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[Abstract] Objective: To construct lecithin - cholesterolacyl transferase (LCAT) knock-in mice by CRISPR/Cas9 - mediated gene
editing and to obtain liver-specific overexpression of Leat mice by mating with liver-specific Cre-expressing transgenic mice. Providing
an animal model for the study of the mechanism of the Lcat gene in the development of liver-related metabolic diseases. Methods: Leat
knock-in mice were constructed by CRISPR/Cas9 technology; Liver-specific Cre - expressing transgenic mice were mated with Leat
knock-in mice to obtain liver-specific overexpressing Lcat mice; Genotyping mice by PCR ; Quantitative real-time PCR (qPCR) and
Western blot (WB) techniques were used to verify the expression of Leat gene in C57BL/6 mice. Results: The PCR results showed that
the liver-specific overexpression of Lcat gene in mice was successfully constructed ; the qPCR results showed that the Leat gene was
specifically highly expressed in the liver, and the liver of knock-in mice showed higher Leat expression;the WB results showed that
LCAT protein was more highly expressed in the liver of liver-specific Leat knock-in mice. Conclusion: Liver-specific overexpression of
Lcat gene mice were successfully constructed, providing a platform for exploring the function of the Leat gene at animal level in liver-related
metabolic diseases and the associated pathogenesis.
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A FL A (B) B 1) J e] SC EE 2 F 81 (clustered
regularly interspaced short palindromic repeats ,
CRISPR) J&—4H ) A T 40 B Ay 20 B 9 DNA
¥, Cas FE S T LRI , 2% CRISPR A EE H
9 (CRISPR-associated protein 9,Cas9)">, CRISPER/
Cas9 FEA e LA B HAF R0 75 1 R IR 56 DY 2 20
TR Z , BIAN B U0 R € B9 2 DNA i BOT X He ik
FFONENE RS o A X — 55, W58 N D i
PR E A9 15 5 RNA (guide RNA, gRNA ) 3K 35 51
A ) A 3 DR 2H R A B9 DNA 67 9 9 % 2R 47 30 1)
FIIEI® . CRISPER/Cas9 £ A P 5 w3 24 11

L, OUN AR 22 DY G B R s R 2 1
£33 NN 1| Pl SN T R\ N R
CRISPER/Cas9 £ AR S8 1 1 2 K 4 /N R

G115 B AH [ 52 g ik 5% #% i (lecithin- cholesterol
acyltransferase , LCAT) J&— | {Z fFAE T UMLK h Yy
ity 7, EEE RS O3 ST AERF LA B AR 2
DA K2 55 1 2% Hp B [ 5 52 1] 5432 (reverse cholesterol
transport, RCT) i FZLAE 7 7 I [E B ) % i
it A, LCAT R 0% 2 i) JIH [ stk A7 s AL, T2 i)
IR [ 52 i 22 5 35 2 11 A o 2 R AT AR5, AT
A5 A0 22 4% 10 L [ Bl 0 B, DA 4R A P JIEL
RSP R FFE R U], R LCAT 7K1 B0 4
ERZACBIBIR R VI . LCAT AN [ B8 B 119 5¢
5 B 25 PSR NE LCAT St = i A AR5
BEAN, LCAT 7K sl 4 57 vl 5 SO [ g ol
W, CRE 5.0 AR FIIR AT 04 & R ey
GLIVAEORIEFS R 1 [ [ N N e O 2
FEAIESE LCAT 2 5 k-5 s 4%, i EAR L6
o kDR R, i AR S v A
Leat /)N BN LCAT 1 2 I R BEACI 57 3 B 10y 7 5
DT A

A HF 58 Bl CRISPR/Cas9 (1944 A | 38 i [7] I8
A PR IR SN 5% gRNA [7) I g 22 [ 9
T 24K (donor vector) , K Cas9.gRNA donor vector
(7 BN 33 5 3 /0 B ARG 52 8 B1 oh O 4845 FO AR/ L.
0 7 TE A 19 RO AX /N BRS CSTBL/6IGpt /) B A L
P2 AR E 8 A% A9 F 1A/ U R 5 e e 1
35 Cre WY/ B SE IC ZRAT AT IE 4T S5 PE A Lear B

NG
1 MRFAE

1.1 A4
L1l &3

AHESE BTN B 2 A CSTBLIG, 12 it Z2 U F
Abby Lathrop /]> EUBR A T 52 it 22 S 56 B, B /D B
B A TLIRE A G A R BRA A . syt
AT Gt ER R A B o W IR R
Ko T AT S50/ B ) 37 T T 72 o JEUR (specific
pathogen free , SPF) ¥t , St B IR [A] 24 6.: 00~18: 00
(BA/BEIEA 12 W) 38 N (22+3)°C, BT sy ml A
Rk E 5SS,
1.1.2 &K HA)

2XTaqPlus MasterMixRNA-easylsolation Reagent .
HiScript Il RT SuperMix for qPCR. 2 X SYBR Green
MasterMix (RIS RHECAT LA 7)) 26 A
TR RIPA 25 2R ( IR & RAEYHARA
FRZy 7] ) s PVDF i (Millipore 23 ), 2 ) 5 BBt/ B
B-actin FLIA (B = JE AP EARA R D) 5 i
FLLCAT HL AR (RRDUHE R AE M)A FRA ) 5 ECL#
OO (R REAE AR A AT IR 7DD s P S+
P Lear B R 35/ U DNA S5 5117 91147 B
Je qPCR 5197 50 W3 1, BT 51494 B Sl
SERIR A U E R A ARG IR A

&1 /IR DNALEF qPCR3|#F5]
Table 1 The primer sequences for mice genotyping and qPCR

EIL/E L5 —3") TS5’ —3")
H11 ATGCCCACCAAAGTCATCAGTGTAG AGGCGGGCCATTTACCGTAAGTTA
H11-wt CAGCAAAACCTGGCTGTGGATC ATGAGCCACCATGTGGGTGTC
Albl GGGCAGTCTGGTACTTCCAAGCT TAGCTACCTATGCGATCCAAACAAC
Acth GGCTGTATTCCCCTCCATCG CCAGTTGGTAACAATGCCATGT
Leat GTAACCACACACGGCCTGTC TCTTACGGTAGCACATCCAGTT
1.2 Fik poly A FE[A F BUE sAf A BN HIT A28 . gRNA

1.2.1  Leat 3B SN AR 69 32
| FH CRISPR/Cas9 £ K , ¥ CAG-LSL-Lcat-His-

HE5 4 5 - CTGAGCCAACAGTGGTAGTA - 3", ¥
CRISPR/Cas9 & & 1 donor vector i i 1F & F|
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C57BL/6JGpt /N B 32 45 R H, 3175 FO AR/ L .
22 PCR MM 56 51F 1E 6 (19 FO AC BH %/ Bl 5
CSTBL/6)Gpt /I B AZ i 345 1 Fa e it 4% 1) F1AR BH
PN, K FLAC/N BSR4 52 1 3R 3 Cre
1 71N B AC TE AR A5 F2 A8 /0N BT ok 3L 3 A7 5 PR 4
E o
122 DRAARB LT

LR T2 R0 SR M0 Bk I P i 1k $i U
[KIZH DNA , i i PCR BRI H 5K 63k . PCR
SR 22 Ay 2xTaq Master Mix 10 wL,cDNA 2 pL, |
TS0 0.4 wL,ddH,0 7.2 wlo W 54K
95 °C 3 min;95 °C 155,65 C 15,72 °C 60 s, 35 M
1372 °C 5 mine X 2R =W AT B BiE b BRE G FEL T
53T o
1.2.3 5 8F % & Z & PCR (quantitative real - time
PCR,qPCR)A&M N R FI 4848 Leat A& ) mRNA £k

FIH TRIzol 32 HUAH 205 RNA |, 2R i #4 53¢ 3t
£l %5 cDNA, qPCR W {& & 2}y 2XSYBR ¢PCR
Master Mix 5 wL,cDNA 1 uL, b R§5 143950.2 wlL,
ddH,0 3.6 pLo O 5544 :95 °C 30 5;95 C 10 s,
60 °C 30 s, 40 MEF ;95 °C 15 5,60 C 60 5,95 C
15 s, ADFERM3NEL , NS HEE R Ach, 1R
P70 27 Leat mRNA 7E AN [a] 20 41 v 1) 3%
KIKF
1.2.4 Western blot 2 4E /s £ R F] 20 2% LCAT % &
KF

SR I 1 A ST A BRI AR S R Lear
/N BUR MR AR B4 41 451 5 B 30 mg A & 76
F1 It 161 700 7 2 1 24 b, BFEE L 12 000 v/min 25
215 min BCETE A _ LS vh )5 100 C4 & i
8 min, IEPUEE . 7F 120 V HLJE R4 SDS-PAGE
G5 B EE 1 W AR o R % = PVDE IR L i
5% B S W 2 iR B A 1 h S B — 30 (LCAT i
FELL R 1:1 000, B-actin FirBE 6 1:10 000) , 4 “CHE:
PRI & 2 % J5 F PBST %% 3% 10 min, —#H% 1:10 000
P B G 1R F 1 h, PBST ¥k 3x10 min J5 5% i
14, i H Image J %} Western blot 5% {8 JK BEAE 417
Bt
2 &% R
2.1 R Leat K R AEAR ¥ & gRNA 591 %3+ Bk A
BARME

/NS 115 Qe Rk 1/ HIT A7 55 AT
Eif4enif] LﬁDrgl XANFEE 2 [8], HAMERE R 6 A

Je X PRI IR R e ik g /0N, DL LEE XS HET AV 2
i gRNA J¥°51 . %] CRISPR/Cas9 $7 A ¥f CAG-LSL-
Leat-His-polyA J B 5 A 7 B A4 A 2/ BRI
HITE S L ARSI 1,

Gps000106-dsDNA-Lcat-S2

10 941 bp

B1 HEENTREE

Figure 1 Diagram of carrier structure

22 MRS FHEIN Lear > RARAR LT

B FO /NS CSTBL/6JGpt /)N FUAC il 3645 F 1
RONEL, XF 1 E P FLAR /N BUGEE AT 5 Bk I 32 HL
DNA J& 47 PCR, R LIRS SR FL 25T HI T
FUHII-wi 34 5500 s (B12A) . R FLR ARG T
55 Alb-iCre /)N B AZ BC A5 2 I 5 52 M A Leat /)N
flo BERRHLIKZE R HI1 HI1-wt Fl Cre Y945 4571 .
~(EI2B).

A bp) 1
S 00— | Y /7 /-wt

2 000- - - «—HIl

A:xE7 HUAE S35 7 K FLARVINELEAT 59 B4R UL I 4H DNA,
PCR J5 52 MU HEEE I HL Ik s B X 6 HUL AR 265 7 R F2 AN FRGH#A T
SR U I ZH DNA, PCR 5 5¢ U RR HRHEE IS HL UK
B2 F1KFR2A/NREFEBEFESER
Figure 2 Identification of genotype in F1 and F2 mice
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mRNA 7K

ot N A LR Lear 5 5K 19 25 5 M3
TR HL Tk 45 5, O HH JE DRI BRUAF Cre 19 A (knock-in,
KD /INEL, PLAREERT Cre 19 KI/WT B KI/KI R AE A Xt
T ARUREE OO I B DE G R LR D RNA
AT 5 5%, IR 45 2% cDNA #5417 qPCR, 45
VLN E Leat 32380 HAEME , $7R 76 % |
/N, Leat 222 AR RE S 23, T2 AR
FEVERUA Leat /N IFE Y , Leat 1) RNA 7K 2 2
(& 3).
2.4 FFRESEFHESIN Leat ) RR B 412269 LCAT &
& K-F

SR G e 5 1w /N BRCS 0 BRAL A E A%
HALCAT H IR 25  MRR S A HEUE ,
Jfif i Western blot A ll LCAT )Rk 25, 4500
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Figure 3 The relative expressions of Lcat mRNA in multi-

ple tissues of mice
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W R R T LCAT Y i K 335 (K1 4) o
78 LCAT VR Ry — P 23 ab P 25 11, vl 38 ok 1 Y G 24

1.8 51
izl = o
1.6 © K 44
£ %
% 1.4 _% 34
I I
95 1.2 15 24
= )
< <
S 1.0+ =l
4 =
0.8- 0-
Ctrl Leat CKI Ctrl Leat CKI
2.0 - 2.5
. o 7 2.0
1.5 1 i
=y =y
m o m 1.5
= =
0 1.0 4 il
el 43 1.0 A
< <
0.5 -
g S 0.5
== B
0 - 0-

Ctrl  Leat CKI Ctrl  Leat CKI

5+ 1.5+

g
i )
A 44 °© ®
'H% = (o)
= i
Z = o
I ?E{ 1.0 1
i =

<
< Q
Q —
oo =
= =

0.5 -

Ctrl  Leat CKI Ctrl  Leat CKI

A Western blot Bl FELHL 5 IR M A Leat /NRA IV KT 5 B X Western blot Z5 30581124041 (n=3) o
El4 Western blot #il] Leat CKI/NRAL P ERRIEFE MR
Figure 4 The relative expressions of proteins in multiple tissues of Lcat CKI mice detected by Western blot
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CRISPER/Cas9 /& 42K K LA —FRF A2 =%
MZY)Re 2 K g H AR . FIH CRISPER/Cas9
X DNA [HEE X T4 A RS RN e )iz 32
F TR i BT — 2 2 5P R 5ia
i Hr 2 CRISPER/Cas9 {& £ 3= % f1 Cas9 fiff #l
gsRNAMI . 24 gRNA 5 Cas9 454 )5 , 7E gRNA (5]
T T, Cas9 58 X 48 & 7 A0 A s iy D1l R
CRISPER/Cas9 A 56 B 1 2 A i /N BRI AE 22, DA
TR 4R 35 DRI 7 A 7 5 i A A o 4 43 1) AV 64T
RPAFSE

LCAT A 2y JIR [ B A 35 b S A gl 20 1) g, 76

AR S5 T A E BT IZ 5T . W Scarpioni

SRV I LCAT il = (1) 835 Sl DKok e A A0 XU il 2

Fhi5 o Gebhard 4538 i 28 el R 2 ik id 5 1k 52 e o0

o FEE MK LCAT Bt vk B T, B S SRR
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ORI e As /. R, 3 — 25 0FAG LCAT1E R

ORI IR YT S 5T A A B .

3 — 5T, Janac 4826 130 4l B HEAT T R
Wi A8 H50 00 25, R B3 5 1) LCAT 16 P 55 1 105 4
BT A o UM IR Nass 5% 348 i %7
WE WS P & B, LCAT 3% M Tt = 5 08 i i 45
BT R S AR OC EARBILE i ATE A . Rl AR
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