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Site-specific integration and stable expression of exogenous protein at a

novel site on CHO cell chromosome
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Abstract Finding stable expression sites on the chromosomes of Chinese hamster ovary (CHO) cells is an effec-
tive method to solve the problem of unstable expression of CHO cells in long-term culture. Our group used lenti-
viral transfection to integrate the tracer gene (Zsgreenl) into the chromosome of CHO cells and found multiple
potential stable expression sites. This study verified the ability of one of the sites located in the 148052-148157
bp region on chromosome NW_003614241. 1 to stably express exogenous proteins. The expression of Zsgreenl
gene was first observed, and CRISPR/Cas9 technology was then used to integrate the enhanced green fluorescent
protein (EGFP) gene into this site. Three strains of EGFP gene integrated cells were obtained. After 60 genera-
tions of suspension culture, the fluorescence intensity of the cells had no significant changes, which proved that
this site can stably express the EGFP gene. The same method was used to construct recombinant CHO cell lines
expressing the human serum albumin (HSA) gene, and was verified by Western blot that this site could express
and secrete HSA. It shows that the above-mentioned sites can be integrated and can stably express exogenous
proteins.

Key words CRISPR/Cas9; site-specific integration;stable expression; a novel site; Chinese hamster ovary (CHO)

cells
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6 BLUN £ (Chinese hamster ovary , CHO) 4f]
L2 S i A 0 ) 25 e A s R A, AR
7R TR 70% G T R T, f 8 CHO T
TR 200 R0 %) A% 0 7 2 e A IR PR B ML RS 5 22 2 i
HEHEAN, &l ZRIHERGEHMMR . Ty
WAERT 2 Jy, 9F B E 40 CHO 40 78 28 77 i #E b 5
FR B R, S 3R A 7 P 40 A v BB i 2
AFITFHE = R WA FARFRE AL A
5 L R A2 A 2 CHO 41 35 IR 20 i R o7 25
AT 2804 TR 0 R R 7 A A O i e R
FasE g

PIAA AN p 1 BE B X e B I e R IR T
PEMER, & Z 4RI 9E L B T — S0 FE AN,
NEFHE AR AN HT 1080 1 14 5 YL Ak [ 1) Ighg?
LR 21 SY AR b Grikl FER HEE 12458 87—
B3NN A T X CHO-S FI HEK293T 4 Jifd i
Hippl1 FEH% . BARA VR 2 C TRUE LA RO
78 AE 2 H T CHO i il id R A Fooe M s 7 i AR
() HE A0 s BT L Tl A= =t s B e, CHO
2 it PR 2 R 6 A TR A B, IR IR R A
SRR RS R AN R X A W 2 B R A
AHEEREL.

AT 5% A BRI BB T Bel-2 Z % HH A2 A 1
Bak F1 Bax & PR A% T Bt 0# T 4 PE W] 45 T 1)
Bak/Bax~ CHO-K1 Zfi M bk (Te3) , i 112 5 5 5% e
YIS R H R, ke BT % 40 i 3L PR 4 N mT 3k
IKTRERFE A Zsgreen] W Z A0 57, Hd— AN
Mo T Y 1R NW_003614241.1 F , 1F
LOC103162683 3 [K Fl Cobll] F£[H Z [d] , & & AT
3L o Cobll] 3R % 15 35 1 i cordon-bleu WH2
repeat protein like 1, 3225 A 18 P4 4k B2 41 g 5 1ML
o R BUJBE £ 2 HEHUAR DG T FE CHO 41 iy
TIHe v A B

JIHRFE NW_003614241. 147 15 58 & ik SN R
BEHMR T, AR ELUWET T NW_
003614241. 155 148 118 bp &b BEHLEE G Zsgreenl [
ANHI KR (1g11) Zsgreenl FE R RGO . 4235 A #F
I FHRIFFE H BAAG S A e R T Te3 A AR 71> 2R
CRISPR/Cas9 # R , 7£ 1e3 4l Md Y 1 & NW_
003614241. 1 | 148 052 ~ 148 157 bp X I 5 &5 %%
& WSR2 0 5O 11 EGFP, 4 45% 0 55 1 7 S
PEFNHE PR 3R 58 A AR M 5 BE IS R T IRIRE 8 5

AL R E RS T — i i A —— AL
FIAE H (HSA) , K6 67 a5 3R 70 b P SN IR A 1 1Y
TP, B TERZR CHO 40 g e (o (AL PF 4 v nl
WG TREFRIBINIRE H TR K

1 # #

1.1 & #

Jo N R R/ R & (e R AR A=
B A BR A7) s Bbs T -HF ShUIEE T7 7% R N Y]
fitf 1 (35 NEBZSH]) ;T4 DNA % 42§ ( 36 [# Pro-
mega /A 7)) s DMEM/F12 ¥ 32 3 i 2F 17 (55 [
Gibeo A ] ) 51 x JC B W 2 £5 22 v (35 [E] HyClone
v F)) 3 CD CHO B3 323685 K (£ [ Trvine 24 A ) 5 3k
K 2 DNA /N il 238000 & (38 = RAE W E AR5
JIT) s -4y S M e RS 25 R (SanPrep £ 2 PCR ¥
afi i & (LA TAY TRARAF) ; @
FL DNA R 45 i (Fg mt i MEREAE D RH A BR AR
B K (bt R3S R A R A A 5 Lipo-
fectamine™ 3000 327 ( 2€ H Invitrogen Nl ) s HSA
YU L 2EP/N B TG (S5 Abecam A H] ) .

1.2 B %

C1000 PCR 1% . Mini-Protean ¥ 2 ¥, ¥k A% ( 3 [
AR A ) 5 48 8 5 B 308 ( H AR Nikon A #] ) ;
FACSAria™ M 3% (6 E BD A H]) .

1.3 Rk Ak mie

WS T Ak Cas9 3R 35 BURL (P22 BHEE K2
Dr. Kildegaard 1) . CD513B-Cas9 it ki . Psk-U6-
gRNA IRk (5 B2 KRR 150 ) 5 K
[ A W E. coli DHSo %32 25 (U Bt RARAE LR
ABRAT]) 5 v E A BN 5L 40 M Ak CHO-K1 (3£ [E
ATCC 41 i % ) ; Bak/Bax™ CHO-K1 4 it %k Te3 (A
R ZH R A ) 5 3Rk gkt e O i A R
Zsgreenl W) Bak/Bax™ CHO-K1 4 fi Ak 1g11 (A8
HHTHIRES)

2 /&
2.1 ¥ed) ke ey ) i Fedn BT S 4 M B0 i

A ) HE 7 81 sgRNA 43 T NW_003614241. 1
1148 052 ~ 148 157 bp BB . 14 S sgRNA
kL, %1151 #) sgRNA-F Fll sgRNA-R 76 LA T 14 %
YEATIE K : sgRNA-F 4 plL.sgRNA-R 4 pL . NEBuf-
fer2 2 pL.ddH,0 10 pL, K& 95 °C 5 min, K5 H
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F9RFE 2 %R . Psk-U6-gRNA FURL#k 1A 37 CC/K IR
28 Bbs | -HF li§ V] 4 h J5 , ffi F SanPrep #:5{ PCR
Py 2t Al & S AR B ) B . e R K
J5 B9 sgRNA i BEE 1 T4 DNA HE B 7E 16 Cat 1%
SFF 4% 2 Psk-U6-gRNA #8044 |-,

B U1 sgRNA JBURE AT CD513B-Cas9 Ji ki
WY R EL1.8:1 LipofectamineTM 3000 i 5
YLt Te3 M. 72 h S ARG, R L R 4]
edit-F Fll edit-R 47 PCR Y34, 934 7= W) FH T7 7% R
PIUITE 1 BV . B PCR ™38 7= 36 95 M1 4 e 5 A=
YR A RA R — LT 5, 519750 ik
17

Table 1 Primers sequence related to sgRNA

Primer Primer sequence (5'—3")
sgRNA-F TTTGGACCCTTGTGCCCCAAAGACAGT
sgRNA-R TAAAACTGTCTTTGGGGCACAAGGGTC
edit-F GCTGTGCATTGAAACCCATG

edit-R TGGGTATGGAGATGGGGCGG

The underlined part is the Bbs | -HF restriction site

Nhel (1587)

EGFP donor plasmid
7624 bp

 Kpn1(2197)
)~ Xmal (2 205)

\
(5 337) Hindlll Smal (2 207)

(4731) Xhol

Figure 1 Map of donor plasmid
A: Map of EGFP donor plasmid; B: Map of HSA donor plasmid

DB ANR 2 FZEALHE sgRNA JFUkE | Cas9 it
LA AR BT R (EGFP 5T R/HSA 3E {4 7KL ) o
sgRNA HIL 1] SR 5 45, 76 Cas9 B AW HIVE AT 18
1ot ) YR A SR I AA ks 5 7 ) VU A 3 [ RS 22 ]
B TCE A 2 AN I DR 20 DY, 20 (558 6 3k R 53
5" RGN, BT HEBR AL & Sk, o R
G T B 240 ik 2 38 HSA R 1 g sdoh
HHNER R R, HARIBLLADOCE N, M
PR s A = LR 2.

2.2 BHRREMAEfTAE LGk

sgRNA 5'-ACCCTTGTGCCCCAAAGACAGGG-
3" 51 Cas9 B & W U187 & 75 4 4k NW_
003614241. 1% 148 097 bp Ab , | F ¥ 1 WG B K 38
4 600 bp F DNA ¥ 51 43 51| by 5[] 55 0 37 [m] 5
B . EGFP LA kL Fl HSA LA kL i 75 M 4x M
AR A BRA FALE G . EGFP {4 5k
TE S [RIUERE A 3 [RIVRE 2 [ i T4k o S HE R 3%
% £ (hPGK-EGFP-SV40 polyA ) I W4 75 25 It K ¢
ik & (EF1a-PuroR-SV40 polyA) , 75 5" [F] 5 & I Jiif
AL 8 28 Ot 3 I ik & (CMV-mCherry-SV40
polyA) . HSA fE{A T #E 57 [R] P56 R A1 37 [R) Ui =2
B) 15 T 42 4 I3 F1 8 3R G5 & (CMV-HSA-
SV40 polyA) &g (4.5 G H K 3k & (hPGK-EGFP-
SV40 polyA) 1 W2 v 5 2% L IR 2 34 & (EF 1 o-PuroR-
SV40 polyA) , 76 5" [ L AT 21 o ¢ S 5L H 3%
ik £ (CMV-mCherry-SV40 polyA) . J5 A7 B 3% 4 4]
17

Kpnl (2197)

(7 612) Hind1ll HSA donor plasmid

9899 bp

Nhil (2 478)

(7 006) Xhol

(4482) Smal ~ Xmal (4 480)

FEAE Y sgRNA JFURL . CD513B-Cas9 i Al
BEHR FORL (EGFP Uk /HSA A 5 k: ) 432 4 i (1)
Fe1.8:1:1. 8, H Lipofectamine™ 3000 i 71 4% Y& it
le3 401, iR 48 h)m, 4 wg/mL HYEERG 75 2 TR
Xof REZE 40 it 4 AR AT T I, WOAR ARG A e, 1)
AN A AT B0 T A o ok, O vk GRS Ok
ANFIRLT DGR A TE R . 21k H 1% B 7 [ 41 i
K98 6 ~ 7 dJ5 , K e VLR B 41 i A1 1 e B K
Bt i IR DNA /N 4R 0] & e A 3 1
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Donor Plasmid:

Targeting Site Locus:

vl >
5552 %
A
\¥| MV |--F\"40poI)AH 5'arm H hPGK I-WS\'Mpolny EF1 H Puro HS\'JOponAH 3'arm |—\\
sgRNA
\
5' junction~1.8 kb ‘ l HDR
5 arm-F 3'arm-EF
\H S'am H hPGK |‘E—|$V40polyAH EF1 H Puro HS\'wpolyAH 3'arm |—J\\
—
>'arm-R 3' junction~3.2 kb 3'arm-R
| out-out==4.7 kb
B

Donor Plasmid:

Targeting Site Locus:

sgRNA
Target 23 bp

A\ N\
5' junction~=4.1 kb HDR
5'arm-F 3' arm-HF
2 ad o
\%——{ S'armH oMV I—-IS\'AOpolyAH hPGK I-MHsunpo[\xH EF1 H Puro HS\'-WpoL\AH 3'arm|4\\
5 ,

| S'arm-R 3'junction=-5.5 kb 3'amrR
: out-out==7.0 kb : |

Figure 2 Schematic of exogenous gene site-specific integration into Bak”/Bax~ CHO-K1 genome

A: Schematic of EGFP gene site-specific integration into le3 genome; B: Schematic of HSA gene site-specific integration into Ie3 genome

HAE M 5 22 PCR I YA Al DNA L 57 [] 50 il
PCR A1 3" [ JEVE I PCR mp 0] 41 5 30 7 T & A B,
Wk 57 [F 5 PCR A3 [H] P56l PCR % & H
1) 56 PRI o Ay Ll et 4 K PCR 3822 T gk H 52
PEANML R 45 TR R4 AT

TET AN PCR A3 560 01E 5 [R5 (40 57
JE A AN 11 EGFP B HSA 1Y 1F =101 51 4
A350h 5 TR IR -F RS [R) I5E R 7E E1 4 41 A rp
PCR ™54 56 10F 3 [7) 50 R 0 #0457 o a2 o5 3% 5 A1 35
B EGFP 1 1F 5[] 51 4991 53 00 oy 37 [A] J5UVE -EF F1 3
] RV -R ; 76 EE L 40 i e PCR 7 4% 5041F 37 [W] 5
AN, 1522 25T A AN PR HSA 19 1E S 101 51 943
BIA 37 [ UEE -HE A 37 [RIEE -R . 5149 BT A 4o
wmE 2 Fros, 519850 ik 2 s

Table 2 Primers used for PCR

Primer Sequence(5'—3")
5"arm-F CACCTTTAATCTCGGCACTCAGG
5"arm-R CGTCGCCGTCCAGCTCGACCAG
3"arm-EF CCACATGAAGCAGCACGACTT
3/
3/

arm-HF GCACCGCCTTCCACGATAATG
arm-R CAAGAGGTAGGCATGGCCACATATGCTTG

2.3 B#E&a ik

205 N B 1 (ZsGreen ) FIHG i 1 4 (1,
FOGHE I (EGFP) 41 4 I3 8 5 B i A =X
2 LSRG I, 53] 85 ¢ D' Wb R0 410 18 45 7 Ay B O B
] 1 s, 3 45 0 2 %, 4045 2 D ALEF 6 ] Image J 4K
PF 53 B 20 MV 24 5 G 5 it =X 2 4SO ) LA Te3
S BT B T AR S A 4 P Al R £ 5 g i
AR 1 < 10° 4>, ffE ] FlowJo 244 73 B 40 g 5¢
JCoRE

N MLYE F AR (HSA) 2 1 b & i e 2 1Y
L2 M SR Y 60% , VR M i 22550
&)z, BT HIC R e AR 23 R e
BRI ZH T HE RS HORIE KH
R PO 10 B ST b HSA 194G
T4 FH Dot blot Fl1 Western blot 532 , 7£ 41 Jg A IR
A RAFIHER 2 x 100140 M 2 6 LR N5 77, 5 57
24 h S TR BE & 80% /o A7 B 46 TC 1L ¥ B 5%
FLRTFR 48 hF W AN RS FR 0 L A v
HSA % 1= . Dot blot ll Western blot T fifi F i) — ¥t
B HSA SR, — 4t 0 L ~E 4t/ h U 1gG
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2.4 mipiEi

CHO 4 fa A5 I i B V7 P R AR ORI
B 3ol 58 2353255 (DMEM/F 12 + 10% A 2F 13 )
16 T75 ¥ 35 M 5 T 37 °C . 5% CO, 4 i 1% 35 46 1
B SR, BIRRE S HICIN G 9 CD CHO #5557 4
(L-# & 8 mmol/L) 7E 37 °C .5% CO,.100 r/min
TE IR 32 R R 7 15 5%

3 4 R

3.1 lgll i e &k 4% & &% 5% & ZsGreenl
o A&

J T HAUENW_003614241. 1 S pfa e e, i
SR I 02 2 BEDLEE 5 78 BR B ] Zsgreen] 1 Bak™/
Bax™ CHO-K1 (1g11) 4 i ik 75 I BE A2 AQ % 37 0 7
PR Sk B O A A MR AR T
FEAG AR E T AR AR e M AR AR P 4t g
SRR AR R v W ek I R E M R AT
T S i A A 28 VR R TR AR V2 VR I A 2

Q0UISAION] | waug

3

60 -

g [ Fluorescence mean intensity
%’ 50
5
E 40+ |
= =
g 30 S
L
2 204
3
$ 10
3
2
= 0 T T T T T T

10 20 30 40 50 60

t/d

TS R e HE . ARSI 111 4%
SEALA 60 48, L] 45 FE 10 48, 1 FH 3] 2 28 % Wil
BEWLEE Tmage J BAF 50 BT 40 M 19 - 398 56k i 0F
WAL AR ReE v, R AT A MR A . B AR 10,
20.30.40 .50 F1 601X 41 iy, ff I =X At A3 1
I HT A AR ) 2 (0 5 B 11 3R DU R A7

1 3-Ah 111 41 i i 22 A% AR A8 v 5 't B ik
BRI AL AT LLE T 100% B9 41 i 3 & gk 0 0¢
36, B 3-B 4 Image J 5 A4 2 Br o a3 B8 7w 4 g
)-8 56 ELE J, BoR AR Y 111 41 i
-S4 75 S BE AT /NI B AR, (H R IR Sk a5
B B K AR —E, K] 3-C 8 FlowJo 5453 M7
) 3t X A BSR4 5, 3 7 AN TR AR VR 1 111 40
i 2% S5 B 5457 76 45 000 + 2 200, 5 2% B (48
SERBLAR B IEM T 1911 I RE AR B AL A0 e e
P RIAAF R e M, WA TE I NW_003614241. 17 45,
MIRRAE T

C
FITC-A- FITC-A+ Subset Name Mean: FITC-A
0.079 99.9
W3 403
3.0 1gl110d 44016
M 1g1120d 42 831
2.0 1g11304d 42261
1g1140d 43276
1.04 1g11 50 d 44 169
P M| 1g1160d 42799
//\'\
| il i Rl ok | T Ty
-100 0 100 10" 10’
FITC-A

Figure 3 Expression of green fluorescent protein stability in 1gl1 adherent cells

A: Bright field and fluorescence field photos of 1gl1 adherent cells of different generations; B: Image J analyzes the average fluorescence mean intensity

of cells in bright field photos; C: Green fluorescence intensity of 1gl1 adherent cells of different generations

3.2 sgRNA %42k R IbiE
K sgRNA 7E Le3 4H g P 1Y) 552 B 4 58 1% 10

PCR /" 855 G J 240 3 A CasO VIRIAL 5 B R 69

A, F T7 A% BR N VDB 1 X PCR 7= 9y i V1) 5631
UNSRGNA N & A T R g R S5, DNA 2[R JR A2
w46 2 e UGk 014k & A B BE L T7 R N DT T
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Al AR IE U0 ) & AR S B DNA BUEE . PCR Y3
Jr B RK/INA 850 bp, VI E HE8 _E 25 3K 302 bp Al
547 bp Wi SR 4541 , BB W I H Dk 1 235 R 4an 151 4-A
fizs , 5 R EE R AHAT , U sgRNA 7] LUAE HAREE
AR, 1 Image J 320 BT B 4-A B
2 B IR BEAE, 153 sgRNA 7E Te3 41 P 11 25 55
BEN 69. 5%

W45 5 (] 4-B) B 76 PAM JP 91 g () 46
ANIREEZ G AR T B I E  Cas9 B A WUl
(57 B IE & PAM 781 L0 3, 4 k3% 2 1], 3X
WEBH T g e B AR SR A T SE R g
3.3 NW_003614241. 1 & & %4 EGFP A K £ %,
% 4m ek 84 7 ik

HR 4 T T 0 i AR R, i) R A R
O AT R MR 08 EGFP, Ly HUR 4 (0, 5%
I3 % AR BEHLES A 258 (0 40 bk 7T RE B 2635 EGFP
2R 3K mCherry 5% H 323K mCherry, 32 38 4 B & 4%
P R LA s H R 20 R R ARG
B AR AN KD o WA G e Jm 4 i i =
PROASCHEA T 43 1 235 S an T S T 7, LA Te3 4 it A B
PEXT R, R S0 AN AR 24. 1%, 5y v H &k
LR AB NI PR T R 2

PRI v B 20 Jif I R A 4 T PCR B E, 41 PCR
P LK B (8] 6-A, 6-B) BTz, 5[] J5UEF 1 37
A EE PCR 74 43 BI7E 1800 bp 13 200 bp T,
SWOHARST, 285 R I M PCR .37 [ il PCR
i 6 Y 3 Bk BH 1 B 5 B AR (EGFP-1e3-19 , EGFP-
le3-48 \EGFP-1e3-51) , PCR = ¥ I 5 4% S 6 WA 16
NW_003614241. 1 | 1% 148 097 bp &b @i A T 5¢
FEGFP, 2K PCRZ5H (K] 6-C) R WIZRAT 1 B
SRR N AT, TP 45 5 iR 4 800 bp K/
()25 A0 5 5 A 52 B 1 EGFP, 2 200 bp K/

(26 R BB B EAR DNA, 5 HUIARTT .

Figure 4 Results of sgRNA editing efficiency verification

A: Agarose gel electrophoresis of TTE1 digests of PCR products of cell
pool genome transfected with plasmid sgRNA and CD513B-Cas9, M:
DL2000 marker, 1: PCR products of Ie3 cell pool transfected with
plasmid sgRNA and CD513B-Cas9, 2: T7E1 digests PCR products of
le3 cell pool transfected with plasmid sgRNA and CD513B-Cas9; B:
Sequencing of genomic PCR products of Ie3 cells transfected with

sgRNA and CD513B-Cas9 plasmid

3.4 & EEAEGFP A B &% mia ke Rk
KF

Xt B 77 914k B 20 A EGFP-Te3-19 . EGFP-le3-
48 \EGFP-1e3-51 3tk 40 il , BB 15 48 H i 20 40
ARG 5 (0,5 S AR RGO, WL 7 7 3 k.
b BEI IR EGFP, 2058 AR 54 10 000 £ 45 .
3 bR B o 2 ) ¢ £ 0 D' i Bt A R — B, A
P AN AR 22 S /N . R BH A i v DA SRR R
FERIRGATOLE A EGFP,

-Vl]"“ IEIRRRALL Y
-10" 10 100 10
FITC-A

200825-HSAK

< Population Parent/% FITC-A/Mean
E Q1(Cell with Red fluorescence) 19.6 236
@ Q2(Cell with Red & Green fluorescence) 40.3 27037
(1-? Q3(Cell with No fluorescence) 16.0 210
& 07 Q4(Cell with Green fluorescence) 24.1 33 060

3 : P4(Cell we sorted) 88 20770

T

Figure 5 Bak/Bax CHO-K1 cell pool sorting results with targeted integration of EGFP
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Figure 6 PCR verification results of Bak™/Bax"CHO-K1 cells with targeted integration of EGFP gene
A: Results of 5'junction PCR (M: DL 2000 DNA Marker, 1: EGFP-1e3-19, 2: EGFP-1e3-48, 3: EGFP-le3-51); B: Results of 3'junction PCR (M: DL
5000 DNA Marker, 1: EGFP-1e3-19, 2: EGFP-1e3-48, 3: EGFP-1e3-51); C: Results of out-out PCR (M: DL 5000 DNA Marker, 1: EGFP-Ie3-19, 2:

EGFP-1e3-48, 3: EGFP-1e3-51.4: Ie3 (negative control))

A
x10°
2.07FITC-A- FITC-A+ | Subset Name
0.039 100.0 le3(suspend)
1.5- M EGFP-le3-19(suspend)-0 d
|EGFP-le3-19(suspend)-15 d
g 10- EGFP-le3-19(suspend)-30 d
S [EGFP-le3-19(suspend)-45 d
054 | EGFP-le3-19(suspend)-60 d
0= prervrerpgprermeg @ Ty
3 3 4 5
-10° 0 10 100 10
FITC-A
C
3
X 10
2.07FITC-A- FITC-A+ Subset Name
0.047 100.0 le3(suspend)
154 B EGFP-le3-51(suspend)-0 d
EGFP-le3-51(suspend)-15 d
El 101 EGFP-le3-51(suspend)-30 d
3 EGFP-le3-51(suspend)-45 d
0 5_—' B EGFP-le3-51(suspend)-60 d
Y.
Y.
[ e R i L B
3 3 4 5
-100 0 10 10 10
FITC-A

B
x10°
2.0-FITC-A- FITC-A+ Subset Name
0.018 100.0 le3(suspend)
154 M EGFP-le3-48(suspend)-0 d
EGFP-le3-48(suspend)-15 d
El 101 EGFP-le3-48(suspend)-30 d
S EGFP-le3-48(suspend)-45 d
[ S
0.5 | I |[EGFP-le3-48(suspend)-60 d
3 3 5
-10° 0 100 10" 10’
FITC-A
D
PO
- P15
R 14 P30
= P45
= 129 P60
G
5 1.0
=
E 0.8
2
g 0.6
=
gn; 0.4
2
_g 0.2
=5

EGFP-le3-19 EGFP-le3-48 EGFP-le3-51
Cell type

Figure 7 Flow cytometric analysis results of Bak™/Bax™ CHO-K1 cells with targeted integration of EGFP gene

A: Green fluorescence intensity of EGFP-1e3-19 cells of different generations; B: Green fluorescence intensity of EGFP-1e3-48 cells of different gener-

ations; C: Green fluorescence intensity of EGFP-1e3-51 cells of different generations; D: Comparison result of green fluorescence intensity among

EGFP-1e3-19, EGFP-1e3-48 and EGFP-1e3-51

3.5 NW_003614241. 1 & 5 &b KK A b ik G %
& HSA

FIH] CRISPR/Cas9 £ AN 1 43 1 35 19 A Il
T AR 1 HSA JE R LA 51 Te3 21 i e (LA (1) NW_
003614241. 1 |- {45 148 097 bp &b, 28 Dot blot i 1%
T A5 3 3 Kk BH 1 78 [ HSA-Te3-4 . HSA-Te3-52 Al
HSA-Te3-61. i i PCR 56 iF #h I 5 (K Y 4% A
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WA NGO, &5 A& 8 BT . PCR =4 Ay HE 1k &
(&18-A,8-B,8-C) fisn, 5" [A)E/E A 37 [A]J5E PCR
=843 SAE 4 100 bp 15 500 bp B, 5 1401 AH

£ 32K PCR PZH7E 7 000 bp 12 200 bp Bz ¥ F
4547, 7 000 bp K/INY Sty A1 5 28 AU G Y HSA 2
,2 200 bp K/ 25 M Te3 YL /AR DNA, Rl
S AT, 45 R 5 7 — 2, Western blot 5K
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Figure 8 PCR and Western blot detection of HSA gene expression on adherent cells
A: Results of 5"junction PCR (M: DL 5 000 DNA Marker, 1: HSA-Ie3-4, 2: HSA-Ie3-52, 3: HSA-Ie3-61); B: Results of 3'junction PCR (M: DL
10 000 DNA Marker, 1: HSA-Ie3-4, 2: HSA-Ie3-52, 3: HSA-Ie3-61); C: Results of out-out PCR (M: DL 10 000 DNA Marker, 1: HSA-Ie3-4, 2: HSA-

[e3-52, 3: HSA-le3-61, 4: le3 (negative control)); D: Western blot results of HSA gene expression in adherent cells (M: Molecular mass marker,

1: HSA-Ie3-4, 2: HSA-le3-52, 3: HSA-Ie3-61, Exposure time 30 s)
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