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2 Ao AFE¥ Al (antibody) = TR 2t
Antibody Company
BiP BD Bioscience (East Rutherford, New Jersey, USA)
CANX Cell signaling (Danvers, Massachusetts, USA)
CCDC47 Bethyl (Montgomery, Texas, USA)
Sec63 Proteintech (Boulder, Colorado, USA)
EMC4 Proteintech (Boulder, Colorado, USA)
EMC5 Bethyl (Montgomery, Texas, USA)
EMC7 Proteintech (Boulder, Colorado, USA)
EMCS8 Proteintech (Boulder, Colorado, USA)
EMC9 Proteintech (Boulder, Colorado, USA)
EMC10 Abcam (Cambridge, UK)
HSP90 Cell signaling (Danvers, Massachusetts, USA)
IRE1 @ Cell signaling (Danvers, Massachusetts, USA)
Streptavidin—HRP Thermo Scientific (Waltham, Massachusetts, USA)
V5 Invitrogen (Carlsbad, California, USA)




TRAPalpha (cysteine plus residue 272—286) 2} Sec61beta (residues 2—
10 plus a cysteine)+= Lampire Biological Laboratories (Pipersville,
Pennsylvania, USA)E %3] keyhole limpet hemocyanin® &< peptideE

7o T8t 3]st FEF o HESHAH

Peptide N—glycosidase (PNGase F)& Z33t 2] 4 A3t §4 52 New
England Biolabs (Ipswich, Massachusetts, USA)°|A, Thapsigargin<
MiliporeSigma (Burlington, Massachusetts, USA) |4, Protease Inhibitor

Cocktail Mini—tablet2 MedChemExpress (Monmouth Junction, New Jersey,

USA) oA ¢33t
EANES AF

Flp—In 293T—Rex A9} Hela A|¥°|AA Favorgen (Changzhi Township,
Pingtung County, Taiwan)°l4 %3t Tissue total RNA purification mini
kitE o]&3] RNAE F=3 %, Invitrogen (Waltham, Massachusetts,
USA) oAl 918t Superscript II Reverse transcriptase= ©]43}%] cDNAE
sttt Flp—In 293T—Rex 139 ¢DNAE FHO% FDFT1 (&% 19
#1/#2 primer ©]€) ¥ Sec61p (F 19 #3/#4 primer ©]€), Hela A|E29
cDNAE T3S =2 Cbs (3 19 #5/#6 primer ©]8)E 2179 primer$t 37
PCR®Z F%A1#A Kpnl/Xhol® % A&ttt pcDNAS—-FRT/TO-MCS—Tec—
HA plasmid %3t Kpnl/Xhol© 2 dwste] ¢kA ¥h= FDFTI1, Sec61 3, Cb5&
Aelsl ZF @A e] ¢ Zde] Tev—HAZF &+ plasmidEs A|Zslit). o]
plasmidE 3 0% PCRE o|&3] FDFT1—-Tev—HA (3% 19 #7/#8 primer
0] 4), Sec61 8 —Tev—HA (3£ 19 #7/#9 primer ©]&), Ch5—Tev—HA (3
18] #7/#10 primer ©]&)E %59 Hindlll/Xholo® Awstt} 7811
pcDNA5S—FRT/TO plasmidE Xhol/EcoO109I% Aw3ste] Opsin (X 19

6



#11/#12& ©]€3to] PNK annealing) = %3] pcDNA5S-FRT/TO-Opsin
plasmidE A|#3s & o] plasmidE Hindlll[/Xholo. 2 Awsdle] <A wHE
Ayl FDFT1, Sec61p3, Ch5—Tev—HAES A%l3H pcDNAS—-FRT/TO-

Opsin—FDFT1, Sec61 B, Cb5—Tev—HA plasmid”’} TF&=o] 2t}

Flp—In 293T—-Rex A9 cDNAES F3OoZ CCDC47 (% 19 #13/#14
primer ©]§), Hela A3¥2] cDNAE 8 OS % EMCH (3% 19 #15/#16 primer
ol 4)E Zt7+e] primer$t ¥4 PCREZ SEHA|# Hindlll/Xholo& A kst
1813 pcDNAS—FRT/TO plasmidE Xhol/EcoO1091%2 ZAwtsle] 2xSTRPtag
(% 19 #27/#28% ©]€39 PNK annealing) & 413 pcDNA5—FRT/TO-
2xSTRPtag plasmidE A|Zst & o] plasmidE Hindlll/Xholo 2 Atts}o]
A e HekEl CCDC47¥ EMC5E 43k pcDNAS—FRT/TO-CCDCA47,
EMC5-2xSTRPtag plasmid7} ®F=o]zlth. o] plasmidE°] CRISPR/cas9
guide RNAC| &S WA kAl a7 91, CCDC47> (3 18 #17/#18,
#19/#20, #21/#22) primerg ©]&3l Al W 91X Fx =AWl (site—
directed mutagenesis, SDM), EMCbO&= (3 19 #23/#24, #25/#26)
primerg o] &3] FH X FE EdWHoIHS o] 7o AR A EZelA

AArA o7 Tk

O O 1 = 4

Flp—In 293T—Rex Al2Z2 cDNAE FoxE BiPY A3z Ad (& 19
#29/#30 primer ©]-§)& PCRE T % A|7# Hindlll/BamHIC 2 Awati, V56—
TurbolD—NES_pcDNA3 (Addgene, plasmid#107169)% F3o=z V5H—
TurbolD—KDEL (3% 19 #31/#32 primer ©]%)& PCRZ ZSZAA
BamHI/Xhol®.® Hwsto] o] F718 dA¥H=S Hindlll/Xholo®  ZHehe
pcDNAS—FRT/TO plasmide] AYstd pcDNAS—-FRT/TO-rBiP(45)-V5—

TurboIlD—KDEL plasmid”7} W&o %t}



CCDC47 (& 19 #17-22), EMC4 (& 19 #33-38), EMC5 (& 19
#23—-26), EMC7 (3% 19 #39-44), EMC8 (3% 19 #45-50), EMC9 (i 19
#51-56), EMC10 (3 19 #57-62)¢ AFAAMEE £t guide RNA+
pSPCas9 (BB) —2A—Puro (PX459) (Addgene, plasmid#52963)<S BsmBI
Ad F9 o7t E m] 2] =SR] 37HA] x3 A

(https://portals.broadinstitute.org/gpp/public/analysis—tools/sgrna—

design)< AF9lato] AzHsel o,

3% 1. Primer sequence

primer Sequence (5° -3 )

#1. hFDFT1—-Fw—Kpnl GCT TGG TAC CAT GGA GTT CGT GAA ATG
CCTT

#2. hFDFT1—-Rv—EcoRV GCT GGA TAT CTC AGT GTT CTC CAG TCT
GAA C

#3. hSec61b—Fw—Kpnl CCA GGG TAC CAC CAT GCC TGG TCC GAC
CcCC C

#4. hSec61b—Rv—Xhol AGA CTC GAG CTA CGA ACG AGT GTA CTT
GCC

#5. hCB5—-Fw—Kpnl GCT TGG TAC CAT GGC AGA GCA GTC GGA
CGA G

#6. hCB5—Rv—Xhol AGA CTC GAG TCA GTC CTC TGC CAT GTA
TAG



https://portals.broadinstitute.org/gpp/public/analysis-tools/sgrna-design
https://portals.broadinstitute.org/gpp/public/analysis-tools/sgrna-design

#7. P6

CGC CAT TTA GGT GAC ACT ATA GAA GAG
GTC TAT ATA AGC AGA GC

#8. FDFT1dSTOP—Rv

TAG ACT CGA GGT GTT CTC CAG TCT GAA
CAT A

#9. hSec61b—Rv—dST—Xhol

AGA CTC GAG CGA ACG AGT GTA CTT GCC
CCA

#10. hCB5—Rv—Xho1(dST)

AGA CTC GAG GTC CTC TGC CAT GTA TAG
GCG

#11. Opsin—S—Xhol

TCG AGA TGA ACG GTA CCG AAG GTC CAA
ACT TCT ACG GTC CAT TCT CCA ACA AGA
CCG TTG ATT AA

#12. Opsin—AS—Eco01091

GCC CTT TAA TCA ACG GTC TTG TTG GAG
AAT GGA CCG TAG AAG TTT GGA CCT TCG
GTA CCG TTC AT

#13. CCDC47—HindIlII-Fw

ACT TAA GCT TAC CAT GAA AGC CTT CCA
CACTTTC

#14. CCDC47—Xhol—Rv

TAG ACT CGA GCA TGG CTT TCA CTT TGA
TTT G

#15. EMC5—HindIII-Fw

CTT AAG CTT ACC ATG GCG CCG TCG CTG
TGG AAG

#16. EMC5—Xhol—Rv

TAG ACT CGA GAC GAC GCA GTG ATT CGA
GTT T

#17. CCDC47—-#1S

TAC TGA ATC TCC TCA GAG GGT TAT AAT




CACTGA AGA T

#18. CCDC47—-#1AS

ATC TTC AGT GAT TAT AAC CCT CTG AGG
AGA TTC AGT A

#19. CCDC47T—-#2S

TCC TGC ACA CCT CCA AAA TAG TTG GGA
GAGTTATTA T

#20. CCDC4A7—#2AS

ATA ATA ACT CTC CCA ACT ATT TTG GAG
GTG TGC AGG A

#21. CCDC47—-#3S

GTT TAA CAC TCA TAG AGA GCT TTT GGA
GAG C

#22. CCDC47—-#3AS

GCT CTC CAA AAG CTC TCT ATG AGT GTT

AAA C

#23. EMC5—#25

GGC CTT TGC AGT TAC TTG TTA CGG TAT
AGT T

#24. EMC5—-#2AS

AAC TAT ACC GTA ACA AGT AAC TGC AAA
GGC C

#25. EMC5—#3S

CAT CGG TCT CTT TGC TCT AGC CCA CGC
CGC C

#26. EMC5—#3AS

GGC GGC GTG GGC TAG AGC AAA GAG ACC
GAT G

#27. Twin—STRP—Tag_II

—S—Xhol

TCG AGT CTG CCT GGA GCC ACC CCC AGT
TCG AGA AGG GCG GCG GCA GCG GCG GCG
GCA GCG GCG GCA GCG CCT GGA GCC ACC CcCC
AGT TCG AGA AGG CCT AAG

10




#28.

Twin—STRP—-Tag_II—

AS—Eco01091

GCC CTT AGG CCT TCT CGA ACT GGG GGT
GGC TCC AGG CGC TGC CGC CGC TGC CGC CGC
CGC TGC CGC CGC CCT TCT CGA ACT GGG
GGT GGC TCC AGG CAG AC

#29. rGRP78—-Fw—H3 CCA AGC TTA CCATGA AGT TCACTG TGG TG

#30. rBiP—Rv—-BmH]1 CTA GTG GAT CCG AAT ACA CCG ACG CAG
GAA TAG

#31. V6—BamH1-Fw GCT CGG ATC CGG CAA GCC CAT CCC CAA
CCCCCT G

#32. TurbolD—KDEL—-Xhol— | TAG ACT CGA GCT ACA ACT CAT CTT TTT

Rv CTG ACT TTT CGG CAG ACC GCA GAC T

#33. sgEMC4—-#15 CACCGGCTTGTCCAAGTAACCGACT

#34. sgEMC4—-#1AS AAACAGTCGGTTACTTGGACAAGCC

#35. sgEMC4—-#25 CACCGGGGGGCCTGGTGGCTAACCG

#36. sgEMC4—-#2AS5 AAACCGGTTAGCCACCAGGCCCCCC

#37. sgEMC4—-#35 CACCGTCATACACACCATCATAGTA

#38. sgEMC4—-#3AS AAACTACTATGATGGTGTGTATGAC

#39. sgEMC7—=#15 CACCGCGAAGTGATATCCACTCGAA

#40. sgEMC7—-#1AS AAACTTCGAGTGGATATCACTTCGC

#41. sgEMCT7—-#25 CACCGTTTATTAAAAGGGAATCGTG

#42. sgEMCT7—-#2AS AAACCACGATTCCCTTTTAATAAAC

11




#43.

sgEMC7—-#3S

CACCGTTCTCCGTCTACCAGCACTC

#44. sgEMC7—-#3AS AAACGAGTGCTGGTAGACGGAGAAC
#45. sgEMC8—-#15 CACCGGTGGCCTCCAGAATCGCCGA
#46. sgEMC8—-#1AS AAACTCGGCGATTCTGGAGGCCACC
#47. sgEMC8—-#25 CACCGAGACAACACCAAGTTTACGA
#48. sgEMC8—-#2AS AAACTCGTAAACTTGGTGTTGTCTC
#49. sgEMC8—-#35 CACCGAGGGGGAGGTGCTCCTTACG
#50. sgEMC8—-#3AS AAACCGTAAGGAGCACCTCCCCCTC
#51. sgEMCO9—-#1S5 CACCGCCATAATAAGTACTGCATCA
#52. sgEMCO9—-#1AS AAACTGATGCAGTACTTATTATGGC
#53. sgEMCO9—-#25 CACCGCAAAAACAGCCCGTTGACTG
#54. sgEMCO9—-#2AS AAACCAGTCAACGGGCTGTTTTTGC
#55. sgEMCO9—-#35S CACCGATGCAGCTGTGAACGATCAG
#56. sgEMCO9—-#3AS AAACCTGATCGTTCACAGCTGCATC
#57. sgEMC10—-#1S CACCGAGTGCCAACTTCCGGAAGCG
#58. sgEMC10—-#1AS AAACCGCTTCCGGAAGTTGGCACTC
#59. sgEMC10—-#2S CACCGGTCGGTGGTGACGCACCCCG
#60. sgEMC10—#2AS AAACCGGGGTGCGTCACCACCGACC
#61. sgEMC10—-#3S CACCGCCCGACACCAACTCACCGCA

12




#62. sgEMC10—-#3AS AAACTGCGGTGAGTTGGTGTCGGGC

AZ W 49

Flp—In T—Rex 293 A|¥+ Thermo Fisher Scientific (Waltham, MA,
USA) olA #9138} 3, Corning (Corning, New York, USA) oA 3 10 %
fetal bovine calf serum= X383t Wellgene (FGAHA], AAEE, tdtil=) o A
793t Dulbecco’ s Modified Eagle Medium (DOMEM)IA, 5 % COz2,
37 TColA skt DNAS MY %2 Invitrogen (Waltham,
Massachusetts, USA)°lA %3 Lipofectamine 2000 ©]&3l%0H,
doxycycline (10 ng/ml) (&F 16A1ZHe] <& @dHo| <HFHo=zE [
(induction) ¥ += 293 7|8t MEFTE A& AZE METo] A7EH] <]

PX459 (v2.0)—sgCCDC47—puro} pcDNA—Cas9s& £335to] %9ldt,

(|

puromycin®] A& ES YeERNE AEE AEste] CCDC47 AP HMEFE
A &skdtr. EMC4, EMC5, EMC7, EMCS8, EMC9, EMC10 A3 A¥5F w3
FA3 WA o7 A2t} e EMC59 CCDC479 A A Eof| guide RNA
E4 A 2 RY9E X FE SdWoly (SDM)S Tl ul EMC5%

CCDC47—-STRP plasmidE ={J3te] Z7}9] BT A5 A 2sk )

ofd

e

173

r (

ol

A Y TurbolD, ®lo]@El3te w2l 78]31 Sec61 49 HAE ERls}7]
Q&) 4 % formaldehyde, 1x PHEM 92 1A 3, methanol & A|XH o

Y-S FAE AHso olF Fx3 #vld  (confocal microscope)

13



(Zeiss LSM880; Carl Zeiss, Oberkochen, Germany) o= 7}A]3}

=
o

ZEN2012 X2 132 o]gsl #4353t}

dade] A% 2 9AE EX (western blot) S T3 A3k
200 ul Lysis buffer (1 % SDS, 100 mM Tris—HCI, pH 7.5)¢] &ad =
G xS SDS—-PAGE sample buffer & 41 %, 10 ul = 10 % Tricin gel
A719% (SDS—PAGE, Sodium dodecyl sulfate—polyacrylamide gel
electrophoresis) 0.2 ®ZA1FH . 18|31 Bio—rad (Hercules, California,
USA) oA 913k nitrocellulose (NC) membrane = ©]&3] wet transfer
system 3} T Membrane < 30 & 59F 5 % skim milk in PBS—T (1 X PBS,
0.1 % Tween—20)°A blocking A7l & (RE1l e 9} streptavidin—HRP +
skim milk ®4al 3% BSA & ARgsiqith), 1 2 @A 1 ARk 30 & AlH,
horseradish peroxidase (HRP)7} A3re 2 2k &) 1 AI7F, 1 AIRE A& &kl
7123 Thermo fisher scientific (Waltham, Massachusetts, USA) |4 ¢ &t
SuperSignal West Pico PLUS Chemiluminescent Substrate ¢l 3 &3F &A%

% (C-DiGit Blot Scanner (LI-CDR)E o]&3] &<l&git}.

A EA S AL semi—permeabilize buffer (0.015 % digitonin, 110 mM
KoAC, 20 mM HEPES, 2 mM MgAC) & ©]&3to] Aexow A3kl on, 1t
G AS Z9e ARFES lysis buffer (2 % digitonin, 50 mM HEPES, 1 mM
DTT, 150 mM NaCl, 2 mM MgAC) o2& &3&l3}3t}. Strep—tactin bead (iba) &F

14



A\

A1 Zot AgAlA H7EA T bead += 0.2 % digitonin buffer & 5 3] A %] gk
% 30 ul 1x Buffer BXT (iba) & 3]4=3}%t}. 7.5 ul 5x sample buffer & F7}3|

10 #3F #9o]a1, 10 % Tricine gel o] &2 A7l & A2 JAH EH "SI

150 mm dish °|A doxycycline 10 ng/ml * 2|3}

to
v
o8
o,
)
=
m
mlm

24 AZF FoF AAAIZ] & wlo] ¥l 50 uM & 30 #37F A AlEQ]
AR Gl 22 semi—permeabilize buffer (0.015 % digitonin, 110 mM KoAC,
20 mM HEPES, 2 mM MgAC)E& o]&ste] Agdoz AAsG o, d

Gl g S xghst zFES RIPA buffer (50 mM Tris—HCI ph 7.5, 150 mM

_1

NaCl, 0.1 % SDS, 1 % TX-100, 0.5 % Na—deoxycholate) 2 £33} t}.
Streptavidin—bead (MCE)Z 3 Azt &<k A3AA HAAIZTh Bead & RIPA
buffer 2 ¥ 2 3], IM KCIl 2 &, 0.1M Na2:CO3 10 %, 2M Urea(in 10 mM Tris—
HCI ph 8.0) 10 %, RIPA buffer 2 % 2 3] A|Z|3t 3 npx]u} A1z g 1 ml
RIPA buffer o] #9]%& bead % 50 ul 5 WA Eg] A&
HAEHEH S g8 Eg&d 50 ul & 30 ul 3x Sample buffer (containing 2 mM
biotin) & 3]F3FRth o]F 10 E7F #Zola, 71 5 welld 10ulE 10 % Trcine
gel o] A7]9% % SYPRO Ruby Protein Stain gel (Invitrogen) = & 238}31aL

Streptavidin—HRP Z 9A®l&3 33t Y™ A] bead & 50 mM Tris pH
7.5 2 1 3 AHS ¥ bead " @A HAFEAM = 918 Clinical Proteomics

Core (MZorbg ) el o F 355t
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HA (pulse)

MEFE serum—free & methionine/cysteine—free media = 30 &7+

starvation 3t ¥, PerkinElmer (Watham, MA, USA)°|A <3t trans—

2

E]-uﬂ

labeling mixture ([**S]—methionine/cysteine) & 30 # % 1Y

()

o
ZAAE EA gt 2+ AlE= DPBS & A& 3E & lysis buffer (1 % SDS,
100 mM Tris—HCIL, pH 7.5) & YL &l &aletqivt. 12]al IP buffer (1 %
TritonX—100, 50 mM 4—(2—hydroxyethyl)—1—piperazineethanesulfonic
acid (HEPES), pH 7.5, 150 mM NaCD = 10 ] 3433t} HA bead (Thermo
scientific) 2} 4 C 90 & &<t AAAA FASF3Ath Bead &= IP buffer 5 3]
A g %, 30 ul 2 X SDS—PAGE sample buffer & 3|53tk 10 ul & MES

10

M
o

Zola, 10 % Tricine gel o EZAIZI 3 27] WA

(autoradiography) © & x—ray Z&°| ==X 7}
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A7 A%

EMC ¢ 7x4/71%4 84 74 4L 2= EMC5 & =%

EMC = 234 W de HEFH g omd S, dast o

l

Asdell 7lofsk= Zloiw, olejst 71" Holdel F&ska vk #HT Cryo

Yo olFold glor], 24 AEA wuAst 74 BEH 2 gudo]
A AgHe] gt eIt olE BaA 29 A% PUL B 53 o

N
>
o
>
_1
kil
>
N
5
39
5

EMC o A=& 74 s grohd7] s =8 EMC & 2sho

olsl AFFL Yt BHAL Bl At o]F 8 EMC o T2 B4

TA ARES ol A o7t 9t 1814 CRISPR/cas9 & o] &3] EMC T4

A FdAE HAS MEFE s yHx FA4 AR WIkE
2 = #zedct. A3, EMC5 9 A
A Yz EMC 74 AE AAZ 71 FE8EAY (2" 2). o)+

oleh= A& ofv]Eh.

(immunoblotting) <

EMC5 7} EMC ¢ x4 i3 -

oX,
oX,
Mz
flo
=

EMC & #g] 174 @93 (Tail Anchored protein, TA protein) 2] A+l
To3% s vty dedA Ao g Feld AAY, EMC5 7t A H o
EMC 74 &l 98 EMC +x7} 33 3lthd, EMC 9] 752 &5 ook
gttt olE Fdlsty] e, 4% AlEel EMCS A3 Al¥E, 783 EMC5 23
= ARgeRlar, A

H:l

M| o] Streptactin B} 27} =< EMC5 & I3 sE A

%‘Z
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Hgo] ZolE AL BAL & 99T, EMC5 = thAl #ud AL W, 1
Hlgo] FAAERT Boke A& FAT & AU 3). webA EMC5
FEA A T4 ARY B oh VSHoRE #Y T4 YRYL L 5

EMC ¢} 435 &&3= CCDC47 & ¢ E

EMC 9 A=z T4 AES ddstr] g8, EMC 9 a4 4 A<
33t} Streptactin ©] 23ty o]

A EMCS 9o 44 e feste AEE Al Axdst ol

EMC5 & o]&3t Al

=
i
=
i)
b
e
=)
i)
o

Q3 HEES AASt 3t A (affinity purification) & #4313t}
(719 4). o]F o] &3l dojll Az S AgF 2% (mass spectrometry) =

& EXA3c. 1 Ay, 3Edd EMC5 9 7)€ ¢4¥x EMC1-10 &

By
ry
E
e

A o Sol

GAIE Y BT (1™ 5). ° T,
B

AFHE (chaperone) &2 <&z CCDC47 & Aol oFx} st

EMC ¢} CCDC47 o] AA=Z 435 #gst=A Lotr7] 93, EMC5 50l

FAE o]gst W HHEo|A CCDC47 © FF HAHA IFFHEA

X
=
CCDC47 = EMC ¢} s3] Js #&shs & o Ao, T3k, kA EMC5 7}

ag=9ds W, EMC 4 Aol fashs AAH MEA 24" 42

1

Al
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EMC 9 %7 &A1 CCDCAT7 ©] 7|5HoRE Aol QA
glstr] 918, Crisper/Cas9 & o] &3 CCDC47 A AxE A&stala (219
8), CCDC47 A Az EMC 23] Axs of&s el wy el u

ads vusislth. 1 Add, g AlEeh CCDC47 A AEelM ne
g wde) w9l &gl A9 FdFT (2™ 9). CCDC4T o Aol

EMC 9] 750t 938 74 gths 282 98 5 99k

proximity labeling) A=S FHIIAT (Z¥H 10). ¢4 AHs o9

us)
i
o

Hlo] @ ©13} (biotinylation) Al7]= TurbolD ©f V5 & o] AW¥3s 4= 917
39 1, BiP o] A3 41 (signal sequence) ¥ KDEL & Z+ZF N weta} C @olof

AIAA ER Wl WFEEEF slo] A ow AxA dwdo] SolAow
vho] @ |8} W =5 ki) o] nlo] e ®Ist ¥ WA S streptavidin &2 13}

HAste] Polul ARAPY O R FA o] LRt

o] Aeko] AAA 07 AEa=x oty Y&, A TurbolD ¢ -3}
75 oHE It AEe] TurbolD & W3 A]7]3 vlo]eElS AP
o, TurboID °f &%d V5 & &3 2= RS 82181, streptavidin

FAE olgstol wole®st © wids wEd 5 gldd (1™ 11).

i

A A S F TurbolD ¥+ W, @A S nlo] €3} A7 AL ggold =



HE=A

A7+ gt
1A 7}

2] A e A

TurbolID 9]

3

=
= T

o (129 12). °]

dl

Z

Ay
s Y

TurboID 7} &

)
X0

1}

7 fUth LM wpel e Est | gk

o} A3 A BiP, CANX 283l TurbolD-V5 ¢} o] nlo] 2 ¥15 2

39

|

o

st
ol

gxoz ulolorsl o,

Al Al

streptavidin bead & 3|4t (29 13). whapA] AX

9

hs

& TurboID 7} ER o] o

i} 27

9|

CCDC47 9 714 %=

Z

-0
o =

CCDC47 ¢ 7]

Eis

sl

QI A= A

NE g

EMC <9

S CCDC47 A

W (9 13)

o
Njo

A

}ol CCDC47 9

485

(13 8) el

hya
-

Al

gl zolm p—value 7} H2

ol
o

=
R

= o
=d= %

1

A

71 A=

ke
T

|

o

15).

o]

16),

Qojr

(1%
o]

UPR

T
-

3

%

9}

NHAZ2A AT 7R 7L
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CCDC47 ARl W& UPR &
CCDC47 A¥ AEe} CCDCAT7 AF AEo| CCDCAT & thAl #itd A7l
Azl Sec63 o wA oFo] ojw A Wish=A] dolry] 3] W BHES
&yetgict. 7 A7, o JREAHS Fok 24 Al FUsAl CCDC47 o]
AFHNS W, Sec63 9] o] Folt e AT F
=

oA LA A S o, Sec63 o] Fo] ThA] Fd AlEZH

¥

% AT WEA Sech3 = CCDCAT o) 7140 e geld & AT (18 17).

Sec63 ¢ AHLE BiP & &3 IREl e 9] HYSE E7FsshA obal, &32A|

>
ly

g2 Aslo]A UPR AZE = 3l IREle 7} &% 39 (hyperactive)
A7 Hol A= &8laM3l  (oligomerization) i 7]eE  ClolH A
Aot Gl ok (78 18)P9. Sec63 2 1A 7HA L Q= CCDC47 o
ARG AE W, IREleol Wert A7 detroitt. 1 A7, p-IREl ¢ 9

CCDC47 Al 93t Sec63 T+ w3}
CCDC47 ¢ Ay Sec63 9 o FF5 YFo] UPR &S do71A
39 wd FFo AAE L] s,

AA AEe CCDC47 A AxEeA C 2] HA 7} A8¥ Sec63 &

Hrt (29 17). CCDC47 ¢ AP Sech

ypaF A A 2 A, A Sec63 &= wIE CCDC47 AP A FEof A

HHE Sec63-HA 9 o] ¥ W Zl& & & Ak (119 20). o=

&

CCDC47 AY A EZA AL Sec63—-HA ¢ k& FAstA HEsto] uho



Aot (2™ 21)

. CCDC47 A3 AEolA Sec63—HA
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Cytosol

EMC2 S5

EMC8/9 —

1% 1.Cryo EM 2 %3 ©38% EMC 8 339 7% (ref)®
(A) CryoEM & Z& &3l EMC 9 3 29 %t} F 7FA] Al &4 EMC 9]
e =S HojF=rl (B) EMC & 9-10 72 74 <Az o] FolA glow, o] &

EMC8/9 = 7152 A o]t
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AEMC
WT 4 5% 7 8% 9 10

- e

M e e e - |—-EMC5

o = e s [—EMCT7

“e me wm es|-EMCB

P — —EMC10

— . e — — -‘—TRAPa

1% 2.EMC 9 73 a4 74 4& ==

293T-rex Ao CRISPR/cas9 & ©]g§3to] EMC4, 5, 7, 8, 9, 10 °] A3«

AZFE @B, 747 EMC T4 AR FAES olgstel W

i)

g
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+EMC5. - = = = & &
AEMC5 - - + + + +
PNGaseF - + - + -~ +
HA-SQS | s — —+qly.
-OPT — D . —— — ﬂ—gly,
- - —2xgly.
HA-Sec61p — -
e - - 1xgly.
- e |- gly,
HA-CBS | g8 e - —+gly.
-OPT e - = 9 gly.

1% 3. EMC5 A9 9% EMC 9 75 &4
EMC5 A3 HMxet EMC5 7F 2% Axe|x EMC5-STRP
M 3EF (stable cell line) S W=7, OPT 7} A€ we]

7 waEey ik 38 AY (—gly), ¢
o

¥ AsF3itE. PNGase F

3] A

=

=

3 (2xgly) &

¢} 2] EMC5 7F Adfe Alxelx =3t e

=
B
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Strep-Tactin

beads
cytosol )é
A S @
‘ { ;( E E ; ¢ solublllze @ 5 @
Digitonin " Digitonin % & Q
0015%) cear 8 (2%) Q
P L L X
= 2xSTRPII
Stable cells Semi-permeabilized Strep-Tactin
(EMC5-2xSTRPII) cells EME complex pulldown

I¥ 4. EMC 8} A3 Zg3te A 99 5 A

EMC5-STRP & #itgsles AEFE A&ste] o= 3 A7 Y 0.015%
A EY  (digitonin) & A3l AzAes AAR F P& AS 2%
OAEUO R  £83lo] strep—tactin bead = F%F HA|ste] dMAS

314 3h9leh,
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EMC5-

2xSTRPII
M 1 2
}(5)8: — e e |—EMCT
75-| o= ¢ |—Rpn /1l
so-| ke T PN — CCDC47
37 —| -
e s I—EMC2
- 7 |FEMC3/10
25 —| e o |—EMC7
—EMC8/9
20- ) —EMC4
, —~N
15— EMC5-2xStrep-Tag
—EMC6
10—
kDa

19 5.EMC & 2% AA AN A = gwa CCDC47 2A

EORT)
el

09 4 9 Asow Ao
a3

ct.
A 3L, EMC1-10 0] @7 3531tk o] ¢fe CCDC47, Rpnl/Il, HSP70

Al S Ay)edEH o g BEsto] ruby staining

T= AA =Y AFEE strep—tactin bead ¢ ZAEs EMCH 7}

ek
o

olr
1o

gl o] EMC ¢ F7+2 3 355 ot
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SQEMC5  (+) (+) (+) (+)
EMC5-2xSTRP
CCDC47

EMC4| %

EMC8

EMC5

1% 6. EMC$ CCDC479 A3 A4S A=T

3 304 o] g3 EMC A3 AxE2 EMC 33 A Xe doxycyclines
10ng/ml 16A17F A 83t ¥ strep—tactin beadZ =% AA|slo] WdE g s}

Stk ojn] &#x EMC 74 A+ CCDC47 EF A=l
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SQEMC5 -+

CCDC47 | =~
EMCS | ==

TRAPO | w= ane

19 7. EMC5 Z3 ¢ 93 4314 CCDC47 #Aa
Ay ME2F EMCS AFAZA CCDC47 TAS o] g3lo] WAEgE 9t}
EMC5 7} 299 9S o, t}2 EMC 74 A&7 o] Fojt= 7S gl

bt

ol

99tk TRAP ¢ 2 o] 282 51
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sgCCDC47/
CCDC47
EMC5
TRAP«x

1% 8.CCDC47 AR AXF AF

CRISPR/cas9 ¥} guide RNA & ©o]&3l CCDC47 A3 MEE

HolBejg o s gt
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sgcCDC47 - + -

sgEMC5 - - +
e = 2xgly
HA-hSec61B e - 1xal
~OPT s

+ gly
HA-hCB5 | #= s L/
-OPT | ™= o e |— - gly

1% 9. EMC 9l&3 TA protein 498 CCDC47 ¥ &g
AAL AEZQL CCDC47 A3 A Z18]31 EMCH A3 AlXe] N wuko] HA, C
Uit opsin o] €9 wel 1y diAS 3d AlA AAE AYPPL 1

Ay, CCDC47 AP Ax+= A Mxet A% A=7F vlxgion, EMCS 4+

A sEek 2bo] S Kol

31



ER-BiolD

| BiP v TurbolD KDEL

O
+B£tin ‘e '

—_— , -
% ER
) % QQ Cytosol

Flp-In-293T-Rex-ER-BiolD
+Dox

o143 TurbolD?] WAL HAF F YES sk TurbolD 2

i)
o
i
sl
==
N,

(A
2
<
)
ol
o
)
1
%

= W] 'St Al7]=H], olef 22 o] AFA UolA
i

N ke BiPo A3 A4

AC)
K
O
i)
A%}
=2,
=
-
T
[y
o
N
)
X
A
rd
é
i
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SA-HRP Anti-V5

Biotin 0 0 1030 0 0 10" 30’
Dox - + + + - + + +

150 — =
100 - :.

S —
50— "
. o= | o — —
37— —
-
25—

1% 11. TurbolD Y33} ¢z o] ulo] Q€3S FQlgh

2

Doxycycline¥} Hle]e®l Az F7E& ol WIEHEHS 3

bt

Doxycyclines g dt AlXEo|Ax V5 FAE o] &35t V5—TurbolD7} HEH+

ol
b4

g B & QAL el eE e 108 A% AR ul vlolerls Hi w
WA Fg S 9ot
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Sec61p V5 Biotin Merge

- Biotin

+Biotin

I8 12. Fx3 @vAE& o]&% TurbolD & viole®ls & @9l A&
gl

Streptavidin &A1& 2o 524 @]
vpol e & std wdo]l LA o fA[SF=A 4~XEA ®BA] Sec6189 HA

Hl a3tk TurboID 9k Sec6189 SIA7F &dste] SIS AL,
ol RIS A PS wf yYehus deidE 13 A7 A s gl

.
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V5-turbolD SAPD - +

| t (3.4% -
. m nput ( 0) +
/5 | = -
CANX BiP (-
lumen CANX [m— s
| & B
cytosol HspOO | s
Sec61
Hsp90 P Seco1f | ==
a3 13. vlo] 2”3 FHE Sold AF
2A U] @AnE ol ow A Hi= AS Flsy] fd vio]ds) #
Gl A S streptavidin 02 F& FASe], A¥A U wiole®lst H 5 Q=

95 7F BiP 3 CANX o] AAE Ab&Eo] EAs=A], 181 AXA 4

o] @ ®1st & 4 Qe F97F ¢l HSPI0 # Sec61p7F AAl| Azl
EAEA deAE A EYYH R gl
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Streptavidin-beads
(SA-beads)

E cytosol ”
> ° e )
/ 4 s Cecaae="’
/ ’ o
;’ Isolubnl»ze
I} %

Digitonin P s, Digitonin
(0.015%) i’ aseee. (2%)
0 e® -® .,
Biotinylated Semi-permeabilized Blotmyl.ated Sh:puliown
WT vs. ACCDCA47 cells cells proteins

I 14. 23A) A T BA AHEE CCDC47 712 &=

42 Alxsk CCDC47 Ay Axel 19 11-13 & 9AZ AdE Aeds
2RIt TurbolD HHAE & ARG axa o @9d Solfox
HEEAI7]7] 918 0.015% YAEYUOR NEAS AASNL, 2 2XAE 2%

ORIEUO R £33} streptavidin bead & %57 #| 3} t}.
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18

16

©
3 14
(]
> 12
o
25“ 10
o0
o 4
35 8
Q 6
Q
[ J
: -
- L J
U
8 6 4 2 0 2 4 6 8

Log2(ACCDCA47/WT, abundance)

1% 15. Volcano plot &2 YEbA CCDC47 & 714 &£5F
% 14 & T3 dojdl diAs A=A (mass spectrometry) S -3

BEA3Fo] Volcano plot 22 A3t Eth AR =& =542 p-value 7}

E0E S ey, VRS #FO02 A4S CCDDC47 AP AlEA
ZolBE 7, =07 ZAFE CCDC4AT7 A AEoA Sojvbes AS =it}
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I% 16. £2 YERd CCDC47 9 71A &5

19 15 oA p—value 7} o, g gwigel

CCDC47 A3 A FEoA] CCDC47 ©] ¥ At

38

Accession Description Protein name
000124 UBX domain-containing protein 8 UBXMNE
QS96A33 PAT complex subunit CCDC47 CCDC4a7
Q9aMVEd Transmembrane protein 394 TMEM39A
Q8NVVO Trimeric intracellular cation channel type B TMEM3EB
QaeuP2 Kinectin KTMT
Q9H3H5 UDP—N—acetylglyc osamine--dolichyl-phosphate M- DPAGT1

acetylglucosaminephosphotransferase
Q9YeAS Signal peptidase complex subunit 1 SPC51
QeUGPS Translocation protein SEC63 homolog Sect3

*P value<0.0001



CCAr = : +
sgCCDC47 - + +
— s | Sec63
_—
— & o4
R, N W | ENVICS
S s s | TRAPO

19 17. CCDC47 AR WZ Sec63 W3}
CCDC47 A AxEZAA Sec63 o o] AAZ Folb=A WIEHHS T3

shelslel 31, CCDC47 A AMZe] CCDC47 & thA] e A1 A S ), Sec63 9
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IRE1a mutant or Sec63 deficient cell
]
O

Active IRE1a Hyperactive IRE1a

Seeoo

P_P P P _P_P._P

Sec61 translocon

ER STRESS

N
s =

1% 18. UPR AZEA Sec63 715 (ref.)
Sec63 = AFA "ol EAstE o dwdoln, Sec6l, IREL o o & &34

AEY A HOEA]] HaAE 94

11 2t} Sec63 ¢ J—domain < BiP &

ol

IRElaol AFAA HQ3tE A712, 2¥A 2EdA s T3 %3
WEE BiP & IREl el 23A1A IRE1 & ¥ &4 3} A7t} Sec63 71 29 %
JeMs BiP o] %3 wdEo® IREled ATS AAE & ¢lo 2=
IREl a©] &% 39 (hyperactive) FEI7} Ho] 28113} (oligomerization)

i},
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gNT sgCCDC47

Tg 0 e ()

- e I 211

- ™ y »» " w|—P-IRE1
a” RS WV -RE1Q

—— — — —— — e — - e |_Cacq3

— e e =CCDCA7

T D S S S S S R R e e e TRAD

1% 19. CCDC47 Aol W& IREle 9 WS}

CCDC47 ¢ 7]49 Sec63 7} IREledl 9IS Fus AHAS nigom
CCDC47 9] <ddudes H9EH"ES S8 @dsiv. szAZ
(thapsigargin) = 0.5uM = *]g]s}al 0,1, 2, 4, 6,8 AlZFo] H%S W, IRE1L @ 9
H3tE Au Rttt CCDC47 A AlEelA p-IREl a7} AAEE ARt

Lojx= AS geld 4 9t} wdk BiP 9 oF% CCDC47 o] A= A oA
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sgCCDC47 - +
Sec63-HA

Total

19 20. CCDC47 A3 A XA FTAE Sec63—-HA & A +F F71
4% MESL CCDC47 A AlxEe] N dede] HA 7} A% Sec63 & #&d
AA FAxE AP 1 A, CCDCA7 Ag Azer HFLddE Sec63-—

HA 7} A7 Azl wls S7bske e 2l 5 Ssith
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sgCCDC47 -+ - + - +

HA —

19 21.CCDC47 AR AlEojA FTAF Sec63—HA & &34 o]

A2 AEQ CCDC47 A3 AEe| N Zrko] HA 7} A8¥ Sec63 & g
2] 7]

1}
=]

)

M
il

1% tAEdoR st TF ()= Foulli, °oF 94
Adoful
A

rlo

Al
o

A
g3tol AFAs FAFE HrolE T, 4FY (9%

_—

al,
HAES 1% YA EHDY sample buffer & £33te] FHdE (P)E Uit

I A, CCDC47 A AM*ES] HFHEA FEHHE Sec63-HA 7} ¢ ol
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(@ EMC-DEPENDERNT (@ CCDCA7-DEPENDENT
“TMD InserTioN” “TMD Forping”

ccocar Sec61 Accbea7

) v ”@oo g ]
C e . .
Folded Misfolded N
Sec63 Sec63 2
“Function” “Dysfunction” - -

@ COLLABORATIVE
“DEGRADATION”

Ribosome-Sec63
nascent chain complex

I3 22. EMC ¢} CCDC47 9] 435 &g T3 v dag 3 #g 7|4
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AFo A FES CCDC47 2 Rpnl/Il ¢ BiP o] &A1ttt CCDC47 = BiP 2

AFH| & (chaperone) &2 & M3y Ao =2 7]5& 3tal, Rpnl/ll

rr
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Abstract

Membrane proteins synthesized in the endoplasmic reticulum (ER) play
crucial roles in a wide range of biological processes, including substance
transport, cell adhesion, signal transduction, enzyme activity, and immune
response. However, their biosynthesis is often disrupted due to the
thermodynamically unstable nature of the hydrophobic transmembrane
domains (TMDs), leading to inefficient membrane insertion. This
underscores the functional importance of membrane protein—specific
chaperones in correcting faulty membrane insertion and suppressing
structural defects. In this study, we elucidate a specific quality control
mechanism for newly synthesized Sec63 protein through the demonstrated
functional interaction between the ER membrane complex (EMC) and the
membrane protein—specific chaperone, coiled—coil domain containing 47

(CCDCA47).

To unveil novel functions of EMC, we identified CCDC47 as a novel protein
interacting with EMC through TAP—tag based affinity purification and protein
mass analysis. By applying proximity —based labeling specific to the ER in
CCDC47—deficient cells generated via CRISPR/Cas9 technology, we
discovered CCDC47—dependent ER membrane proteins, among which, a
significant reduction in the expression level of Sec63, an essential component
of the ER protein translocation machinery, was observed in CCDC47—

deficient cells.

Consequently, the deficiency of CCDC47 disrupted the Sec63/BiP-—
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associated signaling pathway activated by ER stress and, in conjunction with
the inhibition of Sec63 TMD insertion observed in EMC—deficient cells,
indicates a cooperative contribution of the interaction between EMC and
CCDC47 to the structural and functional integrity of Sec63. Therefore, this
study provides novel insights into the quality control mechanism of ER
membrane protein biosynthesis, significantly advancing our understanding of
membrane proteins' involvement in critical biological processes within the

cell.

Keywords : EMC, CCDC47, Sec63, Membrane protein quality control, ER

membrane
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