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pBR322- Red lac
Gene Knockout and Knockin on the Escherichia coli lac
Operon Loci Using pBR322- Red System
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Abstract pBR322Red is a newly constructed recanbineering plasmid, which contains a part of the pBR322 vedor, a series of
regulatory elements of X prophage and Red recombination genes. In the beginning, we studied the best working conditions of
pBR322 Red, and then modified lac operon in E. cli W3110 chramosome using the plasmid as follow: Firstly, we knockout the
lad gene using Red-mediated recambineering with overlapping single stranded DNA oligonucleotides. Secondly, we substituded
the lacA and lacY genes with lacZ, a report gene, by Red-mediated linearized double strands DNA homologous recombination.
Finally, we deteded the expression of lacZ on these loci for the first time. The results suggested that pPBR322-Red system is

suitable for modifying W3110 chramosome with various recombination strategies.
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Yu A ONPG  Sigma
: DY330  DY331 1.1.2 : Tag DNA Pfu DNA
3
vl . PR DNA ;
DNA PCR Promega ; PCR
, 40bp
-3
10 DNA 1.1.3 PCR
. I;
DY330 DY331 , PCR
2 2
, Red awtl  owt2 kan-sacB lacZ ;
s BAC cwtd  cwtd kar-sacB; cwt5
R awt6 kar-sacB lacl ;
L[4
, gaprepa]r[ : awt7?  owt8 kar-sacB; owt9
Red avt10 kar-sacB lacA , ewtll
6.7kb X DNA awtl2 lacZ laAA ;
pBR322 | owvtl3 ot 14 kan-sacB lacY
5
pBR322Red"’ pBR322-Red sontls  cwtl6 lacZ lacA
, lac
pBR322 Red :
, pBR322 Red :
1 NN AN 5 (
MAE 77 % 2 s han
1.1 s w7 lacZ 5 ,
1.1.1 : E. coli DH5x W3110 aw9  awl0 lacl ,
pBR322  pUCI9 , pKO3 awll  laA 5 , awl2
Court DL , pPBR322-Red pucl$- lacZ , cewld  lacY
kar sacB , pGL3 basic Promega , 5
1
Table 1 Primers with homologous arm used in this research
Sequence name Primer sequence
10 5-t @glatitg ctggtgatt tgaa caatatgag ataa agec TATGGACAGCAAGCGAACC G 3
11 5—t(gegeat anaaa acgg d aaall diglgtaaacgatt ol CAGAAGAACT CGT CAAGAAG-3
cwtl 5= gtg gaaltgt gag g gataa caattt cacacag gaaa cagct TCAGAAGAACTCGTCAAGAAG- 3
cwt2 5= ccttacg (g aaat acggg caga catgge dgcecgg ttattaC AT CACATATACCT GCCGTTG- 3
cwt3 5= gg aattgtg agegg ataa caatttca cacaggaaaca gt TAAT AACCGGGG 3
cwtd 5- ggatttectt acgeg aaata g ggcag acatgg cctGCCCGGTTATT A- 3
cwt5 5- gatageg ceegg aagag agteaat tcagggtggtgaall CAGAAGAACT CGI' CAAGAAG 3
cwtb 5- cctaatgag tgag ctaact cacattaat tgegttg cgcCATC ACATAT ACCT GCCGTTG 3
ewt7 5- tgg catgat ageg cecgg aagagagteaatt cageg TG GTGAAT GC GCAA CG- 3
cwt8 5- gg getg celaatgagtgag claact cacattaattg CGTT GCGCATT (A CCA- 3
cwt9 5lfgcctlatcogacc aacatat cataa(ggagtgalcgca{FCACAACAACTCGTC/—\AGAAGj
ewt10 5- ggcetgat aageg cagegt atcagg caatttit ataat CATC ACATAT ACCT GCCGTTG 3
cwtll 5-tta cgegaaatacg gecagacatgg cetg ceeggtta ttdl T ACACGGCGATCTTT CGG G 3
cwtl2 5= gatageg ceegg aagag agteaat tcagggtggtgaall CAGAAGAACT CGT CAAGAAG 3
cwtl3 5= ggccatgt ctgee cgattteg cgtaag gaaat ccatt CATCACATAT ACCT GCCGTTG 3
cwtl4 5-t @ gataag geg d cgeg cegeat cega cattgattg I CAGAAGAACTCGI CAAGAAG- 3
cwtl5 5- cctaatgag tgag ctaact cacattaat tgegttg cgcCATC ACATAT ACCT GCCGTTG 3

cwtl6 5- tgg catgat ageg ceegg aagag agtcaatt caggg TG GTGAAT GC GCAA CG- 3
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Table 2 Primers for identification used in this research

Sequence name Primer sequence

o5 5~ GGAATTCCATATGT AT GGACAGCAAGCGAACCG-3
o7 5-GAGITAGCT CACT CATT AGG-3
w9 5-GCATCTTCCGGCGCTACAAG 3
a0 5—CGCTCACAATTCCACACAAG 3
avll 5-CGTCGTCAGGTGAATGAAGT G-3
w12 5— AGCATAT CCT GCACC AT CGTCTGG-3
avld 5—CAATGCGATCACTCCGIT ATG-3
1.2
1.21 :
W3110( pBR322-Red)  50: 1 ,
ODep= 0.4~ 0.6 15mL 42°C
7. Smin 30min ,
3~4 100HL,
, 484L 300ng DNA
v
1.2.2 DNA DNA : 2
) 40 20
PCR 2 DNA ,
PCR DNA (5 +
+3 ) 300ng
S0 W3110( pBR322-Red)
’ LB
1.2.3 DNA : 50~
60 , 3
10~ 30 100ng
W3110( pBR322-
Red) ,
1.2.4  kan/ sacB : , !
PCR (5 + kan/ sacB+ 3
), 300ng DNA,
50UL
25Hg/ml, LB
(kan"), 7% M63
(sacB) @  1.2.2 DNA
,PCR (5 +
+3 ); 1.2.3
DNA , (
) kan/ sacB ,
, kan’ | sacB"

7% M63
1.2.5 Bgal : 500 1
, ODao= 0.4~ 0.6 ImL
Iml. Z Buffer( ) ,
OD «o 7. Buffer
ImlL, 2 1 01% SDS
10 s 28°C 5 min 200HL
ONPG( 4mg/mL.) , )
0.5mL ImoJ . Na,CO; ,
ODyy  ODsy :u= 1000 %
(Ago— 1. 3% Asg) /(0 X A q) B-gal
t (min), v
(mL)
2 4
2.1
Yu H R
kan W3110 galk (galk<
> kan) , Red
DNA 300ng
Red
:42°C 2.5min 7.5 min 10 min 12.5
min 42°C
7.5min , W3110( pPBR322-Red)
, 10 min (D
6000
& 4000
;g
&% 2000
0 . . . . . .
0 25 50 75 100 125 150
Induction/min
1 pBR322-Red
Fig.1 Effect of induction time on recombination
2.2 lad
pBR322 Red
DNA , lac
lacZ lacY  ladA
,  W3110 lacd ,
sacB-kan (
awt5  cwtb kan-sacB lad
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CW3, ownt7  owt8 Cw3 , CwW3
kar- sacB, CW4) cwd o9 kan-sacB
DNA ( 2, CW3 1.1kb , kanr-sacB
lacl , lacl 7% Cw4 )
M63 , CW3 Cw4 PCR CwW4 W3110
3( w9 al0 , B w4
lacl 274bp ; B IPTG
Taq , 3kb W3110 2
A B
TGGCATGATAGCGCCCGGAAGAGAGTCAATTCAGGGTGGTGAATGCGCAACG
kan/SacB

Linear doule-stranded
DNA cassette
Electroporation

Recombination

kan/SacB

Selection strains with kan® and SacBS

ACCACTTACGCGTTGCCAATTAATGTGAGTTAGCTCACTCATTAGGCAGCCC

Overlapping single-stranded
DNA oligonucleotides

Recombination

l Selection strains with kan® and SacB®

CW3
(kanR. sacBS./Alacl)

2 lacl
Fig. 2 Strategy of konockout gene lacl

A: substitute kan/sacB for lad; B: knockout kan/ sacB by overlapping primers.

M 1 2 3 d 2.3 DNA
lacA  lacY
lacZ R
pBR322-Red
lacA  lacY
s sacB-kan
DNA DNA (
kan-sacB lacA
) 3 N 'CW3 ®4 PCR awtl2 lacZ
Fig. 3 Identification of strains CW3 and CW4 by PCR
M: marker DL 2000; 1: CW3( amplified by ovd av10); 2: CW4( ampli CW8;  cewtl3  owtl4
fied by ow9/ av10); 3: CW4( amplified by cw9 ew5); 4: CW3( ampl fied CWo, owt 15
by ew9 aw5).
sacB CW10),

Cw4
(kanS.sacBR.\lacl)

lacZ

CW6
DNA
CWo6
lacZ
Red

cwt10
cwtll

awt9
CW7,
kar sacB
lacY

kan-

kan-sacB

cwtl6
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lacZ lacA lacY CW8 CW 10 ( 2.4 lacZ lacA lacY
4) CW8 CWI0 kan'  sacB" ,
7% M63 PCR lacZ ladd  lacY
5¢( ovld v CW10 lacZ B gal
, CW9 1. 1kb , 5
; o7 aw 12 CW10 R 3
1.2kb R CW9 .
ewll w5 CW8 lacl , lacZ lacZ lacA
, w7 1. 2kb lacY R lacZ
; awll awl2 CW8 lacA 4~5 lacA
1.3kb R CcwW7 lacY 2
), w8 3000
CW10 ool
lacl P lacZ lacY lacA wt W3110 -
= 1800 ¢
sacB kan? CW3 ‘é
_ BEREE e 2 g}
P lacZ lacY lacA CW4 <
e wol
p sacB  kan CWs
[ el —— 0
CW9 CWII CW10
P |_> lacY lacA CW6 6 B
p |_> ’ lacY  sacB kan CW7 Fig. 6 Analysis of the B-galactosidase activities
lacy lacZz ~ CW8 3 I 7
» ez T %
p |—> kan__sacB _lacA_ CW9 x - Red 3
p |—> lacZ lacA CW10 Gam RecB-
CD 5 RecBCD
4 —
. . , DNA'; Exo DNA 573 ,
Fig.4 Sketch maps of recombinated drains 4 DNA o1, g
constructed in this study , ; baa
Exo 3 , DNA
1 2 3 4 M 6 7 8 9 2] .
30C , cl®7
P, ; 42°C , cI857
, P Red
[2] Yu ,
Red E. coli DY330
,42°C 15min, vl
DY330 , pBR322 (20~ 50
5 CW7 CW8 CW9  CWI10 PCR ) ; GIE]
Fig.5 Mentification of CW7, CW8, CW9 and CW10 by PCR pBR322Red .
1: CW10( owl4 ew5); 2: CWI( awld ew5); 3 CWO( a7/ awl2); 4: pBR322 Red 7. 5min,
CWI10( cw7 ew12) ; M: matker DL 2000, 6: CW8(cwll ew5); 7: CW7 lacl , lacZ
(ovlVcewS); 8: CW7(ewll/ewl2); 9: CW& cwll ewl2). lacd lacYZ



PR % :pBR322 Red £ A T W lac #H\F 3 F B IR Fomi A\ o+ & L 197

. lad , pBR322-Red
lacZ
, pBR322

P lacZ (
) lacZ lacZ lacY [ 1] Copeland NG, Jenkins NA, Court DL. Recombineering: a powerful
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