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EXBBTFEDF B SCLM 2K H#HITESHE A-Red EHF
By bR/ EE S BT SR B
IR wHT OHED AN AEEY BE?

(1. 330047)
Q. 100101)

B E (B8] B4R ARed K EEXWATHE £ EAA L 34T B SR/ BN G AR
EH . BRiaE g, $ AR ES R R/ ESTBTEFEA, KRARZAT LA FME T —FET
AEMIE. ZH IR E100%). EA % —HARFTHE L-Red 3R/ S 2%, HARSZEB A4
R AR TAZ pie TAR R B kb [ 77 i LR A 31 69 pSC101 A7 A& S I AL 4645 &K IR A b 5
FIR S NS A A % A5 8 T IR R AE A 34E; KA Cre/LoxP Fitd il Mz 52 F % 3%
F &4 A, hF— R BRI EZ LR fe S AT R/ [ RIMET —£3 A ARed
Ji A2 & 45 (SC101-Cre-LOXP-MCS, SCLM A %t). 4T¥h K AZ B3R R e 2 M auts T AR b
Thik PR A, BRI RE TR 100%. [£#])] ek Bk S %e7
ERHTAREARE, R@ERY THAXBEEG TR, %R THRAMR. ZrEgshk
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Novel efficient strategy for A-Red-mediated gene knock-out/in in
Escherichia coli using SCLM system
WANG Yao' XU Yang'"~ CHEN Nan® XU Xin-Yi* LIU Wei-Feng” TAO Yong’

(1. State Key Laboratory of Food Science and Technology, Sino-Germany Jiont Research Institute, Nanchang University,
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Abstract: [Objective] Generally, traditional A-Red recombination system possessed low efficiency,
complicated processes, inconsistent protocols, high false-positive rate and instability for
multi-gene-knock-out/knock-in during manipulation on chromosome gene of Escherichia coli. In
order to solve these problems, this study established a high efficiency and standard strategy of gene
knock-out/in. [Methods] Based on A-Red recombination system, new template plasmids were
developed. A pSC101 derivative replication origin was used to diminish the false-positive problem.
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Convenient genetic manipulation was achieved by using high-copy-number plasmid and multiple
cloning sites. New genetic marker was used to facilitate continuous multi-gene knock-out/in. A series
of key targets within primary metabolite networks of E. coli were then knocked out/in using our
methods. [Results] New A-Red plasmids system, named SC101-Cre-LoXP-MCS system, was
developed. The positive colonies were selected on two-resistance plate and 100% positive rate was
achieved. [Conclusion] The efficiency of gene recombination was improved by the new method of
gene knock-out/knock-in. This new system provides a rapid genetic manipulation. Our new strategy
provides important insights into gene function research and genetic engineering bacteria with new
genetic characteristics.

Keywords: A-Red recombination system, Escherichia coli, Gene knock-out/knock-in, Template
plasmids, Screen efficiency
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«C ) (Kan)
(Str) 50 mg/L (Amp)
100 mg/L
A-Red 1.2 54t
2
A-Red 1

Cre/LoxP Flp/FRT 1.3 #EHREA(PULM, pCLM, pSLM, pSLM-glk,
pSLM-acs, pSLM-ispDF) 5% 8 F& Hi 4 BRI (pSCre)
E ke

pKD4
100% Lox
A-Red puUC19 ColE1

1 RS pSBIs )

1.1 #Rl pSC101 NotI AsclI

1.1.1  EHRFARRAL: (Escherichia coli) pULM (

BW25113 Ti1 1 ColE1l) pCLM ( pSC101)

1.1.2 E£EFik5: T4 DNA Ligase Lox66/Lox71 /

New England Biolabs pCLM pSC101C-F
PCR pSCI101C-R
Promega (17

F1 AHIRHEREHR

Table 1 Plasmids used in this study

Plasmids Characteristics Sources or references
pKD46 Amp' A-Red recombinase under araBAD promoter ts origin 7]
pKD4 Amp' FRT-Kan'-FRT oriR6k origin m
pUC19 Amp" ColEl origin
pSBls Str"  araBAD promoter pSC101 origin
pGAPZaA-Cre Zeocin' Cre recombinase
pS95s-glk Str"  P119 promoter-E. coli glk fragment
pS95s-ispDF St P119 promoter-A. tumefaciens ispDF fragment
pS95s-acs St P119 promoter-E. coli acs fragment
pULM Lox66-Kan'-Lox71 MCS ColEl origin
pSCre St Cre recombinase under araBAD promoter pSC101ts origin
pCLM Lox66-Kan™-Lox71 MCS pSC101 origin
pSLM Lox66-Kan'-Lox71 MCS pSC101G93R origin
pSLM-glk Kan" P119 promoter-E. coli glk fragment pSC101G93R origin
pSLM-acs Kan" P119 promoter-E. coli acs fragment pSC101G93R origin
pSLM-ispDF Kan" P119 promoter-E. coli ispDF fragment pSC101G93R origin
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Table 2 Primer sequence used for amplification and identification

Primers Sequences (5'—3") Purpose
Constructing primers

pSCI101-F  AGACTCGGCGCGCCGGTTGGCGCGCAGACCCGCCAT Amplification of pSC101 origin

pSCI01-R  AGACTCGCGGCCGCGGGTTTTGCTGCCCGCAAACGGG

glk-F AGACTCGCGGCCGCATGCAAAGTATGCATTAGTCG Amplification of glk gene

glk-R AGACTCGCTAGCTTACAGAATGTGACCTAAGG

cre-F AGACTCCCATGGGATCCAATTTACTGACCGT Amplification of cre gene

cre-R AGACTCCTCGAGCTAATCGCCATCTTCCAG

acs-F AGACTCGCGGCCGCATGAGCCAAATTCACAAACA Amplification of acs gene

acs-R AGACTCGCTAGCTTACGATGGCTCGCGATAG

ISpDF-F AGACTCGCGGCCGCATGAAATTCGGCATCGTCAT Amplification of ISpDF gene

ISpDF-R AGACTCGCTAGCTCATAGCGGTCTGCCTTGGT

pSCI101C-F AAAGGCTTTCGGATTTTCCAGTGGAC pSC101 origin point mutation of copy number

pSC101C-R  GAAAATCCGA AAGCCTTTAACCAAAG (G93—R)

pSCIOIT-F  ACCAATACGTTCAGATGATGAACAT pSC101 origin point mutation of temperature sensitive

pSCI0IT-R ATGTTCATCATCTGAACGTATTGGT (A56—V)

Amplification primers of targeting fragment

pgi-P1 TACAATCTTCCAAAGTCACAATTCTCAAAATCAGAAGAG Amplification of pgi gene knock-out fragment
TATTGCTAATGATTCCGGGGATCCGTCGACC

0gi-P2 GCCTTATCCGGCCTACATATCGACGATGATTAACCGCGC
CACGCTTTATATGTAGGCTGGAGCTGCTTCG

DsG-P3 CCCCCCTTGCCACGCGTGAGAACGTAAAAAAAGCACCCA Amplification of glk gene knock-in fragment
TACTCAGGAGCACTCTCAATTGCATGCCACAGCTAACACC

DsG-P2 CATCTGGCTGCCTTAGTCTCCCCAACGTCTTACGGATTA
GTGGTTACGGATGTACTCGACGGATCCCTGCAGACTA

pOXB-P1 GATGAACTAAACTTGTTACCGTTATCACATTCAGGAGAT  Amplification of poxB gene knock-out fragment
GGAGAACCATGATTCCGGGGATCCGTCGACC

DOXB-P2 CGTAAATCAATCATGGCATGTCCTTATTATGACGGGAAAT
GCCACCCTTTATGTAGGCTGGAGCTGCTTCG

galR-P1 TCCGTAACACTGAAAGAATGTAAGCGTTTACCCACTAAG Amplification of galR gene knock-out fragment
GTATTTTATGATTCCGGGGATCCGTCGACC

galR-P2 GTCGCCAGACCATCGAAGAATTACTGGCGCTGGAATTG
CTTTAACTGCGGATGTAGGCTGGAGCTGCTTCG

VIiE-P1 TTGCAGCGGCACAGCGTTCAGATAGTTATTTTGTTAAAT Amplification of yliE gene knock-out fragment
GTATTAACATGATTCCGGGGATCCGTCGACC

VIiE-P2 TCAGCAGACTGACTGTAAGTACGAACTTATTGATTCTGG
ACATACGTAAAATGTAGGCTGGAGCTGCTTCG

pOXB-P3 TCAGATGAACTAAACTTGTTACCGTTATCACATTCAGGA Amplification of iSpDF and acs gene knock-in
GATGGAGAACCGCATGCCACAGCTAACACC fragment

DOXB-P2 CGTAAATCAATCATGGCATGTCCTTATTATGACGGGAAAT

GCCACCCTTTGACGGATCCCTGCAGACTA

Identification primers

pgi-Al GCCATCAGATCCTTGGCGGCAAG Identification of recombinants of pgi gene knock-out

pgi-A2 ATGAAAAACATCAATCCAACGC

K1 (Kan'-F) TGGCTACCCGTGATATTGCTGAAGA Identification .of recombinants of  gene

knock-out/knock-in

ptsG-Al TGGATCTCTTCACCCGCTACCAGG Identification of recombinants of glk gene knock-in

ptsG-A2 ATGTTTAAGAATGCATTTGCTAAC

poxB-A2 CCGCGTTCGCAGTGACTGAG Identification of recombinants of poxB gene knock-out

galR-A2 TCGTTCTCTGGAACACGCGC Identification of recombinants of galR gene knock-out

yliE-A2 AGCTGTGCGCAAACCAACCA Identification of recombinants of YIiE gene knock-out
pSC101-F  Asc I pSC101-R IspDF-F acs-F  glk-F  Not I glk-R IspDF-R

acs-R Nhe | cre-F Nco [ cre-R  XhoI

Note: The underline primers were the restriction enzyme cutting site; pSC101-F was Asc | restriction enzyme cutting site; pSC101-R, IspDF-F,
acs-F and glk-F were Not [ restriction enzyme cutting site; glk-R, ISpDF-R, acs-R were Nhe [ restriction enzyme cutting site; cre-F were Nco |
restriction enzyme cutting site; cre-R was Xho I restriction enzyme cutting site; The bold part of the primers were homologous arms.

http://journals.im.ac.cn/wswxtbcn



SCLM A-Red / 703

A Pl P2 B P3 P2
= = = «—
arget gene|
><L0x66 Lox71 X X Lox66 Lox71 X
C I [ Tl_tobe deleted [ ] B ] H | [ 0 be deleted ] ]
Al l K1 A2 Al l K1 A2
= = - = = P
|:. | larget gend
Lox66 Lox71 Lox66 Lox71
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= - =
(T T ] (W T m
LoxT2 Lox72

1 EERR/ESREFHEEEERTREER

Figure 1 Schemes for gene knock-out/knock-in and excision of kanamycin resistance gene
A B

Note: A: Procedures for gene knock-out; B: Procedures for gene knock-in.

/ pSLM  glk 1.5 Red ERFEHIFESFRIERBERZSHMMEHY
pSLM il &
pSLM-glk Cre pKD46 CaCly
Nco | Xho | BW25113 LB 30 °C
pSC101 1:100 100 mL LB
pSBls pSCIOIT-F  pSCI0IT-R  30°C ODgoo 0.2 L-
pSC101 30 mmol/L 1 h (ODggo 0.6) Reda
(18] Redp  Redy 30 min
pSCre 4 000 r/min 4 °C 10 min
[19] 1 10% 3
T1 500 pL 50 pL

14 FT8EREBIHI&
(pULM pCLM pSLM pSLM-glk 1.6 HBEL

pSLM-acs pSLM-ispDF) DNA
LoxP ( 0.1 cm
) PCR PCR 1.8kV 5 ms
( LB 30 °C 2h
Dpn I 37 °C 6 h + 30°C
PCR 17 BEEBREREE
) LB
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(Amp +Kan") 30 °C PCR pULM (1) Lox66/Lox71
Lox66 Lox71
LB (Kan") 42 °C Cre
pKD46 LB (Kan") Lox72 Cre
pKD46 00 (2)  Lox66  Lox71
1.8 F*MBERMHEERIER MCS1  MCS2
pSCre
LB (Str') 30 °C ( 2
Cre LoxP pULM pgi (6-
LB (Str) 30 °C )
0.2% L- Cre PCR Dpn [
PCR PCR
42 °C pSCre DNA 10°/50 uL
LB 20 pgi-A2 Kl
PCR pgi PCR
2 R4 DNA ( 0
2.1 Cre-LoxP-MCS (CLM) % %t H 22 Fn4& 3A) DNA
2 600 bp
( 3B)

A
Not |
Asc |
MCS2 MCS}/Z
F-dowr&Loﬂl Lox66 / F-up
Kan®
B
F-up: [6066CC6a66TTEAATTdGTACAAGCTTGAGCTOCTAGAT TCATAACTTGG TATAGCATACATTATACGAACGGTA
Not1 EcoR1 Kpnl SaclNhel
Hind 111 L

I A t |
F-down: TTACCGTTCGTATAGCATACATTATACGAAGTTATAAGGAGGATATTCTCGAGACTAGTCTGCAGEGATCAGTCGACHGTTGGCGCGCd]
LoxT1 Xho I Spe 1 Pst 1 Sal 1 Asc 1
ox
BamH 1

2 MR pULM R % i S R EE
Figure 2 Map of template plasmid pULM and cloning regions
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B3 BE% PCR 3 pgi HERMREMEE
Figure 3 PCR identification of recombinants of pgi gene knock-out
A PCR B .M DNA marker 1 2-11

Note: A: DNA fragment used for knocking out the pgi gene was purified by cycle-pure kit; B: DNA fragment used for knocking out the pgi
gene was purified by gel extraction kit. M: DNA marker; 1: Positive control; 2—11: Recombinants.

Dpn |
( 16 h 16 /
/20 80%) pCLM  1ng pCLM
pSCre pKD46 BW25113 BW25113 (pKD46)  1/10
poi-Al  pgi-A2
pULM BW25113 (pKD46)
2024bp( 4 1) (Kan"+Amp" ) 10"/ng DNA( 5A) pCLM
600 bp ( BW25113 5x10°/ng
4 2-11) DNA (Kan"  )(  5B) BW25113 (pKD46)
Cre (Kan+Amp"~ ) 5C)
2.2 SC101-Cre-LoxP-MCS (SCLM) & Gt gy#9iE pSC101

pULM  pSCre  Cre-LoxP-MCS
BW25113 (pKD46)
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4 B PCR % poi EEMMBREMHFBERMMEERXREHEE

Figure 4 PCR identification of recombinants of pgi gene knock-out without kanamycin resistance

M DNA marker 1 2-11

Note: M: DNA marker; 1: Recombinant with kanamycin resistance; 2—11: Recombinants without kanamycin resistance.

pCLM pSC101
(5 copies/cell)
pSLM
pSLM
( 0
pULM pCLM  pSLM
pSLM pULM ( 7 1
3) pSLM
pSLM BW25113
(pKD46) pCLM 0.1 ng
DNA pSLM
pKD46
2.3 FIA SCLM R LXK B T E Bk
pSLM pyi PCR
DNA
5x10° 20
poi
18 20 90%
100% ( 8) PCR 2
pSLM
DNA DNA
DNA
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5 pCLM RHI5 pULM itk bk
Figure 5 Comparison of transformants of plasmid pCLM
and pULM

A pULM BW25113 (pKD46) B pCLM
C pCLM BW25113 (pKD46).
Note: A: Colonies for BW25113 (pKD46) transformed by pULM;
B: Colonies for BW25113 transformed by pCLM; C: Colonies for
BW25113 (pKD46) transformed by pCLM.

BW25113

pSC101 ori (G93R)

MCS2

F-dow}\/«wﬁ 1

Kan®

B 6 IERER pSLM REE
Figure 6 Map of template plasmid pSLM
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poxB (1 719 bp)
galR (1 032 bp)
yliE (2 349 bp) pSLM
poxB galR VliE
poxB
( 9A) galR( 9B) yliE( 9C)
poi
5x10° 20 3
100%
pSLM

24 F|AH SCLM RZEXM AT EHITINEEE
B 7 HEHRFEK pULM. pCLM F1 pSLM iRE 895> 4 A
Figure 7 Agarose gel electrophoresis identification of

template plasmid pULM, pCLM and pSLM pSLM
M DNA marker 1 pULM 2 pCLM glk glk
3 pSLM. ptsG 50
Note: M: DNA marker; 1: Template plasmid pULM; 2: Template
8 K1 ptsG-A2

plasmid pCLM; 3: Template plasmid pSLM.
A

8 &% PCR X pgi EEFBEMLE
Figure 8 PCR identification of recombinants of pgi gene knock-out
A PCR B .M DNA marker 1 2-11

Note: A: DNA fragment used for knocking out the pgi gene was purified by cycle-pure kit; B: DNA fragment used for knocking out the pgi
gene was purified by gel extraction kit. M: DNA marker; 1: Positive control; 2—11: Recombinants.
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9 & PCR f poxB. galR. yIiE EEFREMELE
Figure 9 PCR identification of recombinants of poxB, galR and yliE gene knock-out
A poxB B galR C VyliE .M DNA marker 1 2 .

Note: A: poxB gene knocking out; B: galR gene knocking out; C: yliE gene knocking out. M: DNA marker; 1: Positive control;
2: Recombinants.

600 bp (10 acs ispDF
1-8) glk ptsG acs
100% pSCre 4113 bp ispDF 3548 bp
( 11 2-9) glk 50
8 poxB-A2 Kl
A 600bp( 12 2)

10 E% PCR Y glk EEEAEMNLETE
Figure 10 PCR identification of recombinants of glk gene knock-out
M DNA marker 1-8

Note: M: DNA marker; 1-8: Recombinants.
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11 E%PCR XM gk ERBSEMIFRERNMEEREREHEE
Figure 11 PCR identification of recombinants of glk gene knock-in without kanamycin resistance
M DNA marker 1 2-9

Note: M: DNA marker; 1: Recombinant with kanamycin resistance; 2—9: Recombinants without kanamycin resistance.

A B
bp M 1 2 bp M 1 2

750
500

250

12 B PCR ¥} acs #1 ispDF EEEAEMLEE
Figure 12 PCR identification of recombinants of acs and ispDF gene knock-in
A acs B ispDF .M  DNA marker 1-2 .
Note: A: acs gene knocking in; B: iSpDF gene knocking in. M: DNA marker; 1-2: Recombinants.

poxB 100% A-Red ( 13)
pSLM 2
3 e DNA
SCLM DNA
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100% ( 3) A-Red
Wanner ) A-Red
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A-Red A-Red Cre
Wanner ! pKD4 ( pKD3 pKD13)
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Figure 13 Schemes for the gene knock-out/knock-in system developed in this study

#3 EAMRLGRGFI

Table 3 The statistics of recombination efficiency

Item Template plasmid
pULM pSLM
PCR 4 = _ + —
Method of treatment = + + - 4
Dpnl + + 16 h = =
0 20 80 90 100

Positive ratio (%)
+ —

Note: +: The process was adopted; —: The process was not adopted.
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Table 4 Features of different template plasmids
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Template plasmid Site of eliminating resistance marker Origin of replication S -
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