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ABSTRACT Objective: To construct a stable methylenetetrahydrofolate dehydrogenase 1 (MTHFD1) gene knockout HEK-293 cell
line by clustered regularly interspersed short palindromic repeats (CRISPR)/CRISPR associated protein 9 (Cas9) technique. Methods:
Three high grade single-guided RNAs (sgRNAs) targeting MTHFD1 gene were screened by online software, then synthesized and
inserted into plasmids containing GFP tags. After transfection of recombinant plasmids into HEK-293 cells, monoclonal cells were
obtained by flow cytometry. The mutation status of MTHFD1 DNA sequence in monoclonal cell lines was confirmed by sequence
analysis. The mRNA and protein expressing levels of MTHFD1 in monoclonal cells were conducted by real-time quantitative Polymerase
Chain Reaction (RT-qPCR) and Western blot, respectively. Results: The expected sgRNA sequence of the recombinant vector was
obtained in the HEK-293 cell. Sequencing results showed that MTHFD1 gene had a single base insertion and six base deletion mutations
in the cell line. RT-qPCR and Western blot results showed that the MTHFD1 mRNA expression level was significantly reduced and its
protein expression level wasn't detected in the cell line, respectively. Conclusion: The MTHFDI gene knockout HEK-293 cell line was
successfully constructed by CRISPR/Cas9.
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i & 1(methylenetetrahydrofolate dehydrogenase 1, MTHFD1 )
S C1 PS5 ( TetrahydrofolicAcid, THF )2 B , il 10 1
W% -THF 5 )% (FTHFS) &AL B2 FN THF [n] 10- HI 7%
-THF {64, & — A AR AR i DA R WF9E K
I MTHFDI 15 PR 22 28 M A (R M 288 W T AR 56 R0 U
99 S L A (e o 190 v IR PR 38 U1, 1 5 45 5 1 o 1) R A 2R )
ARG U6 SRTAT, MTHED 7E 59 H 4 BAR B i A5 4
[FIEF, B R DL F) MTHFD k% 20 I A AU i 48 & 9T 4
., ARWFFE L I CRISPR (clustered regularly interspersed
short palindromic repeats) / Cas9 ( CRISPR-associated 9 )3 K] 4
HEARM AR, YRS (HEK-293) 4if, g
MTHEDI G [k HEK-293 ML M R, N F — LR
MTHFD1 795555 & A= Hh B HLTI B9 58 BT Al

L ORI i3

L1 ##4

HEK-293 4 gty [ Hh [ 22 2 B2 g B B 2 5 i [l K
S5 40 i 9 IR AL 2P 55 50.05% EDTA-Trypsin DMEM J 3¢
B WERRERZE vl R IR A LT A Gibeos IR BTARFE B i)

Lipofectamine 2000 I [ Life Invitrogen 2\ ) 5 ZHif08% F230 L 5%
TR PG E M EEFRFER W B Coring 247 5 4 24
Il H Merck Millibore /A& ; 75 FEFI#I 7 (Protease Inhibitor
Cocktail, PIC)Iy [ Roche /3 ] ; SDS-PAGE ¥ i il &5 J 2 x
Loading Buffer ij [ &35 A ®] ,BCA & 1k B 2 il & )
4 )i Marker ) H Thermo Scientific 23 7] ; ZHifiZH 2 RNA i
HosGh &0 A Qiagen 23 7] ; DNA 2GR &1 [ TaKaRa 23
7l ;BsmB 1 FRH#I: N UIEGAI T4 DNA & B2 [ A T8 49
ARG A F] s — 23 S sk R & F 2% gPCR MIX i [
Abm A5 AT CRISPR/Cas9 it [ HBR A% Y q-PCR 5]
Y& T LA TAY TRERARAF

1.2 #5FH%

12,1 5|9t ERMMmE 7 NCBIEEE Y, AW
MTHFDI1 34K Y Gene ID &y 4522, %+ [ 5 P50 AT 40 M1 I i
P 1 OB F i ORSF 91 X IEA T3 5 0T 1 , I A TR AR
ZHTFF % F) CRISPR 7EZEHI S iRk I (http . //crispr.mit.edu/),
HRAIE Cas9 # pi BT HIE N EEFRAT 434 B UM sgRNA 538 )7
G, S AL WA BsmB T AL Y8 G 7 A 0 B AN, 3t
A% L TE sgRNA JE31, L 3R 1o R KOP BUNEE R sgRNA
L#Y1J5 i) pU6-GPF-backbone AR &, 1 T4 DNA i i
HOVERT R AT 4% . BRI S8 UG 1% 2 HIAE TAYA IRA
FIEATINY S5

% 1 A\ MTHFDI1-sgRNA #ZB F &
Table 1 Human MTHFD1-sgRNA Oligo

Name

Target site

H-MTHFDI-sgRNA-1

H-MTHFD1-sgRNA-2

H-MTHFD1-sgRNA-3

Forward 5'-ATCCGCGGAGATCTCCTTCCCGTTC-3'
Reverse 5-AAACGAACGGGAAGGAGATCTCCGC-3'
Forward 5'-ATCCGCAGTTGAAGGAGCAAGTACC-3'
Reverse 5-AAACGGTACTTGCTCCTTCAACTGC-3'
Forward 5'-ATCCGCAATGCTATTGCACCCGAGA-3'

Reverse 5'- AAACTCTCGGGTGCAATAGCATTGC-3'

122 fHpa%Es:  HEK293 4l 3% 5% T & 10% Jit 4 i s )
DMEM ¥i5e8erh, 3 &2 90518 2-3 A, R RSt e J5 L 78
6 FLIREAFLHL 1x 10° 410,24 h J5, K =Rkt 1R
A, B2 pg FkiiR-A%)5 5 wL Lipofectamine 2000 Ji-4 5/
YA, 4RLiR5 57 48 he

123 RS ERRTEAMOEST  FHABRIEZ MRk
B 2 5, JIMA 0.05% EDTA-Trypsin,37°C /4 {k 2 min,
800 rpm, 5 min, i A 1 mL DMEM }; 3% 5E 50 i tp 4 g . Al
FH DL 58 % PR /R R MoFlo XDP 18 i s AN 4315 22 G A T 54l
W53 , 4335 1) R s R A B B P 28 96 FLAR Y, BERR 2-3 KitkAT
Wi, 15 96 FLARAC TG LR E 24 AL IRIRY KEF R E 6
FUBRAN T25 B5Fiith

124 MEFETERMATRME ERCRTIEAMIE 1x 10°M%
F 6 fL P, KE R R AN L 90% SR AN A , BEIRh 2% th il
VRV T, e R A0 i I R 2 4k 4 3 R0 5 1E B A 4R B An i
DNA, J5¥% 1t B R s 199 Hdee B, L3k 2. PCR 7% &

VA T AR A BR ST A m P %8 A F 1 RT3
ABCE BRAEDL
12.5 RT-qPCR ¥7E  § RIEFRAMIE WAL, % IR 40
ZH 21 RNA $REGAR G B 45, SR RNA Jf-45 IR S il
F e8I PR T O 5 RS cDNA, 2 IR S ia A 45 ik
1T qPCR 56 UE , qPCR 5| ¥ WL 3 3,qPCR {K& % : SYBRGreen
Mix10 pL, US4 0. 6 wL,cDNA 2 nL,ddH,0 6.8 uL,
qPCR 82/ DS 3 IR 4 Ct{Effdafl 2+ “VEhEx ik it
1.2.6 Western blot 878 WAL 5 s B 41 it 1 Wild Type(WT)
HEK-293 ZHjfl, WRRELS: MR UM IE IMA & PIC 1 2 11 24fif
W, Z R Z4% 5 min, 485 14000 rpm 2.0 5 min, B 3G , 0%
FH B JE I A G54 2% Loading Buffer, 7Kl 5 min, $8/5HL
BLl 4y 10% SDS-PAGE gel #4748 14 5t HL vk , i Fl K B4 A
b R CHUR AT 2 Goxed B bk gl T A TR IR K AT
1.3 Geitsorihn

THEE OB R SPSS 24.0 B {4 HE 47 W 1l ST REARS t Ky
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K, DL p<0.05 TR G L

% 2 & A MTHFDI-sgRNA Rz S|4
Table 2 Suggested Sequencing Primers of H-MTHFD1-sgRNA-Plasmid

Primer

Sequence

H-MTHFD1-sgRNA-1
H-MTHFD1-sgRNA-1
H-MTHFD1-sgRNA-2
H-MTHFD1-sgRNA-2
H-MTHFDI1-sgRNA-3

H-MTHFDI1-sgRNA-3

Forward 5'-TTCTTGGGTAGTTTGCAG-3'
Reverse 5'-GCGTACTTGGCATATGAT-3'
Forward 5'-TTCTTGGGTAGTTTGCAG-3'
Reverse 5'-GCGTACTTGGCATATGAT-3'
Forward 5'-TTCTTGGGTAGTTTGCAG-3'

Reverse 5'-GCGTACTTGGCATATGAT-3'

% 3 A MTHFD1 £E#j qPCR 5|4
Table 3 The qPCR primers for human MTHFD1

qPCR Primer Sequence

MTHFDI1 Forward TTGTTGGCCCAGAAGGGTTT
Reverse CTGACAGTGGCAACAAGCAC

GAPDH Forward GTGTTTCCTCGTCCCGTAGA
Reverse AATCTCCACTTTGCCACTGC

2 &R

2.1 A MTHFDI- CRISPR/Cas9 X EHILE

H-MTHFD1-sgRNA-1

700 710
CGGAGATCTCCTTCCCGTTC

H-MTHFD1-sgRNA-2

740
CAATGCTATTGCACCCGAGA

010

FHBAM RS NIE , X sgRNA FFEHIHEF TR , 0 45
WE 1R, AU E 3 A E A FORLE##E A 3 4% Hu-
man-MTHFD1-sgRNA Oligo , Zk {4 @)

H-MTHFD1-sgRNA-3

100 110
CAGTTG AAGG AGCAAGTACC

14l

& 1 A sgRNA-MTHFDI- CRISPR/Cas9 # ¥ S H % E
Fig. 1 Identification of the target sites of Human-sgRNA-MTHFD1-CRISPR/Cas9 vectors

2.2 sgRNA &ML E B RAEMM MTHFD] BRI S HE R
RN

FEICEA T REAN A R (1) DNA #E47 PCR 973, Xf PCR 74
WY 5 5 B2 B0 ik b MTHED1 J7 51 #4777 41 LU X 4347
PAR AR A BB 5878 S5 SR R IR, TERIE 1 =Mk S sw B4 i
PR, RBR MTHEDL (9 40 B bk 156 A 7 5088 C; bR
MTHFD1 ik 2 B2k T 7 4> bp 58 ; iR MTHED1 (1)

ANAERR 3 FEoA H BB A 4R ARIER G , FH 2 A0 Mk mT BB X

DAL BEAT TR ICE S, DR 2.0 SR UEIFRATT TG 2 1) sgRNA

ATLAS |5 Cas9 % MTHFD1 3 N #4152 myI#,

2.3 EEREMMAAZR R MTHFDI ) mRNA 7k FBR B (R
MRABEER 2.2, FATY RIEFR MR 1 F0 2 IF4RILE RNA

HEAT R 5 5%, RT-qPCR 455 7 fiflfk MTHFD1 A9 40tk 1 Al

AR 2 H MTHEDI1 B35 5 KRR T 94%F1 96%, 45 F ik
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HIFRAT A 2 1) MTHFD1 SRR 4 AR A5 5% AT LA AN
#| MTHED1 , L& 3.
2.4 ERTTREMAAMR P RMNZ MTHFD] ME R RFIX
Western blot J5 7 46 | 5% 4 H-MTHFD1-sgRNA J5i i Ji5 1Y
By BE AN MORR 1R 2, 45 5 IR B A A HEK293 41 i i
MTHFD1 ik 1E% , i MTHFDI @BRAY S e B4R MO bE 1 70 2
FIF AR E] MTHFDI (19335, N2 GAPDH ik i i H A
A3, W 4, SIS Y S 2 7. MTHED B 2 ik

NCBI Reference Sequence: NM_005956.4

] |——
STCACTCAGTTGAAGGAGCAAGT-ACCTGGETTTCACACCACK
I T T T T
0 100 110 120 1ac
H-MTHFD1 gene 5TCACTCAGITGAAGGAGCAAGT-ACCTGGITTCACACTACK
KO-Cell linet STCACTCAGTTGAAGGAGCAAGTCACCTGGTTTCACACCACK
KO-Cell line2 STCACTCAGTTGAAGGAGCAAGT -——-—-—=-TTCACACCAC
KO-Cell line3 STCACTCAGTTGAAGGAGCAAGT -ACCTGETTTCACACCACK

B 2 sgRNA FE iR E
Fig. 2 Identification of sgRNA activity

HEK-293 CELL

*rk

mRNA relative expression of MTHFD1

& 3 £ MTHFDI1 Bk 9 HEK-293 4fiffich MTHFD1 f% 5K E
Fig. 3 The mRNA levels of MTHFD1 in MTHFD1 knock out HEK-293 cells

A b
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W s s
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GAPDH ".|— 36

[ 4 7 MTHFDI1 BiB&#9 HEK-293 ZRAfsh MTHFD1 fZ& Bk F
Fig. 4 The protein levels of MTHFD1 in MTHFD1 knock out HEK-293 cells

3 38

141 B P P B B U T DNA e Loke, SEBH 4
R AR TATIE 40 4R 17 500590, AR, BRI & AT B PR LG
A7 5 PR 2 B ) R A 1) TR R , % U A U
R FER 35 228 7 FH T 16 A 14 PR A P W A 4

% B2 i (Meganuclease, MNs) ¥ #§ # 2 [iff (Zinefingernucleases,
ZNFs) . %% 5 3005 W) FE 3 N 4% 12 il (Transcription activator-
like effector nuclease, TALENs)Fl1 CRISPR/Cas9, H:rt,CRISPR/
Cas9 RGLAH AL R ZIRE o T ARRAR S0 A, 7 A
IR AT B Tk Bz AN 2 R AR SN A
T RZ LR SRR, JOh At 20 S B A AR AR i P,

MTHFD1 EA5 G55 35 pU St B ot 0 . R L Py &g
BRI A Tl Y DO 0 PR 15 PP A Y — R D B , 2 I Y
DU U R AR ) FEEOR IR, B SR B AR & O
Wi B PR AR E PR, FEMHRR B Z I, MTHFD1 ARZ LU 40
5 H 2 e R 1 i PP BEA A A SR PR IE N 1) B B SR
FHWITE MTHFD R 4 A R4 SR A3 A SR TR M 23
/NEEIE , AT WAZHE T R P R, R UE S
R 28 (G1958A) R A WP I i ALk R R =, B9
e AE T EDUBE A 2 W AN brAs iy, MTHFD1 JE[R 1 22245
PE(fILHE SNP 1 1, 151956545 Fil 1s56811449)A] LIAE Ay v [ A\ BE
PR WL A VB TERE AR AL n A S LR i HE DR A m] fig L
A AR K L2 IR TE B UG P7 ER: | 1R DR TE Al 2245 W
e e IR i AN AE . PR, AR H] CRISPR/Cas9 £
AT MTHFD1 GBRAMMIRR , K67 B Tz R I iE— B
9, XA I A2 W S B E 2 S

HEK-293 42 —Fi AR 4, b RRE WaE AR K, R
BAT R AA SEF L e e B3R AT SR 7 A5
SR E BT FH R R )12 0 B PR G T LA ), SOk
HEK-293 41 g % — Ffr bt NF-M {14 B 5 [ B AR 58 200 17 e S b e
0, NF-M J&:—Fh 22 (I 222 B0, [ e L LS 43T vh
KBV Z2 A0 2 4 IR AN 6 1+ 40 A R e R A I SR R AR
HEK-293 #fififl h ki 323k, $6R] HEK-293 4 it HAT M2 T
FRAMLIRRE A B TRA AT M2 W PRI, 53
Hb, TENIR A F I H MTHFD1 2R I 7E %40 A 14K
15 (https://www.ncbi.nlm.nih.gov/gene/4522#gene-expression), i
WS AT L A W S B8 A W 2 R0 S (B A — 2B AT LRI 5T
AR AR

H & B CRISPR/Cas FGE A ZH WL o3 A E AL 1
RIS =Fp2RL 1A T RUAT LAY, BT 2 BAPAE T4 90%E
TP B b 200 R 40% 200 Fe B B AR T o Herh TR A 28 il
NTETEL, LA Cas9 2 AT 5 RNA(sgRNA) A Z.O 2 I, J2 B A
WFF IR AR AICY AR ] T8 R 5815 5a X MTHED1
SMET 1 BT 3 % sgRNA, JF[R] I 444 HEK-293 2l , AL
P& T Cas9 5 sgRNA RGEHFETE, Qs b 1 BAERL , 7
FIFH T 2SR A0 43 B F AR ARG GFP ARSI H AR T e L A
ST LR L3R S TN TR A B AR W e T v BT
BT, AT LI SRy s AR A RS AR L R 1 T v

4 g5ie

AWFFEHIHT CRISPR/Cas9 J A 4 £ AR B YOI 1
MTHFDI i1 HEK-293 4 & , gk —EWF5¢ MTHFDI 7
P AR BREE AR O LA P P BV BALIR B T S
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