gene are shaded. The open portions of
exons 3 and 5 represent the 5’ UTR and 3’ UTR, respectively. (B) Genotyping results of MCFD2
KO cell. Sequence analysis confirmed the MCFDZ2 mutations, with 2- and 5-nucleotide deletions
in allele 1 and allele 2, respectively. Blue line shows the sequence of gRNAs; protospacer adjacent
motifs (PAM) are labeled in red; -, nucleotide deletion. (C) MCFD2 protein expression level in
wild-type (WT) and MCFD2 KO cells (AMCFD2) were analyzed by Western blotting with anti-
MCEFD?2 (black arrow) and anti-B-actin antibodies (white arrow). Consistent data were obtained

from two independent experiments.
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ATG TGA

A Ex1 Ex2 Ex3Exd ExSEx6EX7 ExB Ex9 EX10Ex1l  Ex13  |Ex1d
___________________________ Ex12
s Y
5-CACAGCCCTGAGACGGGGTGTCCTCCTCTACGCAGGTTTGAGTACAAGCTCAGCTTCAAAGGCCCARGGE TGGCATTGCCTGGGGC-3
5-GTGTCGGGACTCTGCCCCACAGGHGGAGATGCGTCCAAACTCATGTTCGAGTCGAAGT TTCCGGGTTCCGACCGTAACGGACCCCG-3
PAM
5-CCCCGCGGTCGCm=mmmmmmmm CGCCGTTTCGAGTACAAATACAGCTTCAAG-3 Allele 1 (10 bp deletion)
5=CCCCGCGGTCGCmmmmmmmmm GTTTCGAGTACAAATACAGCTTCAAG-3 Allele 2 (14 bp deletion)

Supplementary Fig. 10. Editing at LMANIL gene in wild-type HCT116 cells by the
CRISPR/Cas9 system. (A) Schematic representation of the genomic target sites in the LMANIL
(lectin, mannose binding 1 like) gene. Exons, indicated by rectangles, are numbered from Ex1 to
Ex14. The coding portions of the gene are shaded. The open portions of exons 1 and 14 represent
the 5' UTR and 3' UTR, respectively. (B) Genotyping results of ERGL KO cell. Sequence analysis
confirmed the LMANIL mutations, with 10- and 14-nucleotide deletions in allele 1 and allele 2,
respectively. Blue line shows the sequence of gRNAs; protospacer adjacent motif (PAM) is

labeled in red; -, nucleotide deletion.

ATG TGA
A Ex1 Ex2 Ex3Ex4 ExSEx6Ex7 Ex8 Ex9 Ex10Ex1l  Ex13 |Ex14
_____________________________ Ex12
, PAMI™ ™ 77T
5-CACAGCCCTGAGACGGGGTGTCCTCCTCTACGCAGGTTTGAGTACAAGCTCAGCTTCAAAGGCCC. TGGCATTGCCTGGGGC-3
5-GTGTCGGGACTCTGCCCCACAGG. ATGCGTCCAAACTCATGTTCGAGTCGAAGTTTCCGGGTTCCGACCGTAACGGACCCCG-3
PAM
5-CTCTACGCAGGTTTGA. GCCCAAGGCTGGCATTGC-3 Allele 1 (20bp deletion)
5-CTCTACGCAGGTTTGA GCCCAAGGCTGGCATTGC-3 Allele 2 (20bp deletion)

Supplementary Fig. 11. Editing at LMANIL gene in ERGIC-53-KO cells by the
CRISPR/Cas9 system. Editing at LMANIL gene by the CRISPR/Cas9 system. (A) Schematic
representation of the genomic target sites in the LMANIL gene. Exons, indicated by rectangles,
are numbered from Ex1 to Ex14. The coding portions of the gene are shaded. The open portions
of'exons 1 and 14 represent the 5' UTR and 3’ UTR, respectively. (B) Genotyping results of ERGL
KO cell. Sequence analysis confirmed the LMANIL mutations, with 20- and 20-nucleotide
deletions in allele 1 and allele 2, respectively. Blue line shows the sequence of gRNAs;

protospacer adjacent motif (PAM) is labeled in red; -, nucleotide deletion.

11



