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Development of a Technique for Double Gene Knockout Using Cell Fusion
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Abstract: Emerging of genome-editing tools such as CRISPR/Cas9 enables us to perform gene
knockout (KO) in mammalian cells. However, KO of multiple genes in a cell is inefficient and time
consuming. Cell fusion, frequently used for hybridoma construction, is a way to fuse two different
cells and create a new cell line with hybrid phenotypes. However, the recessive phenotype by
gene-KO cannot be obtained by cell fusion, because gene complementation occurs from the other cell
to be fused. The purpose of this study is to develop a method to obtain double KO cells using cell
fusion combined with CRISPR/Cas9. The process and method are as follows. Without available cell
fusion data using HEK 293. We first knocked out PIGA or PIGK, which were necessary for GPI
biosynthesis, in HEK 293 wild-type cell line to obtain PIGA-KO cell line and PIGK-KO cell line.
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Then the two cell lines were as optimized as models. By optimizing the fusion condition, the fusion

efficiency of HEK 293 cells was greatly improved. Secondly, we combined cell fusion technology

with CRISPR/Cas9 technology to achieve the knockout of multiple sugar genes. Under optimized
condition, fusion of FUTS8-KO cells and ST6GALI-KO cells was performed. Both FUTS and
ST6GA L1 were successfully disrupted after cell fusion. These results suggest a simple and quick

method to acquire double KO cells using our developed method combined cell fusion with

CRISPR/Cas9.
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R AR IESS AT LU B CRISPR/Cas9 £ AR A& 24~ H
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GPL) A9 45 1 1) b 201 B PRI o200 ] R 438 240 Ff 2% 1A GPT
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CRISPR/Cas9 # R ¥ # T FUTS F1 ST6GALI XL
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A AR R e U DAY 8 4 P B[]

1 wiSEE

1.1 ZARatEsE

K FF P BE % B . Amp 35 57 5L . R B R
1.6 g/dL B BEE2 Y 5T 5 73 8 1.5% ,NaCl J5i i 53 5
0.5%. KEJGHMEA R E TR (Amp) i H L 77k
B~ 100 mg/mlL,

SOB ¥ 775 . A 1 2 g/dL, i 434K 0.5%,
fige £ $2 B J5 4 43 50 0.5% ,NaCl Ji 2 435X 0.5% ,
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KCI 2 g/dL.,MgCl, 10 mmol/L.

SOC Ki##4E:1 L SOB H 5 /in 10 mL 2 mol/L #j
IRV .

2 R 7R

FBS 1% 3% % :500 mL. DMEM % ¥ (Gibco, Life
technologies) AT 55 mL Ji5 4 1LV .

Hyg 5373, 1] 550 mL i 43 %0 10% FBS 1%
FRIEFHNA 2.2 mL 100 mg/mL (1938 % KW,

BSD K5 753k . 7] 550 mL & /3% 10% FBS &
FRFEHFA 0.55 mL 100 mg/ml {3 AEIE B R

Puro 15 7% % . 18] 550 mL i 434k 10% FBS £
FIEFHIA 55 wL 100 mg/mL #Y IS5 R IF

AR IR NG B 40 il HEK 293 #1 HEK 293 T 4 Jfd
BREG I7 238 4 37 °C,CO, IR FR %0 5%,
1.2 JREIHE

¥ # pME-Hye-EGFP ki, LA pME18s—-EGFP
MR, PCR 973 4 (5.5 6 8 1 BRI R BE (EGFP)
DA Bl P U A B 404k PCR 373 - B, FH % 42
fit} (Ligation Mix,Takara)i% 4% A pME-Hyg 1 EcoRI
F1 Notl 57 45,

¥ # pX330 -EGFP —-FUT8 —crl Al pX330 -
EGFP- FUT8-cr2 ki, i# it E-CRISP 3% (http:/

x1

www.e—crisp.org/E-CRISP/) 1T BE FUTS (1) W X
H 45 ¥ 51 FUT8—crl #1 FUT8—cr2,qPCR 43 51| ¥ 14
X H AR E A, LLRR 6 D) AL 3 OF 4l 4k
qPCR 473 v Bt , HIi& #E08 i% A pX330-EGFP 1
Bbs1 i 5,

4 # pX330-EGFP-ST6GALL —crl Al pX330-
EGFP- ST6GAL1—-cr2 Fiki, [ |,

¥ @ Lenti —Cas9 —Blast -FUT8 —crl it ki , DA
pX330-EGFP-FUT8-crl H#iHz ,PCR ¥ 34 FUTS H
FRIFH) (FUT8-crl), AR il 14 Py U1 il ik 2 - 411 1k
PCR ¥4 H Bt , &40 % 4% A Lenti—Cas9—Blast
() Nhel 3 55,

¥ @ Lenti —Cas9 —Puro 7 [8] J5i B2 . DA Lenti—
CRISPR v2-Puro AT , PCR 4" 44 1204 55 2 L K |
Bt (Puro) . DARRSI 4 N VIR AL BRI 404k PCR ¥4 A
B, Hi%E#: (Quick cloning Mix)i%E#2 A Lenti-Cas9
i) BamH1 1 EcoR1 v /5,

¥ 2 Lenti—Cas9—Puro—ST6GALI—crl JFiki . LL
pX330 ~EGFP -ST6GAL1 —crl 4 5 #it ,PCR ¥ #4
ST6GALI HARF5 (ST6GALL—crl ), LLFRIE 1]
ity 4tb B I 2l 4k PCR ¥ 34 5 B, FH % B2 Wl % 8 A
Lenti-Cas9—Puro ) Nhel 3 /5,

A HETASI

Table 1 Primers of this stduy

514 % B 51915 1% FH (5" — 3")

FUT8-crl iR FUTS 15 5 41
FUT8-cr2 W FUTS 58 5 5]
ST6GALI—crl R ST6GALT 3EH 31
ST6GALI—-cr2 SR STEGA L 13 A ¥ 5]

Puro P18 Puro S )7 51
Puro check Y5AE Puro 3L 1751

pX330sgRNA—Nhel P14 FUTS MIST6GA L1%: A 51

1.3 “ApatkiagE s &

1.3.1 Lipofectamine 2000 4~-F HEK 293 4a At 4k #4
E A A 6 fLAR L8R HEK 293 B2 R 20 i, By
I 2 20 ML B P ARUIS TR 80% . FE s Bk il U1
SR 5 4% IR Tnvitrogen UL 45, R 2 78 5w 5% 4y 3|
HEK 293 HFAERUAAML, i 40 B 1 B0 A, T & ik

CACCGAGACACCCACCACACTGCA
AAACTGCAGTGTGGTGGGTGTCTC

CACCGTCAGACGCACAGACAAAGT
AAACACTTTGTCTGTGCGTCTGAC

CACCGGATGTAAAAGGGCTGATTG
AAACCAATCAGCCCTTTTACATCC

CACCGGTTTGGCTGAATCTCTTCT
AAACAGAAGAGATTCAGCCAAACC

ACGATGACGATAAGGGATCCGGCGCAACAAACTTCTCTCTG
ATAAGCTTGATATCGAATTCTCAGGCACCGGGCTTGCGGGTCAT

CCGAGAATATCATCCACCTGTTTACCC

CAGTTTGGTTAATTAGCTAGCGAGGGCCTATTTCCCATGATTC
TCCTTTCAAGACCTAGCTAGCAAAAAAGCACCGACTCGGTGCCAC

2R R LR, RV ] ARAT BT R AR E AR AR

1.3.2  Lipofectamine 2000 4~-F HEK 293 % it #k %%
B4R (e 6 fLAR L 3ERh HEK 293 57 A= U4 i, 1%
I 22 20 i A B F AR TR 80% , 4% B] Invitrogen
L 45, ORE P2 JBORE A% e 1) HEK 293 B 2R 714
J . FE A AR B A, A AR R A B IR S A B
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DL HV]-E SRR A m G, Wi,
% 18 GenomONE-CF EX it B 5 o HVJ-E (1) {#
75 2% PIGA-KO-Hyg—GFP 41 g #% il PIGK-KO-
BSD-BFP 40 itk (4% 2x10° 420 B ) il 4, 9% FH i+
380 10% FBS 5353565557 3 d, 38 2 v =X 40 g 43 A
A3 AT I o A L e A
1.5 HRRARESH

AT 40 B, P W TR b 8 b vk A O R (4N i
B S K 5x10° 4~/mL) ,CD39 HiAk Al 151 GPI 4 &
FE M CD59™ K I PIGA 1 PIGK % X Bl Bk ) 41 it
F CD59 Fifk K 45 A 4r e e B A P e o,
FUTS Wl 0 4 M 45 G 9 i BEAE 2 LCA 8UEH)
REEE LCA Y ST6GA LI Rl A0 4 4 9
K EELE Z SSA (Bio-SSA, Cosmo Bio, Japan) 4 {2,121,
SR it 2 4 B A3 AT AL 53 B A Y 2 AR 5
1.6 FHERERN

FH 1 g/dL Y WY 5 35 WK 48 1 18 5 T 24 fL AR
W, BRIE A K2 3.3x10% 4> 40 it J% 5 B 43 50 10%
FBS 8557 535 5% 1~2 d, H 4 g/dL 1) 22 58 W [
R A AR S5 M A SR, MR E TR
T L OF B R AR O B B A

W20 B 25615 5
1.7 #%BHH

FE 6 FLA 1 22 Fh A A8 I 40 0T 15 7% = 40K
Z VB TE R 50% )~ A i A BKK Al e (J5it
HRE 1 pwg/mL) 555 3 h, {8 40 M A9 A 22 53 2445 1k
T O R B M B = 1 24 P 1 /dL i FY
6 TR A T A B LB 1 A0 G LR S P R
TRV (AR 1:3) [ 20 A K 200 IR
TR 238 B 5 7 I Hochest 18 TR # YL B K 5
b sk A OF AR kA Ead IR AR T B
UK S S R
1.8 ZHpERKFEEHRE

WeAE TR AR i, K5 200 /40 i 4 Fl 2 96 fL
Mo 100 mL &0 50 10% FBS 537 3£ 8535 .4 h
JE A 10 wL CCK—kit, 1 h J5 &% B 51 (450 nm
W) S AT AN M Tk
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2.1 PIGA-KO-Hyg-GFP 48 i1 #% #1 PIGK-KO-
BSD-BFP 4R #k My &

38 3 S B Y K P A R R DR RN a8
Fe 1 (GFP) F R4 A PIGA-KO 40 Jitd £k | 5] A
P ARG I R BL KRN (A 98O B 1 (BFP) R I A
PIGK-KO ZH Motk , DT T FH e 4 455 55 25 0 125 248 i
DA AR Bl 9 =X 40 At 4SRN 36 3R A2 9Ok il i A 4
M2 A 4 R R PIGA-KO 40 A AR B
A T AT L HRRES & Anti-CDS9 41
&, & 1(a) . (b), 15 £ W fUBE 45 S w40 i 2
A ekt o A, E 1(c);PIGK-KO #
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Fig. 1 Identification of PIGA-KO-Hyg-GFP cell line

IEEN JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 40 Issue 1 2021



FeF F. A TmembF AR AR LB IER

AMMEAE KL, THOFCHARE S
Anti-CD59 Hufk, W 2(a) . (b), MR £ B 54
SR 40 B B SO TEa e K 2(c),
M 52 PIGA-KO 4 ffl B 4< & PIGA-KO-Hyg—
GFP 21 ffg # ,PIGK -KO 41 il #£ A& & PIGK -KO -
BSD-BFP 4 fg #k .

3 rickko
PIGK-KO-BSD-BFP W PIGAKO-BSD-BFP PIGA-KO-Hyg-GFP
.| #
oY - == GFP
M.
1'
GFP BFP
£33 Bakgoma [Jwr  BFP
PIGA-KO-Hyg-GFP ' N I PIGA-KO-BSD-BFP
|
A
o | !
R HE I
8 |
Ol Jd | ; Merge
=l ] i

BFP CD59

(a) (b) (©)

E 2 PIGK-KO-BSD-BFP 4HBa#k ) £ E

Fig. 2 Identification of PIGK-KO-BSD-BFP cell line
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AR FTR A B AS , AR AS e B A ik, X0
Bt 448 S 5k 7 B 5 B 2 PR B 8 45 5 Anti-CD59 41T
PR X R W AR RGO R MR, aniEl 3(b) . 8
UK Y oAl ioRU L ESIES S o (= Re | NN N ok =R
Bl 3(c), I HLAZ T 43 b 45 5 2 B il 45 200 i v e £ 44
# H L 7 & PIGA-KO-Hyg—GFP 40 Jifd ¥k F1 PIGK—
KO-BSD-BFP 4 fd bk i) Je ta (R % B S fn, anfsl 3
(d), XI5 UEW] B 3K 1% PIGA-KO-Hyg-GFP &
PIGK-KO-BSD-BFP il 5 41 itk H w] LUES e 35 5%
23 MR EEEMRL

WA BLUA RS 7 238549 HEK 293 @il 40 i Y
R, BT LATE LA HEK 293 20 Jif 4 #F 575 A 750
AT 4 ML Rl A5 2% 1 0 0, AT i v 40 L il 75 26036
2.3.1 VA PEG 4 @k 4 X 7l 89 20 it ik & 4 1R R AL
PEG 1T Lk s 2 45 Fofr 200 i IS 225 49 ok 795 A 40 2 fk
43y B BR B4y F R HOE E AP, TS5 | & 4 M@l 4, an
Kl 4(a), BT PEG BYFEXT 43 5 i ANl PR 4 4
AN TR g 2 Y i dn A S 56 H H E) Solar 4000
Merck 4000 .Sigma 8000.Roche 1500 #1 Solarbio
3350 5 f PEG, 5Lk PEG MEL&iL5], N PEG
T2 anl&l 4(b) ;37 CHEFRI R, K 4 (c) ; % 3
FEBfa], i 4(d);PEG W E i 4 (e) 3k 4 407

PIGA-KO- PIGK-KO-
Fused cell Hyg-GFP " BSD-BFP
bulk
.( ulk) Fused cell (clone)

CD59 [ ] Backerouna T sample

(@

PIGA-KO- PIGK-KO-
WT Hyg-GFP BSD-BFP

Fused cell
(clone)

PGRUS¢E|

D59 [ | Backeroun

(b)

s

E 3 PIGA-KO-Hyg-GFP #1 PIGK-KO-BSD-BFP &t & 41 B #% i) 4 7E
Fig. 3 Identification of PIGA-KO-Hyg-GFP & PIGK-KO-BSD-BFP fused cell line

SRSt A g 2021 £g 405218 ER




RESEARCH ARTICLE

YU Lumeng,et al:

Development of a Technique for Double Gene
Knockout Using Cell Fusion

1.4 2.5 6
s 1(2) I S 20, g 5
T\;i 08 :“;i L5} ¥ 4
{o o iR
= 0.6 =1 1.0 4H3
o B =9
? o H . = (1
= = 0.5 =
<020 T =21
0 1 0 0
L SO 251020
% % s g %’ 2 37 CH5FER A /min I FEIT ] /min
FEag 2
”’4 (e) HLAE37 CHE IR AN [al (i fi] (d) LB A IR SR AN A (R ]
(b) LA FIOR [FIPEG R Rl & 2508 X TG BCRI  R XA RCR I R
E 4 PEG N SHHMMEEEHFRL
Fig. 4 Optimization of cell fusion by PEG
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2 Yk SRJE PR3 80 10% FBS i 8535 3 d, &
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5N EA W 5a) , HEA MREEETE, @
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I 25 WL 1 il 2 o o R 40 AR K 79 ol 240
WAE 2 mL B0 TIRA B 2.5 pL vK¥%: HV]-
E W0 TR OEIRS, vk ElE RS 15
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min, ) KA RS 2 6 FLAR I i A AR Y o R
30 10% FBS K Fe L0597 3 d Zead Sk, 40
GRFILENT 8.8%.

24 FUT8-KO-Hyg 4H ifl # #1 ST6GAL1-KO-
BSD fiftkHESHE

B0 BEAH RE L E 42 R LCA 7 5 MR IR IR &5
A PR AT 25 6 2Ot M BEAE R (LCA-FITC) kb 3
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Fig. 5 Optimization of cell fusion by HVJ-E
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B3

N

ot

SSA Fp MR BIIF A G, WL A REEE R
(Bio—SSA ) &b 35 4t g - FH U 2 4 A {3 25 5 41 iy 2 1
WEEELEAE & 6(a) .
2.4.1 FUT8-KO-Hyg %8 itk A= ST6GALI-KO-BSD
t e FE T B EE g 07 ok pX330-FUT8-crl
Fl pX330-FUT8—cr2 Jii ki f% A HEK 293 ' 4= 1 4
Ji, I 28 BRI P A7 B 3K A5 FUTS—KO 2 v [ 41 k.
i i Fa e B ey ¥ pME-Hyg 5% A FUT8-KO i
TEREANIRE, I 400 we/mL Hyg 5537 3L 1 L1
A% FUT8-KO-Hyg 40 bk . It 253 B 45 L 2 W 40
i RNfEZS & LCA-FITC, WK 6 (b), R T
FUT8-KO-Hyg 40 i ik

i A W 5 5 9 5 20K pX330-ST6GALL—crl Al

ST6GALI1

WT Hyg

W A

pX330-ST6GALL -cr2 i fi %% A HEK293 ¥ Ak 7l 2
Ji, I 20 BR i s B 3R A5 STOGAL1-KO B 5 [ 4 it
Moo AR o B U 5 o pME -BSD A
ST6GAL1-KO . og BN itk , JF 1 10 pg/mL BSD
B 5% L0 8 LA 4K 45 STOGALL-KO-BSD 41 g #k .
T2 o BT 4 R 3 WA LR BB 45 Bio—SSA, Al 6
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Fig. 6 Identification of FUT8-KO-Hyg cell line, ST6GAL1-KO-BSDcell line and fused cell line
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Fig. 7 Identification of FUT8-cr1-KO-BSD cell line and ST6GAL1-cr1-KO-Puro cell line and cell growth activity test
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