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Abstract : Red recombination system,one of important tools for gene replacement, has been applied
in Escherichia coli metabolism engineering. Optimization of experimental parameters of this system is
necessary for improving the efficiency of mutation. The goal of our research is to optimize the
manipulation parameters by comparing the effect of transformation conditions, induction condition
and cell recovery conditions on the gene knock-out results of E. coli. The optimized transformation
condition was that 20ng DNA is added into 3 X 10° cells per transformation, culture used for
preparation of competent cell is at concentration of 0. 60 ODg,, value. The induction time required
for knocking-out the second gene was relative longer comparing with that for first gene, the ideal
concentration for arabinose induction was 40um. No obvious influence was found when the recovery
time was adjusted.
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DNA [a] #)38 K , Gam ZE H 3 #] RecBCD # #& 4k V)
il () 75 1 M XA R S8, PCR ¥ 14 9 DNA [6] 98 A
B Al DL e K B A B H AR Sk R, S0 B 3 R R RS
pKD46 J& Datsenko F1 Wanner #4 &t ff) 3% &5 Exo. Bet
A Gam =3 [H i B i kL , 34 5E X B T BT A3 4 e
;T T, & L- BURLAWHE S 8 oT LUK &£ XS
i} pKD4 614 B A IR B MUK R & il 7, %k fE42 C
BARERE G, AR EKR.pPKD3EW A A% Xk
R A R, PSR WA FRT {7 53 (FLP 5 41 &
WHIAL D, J& Red 4 R S8 bt dr ic 97 1 i A
B . pCP20& %35 FLP 21 ii§ 5 5 9 BOkL, FLP 41
Mgl A5 FRT LR 45 & 78 FLP EAMKER T,
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FRT {5 A S &R EL, AR FRT 8 &
Brvk R & O iR R U, A M FLP 1E42°C
i 75 S K, [A] B BB th 7% 7 9 0 PR Y Red B 41 R
G5 i B i TR A 4 R 32 L 00 A R A AR B X X Red
BHRGEANF T RKGTFEB L RENEARETBER
M 2R AT R R KA R AR ,
HATHE RO TR SE RS

1 ¥REAE

1.1 B BRL

K B #H BW25113 ( lacl® rrnBry, AlacZyyis
hsdR514 AaraBADaus; ArhaBADyns) B A< B 58 0
TRAF . KA FFH BW 25113adh 278 4k CR 7 #F 3 BW
25113 Aadh) fh A BF 58 0 4 @, AL pKD46
( Ampr, A Red  recombinase expression ), pKD3
( Ampr, Cmr, chloramphenicol-resistant cassette
template ), pCP20. ( Amp*, Cm", FLP recombinase
expression) . pMD18-T (Amp’, cloning vector) Hi 2 #ff
FH O RFE .
1.2 FEFEMMERE

LB K 7% 3k . 8 (1 R 10g., B £ 42 U ) 5. ALY
5g. 2B F7K1000ml.pH {H7. 0. LA 13k . LB 5 5%
F IR 15~20g.

SOC #i 7 4 . 8 H W 20g. BERFR Y 5¢. NaCl
0.5g.2.5 mM KCl,10 mM MgCl2, 20 mM #ij % ¥¥ .
£ B F7k950ml . pH {H7. 0. 3E F R KA M. pik &
0 166 W BE : Ampr . &% ¥ 8 K I il 2 50pg/ml, Cm':
ABRBME2. 5pg/ml.

1.3 519

oxyRemF : 5’ -ATGAATATTCGTGATCTTGAGTA
CCTGGTGGCATTGGTCTTGAGCGATTGTGTAGG-3'

oxyRemR : 5'-TTAAACCGCCTGTTTTAAAACTT
TATCGAAATGGCCCTTAACGGCTGACATGGGAA-3'

oxyRF :5'-CGCGGATCCGTGGCGATGGAGGATGG
ATA-3

oxyRR :5'-CCCAAGCTTGGGTAGCTGCGTTAAAC
GGT-3'

oxyRemF ,oxyRemR & DA pKD3 M A, § 1 R
A oxyR B[R] 5 v B i 51 9 R840 O oxyR 3
H [6] #5 X . oxyRF . oxyRR & % & oxyR R H & IE
R GY).

1.4 REFZE

¥ BW25113/pKD46 Rk RN 2 LB iRk, &
F30°C 8 K % % 5 3¢ L %, K H #21:100 &M T
100mILB £ 3% 3 b, 30 C ¥k 3% 15 9% » I A BT B AF B 5%

;@A E 20104850 F1TEF2M

¥, 5 Red 4 R4 Exo.Bet #l Gam =3£ K %Kik,
7K | #i ¥ 10min Lk |, 3500r/min,4°C & . 10min,
FREFRE, AEEKE LB FKERS K, &EHP
REEBFREEHE, W &RZSHM, MG L2
TR S A RBEE S|P bR R B
FH Dpnl B4 J5 B, 5 A0. 2cm B AR, F BT {XAE
H 5 4k, L i 24 2000, 25pF, B 5 HL JE 2500V, B
B[] 4 ~5ms, H Ak JG TE#E K 150r /min, 37°C ¥k % 8%
F AT E S, Z 5 B500ul B FHE TR b, 855
J& Fl PCR #: % % K A9 BH 4 52 [ . 1 % pCP20/R 32
540 0, B AL 2 40K pCP20 e AR BRI
T B AR B A0 )5 W TE DU P AR B 42 C R IR B i
BH P 28 T, B, ) 2 DA ) 26 1 9 L 10 o
PESE AR AR BE S5, JR A5 76 To B v Al AR K T ZE ST
P AR AR A K B B T L 0 A e BT SR R 2 gk FLP
2 A B B 5 5] A v T K I B R AT
PCR % %€ , [A] B #E 4700 7 3o 00E .

2 BEREHWH

2.1 oxyREEHRE

YR Red EHRGEREMEZ N K HEER
W, B oxyR B R AEME AR K. LL pKD3 AR A,
f# 51 ¥ oxyRemF, oxyRemR 3% R 28 oxyR F K
[ 96 5 B Y = K 1. 131kb(E 1), & B 5 1k
Jai s % oxyR PR RAE , oxyR BEF G AEE DL
£ W7 43 551 Bt 7 36bp oxyR Fk [ 6] I8 F B BT B .
0xyRF | oxyRR %5 oxyR 3 E K IEH KA, P 1%
B 4= 7 K i FF B BW 251137 4 K BE 0. 976kb, 7 1%
oxyR F AP R KL R #e f5 LK BE 1. 189kb (&L
20, ot T Bk U2 JTORL pCP20%% Ak ol @& R btk
B oxyR Bk 5 58 78 PR A AR, LA AT B 98 A8 1A 05 BR BT
P, A UES 4 PCR Bk R AR RIE R E &Rt &,
PCR K J&0. 3kb(E3) .l J¥ L iE B oxyR K EAB 4K
MR, I R A E RS,
2.2 BUEHXNREMEM
2.2.1 KR DNA ZHEEHH AR

pKD3 2 B AR 97 1 @ Bk ozyR 9 R W7 . 43+ 31| B 4
1L J5 i1 5ng . 10ng, 20ng ., 30ng ., 40ngPCR 7=, I A &
B 45 1 K B AF i BW 25113/pKD46J3R 32 75 41 i
o, TR AT L Bk, 45 R DL A 20ngDNA K Bt b B £
(£1) .4 DNA K Bt & /N F5ng 5 K F40ng, B3
)5 R N 8 R LA SF-HR 0 % 21 i PH 2 52 ke 208
BT, K13 M oxyR F B B K R A KR A
20ngDNA H Bt#24.36%.21.79% .
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2kb

1kb

1 #ER oxyR #H ) PCR =9 H ik
Fig. 1 PCR product of oxyR deleted
1:DL2000 DNA marker, 2.3:p KD3 3tk ¥ 14 i fik bR
oxyR B H Bt .
1:DL2000 DNA marker, 2.3:PCR products for deletion
of oxyR using pKD3 as template.

1 23
2kb
1kb

B2 oxyREEFB MR (R KT AERZIEE) BIEHIK
Fig.2 Verification of deletion of oxyR (mutant_

containing chloramphenicol-resistant cassette)
1:DL2000 DNA marker., 2: ¥ 4= % B #k 5 if PCR /=47,
3: oxyR BB R R G A B E P& RIE PCR =Y.
1:DL2000 DNA marker,2:PCR product of verification of
wild type strain, 3: PCR product of verification of oxyR -
deleted mutant containing chloramphenicol-resistant cassette.

)

0.25kb

B3 oxyREHFRBEARER(EAERNHEEHEREKIE
HL K

Fig. 3 Verification of deletion of oxyR (mutant without
chloramphenicol-resistant cassette)

1:DL2000 DNA marker,2: oxyR % [F it 4k =28k (A %E
EHHEANBRE KIE PCR 7™,

1:DL2000 DNA marker, 2 :PCR products of verification of
oxyR knock-out mutant without chloramphenicol-resistant
cassette.

®1 5ME DNA B REHFM

2.2.2 BESmINELWGYH
BW25113/p KD46 3 5 15 55 9 % 4 55 5%, 2 bl i1
H¥E 2R, 2R ERFEEIEIFE ODyWwfHO0- 2.0. 4,
0. 6.0. 8., 1. 0, il B BT 77 9 B, of SR 2 A 401 ML, B 5 S %)
BT ELEE AL . 8 ODsoo 0. 2~0. 635 35 Wk i & B 3%
25 40 B AT A B R AR RO, Lh ODsoo {H 0. 628 B £
OD oo {8 $2 85 X AR W A F , JLH ODgoofH>0. 88
JLF B AR oxyR FeH B R RABK (R2) . 73 4h, L B
Ak % 32 25 40 i kR o 2 R th A R e Y i I S SRR
75 40 B v BE LA 3 X 10%/50p] X #F, 0. 5 10°/50pl, 6
10°/50pl fifi oxyR Fk R ikt 5% 28 75 U PH M s BE B 1 0. 5
X108/50p] T MEZ 4. 48%.22. 39% (F 3). X 5 3Tk
[6~9 4 iH M &5 R EEA —3,
F2 BEFERATHEBRIZISHME 0D RERFI

Table 2 Effect of ODy, of the culture for preparation of

competent cell on the mutagenesis

oxyR F PR i 4 58 75 {4 FH 72 R
(A /T30

4h 7 RS2 75 4 I W

Competent cell

Process (ODxoo) o.ryR gene deletAion mutations
(positive mutation/pug)
1 0.2 1100
2 0.4 2420
3 0.6 3200
4 0.8 36
5 1.0 8

* P H(H , B SE 1 T A 33K, SR A Dixon £ %0 ¥4 U R % BL 5 3
W, REKFHRERIHA.

* mean value of three experiments, no abnormal result was found
by Dixon test,the mutation was with chloramphenicol-resistant cassette.

2.3 BEEHNRTENFMW
2.3.1 MEMBEFRESRTRENGH A

# BW25113/p KD46 Bk B T30 CH H: 85 5% .
30CHEFRE ODgoo= 0. 6 B, 43 HIHN A B HLAA B = 4
e B A 20pum, 40pm ., 60pm, 80pm, 100pm, H A [A]
BT L AE B 75 T VR BE X RAZ M R W 45 R (R 4) BoR L B
RLAAKE S ST Ha0pm I REMRERH. KERE
100pm B AK 2 20pm ¥ £ i 35 5 0 T B i 2 B0
19 R LR LR SR 6~ 9 4k E i A
—3K.
3 BIESERREXNREHEM

Table 3 Effect of competent cell concentration on the

Table 1 Effect of foreign DNA amount on the mutagenesis mutagenesis
oxyR Hk P i 5 58 28 1A [ 4 5 T2 75 40 0 5tk (R : e A b BH M
Process Foreign DNA (ng) oxyR gene positive deletion Competent cell = A i 3
Process oxyR gene deletion mutations

mutations (unit)

1 5 19

2 10 37

3 20 78

4 30 50

5 40 17

* XM, B L K T B 30K, R A Dixon £ 3 7 K WU A 2 B 5
i, RABKTRBERINS .

* Mean value of three experiments, no abnormal result was found
by Dixon test,the mutation was with chloramphenicol-resistant cassette.
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2 8/
mummber eclls X 107/ (positive mutation/pg)

50u)
1 0.5 150
2 1.5 150
3 3 3350
4 4.5 2000
5 6 750

* S E , 45 WK SE 06 T & 3K, 3R A Dixon £ 16 7 K W K & L5 4
Bl RAEKGRERIER.

% Mean value of three experiments, no abnormal result was found
by Dixon test,the mutation was with chloramphenicol-resistant cassette.
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F4 AEMEAESSRETREHFIE
Table 4 Effect of concentration of arabinose on the

mutagenesis

oxyR H [ ik 5 5 A & R 4 52

b 58 B i {1 5 3 o JEE REX - (AR /PR TED

Arabinose

Process coneentrationum) ozyR _gene dgletion mutations
(positive mutation/pg)
1 20 1800
2 40 3180
3 60 1200
4 80 1080
5 100 360

* SF-{H , 45K L 56 T AL 31K, 2R A Dixon #5634 46 3 R & 8L 5 %
Bl AR RBERIER.

* Mean value of three experiments, no abnormal result was found
by Dixon test,the mutation was with chloramphenicol-resistant cassette.

2.3.2 AR REBRIE AL FHE

20 20 WS S B o DR UL R I R 45 2 S T
I B L AE OB 5 R B ) 9 R RE K. RLK A B
BW25113adh 48 {4 4 44t B BR oxyR 3k [ B i
6% St KL 2h A4, il K2 EFE K
RAEGRS, WREBENEEK h E K 1h, PiFES
fif 6] A 2h.
2.4 SR E R R R

L7 J5 B 3 A 1 ml g SOC ¥ 3% %, 150 1/
min, 37 CHk % & % 8 %, 70 5 & 75 5 Ff 15min,
30min, 45min, 60min, 90min, 120min, 200min, 240min
1360 min, BL500ul ¥ F 5 8 K ¥ ¥ F t b 0 2k,
37°C 537 24h J5 M PCR % % 5€ K H H) FEE %6 €
4 PP e R G 15 7 e R Wk A 3K A B B AR IE A%
R SE 5 e BUAN [R] 52 7 e i) Xof B 44 5 72 1 ok 7™ A= 2 i
A5 C A RIS URIE IS5 ) X 5E AR
IR 2 e LR AR AR .
RS BT E XN E
Table 5 Effect of induction time on the double mutagenesis

adhE, oxyR 3 ¥ XUk 5 7€ 26 &
R 4 e e 0 (A R/ A T

o FTRABESH

Induction time of

Process A » adhE, oxyR gens double deletion
arabinose (min) Y 8 .
mutation (positive mutation/pg)
1 30 1020
2 60 1500
3 90 1815
4 120 2790
5 150 1520

* F-H{E , B SC 56 T R 33K, 3R FH Dixon K10 B K ok & L
BE  RERFRERIESR.
% Mean value of three experiments, no abnormal result was found

by Dixon test,the mutation was with chloramphenicol-resistant cassette.

3 i
AW Red A RGN T T KMo AT i 15 sk
WR R A R B R B 95 A = R AE

I &AF 2010458 H175 %24

ZHAMAL R AE B FE AL B2 P i A 20ng SRR DNA K
B, i 8 J5 BT A5 40 A AR VR BE 3 X 10°/50pl, i R ad
2 fm A 40pm BTHLAE S, A F il % R Z S 4 MK K
[ AF B W AK 55 32 %) ODyo, = 0. 6 0 4. A B9 5 B
DNA F Bty 5 J8% 32 25 4h Jfd 1) 1 25 Y& BE L O Do i
I i v B 2 ol A 280 A AR F 5 #) B 5 B ) %of
RAWE WA B E .

A BIF 5% B & P Ak R % S v B B 3% T B ) R B A
£, K #E BW25113adh € 28K F B & oxyR @ﬂ
BT 3L {8 75 5 BF 60 LA 2h Ay, b IR B 5 R BT
B EE K 1h,

AR MAGE R . IEE T Red EHRENH T
K AT B ke 1A R 9 SE I ROR T LATE K R AT AR
Wi BN .
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