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Abstract

CRISPR/Cas9 system is the state-of-the-art genome-editing technology through constitutive ex-
pression of nucleases Cas9, which binds to a specific site in the genome mediated by single guide
RNA (sgRNA) and induces double-strand breaks (DSBs) at desired genomic loci. DSBs induced by
these site-specific nucleases can be repaired by error-prone nonhomologous end joining (NHE]) or
homologous recombination, to generate gene-specific knockout (KO) or knock-in cells. The mem-
brane associated RING-CH (MARCH) family comprises a structurally related protein family. Cur-
rently, there are at least eleven known MARCH genes (MARCH-1-11) in the human genome.
MARCH?2 is involved in the regulation of vesicle trafficking, and thus refers to the formation, intra-
cellular movement, exocytosis, and endocytosis of synaptic vesicles. In this study, two sgRNAs tar-
geting the Exon2 of MARCHZ2 gene were designed, and their gene targeting efficiency was assessed
via the western blot analyses. Through dilution plating, a monoclonal MARCH2 KO cell line was
isolated and subjected to the sequence analysis, which revealed that it contained frameshift muta-
tions in both MARCH?2 alleles. The results obtained demonstrate the successful application of the
CRISPR/Cas9 system to the construction of the MARCHZ KO cell line, and strongly suggest that it is
a promising tool for studying the functions and related mechanisms of MARCH2.
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CRISPR/Cas9 R Zi & — it M ER FBEBH AR, AT SRNA (single-guide RNA, sgRNA) S4B
RIEFCas9IF AR RS G VHIEFHE R, VIFEKDNAK IEFVE R %% (non-homologous
end joining, NHE])f1[F]¥§ E 4 (homologous recombination) Fiff 8 E HX, MBI FKERIERRE
FEAZfil. The membrane associated RING-CH (MARCH) X — BRI G EEHRR, HET,
HEANRERATZEDEF 11 (MARCH-1-11). MARCH2Z 5EHIZHIMAT, mRMBERKTE
B @A IES. ST mRATE . AR P, RAVE ST MARCH2ZER  — 4 &F¥ 1T CRISPR/Cas9
FIEFH, FHNHEERNT B HEE G REAREET TRIE, &R ERERNMARCH2%AL
ERBSHHBERE, ELRATMHCRISPR/Cas9 R AR I E T MARCH2RIR AR R, XHE
MARCH2Zj 8 K AHSHIHI B L 588 /1 TR .

K#EiA
MARCH2, CRISPR/Cas9, ERFRK%, BERZE
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1. 5]

CRISPR (clustered regularly interspaced short palindromic repeat) & — B & Bk 5 & 741, S 5 (R R AZ 2B
KT B 25 DR 2 v DA R 4 v R oy 4 5 R B CRISPR HIAZTE, I H CRISPR H A HEAH AP AW B 7R N\ A7 11
IhEE[1] [2]. CRISPR HEE & J3 41 Fl R b ] A5 [ 51 43l 21~48 bp. 21~72 bp, CRISPR J:[A N T4
B crRNA. CAS JE[KE AL 7E CRISPR (A B P I () X 35, S B X RREE A e i s e, 5
crRNA B AR E &40 LLR 7 DNA J7 41 L] PAM (protospacer adjacent motif) X1, #¢5% 1))
F DNA BUEE, KIEGRIZDIHDIEE3] [4]. FIAH SCRrE nl AR N TR A VIl , 0 2 DR 4 R e A i ik
ITIBAEAEME, KoL R 41[5]. CRISPR/Cas9 R Gisl 2k T bl B A N4 ) B R 4 gmfi 248, N1
BEIHSEF RNA (single-guide RNA, sgRNA) M FAMERIX [ Cas9 & FHRFPE (45 6 D)2 PR AL k5[ 6]
PIHI )5 1) DNA A7 = [ Y5 K ¥ 82 (non-homologous end joining, NHEJ)H1[7]J4 # 2 (homologous recombina-
tion) FMEE J7 . ETCAMERIAUE DNA fFERE, )11 DNA mlifid NHE) B4 &, XFEAETIRIA
RO Sl NN BB 2R P 71, R 51 A H R 3 R g 0 1) B 1 AR A A SR AR DL S BT B AR R DR A B o
RA G BAFAE, VIFIH) DNA WA FRE A, R AME v BUE G BIZERIA T, DS R RS . it
ANBLRAR G

MARCH? (membrane associated RING-CH protein 2)/& MARCH FKEH 22—, & RING 454,
BA B3 iz z Bl e, W 2 Mg shin gl igiz b . DNA B E S 5% F(7]. MARCH2 {F NI IE
RREM AR Z —, T RARE 50 B S iR 8 A % V) K R ([8]e MARCH?2 Wl AEFH £ 2%
it 5 syntaxin 6 (STX6)MHHAEHZ 5z H[9]. ZRUEHEE ZAEAR “IET-2v)” , KA

ik
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MEK— NIy Fiz mMEEA b, i EE Ak EEE, NNV TR — M, EmEA
B R R E SR EmE AR R ABA IR . fFN B3 ZRIEEM R Z—, MARCH2 W]
PLZ 240 JLMEYD, 1 DLG1 [10], f2AR[11], H1CFTR [12].

FAiE A H A il CRISPR/Cas9 Jik K gm B A K AG B A2 € il bk MARCH?2 W40 RAE N MARCH?2
ThRERT 78 3 A 2 T A .

2. MRIFITTE
2.1. ARt

BPLN MARCH?2 % S54RI H £ E Abcam A #]; ACTB/b-actin HT/AI4 H Tianjin Sungene A #;
Megatran 1.0 44X/ H Biotum A#]; 400 AL R DNA FEHGAF &8 B 44 i mA 7
PX330-MARCH2-sgRNA Jii i) H L i XAV R KRG IR AR MARCH2 DNA 514 H
Invitrogen A 7]

2.2. SR sgRNA B HERFIIFHaEH &

bR A AR R R R A PR 7] ¥t CRISPR TR 51, FEERT NI MARCH?2 3K #y i
CRISPR-Cas9 Fis# ik,

Guide RNA ¥EFF 5 U1 R :

Guide RNA target site 1: GCCCGTAGCCTCCACGACCT TGG

Guide RNA target site 2: TCCAAGGTCGTGGAGGCTAC GGG

HEWE: #H ik PX330-GFP f# /i Bbs I MU M [ml Yk, 4 555 MARCH2-V-Gui-F/R ,
MARCH?2-V-Gui-F2/R2 1B K= WER AL, AT 2R PR b, 37°CR:FRER . RH, ZmlPkE 3 4~
vifE, 514 u6-gui-id-f T .

FORLAEAL, : W 5 T ) 52 P B2 4 ml LB, 1§ ) QITAGEN Plasmid Midi Kit 142 5 8%, % T Nuclease-Free
Water 1, —30°CIRFFRFH .

2.3. PX330-MARCH2-sgRNA FRiiis 4k
1E ' K: 9% HCT116 40 M 2 % £ N 60%~70% , H Megatran 1.0 1E A& G2 7, 4 5 kL

PX330-MARCH2-1-sgRNA 1 PX330-MARCH2-2-sgRNA $YL4iff. vt BMes PRI, YT
PX330-MARCH2-sgRNA {411 2 B R IE SR (58, 3 B ORI G40 i i 2 -

2.4. BEETEE. DNA 2K PCR

Y M 4 PX330-MARCH2-sgRNA JFibiJG, 1EHEFE 48 /NG, Wedbi, #EATmalorik, %6 96 1L
B, LA, fF 2 A, BAYEMK RO R, RS A AN LI A, R IR
P B ) 20 B T A AR HH SR R AT 2 A o AR PR S BCHS A o B (14— 505 43 4 R S R 2H DNA
TR SRR P BRIEAT A, DL 2 pl DNA fE AR IEAT PCR 9731, 18 A "7 & 73 # « MARCH2 DNA
HI_ B350 5°-AGA TGG TGC AAA CTG AGG CT-3’, #5314 5>-AAC TAG CCA GGT GTG GTG
AC-3"[13],

2.5. Western blot £ 7€

DKL CRISPR/Cas9 5 G} P EEE K 23 KT IO RE ML R I P 5 SRON PR B Se B RO A 15 9% 48 h )
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W B I RE 51T Western blot il ELECEFAER HCT116 M 5HEYe Cas9-MARCH2 J5iH ) 2 o 1)
MARCH? ZEAFRZKF, L%EFH CRISPR/Cas9 £ St B4 ] YR MARCH? 3k # .

3. 458
3.1. R CRISPR/Cas9 EFEJERREE NI MARCH? B4R

CRISPR/Cas9 F Gt it 5| k4l N Bk 2k v] DURE W R R BE R, L8k 2R AN B 1 5 R R AL 4Rk
BT R, ATH#—BUES MARCH2 H)ThRE, FRATRIAH CRISPR/Cas9 kDK g 45 A fi fk MARCH?2 Jk
A HCT116 408 R« FATVEF N MARCH?2 31K 255 — A&7 ¥ 1 ) CRISPR/Cas9 T-HL#E)7 %1 TCC AAG
GTC GTG GAG GCT ACG GG, Eit#ste. Fokigifh, gy, mmik. BrapEsise. Wy, 5.
Y B GE T R MARCH2 R FI4IM A

2t — RA TR TR, RAVER] T 4 4 Cas9-MARCH?2 Salk . FEHI /3 M Bonix Le 5848 K %2 S 3565,
PEHT I RS T (TGA), BIPFIR AT IE{E15 MARCH? ] RING domain 1 PDZ domain #t5%, RNAEAT
fEHThRE(E 1A~D). fRIBRIRIXLERBUIR: 5% 1: GT — GCT; 7k 2: AGGTCG — AG; ipE 3:
TCGTGG — C; Tl 4: B MEFAFNo. 28~35 GCTACGGGCCTCGGACCGCCCCAG)AI 5 5248 (No. 54
GCC — ACC).

3.2. ITER MARCH? HI4BRRZREY Western blot 3

Western blot %55 45 R ik 7x, CRISPR/Cas9 W]k MARCH2 33 MARCH?2 5 HFRIEKFH % (
2).
4. Wig

BN HA R BRI RET ) TR B, FEEAEARHE RN, E8RIEFK. AT
WSRO BB & T B RERIAE. BT CRISPR/Cas9 R4 4, NTIHIFK RS M AIESE T
% zinc finger nuclease (ZFN)FIPLE % 5% K 7 20 M A% B activating transcription factor effector nuclease
(TALEN) [14]. ZFN #il TALEN i@ DNA & H AR LA ZEN BB S5 1 TR IR =AM AR 7
%; TALEN i@ it 5 % 7] 28 [X repeat variable diresidue (RVD)REIA HI4S FAf i, Hi4E ZFN Z5#5k RVD 44,
AL PR A ST EFE A1) DNA 751, Fif e+ 85 V)RR 1 DNA JFAI[15] [16].
CRISPR/Cas9 % 4 R (FURAL IR AL ) B AR Ak, B2FH 255 RNA 1103 DNA F31[17] [18]. it
Cas9 B EHH T V1B 741 . FEDRZH A K/ g B AR DNA 74158 % #81d 10 bp. [Hifii, ZFN 8¢ TALEN
ARG H ZFN E A SRAL E 7518 RVD HFI RIS, (E5 R g FERe 9% . [N,
CRISPR/Cas9 & i (IR B 5.5 RNA FITH () DNA (583 B AT, W% 23 bp K/MEHLS RNA Xf
AR R REARRD AT, IXRE & 2 R AL T BRI A 55

7E CRISPR/Cas9 H:F4mfHH A MBI AT, 4HMIKF-EF ThRERE 7 F 2K SE RNA FHER, NEE
THREFIMLIE 0 73 BT E2 g T AN /NS Bh o SRTT, RNA 3 00 50 85 R RIAS 52 4 P T RS20 J5 DR 30 6 11 TE A 40 7
CRISPR/Cas9 i RIEFF K LRES BADHER A, Fitk, HMFEEB . €2 RNA THREAREH
R FEIE N T RE I TR . RN RO T ikIE T, J#id CRISPR/Cas9 4 JE K 41 S 12 k47 1) B €0 208 it 24
FER PR SRAE T RNA TSP AH I 1 1 6 L R R e AR 5 [ 19]

MARCH? 7& — RS IEE A, H N % RING domain 8] (] X JE X A1 C i ff) PDZ domain 4. ©
A INREWE FCER , MARCH? 72 /R IEARFI A PR 2 [ I fr R 5 5r 1 [9], MARCH2 {£°8 B3 HEH20 RE 4
2 0 3R T 52 AR G % 8k 85 1 24K (TR, transferrin receptor) fI3LHI# 4 F B7.2 (CD86), RS B,AR MH
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Guide RNA target site

'WT sequence =
it

Original sequence of the fongest transcript
ATG ACG ACG GGT GAC TGC TGC CAC CTC OCC GGC TCC CTG TGT GAC TGC TOC GGC
AGC CCT GCC TIC TCC AAGGCT CGT GGA GGC TAC GGG CCT CGG ACC GCC CCA GTA

TGT GGC ACA GGT GACTIC AAG GGA TGG CCGGCT CCT CTC CAC CGT CAT CCG TAC CTT

GGA CAC ACC GAG TGA (stop codon)

TGGTCCTITCTGCCGGATC TGECATGAGGGAGE GAACGGGGAGT GETTGCTGTCCOC GTETGGCT GEACE
GGCACGCTGEGTGCCGTGCATAAGAGCTGTC TGGAGAA GTGGCTTICCTCATCTAACACCAGCTACTGCG
AGCTGTGCCACACGGAGT TTGCAGTGGAGAAACGGCCTCGACCCCTCACAGAGTG GCTGAA GGACCC GG
G6CCGCAGACGEAGAAGCGBACACTETGCTGCRACATGETGTGTTTCCTGTTCATCACACCGCTEGCCGE
CATCTCAGGCTGGTTGTGCCTGCGOGGEGCCCAGGACCACCTCCGGCTCCACAGCCA GCTGGAGGCCGTG
GGTCTCATIGCCCTCACCATCGOCCTCTTEACCATCTATGTCCTCT GGACGCTG GTCTCCTTCCGCTACCACT
GCCAGCTGTACTCCGAGTGGAGAAAGACCAACCAGAAAG TTCGCCTGAA GATCC GG GAGGCGGACAGT
CCCGAGGGCCCCCAGCATICTCCACT GGEAGCT GEACTCCTGAA GAAGGTGECA GAGGAGACACCAGTA

Translation (246 aa):
T

HRHPYLGHTE
DGPFCRICHEGANGECLLSPCGCTGTL GAVHKSCLEKWLSSSNTSYCELCHTEFAVEKRPRPLTEWLKDPGPR
TEKRTLCCDMVCFLFITPLAAISGWLCLRGAQDHLRLHSQL EAVGLIALTIALFTI¥VLWTLVSFRYHCOLYSEW
RKTNQKVRLKIREADSPEGPQHSPLAAGLLKKVAEETPY

Guide RNA target site

=

¥

HA

AR |
Original sequence of the longest transcript

ATG ACG ACG GGT GAC TGC TGC CAC CTC CCC GGC TCC CT6 TGT GAC TGC TCC GGC
AGC CCT GCC TTC TCC AAGG T € GTGG A GGC TAC GGG CCT CGG ACC GCC CCA GTA TGT GGC
ACA GGT GACTIC AAG GGA TGG CCG GCT CCT CTC CAC CGT CAT €CG TGC CTT GGA CACACC
GAGTGA (stop codon }
T6GTCCTTTCTGCCGGATCTGCCATGAGGGAGE GAACGGEGAGT GCTTGCTGTCCCCTGTGGCTGEAC
GGCACGCTGGTGOCGTOCATAAGAGCTGTC TGGAGAA GTGGCTTTCCTCATCTAACACCAGCTACTGEG
AGCTGTGCCACACGGAGT TTGCAGTGGAGAAACGGCCTCGACCCCTCACAGAGTG GCTGAA GGACCCGG
GGOCGCGEACGGAGAAGCGEACACTGT GCTGCGACATEGTGTGTTTCCTGTTCATCACACCGCTGGOCGE
CATCTCAGGCTGGTTGTGCCTGC GCGEAGCCCAGGACCACCTCCGECTCCACAGCCA GCTGGAGGCCGTG
GGTCTCATTGCCCTCACCATEGECCTCTTCACCATCTA TETCC TCTGGACGCTG GTCTCCTTCCGCTACCACT
GCCAGCTGTACTCCGAGTGGAGAAAGACCAACCAGAAAG TTCGCCTGAA GATCC GG GAGGCGGACAGE
CCCGAGGGCCCCCAGEATICTCCACTGGEAGCTGGACTCCTGAA GAAGGTGGCA GAGGAGACACCAGTA

Translation (246 ad)
MTTGDCCHL RHPCLGHTE®
PSDGPFCRICHEGAN GECLLSPCGCTGTLGAVHKSCLEKWLSSSNTSYCELCHTEFAVEKRPRPLTEWLKDPGP
RTEKRTLCCOMVCFLFITPLAAISGWLCLRGAQDHLRLHSQLEAVGLIALTIALFTIYVLWTLVSFRY HCQLYSE
WRKTNQKVRLKIREADSPEGP QHSPLAAGLLKKVAEETPY

B

WT sequence
Mutant sequence

WT
Mutant

Guide RNA target site

Original sequence of the longest transcript

ATG ACG ACG GGT GAC TGC TGC CAC CTC CCC GGC TCC CTG TGT GAC TGC TCC GGC
AGC CCT GCC TTC TCC AA GGTC (deletiom ) GTGG AGG CTA CGG GCC TCG GAC CGC CCC
AGTATG TGG CAC AGG TGA (st dm!

CITCAAGGGATGGCCGGETCCTCTCCACE GTCATCCGTGCCTTGGACACACCGAGTGATGGTCCTTTCTGE
CGGATCTGCCATEAGGGAGCGAACGGGGAGTGCTTGC TGTCCCCGTGTGECTGCACCGBCACGCTGGGT
GCCGTGCATAAGAGCTGTCTGGAGAAGTG GCTTTCCTCATCTAACACCAGCTAC TGCGAGCTGTGCCACA
CGGAGTITGCAGTGGA GAAACGGCCTCGACCCCTCACA GAGTGGCTGAAGGACCCGGGECC GOGGACG
GAGAAGCGGACACTGTGCTGCGACATGGTGTGTTICCTGTTCATCACACCGCTGGCCGCCATCTCAGGCT
GGTTGTACCTGCGCEGEGECCAGGACCACCTCCGECTCCACAGCCAGCTE GAGGCCGTEGGTCTCATTGE
CCTCACCATCGCCCTCTICACCATCTATATCCTCTGGACGCTGGTCTCCT TCCGCTACCACTGCCAGETGTAC
TCCGAGTGGAGAARGACCAACCAGAAAGTTCGOCTGAAGATCC GGGAGGCG GACAGCCCCGAGGGLCC
CCAGCATTCTCCACTGGCAGCT GGACTCC TGAAGAAG GTEGCAGAG GAGACACCAGTATGA

Translation (246 aa):

MTTGDOCHLPGSLCDCSGSPAFSKW RLRASDRPS MW HR*

VTSRDGRLLSTVIRALDTPSDGPFCRICHEGAN GECLLSPCGCTGTLGAVHKSCLEKWLSS SNTSYCELCHTEFA
'VEKRPRPLTEWLKDPGPRTEKRTLCCD MV CFLFITPLAAISGWLCLRGAQDHL RLHSQLEAVGLIALTIALFTIY
VLWTLVSFRYHCQLYSEWRKTNQKVRLKIREADSPEGPQHSPLAAGLLKKVAEETPY

Guide RNA target site

ATG ACG ACG GGT GAC TGC TGC CAC CTC CCC GGC TCC CTG TGT GAC TGC TCC

AGC CCT GCC TTC TCC AAG GTC GTGGGC TAC GGG CCT C6G ACC GCC CCA G (deletion)
AGTAT GTG GCA CAG GTG ACT TCA AGG GAT GGC CGG CTC CTC TCC ACC GTC ATC

CGT ACCTTG GAC ACA COG AGT

GATGGTCCTTICTGCCGGAT GGCTGCA
TTECTCA
s
TICCTGT
TGTGECT
TCCGCTACC
TATGA
Translation (246 aa):
MTTGDCCHLPGSLCDCSGSPAFSKVY E ATGLGPPQ { deletion )
DTPSDGPFC NTSYCELC
TEWL HSQLEAVGLIALTI
ERY LAAGLLKKVAEETPY

Figure 1. MARCH?2 CRISPR/Cas9 KO sequence diagram. A: Clone 1 sequence diagram, GT — GCT; B: Clone 2 sequence
diagram, AGGTCG — AG; C: Clone 3 sequence diagram, TCGTGG — C; D: Clone 4 sequence diagram, deletion mutation
(No. 28~35 GCTACGGGCCTCGGACCGCCCCAG) and point mutation (No. 54 GCC — ACC)

[E 1. CRISPR/Cas9 FFf MARCH2 EEFF5E A 52fZ 1 B9F5IE GT — GCT; B: 52 2 BIFFIE AGGTCG — AG;
C: %[ 3 BFFIE TCGTGG — C;D: %[ 4 BFIFFIE, B4 5RTE (No. 28~35 GCTACGGGCCTCGGACCGCCCCAG)
#N =2 (No. 54 GCC — ACC)

kDa
27

43

‘ Control
Clone 1
Clone 2
Clone 3
Clone 4

MARCH?2
ACTB

1 2 3 4 5

Figure 2. The endogenous expression of MARCH? protein in Cas9-MARCH? cells were detected by the Western blot
2. Western blot #3 Cas9-MARCH?2 HHRERIMIRE M MARCH? Fi&
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YER, {23k pLAR N RV REARRAR[11]. MARCH2 B8 A7 7E HEK293T 404 i fist -, Jsid 3 pDZ
motif 5 DLGI1 (discs large homolog 1, scribble cell polarity complex component)# E.{F FI{£#f DLG1 iz &1k,
J%59 DLG1 fE40M0ERE SRk, S M 10]. SR &P, £ CFBE 4HiE(FETELr4itb 3
S E R 4HM, Cystic fibrosis bronchial epithelial cell line) " MARCH?2 iBid 5 CAL (CFTR #H 3% (B 44) Al
STX6 45472 AL I 4R CFTR [12]. MARCH?2 1E HIV-1 JEYerh Rk TH i, i AR a5 (3 5 A A& i)
HIV-1 724, FEWE AT HIV-1 R GUAH OC I R b R #5825 2 e J R R [20] [21]. FRATTHT A MBI 52 K 30
MARCH2 25 7 MR R R A FNBERE, B AR RINLH] 1 ATE 2, AHT 70N a2t () CRISPR/Cas9 2k X 2 4R
FARRINESLYIER MARCH? (A FR, KN MARCH?2 [ ZhRERMLE I T3 G 2 T A .

E&WE

AW E K B AR IS TUH (81702776); 1L AR A M S5 R RHS THRIITH (J17KA238); 1 RA R
TPARM R RETHRITH (2016WS0569) % Bl
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