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HE  BE:ADDRARE NPCILL & G#ATARIEA I8, 4 B 504k 1 12 B B3 49 BORCIUH) SR AR 37 09 3 R 58 F73K: A1 A CRISPR/
Cas9 H B 202 # 3 A, 433 0s 8 NPCILL AL B 9 3/ R sk 9 A X, 3% 3+ R ) sgRNA, R R 20 il 1) 64 38 56 8ok, #2047 22
Cas9/sgRNA A2 BR B 714, 5 it tH 3 7B 0 sgRNA K91, 24Kk b 45 Fh) & sgRNA Fo Cas9 mRNA . PCR 473§ B 473209 75 B R
5 FLAG-EGFP #9% 5 cDNA —#2 551 £ 47 Yo B Ak . ZBbode ] 555 8 B4 6 373238 4 DNA 5 sgRNA Cas9 mRNA —A2 2
BOERND RZARIN S ERE D RARA B RLF ;i3 K H 20 DNA 4 PCR A= Southern ¥ i 247, 5 it %8 41 E 4% B AL
FALAEN G F AR Ko FI & DAL R EII R | % B T NPCILI-EGFP #9 F ik oA . ZR . RFHMET NPCILI A B
FNATIEEAR, L T FF 4209 sgRNA, #] Al CRISPR/Cas9 # AR KAF T *F MR NPCIL1 & & C #%#:4T7 FLAG #= EGFP £ 47
LT AR R, AR TR iR aoH T AL L @i e k%, 5 NPCIL1 #9570 4 4E— 50 4518 R ol 5%
AT b R AR NPCILL & & 3478 MARIE, A B0 NPCILL 42084535 Fe 2 ) B FORAUH 3R AL T A 205 8.
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Genetic labeling and tracing of mouse endogenous NPC1L1 protein by CRISPR/Cas9 technology in vivo

WU Xiao—jing', CHEN Yu—xia?, MA Xian—hua?,ZHANG Wei-ping'?

(1.NHC Key Laboratory of Hormones and Development, Tianjin Key Laboratory of Metabolic Diseases, Chu Hsien—I Memorial Hospital ,
Tianjin Institute of Endocrinology , Tianjin Medical University, Tianjin 300134, China; 2.Department of Pathophysiology, College of Basic
Medical Science , Navy Medical University, Shanghai 200433, China)

Abstract Objective: To label and trace endogenous NPC1L1 protein in mouse model, providing a new tool for studying the absorption
mechanisms of cholesterol in vivo. Methods: Using CRISPR/Cas9 genomic editing technology , different sgRNAs were designed according
to the 3" untranslated region of mouse NPC1LI gene. The activity of Cas9/sgRNA nuclease was analyzed in cellular luciferase detection
system,and the sgRNA sequence with high activity was screened out.The sgRNA and Cas9 mRNA were transcribed in vitro. The two
homologous arms of the target gene were amplified by PCR and cloned into the target vector together with the cDNA encoding FLAG-EGFP.
The correct targeting vector identified by restriction enzyme digestion and sequencing,along with sgRNA and cas9 mRNA were
microinjected into fertilized eggs and then transplanted into pseudopregnant mice for natural development. The offspring mice with correct
recombination and no random insertion were verified by PCR and Southern blotting analysis of genomic DNA. The expression of NPC1L1-
FLAG-EGFP fusion protein was observed under fluorescence microscope using jejunal cryosections. Results: The FLAG-EGFP knock—in
targeting vector of NPC1L1 gene was successfully constructed. The highly active sgRNA was determined , and the offspring mice with FLAG
and EGFP dual-tags on the C—terminal of endogenous NPC1L1 protein were finally obtained by CRISPR/cas9 technology. The localization
of the fusion protein along the brush border of villous epithelial cells in the small intestine was observed under fluorescence microscope,
which was consistent with the distribution characteristics of NPC1L1. Conclusion: The successfully constructed mouse model with
endogenous NPC1L1 protein labeling of dual-tags, FLAG and EGFP provides an effective tool to study the mechanism of vesicle transport
and cholesterol absorption of NPC1L1 in vivo.
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FEIR TN ISR b R 20 G R 5 RN B R K
BT AR A 04 NPC LT FE KR/ Bt
JIEL [ P F) W ISR R B 24 70% , RESSHIRBT IR 2175 S 1Y
i JUEL R 00 5 7T A RIS Can H v = B ) R
P S WER R OUASZ FE 2, fEHTNPCILL e
B NFF 32 i FIAE PR 55 A G R i 0 B oy F- LR
XoJ ) 7 JIE [ St g R MACATL ) EL A B S ARG
HICRISPR/Cas9 £ A |, 38 i @il & #3576 IR 1
NPCIL1 Z 1A C S 43 il A 10 1 394 5 7 2% 6,75 '
& 1 EGFP FlH DYKDDDDK 8 /™% %L % 2H i i)
FLAG B, Wi F R ER R DI RERF o8 200 h
BMFE

1 #R5HE*®

1.1 %34 C57BL/6N /N RS 213)5]
A A dm A LIRS A R 12 SPF Kl
o R ) 57 T A 5258 % 3 ) B [VF AT UE % :SYXK
(11)2019-0034], FRIEHLIE 25°C, 1% 40%~70%,12 h
FEIR BB /N R SRR 8 2t i i e
FERFALFE, 8~10 JEIS A HEME /N 5256

1.2 £&&XA WK pT7-2G .pCS-3G .pTV-
4G F#H Biocytogen Pharmaceuticals 2y F] FR AR
NI Thermo Scientific Fast Digest 2251 ),GeneRuler

%1 #BE NPC1L1 &R 3'UTR KJ sgRNA 55 % H4E[5 DNA K751
Tab1 sgRNA and DNA sequences targeting 3’'UTR of NPC1L1 gene

1 kb plus DNA Ladder(Thermo Scientific, SM1332),
Neon™ Transfection System(lnvitrogen,MPK 10096),
2xTaq Plus Master Mix Il Dye Plus(Vazyme,P213-01),
KODFXDNA R&H{TOYOBO,KFX-101),MEGAshort—
seript™ T7 5 5 350 F) & (ThermoFisher Sci entific,
AM1354) ,MEGAclear™ #5244 bi55) & ( ThermoFisher
Scientific,AM1908),DAPI(Invitrogen,D1306)

1.3 sgRNA 5 7% it Ao iE teml M4 CRISPR/
Cas9 RGH sgRNA DIEIFHE, X% NPC1L1 JE R4
1S E A AEBHE DX, 78 CRISPR B M3 (http: /
www.sanger.ac.uk/htgt/wge/) L EPEFTHE 3k ELIBE
FERAR Y sgRNA T 51,373 51 A —A4~ 5 HE ) DNA
FEANEETC AR . sgRNA 381 FIH I f) L 1] 471 AL
F 1o T sgRNA JFFI PN 15 pCS-3G F 2Rk
HANKEEE P81, ZeM RS 81 5'-CTATTTC-
TAGCTCTAAAAC-3', AR 410 5'-GGT-
GTTTCGTCCTTTCCA-3' o 5 WS SE A AT IR
B, 2B K 3T Gibson Jo4E &5 7 8 A 4
Xhol FI BamH1 XU EFIIZEPEAL A pCS-3G ok, iE+%
PN RN P SR TE B Y SRR SR H] UCA™-
CRISPR/Cas9 2 GER MG MR LA Cas9/sgRNA
T T

sgRNA seRNA SEAZAFIRIF 51 (5'—3") HLm DNA JP51(5'—3")

sgRNA1 CGTGGCCCCTTATCAGCC CTTGCTGATAAGGGGCCACGAGG
sgRNA2 GAGGGAAGACCCTCGTGGCC GGCCACGAGGGTCTTCCCTCTGG
sgRNA3 CTGGTTGTTTCCAAGGCC CAGGCCTTGGAAACAACCAGAGG
sgRNA4 CGAGGGTCTTCCCTCTGGTTCC AACCAGAGGGAAGACCCTCGTGG
sgRNAS CGGGGACCTATGACAACCC TTTGTTGTCATAGGTCCCCGAGG
sgRNA6 ACTCCATTAGAACTTTTGGTCC ACCAAAAGTTCTAATGGAGTAGG
sgRNA7 TGGAGCCTGGACAAGCTCC AGGAGCTTGTCCAGGCTCCATGG
sgRNAS ATGACAACAAAGTGGCC ACTGGCCACTTTGTTGTCATAGG

1.4 Cas9/sgRNA 4k sh45 F B4 5 1% PE Y sgR -
NA , 7€ FHXF N B DNA JF8 A0 43 51 n b5 B 42
LA o R 5 2 7 I M R ] [ /U 95 21 R
CTATTTCTAGCTCTAAAAC-3" 3" 35t [a] J5 ¥ | 51) hy
5'-TATAGTGAGTCGTATTA-3', & J5iHY P 4 H 4D
FESER AR B By iR KU, iliad Gibson Jo4% e fE )7
A 5 &2 Xhol 1 BamHT X V) 1Y) Jii K7 75 {4
pT7-2G, Bk £ 5 IE#0 )5 , (] T7 RNA R4
1 MEGAshortscript™ T7 % 5650 &, R 5%
sgRNA F1 Cas9 mRNA, F=¥1 24 MEGAclear™ ¥4 5% 4
AR AL S , E1T RNA HL 3G

1.5 ARSAITeSimE RIEFTHTE E
NPCIL1 %A 3"UTR 4fi A FLAG-EGFP JE R 551,
PR TR AR BT IR 51 ) L35 2., DIFERZH DNA
FEH, 59 LA-F/R PCR #3853 [ Y5 (LA ),
KA 1388 bp; LAFE R 41 DNA A, 514
RA-FI/R W4 B4 =W il , 514 RA-F2/R
YRR E] 3 [ URE (RA), K/NA 1294 bp; 514
FG-F/R ¥ #4f A FLAG-EGFP £:[X £ 31 (FG),
K 789 bp. 34 ;= ) 46 AIO™ 32 v B i 2k 44
pTV-4G, ZLRUI AT DNA I3 4 % 1E A i s ke FH T
Ja &k BAMEST
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Tab 2 Primer sequences for the construction of targeting vectors

EIL/E 519¥3 (5'—3") PR (bp)
LA-F TTTAAGAAGGAGATATACATGCACAACAGTCTCCAGCTACATCACC 1388
LA-R CGTCATCGTCTTTGTAGTCGGATCCGCCACCTCCGAACTTTTGGTCACTTTTGGGCAGA

FG-F GATCCGACTACAAAGACGATGACGACAAGGGAGGTGGCGGATCCATGGTGAGCAAG 789
FG-R CTACTCCACCTCTGGCAGGTCATGATTACTTGTACAGCTCGTCCATGCCGAGAG

RA-F1 GTCCAGGCTCCATGGTTCTTGCTGATAAGGGGCCACGAGCGTCTTCCCTCTGGTTGTTTC 1256
RA-R TTGTTAGCAGCCGGATCTCAGGGGTCACACTCTGTCCTAGGGCTAT

RA-F2 CAAGTAATCATGACCTGCCAGAGGTGGAGTAGGAGCTTGTCCAGGCTCCATGGTTCTT 1294
RA-R TTGTTAGCAGCCGGATCTCAGGGGTCACACTCTGTCCTAGGGCTAT

1.6 DR AR HESH B INE SRR SN
sgRNA ,Cas9 mRNA FlHT #2544 5 AL i i iR &
Yy, i@k WA SRS B C5TBL/6N /N B AZAG DI
T, SR e B A B A 32 AR BE BN, B BRUAE 72 3R
B0 PR FO /MR

1.7 DRARAEZ KON B2 B R
GEIFE 20 d Ji , WESELEUR RIS, BTHUR 2 1 85
FO fR/NRUBARAHL 1 em, T 500 pl. FEH4] DNA
1% W [0.2% SDS.0.2 mol/L. NaCl.5 mmol/L. ED-
TA .0.1 mol/L Tris—=HCI (pH 8.0).0.5 ¢/L &1 K],
FEEUEEZH DNA #-4T PCR %5 HBE R R, BL PR 7Y
YEGI YT ILE 2A, VAR ZR AFEEFIZL DNA 1 pL
(50 ng),2xPCR mix12.5 wL,10 wmol/L. I R34
%1 pL,ddH,0 9.5 uL, MAEF K 25 wl, R
Touchdown PCR, )W &8 94°C,2 min;98°C, 10 s,
67~57°C,30 5,68°C,2 min, B MEFFEK 07°C, 3 15 4
PE¥£;98%C, 10 s,57°C,30 5,68°C,2 min, 1k 25 M
;T 68°C, 10 min, JOWESHGEL 10 wL PCR 724
i 2% SREHEEERS FLIK  ARYE ) I NI W N B
RIFH-ZM FifiA . LA PIF/PIR 544 141551 2 154 bp
P H L P2F/P2R 514 8455 1 971 bp 774,
4 FO BHPE/NEL. PIF J¥ 418 5 ~ACTTCTCTGTA-
GATGGAACCCAG-3' ,PIR ¥ %] N 5' —-GTAGTTG
TACTCCAGCTTGTGCCCC=3' ;P2F J§41 2k 5'~CAC—
GACTTCTTCAAGTCCGCCATGC-3",P2R J741 2l 5'-
CAGCCATAAGACCCATGCCAG-3';P3F ¥4Il 5 -
CAGGGCCAGATGTTAACCAAGC TCT-3',P3R J¥5
4 5'-GTACCACTGCCACACG TTCCCAAG-3' , % ¢
FH: RS FO AR/ BURIEF A= 2 CSTBL/6N /N AL , 35
15 FLAVNE F1 AN RIS e T k(R FO A/,
ZEA [RIIR B A4 Southern EIEAINERIA
1.8 TALALI K NPCIL1 -FLAG -EGFP & &
oA BPAERIRNGE G/ N R T 490K G R
TR DU MA AT ZL, BYHL 1 em 25 i BE41 4,
RUIA 4% h 2 R EE T 4CRIE R . A
ZEPBS YRR , MKIKAE 15% 30% TR K i

W, OCT WHIIF M ARGV o JRERESN 8 pum 1Y
VKGRI T 55°CHE 20 min, 10 pe/mL DAPI A&
% 5 min, PBS #2933 minx 3 ¥k, BTJE M
A, FEIE DO BHEL(Olympus DP80) %L,

2 R

2.1 sgRNA fesdiaagtemf=hl &  EHX) NPCIL]
FEREE 19 F1 I 0 ) 457 5 B3 A9 AS TR X3, o ]
8% sgRNA MY SEAZ AT IR EE , 148 81 20 48K pCS-
sgRNA, Jf 540550 2 5L K 7 B pUCA-NPCIL1
BRARIEHE YL G Cas9/sgRNA FUSTYITEPE, W& 1A
/s ,sgRNA1 sgRNA3 sgRNAS sgRNAS )4 455k
B YOI ) G P . 2575 R AL B ATE RS R
TEFE sgRNAT HEATIR MG S 25 17) 3 RNA, BERSHE
KR sgRNAL 7E 65°CILE 5 min 23— 5%
e, $om B £ P T A S RNA (B 1B),

500
3
ST 400 |
=
>~
= 300 4
z
Z 200
me
3 100 A
<
o
0 4=
¢ 0 P 0000 o
S EEEE
B
65°C. 5 min - + M
1 000(bp)
600
400
300
seRNAT 200

100

H:A: UCA™-CRISPR/Cas9 DG BHAA seRNA 1614 ;B : %
JEHLTK A sgRNA BRI s =4y
E 1 #B[E NPCIL1 & 3'3#% sgRNA HIiE A& Fl5E 5=
Fig 1 The activity and transcription products of the sgRNA tar—
geting 3’end of NPC1L1 gene
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22 dr¥edikegMy A2 FE/NE NPCILL 2
B 28 11 R F 1 I A FLAG-EGFP 4 i 5 371
FF TSRS LI 2A ATHOEIARRY) %0 E 25 0L N K 2B
fi7w , IEW B SR 28 Apal BEFDINT45E] 6 076 bp Fl
800 bp FBt; 2 Hind LA Sphl XEEVI AT 154 3 842
bp.2 025 bp F1 1 009 bp Bt ; 28 Eco47 IFN Kpn 1
SUEFII A3 4 611 bp F12 265 bp H B,

23 FOAFIRADAWMKFEARADLEL i
446 A2 N5 IR Y AR RAR N FOAE, AR T 44
H, A 9.86% ;4 PCR JERRIYE  Hirp 4 H FO

/NEREAERIEEE A, BHIESE 9.1%, Xt PCR %5 [F) i 8
HFHVER) FTARNR, #E—L 73R4 A0 Southern
TR, FR%T 25 o7 A FR IR s 14 A7) D) 137 05
ULIE 2A Firzn ., JEPRIZH DNA 28 BspH | BV , LA
5'HREH A R I 9.5 kb 4Rl BT T 4.7 kb
Zor e M E /N FERZ DNA 2 BamH 1 Bi#V))5
LI EGFP 3412438 AL 6.7 kb 454738 ) IERf B4 H.
ToFER LR AR BEYE F1AR/NEL, Southern ENREEH
NG 1~4 ABAYE F1LARVINR, g 5~7 A FEHLIG
AR EA/ N, S5 8 A RD IR 3A),

A CRISPR/Casd B
st E18 E19 3UTR Bsahl
Wild-type allele — —1 . o . lj 2 Q
§Pobe BN o Q\Q\ %\\@
/ /N : WS &
psg S B9 S N, yum S5
Targeting vector —'——m EGFP ]  ——— 1 000(bp)
LA RA

7 000

l 5000
2 000
BamHi BspHl 1 500
BepMl 18 £19 RELT) Boptl Bkl 1 000
Knock-in allele gl = EGFP | —_— 700
] PIF |
gl PP o TR e 200
Probe
Fusion protein ( necit  [rac] ecee |

T :A:NPCILL 5514 3" ol BRI 4 A FLAG-EGFP JEPH (4 TR 484 2 /R 22 ] 5 5" probe Fil EGFP probe 7754 Southern EN 2RI BT HIFR
454G ; PIF/PIR \P2F/P2R il P3F/P3R s /IR SE A ALY FH S 10 & E18: AM T 185 E19: M 7 19; LA : Z2 M [R) J5E s RA - A Ml )
U8R s Bsp T .BamH 1 S BRGIVE N UIES ; B IEGH FZH ST BRI D) S5 8 4558 5Apa | \Hind 1 \Dralll \Eco471T Kpn T S BRH11E N U B

& 2 CRISPR/Cas 9 9+ 549 NPC1L1 EE 445 R LT AL E

Fig2 Schematic demonstration for CRISPR/Cas9-mediated editing of NPC1L1 gene and restrictive enzyme digestion analysis of gene target—

ing vector
A B
1 2 3 4 5 6 7 8
. ++  T/T

- e e - — e < 9.5 kD

5" Probe . ; 1338 b,

. Knock—in allele P
- e - . e <47 kb

Wild-type allele = 550 b
[)
EGFP Probe

......- <67 kb

VA Southern EPRAGI F1 AR/ BRI FE R R ELLIF M ; 408 EJT s /N di5 55" Probe: 5'#%1 ; EGFP Probe: EGFP #4541 ; B: PCR
VU E /N IE IR s Knock—in allele : pig A2 A ; Wild-type allele : BPAE RIZE( KL s +/+ REFAERINE T/T S NPCIL1I-FG 45/ R,

E 3 F1REENRA Southern BN MFIE F B E

Fig 3 Southern blotting and genotyping analysis of positive F1 generation mice

i — S F1ARV/INEREE R B 5 [ it DL A
2A, VUGI14Y) P3F/P3R ¥4, HpA BIFLN AT FLAG-
EGFP i A A 45 {37 3 [K 8 7] 43 1 45 %] 550 bp Al
1 338 bp =4, 41K 3B ik, A 550 bp 724
2 B A R/INER (+/+ ) s U 1338 bp 373 W11
J& %6 1k NPCIL1 -FLAG -EGFP @l & & 1 (i i«

NPC1L1-FG)R9 45 /NEL(T/T)

24 EGFP T#MAL=2 NPCILI & A 7E/MNg b
B2 4B ) 2R R FRAE 5 B A RN B (/4 ) A L, Al
H/NRCTIT) 128 5 9% & T K2 20 1 i s 1 ] AL
B S A o O, /) A S O AT ) R BR % T R A
JE (R 4)
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EGFP/DAPL EAEE SRR RERE A villin—Cre 5 7318 15 36

+/+

EGFP/DAPI

T/T

T/ NEFERUNEGT/T 8 NPCILI-FG 4lif3 /Nl 9 AR .
20 pm(400x )
B4 ZEFALH NPCILI-FG A B AMNKIES T
Fig4 Distribution of NPC1L1-FG fusion protein in jejunum tissue

3 iTig

NPCIL1 55 117 M T8 T P IE TE 3 5 L e )
T A 45 AR T . S48 NPCILL AR 231,
S AR AT LT S G WAL ) 8 A A5 R PR 35 R BT
P I W 1A 2 3 ) ST I 2 UL AN 3635 NPCILL 4R
F1, 184 %T NPCIL1 43 fIH [E Es e e L il iy ik 5
Z LB R R BUHE A0 58S, 5t AN NPCILI
PREAT Y o A AL R NPCIL1-EGFP 7K U
I A M Ao e SR P A MBS AR, 2 R i DO VE BT I
Mr, K BRAEAE 43 Flotillin ZEA S B & 5 0 &
BB NPC1L1 §# X (microdomain ) fIE 25 # A1 HH [ i
W b e 45 E AR Y R ik & L Clathrin 1)
HELEH Numb SRR IEPUNAISE & NPCILT HEH
C R YVNXXF AT EZ K, M55 Clathrin
LU 3l NPCIL1 AT AT i I IS 1 )
FAHFE LS5 ) NPC1L1 )N NI FAMA (endoceytic re—
cycling compartment, ERC)#% 4z [Pl Jd il i), 77 2/ G
FE FICded2¥F1 LIMIX A actin £5&25F7 1 (LIM domain
and actin binding 1,LIMA1)P S4B myosin Vb )
B A AR, B ETH ISR N 7R R NPCILT 1Y
A, LA — B R R 2 NPCILL 7 I [
MR A FHAIL R

7E NPCIL1 25 H BRI REB 5T J5 1T, H i
FH/INEUBE RS Sy NPCILL FE PR 4> B R bR A A0 02 5

K AR NPCILIM, 535 R IR & M1 E & 3+ 7¢
JHF R 35 635 AR NPC LM LR g 38 5
NPCIL1 2 /eI E R G AVE R . BARRARY
HNIE NPC1L1 FEFRFZH 2100 78 7 5 N IR & 1 B
PLHEA B H RS R A ARG . L an S FE
HAUBAT villin 7 21 iGN, P TC VA HERR X Lo 2]
ZUFEIRIANIE NPCIL1 76 AR [ AR g e s 4 v
YER . A BFSE 9 NPCIL1-FG T H /) B & I
CRISPR/Cas9 i RAEPIEYE NPCI1L1 JE A b4l A
WA RN, ASHUUEWBEYE NPCILL MR
iR, AT DI &5GE 6 NPC1L1 7EpRi 4 21 4h
FEIR M A LIRS .

SCHERARIE B9 56 T NPCILL SERLRIAITSE , A4S 2
FEAR ) 7N R B4 2 B AR 1 20 ALY | 24101 28
PRIC ZHUAAE 57 , X AE TR DT 51 [F] B 25
PGS o AWIFERY/ NI RIZEIEME NPCILL 2R
M C ¥igbric I EGFP &, 2% W iss & nl L
P ATHE/ N L Bz A0 R AR 5, 55 Sk A
FINPCILL 2 H 3 AR ik —3, U] EGFP miARE
HERf /S BN JRPE NPCILL 25 (R koA o i
AL DLy {5 b R 56 Ol B BE L 0 2R P IR
NPCIL1 2 I E O A SE U 1 W S A E AR N
ez, W] R BT AR 4 2 T B 2= 05 5 1 T4
Fi5h ,NPCIL1 2 1+ A FLAG #5245, FIH FLAG
PUATT DA B B 4E NPCIL1 8 A M AR A,
SEA R 2T B, v IS NPCILL
T H AR B TS LA S S5 R B
(EReplilis

R A IR T MpiEss 36k NPCILI-
FG fila 8 A /N AREARL B Al EGFP br2s i H
B R ATIARIE B NPCIL1 25 A A AE IS sh i , #)
FH FLAG PR iR s 43k NPCIL1 £ 11 B HE e
MIFAEFEE T, A JEHRTT NPCTL1 A5 JIE [ BN
NEVE ML RS A TR ) T,
B ik
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