DOI: 10.11844/cjcb.2026.09.0006
i E A AE ) 2424 9] Chinese Journal of Cell Biology 2026, 48(9): 2196-2208 CSTR: 32200.14.¢jcb.2026.09.0006

FARET
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hMSR15 20 a5 $ € K 2 B RVHEK293A 41 A 5

wAIKS FEMRY RS AT RET REW
(T AR 2 RS 0, T 510000, 245 5528 S 78 B i R A M AR e 4 A [ i A I =8,
65 100071; ) PN AR 25 R Z B AHT L, )M 510000)

WE 2R B AR T AN EE MR F i X 241 (human macrophage scavenger receptor 1,
hMSR ) Fetm 44 5 3¢ 0% @ AL B VA3 5 HEK293A 2 e M M &Y | STt tm BB HEAT 32 R ARiIL., R
F) ARAERAE ) 842 =) S E 4% 7| (clustered regularly interspaced short pahndrormc repeats, CRISPR) % 348
X% VKR BBIHA, SAMSRIF= R 5 G SRR T AR B & 2446 £ HEK2BA Mgty Zok
A B RAE K 72 %515, 1 (adeno-associated virus integration site 1, AAVSIA A Z tafit % . 1@ iLPBSH
Yo/ 6 4k S g GO m RS M A ] CCK-8 4% ik ARM 4m IS 7475 b ; 1B AT R R A BRIRE A E A4S
M 2w e 2R BRI AAZ T B0 LA BT R R RS TR RO @A, AR i RIT4
AN E 0GR SR A A AR B0 K B, FL B AR M )i F) T 9 A A HEK293A 4818, FHAT SE#A 24 T 4w
JEBE 84 3B 8 R A, LR ¥ A6 MR B UK B ek AE 5B SE B A H B K

KR ERAREIE RS2 14 HEK293A4MI; 4R RGP CRISPR-CasOE K24t AAVS1 %4

Establishing a HEK293A Cell Line Stably Expressing
hMSR1 and a Membrane-Anchored Fluorescent Protein
via CRISPR-Cas9-Mediated AAVS1 Safe Harbor Knock-in
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Abstract This study aimed to enhance the adhesion and label the plasma membrane of HEK293A cell line by
knocking in the 2ZMSRI (human macrophage scavenger receptor 1) and membrane-anchored fluorescent protein genes at
a specified site. Using the CRISPR (clustered regularly interspaced short palindromic repeats)-Cas9 (CRISPR-associated
protein 9) gene editing technology, the 2/ SRI and membrane-anchored fluorescent protein bicistronic expression cassette
was precisely integrated into the A4VSI (adeno-associated virus integration site 1). Cell adherence was determined by

crystal violet staining following PBS washing; cell proliferation was measured using CCK-8 assay; transfection efficiency
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and response to signaling pathway activation in cells were assessed by luciferase reporter assays; and fluorescent protein

localization was analyzed by fluorescence microscopy. Four recombinants with correct integration of the target genes were

selected, all of which showed significantly stronger adherence to tissue culture plastic than wild-type HEK293A cells and

correct membrane localization of the fluorescent protein, with no significant changes in proliferation profile or loss of re-

sponsive to basic signaling pathway activation.
Keywords
AAVSI safe harbor

NIEAG B 42293 (human embryonic kidney 293
cell, HEK293)2& i Ji# AN VR 5 B 20 Ff 2 % S iR
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JFAH EAE R 78, B2 il B Rk R S ik
RS TYH AL . SR, FERNPRPEAR, 769 MIgH it 7= 3%
TG BE AN | 25— LU 5 22 YR 5 R B 4T i B0 2 e
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hMSR1; R SR-ABL CD204) 3L K flFa i i g, #y i
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enger receptor class A member 5, SCARAS)[FFEA] i
& 158 HEK293 EBNAFI CHOZH L 7E B i 0,48 338
BN A 3G R SR L IR B B B, HonT o sl i s A
JE RN H ) o34 C-Ui G 1 ~G3 45 M3k 1A 5 kS 1) &
), k3 5O 20 R AE G LT AR T BN B S A
T, ImEAEAT =, JFL LRV, hMSR1
FJLRIE ] I 2 3 5 HEK 293 TYH Mo 78 4% 8438 H 1 2
B, o i G TR BE, AT £E 56 T 57 i FEL e
BB 7 1) F0 AR A A i DR R $2 TH 2 I H T 52 4
SR AF o M) 182 96 P52 RS R EE BT T LA hMSR AR E
1 %3k HEK 29340 i K 22 1 3 A i it B 24 1 i a2 1
&, WAl SR BIR  PeoR IR R A 2k, FE
IRERAVERR G BRI 2D, $2 i RS afd it

SR, WRIN % e Ra 10 8 HAROE , SEERHEIR A
WANEOR , W FR i mT 1 5 F A E 4 Bk
T A& A T BE AL 1m) 4 G 1) A 20 B R A T
i, AN IR R B S AL AN AT, AT AR DRI B LA AN R AR
IR N YR DR Dy e, 3 B T 40 i 2 T A (n
G B DI RE R ISE ). NI REE RIS H HFE
EAT HL 76 e Ath AN 2 28 4038 ) R e A M &R, 3l 7 O
W KRR FER F I BRI AR S . R
2H %245 (genomic safe harbors), BJFE K| 2H 1 5EWE 57 7
ML RIS E B A . A TINER L, B4 M T
I8 AN B 5 ] AR 28 A R, A e DR 9 N ) B AR
R, Tz N AT D Re AL 5 RN TR AL . A
By RS R 45 1 8 [ S 52 7 91 (clusstered regularly
interspaced short palindromic repeats, CRISPR) fz H.AH %
5 H 9(CRISPR-associated protein 9, Cas9)/5:[\) DNA
BUEEE TR S [ E )12 &2 (homology directed re-
pair, HDR)!"*!", A S A15RE PR 76 22 4 HE ) i3y RUE R
N, i PECBE LS AN RAE K . AL T AR 1955
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RS BRI 118775 2% 12C(protein phosphatase 1
regulatory subunit 12C, PPPIR12C)}EPE P9 2511 fliAH
I BFHEA 07 15 1 (adeno-associated virus integration site
1, AAVST)Fe N R0 % B RIRI 7 )32 3 i) 22 4 s
0P RN, /EHEK 29320/, AAVSIAHEL
FiAth 22 7 i, W] SCRPANERE R S kP B —
HERSE RyRIL™.,

N T MR HEK 29340 52 RO R M1, 32 m LA
VR R G L PAIRR O a2 A A A L (R 4 i
fIw g I PERE , A 7ER ] CRISPR-Cas94r 3
AAVSTZ AU s RN S A B AR 3 N AT 5 (inter-
nal ribosome entry site, IRES)/\ 5 XU fz T~ R 1A8 T
W, P T Fe e A hMSR RN A b 5 PR TS 4R ¢
J64 1 1(monomeric teal fluorescent protein 1, mTFP1)!")
fTHEK293A-hMSRI4H & o HAEORKREF A= RU4H AR
VTG TE AR I MR A = I R N2 BE RN, SRI
SEBRIRIZ B A S i PR AR R G I ]
LA 73 e B AL S G o B 0 AR 1T

1 #RFFGE
1.1 Apa5S Boki

HEK293A4H i ¥ 5 77 55 75 30 AL 94 61 1B A2 )
REA IR AT ; AAVST gRNA/Cas9FE 1A Jii i (EF 1 -
hspCas9-H1-AAVS1-gRNA)FI A4V S1 % 4 5 B R {1
A E 3R FURE (AAVS 1-SA-puro-MCS donor) A AAVSI %

UL ] RS I, 1 H 35 1E System Biosciences A
7)o hMSRIYwF%FF 51)(coding sequence, CDS)(GenBank:
D90187.1; % AF IR 47—1 402, ih 451 NI, 43T
BRI LB Pst 1. Ava 167 55) mTFPI CDS3) i 41
Hi AR B PR A =] & 1, I 3BT pUC-SPA
PRrb . IRESA XU S 5~ FIE UL pEXKA3, ZOGER
B4R 15 5K pEXHA3-hCluc-mK Ok-hGluc.  pEXHA3-
hCluc-mScarlet3-hGluc. pEXHK-hCluc & VI Tt %
i ]9 7G4 BIX B4R 5 225 [R5k pMC-ISRE-mScarlet3 A
pMC-GAS-mLemon A3 4SEI S BTk . T 5l
WY (FR1) & B e BE RN P BUR) Sangerilll 7 2 H A2 T
A TRE( BB A PR A 7] 5E B
1.2 {FIFEM

BT R FERS - BRI A DI T4 DNAZE L
fif. Monarch DNAJK RIS &+ Monarch/5i ki /Mg
A5f] & FfIMonarch PCR/DNA 444357 £ (New England
Biolabs, £ [ ), PrimeSTAR Max DNA % & 1 (TaKaRa,
H %), Platinum™ SuperFi™ II Master Mix(Invitrogen,
K, #H %R vargulin(_ S T AEM B AR
], CTZ(coelenterazine). CTZ-h(coelenterazine-h)+
IFN-yAIIFN-B(MedChemExpress, 5 [H), 6- & 44-2-Hift
i) R IE (6-Aza-2-thiothymine, ATT)FIERS 2 25 (AL 5T
ZORERHAIRAF), fi4- M7 (fetal bovine serum,
FBS). DMEM(Dulbecco’s modified Eagle medium)%%
FrdE. Opti-MEM™H:Fdk . HHR -FHERIRGH

#*1 PCR3I1F%)
Table 1 Sequences of primers for PCR

CIEVEZR S MBI 3"

Primer name Primer sequence (5'—3")

CAAX F GTA CAA GGG CCG GCT CCG GTG GCT CCAAGA AAAAGA AGAAGAAGT CAAAAA CCA
AGT GTG TTATCATGT AAC TGC A

CAAX R GTT ACATGA TAA CACACTTGG TTTTTGACT TCT TCT TCT TTT TCT TGG AGC CAC CGG

AGC CGCCCTT
mTFP1-CAAX_F
mTFP1-CAAX_R
CMV-hMSR1_F
CMV-hMSR1_R
5" junction_F
5" junction R
3’ junction_F
3’ junction_ R
hMSRI-mTFP1 F
hMSR1-mTFP1_R

GAAACC GGT GC CAC CAT GGT GAG CAAGGG CGA G
CCCACG CGT TTA CAT GAT AAC ACA CTT GGT TTT TGA
AAT TCT AGA GAC ATT GAT TAT TGA CTA GTT

TAT TAT CAT CGT GTT TTT CAAAGG AA

TCCTGA GTC CGGACCACTTT

CAC CGC ATG TTA GAAGACTTCC

CAG TGG CAG CCAGGTTTA GC

CCT GGG ATA CCC CGAAGA GT

AAA GAA GAA CAA GTG CAT TTG GAA CAG GAAATAAA
ACG CGT TTA CAT GAT AACACA CTT GGT TTT TGA

FAER 547, R: A 5147,

F: forward primer; R: reverse primer.
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(100 U/mL). TrypLETM Expressfi (1>/10x) S HE
Jeti.551 (0.4%)(Gibeo, 3 [H), R £h 224K (phosphate
buffered saline, PBS). CelLyti™ M. —HJETH. 25
e SR gL R . AT DKES R (Sigma-Aldrich, £ [H),
CCK-8(Cell Counting Kit-8; Dojindo Laboratories, H4),
PureLink HiPure/ii i K42iX5f) & Lipofectamine™
30004% 4477 S MitoTracker™ Deep Red FM. Hoechst
3334244kt TGLEE 7 TR i (Marker) f1 Su-
perSignal West Pico PLUSHK. %% K H A (ThermoFisher
Scientific, 32 [& ), SF Cell Line 4D-Nucleofector® Xii ]
i (Lonza, ¥ 1), H AT HIOFLF: XS LR (Greiner,
PR A, AT B 6 FL B F IR /L R AR TR (b
HERMREC A R AR, %8 6fLAN s 7otk . &
W1 96 LN F7 AR (Corning, < [H), T I # ik
N B v FE IS GRS QDAL AR A TR A ),
PDL(Sigma-Aldrich, 5% [H ), RIPAZLfRLE M. 7 F &
Ti# T 9 (phenylmethylsulfonyl fluoride, PMSF)F1BCA %
A W ) & (DU A A ) TR IR AR,
5x HEEH RN AL DS EB A RHEE R A
), Adamas-life® 8%~16% Tris-H 2B ik (-
B A A BR AT ), 10x Tris-H 28 K S MR
10x Western bloti% JE2% ik K 10x TBST(Ib 5t B A=
YIRH A BR AW, Jod B PR s PR (A6 22 iR
A A BRAF]), 5 L) (polyvinylidene fluoride,
PVDF)/I%(GE Healthcare, 3% [F), ZfthMSR1$tiA((H 5
ARG41009)F1/] 5 $70 B-actinf i 44 (55 5 - ARG62346)(Al
EiRHEDIRHE A R A 7)), BURIL A ) (horseradish
peroxidase, HRP)AR1C LU 4T % 1gG =Pt (15 : 111-
035-003)FTHRPARIC I Ll £/ R IgG —Pi(Hi 5 115-
035-003)(Jackson ImmunoResearch, & [H).
1.3 {425

Ft A% Veriti 96 PCR1X (Applied Biosystems,
EH). COREFM (SANYO, HA). DYY-6CHLIK
A AN — R AR A R ). CK405] E B
%% (Olympus, HA). SpectraMax i3x% I e B b5 13X
(Molecular Devices, 3 [H). 4D-Nucleofector™4fl il 4%
Yt 24 (Lonza, ¥ 1:). EVOS FLoid4H il 5.1% % 4
(ThermoFisher Scientific, 3¢[E). Cytation 5% IHE4H
i eG4 22 45 (Agilent BioTek, 35[H). MiniChemi
245 RO ABAX (AL S AR VU ZE R BHC A PR A )
14 FRAE

TE K Y R A B R . CAAXE T I S TR

(CAAX_F. CAAX_R)IBKIERHEA 558 H AR I XL
B, HHENZE mTFPIRIYIX 3" (BsrG 1. Pst N 5.2
i), 455 mTFPI-CAAX H 1) Bk, IRESA S
({) AMSR1. mTFP1-CAAXXUN [ T ik Te 444 4t
Iy T TR E T80 i 2 AAVS1-SA-puro-EF1-MCS
donorfFfi ki, B HJE A EF1-MCSEIL &, $R15 A4AVSIE:
FE PR A4 R AAVS 1-SA-puro-CMV-hMSR 1-IRES-
mTFP1-CAAX. BAPRME 1R, WA T4
W SR B E SR AR P R R T AT, SRAF I
For Psyie ik (R i) P Bl D) Al Sanger il 7 38 01E
1.5 ‘AptEFRS5E 4

HEK293A4IJif7E 37 °C. 5% CO5M T, fdi
ININT 10%J62F 155 A1 100 U/mL S 5 5% —4E 5 20
PL ) = HE DMEMB: 77 2R AT 55 9%, B AL A 8E 97
2~31K

%% 4t FH 4D-Nucleofector® £ 4t 2 SF Cell Line
4D-Nucleofector” Xik & 5e . AU : HEK293A
YL 0.4%HE U QR TR 4E M 5 T >90% 5, LA
1x107/mL I %% FE # 2T Nucleofector® SFIE, I
0.8~2.0 ugli ki DNAFIRS], #8528 A\ Nucleocuvette”
SVIAR , R FS-100F2 7347 Hif o % % A B LA il
IR TR E R, HeMp T 8RR, 137 °C 5% CO 1
FakEE R

JIg 5 AR %% Y K ] Lipofectamine™ 3000%% 44
FVEAT o W Gt — ROBr 4t o 42 b T 85 7oA, (K
TE 36 Y i 25 B IR B 70%~90% L & B - L et , H
Opti-MEM™ % 75 5 #478 Lipofectamine™ 300015551
DNA, H-7E )5 & FB I P3000™4 57 (2 ul/pg
DNA) | % DNA-P3000 TR, =i 55 min/mk —
FEMRFUR S, 44 IR F E 10~15 minfE BDNA-fF
RS EY. BEEsE -GN G BTN
HYAuRE IR FLA, 37 °C. 5% COL2 4 N 4k ks
Fio
1.6 FREMMAMTFES RTEL

HEK293 A4 itd LA 4D-Nucleofector® 5 4t 4% 4L
EF1-hspCas9-H1-AAVS1-gRNA(2.5 pug)F1AAVS1-SA-
puro-CMV-hMSR1-IRES-mTFP1-CAAX(2.5 pg) 24 h
J& , &R 11028 1:20 1) Eu i L S8 e A T 64 LAR
HakLlE 77 24 h, BHMURS 70 IKE . dhEiH5 97
RIS LA, PO NN ERS 55 28 (2R FE 1 pg/mL)idt
ITRE wwbETiiE . BhJS, f:2~3 A3l LR, Frelidsss
10~14 d, H 2 A5Gt AN 4 FE T, JLis el
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C CMV a IRES ]?’hengeé

PCR: CMV-hMSRI1_F ®
CMV-hMSRI_R
pUC-SP-hMSR1

1

1

1

1

1

1

i

1 @)

: Avr I+Pme |
I %
1

1

1

1

1

1

1

1

: r mTFPI  CAAX j
]

pUC-SP-mTFP1-CAAX

PCR: mTFPI-CAAX_F ®
mTFP1-CAAX R

mm ;TEP]  CAAX wem @

1
1

1

1

1

1

1

1

1

: Age T+Miu 1 mTEPI  CAAX
1

1

1

1

1

1

1

]

AAVS1-SA-puro-EF1-MCS donor

—————

Spe I+Ale 1

® AAVS-SA-PuroR-CMV-hMSARI-IRES-mTFP1-CAAX

O~OFtg U] 5 57 b A7 N BR HE I UIE; ©+ @D: PCREN. B AT 51 #; HA-L/HA-R: Z2/45 [F U5, SA: BIE324K; T2A: T2A H BIHIkCDS; PuroR:
WENS R PUIESLFICDS; pA: 2RI HRA ILE'S; CMV: A\ E i 7 (cytomegalovirus, CMV) 3 IRES: W AEE AL 5 HAlR

Tr YRR R ICDS; SO U Z% TS

(D-®: restriction enzyme digestion reactions and the enzymes used; ©,(@: PCR reactions and the primers used; HA-L/HA-R: left/right homology

arms; SA: splice receptor; T2A: CDS for T2A self-cleaving peptide; PuroR: CDS for puromycin resistance gene; pA: polyadenylation signal; CMV:

cytomegalovirus promoter; IRES: internal ribosome entry site; other colored boxes indicate the CDSs as labeled, black dot represents core insulator.
Bl R EE

Fig.1 Schematic diagram of donor plasmid construction

0 B LR AR BT IR R . b e FE R R 2 ] L
KKK /N (500~1 00041 Y], FH e FE AR B AT
SLRE, YIGEEIR . AT
1.7 EEBLE

PR AN N S g K P e BE AR T ORRE IR,
FH Monarch®% [K] 20 DN A B 771 & 25 58 s B 41
o FEE L R 40 DNA . i B 547 s B2 X S
N R B 5 A 5% 20 M (polymerase chain reac-
tion, PCR)Su Ik H 2% X 4 N 5 8 & A s AEAf
7

5/ XN 3/ HE X 1) PCRYESE 12 AAVS T %24
HREE ) R G077 U B A PR D7 VR AT . AN
hMSR1-mTFP1#/PCR%E fff H Platinum™ SuperFi™ I
Master Mix, [ WA 5 5 P25 % PCRAZ % 157 i ]
BE. PTAPCREIY L FHI WIE2AIZR L. PCR™)
Y5383 2 %0 2a TG AR P2 FRL VK AT 2340
1.8 ZE B R ZENTE(Western blot)

W4 ), 79K EAE 1 mmol/L PMSFIH)

RIPAZ B ZLARANA, 4 °C. 16 000 xg.L>20 min
RRIE R . BCAIENE AR ES, A& (20 pg)
R, 4 8%~16% 1 b FE 1 BB 2R T4 I e & 1
FEBEI IR AT 70 58, PR H% 7 2 PVDFE . R4
To B A PGE AR E A 15 min5 , 5 hMSR1HL
R (1:1 0008 ) Bk B-actinFi /4 (1:2 S00F7FE) 4 °ChE
B, B 5 SHRPARIC I —HT(1:100 0007% FF) % i
¥ FH 1.5 ho SuperSignal West Pico PLUSHL 2 Kk i
VB JG, FFiji(lmagel 1.54s)8 43T 001 H
2%t 43 - & F MolecularWeightEstimator i 4 #R 9
H A Makersk i iEB AL B AL . H IR K E
B LA[R B B-actingk ity AN Z AT IH— 4k LAEZHAH
LA it AT T B A R A AR o 4 U — AR 43 2K P B
B EEASCAN [ 5 B A i ) 1) 22 5

1.9 RBELE

1.9.1 fmfe&rabm 4R 5E A CCR-8k 77 &
Mo HHHILL1x10%~1.5x10%/FL I % & B Fh 7E 96 7L 40
M3 7R, AFFLAARAR 100 ul, B F37 °C. 5% CO,
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BFAE TR ol THME6. 24, 4872 h 44
B 1) ASCEATAS I o B AR DU B R] 57, 78 AH B FLAR
FEFLELREINAL0 uL CCK-8VATR, AR 5] Ja k8 T
37 °C. 5% CO¥EFRAH I E 2 h, LRI H £ Thae
B FRAAE 450 nmPE A 8 &AL G E (Daso)fE -
A B T) RSB ST AT DN FLAR, 38 B fs 2 B8 AR 52
YR AE K o FH DasofB 03 55 I B0 % B4 138 4T DU
SAARLRYERL G, LA 9 P 40 110 38 5 o 2 o

1.92 @fesbmbme K20 M DL B R
T 4896 LA MG IR, i 97 24~48 h, BAHHLIE K
B B2 (2 90%IL G JE), T PBSH Bt J5 1#E47 45 &
L DUVP A A0 PR I R . PR R ERAE QR WAL
BEZZIE NN T HE 37 °CI PBS, /K FHE 54130 s,
BRI E , 10BN LR . AR 40
BRI BEAT 04 3. SAITIRE E k. mhikse
WE, BEFLIIAN100 LT HEE, F-20 °CRE & 10
min. FF2FEE, 100 uL 0.1%/ 45 5 48 et
HRBOLJ 1S mine LN )G, HEETFKE
FiELERTE ot LR aENE, BLm
A100 pL 33%UKBETR, #8 KRR % 10 min % 55 (0 45§
SEAVEMRIG, 1570 nmis K AL 52 W BE (Do) -
DL O VK 0 % 41 LA b S BR(100%), P4l AS [R] Ik
Bk e A M8 R B B . BT AT W B Y AR Y
HEK293 A4 %/, G045 REATATAbEE4]. PDL
ALY (100 pg/mL PDLERIEEE 5 min)ZHA1ES 9%
#4552 pg/mL PDLA,

1.9.3 #FAEBIAAZFEIE R am D
76 R BER 75 R pEXHA3-hCluc-mKOk-hGluc.
pEXHA3-hCluc-mScarlet3-hGlucif 17 i 5 4% ek il
S S AR B DR ) B e AR o BRI« A0 A G
48 hJm, SeHUs 7% ik FlCCR-8H&ME 4 %, bt 37
L5 IHH CelLytic™ MZARAIML . BEAFEE 10 pL
Yl LR R A ANE B 96 FLF X LB, BEFLn
N90 uLAG 2247 (100 mmol/L Tris-HCI. 70 mmol/L
NaCl. 5 mmol/L MgCl,» 125 umol/L CTZ)5, T2 1)
REm bR A EAT I A K N RO E . DA R
JEE AR B LA TR — B i CCK-SHGN ) DasofE, TSNS &
6 #37{H (relative luminescence unit, RLU), PLiFEAf#%5 4%
BER . GBI T3 25 (interferon, IFN){E 518 B 1)
i, il % G pMC-ISRE-mScarlet3_A. pMC-GAS-
mLemon_ A F B 5 UM TR . v R 4y
R 22 e R R, R E 5 3 DAL % G4 pEXHK -

Cluci R G 5NN S AT H— LA B . 40 e 4y
24 )57 BN IFN-yB IFN-BZE 49K FF N 1 pg/mLEY
1 ng/mL. #k&2853748 hfim, JEH i LA Cluck 2z
(100 mmol/L Tris-HCI. 70 mmol/L NaCl. 5 mmol/L
MgCly+ 50 pmol/L vargulin)f il 4=y K 1 & o5
1B, F¢ 3% J5 AR A M 2Rt i, ARSI 223 (100
mmol/L Tris-HCI. 70 mmol/L NaCl. 5 mmol/L. MgCl,.
125 pmol/L CTZ-h)[A] FAsill 530 nm(IFN-yi#iE )a612
nm(IFN-BEGE A AL R GHR AR, I LARTINNR
558 P ok DA TRIRE: i Clucss (19 & 8 P B THEE RLU,
AT 4 i RLUAH XS - AR 38075 40 il RLU B34 0 {8 745
ST R 7 N K o
194 @R mbEatr KRG EMBUEE
AR, GG PR 25 G RE U 82 58O B I R Ik 8
LI 43T e 55 40 i B 24 1) S s A S L

¥ HEK293 A-hMSR 1 4l i 2 T 6FL 35 B i 24
Mss7ei, REHARKESEEE FHTRE. %k
PA37 °CTUG M PBSH R VEE 3K, SREMA2 mL&
25~100 nmol/L MitoTracker® Deep Red FM YLk} ]
YR FEIE, T 37 °C 5% COZ414F FREEIEE 30
min. BJE, W G, H T I PBSEES 3K )G,
FEFLINAN2 mL+% Hoechst 33342(ZKE A1 pg/mL)
PRI EE IR AL, FIREDEI F 5~10 min. eGSR
J&, FHPUE A PBSYE 43R, TRFLH A3 mL
Yl f k% 7R %L, FlCytation 522 DhAELN A B AZ AT 2R B¢
HAT AR o AR, IR AS AN [F) 38 8 R AR A5
5o CFP[¥R I K (excitation, Ex): 445/45 nm; & &t
K (emission, Em): 510/42 nm]8{ GFP(Ex: 469/45
nm; Em: 525/42 nm)i#iE i SKmTFP1-CAAX Y Y615
5, CYS5i#i# (Ex: 628/40 nm; Em: 685/40 nm)ifi3k
MitoTracker® Deep Red FM 4L {i15 5 (2 ki f4); DAPI
JHIE (Ex: 377/50 nm; Em: 447/60 nm)J#i 3k Hoechst
33342455 (A% ). R RSB E T GenSHK
4 (Agilent, £ E R4, AHEEE . mTFPI-CAAX
L5 2 i B R A 1 4L 5 A7 20 # R Fiji(Imagel
1.54s)"958 o
1.10 SitZEHHh

B A B b 22 (xbs) 7R . 4 GraphPad
Prism 10.6%/4: (GraphPad Software, 32 & )iE1T4511
FOrHT . PIALIAI ELBCR - ST AEAS e, 2 A1 ELAR
KRR R 7 250 HT (One-Way ANOVA), LA P<0.05
NG S A E bR
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2 #R
2.1 AAVSIRZEABEEMEENREREREYH
Batk

Beyeis — R, DA 1 pg/mLIES 5 R RS 97
FESEREFR15 d, MgRNA/Cas9 ik Fi kL 5 At 44 i fi
LR A0 L 67 1 FR A5 20 ME NS B R P, HRIA
mTFP 1% 68 [ 1 50 % (K 2B), T A 4% e 41 g c v
BETE . AN HH Bl HLIZE X 4 ST o B (e a~d) P K
7%, $RHUEE R 4 DNAH T8 A 07 AU B X LAl N
JFHIIPCREE » 45 IR, 420 s RN R
PR ZH DNAFEASPCRIS AT 47 1 HH FRUHA K /N 1) 5" 4%
X\ 3-3EH: X FHH AT 5 (hMSR1-mTFEP1)HE 57747
W, 1 EF AR T HEK293 A4 0 (WT) DNAFEATEAH B
RS = (E2C)

P B E %)% BN (E2D)BoR, #EAIhMSR 1
JifL Ah ek (G T R BR L 192 5 45 1) i 0 4k 78 B A= A
HEK 29341 i s AR I £ 2 62 kDalfi 2, MAE47
B2 B v P A HRORE A R R R 21262 kDaAl90 kDalt)
2Nk . BIRAEYIIST B S 45 IR R, B
T P AH AL S hMSR 12671 (62 kDa. 90 kDa)Z: B-actin
VA4 5 PR AR 0 2R T P50 A ] S A 5 HEK 2934
JfIEE FhMSR 145415 (62 kDa)f#)2.27~2.76f% . BRI J5
Z MR, 40 55BN hMSR1 A K BG40
X ZER(F=0.1879, P=0.901 7).
2.2 hMSRUIIFRIAMK ¥ 4HARsR R RE

YA PBSIIBE G 45 dh R B 45 R 2
7~ AB R FEAL A B B A A HEK293 AZH i (Un-
treated)BH 5 PBSI SR R ELFIIGIN, B4 A7 240 G €K
MEIR S . 3 IRPBSIEG, B H I AH M K v B 7%,
S R Y B 1T 38 Dyl 2N AR e 41 B 0T HE ) 45%;
SR E AN B 24%; TIRITHEIS , BRASFLAL, KR
53 fL Dsyod3le T 25 U HRALEE, P38 Dsso AN B AR
PERAN X FE ) 15%( B 3) 55 I FLAR PDL AL 4
4t 38 (PDL pre-coated) 5% H #2 F & 2 ug/mL PDLIF 5
FRIHEHEFF (Soluble PDL) R B I 38 55 B AF U 41 g 75 1%
TR IR . HESIRIP B G, A4 gLt~
3] Dsyof LA A TG4 a0 HR Y 90% LA 1, 7k Pt JG
1545 ot HE I MH 1 85% LA b o {EL7E Tl 40, e FL8% 95 (1) 4
Jf e I T L 22 AN FLAA O TR AR I A R A €0
X, ¥ —VEAH B B A 55 97 3 FR i\ PDLAY B &
B2 (KE13A). HEK293A-hMSR 141 i 285 B 1 4 B A4
B HEK293A4H i KIE e = . 443 20 o og PR Al i 7

SURMHLIG , BTN Gt ) 35 Do [H 383K B 7 A
TR 20 S B AL 1) 80%~95%, TIR MG JE 15 Xt
HEEL 1 64%~88%. Tl c Al 2k I P4 5 EPDL AL
B FLAR B PDLES 77 56 Hp 5 77 11 5 A2 71 HEK 293 A
FHY o TLFE a7 ARG I B A7 20 i St AE R i
55, FLRRIHSE S AR T AR R BE4H BT HE K Dsro BT 53
A EL e P RN AR A B 2440 F 3 s NS (A oK i
Ve 6T R 8 Do (B AR X A, 2950 5 B Ad T
70%~77%(FI3A).
2.3 mTFP1-CAAXKNEBIRENIINEE

Z @18 %G B AUE (B 4) W %2 2| HEK293A-
hMSR 140l HH R IE ) mTFP1-CAAX W i A 1 5
SERL T AN, LG5 S iEMT . SRR B, AR &
HFh 22 A i %6 BT (& GFP), H. 5 MitoTracker® Deep
Red FMAric 4 RLAR (B 1E CY5) & Hoechst 33342
FRICHI4H A% B TE DAPT) CIH R E S . K H Fijifk
PR =38 T 2 O B AR (B 4B)IEAT 3 5 A7 A il
(colocalization test, BEHL777%: Costes), &7~ mTFP1-
CAAXTE 5 5 4l M i Gt Je 28 7 AR G € 1) B JR 8D AR
K ZA % (Pearson correlation coefficient, PCC)¥3)/N T
0.5(0.283. 0.187), WP & =3 [8] 404 _EICH] e
B, 55X E R
2.4 hMSRIFRIZEZERS T HRAEE RZE

e FR Pl TE L DR TR LS50 2% B HEK 293 A-
hMSR 1% &1l 25k D] F % % A% 2 A HEK 293 A4 Jifd
HEZERS . pEXHA3-hCluc-mScarlet3-hGluc /i fi
(mScarlet3-Gluc)#: 4448 h/5, HEK293A-hMSR 1(hMSR 1)
[R5 B B IA 7K1 i 35 v T B AE A HEK 293 A4 il
(WT)(t=5.214, df=10, P=0.000 4), Fi &2 ()55
SR LN G 1915 (RLU: 1 160 716.86+194 772.35
vs 608 818.07+171 169.82). pEXHA3-hCluc-mKOKk-
hGlucJit kL (mKOk-Gluc)#% 4+ 48 hji , PIFh4HMIIF 2t
RIS ZE R FIFEAR] T REKF (1=4.297, df=10,
P=0.001 6), HEK293A-hMSR 13l #5354 ¢ KB 5 3
FE 2N HEK293 A4 A 2.34% (RLU: 1 512 713.52+340
527.80 vs 666 495.71+£341 634.48)(K5).
2.5 hMSRIFIASNAEIEEFEHESEMESE
BNZEaE DR ERMN

CCK-87 45l HEK293 A-hMSR 141l iy (hMSR1)
557 A4 RIHEK 293 A4 A (WT) ) 5 i 28 2 P 6 A I
Ne EWREMR SR, R Z % logistic|H]
VA St 5% 7 B 1) — 200 PR A8 B (Doaso) BEAT FI AR LR 0L 5 40
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(A) CRISPR-Cas9
i'f
AAVSI locus 5’ junction_F H
PPPIRIZC s | E1 ] AAVSI-HA-L | AAVSI-HA-R o E2
- ,”’ S~ ~\§"|unctlon7R
- > ~ ~
S T SS i
w7 P SS SS
-7 PR S ~o
: 27 = SS Neng
Donor plasmid - -7 S S
P _- < ~o SO
o ~
hMSRI-mTFP1 F % junction_R ~.
I AAVSI-HA-L [‘ SA mCMV - IRES = /uTFPI CAAX-.—_— AAVSI-HA-R
5 junction hMSR1-mTEP1 R
| 1062Dbp  weeeeeesee »| ) S 2069 bp e »| |3 1431 bp  weeeeeeee »|
(B) (D) hMSR1 WT

d c b a
eSS o
D B L S e i

200 um 200 pm 200 pm 200 pm P-actin =44 kDa

hMSR1

2.32+0.26  2.43+1.31 2.27+0.83 2.76+0.74
/bp #1 #2 a#l a#2 b c d#1 d#2

Normalized hMSRI1 signal relative to WT

hMSR1-d hMSR1-¢ hMSR1-b  hMSRI-a

A: AAVS1% 45 HEL f CRISPR-Cas9At 3 I HE A i R i A\ 7R i B BUIR #7 Sk PPPIR12CHR R AAVSTHE K 6 _E i PPPIRI2CHE A J3 31 1, ELRIE2
BR7RPPPIRI2CHE K (¥ 55 — RN 55 bS5 R BN i S 48 s A 2 B B XA NP SIPCR 51 W 45 5 (o 51, HH T XU Sk 5 75 PCRY 1 7= 44
JE; Bk BRI B TR . B R R SR PUIL A v B 1 R B RUB A (4x W8, GFPYOLIEIE). C: AEFZIDNA PCRy™ I B IR BB ik «
WT: B AR HEK293ARE i, #1. #2247 fi (N []), hMSR1: HEK293A-hMSR1F AN R dh; a~d ABEHLIE U4 e, 206, 6
RSB AH T OUET Sk 73 IR RIS - HE X L 3/ 3 XA AN Ly 38 =4 . D: 85 11 5e9% B AL ThMSR17EHEK 293 A-hMSR 1 (hMSR 1) FH BT A= 714
HEK293AZHMI(WT) P ¥ RA 0. b7 s B g &, T )5 HhMSR IR IA & (¥ 58 &5 HT: BAB-actin?y 92 )3 —14, FHEAHXT T 57 AR AR AR TS L
fHm=3). FERJFEME, REEME S b HEZE . B IRAE .

A: schematic diagram of the CRISPR-Cas9-mediated site-specific gene knock-in at the A4VSI safe harbor locus. PPP1R12C arrow box indicates the
PPPIR12C promoter, boxes E1 and E2 indicate exon 1 and exon 2 of PPPIR12C. Colored arrows indicate binding site of primers for PCR of the junc-
tion region and inserted fragment, the opposing arrows denote the sizes of the PCR products, labeled elements in the donor plasmid as described in
Fig.1. B: typical microphotographs of puromycin-resistant clones (4x objective, GFP channel). C: agarose gel electrophoresis of PCR products from ge-
nomic DNA. WT: samples from wild-type HEK293A, #1 and #2 for two independent biological samples (the same hereinafter); h(MSR1: samples from
HEK293A-hMSR1 recombinants, a-d for four randomly picked clones. The red, blue, and black opposing arrows indicate replicons of the 5’ junction,
3’ junction and inserted hMSR1-mTFP1 fragment PCR, respectively. D: Western blot analysis of hMSR1 expression in wild-type HEK293A (WT) and
recombinant HEK293A-hMSR1 (hMSR1) cells. Upper panel: one representative plot. Lower panel: h(MSR1 bands intensities were normalized to B-actin
and expressed relative to wild-type cells (n=3). Bars represent the mean value, error bars and points indicate the standard errors and individual values,
respectively.

E2 EHBREMEAEAMLERZEXEBAANRERPCREhMSRIZR RIEENELER
Fig.2 Results from PCR of the integration site junction region and the inserted fragment, and Western blot of hMSR1

WrioR, “HE WML TS 2T (Fu 10=1.056, 3 5°931.19 [26.15, 53.12]1F137.84 [32.04, 57.46]
P=0.390 8), H I35 Hh 26 R 2 2 41 95% B A5 X [H] h, BfEXMEAERIEEES, RV LR AR
(confidence interval, CI)5¢ 4 8 2 (2.829 [1.318,  HEK293A4H/ifl, HEK293 A-hMSR 1 {48 5 o J& ok
5.011] vs 2.375 [1.514, 3.2207), 3454t £& b sk ] A AR
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A)
WT hMSR1 Blank WT hMSR1 Blank
PDL Soluble PDL Soluble
Untreated pre-coated PDL a b c d Untreated pre-coated PDL a b c d
= ‘ - . 3 -

< =

7 7

< <

z z

»n @ ¢

Q &

~ [

X X

] & b

312 325 316 235 2.17 306 300 0.13 1.47 3.00 2.88 2.07 175 2.80 2.87 0.13
570 + + + + + + + + Dy, + + + + + + + +
0.09 021 0.32 0.09  0.09 0.17  0.05 0.00 0.68 0.20 0.48 0.13 0.20 0.17 0.14 0.00
WT hMSR1 Blank WT hMSR1 Blank
Soluble PDL Soluble
Untreated pre-coated PDL a b c d Untreated pre-coated PDL a b ¢ d

5% PBS wash
7x PBS wash

0.84 300 305 192 177 284 287 014 058 282 279 1.73 144 271 259 014
570 + + + + + + + + 570 + + + + + + + +

029 025 021 010 030 0.1 011 004 095 049 042 011 009 004 006  0.00
(B)

125 = I 0x PBS wash [ 3x PBS wash 5x PBS wash 7x PBS wash
S 100m d :
=
2 g & &
% 75 = ' : k|
2 .
o
B
= 50™=
e
N

25™=

0=

Untreated PDL pre-coated ~ Soluble PDL a b c d
WT hMSRI1

Ar BRI NE], Do IR RS B4 (fixEs . B: PBSMWL G A M 45 5t 58 Ge 5 B 0o v REXT TR (0% PBS wash)4H S 44 (D550 (31175 5
BRI 73 b o AR AR IMEL, SR 2R MG k0 50 b 22 L B AL ISR EUE . n=6. EEFLIEFPNNEL: 1x10°, ZRNRIEFN£048 hm HEAT 45 i 5 et
PBS wash: YA aTPBSH PR E; WT: BF A HEK293A 41 ffl; Untreated: A Z5/E {7 4b#E; PDL pre-coated: 5577 fL4:100 pg/mL PDLIAEL#S min;
Soluble PDL: #43#3£ 42 nug/mL PDL; hMSR1: HEK293A-hMSR 1 5 21 4 fifd; a~d: 72 [ a~d; Blank$ 5 o240 M xF HE AL .

A: image of crystal violet staining, Ds; given as X+s for the corresponding column. B: quantitative analysis of crystal violet staining on cells post PBS
washing. The y-axis is the percentage of net Ds, relative to that of unwashed cells (0x PBS wash). The height of bars represents the mean value, error
bars and points indicate the standard error and the raw value from individual well, respectively. n=6. Number of cells seeded per well: 1x10%; crystal vi-
olet staining performed about 48 h post cell seeded; PBS wash: times of PBS washing before staining; WT: wild-type HEK293A cells; Untreated: with-
out any treatment; PDL pre-coated: wells coated with 5 min incubation of 100 pg/mL PDL; Soluble PDL: 2 pg/mL PDL in culture medium; hMSR1:
HEK293A-hMSR1 recombinant cells; a-d: clone a-d; Blank: cell-free well as background controls.

E3 PBSIEEHEMEARBLER
Fig.3 Crystal violet staining after PBS washing
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(A)

20 um

©

o 10 um

10 10 um

B

20 ym

10 pm

A~D: 20% ¥BE(A B). 40x #Ei(C. D), HEK293A-hMSRI4HL 2 818 5t B8 €l . BF: #13%; CFP: CFPI#IE(mTFP1-CAAX); GFP:

GFPifli(mTFP1-CAAX); DAPL: DAPLE IS (4 i t%); Merge: =iHiE 5.

A-D: multi-channel fluorescence microscopy images of HEK293A-hMSRI1 cells under 20% objectives (A, B) and 40 objectives (C, D). BF: bright
field; CFP: CFP channel (mTFP1-CAAX); GFP: GFP channel (mTFP1-CAAX); DAPI: DAPI channel (nucleus); Merge: three-channel overlay.
El4 HEK293A-hMSRI14A0 % B8R B MR IK
Fig.4 Multi-channel fluorescence microscopy imaging of HEK293A-hMSR1 cells

4 0 /IS TENAS 5 368 B B B 2 R D 7
HEK293A-hMSR 12 it (h(MSR 1) 5t T 19 4545 53 4
T HI R E K B T HEK293 AP A 7 (WT) . 4l
YL pMC-GAS-mLemon_AJFi ki 24 hji5, MIAIFN-y(1
ng/mL)FIE 48 h, AT %G RGRIAK TR E =T
JE 3 (t=2.540, df=10, P=0.029 4), HAHX T A H B0
HE A -1 2 RLU B3 IiME 298 J5 & 1) 1,801 (RLU:
204.97+61.97 vs 113.66+62.57). ZHI%E 4 pMC-ISRE-
mScarlet3 AJiFi24 hf5, JIATEN-B(1 ng/mL)H| ¥
48 h, HEK293 A-hMSR 14l %¢ Yt 2 g 15 7K 178 55
Za TR AR (:=2.317, df=10, P=0.043 0), H:AH
o A OGRS 34 RLU 3 B 20 0 J5 &
9 1.781% (RLU: 196.14+89.12 vs 109.93+18.99). i
Tl i /IS TFNAS 530 B () AR R AE S A e ST
~f 72 5 (IFN-P/ISRE: 7.03£3.46 vs 6.28+3.87, t=0.352,
df=10, P=0.732 1; IFN-y/GAS: 9.77+2.84 vs 12.15+7.41,
=—0.736, df=10, P=0.487 7).

3 g

AT 5T F) ) CRISPR-Cas9/ ™ S 1) AAVS1 % 4
JE RN DR g2 7 AR08 RIA hMSR 1A mTFP1 )
HEK293A-hMSR 1418 & . #H b BEAE:HF 70 BT F A% 4t
FALRIE AL YL 7515 1%, CRISPR-Cas9t 5 &
RN G5 B TR bR id A 2 T IR I 5 %2 (B 2A) KK

PR TR 1 e 2 i 2R S %) 20K 3R R L ) 2 4 i 1) O
HERINER o I\ 204 MEE A B 2P e [ B LR L 4
AN, JEI A SRR X RN T S FIPCRE 5E , i
I ER S R B AR A (- 20). WA, T
BT R X PCRIFMEANGE 58 4 HEBR i 8 20 4t
TEHI AT BE ; {H CRISPR-Cas9 ™ S 41A7 5 DNA XU K
25 1) HDR 5 2H 2% #3785y 1 B AL E [F] U S 24 0o,
HLE AR 5 R I () 57 AR 1 (SA-PuroR) FF C JH 8 1,
FEMEWS B 2K IR I, (A BB S B NG TIE
PRI AT TG o TR, ) B 2H B 1 o R B A
RN e ERA e YA RANY /e S O 1 SO = R 0 B
DRI 22 I HE P9 I 3505 4825 1~ (core insulator) 741 (K] 1),
B TG )k DR 3Rk AN 32 A0 3 G 8 i BRI 2 1)
EALEE, 444> 5 (O hMSR 13652 F i B2 (1412D) A i
R R (E3)HTEHEZED, $rn & wEEE W E
FR R DU AR — 3, (i A7 e SR ) B 40 2 4
(LA S B R B A, B4 T B R AR S
P2 14— 50, RIFE R /DR FEAT

EAFERR I, & AR Ess R (K 2D)RoR,
HEK293A-hMSR 140 il A hMSR 13RI K5 T
HEK293 A4 i i) PR PE Rk, HIHLFRIE =Y r M
7B 5EE AN [(62 kDa+90 kDa) vs 62 kDal,
FE7R hMSR 123K 7K - A1 /B 4T o I B IR 25 T it 52 i
hMSRIFIFEIEAL D Tk #2 . Tian%s U 58 R L, 76
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RLU /10°

WT hMSR1

mScarlet3-Gluc

Kk

207

RLU /10°

WT hMSR1

mKOk-Gluc

RLU: LACCK-8HTM Dasofti P9 25— 4k JG FRLUME . WT: HEK293A; hMSR1: HEK293A-hMSR1 7 FEaZiifiil. **P<0.01, ***P<0.001. n=6.
RLU: relative luminescence units normalized to the Dsso measured by CCK-8 assay. WT: HEK293A; hMSR1: HEK293A-hMSRI1 clone a cells.

**P<0.01, ***P<0.001. n=6.

E5 HEK293A 5HEK293A-hMSR14HAfIAE B 144 SR 5ttt
Fig.5 Comparison of liposome transfection efficiency between HEK293A and HEK293A-hMSR1 cells

(A)
47 e wr
72h
N = hMSRI .
R=0.955 1
Q 27 R=0.982 3
4 en
0 1 1 1
0.5 1.0 15 2.0

log(?)

(B) pMC-GAS-mLemon_A

- 200+

pMC-ISRE-mScarlet3_A
40077 40071

300 A 300 A

3 200+
=4

100 100

0-

0
WT hMSRI

WT hMSRI1

A YU A H 2R EL A .yl N CCR -8 I Do, At A AN A R I K () S BB . B: DRI T30 2R A5 5 76 S S N B /KT EL B . v AR
b T A B 4 % PR R AR AL RLUSS NG . *P<0.05. WT: HEK293A, hMSR1: HEK293A-hMSR15¢ #aiiffl. n=6.

A: comparison of cell proliferation curves. y-axis: Dyso measured by the CCK-8 assay; x-axis: logarithmic value of cell culture duration (h). B: com-

parison of type I and type II interferon signaling pathway activation. y-axis: normalized RLU increment relative to unstimulated control cells. *P<0.05.

WT: HEK293A; hMSR1: HEK293A-hMSR1 clone a cells. n=6.

Elo {MAMEIAS B S@ERNER IR

Fig.6 Comparison of cell proliferation and basal signaling pathway responsiveness

N RZ E VR R RAW 264.770 , il MSRI 74
J3'5 A s XS I 2 T R 4 AR SR N-HEEE D T
WER R AL IS FE , AT 2 AE 90 kDafi 47 ; 4 o-Hi &)
BRI DR T 3 IS, MSRIASRESE 48R 1, 2
FHREEK, HFE oA 2 BIN-FERE N T, &
WMoy 5 % 222 66 kDa, {EAT AT 425 0 il 20— R 4k
I 12 2 20 W i PRS2 AR DT R . hMSRI1JF 41 5 /)
SR MSR 1 /=1 FEARBL (77 41— FME 5 70.8%), H7/ME £

N-HEEAA b S EE I, HPrfE4 g
fRsp e, BRI, =2 AT BEAT AH AL IR N-A 610 55 0 2
HEAEZENLH . hMSR15 /N B MSR1FE 84> T &
(49.8 kDa vs 49.7 kDa)tHix , HAE A4 3 4775 1
62 kDar” ¥, 5 RAW 264. 7400 o7 2 4 H B LA
AN G RIE I 66 kDar= i 22 4 kDa, 7] g2 2
I 5 5 2 ) e R Y e S B AL . T
HEK293A-hMSRI4H il -F A7 7E [ 90 kDar=4), &
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21T JE 8 N-HEBE I T 5 M R 10 1) 5 44 b A
P, EIR R IR S hMSR 1S ik B 1 i /R 2
PN-BRRE I T T RE, AL W] e -5 40 M o G B S
RSB GEM A S S ThRE R o U, B AR
HEK293A4HMINEEEAE , /R BRSSP A2
N-FEEE I TACREAK, NIRRT hMSR1 3 2 DL
62 kDal) = H Ee i AL sl e & BB ILAL P2 T AR AE
1M HEK293 A-hMSR 1 40 i B [ 4, 41— o 386 P
Wk, RS GE S N-BEEE N T ROR KR
PEFE, hMSR 145 DLSE R 44 BUN-FE AL, A2 /590 kDa
FRP= 4, T ARG I 2] ) 62 kDa & s U 1] e A2 AR i3 R
T FThMSR R H i 7Rk SEPRN-REBE i 138 &2 Fr il

A1, hAMSR 1 235 /1 5 1 41 i — 58 )5 3 B 3
5, $E e R SN ROR, fEES At nl et
FoABE R 5> TR SRR N BN T 5 . BAR,
MSR 1S5 1 20 i 36 B 55 4 i A B AN fcist — A0 R
B U8 2 v R A B A R = R AR GEE
(Gio) B T FEE AR, K G S
BRI Lyn 55 0 5 e UL 3- S 1 s 20 (0 HoAth
T N-FEEA L I 2, 0K B T3 oA
M2k M ThfE 2Y. HEK293 A-hMSR 12 i g 5 141 5
HAUR IR T (K5), TR [FIFESZ 28 1M S HE 85
SRR R AL 2

PBSIE G 4 f B et i 45 SR IR, 48k HE-
K293 A-hM SR 1 5 5 [ 20 i 35 % L o 3z vy 1 B 26
ST A R B, B B RSP A B BBz A fE 4 7E PDLA
W% FE R KT (K1 3) . 5B afll baE R G IS
W B 24 R 2 €050 T I R R, E HE R i e 4 i
B8 Do [ FERAR o S200 & S B 35 ) [) 4th 4 Al 2l
HIA, B AN TERE R hMSR1KIE FIRATELE G it 2
75 (E2D). L, HENEFEa. b Z b, Hf3E
DAl hMSR 1314 2 22 57, 1 52 1] R 2 [T 400 i 5 58 A
S 24 PR 24 PR A LA B S B S22 T AR
ST i T B2 4 it SR G e v 1) T P e, HLAEAH 2R S
AR C G2 2 e (B 6A), HEFR 1 408 5
Z S S R F R, IX (R B R B
Y T RE AN MR R AR A H A E A A, B
AAVSIZ AN S kbIMANIEEE RGN, BA S AM IR
hMSR 1A mTFP1-CAAX {3 312 A 5 41 g 7= 4= #H
¥ NS

IFN-y/GASAHIIFN-B/ISREYS Y 2 il 41 75 4600 (1)
45 (B 6B)K M, AAVS] 445 5E M N hMSR17%

A 18& BAH I /I IFNAS 5 5% 20k ; H hMSR1E %
ik ] I 2 1 50 A1 i X IFN-y/GAS A IFN-B/ISREH #%
FE I R 2 . HEK293A-hMSR 15 HEK293 A4H fifa [
A JERIFN-y/GASHIIFN-B/ISRE(S 5 L4 i1 %2 5, ¥t
B hMSR 13 3 3A I A 38 Al /1T IFNAE 53 i (1) J%
BB s Rt T 1 N2 1 5 52 7R hMSR 15 T/ITEY
IFN/5 5 1 B 1] B8 /7 7E 22 1. (crosstalk) e MSRI{EA
NRGEMNEESSHE, vl 5 HAR RS2 A
NS HIFEE RIS ESHIEAGY
(177 N5 2 Fh g% 5 RREAH S 5@ K B H.,
HA CH 5 IFN{E 5l B8 52 BAE H kB B> 27,
AT — TR/ N BRSO IR 20 L RO JF 72 4108, MSR AT
] CD40HTA 5 TIFN-y L A A T 1045 5 18 B B
jﬁ[ﬂ]c

BT 8 A % BRI ) 2 I (B 2D) L RTR 4 T,
FATHEM, hMSR 1 2 125 18 3o 40 Al 32 J53 26 Bt s 2
FARGE MY S A T RE A 42 U7, AT RE B s T T
PR AR B N-FEIEAL N T 5 Bk . 18 IFNAZ 44 TF-
NARIFIFNAR2 [ f 4 b & 435k 73 AT AE 4 F 58
TE N-FEEA AL i, G i B AR B W 2 73
TEIEAHERS TENWGESL, E—FEENST
PRI B TR Y. S WFFIESE, M| TIFNAR]
(PR A 2P A e 2 v 20k 265 19 281 4 f B ) ik,
T T S e 24 P % T D R 52 4R % B 5 1Y TFINAS 5
S N IFN-ySZ AR N-FE L AL BORE B I T A 2
PHAS L 240 M f iz g, (H S BHIT 5 IFN-y &5 &1
A 7710, TRk, hMSR 1 ZRaA $2 = 41 Ml = /K FE A4 RN -
PEEAIN TRCR , (R TP R 2R B N-FEEAL D T,
D503 HAE 4 B2 1T 1) R I AR S G R T, W]
AE 2 HLHR TH4H o 5 TIFN-y/GAS A1 IFN-B/ISRE B B
KT — AN E FRARRE . X R B P L
W fFERE T HEK293 A-hMSR 1 2 Jifd ot 5 % 308 i o7 258 44
SRIEFE AT — SIS (1,785 vs 1.801%). {HIX—HE
A Rt — B0 SRS

MM E 2, AWFFiEE CRISPR-Casof 7
AAVS AW T8 F RN RN AN 5 T4l SR 0 2 i T i 4
T FaE 2iA hMSRIAI mTFP1-CAAX ) HEK293A-
hMSRI4IE % ; FHLEEAAL S A, HRZRRRIES
Y LR E . ANEhMSR 1 34 B 158 1 40 i
FH P PEAN VI IENAS 5 5% S i N e T, T4 m
TR S G, Iz 263218 mTFP1-CAAX
TE 41 B 1) IE e A7 (B 6), B 7R T HEK293A-
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