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JIZ 0 FH X B PR A ek A B H A R DR A 4 A
S, H R RE DR A T 5 7 A SRS A0 Y R A
I, XS A A RCRAR, AR B B
RECEE R, AT K G R A Bk R

CRISPR (Clustered regularly interspaced short
palindromic repeats)F A ) H A RAEHE T ik A]
I AR TR, RE A% B2 i 0 A s DA G 8 1) M A 1 1 )
URH AR, B R T iR — Tl DR 2 K i
T H..CRISPR/Cas RGAEMAY FAFAE) 12, 90%
A AT S0%RI A EIIA LRSS, ME N AE A
T IR S IR AR B — o A S e B A AL . AN
A9 A B i 9 CRISPR RG4S 1A r 22
SO ML AT R A W S B 4y R T R 2K
(Class 1 #12), F:r Class 2 25 # A X iy B L5
RO, CRISPR-Cas9 R4t J: H AL e
RAWRN IR ZWEB(E T Class 2), HE5H
BoRE R, FEH Cas9 1. CRISPR RNA
(crRNA) . trans-activating (tracrRNA) = B4 2L,
Hrp Cas9 SR —FZRNVINE, tracrRNA Fl
crRNA JERIZE G 7E 1055 Cas9 2 I UIRIFLEE O,
BEEMFRIRA,, HRTC Z24Z RGN crRNA
Ml tractRNA Fil 5 — 5 L8551 5 RNA, AJ
sgRNAMY 3% 731 (1) 5% &5 A 20-nt (1) spacer J7471
MR spacer JE41, AT LA Cas9 £5 FTR B4
ATV PAM 12T AT S XS AN [ 28 DNA
R ISPV %] . CRISPR-Cas R4H, Ak
T Cas 25 XTI PAM P8 S5t A T AN [A]
PR R R e B BK 1R (Streptococcus pyogenes)H
spCas9 H: PAM ¥4Il 5'-NGG 45#1°, KK 4%
1 110 4 L 2 308 5 = W] 5K i % 4% (nonhomologous
end joining, NHEJ)EZE R/ T DNA SUE B
(homology-directed repair, HDR)X} #1155 DNA i1 7
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CRISPR-Cas9 HiARMZ S, HoL, AAREEH
R UL DU amp PRICEEN s Lk, 7EC LR
BRI IR I amp B9 spacer J#41, A
CRISPR-Cas9 RG4S MR TIE] amp bric &
. REPAFHRE MK, Wi BIRWIEY,
— MR TR BE R EE LA R AR T

(Staphylococcus aureus)[zo] N
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1. AKSII P A BRI BTRL
Table 1. Strains and plasmids used in this study

Characteristics References

1 AR
L1 BvRAER
ABIFFE BT 6% TR AR AN SORE R AR 5 R L3R 1

Strains and plasmids

Strains

E. coli D7 (Our laboratory No.) Original strain CGMCC ( No.1.128)

DHS5a For transformation TransGen Biotech

Plasmids

pKOV Chloramphenicol resistance (chl®), levansucrase lethal (sacB), MiaoLing Bio
temperature- sensitive (repl01) replicon

pMAD Ampicillin resistance (amp™) MiaoLing Bio

pKOV-HR pKOV derivative with the repair arms of the yjjW gene This work

pSGKP-km Kanamycin resistance (kan®), sgRNA expression cassettes, Kindly provided by Prof.
levansucrase lethal (sacB) Quanjiang Ji

pCasKP-apr Apramycin resistance (apr®), expression Cas9 and A-Red Kindly provided by Prof.
recombination proteins, temperature- sensitive (repl01) replicon Quanjiang Ji

pSGKP-km-spacer pSGKP-km derivative with the spacer of the amp gene This work

pSGKP-km-spacer-HR pSGKP-km-spacer derivative with the repair arms of the yjjW gene and This work

the mutant yjj W gene

x2. AZEPERSY
Table 2. Primers used in this study
Primers sequence (5'—3’) Product size/bp
yjjw1-U-F gtacceggggategeggecgcCGGTGGGGGAGATCGGTCTGGA 1053

Primers name

yiiw1-U-R aataggggttccgcgCATGCCGGATACGGCCTACGGT

amp-F geegtatcecggcatgCGCGGAACCCCTATTTGTTTAT 996
amp-R cgecgegtgataagcc TTACCAATGCTTAATCAGTGAG

yjjW1-D-F attaagcattggtaaGGCTTATCACGCGCGGCTGGCG 952
yjiw1-D-R cggtecgactctagaggatccGGAAGTGGCGAAGAACATCTGT

Vetl-F TTCGAAAGCAAATTCGACCCG 3167
Vetl-R AACGTGGCGAGAAAGGAAGG

D7-F GCCGTTTAGTGGCGATGAAG 3155/3053
D7-R GGTTTCACCGAACCTGACCT

yjjW2-F tectgeagecegggggatccCGGTGGGGGAGATCGGTCTGGA 2740
yjjW2-R gctctagaactagtggatccGGAAGTGGCGAAGAACATCTGT

mut-F aaatacagcgccggaaataCtaaccggctcacceeg 1797
mut-R ggggtgagecggttaGtatttccggegcetgtattt 978
Vet2-F ACTTGAAAAAGTGGCACCGAG 3039
Vet2-R TCCGGCTCGTATGTTGTGTG

spacer-F TTGACAGCTAGCTCAGTCCT 156
spacer-R GGGCTGCAGGAATTCGATATC

In primers yjjW1-U-F/R, amp-F/R, yjjW1-D-F/R, yjjW2-F/R, the lowercase bases were part of homologous sequences of the
connecting fragment, and the uppercase base sequences were sequences complementary to the PCR template. In primers mut-F/R, the
uppercase base was a mutant of the yjj ¥, the lowercase bases were complementary to the PCR template.

http://journals.im.ac.cn/actamicrocn
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W A A A TER ARG BR A F] ;AR Z4H DNA
PR $ AR & A AR A AR R (L 5O A FR
INF; WEFEER . Not | N YIEE AL EH R
R BRA W5 5114 R PCR P9l s 22
FEL4E TAY TR(EE) B A RRA SN B
X, PCRAY, W H Bio-Rad 2w,
1.4 RIGHEEER SIMCEREREL R
1.4.1 EHFRMWE: LIEEE E coli DT (LIF
fEIFR DT)IEFELLRY yijw R, 250653 5256 R FH
EFEEHARG, KA pKOV Bk 7 Ap B sk
B, TR A RSO SEH (sacB) FN B RS
Hl(rep101), FEIGFRIEN 30 °C, pKOV HAH
Bk A ) R o

T S5 Not 1 /BamH 1 %} pKOV JFORLE 78
D), FRATLRAEAI R B SR DL D7 ZE R 4]
JoAE A, 4 B LA yiwi1-U-Flyjjw1-U-R  F
YjjW1-D-F/ yjjw1-D-R R 5|4 38152 yjiw 1 I
B [ S S e e b 7/ 1 R A T
BEIG 3738 2 51 4 43 5 51 M A JBORL T i
(Not 1, BamH 1)W—Ee[FIEF5, AT 544410
SR B Rk . LA pMAD JBUREJE DR 21 A
M, i amp-Flamp-R 514 3% amp F B, amp
F B Wi o A S R IR IEE Y 3 S
I RIE 51, A% J5 A B 410500 s B T iRl i
B amp FBORIZ VAR i BOliA 75, @
I EAL 2 E. coli DHSo B2 540, 30 °C 1o
BESR, RAC B TR VR SR ISR IR R 4, IR
Vetl-F/R i##47 PCR S P 5ok, B30k f5 i 2
ki 45 4 pKOV-HR,
142 SHRCERERRIRE . 4 FR AL
HH FR pKOV-HR %40 % D7 J&Z 84, IR
i B oA AT EHEEMAEZPOEQLT F R
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PORPAR I, 30 °C b &G F% . BEALPKECR T
WAT B PEAR, 42 °C W &SR, B TIZRL A
HIRERUSEE repl0l, TEERIEFRZMT, N
A TR R B 52 B OREAE T R AR N TSR IE
il A TR U B AR ) E A SR 2 5 1 R
P RAEFVEEL, (1350 DNA 4 215 F A
2o M\ 42 °C F5 3 VA b REBLPKIBCRR B 7 Tk A 22 7
A S%EERI N B R R DU AR b, 30 °Cadtk
¥ige, RAETWEEES, S amp bridEH 5
FOILIN R e, TR pROV R T . R FH 96 fL
MR 106 i A= T AH AR TR A, PRI I] — BT 9% 03 i) 4
MRANEGRIEMEAGTE RPN LB Bl
H, BT 30°C, 150 t/min #E KRG IR Tk
TEA N E R RPUER AP A RATEA G Rk
BRI AN E KRR, §7RIG R, IR AT
UE. ] Vetl-F/R AT B 3, IR HAg
TA T TR B A BR A wlil e, i —2
HEAT A LI, DA T AR Ao DR R o (] B A 2
TE BRI KT DIAYW:amp®.
L5 KRG REEERE R RELR

Z N NSRS i o i O g7 S
() A A 2R T B bR R A B AT, R
CRISPR/Cas9 XU JST i 1A 5% S 30 %of 8 6 P A i 8
A8, o pSGKP-km 747 sgRNA 741 LA K RS
YEFEH (sacB), [FIBAE A% spacer AR RIS
YA TR ; pCasKP-apr UKL T35 Cas9 # M
1 A-Red AL, A I HURIEH (rep101).
1.5.1 EBEHRBHE: DD alRsmiksg
KB FFHE DIAYjiW::amp®™ FE R 2H Wity , 7E
http://www.rgenome.net/i% i1 0] LITRH] amp FEH 1)
20-nt ¥ spacer J¥51(5'-AAAAGGGAATAAGGGCG
ACA-3"), 7£ spacer J¥ 411 5% /5 pSGKP-km
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ik Bsa 1 BEVIALARIDREY 4 %L (S'TAGT-),
AT spacer 5 pSGKP-km Jihkindi%E#z, KIEH:
spacer JEHIBEERILALEE, fiF] T4 DNA EH:HR
BRI Y spacer SEEPEIL I (Bsa 1) pSGKP-km Jit
K>, 4745 pSGKP-km-spacer ki, K H
BHEMH PCR BT LIRS A MR AL (T—OR) yjj W
M B, Rl W A R Y L Tl RS
. BRI EE S BamH 1 &AE{L )
pSGKP-km-spacer FURLE 2 , il 2 PIHTE L 2K
JFF T DHSa BEZZS D, A TR R 5T
PEFA, 30 °C I I HE IR RAFFR R 7%, F ] Vet2-F/R
AT PCR Btk LA R PP 960k, 4 36 1k S Y e 20 J5
it 4 N pSGKP-km-spacer-HR .

1.5.2 HRRTHEKRBORB: 5htlgcf
pCasKP-apr JFhi HL i ik 2 D7Ayjiw::amp® 4l
o) KA RS2 S A0, e A8 R s A A A Y
RTINS T Cas9 A1 A-Red HE4
fif 119 3% o B pSGKP-km-spacer-HR H 41 ik %1k

CmR® SacB

pKOV-HR (Ts)
up Amp down

Gene Genome
up down

Z IR, WA 2B RRE
A EG R LTGRO, 30 °C &7, #k
BUAH ISR B S 5% 238 & R Pk F
Mr, 30 °C b iedsss. (i 96 fLtk, PRHUE—R
TV o SR = IChirE . SN E R RIR
B R PO =A LB B3R, TR R R =
FRERAERIE R P IAER R, 25
HIEFT PCR AP B0, S0 0F 25 5 1E A A By
KIGFF R 5 2828 B RE D7yjiw-24. 42 °C Filid ik
Bi5%, 1HBR pCasKP-apr BTkL, SERNRALANE] 1 s .

2 ERFAH

2.1 KGR EEEShMCEEFRIE

2.1.1 EARKKMWE.: %0750 ks
PCR ¥4, RS Wi A [0 b T if[E
VR amp Fr B (K 2-A ., 2-B), @i H4 okt
Rl EHX 3 46 Bt 5Ly pKOV BukifH %,

spacer sgRNA
I —

pSGKR-km-spacer-HR
up  C down
0 I

l G

/ spacer sgRNA
up Amp down Genome —

pSGKR-km-spacer-HR \l'
up  C down Amp
[ ]

G

up down

Genome

ARed — e}

[ J
®
pCasKP-apr K_)

KCas9 < y

1.
Figure 1.

AR

Flow chart of experiment.
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A 1 234M b B 1 2 3

4

M bp (CO)bp M 1 2 3 45

3270 bp

2. pKOV-HR E4H Rk & IE IR B 08 £EpL Bk (E]

Figure 2.

The construction and validation of pKOV-HR recombinant plasmid. M: marker. A: amplification of

upstream and downstream homologous fragments of yjj¥ gene by PCR; 1-2: downstream homologous arms of

VjjW, 3—4: upstream homologous arms of yjj¥. B: amplification of amp” fragment by PCR; 1-4: amp gene fragment.

C: the PCR validaton of upstream and downstream homologous arms and amp” three fragments connection with

linearized pKOV plasmid; 1-5: fusion fragment.

PAFFE TR pKOV-HR ., ffi [ Vetl-F/Vetl-R 5|
YoxtE 4 BURL#E T PCR 973, i 2-C fios, 7
#1(3270 bp) <7 £E 3000 bp 247, BEHLEkIE T 3 4
TCARFE PR 25 AR RCE 1) PCR P15 DN Y

ZiR BN 3 T ECE IS BORARE , 14 R
pKOV-HR &3] .

2.1.2 St icEEERAREC: % pKOV-HR J5i
KL R D7 BB, £ 30 °C—42 °C—
30°C, —FRINRERFRZE, EHFR 518 5
IR RN E AL, 4 pjiw &30y amp® JED

BEALPE L 44 > BRTR VR 2 DIl AP RN B R AR
TRIUERE D, HPh G 4 MREEAYES
RIGFRAEPAERK, HAEASEREREDP ALK,

HEHL 24 BR T (1) 5L K 48 48 F D7-F/amp-R 5|4 PCR
ik, S5 EOR 22 PR G H &
(2255 bp), FRAFEFRAY PCR 45504008 3 fiis, Bt
WX SR 2N 2R T amp ARic B B4
A, [FBFSEELT B AR f s, W pas R anE 4
JiR, RO RIS THAT amp™ i RIBR A RE o
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1 2 3 M bp

3000
2000

& 3. mBRE#k PCR iE
PCR validation of knockout strains. M:
marker; 1-3: validation of E. coli D7AyjjW::amp” with

Figure 3.

primers D7-F/amp-R.

22 RREZLR

2.2.1 EHBRAIME: spacer-F/spacer-R 5|41
PCR 77 Sl Jr 45 5 s (Bl 5-A. Bl 6), spacer
AN I RS CE 7 o = A N AR e 7 O
pSGKP-km-spacer JiikL, HF LA PCR R AH
b N RRNEE )y A B (Bl 5-C L 5-D),
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Ampicillin gene sequence CGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTG

CGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTG

e

4. BRREIBRMFLER
Figure 4. The sequence validation of knockout strain.
il 21 G0 @R iz BE (K 5-D) S ARMER R MRPER I BN R AE A PCRISNSEIL T W 5k
pSGKP-km-spacer JiRiAHZE , W&l 5-B i, R R 578 o S5 RRWTE B3R A 0 amp
Vet2-F/Vet2-R 5|#) PCR F=¥Ji) 25778 3000 bp & FEHFH Y spacer I [R) J5AE 2 R ) o 2H 2% A4 Jof
A, BEWIREAE R S8R TR O 0%, [MIRF pSGKP-km-spacer-HR.

(A) bp M 1 2 (B) bp M 1 2

The ampicillin gene
sequence carried by the
target gene replaced strain

bp (D) bp

2000

1000 3000

& 5. FZHF R pSGKP-km-spacer-HR #4332 K 56 11F 35 B #8588 A B8 57k [B]
Figure 5. The construction and validation of recombinant plasmid pSGKP-km-spacer-HR; M: marker. A:
validation of spacer fragment; 1-2: PCR product of pSGKP-km-spacer with primers spacer-F/R; B: validation of
homologous repair arm connections with pSGKP-km-spacer; 1-2: PCR product of pSGKP-km-spacer-HR with
primers Vet2-F/R PCR; C: overlap PCR of yjjW gene site-directed mutation; 1-2: PCR product with primers
yjjW2-F/mut-R PCR; 3—4: PCR product withe primers mut-F/yjjW2-R; D: overlap PCR of yjjW gene site-directed

mutation; 1-2: PCR product with primers yjjW2-F/R.

http://journals.im.ac.cn/actamicrocn
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Spacer sequence taatactagt AAAAGGGAATAAGGGCGACAgttttag

Sequence of
recombinant
plasmid spacer

TAATACTAGTAAAAGGGAATAAGGGCGACAGTTTTAG

6. Spacer MFZER

Figure 6.

222 RRZEEKBRR : K E AR
pSGKP-km-spacer-HR #% 1k 2 g5 S il 45 4 1) 5 A
pCasKP-apr JF LA DAy W:amp® B2 S A
W EIRTTIEARAE, R I 36 A HLRE
F 27 PREFEARL BRI POR R, Ui
pSGKP-km-spacer-HR 5 2 Jikr s i FR, $EHL
27 MRWHRERA S T PCR B0, 450 ER, X
27 MRIEfE ] D7-Flamp-R 51¥35 R 1 AL 4%
i, RUIX LRI A T RIREHBEIFHE
ZRETRANEERYMNE, WIMT 17 PREEH]
D7-F/D7-R 5|¥ s Ehy 3 ih 1 H #5574 (3053 bp),
#RAF T B PCR S5 7 fizs, MAIX 17 B
BEPLBKIE 4 BRI PCR P HiEAril e, #4000
RN 8 P, SRR, X 4 BRI w2
DI SEBL T WU R 2SI 3RAT T AT
SRR, IF IS pCasKP-apr THFR, $2HUEE

Sequence of wild strain

The sequence validation of spacer.

RIZH UEFT PCR P BAIE, 4559 B IIZ A8 bk ok &
AR BAY, RUNZCIR SRR e, RAAMA S

K IS RAR

bp M 1 2 3 4 5 6

5000

3000
2000

El7. mRRZEEWREIEPCR

Figure 7. The validation of point mutant strains. M:
marker; 1-3: PCR product of E. coli D7yjjW-24 with
primers D7-F/R; 4-6: PCR product of E. coli
D7yjjW-24 with primers D7-F/amp-R.

ATACAGCGCCGGAAATATTAACCGGCTCACCCC

Sequence of mutant strain ATACAGCGCCGGAAATACTAACCGGCTCACCCE

l “‘ |

'MW ﬁﬂdmwmmmmw

Figure 8.
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& 8. yjw mRTEKNFER

The sequence validation of point mutant strain.
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CRISPR/Cas9 Jk P 4 i ¢ ARAE g —Flr 7 7L 4
WA, SESEFAEEAGESCRR . BE
i . AESECE S AT BT, TR
Wik S SR, B oh — B B2 i S R g 4
A, FEARESIEN T2, BRI s %k
ST 4 o e A AR A L A1 PR S O B
SEIR TR R DA SRR R SRR A, TR T R —
S B A T 245 P A B0 HL Y CRISPR/Cas9
HEA TS PN G il R A PR 2, — iR R R
ARG ASME CRISPR/Cas9 R45E; 75—l 2 H
A £ 5 A 1 CRISPR/Cas 2 40 #4448 29,
ARG 5 — o

PAKIGFFTR yjjw A1, 454 CRISPR/Cas9
AR I, B — 8 T R B
PEIL PR 5 A N 7 e 5], FRATTA K T
SRR R A AR HOERIIRE A R, HE
R E ARG, AN RE SR e T R A
P, R AR E45G T CRISPR/Cas9 Ak [ 4
FeAR, FIH pSGKP-km/pCasKP-apr XU i1 7§
BN S RAS, SERER, BEUHARKKES
THRATH R ERRIRCE . LA, SLRrh A
AT LLR S amp spacer J¥ 4 pSGKP-km-spacer
JERL, 3 AT DAPRH S B A amp R B AR
ML g, RIS S B, BT
spacer 751 T BT, RIBHHTPE SR 1951 Ak fie
Jei BEPE B B A 3R BB 4L T fRT B TR e A i, T LA
PR S BT K T B LA FE S PR ) s 28, AL
P T SRROE,

BEE B9 A% CRISPR RGEAIIRAMIGE,
KI—SHHE 5 Cpfl HH, ZEHYS Cas9 &K
FAHLL, BAFRVN, 25 E R, ki 2®E

S AL, I HLE A R A U U Wl I A
RIZRGEA R BAR) N TR, KA EE
WK Cas9 2 D) BE B AN FE R g T 1D,
H R CRISPR/Cas & Gi e HETMF S Z —, (HiE
ARG G 0TI RAEAE— € ), i
O LA K PAM 740 AR BR il 1 332 1 FH P,
i S AT TR A BIARIE H AL A RE B8 4F R 4%
AN T & T 58

L LR, FATESL T —FF CRISPR/Cas9 %
B PR | TR AL K AT R R IR A B
T3, R TR R i A I R B T AR
T H, ARSI % 5 SR W E K T & BAE L
BEOE T R NSRS . IR, 2O
ST, RS AR G T2 A B 4 R 0 UE A
TZEME, IS A 5 AL S B ER ST 5
TE SRR AL LRI B, SR KR B
FER (TR R A 1 284k, S8 5 ke
ST, AT RAHRE SEBT SNP AV 5 G o

2 % M
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Two-step strategy for point mutation of yjjW in Escherichia coli
by gene editing

Qi Zhang, Yajing Liang, Yuxin Zhang, Linghui Chen, Zhongrao Han, Beibei Li, Yi Jin,
. . *

Xiaoqing He

College of Biological Science and Technology, Beijing Forestry University, Beijing 100083, China

Abstract: [Objective] In order to investigate the target genes in Escherichia coli, we used the CRISPR-Cas9 tool
combining with homologous recombination to develop a two-step strategy for point mutation. [Methods] First, we
assembled the up- and down-stream homologous arms of a gene and the amp gene with the pKOV plasmid to
construct the pKOV-HR plasmid. Then the pKOV-HR plasmid was transformed into E. coli and the gene knock-out
mutants were obtained by the RecA recombination system of E. coli itself. Subsequently, we applied two plasmids
system (pSGKP-km and pCasKP-apr) to handle the point mutations of the target gene. Firstly, we designed a spacer
sequence of the amp gene which was able to guide Cas9 proteins. The overlap PCR was used to produce the
homologous arm containing point mutations of the target gene. Then the spacer and homologous arm were
connected by pSGKP-km plasmid and the plasmid pSGKP-km-spacer-HR was obtained. Next, we transformed this
plasmid and pCasKP-apr plasmid into the above-mentioned knock-out mutants. Finally, we got the point mutants by
the DNA-cleaving of Cas9 proteins and A-Red recombinant proteins which were produced by the two plasmids.
[Results] By this two-step strategy, we obtained yjj/¥ knockout strains named D7Ay;jjW::amp®, and point mutants
named D7yjjW-24 (from T to C the 24th base) successfully. [Conclusion] The study established an efficient method
for point mutations of target genes in E. coli. The insertion of amp gene provided an effective screening marker.
The recombinant plasmid pSGKP-km-spacer established in this process can be applied to point mutations of other
target genes, which will greatly shorten experimental processes. It contributes the scientific theory and practice for
the development of gene editing technology.
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