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Optimization of Plasmid Electroporation of Jurkat Cells for
Delivery of CRISPR/Cas9 System
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Abstract CRISPR/Cas9, a highly efficient gene editing technology, can be used for gene modification in T
cells to enhance their specific immune response in adaptive cellular therapy of tumor. However, the delivery methods
and efficiency of CRISPR/Cas9 system affects the efficiency of gene editing. Electroporation is a safe, simple, eco-
nomical and reproducible transfection strategy and could be used to deliver CRISPR/Cas9 system into the cells. In this
study, Jurkat cells were used as a T cell model and the plasmid with green fluorescent protein gene was used as a de-
tective marker to observe the transfection efficiency and optimize the parameters in plasmid electroporation of Jurkat
cells.Furthermore, using these optimized parameters, the CRISPR/Cas9 system was successfully delivered into Jurkat
cells and the f2M gene was effectively knocked out to become HLA-I" Jurkat cells. This study provided an optimal
system of plasmid electroporation of Jurkat cells suitable for delivery of CRISPR/Cas9 system, laid a foundation for
subsequent application of CRISPR/Cas9 system in adaptive cellular therapy of tumor.

Keywords CRISPR/Cas9; electroporation; gene editing; optimize; CAR-T

Wk H 3: 2018-12-09 He52 H Y 2019-01-16
EHAIEE . Tel: 13550317631, E-mail: 1749775313@qq.com
Received: December 9, 2018 Accepted: January 16, 2019

*Corresponding author. Tel: +86-13550317631, E-mail: 1749775313@qq.com
X 2 HH BB ] : 2019-05-09 11:15:49 URL: http://kns.cnki.net/kems/detail/31.2035.Q.20190509.1115.004.html



A H &5 FURL HL % fLJurkat 4 i 3316 CRISPR/Cas9 & 4t I AL

703

IT 5>k, CRISPR(clustered regularly interspaced
short palindromic repeat)/Cas(CRISPR-associated) 2
Pl 9 0 22 Gt C RO FR Al A P B2 s 00T ST AR 7 N H]
B K- & 2 —19), CRISPR/CasH: K 4 4 & 4t
15 2 Fh AL, A A0 ik P i B B4 (YT B CRISPR/Cas
ARG T IA R AR R A
RO R, TR 2 B T AR W B 2 U, Ry
| FE I A1 ok 8 2 A MV T RO BIE R, B 2 F
W KX, ] FHCRISPR/Cas3 [R 4 i 4 AR, 7
W HAT 5 5% 00 B AR S TN VR o7 B AR O
225 AL F A AR X, 38 TT DA 9i (5] 4 T4H L 7T
R A B R B 0. B, AR R IE B R R G
PR B2 AR B RMB A T(CAR-T)Z0 M 7 £ 38 1k
o0& BF 7, A E ) B CRISPR/Cas94 [ 4 4 457
REBR AR T T HLA-IZR 731, il £ 70 G2 i 1%
FITZRME . A B 5T [ BA A HICRISPR/Cas9 4% At
B 1 A [ T 4 2 T ) 400 ) 1 52 A4 PD- 1, AR 98T
S B R PD-L R # 1 /E FH

SR, WIATK CRISPR/Cas9 & 4t [¥14% 02 J5 {-Cas9
A MIsgRNAA R0 14 2145 € FL20 I, — B2 CRIS-
PR/Cas9# Az Al i) K P ik 2 —. 3 IXCRISPR/
Cas9 R G0 ] LR FH 2 A S 9 75 3, b AR 3 25
J I B JERORH D0 7 A0 4 B R 7 Ik S5 AR T 5K,
WA PR I AL 07 3, R G A iR o5
% DNAYRKPBIRGY). o flsE. maflizhg
N (ETI R200 N £ 3 & YN o0 422 - A LI e
FE TR B B AL 478 N\ 5 18 2L R o 2 1 XU 88 18 1),
J&CRISPR/Cas9 2 4t i i 1) 32 277 A0, HE X T
YA, P ZE L PURIDNAT H B AR RN, 20 i s
IR GERERAAR, S 211 S R 5 PG T Pt
A7 R R G 4R 00 R e S R S SLACR IR R AR
Z, WHEHE . BKOPET ) PRI, FAE R N
IS P L5 SR 1T, BEFE ICRISPR/Cas9 R 4t
IR R, T R 2k R R

JurkatZH i 2 A STk E 40 A 1 I 5 40 O ok,
WA AT AT T R H)-F 6. B, AWFHRE
F kT —Fp 3T Jurkat4H g ) CRISPR/Cas9 1. E., il
W ON TR MR S0 AHIE T DL R B ALk (L 5O
T R POREE N Jurkat AR AL, RGEHEE T
JESON 7 o N TIN5 g A7 D R W =
i L N 1] 45 25 O e e 250 3 R 200 A 05 6 R S i
i 7€ JBURE R 27 fL Jurkat 40 S 0 2% A, Iis X —

R AN AL S B B 1) N\ p2MFE K] () CRISPR/Cas9 %
215 NJurkatZH i, J% D) i BR Jurkat4H i (1) g2 ML [A] .
HiF 5 45 CRISPR/Cas9 2 4t 58 U i 37 FH T 3 4 4
THMLYG YT BE5E T FEfit

1 #MRERE
1.1 RXFIFNER

Jurkatfl i 4 T vp [ B 2% Bt 40 M & ; Pmax-GFP
J5i RL W T Celetrix 2> 7 ; PCLXE-EGFPJiii i1 4 T Ad-
dgene”/A 7 ; Endfree plasmid Maxi Kiti 7] (12362)
¥ Qiagen’A 7] ; FITC anti-HLA-ABC(311404). PE
anti-HLA-ABC(311406)/4F Biolegend A 7] ; HL % fL
X (CTX-1500A) 1 - Celetrix 2> ;i 28 41 fitd A (No-
vocyto 3130))6 T-ACEA A A]; 8] & 7% % & B4 (1X2-
ILL100)/%F-Olympus A ]
1.2 SEWFHE
1.2.1  JRAsRE 1% QIAGEN Endofree plasmid
Maxi Kitiit B 2 B Pmax-GFP A PCLXE-EGFP Jii
Kir, $RAFALFE 1Y N Do/ Dasi=1.8~1.9, 3.42 ng/uL Pmax-
GFP#112.48 ng/uL PCLXE-EGFP/i i, —20 °CK: 3 {#
1%
1.2.2 % it4=# 3 CRISPR/Cas9 % 4 HiFi Cas9
Nuclease 3NLS. TracrRNA. CrRNAJJ T Integrat-
ed DNA Technologies/A & . #It [a]f2M% K] ] gRNA
J7 5 KPR T Ren%s PRI H 5L, f2M-gRNA: 5'-CGC
GAG CAC AGC TAA GGC CA-3'.
123 wmiadsdh 58 F 350 JurkatfH T J0RE 9% .
HA, ZF FL AT FH HL A 22 I (Opti-MEM) e i 48 i, FiL %
FLEREIL U AT . LIS HINR, 72 hfE 2Ot
B UL ML ARG DN A% e 280 S A LA 5 15 O
124 mpast R Rfetnfo 55240 7-AAD(7-
amino-actinomycin D) i 4% 5 10min, 7 2K I 41
Mg e e B B Rk M AETE TS L. 40 M g
B (Yo)=53 14,75 ' BH 1 411 B 50/ 41 B 4 20 100%;
T AT 175 (Yo)=Ha %F L J 5 40 i i 50 A H 5 LAk
35 20 P A < 100%.
1.2.5 AMHLA-IL S T8 %R %L FITC anti-
HLA-ABCHIPE anti-HLA-ABC 4 °C%%{%10~15 min,
gl AR I . 5 oK HL 2 AL X L, IE SRHLA-T
Ko FrilRE.
1.3 HBIBLIBRGITZES

B 2H 250 AR A [F) 250 N B R3IR, TR A K
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F GraphPad Prism 64 1+ #1153 #r, %ds L35 #+hx
#E IR KR, K HOne-Way ANOVARI#: % 3 17 4 [4]
LA, LLP<0.05 M B A Giit 2 2 5

2 HFHR
2.1 EBEXTHBE N EMEFEENS
[#] 5 Jik 1B 18)20 ms, Pmax-GFPAIPCLXE-EGFP
JFREAN ] R H 5 fLTurkat 40, 72 his, iR
ASCHSE 0 200 i 2 G 2 2R FUAF 0 22 (1) . 400~450 VIS
YRR BT (P<0.05), 7480 VL& 5 YRR T
G FE. 450 VAI480 VAR Yt iy m, HIG W3
PR 72 5, {HL FA PR 0 v 200 B A7 2 BRI, 7 0 R (1 48
JiL A7 2 FH450 VRIS (52.5+3.5)%1(22.3+1.8)%
B4 480 VIR [1(26.5+2.1)% F1(10.3£0.9)%, H A5 &%
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100 'Ll 100
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X X
= 601 = 604
= =
S 40- S 4
5 5 407
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= 0-
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Voltage (V)

ZE5p. SRR, 450 V&R 5 fLIurkat4H i 1)
A H R
2.2 RiomET[E) 3 4R AR EE R R A T IE R RS2
FE50E LR 450 VR 3 548 H Pmax-GFP #l
PCLXE-EGFP W #FURL LAAS [ ik v i) (1] FEL 28 fLJurkat
Y, 72 hJE U ke T 4 A G R R T 2. ik
MBS [A120 ms, P TR IR 3 e R0 B 23 Sl AT ak
(62.5+0.7)%F1(59.6+2.3)%; FEK: 40 ms, F5 L%
AR, (HGH M A7 2 02 T R (E12). 45 RR M,
20 ms A2 i KL F 2 FLTurkat4H i & 3 ik s e 1A
2.3 HEELEMAIA AT R AR AN TR R R R
HL 3 % VR A 1 P R R R LY
5 B FH 20 M A7 R 2R . 3 SR IS = B4R A R
(PBS. RPMI. RPMI+10% FBS 1 Opti-MEM){E A

PCLXE-EGFP
@l Cell viability (%)
- 3 Transfection efficiency (%)
PE |

430 450 480 500

Voltage (V)

A: 1 HO Pmax-GFPJFURL i YL 2 S AN AH i A735 € (54 0; B: A 6 PCLXE-EGFP UKL S Yo RS RIAN A7 5 S 1056 . T A [0 45 SR ¥R A3

[HEFRER (n=3); **P<0.01, ***P<0.001, nsZ& R~ 3 W 52 5.

A: effect of voltage on Pmax-GFP plasmid transfection efficiency and cell viability; B: effect of voltage on PCLXE-EGFP plasmid transfection effi-
ciency and cell viability. All values are presented as means+S.E.M. (n=3); **P<0.01, ***P<0.001, ns means no significant difference.

Bl e EX AR EMFERRFM

Fig.1 Effect of pulse voltages on transfection efficiency and cell viability
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1001 ns 1001
. 801 ko | . 807
X X
= 604 = 601
= =
Q (]
S 404 2 401
j5) [}
Ay A
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0- 0+
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ol @ Cell viability (%)
ok [ Transfection efficiency (%)

—
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Pulse time (ms)

A kIS [R] 3 Pmax-GFP 5 R 4% e 3G RN A7 22 K 2005 B K] 7] % PCLXE-EGFP BURL 4% Je R AN A7 SR I 2 o T (45 R 3%
FR NBHELRRUE IR (n=3); #*P<0.01, ***P<0.001,****P<0.000 1, ns& /R~ B EM 2.

A: effect of pulse time on Pmax-GFP plasmid transfection efficiency and cell viability; B: effect of pulse time on PCLXE-EGFP plasmid transfection

efficiency and cell viability. All valuesarepresented as means£S.E.M. (n=3); **P<0.01, ***P<(0.001,****P<0.000 1, ns means no significant differ-
ence.

2 BodE[E)%) 4AREE R R MR RHFA

Fig.2 Effect of pulse times on transfection efficiency and cell viability



A H &5 FURL HL % fLJurkat 4 i 3316 CRISPR/Cas9 & 4t I AL

705

WEFERT R, 450 V. 20 msZk At~ 43 7 HIPmax-GFPAI
PCLXE-EGFPJFi ki H % fLIurkat4f ff, 72 hJ5 F % %
151 B Y TR FH UL A BRSO 2 7 G 8 e AN AT B A7
0L A FHPBSTE HL 27 LAY B, % Ge sl 3 B ik 40
TR (47.5£1.7)%M(42.3£2.1)%; T8 FHRPMIKE 75 3k
VR HL 5 LAY B, 40 A7 3 28 55 1K(24.6£0.6) % A
(12.1£1.1)%, fERPMIH ¥ IIFBS &, 4 M A7 35 2 &

( A) Pmax-GFP

RPMI PBS

RPMI+FBS

=
M
=
=
[
o
B
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80 804
X X
*\E/ 601 seskokok :é/ 601 o
S 404 S 404
o sk o
= 201 = 20-
0- 0- %
S S
& & & § &
N
= N
@ Q

H R = B(52.241.4)%H1(20.6%0.7)%, [ f AN 5 1

I e 2 R (84.3+2.9)% F1(60.5+2.3)%, 1X 55 HI )

e 2 Pl Opti-MEMLEL A7 A [7] (19 FL 57 AL R (KI3).

45 A W], RPMI+10% FBSHIOpti-MEMEIE 4 F

HL 2R FLGE -

2.4 BURLKE ST AR R FE RN
JFOREXS A M AT — S R, AL TTRLIR S5 AT LA

PCLXE-EGFP

PCLXE-EGFP
@ Cell viability (%)
ns 3 Transfection efficiency (%)
s 1
ns
*%
L & &
Qg\e \’\,@
X QQ
RS

g

Ar AN[F BRI AR R PRI TORL R Qe RCR SO6 E; Br AR HU B A T R R R I AT R L. I M R R R P (e

iR(n=3), ¥*P<0.01,****P<0.000 1, nsK /R H R EEEF . F&/N=200 um.

A: fluorescence maps of transfection efficiency of two kinds of plasmid under different electroporation bufferconditions; B: comparison of transfection
efficiency and cell viability under different electroporation buffer conditions. All alues are presented as mean+S.E.M. (n=3), ¥*P<0.01,****P<(.000 1,

ns means no significant difference. Scale bars=200 um.

B3 ERAELERN AR A R M TF R R AR

Fig.3 Effect of electroporation bufferon transfection efficiency and cell viability
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(A) B)
Pmax-GFP

100
. _ 80
S S
bt < 6
3 g
5 5 40
~ A~

PCLXE-EGFP

= Cell viability (%)
=4e Transfection efficiency (%)

T T T T 0
0 0.1 0.2 0.3 0.4 0
Plasmid concentration (ng/pL)
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Plasmid concentration (ng/pL)

A: Pmax-GFPJFURLIR B X0 e G 03 P2 A7 32 10 B: PCLXE-EGFPJFURLIR 0 % e AR AN AP 3E R (M2 R . A 1 45 SR Rom

bR UER(n=3).

A: effect of Pmax-GFP plasmid concentration on transfection efficiency and cell viability; B: effect of PCLXE-EGFP plasmid concentration on transfec-

tion efficiency and cell viability. All values are presented as mean=S.E.M. (n=3).
El4 FRLRE S RENEMFERFM

Fig.4 Effect of plasmid concentration on transfection efficiency and cell viability
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LR AEEAFAE R (n=3), ****¥P<0.0001, ns X RIEH L EMEFE R,

A: effect of rest time on Pmax-GFP plasmid transfection efficiency and cell viability; B: effect of rest time on PCLXE-EGFP plasmid transfection ef-

ficiency and cell viability. All values are presented as mean+S.E.M. (n=3),**P<0.01,****P<0.000 1, ns means no significant difference.
El5 & ERE AR RMEE RN

Fig.5 Effect of rest times on transfection efficiency and cell viability

P 1 2 0 2 e R RIS 6o 320 pLRL A HL 5
FURR, B AL MO FE 1x10%mL, #6450 V. 20 ms-
Opti-MEMZZ i 26 40, A FH AN [5) Jo3 R0 R B R 25
FLIurkat4H i, 72 b 3w 2R I 20 i A G b e A7
B, (E—EWETEE(<0.1 pg/uL)H, Pmax-GFPJ5iki
IR B e RO, S ORIKR A 30,1 pg/pLi,
YRR IR B B i, 9(T1.0£1.4)%; 2k SEH = FURIIK
FE, B YR AN o R R i i B — e
P, JoORL R B b 7 PR Bk (Bl4A) . PCLXE-EGFPJii
it B A A (BI4B): W 0.4 pug/uLint, g
RO IL BB 5, N(65.551.2)%. 45 5RHE7R: Pmax-GFP
H % fLIurkatZH i (1) &% 15 ¥ B2 #20.1 pg/uL, PCLXE-
EGFP H % fLJurkat4 i i 5 FE R FE /20.4 pg/ul.

2.5 BFIETREEEREXNMMBEIENRIME
SEERIFN

FEARAL 414450 V. 20 ms. Opti-MEM | Hi %F
FLIurkat4f i, 27 FL S 4 M B b FE AR T4
JfL 35 7248 h, AN [F] IS 8] f5 73 7% 20 i 2 Tk e A 8
FRAEEFRE IR, 72 e A . Pmax-GFPJ5URL HL %
FLJA, 7E45 min LA, #5 B I TR) 0K 20 B 73 R
B 45 minZi M A7 75 % ik (62.211.1)%; #— D4k
KA B ), A7 2 )M PR (EI5A) . PCLXE-EGFP
JRRL HL 2E AL 5 2 A D, 7 B 45 min ] 3R 15 5 = 41
A7 I %5(21.3+0.9)% 5 5 G4 #(68.4+0.8)%(EI5B).
FE45 minkb B4 5 A i B AL FEZH.(0 min)fH EL, B
AR, RIS F B 45 mingE[F i
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(A) B2M-Cas9 plasmid
Ep mock 450V
A = 4y
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Z
< |
U o
wn
5. | | |
0*103'!‘ 0 10° 1056 <104 0 10* 1059
PE HLA-ABC >
(B) S2M-Cas9 RNPs
Ep mock - 450V
IS

4.0

FSC ——e—>
8.0 12.9

=
= T . . . .
103 10+ 105 10° 107

FITC HLA-ABC

s - ; ; , .
1023 10* 105 10° 107

~
rd

A: HL5EAL2M-Cas9 UKL R Jurkat A U HLA-128 535 B: HL % FLB2M-Cas9 RNPi R JurkatZl I HLA-128 73 F
A: electrotransfer f2M-Cas9 plasmids into Jurkat cell to knock out HLA-I; B: electrotransfer f2M-Cas9 RNPs into Jurkat cell to knock out HLA-I.
[El6 CRISPR/Cas9FGEERIFRHLA-IZ S F
Fig.6 Knocking out the HLA-I using the CRISPR/Cas9 system

P& R A0 B AE 2R S WL R, 1 H 2 L B R 40
L
2.6 HLEFFLIBIXFRECRISPR/Cas9E Kk RS, Bl
F&Jurkat4BREHLA-IZE 5T

N B8 AIE 12 5 R FRL 2 FLurkatZH A0 A0 4R B2
1& F T-CRISPR/Cas9 R Gidixk, AW TifE FIRBIR
Ak 2 41450 V. 20 ms. Opti-MEMZZ i Wi Fl £, %
FLJ5 & 45 min) T A FH #E ] S2MHE [F] (] gRNA-Cas9
JURL(K 7N 2 14 Kb, $5e A3 R 2 °40.6 pg/ul)H
7 fLIurkatZil ffl. 72 hji FIPE anti-HLA-ABC )¢ i
R ety gt 2R I Jurkat 2l I8 R TIHLA-I2R 4> T 3R 1A
TEOLR I, 50.3% 40 i CLGHLA-IER 7y 13Kk, KW
B2MIE IR R Th i B (B6A) . [t BRI AR A4 &
FB2M-gRNA 5 Cas9 IR S M E AR
W) (ribonucleoprotein complexes, RNP)HL % 1, Jurkat
Y, BT Cas98E FMZER A 1 pmol/L. 72 hG
FITC anti-HLA-ABCZ G HifAa A ll(El6B), i ik
oAk R BEHRNA S 5 1 4H A T X I CRISPR/Cas9

ARG RO 7 fLJurkat 41 A .

3 Wig

CRISPR/Cas9 % %t 7& — > 5 K (1) 25 DX 9 46 T2
H, Mt T ZFNSTALENS DL AE 1) 356 IR 4 45 35 R,
CRISPREA B E KL H, WHE R IR R1E. AR
fIRBRE A 58 YR B RS . AR,
CRISPR/Cas9 R 4t LN 1A= fim B2 A0 fie = 22 1)
W58 T B2 —, B2 B FH T 25 A 25 R 9748 1) 41 g
B B A S W R 5, DL BI85 5 R 7 0t 9

farey
=Fo

CRISPR/Cas 972 [X g 45 457 A 9 i o 48 41 4o 2
IR ISR T IR TR, BRRAE
K HATH B AL 48 1 G e 4 I v 7 A A 9 B 9
A A AR ) S A o 4k A8 S B 4 v 7 AR K —— Ay
AE Y G AN 25 . AT CAR-TAN YT 7 2
REEBFH B S TANML, BEAT R RB Y1 )5 [0 5 8 5
. BT REEORAERE w . AR JF BAE 9% &,
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[F) B, 52 2] 255 T4 i o B AN BB O BR W 2R e
BN T M AT 3 R g, ) &0E A T AR
I8 H B CAR-TZH ML, JIFACAR-TIR YT 1AL 453 58
I B AR D 4, SR, T 32 AR SRCAR-TAH M £
FE AR FEHE R, 5118 PR AE Y X V. (host ver-
sus graft reaction, HVGR)FIFZHE Y Pi 15 & & Vi (graft
versus host disease, GVHD), 1X 1 /2 24 i 1] #4188 F 714
CAR-THYH M ) 1 B fhg . iz FH 3 M g 8 T Hoht A 22
fiff X — ] @, Ren%51gf HJCRISPR/Cas9 5 4t i [
fe BENTAH B P4 95 P (9 TCRANB2ME PR ) 3K 1) 4% 7]
b S A 1 38 B CAR-THH AL, 7E AN MR 7 RUR 1
A AT 250 e GVHDAIHVGD T H B . HK,
FHCRISPR/Cas#i AR 1] DAl B b 2 K £ s A 5 1) B
JEHNEIE S, WP HEAET 4> - 1(programmed death
1, PD-1). 4 A 55 14 TIbk E2 40 B AH 5 T R -4(cytotoxic
T lymphocyte-associated antigen-4, CTLA-4). kL
2 B 3% 2L [K]-3(lymphocyte activation gene-3, LAG-
3), HE— D PE T G s A0 M 1 o R s Rl T
IR 2 R IA I 28 —AF T 0 T IR, BE S TS
T M 3 T ) F ) 52 Ak 4 A, (BTN M08, 1X 42
T ECAR-THI i ¥6 7 BUR A FAR I o — AN R
R, PD-172 5 A A B 10 R R g 4 B0 05, "X 7E T4
FL AL J5 ek, FF 5 A B[ B AR PD-L1/PD-L245 &
NN A0 66 T4 M 35 1L, fE T B FE . B 5T K
I, T H 5 LT V0K Cas9 2R H FllsgRNA 5N JEAR
THH M i B PD- 155 (K], R 5 25 19 5 C AR-T4H Jfd 1)
Ul E TR B s, A CRISPR/Cas94% AR A] LA
SEPLH R R S AL E RS HERN, 38 G0 B I
e BEHLAE N T B R R AR AT RE . 4 ATCAR-T4H
i ] £ ek TR Y, C AR R 3 5 2 T 3 3t % 3 B
B 7 T NTA A, 75 R 21 A BE AL 3\ 2
DR LA 9 7 5 R I g 1) AU Byquem S50 MR 1
112 FHCRISPR/Cas9#: R AETHH Il TRACHL pi Ak 1 i
Aanti-CD19 CARK:H, ANMUSEHL T CARKE K /ETHH
Jf b (35— IE, [R) S B R I B iR PR e e g v
zi L RTid, B FCRISPR/Cas93 [ 4 43 A fit fift vk
CAR-TIm R R H E R BEG, $ KK $E FHCAR-TZH il
YT LY R RN SIZAAJRE (5 17

JLE FI F CRISPR/Cas94 A R fif R CAR-TZH il
BT I PR S b 11 22 X R, {H 2 4 /i iz F CRIS-
PR/Cas9JE K] Ja %5 475 S ThI I 74 A A B, B 36k K] o
ROR AN 22 4 1] B, CRISPR/Cas9 2 4t 1) 41 i Py 36

BRI LR N g SR I R R Y
LR R R %, B et e, A,
EHEE . BRSNS BHBTFILRE
R 3 1% CRISPR/Cas9FE R 4 R Gt 500 L % fL
MRRIRZ, ABFHE T B fkefi (. Bk
WREE . L ZF FLGE I o0 56 JL DR 25 0T 20 i HL e ik R
FAE I 2RI, FF 5] O\ B 28 FL i 1) i B I [A) IX —
PR 20} L 2E FL IR

P, Rk e BT[] 2 5 M) 40 i P % 250 26 R A7 3
R E BN R, I8 I H e Rk e R] ) R
FATRIA50 V. 20 msse i fi H %F fLIurkat4H fd (1
WEESH. BEAL, SRR 1R TR e T LA
FLABEREE, 5200 25 20 i B 3 AR AR 28 . @i X
b R B, 9256 = B H H FIRPMISE 4 15 37 3 AOpti-
MEM®JE & 16 N s 2 ph i, B 3 70 i 5 1k 2
St o T REIA A I P ) R R 20 47 FT BB 0 FL L AR
PRI RES N, 22 PRI D I3 R T e/ FE 2R LK
S 453 1552, A S 6 3 e B A e B % b Y ) L i
X B 2 203 R 20 A7 175 2R 0 s

JORRE R P A S R G 3R 1) o — R R
NS BE 285 FET DU H, JSORE IR FE T H 2 3R IR 5 il
HAE—ME R IEF MR R ORI B X F %
R R MAETE & W, 121 & B 5 4k 2238 n i
LR, FLEE MR AN PP i, T A M A8 T Z 38 T,
SR TAN MR B AR B ok . Ak, Bk K
I IER =AU EE SR Iy € SR A NPV )]
A7 AR FERARD), 3 2 BATTE 2 RS0 45 3
(1) A . EH T R 2E LI R R PR F Bk vk AR
RN GH B P, i R e N B 4
BB A eSS, 2 LS S B R FT YR 2 40 i T RE AR K
5 240 R 2 e RO AIAETE 2R, R I LesueurS6 A A,
F, % LG K A M i 2 T F 5 FLAE R 30 minBA L X
FLHEAT W S5 A, T B 535 B A e R N
AR AT g R ER, HFEILEHE B’
N [17) 6 V2 35 4 = A0 A7 05 2R, 9 EL45 mint] 3R19 &%
FE 2 AT RN R

CRISPR/Cas9 % [F 4 48 fECAR-THI ML 697 _EATY
SRAFAEANT] B 22 =M A . CRISPR/Cas92: [A]
RS Ty LR, AT RE SRR I R . A
FRIE, EALCRISPR/Cas9 £ 4t & 411 i H fig
20 5 AEC ot A &G 2P0, 2 i 3 15 CRISPR/Cas9 %
40 1) AE 99 25 B A 3R, 43 il 2 R, mRNAFI 2
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.o FURZUICRISPR RS, A B H e e v
UF, E JORL 2 K A7 7R 20 P P, 38600 7 S 1 R
R, HR R EEHS. ML RIEEH,
1L R R 2 AR 0K ik A 2 66 200 20 AR 4 38 5 TR 9 4 1) I
8. mRNAJE L ICRISPR & 4, A& B4 A%
Bet, FEN AR B, HmRNAFMRER, R& 5
RO, MIAmRNAR AR, FEF g RCRAK, &
T U FL T REIA B HE AR A R R R, A
£ X FJCRISPR & St AH LU #0171 & A& e 1, AN
e SRR 128, 6 DR g B IT ) R, 5] 2 O 4 1) T e
BN, HCas9% B mRNAE fa e . K, fEFE T
L % fL 1 X CRISPR/Cas9 & Gt ), 1% % H 7 JLRNP
[ T 20 RE A 2% P& ICCRISPR/Cas9fiit ¥E 2 N o A HfF
FT 1 CRISPR/Cas9 2 K i B 56 i S 46 ¢ W, 1% 5t Kt
A % fLJurkatZH i (1) A0 A0 A 5 AN 3&E B T CRISPR/
Cas9 kL& R 1362, [FIAE & & T3 16 CRISPR/
Cas9EH ARGt .

R BRTIR, AWFFUENL T R KPR, i
PR FE I 2 BRI L 2 L e S D £ R 2R AL
JurkatZf ALK R . 1%k R 1& F T 18 15 CRISPR/
Cas93 [K % 48 2 48, 9 CRISPR/Cas9 5 4t 5 4f Hhy
I FH T kP R S s TAH MR T 3T 1 Ak, R
A A I Ath S 7R 441 B HE % L% 28 CRISPR/Cas 9%
K gmfe Rt T A MMER S % .
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