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Generation of Mlk3 KO mice by CRISPR/Cas9 and its effect
on blood pressure

GAO Shijuan*, FANG Guangming, ZHANG Yanhong, DU Jie

Beijing Institute of Heart, Lung and Vascular Diseases, Beijing Anzhen Hospital, Capital Medical University, Beijing
100029, China

Abstract: To explore the effect of M1k3 (mixed lineage kinase 3) deficiency on blood pressure,
MIlk3 gene knockout (MIk3KO) mice were generated. Activities of sgRNAs targeted MIk3 gene
were evaluated by T7 endonuclease I (T7El) assay. CRISPR/Cas9 mRNA and sgRNA were
obtained by in vitro transcription, microinjected into zygote, followed by transferring into a
foster mother. Genotyping and DNA sequencing confirmed the deletion of M/k3 gene. Real-
time PCR (RT-PCR), Western blotting or immunofluorescence analysis showed that MIk3KO
mice had an undetectable expression of Mlk3 mRNA or MIk3 protein. MI/k3KO mice exhibited
an elevated systolic blood pressure compared with wild-type mice as measured by tail-cuff
system. Immunohistochemistry and Western blotting analysis showed that the phosphorylation
of MLC (myosin light chain) was significantly increased in aorta isolated from M/k3KO mice.
Together, MIk3KO mice was successfully generated by CRISPR/Cas9 system. MLK3 functions
in maintaining blood pressure homeostasis by regulating MLC phosphorylation. This study
provides an animal model for exploring the mechanism by which MIk3 protects against the
development of hypertension and hypertensive cardiovascular remodeling.

Keywords: gene knockout; mouse; CRISPR/Cas9; mixed lineage kinase 3; blood pressure;
myosin light chain

o ] i R B GR IA 2.45 42, TR EEE
R AR . 2R AP, L4 A o 2295 3
JUHE R A R oK R T [ I AR SR LA K o
ENEMEIIREZ S, SBUNS RESCE . O
iy Hy A L A i A8 BE T 1 g R it A T
w3 RS TR) L 4 259 T i
Jit s AS TR T 8 7% w8 It R & 9 ML A 144k
HHAFELZ L,

RA1E R 3 (mixed lineage kinase 3,
MIK3)J&—FP Rk Tl . B0 RS 2 R ZH Y
24 34 5 35 A B P 8 (mitogen-activated protein
kinase, MAPK)Z Bk 52 N H 1) 22 24 1R / 95 %, R
&P . MIK3 T8 i E0E MAPK @ B iz i

&: 010-64807509

JItL M5 5 AH 5% 4% B (extracellular signal-related
kinases, ERK) . c-Jun 4% & °K % # ¥ (c-Jun
N-terminal kinase, JNK) M 2224 51546 &5 (I
p38 %, WIsAnMuIg s . e Tt i
WH5E R Mik3 FERBR G200 L8 RGN EE
SEE N MIk3 B DR R RO DI AE T R
PG Mik3 5 DR AR ST o LA S 34
FEIE B JEE P8 A TS, T P R S A it
EIEIER RS, R PRI ERR MIK3 7E.0 M5
RO rh RN ER . P DLan M s
S 2 A0 JRL IS RE T 58 s I R A )
T FRELAY, MIk3 DR R BRUAE A4 IS
V- LA P S G A, AR R AR MIk3 K

: cjb@im.ac.cn



1646 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

R B S S 52 /N BRI R . I, AR5 A
CRISPR/Cas9 5k [K 4 i F7 A A Mik3 e DR fi B
RO st MIK3 S 55 5 1R PR

1 S

1.1 #
1.1.1 4R zh4)

/N ERVRIG AT 0 i 72 NIH3T3 4 H E 5
SG 20 PR R TR R (ALY, BE3R T 10%
Jifi 2F 1L 1 DMEM K535 5k, 10-12 Jii#% SPF
% C57BL6/J /NERUIE A b s i v 57 72 A= MR
BT, LA CS5TBL6/T Ny S MIk3 3 H
R/ B o S RV R ) 3R T A U DT R
Bt SPF KW ps. BT A shi) e i sy | #f B
PR 27 B I8 b 5 22 0T R B S I Sl A B 5L s
AR S HLE (Sh e BEALHE S : GZR-2-009).
1.1.2 FERF

T4 DNA #4%f . T7E1 SMJIEE . Bbs 1 FR
TN VIR B NEB (ta)ARA A . i
. DNA RE MW A rg ot v il A= ) B 42 ey
A B F] o Px459 #AR Kk A FRE BE T 2% FE Feng
Zhang 256 % 518 & Addgene JFiRL % . JCIN 7
ROR PR BOAR & . B K W H XRAEL
B AL ) BE R A A . BRI DirectPCR
Lysis Reagent Il H Viagen Biotech /A #); SYBR
real-time PCR i{jf|lJ H TaKaRa A ], JG2FI0L
i . DMEM #ififgd%5 552 | Lipofectamine 3000
YRR T7 RSN AT G . SP6 MRIM SR
# 6. MEGAclear™#% ¢ 4lifk i & . TRIzol .
T-PER ZHZEE IR O . 3005 57 RevertAid
First Strand ¢cDNA Synthesis Kit 4 H Thermo
Fisher Scientific /A7, MIk3 (#4370S)Hik |

p-MLC (phospho- Myosin Light Chain 2 (Ser19),
#3671S)PUKII A Cell Signaling Technology 7y

Hlo FTFAEs 6K M Alexa Fluor-555 %%
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“ ¥t H Jackson ImmunoResearch 2vw], T
Western blotting 01 () IRDye 800 {15 —Hil H
Li-COR Biosciences 2~ ] . DAPI 35 F- i H Jb 5
Az S EYHARA IR AW,
1.2 &
1.2.1 #B[E Mik3 EE sgRNA BE#ZEEBRIZIT &
FRIEFRRIAIE

K CRISPR/Cas9 iAW EE Mik3 FEH &L
Bir/NE o ZNER MIK3 JE R (ID: 26403) & A Bl
RS T 3 NS F Wit B T
Ji# M/~ 5 RNA (small guide RNA, sgRNA),
i 3 4~ sgRNA 5|5 CRISPR/Cas9 Y] Bk
34 H R T B MIE3 RS HE SR BRI L 1 Tk B
i bR MIk3 FEDR ) H 89 o 1 http://crispr.mit.edu/
D 3k, 43l 3 B MIK3 55 3 A48 F AL ATG
FEAIH R 250 bp A KA S ANE R
—NBE R 250 bp ME A BN, &1t
sgRNA, MHIREIAY sgRNA A U1%H B r
FBe, A EE R B WS 45 53T 3 1 sgRNA
(# 1)o %A AERITIIN sgRNA S
IR, B kJEilid T4 DNA & BEEHE A
Bbs 1Y) A CRISPR/Cas9 f sgRNA #ik
HERY px459 Ak, DNA PP H AR A B )

#Fz 1 sgRNA EREHERFY
Table 1 sgRNA oligonucleotide sequences
sgRNA name Oligonucleotide sequence (5'—3")

sgRNA1-F  CACCGTACCGGTGGAGTCCGGCCGG
sgRNAI-R  AAACCCGGCCGGACTCCACCGGTAC
sgRNA2-F  CACCGATACCACGGGCACCCGAAGA
sgRNA2-R  AAACTCTTCGGGTGCCCGTGGTATC
sgRNA3-F  CACCGCCATGGCAGGGAGCCGGCGT
sgRNA3-R  AAACACGCCGGCTCCCTGCCATGGC
sgRNA4-F  CACCGTTCAGGTCTCGGTGTATCAC
sgRNA4-R  AAACGTGATACACCGAGACCTGAAC
sgRNAS5-F  CACCGCTCGGAGCACGGCCCAGCCG
sgRNA5-R AAACCGGCTGGGCCGTGCTCCGAGC
sgRNA6-F  CACCGGGGGCACACGCCGACCAGCC
sgRNA6-R  AAACGGCTGGTCGGCGTGTGCCCCC

Bold: sgRNA sequence; Non-bold: Adapter sequence.
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1.2.2 CRISPR/Cas9-sgRNA 3k & i 40 i
g

NIH3T3 4HEE R 2 6 FLAR , 728 240 it 2 B ik
3 80%A A, ¥ 2 pg px459-sgRNA i kr
Lipofectamine 3000 {1755 44 . F Y5 36 h
PEHUAN M 5L [ 2H DNA
1.2.3  T7E1 RAYIEEHE N sgRNA &4

PAREYL T px459-sgRNA JHRL A 20 fifd 1 5 4
DNA ML, 7E sgRNA ™5 1) G b A0 s T
BB W(F 2)#E1T PCR §714 . PCR P4 #his
PE . BREIR KR, AR T7E1 WHIEET 37 °C Jx
I 1 b, SN )3 o SRR AR A FL UK o3 AT o
1.2.4 CRISPR/Cas9 mRNA & sgRNA f#:F
5 & ZHE 0D

CRISPR/Cas9 ik iUk {E Not T i) £k
b5 H SP6 MRS iR G i sk . WA T7 Ja
Bl F 1 sgRNA 235 TR F T7 (441 % s 3 5
AT . Y% MEGAclear™ 5 5%
alifk i) & 21 7 4lifk . CRISPR/Cas9 mRNA K
sgRNA W fF it 2324500, I AR 2 Bk
AR E . RN/ NRAERE 19 d £
A
125 MEREEBEE

iRt/ R RIS 7 d ZARERE,
& & K B IEAR 56 °C MR,
85°C Ky, $2HUKN4] DNA, PCR ¥4 Mik3
H iR B, BB e i Tk S DNA P 265 7 Ak
K7, PCR 5# 0.3 3,

#2 sgRNA EMXE PCR 5|4
Table 2 PCR primers for evaluation of sgRNA
activity

Primer name Primer sequence (5'—3") Size (bp)
sgRNA1-3-PCR-F CAGCCTGACCACACTGCCCT 612
sgRNA1-3-PCR-R CTTGCCGAAGCCACCGATGC
sgRNA4-6-PCR-F CCATGCTGGCCCATCCCAAC 480

sgRNA4-6-PCR-R GGACTCCCAGGACAGAGGCA

®3 Mik3 EEBLE PCR 3|
Table 3 PCR primers for MIk3 genotyping

Primer name Primer sequence (5'—3")

Primerl GGAACTGAGGGACTCTGCTGC
Primer2 TCCGAAGGCAACAGCAGCTTA
Primer3 CACTGATAGGCCACGGGTATT

1.2.6 RNA #EEUK RT-PCR

FIFH TRIzol $REBUEF A= K Mik3 F [R5 fR A%
3 HEEFNPRHLE RNA, B 2 pug & RNA,
RevertAid First Strand cDNA Synthesis Kit
(Thermo Fisher)ilif# sgia i G idif% st A= i cDNA.
cDNA 7E iQ5 Z%i(Bio-Rad)H{#i ] SYBR X
(TaKaRa)i#£f7 RT-PCR. Ll GAPDH KNSk
N, BAREERFRB KDL 222 E: g 78 5
VI 5Nk 4 iR o
1.2.7 Western blotting &l

FIFH T-PER HARMEW (47 0.5 mol/L
EDTA, & g4 il 700, ol 1R il 40 o] 50 ) 48 BT
W8 MIk3 36 DR R B BRI A5 2L BB 11, BCA
TR G E SR B . K 60-80 pg AR
25 3R TN 07 T e 6 IS LUK 40 15 0 L LG S TR 2
AR 5%V R = E A 45 min, A
MLK3 (1:1 000) %2 GAPDH (1:1 000)#i4,4 °C
I L . IRDye 800 B —Hi = iIFH 2 h
J& Odyssey ZLAb2 3 USSR AR H 19 2%
g
1.2.8 GEXRALLEE

WA X BE B Milke3 3 DR s B3 8 ik 4 21

%4 RT-PCR 3|4
Table 4 RT-PCR primer sequence

Primer name Primer sequence (5'—3")

Mik3 RT-F GCCTGTGATACACCGAGACC
Mik3 RT-R GAGGCCTTGATAACCTCGGG
GAPDH-F AATGCATCCTGCACCACC
GAPDH-R ATGCCAGTGAGCTTCCCG

&: 010-64807509
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il & VKR, UKIS R [ 2 20 min, 5 B
T 20 min, WEHR 2% #hER % MK (phosphate buffered
saline, PBS)UE/5 3% BSA ZEiiEA 1 h, A
MLK3 #ifk, 4 °C i . PBS ME/E/MA Alexa
Fluor-555 %6 —Ht, EIMHE 35 min, PBS ¥
Jii DAPI £} A i ] Leica ST5 BOGAH L B 4=
S EE LEE MIK3 DGR
129 /JRILE. (OERMFESSFREMNE

BP-2010A # G& JC A I Fe 1138 2 e 2 1k
/NGO # (heart rate, HR) ., Y4 JE (systolic
blood pressure, SBP) % &F 5K [ (diastolic blood
pressure, DBP). W&, #/NELUE T 28, &
WA R EE R B B A 5 B A 1
Jo, BT UCEIREE N 37 °C R . R/
TR E NN #R AN B, 2T I i
Hahl &, & H/NRIEZERASTE 5 X
e, SN 3 do AR A K MIk3 BRI R
FRAME ML, 4 °C #ELAE 3 000 r/min 2.0
15 min, BCEVWE, T4 A A AN i i 55
BRI
1.2.10 fREL

WCAR Y A I Mik3 TR e o B 2 sl Tk 21
Tl 5 A WSV (4 pm). B 2R FIRE B 2 B it
2K, PUREPEE S NI I 4 Ak RE DT R Ak
PR 20 min, SFIMLTE TR R 30 min, A
ABEIRL MLC (p-MLO)ifk, 4°C &% .
1B £ 2 5 20 min, PBS UEJE IR i A4k
YIlEARIC — 40, %% 30 min J5 DAB B; 7
ARZE YL 3 min, ARKBE, R LB LR
B koKt Wisk . EH . 3R &4k . fd ] Nikon
ECLIPSE 90i {5k &, I/ NIS-Elements Br
3.0 FAE AT PR AR 4307
1.2.11 Gt ath

A GraphPad Prism 7.0 /4 XF 504 9547 48
oM o G5 R DA B 1 25 (R4 )R o A
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B LA ¢ A3, DL P<0.05 A B A 412

2 EREAM

2.1 E#BfE] Mik3 EERY sgRNA &3+ B 5E M
IS IE

FE MIk3 SER [R5 3440 B Wi 43 s it
b R 2 4 sgRNA i i sgRNA 5| CRISPR/
Cas9 IRV KIS 3 MM RF, P4l ALk
2% 5 7% (insertion-deletion, Indel)F % MIk3 £
T HE B8 T 3% 1 R 3% 18 T 3k 3 I R bR i B
o RHRERR FH Y sgRNA RAEAER, 435 LASE
3 AR F M AR, BRI 3 A
[ sgRNA (B 1A). ¥ sgRNA #4#:5|# 7
CRISPR/Cas9 % R i & A HE 1Y) px459 #ik, If
YL E NTH3T3 i, sgRNA #5|F Cas9 #%
BR M U1 H H AR P81, B RIE HARF 5 | e
5774 Indel, 33Xl Indel 764K #h ] B JE 0 % 4%
BRNDIRE T7TE1 PIIE8T Y, A /N T84 &%
W R B, WK 1B Fion, FEYe T M AT T
3 _Lii#AY sgRNA3 K T IERY sgRNAS 4t il rh
BT N A B B Indel /N B, Ui A
X 2 1> sgRNA REARULEENEMN 0 TH  Mik3
HE DR A o B
2.2 Mik3 EERBRRAE

CRISPR/Cas9 mRNA K sgRNA i il 7 51 1
ZAEINTERAE AR Z KRG 19 d 2 A AR
(I 2A). #EFARE I DNA JEF7 3R 7Y
YETE o TE Cas9 VIR S ERUFR TS 14(1# 2B,
191 1. 519 3)it47 PCR ¥4, WiA: Wy 44
1 300 bp AT, 44 milR BN =4 500 bp
O, ARG RM AT EA (B 20) Wik EE
P AE R s bR 0 7 B (B 2B, 514 2), T
A R 2 A RO B 800 bp Y457, 4liAmibk B
WG H 8 447 7242 (1 2C)., PCR 7=4#)%4 DNA
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WF, UESE Mik3 & RAE B bR E 5L T 816 bp
(K 2D).
2.3 MiIk3 EERPRR T MIk3 ERFRIE

g i — A E S MIK3 BRI RERR S, B
JeF Al RT-PCR W0 1 BF A= Ko MIk3 @R B
T FE k2% MIlk3 mRNA B F ik, RT-
PCR 51 IHFEMBRNEE 3 A~4h R+ |,
R BN Mik3 wBR BROLTP R A 2] MIk3

mRNA ik (Kl 3A). Western blotting 45 2R
R MIk3 @B B L PR N 2] MIk3 &
R E (B 3B). i1 FH e e o kel 1
A K Mik3 @Bk B E 3 ik MIk3 1y &k,
g WL g R B A [ MILk3 7 3 3 ko )2 KN iR
ik, AR RO SR AN B MIK3 1258815 5
(K 3C). &8 BTk, ABESR I T Mik3
FE R B B

9 9

v v
M oenelll Erord i<

Gene ID: 26403

sgRNA upstream sgRNA downstream

s 5o RNA6

1 $B[5) MIk3 sgRNA &% i+ & ¥E

Figure 1 sgRNA design and validation. A: A schematic illustration showing the location of sgRNA target
sequences in MIk3 gene. B: Genomic DNA were isolated from NIH3T3 cells transfected with px459-sgRNA
plasmids, followed by amplification of MIk3 fragments carrying sgRNA targeted sites, and digestion with
T7E1. The products were detected by agarose gel. Lane 1: Marker; Lane 2 and Lane 6: DNA from cells
transfected with px459 without sgRNA plasmid digested with T7E1; Lane 3—5 and Lane 7-9: DNA from cells
transfected with px459-sgRNAT1, -sgRNA2, -sgRNA3, -sgRNA4, -sgRNAS, or -sgRNA6 and digested with
T7E1. White arrow: The small fragment below the wild type band suggesting the sgRNA created indels on
MIk3 gene. Red box: sgRNAs used to construct M/k3 KO mice.
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A Cas9
mRNAJVmAAAAAA -y
sgRNA /L /L > _)Qﬁﬁ—)ﬂ_)ﬂ

In vitro transcription Microinjection Implantation ~ Mixed genotype  Heterozygote = Homozygote
to zygote FO MIk3+- MIk3-"
B
QA0 g16p Qo
>
o VY pa b - = o
M3 DEIpARA  Exond  api@ipPapfapdpeapdrardrarareemedra
A4 T
Primer 1 2 3
C HE D Sequencing
or or or
M+ e —f— M e+ A —— CCCACACATTCC-del 816 bp-GAGGCCCAGGTG
CCCACACATTCCGAGGCCCAGGTG
=

Primer: 1+3 Primer: 2+3

2 Mik3 ERERMRREE

Figure 2 Generation of M/k3KO mice by using the CRISPR/Cas9 system. A: General procedure of MI/k3KO
mice. B: A schematic illustration showing the location of sgRNA and genotyping primer in MI/k3 gene. C:
Genotyping of MIk3KO newborns. M: Marker; +/+: Wild type; +/—: Heterozygote; —/—: Homozygote. D: DNA
sequencing showing the deletion of an 816 bp fragment in MI/k3 gene.

A i B C MIk3 MIk3/DAPI
DI
& | ik
o WT MIk3KO =
20} T =
=
g
= 3
=
o o g{) pHm 50 pm

WT  MI3KO

3 Mik3 EFERRER PN MIk3 mRNA R EBARIL
Figure 3  Expression of MIk3 in MI/k3KO mice. A: RT-PCR. B: Western blotting analysis. C:
Immunofluorescence analysis of M1k3 levels in WT and M/k3KO mice. The data represent results from 3 WT
mice and 3 MIk3KO mice. ¥***: P<0.001. Scale bar: 50 pm.
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2.4 Mik3 EFERMRRILEAS

RARVE MIk3 PR 2R XTI s B s, W
LT AR (810 JRIIY) Mik3 filk BUIERDRE T
IR B2 o0 2RSSR AR A AL o MIK3 vl bR BRIE bR S
T 45 i (systolic blood pressure, SBP) & &F 5K
[ (diastolic blood pressure, DBP)] i 2 & T [A]
GEXT R 4A 4B), {H.Cr 2876 2 |) TG 22 531)
(B 4C). FiR2h F 2RI Mik3 SRR 3 B0 R
MR TS o AT MIK3 S IR £ 5 0 J2 75 45 1L
THEE TR G, AT MIk3 JER rfb B
[vi) 575 XoF HEE R %) i ¥ 465 2 ok 5, (L IR T i
25 (Kl 4AD). Mik3 FE H B2 75 S0 M N
B R B S M1 S R R RRIR AR .
2.5 Mik3 EERMRRILE L EIENIKE
SEE R e E

WLER 5 (1 %% 5% (myosin light Chain, MLC)#
TR Al 7K 1 1 5 S B0 4 V- T L2 PR 4 fin J)
HNEBE I8, e & i & A R R R R
HEEAEMDL ARG MIk3 SRR T
B T v e LR, A B AR S M3 i
B A E sk, S bR MLC B R LK
Vo BER BN MIk3 bR B P ILZ MLC

A B

150 - | ok ok I 80 = I * |
Sl T
i [
60 b
100}
=1
[a ™
& 2 40t
50
20+
L O 1
WT  MIk3KO WT  MIk3KO

&4 Mik3ERERBERIEAS

W IE AT B35 5 X BR4L(J&] SA. 5B). Western
blotting Fr il #F— 2 UE S T %45 5 (& 5C. 5D).
Mik3 =R R G EJH MLC B LK.
MIK3 3@ if T FpALE ¥ MLC B BERR bR AE f5
SR T AT IR AT o
3 it

AHFSEF ] CRISPR/Cas9 5 AR 8 T Mik3
LR REBR R, R B MIk3 J5 D8t s BRI s T
B, A UZ MLC B 1k K7 B3 8
$E7R MIK3 A el o P83 MLC L5538 #% &
FERCHT I T = 0 TR R 7R

H 2013 4 CRISPR/Cas9 £ 4t JH T 3 K 4
LK, AW ALR CRISPR/Cas9 F 45 i i
FRAMRE . ma. Femthlr . TR EEsR Y
R, g zZRATFAN. i, Y. 0w s
B SRR A SO G BSOS BRI i
B B2 w55 2 A AR () R o R AR T A kA
R CRISPR/Cas9 2 45 4 i (14 45 S Al T
sgRNA, Y4 Cas9 ¥} sgRNA i#E A4 il #%
J&i . sgRNA A HFRIERE , 5147 Cas9 HEREAE
H R R i 07 51 i DNA WUBEWTS . a2

L 800 . 15
r ns r
l I ns
- l I
—— —_—
600 = - i
= 10 b
=
e el
= 400 | &
Q
E s
200 8
W
WT  MIk3KO WT  MIk3KO

Figure 4 Effects of MIk3KO on blood pressure. A: Systolic blood pressure (SBP). B: Diastolic blood
pressure (DBP). C: Heart rate (HR) of WT and MI/k3KO mice. The data represent results from 15 WT mice
and 15 MIk3KO mice. D: Serum Ca®” of WT and MIk3KO mice. The data represent results from 8 WT mice
and 8 MIk3KO mice. *: P<0.05; ***: P<0.001; ns: No significant differences.
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A WT MIk3KO B _ 5
p-MLC p-MLC z B
st o
I - E ‘.:f‘h ‘ﬁf‘s,' (-;Q{‘ ";" S g- 3
- - » =]
N e, R e Q T
s i N e i s 0l
v A& s AW : g - =9
= 5 n g
20 um 20 um 3
= e = 0.0 .
WT  MIk3KO
C D 0_8
*
WT MIk3KO o ' T
Z 06F
S 04
z 1
a,
0.0 .
WT Mik3KO

5 Mik3 &#F MLC #Egit
Figure 5

Effect of MIk3KO on MLC phosphorylation. A: Immunohistochemistry analysis of MLC

phosphorylation levels in aortas isolated from WT and M/k3KO mice. B: Mean p-MLC per optical density. C:
Western blotting analysis of MLC phosphorylation levels in aortas isolated from WT and M[k3KO mice. D:
Relative intensity of p-MLC to MLC evaluated by Image J. The data represent results from 3 WT mice and 3

MIk3KO mice. *: P<0.05; **: P<0.01. Scale bar: 20 um.

o A [A] P A iy 32 42 (non-homologous  end joining,
NHEN) & JGIE AL Indel"™* ", 4 5 g i 037 15 126
PEAE B AR LD gmtid X, Indel 51 WL i HE 11
AL, SEEGMSIEPRRETZ L, 5 5L R
BRI o ARESEFE Mik3 SR 05 A B in 47
MRS 3 AT P S A T sgRNA, Lt
R 2 4 sgRNA AL FVER, sk i Bk
LA Y Indel, MIMRRER H AL . AHF5Y
sgRNA M1 1L F IR BT 2%B% Feng Zhang 5
3% T 1 sgRNA TELBHRA, 744 CRISPR/
Cas9-sgRNA H:FRREAAF YL 2 NIH3T3 4
J&, A TTE1 BEURERUE T 51k sgRNA 975
. & 1B H sgRNA3 & sgRNAS HEL T T7E1
Y] Indel F BT AR/NA B, WESLX 2 A
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sgRNA B/ Cas9 &[4 HAn/¥45. TTE]
FEVI L 2 4~ sgRNA MG PEA S, AlEEY
NIH3T3 4 ff i 5% e R 50 IA G o Ja 2Lty
Mik3 BB B B AR S S Cas9 mRNA
B sgRNA ok 5 e Gt 22 B 200 ik 10 1) 32 0 O
FLSE T, PSR A YRR I R, i 28 P i
1 sgRNA3 [ sgRNAS AR F T Cas9 %12 i
7E MIk3 H A5 X808 % T 816 bp A5k . Western
blotting & By o Y ERMUESE T MIk3 JEH i
B UG MIK3 81356, BB MIk3 JEDH @il R
P )

Mik3 FE PR e o B R v o ST LA
o WA B A0 SR it A R L S i R
FIMEERRZ — M5 LA ek &



Ei%8 %/FIF CRISPR/Cas9 RABIS/NG Mik3 B EIRITERI M ERIS 1653

FIREE MLC BEIR 10 2 - T8 WU 4 1) 5C B K]
2o HBERR ALK 52 LBk P R A (MLC
kinase, MLCK)/ 5 1 % iR 1k 18 1 L B2 L3k B
4455 W BR B8 (ML C phosphatase, MLCP)/ 51y
FEBERR LA R B X P45, Ras [m] R R 5 0%
5t A (Ras homolog family member A, RhoA)/
Rho #H ¢ 11/ (Rho associated coiled-coil
containing protein kinase, ROCK){5 51 & # 2
M MLCP B3E PEFIE T MLC R85 R
LA T 1573 WUt 119, Gadang %)
WFFEHE 7N Mik3 FE B IE TN RhoA (35, H
I AHEDN MIK3 ] figid 12 1542 RhoA/MLCP/p-MLC
WARYERR P WIS Aa RS, A0 =T
Z WS UE S 5 1 MIK3 ST A2 iF 2 Fh
Jigg (2 2 AR A, ARG L FLRE SR/
240 i B 98 45 T ) MK U A S8 o L R R
A IR AR 2R B, Ok R B
FER T IF & MIK3 /N340 il 550 F i g v
FrUS Pl RBER AR R I MIK3 B R
A T I H XU o BRLEG , XoF 68 MIk3 3 i
I, WD I A Y
mﬂlﬁmgﬁlb‘ﬂumfﬁﬁﬁ(bj}ﬁﬁ%
OWUBEFE . XU 18 i 45 ) d 3 B 1 f
PR 2O i R A L A2 4 ) Bk DR o
B A5 Bl A TR 48 7 v I P i A LT . R BT
BURE S, R RSP B IR e, A
W55 3T CRISPR/Cas9 ﬁﬂtﬁiﬁjﬁJLT 22 5 IR
[ B B R T A Gt R 5 D] MUk 3 v /) BRURSEARY
AN [) T B A i 8 1 DR 22 2 AT ol Ik el 7 o 38 )
BWAERTS, g %K R 0, RhinSEkE
IS B2 Mk 5 DRl s BRUE SRR IR 25
IS e ) e A i SRR T B ) =/ VN
MIk3 SZHEHT I T i A E 2 R O 4P PR
AR, I A S B0 I R A R
¥ (remodeling), R4 0o I K2 I 557 B () 241 Jifd

&: 010-64807509

5K TR R AR AMEAR AL, I RO A I
BB R Y Rk, R AR AR 5 R
Mik3 FE R R /N RS R UEA IR AL 5T, A
A SR R E A MIK3 0] i T A N
DEPELRAP AL, B ) B 11 95l 1 T 0 A
S, YR BE A BH IS 0 I S R A
FABLA . Ay s i R A F: R R S5 19 5K
i RTEEF L [

¢
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