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TE T HEDR R bRt SR o [ 2550 1 R PCRy= Wi ¥ % 5 . Western blotting /34 S 75 Il 2 176 1 48 8 S5 4 SR e
AHFFE K CBE R G0 1o T SR A FE VD 1] FC B s Ty A B PR IE St 48, oL PRI R Rl v A 2 T R 177 98
I TIRTESIy AR BRI MR . [ 2516 ] CBER Gt B AR DAL HRAE ) 17 158 1 A SR 1K G 48 H AR S5 f, {H[R]A-Red
RGN, 25 T B R B gRNA K PAMA &, AEARBE TR bR b i @ e AIK,  BLE A T iR
i, CBERGAFAEANTEMNIM ., R4, HCBERGLE R FEW I TR R h s, Ait—
¥ 55 52 35 1% A 1 ik X g i R e AR It T SR

KEER: BUOTEVDITIRE, SlyA, MUMERE R RS0, A-Red FIPREAHA, Fe 44

AT FEUD 1T IR TA (Salmonella typhimurium)j® — HABYPTTRE KRB, #8210 1 G Yk )
WL RE R~ HReeigit S BRI ARSEESE, SEEBREEE, ™

]

EEWA: K AHRREEE(21908168, 31870122); Kitmi HRFHEEES (18JCYBICI6000)
“BEEE. E-mail: i, wutl26@163.com; B, ruanhaihua@tjcu.edu.cn
s HEA: 2020-11-03; 1&EI HER: 2021-03-18; MR EAR HAR: 2021-05-18



2546

Juane Lu et al. | Acta Microbiologica Sinica, 2021, 61(8)

R R3O BT G, W R TER
TRAFE AT 9380 J7 B EIRIEZ AN 15.5 J1 A5
1201, R B FE VDT ] ER TR (i tR = A5 I
MXid | O RBE L SRR BE R L IBRE S,
H1 T U0 1] PG o 2% R 0 N 236 J ) T T2 M), A
FEUD 1T ER TR R I 3 AR LA 20 P A7 0
R AR E

SlyA 1, J& RG] R K —FhEom
PEE SRR T, hoshvd FEE G, 28T
MarR/SlyA 551, siyd HEPE R 3 BLAT9E T ]
PO B3 ) By A G R Rk ry vh 1) PR5, R
FVFEER SlyA H5FH . HUAALRIE . Pk
Wy RN B A ZE VD T) TR A 1k 4 Y v 8 A T A
ARV R, SlyA RASMVR TR IE K
1A R, ] S BRIV ] FRTE B S e Rk
R, HAE/N BUBR AT A G L A RO E
Peyers BE . I Rk B 4540 FIRgE %
B, SlyA REfSHem OB FEVDT] FRTA DX 1 3 gk
QR X TE—E REE B3 1 £ P51 20 T Y
[0 8

FURT, & UL EE N 96 4 R 586 CRISPR/Cas9
Fil A-Red [AlJH 20 745 . CRISPR/Cas9 42 —Fliff
TE T R 22 B0 An v Aty A0 i R A O M A 5 B
MRS, 2RI E B I AR B0 B¢
a4 DNAY? % R e RgiE o — & 51 0 52
it ¥ A7 KR S D) R 7 A DNA RUEE T 2L, 3
J% 40 M AR [A] Y5 R ¥ 3% #2 (non-homologous  end
joining, NHEJ)&# [A]#/ 09 BiE DNA BE
(homology directed repair, HDR)HLH|, ML
P RO B D A1 R L E AR AR DR B K
SR A R G AE BRI T AR I, BEAL A
TR 28 G R RE , AR 24 Hir il
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FIABHINRE . BT, Bms bk g iE R 50
(CRISPR/Cas9-guided Base Editor)ifl i i,
5 i 8 R 23 SR W IS R I e 5 i B R (C-G
) T-A)FIEIS Bl i R (A-T 3 G-O)F, 1
Hh, L IE BRI 2 5 52 58 (CRISPR/Cas9-guided-
Cytidine Base Editor, CBE)F/J &AL H Ay . % Cas9
) [ [ (nickase Cas9, nCas9)-5 g mg g JIid 22 i F
£, dEad sgRNA $E[ 2 HARFS, 2 FRf g
BT O N RS DNA B IE R IE (eytidine , C)E &
JE PR W5 BE (uracil, U), i#id nCas9 7E5 sgRNA
HAh DNA # FROVIRIER, &SR sk s, [H)
RS A0 LN B9 DNA B HLH, (2150 4 i LA vk
B 5 B R R T R, R A R
C-G FRHXS B4l T-A, RANZ RGHEA T HG8 L
Gl , AP ALEBF(TAA, TGA)M A 5]
Zk BRI FRREOR, BRaT&ZE !,
A-Red [FIREHRGR T L WEE A EHAR,
FELG exo. beta. gam —AFEH, Al ZBTHAA
B S35 Exo. Beta, Gam & ", H | Gam
REA% 100 1 = A M b O AZ R W G M, DA T PRAIE SR
IRZME DNA Jr B e g 1, 41 PCR 774 ; Exo
A7 5-3'DNA M i) A% R S U Bl T P, mT e
LAMEBUEE DNA J2 AR Y 3R MoK 3 ;. Beta 25
] 2545 B LR XUE DNA 1Y 398 H ARG A i
b, EPEIER A DNA XUE, FEE kR 3
PRIV i %) 7 47) R -5 G [ 8 ) 38 58 TR 7y 47 ] A A
FA, A 3 MEFAPMEER T, A-Red
HAH RG] LIHEE R DML EALE K DNA 73
THATTIZ BB

A5 E UK CBE R0 T BAGFEDT]
[CH, 4351/ CBE R F1 A-Red [F]i5 E 41 RS0 H
#TROGFEVITRE SlyA MiBRE R, IR miFh
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FE [N G BB AR AT LEBE oA, AU BRAT JE V0 1]
AN GERIES S, Ry — 205
THIED I QI A )~ T RE B4 kil

1 ARR®

1.1 e

1.1.1 RSk : RGN S. ophimurium
LT2 P51 (ol A 1 v o (A P 2 D 2 53
AP (CGMCO), PR S 5 N No.7020, Ji
i pKD46 ., pKD4 Fl1 pCP20 1 BRE K2 K Ig T i
PR3 H 0 (E. coli Genetic Resources, the E. coli
Genetic Stock Center at Yale University)5i 84 , Jiifi
pBAD24. pBAD24-Myc-SlyA A 5256 %8 {517,
JFikE pnCas9-AID | p034-apr kA [E B} 27 g Kot 1.
b A P AR B S BT

1.1.2 FEEG 585 LB 5@ i= b
Br 5 /L. BREEFIH 10 g/L. NaCl 10 g/L. Bifgkr
15 g/L, pH 1H 7.0); Il B 45 R 3E (ML I B G LAk
38 g/L. MLLF4EF1M 6%, pH fH 7.0); 2 NE %
?(ampicillin , Amp). %L%?%%(chloramphenicol s
Chl), ~HB% &K (kanamycin, Kan). L-BUHi{rk .
5 N &k -p-D- fii 48 2F FL BE ¥ (isopropyl-B-D-
thiogalactopyranoside , IPTG) . #i MR % & 5 &R
(Apramycin Sulfate, Apr)3Jily {4 T A T (L
W) B A7 B2 H] 3 KOD DNA R A A
TOBOYO /A#l; DNA Marker 4 [ FKARA: H) 45 R
ABRZATE; DNA RIEH & . K HRP 4t
“ P H Promega /A ) ; [ Marker g H
Fermentas /A Al ; SopB £ v FEHUIAR A 4% 5216 % ff
75 SlyA Z seBEPUiA dr A 9230 2 il 1223 (AR
BALL SlyA HEHE NP, X AR R T B T
U, BRIV T TIRE SlyA M2 lEdt

. ZriEPUARI SR T 2R #il& SlyA
-GBS0 3 W (A T i )- 24 7 3l ) e iz -1k
B A0 34E 4 000 4 (e 8 A B0 0 UE 2 7 A fe
925 )-SR B A IV - Sl A AR - 2 2 PR (2 B Sy
S

1.1.3 U 5RE: E/M0EUE T HAR
B F B EZRRK I T HA SANYO Al
AR FRAR G T b e R IR AT AR
T EE BTX Anl; 2 ARG RS
T b RBERHE AR AW s HZ-8811K fH IR
Vil T RE TR 3 PCRAY., BB HLIK
A, A WG BRI A% 3 B R 48 . SDS-PAGE 4 [
LUK A 34 F 36 [ Bio-Rad 24 H] .

1.14 B9S8R ARG ImE 1
I[N

1.2 CBE Z%:AGE SlyA BiBRE AR

CBE A m bR bk B9 7n BRI AL 1 B
1.2.1 CBE RSiMHE: CBE 477 % nCas9 &
FIAT gRNA 1L [RI 1 T A RE & #4225 K D
P gRNA ORI, 7525 AI I Y gRNA
4% GenBank FR RN IPITIRE S, typhimurium
LT2 slyd JEF A CFIIMEE, LT gRNA
PYSEAJE, 15231 3 > gRNA W13 2 iR,

31> gRNA [ N20 8 & A HiR% 7 CAG
5 CAA, T N20 (Zsim) B 5 4-8 £, HARE D
T5 PAM [H][% 12-14 bp, H HARZM T8 i
BARIIEEAN G, i AL g 4 S C B T Y
e, BRAKILEL T TAA 2 TAG, "4 ki
EARFIE . LUTCKL p034-apr AR, Bt
(P 519, @ik Golden Gate ST, 4%k EE
3 > gRNA JF ki,
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x1. KHREAASY

Table 1. Primers used in this study
Primer Sequence (5'—3")
For homologous fragments amplification
S1 GGAATTGACGCAGACACATTGGGTCACGTTGCACAATATTCATCAATTGCGTAGGCTGGAGCTGCTTC
2 AATCAGAAGCTCAATCTCCTCTGAAGAAATCCCAGCCAAAATTTCACCGCCATGGTCCATATGAATAT
CCTCCTT
For slyA verification
S-F GTCGCAGATTCAATTGGCTAAAG
S-R AATGACCTCTTCCATCTCAGC
slyA-F ATGAAATTGGAATCGCCACTAGGTTCT
slyA-R TCAATCGTGAGAGTGCAATTCCATAATGT

For gRNA fragments amplification

gRNAI1-F CCAGGTCTCACGGTTGACCAGTCGCAGATTCAATGTTTTAGAGCTAG
gRNA2-F CCAGGTCTCACGGTATTCAATTGGCTAAAGCGATGTTTTAGAGCTAG
gRNA3-F CCAGGTCTCACGGTGTTGGATCAACTTGAAGATAGTTTTAGAGCTAG
gRNA-R CCAGGTCTCAACCGAGATCTGACTCCATAACAGAGTACTCGC

For pgRNA verification
99A-apr_F CGTGAAAGGCGAGATCACC
99A-apr R GTCTGACGCTCAGTGGAAC

For slyA mutant verification near N20
N20-YZ-F GGAATCGCCACTAGGTTCTG
N20-YZ-R TCACATGGCCACACGTATGC

The underlined sequence is homologous with the sequence of s/y4 in S. typhimurium LT2.

Lacl ncas9 linker pMB1 Apr

Cat pl5SA AID gRNA-N20

\J{ectroporation
pncas9-AID Y Inducing CoT
pgRNA _/with IPTG\chromosome
1. CBE ZHERREREXE
Figure 1. Pattern diagram of knockout strain
constructed by CRISPR/Cas9-guided-Cytidine Base
Editor.

% 2. gRNA 575l

Table 2. gRNA sequence
Name Sequence (5'—3")
gRNA1 TGACCAGTCGCAGATTCAATTGG
gRNA2 ATTCAATTGGCTAAAGCGATAGG
gRNA3 GTTGGATCAACTTGAAGATAAGG

The underlined part is the location of the target codon; the
bold part is the PAM site.

actamicro@im.ac.cn

122 RGEDPT]RE B HHRARZEHEN
W& Pk S wphimurium LT2 E7% T 5 mL LB
WA FIE BT 37 °C. 200 r/min $ER LR
Figv)a . 1% 1%HER 4%, IFT 37 °C. 200 r/min
AT B IR R ODeoo N 0.4-0.6, B WCE T UK
K 20 min, )5 T 4 °C. 4500 r/min 514
B 30 min WA, IR 10% H
Uk 3-4 K, wJaH 10% HIME BRI, # 100 uL
PR TR B L E T, WA BRERFFT-80 °C
UKFE AR
123 CBE RGWHALBERBLEE: ¥
pnCas9-AID i #i 5 gRNA Jii ki 2t [[] By i 1k
(2.0 kV, 6 ms)ZHIRE 1 S. typhimurium LT2
ZAYM, WK DS 45 min 5 TN
2%'%%‘3“%@2#5’9 LB P i s E5 57 . I H PRI
V& T 37 °C FEIRKEFR , TR IR AE K E AT BT
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IMALHE N 0.4 mmol/L ) IPTG, HKIAES
nCas9 FH KA, WHEEBDEFEK, T LB i
ﬁ¥ﬁ£ﬁ%ﬁ%wmawﬂia%:LﬁﬁNm
BT A %6 5 5 910k T PCR 9714, 3K PCR 3~
%F%ﬁwMé%ﬁi%ﬂﬁﬁmﬁﬂM?o

1.2.4  SlyA BBREHREEBKF EWEE:7E
WRSEI LA b, R I Y R B R R T 37 °C $2
REEFE, CH 20 BIE 1 mL EIRTE#, 12000 r/min
B0 3 min WA AR VES T AR 1 4005 Bl (Western
blotting, WB)fll, LIR{IFE 15% SDS-PAGE., %%
. B SlyA ZrifERUA Ny —PiEER HRP 471
RPUHA T EREAAL . BRI . 2 B 3k RO
WAL RGN %% . T WB SEEGRT, 2] SlyA
AR BAMEXT B, I VDT T R P A 2 i A
SopB 1E RN Z, LUE R NIKIEM AL,

1.2.5 SIyA FiBRERMIEILIERE: SlyA fbisk

%%ﬁ%—ﬁ%m%,m?ﬁﬁémwbﬁﬁw
(M2 AT I TR SR 25, RIS AR,
@ﬁﬂﬂﬁ%%%%%?ﬁm%,ﬁ%ﬂﬁiﬁ
MG P FF R, AR S20 0 1 1 RIS
S T S R 30 U AR TR AR T AR R L . 0 i
B FaR /g S, typhimurium LT2 F1 Sly A w3 55 76 AR
WK, W&z MIEAER AR, ioE THERE
FEH, 37 °C B3 12 h i, BT ¥ A 10 7 o
Tole FHAESLIERE ., ¥ pBAD24-Myc-SlyA Jit
Kb b 2= Bk 2 A SlyA mbREEE, A b
Pk CAslyd, I LIFAL T 25 #idk pBAD24 (1) AslyA
DERAE T RRA . b s, RENCR IR 4R =
MBI IR RF W, 37 °)CHIRMEIE 12h )5, W
LA SlyA J5 T T& A% INLAE 0 -

1.3 )-Red % SIlyA @iBREA MR
A-Red 1546 2 R Bk TR Ak 4 7 = B an I 2 s o

Homologous fragment

1582 bp

=

o

5"homologous arm 48 bp

ﬁF\

5"homologous arm FRT

Kan (795 bp)

86 bp <50 bp!<— 201 bp—=«50 bp! 54 bp

«—— SlyA@d41bp) ——»

46 bp 3"homologous arm

Homologous recombination

FRT 3"homologous arm

T |7

5"homologous arm

=

48 bp Kan (795 bp) 46 bp
< 1722 bp

86 bp!l«— 68 bp —43 bp— 75 bp—'54 bp
331 bp

7 | |

FLP recombinase (pCP20)

FRT 3"homologous arm

7

2. A-Red FEREHF AER R EKIRR E

Figure 2.

Pattern diagram of knockout strain constructed by A-Red homologous recombination technology.
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1.3.1 Red EHMHNERREERZEHMH
& ¥ pKD46 IR H A 1b(2.0 kV, 6 ms)E
S. typhimurium LT2 J&Z 540,30 °C F Amp”
(100 pg/mL)-# b i 8 BH M o b, FFods Hoz A
5 mL & Amp iy LB ARG SR, T30 °C ¥k
DiREiFE, KH L 1%z, 30°C JR5 1557
% ODgoo T 0.2-0.3, 52 BIIMA LIRS 5 mmol/L
1 L-FIRABIES Red EAEAMERL; B
1 h 53R & T koK 20 min, 4 °C 444
T 4500 r/min 2.0 30 min YR, I 10%H 3
Uk 3-4 K, e 10% H M E R A, #2100 uL
SR ICH B O E T AR ARG T-80 °CTHE .
1.3.2  [FERBERE R L) pKD4 Fik:
RS, EVDT TR slyd FE R [ JRVE 51 (4 51 4
S1 H1S2 Ry R 19, ¥ igwismi A H a5 R
slyA R EJF AN Kan® | Bt OB 2R : 95 °C
5min; 95°C30s, 55°C30s, 68°C2min, 30
PEFR; 68 °C 10 min, ¥ IGEEHIE, H 1% Bl
BEEE RS HL UK PCR = A 74, I H DNA [#]
Wil 5 & U PCR 7= J5 4 Dpn 1 4k(37 °C
BEE] 30 min), EERBNBRLS , IR T4 A
Bt FIRE K BUS pL AR A BEE 100 pL 7%
A Red FABFAI TP I] TR 242 A5 4 ML 47 vl o A
f£(2.0kV, 6ms), ZJ5T 37°C &M TFHREREHE
6 h, WA T Kan °FA [, 37 °C {8l & 155

1.3.3  slyA ZEFERREBR X ERE . BEVLHREE 41,
Iy 6 AHERE, R E 5 mL LB KGR
37 °C i ARG HE 7% o Z 5 B 2 pL BRIVRAE AR,
FIH] slyA-F | slyA-R F1 S-F ., S-R W%t 51443 5| ik
FTHAYE PCR %2, [lAS DA A Y B RE A o % iR
PCR S 45016 1.3.2, 5eJ5 F 1%Br i e e v
TKEEE slyA FEDRUZ A LR, JRAE R SEe i

actamicro@im.ac.cn

el b, 4R 1.2.4 7R T WB

1.3.4  SlyA BFREREMERE: 5 1.2.5 HiE
A, 2 AEER EiR /D S typhimurium LT2 Fl
BEALHEL 2 4> SlyA @iBRAEHRET , WLk 2
DRIRRE SRR, s THEIRKEIRAE, 37 °C K
F& 12 h 5, WESTRVE v s ol . eah, #%
pBAD24-Myc-SlyA Jiufifi b 2 ik 2 4> SlyA i
PREEPRH, MEEIEME CAslvA, FFLEL T2
AR pBAD24 1) AslyA BERRVE Jr Xt B4 . 540 A%
e, BERUE R 2k 2 i B AR B R KR, 37 °C
fEIRER SR 12 hJ5, WE WIS SlyA J&5 FE V& 17 I
THL

1.3.5 HitEEEE B R BRI 6 MRk
FAREGHUERR LB A ERIZ, 43 °C Higead
o WHHRBRT T, T Amp H-F-H ERIZ,
LU 20 W — 6L T & Kan #9°FAR FRIZ,
37 °C ¥EF b I, PRIEXT Amp "BURIM XS Kan" HA
itk B wtR, RIhZ:Bk pkD46 ORI AY SlyA Rt
BRPR s ¥ pCP20 JUki FH M i Ab i 5 Ak 3] bk a B
Rk, FALIE 8 30 °C KigR, THBRBUMEREA,
Pl 42 °C #53%, THBRBRL pCP20,  Fifl o 4 i 2 ik
R THAE RN LB AR S5 37 °C B55%
W, BUd G SR T PCR ik,

2 HRAAT

2.1 CBE &A% SlyA BRIt 41

2.1.1 CBE WBEHRBREMMWE: LI p034-apr
g Bk B, 5% ] gRNA1-F Fl gRNA-R . gRNA2-F
Hl gRNA-R ., gRNA3-F 1 gRNA-R % 3 %t 5|93k
17 PCR "4 , 318 1 Golden Gate S 5¢ %, A 4,
JR & Wi PCR DL F4E5E, IEW] 3 4> gRNA
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kLR i B, # HoAir 44 4 pgRNAT . pgRNA2
pgRNA3, 5ZHiC M H 47 1% pnCas9-AID kit
BT 3 2 5 2R 40 . CBE 7544 2w B T A A =X ]
wE 1R

2.1.2 SIlyA BERBHEE: R PHRE
T IR 5 AR B v P T A A, RIS 1)
N20-YZ-F 554 N20-YZ-R J£47 PCR ¥4, J
W B3G5 097 03k 2w, ELAI 25 AR 4o
B 3 BN o 8 3 Ho X 25 SR % PR, 44k pgRNALL
JRLY 2 5 TR DL AY pgRNA2 BURLEY A TR TR
B g, MINSCELT C B T ke, BRI
T %S T TAG F1 TAA, 1fif pgRNA3 JFRLFr X
IO R TR V& A RE B G 8, 3 AT BRI T 4 4 A
PRI, Bl gRNA 7 8 AT

FE I Fp 285 e (6 Atk L, Sk B0 UIE PR I 28 AF
J& SlyA B 6B (K P B2 75 1 2 a o
HEAT T WB 2 BT %8 o B b 0 328 30 00 PR Bk
% DA A R MY A B R B 43 45 R T 5 mL LB K
R B %16 hJm, Wl 1 mL @ik,
T WB Kl g5 RANE 4 frs, JKIE 1 \?*
16.69 kDa 3T , =A<k 1 4% ] 2 11 454 5 72K
3. 4 HRilF) o> 15 K2R 16.69 kDa (14
&, B S ATV TR AH L, R CBE
ARG R Aslyd WK E T RIE SlyA HH
(IRE ST, T TESE K F FAESE siyd B K 2w
B R . HAEM S, VT TR i
SrUAEE L SopB fENNZ:, LUE i UKIE Y
R

Mutant 1 135 GCCGCCTGA

GTCGCAGATTCAATTGGCTAAAGCGATAGGCATTGAGCAGCCATCGCT 194

Wildtype 135 GCCGCCTGAjjiGTCGCAGATTCAATTGGCTAAAGCGATAGGCATTGAGCAGCCATCGCT 194

gRNA1 locus
Wildtype 136 COGOCTGACCAGTCGE

Mutant 2 136 CCCCCTGACCAGTUGUAGAT

ATTGOCTALAGCGATAGGCATTGAGCAGCCATCGCTG 195
ATTGCCTAAAGCGATAGGCATTCAGCAGCCATCCCTG 195

gRNAZ2 locus

3.
Figure 3.
kDa I 2 3 4
17—
),
10— '

72
SopB
55 -

[E 4. CBE 133 SlyA RiFAE #k WB 1 1iE 45 R &

Figure 4. Construction of Western blotting verification
result map of SlyA knockout strain by CRISPR/Cas9-
guided-Cytidine Base Editor. M: Protein Marker; lane
1-2: Western blot result of two Aslyd;
Western blotting result of S. typhimurium LT2; lane 4:

lane 3:

Western blotting result of SIyA protein.

MrLER

Sequencing result diagram.

2.1.3  SBEBCERERFA Editor R #4): ik
— L slyd BSLAIRIROR, BRIREERIES
J& )W E AR SR TSI N20-YZ-F 5 51
N20-YZ-R #17H## PCR, JF¥ PCR 4kl 7
ANTINRE, 85 Editor R BP0 R 45 R0k T
YR, AMTEE AN 5 TR . MRS R A pr 4
R, AIE H pgRNAL 5 pgRNA2 R C #Af
T (IiEERCR BN 78%5 87%, 5 3CHk kil
{18 BRI G 4 SR EE O, TR A R I R ROR
KF-s
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2.1.4  SlyA BEREHRMEIMEE: Winsiim B AEKN PR BN REREmASE, RAN
Bl 6 B, B AE BRIV T TR (A E KIS R ALV y-I ORI ) PIR, KB slyd BEDH E B i
JAFM LBk 78R AERR, BABBA LG Br, MR TIEMEESs, s, 78R khse
B MR, RN UMK M AshA Bk 3o, 5% 46T pBAD24 1% BEZ1(C) R AslyA Ttk

(A) (B

aTGACAGTCGC/\G/\TTCA/‘\TTGG a ATT!’«/\TTGGCT/’*/\AGCG?‘.T

I\

|

|

[

| | | | | |

|

\ AYRYRYA
AANLLNVNANI Y L Y XA B/ () 4 R S . SR 2N S W S S S
b TGAC[CIAGTCGCAGATTCAATTGG b ATT[CIAATTGGCTAAAGCGAT
[T96 1 2 278 0 297 2 0 0 4 4 8 80931 4 298951 1 (T} 3909587 2 09397 5 7 4974 80 1 3 5 1095
Gl2971 40 1860 2972 2922193 2 3 40 3899 G|1 321510389791 114585238721
Cl0 11932100 296291200292 21102 Cl|0 60100000 513860 4 50 4923 60
Al2 1961 1892 1 022933902 2 191821 10 1 Al96 1 3 293847 0 1 09 2918295 0 3 5803

5. pgRNA1 #0 pgRNA2 Xf i & iR 4R B E 7 &
Figure 5. Analysis diagram of editing efficiency of pgRNA1 and pgRNA?2 corresponding to bacterial solution.
A: analysis diagram of editing efficiency of pgRNA1 corresponding to bacterial solution; B: analysis diagram of

editing efficiency of pgRNA2 corresponding to bacterial solution. a: peak diagram of sequencing results; b: the
conversion ratio between bases.

(A) (B)

Beta hemolytic Gama hemolytic

©

Gama hemolytic

6. slyd EEBFRET. /7R E R K& B 4K RY %A ML K (CBE %)
Figure 6. Hemolysis of strains before and after s/y4 gene knockout and replacement strain (CBE method). A:
S. typhimurium LT2; B: 1 and 2 are AslyA strains; C: Transformation of empty vector by Asly4 strain; D: 1 and
2 are the replenishment results of the As/yA strains.
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PR — 20, RN - MR M [ A R
CAslyA(D))RA 5B L RIYD TR — 3, R
Sy BV MLAEAR , FRIIVPT T IRTE h slyA FE K R g
RES 52 M0 B A Y V5 1L RE ) o

2.2 2-Red FEME SlyA REBRERE R

2.2.1 slyA EFBEREHRA PCR %5 : UL pKD4
JkL AR , A S1. S2 51447 PCR 43 i
WIFY slyd FERFFFIEIPE . F1ah Kan® A9 [H]
U5 DNA Fr B, R BKJEFNS{E N 1582 bp, #%
PRI IEFTHE e B AL 2 547 Red EALFGIVD TR
PRS2 S AL, BEHLERER Kan 4R 4 6 4~
SOl KT 20 uL JERE/K T, B2 pl RN
A PCR/NEH, P14 PCREHA 48 uL B
MM AN PCR W AR R, HEHH slyd-F . slyA-R Fl
S-F. S-R PIXS 519143 5 AT PCR %@,
K 7-A, X519 slyd-F. slyA-R By T
1722 bp Zi47 B4y 4%, H XTI 1S DNA Jr
BEKJE N 441 bp; B 7-B R, FFkRY 6 P HTERE
HWE51Y) S-F. S-R U TCAAT o, XF R4
M3t 201 bp 247 4325417, TRZH S [ AR H.
ISUE, WIFRAr R slyd FEP R 201 bp KN
J BB e o

2.2.2  slyA BEBEREBRAE WB 2 : 7EV0T IR
AR R, R E T SlyA RESTER K
HIEH Ik SETF I, 8 BaRTE SN 6 #k Asivd
PRI R R A RUVD ][RR 4R T 5 mL LB ARG 57
S, iR 16 h A, UK 1 mL WK, #H17 WB
R 5 RGN 8 Bz, 8 B A= B 1] FR R AT STy A
EE PR RN B 4> FRAE 17 kDa DLF 2
16.69 kDa R/NWEE H 560 S5 iz, 7R 2 3
)6 bk AslyA AR H WK BER I Z L] SlyA 2
o BPSEPA RNV TIRIAAE LG, FIH A-Red F 41

201 bp

7. A-Red 7% SlyA B{FRE#kHY PCR $IEZ RE
Figure 7. PCR validation results of SlyA knockout
strain by A-Red technology. A: M: D15000 DNA marker;
lane 1-6: PCR result of 6 clones with primers sly4-F
and slyA-R; lane 7: PCR result of S. typhimurium LT2. B:
M: D15000 DNA marker; lane 1-6: PCR result of
6 selected mutants with primers S-F and S-R; lane 7:
PCR result of S. typhimurium LT2.

kDa 1 2 3 4 5 6 7 8
17—
SlyA
10— i - ._ Y
72— SopB
w 0
55— . P

8. A-Red EHFE SlyA REFRE#RAY WB 1iE4E R E

Figure 8. Construction of Western blotting verification

result map of SlyA knockout strain by A-Red
technology. M: protein marker; lane 1-6: Western
blotting result of two Asly4; lane 7: Western blotting
result of S. typhimurium LT2; lane 8: Western blotting
result of SlyA protein.

RO R MR R R 25 T RIK SlyA HERIRE
1, IWITHFER K- BAESE siyd 55 R 29 ) i
bro HARMSIER T, VEMIVPTT IR 0y 40 i
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223 HiEEREREBRSRIE: LI 6
SIyA FEBR RS A pKD46 Tk (Amp )l Kan®,
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Horp,pKD46 JsrkifE 30 °C Ji R I nl LUIE # &2 1l
MAE 43 °C R g RN 78 4 £ RP, wnE 9-A
JiR, % 43 °C 3R Ja MR m R R 7E 5
Kan'f) LB A FAEK, (HARBEES Amp 1) LB
PR A R ITEER B R pKDA46 BRI B
bk EXF T SlyA BBRTEAK A Kan®, [
LR 4% FRT 57 55 A9 pCP20 FTAi(7% FLP
M), MR 2 4 FRT A7 &89 Kan®, #
Bk Kan® J5 B HE AR VEFT PCR B3E, FUE5 |4k
B oslya FERP LM THESIY, B siyA-F F
slyA-R. #MINER Kan®, B b, ¥ K0T
FOMRZI 331 bp, #HAREER, WIEH PCR #%
PBE BT 1722 bp [ DNA £ . RIER 9-B,
i 615 2 9 R MR A5 3] T 43 F i K2k 331 bp
) DNA ¥ 34 447, 5 Kan® L8R5 A0 HE 114
EAFF . X R LR T SlyA bR bk
PSR A 240 S, typhimurium LT2
AslyA .

2.2.4  SlyA FRERE ML E : LT LRSI
SRR, BEHLAME 2 4> SlyA MiBREAR, ST
VS LS PEASIN , B ZE RAnE 10 FroR . BFAEAY
DT T PR (A) A K B 35 57 35 T 7% T T A 2L il Bk 2
SEA R AR, BB R UL A B L, %
Ry B- AR s MBEALAMEY 2 4> AslyA FRE
BT K PR TCIE MBS, FIH y-7F 17
M, X —IGE R T Aslyd BT R slyd ZERE
PO RR , PR R T IR ST, PRI
TERIAN 2, Fedl T pBAD24 fX IR (C)[F]
Aslyd WRRIERA —2, RIA y- eIk 5 i
[k CAslyA(D)RIA B pER, KWV
ITERBA Y siyAd SEDR P BRG BE A% 52 M B 14 1) 95 I
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Hie o
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9. A-Red ZMMEEMERERIELRE
Figure 9. Removal and verification of resistance
genes by A-Red technology. A: The left side shows the
results of streak culture of 6 positive clones on the
plate containing Kan'. On the right side, 6 positive
clones were cultured on Amp" plate. B: M: D15000
DNA marker; lane 1-6: PCR result of 6 clones with
primers s/yA-F and sly4-R; lane 7: PCR result of

S. typhimurium LT2.

(A) B)
Beta hemolytic

Gama hemolytic

© D _
Gama hemolytic Beta hemolytic

2

10.  siyA EFEBPRAT. [5HYE K B4 kAR M
PR (\-Red 3%)

Figure 10. Hemolysis of strains before and after sly4
gene knockout and replacement strain (A-Red method).
A: S. typhimurium LT2; B: 1 and 2 are AslyA strains; C:
Transformation of empty vector by AslyA4 strain; D: 1
and 2 are the replenishment results of the AslyA strains.
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B FE VD 1) IR T — i UL % £ Y5 B
L, R AT H U . SIyA 1y B %€
DT ERTR Y — A~ SO P s 428 1A, A G 1
WIE , B2 51T R My, X
WA A R T8 78 RAGFEVD T IR ) B0 AL
N SRR ZE T IR R Y B b, SlyA 5k
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4,y 412 P B D0 A A0 %) TS RN A D 1T T R
P T it AR e SR

T A Ofe R 24K () CRISPR/Cas9 £ 4t &

— PR AT HL AR A R PR g 1%
% SR AR S R A, H FE 245 f NHEJ
Al HDR 4 7E 4 . B4k NHEJ fil HDR /59 3
R BRI A 5, (HE A 5% B CRISPR/Cas9
BRTEXUE DNA W2 b Al ge <7 A AN R
M2 p e, RGUREBRET, TR AR 4
W RHBARA, ATRes T AR R LA
1k, I HAE A B BE LS A B R #2350
R bR, A EHEd e ge 45 B A & 51 A2
AE. HUK, BOCHERZ, JUERHY CRISPR/Cas9 42
ARXPRUEE DNA V1% B 9 B BB 08-S 80 B 1Y)
DNA it FI A BEFE T, ¢ Bl 1E 2 45 DI B 20 X
W, T, FRATEHE CRISPR/Cas9 FEhifi &
JEE T A ) e W B B G A R, PR IR R

wEis P TIRE S R g b, @ikt
FIR Y gRNA, R CBE &40, WIS T it
C 3| T WA, FIRGERRW, A DTS S 4E
R YGE ] LU b 3 T U0 T P 0 5L R g e
BHEGESCR LA B SR E A PIDRSE
) A HT R 3 s .

% T CBE &4, A-Red [ V5 5 4 £ AN
T L HEAT T DNA 8L i1k DNA , i 52
5 W 25 A [) 5P 4] %) £ PR vk 3 IR R B A
SN, R BefE A WRRIAEA R Exo.
Beta, Gam WI1EHT 5 4 AR P 51 e A WA #e
T SE L R i . A-Red EAKRRRAT
“pKD4/pKD3-pKD46-pCP20”{) 3 ki thE R 58
Forb A 56 T4 3G ok 5 D B Y RS AR T R
pKD4 (8{ pKD3). &f A-Red FHHY pKD46
JECRE LA K A B R pCP20R 4 A-Red ] Y H 40
JE— SRR, AR T I DR ) i
R, EERBRHIEFEIE, Yl it A
JEAE A 25 B A — > FRT VA, 04 R ik R 4 i
BEZN, 258 R RRE , IJoik: 52
PR 2 bR 55— 1T, A-Red HAIH:

% 3. CBE A%5 MRed RFEUKICEE
Table 3.
and A-Red system

Summary of comparison between CBE system

Items CBE system A-Red system

Operating  Base editing system  Three plasmids cooperation

system composed of pgRNA system of pKD4/pKD3-
and pnCas9-AID pKD46-pCP20

PAM locus  Exist Null

Universality Bad Good

Stability Instability Stability

Simplicity ~ Simpleness Troublesome

Time 10d 20d
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ARIEFER G I Z BIAR KR . FEP G 75 2
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A B 5T B AE R FE VD 1) IR T o Ny T B
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10 d 747 RIVAT 52 B DA Gt 48 28 8 BT 3 3145 G 4 74T
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Comparative study on construction of SlyA knockout strain of
Salmonella typhimurium using CRISPR/Cas9-guided-Cytidine
Base Editor and A-Red homologous recombination technology

Juane Lu, Biao Zhang, Lei Deng, Suke Liu, Tao Wu*, Haihua Ruan”

School of Biotechnology and Food Science, Tianjin University of Commerce, Tianjin 300134, China

Abstract: Food safety issues caused by food-borne pathogens have become a critical factor threatening human
health. Therefore, studying the infection mechanism of food-borne pathogens is of great significance to control
harm caused by pathogens. [Objective] Taking the common food-borne pathogenic bacteria Salmonella
typhimurium as the research object, we studied the genetic manipulation methods for knocking out its
pathogenicity associated transcriptional regulator coding gene SlyA by systematically compared the technical
differences between CRISPR/Cas9-guided-Cytidine Base Editor (CBE) and A-Red homologous recombination
methods. The work present here not only provides detailed data for the application of gene editing technology for
S. typhimurium, but also provides a useful reference for the development of gene editing technology for other
pathogen species. [Methods] The PCR, Golden Gate, and Sanger sequencing were used to construct CBE and
A-Red gene editing systems and verify the gene edit results. Editor-R was used to analysis base edit efficiency of
CBE system. Western blot was used to verify the results of gene editing at the protein expression level. In
phenotypic identification was used to verify the knockout results. [Results] The PCR product sequencing,
blot verification results and hemolysin activity identification showed that the CBE gene editing system has been
successfully applied to S. typhimurium. The SlyA null mutant of S. typhimurium was constructed based on the
above-mentioned technology, respectively. [Conclusion] Although the CRISPR/Cas9-guided Cytidine Base
has the advantages of simpler operation and more efficient editing than the A-Red system, the system still has
several shortcomings, such as the need to establish a specific gRNA sequence and PAM locus which are not so
common in non-model strains. In addition, the CBE system has the problem of instability during gene editing.
Nevertheless, CBE was successfully applied to Salmonella typhimurium for the first time, which will provide a
basis for optimizing and improving the gene editing of this strain.

Keywords: Salmonella typhimurium, SlyA, CRISPR/Cas9-guided-Cytidine Base Editor, A-Red homologous
recombination technology, gene editing
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