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Red/ET EREHNT SHE A TR EIRETREEZIF -
EEFI RAR BAGK

O = TR B R A E R SWIET, G 8600 B K A ®, MK 400038:
? Gene Bridge GmbH, Dresden 01307, Germany)

q

FEE  WE ST TR S S e i, ] X6 5 S 3 DRE R K e 4 A\ T3 (R (BAC)EATHT H 118
i, CRCA T BEIE BRI AL 2 # AT ) — S IR N T Ak 1) Red/ET RIS S ALH AN H A7 BAC #ET 186, LA
pSC101-BAD-gbaA NKFET KL, KA rpsL-neo M 1E / R ML RS, WL, SR, BAC ZHATEI D). 4R

PRAEERAE, R RENE AT PUVETHIL 120 BAC &1

W — ], DARAAEGTEARICIE N Cre AR 25

BAC GRS A A B AT 56 s 383k B A1 22 W 175 3 YR 42 R ] B AR (L B 7R B2, B A pSC101-BAD-gbaA AT itk
FERAE5E Red/ET PR ALEAS AR R, SR se B 2l KB M5 BAC, itk D) BEdk X 412 F 7T S 41t

T AR SR 4.
XKHE1E  Red/ET [MIJETELL, BAC f&1fi, LhfgkEk4l
ZRH5ES QT8

48 N EEE DR 2 THRITE 4 119 22 B AR 40 A R TR A
e TR SE it 568, K =S R A7 5 B
PLAE NATTTH R . 5513 545 5T T J 1) 1y e 2 R 4
ST A 2 A A B2 AR — S T 2L
SRRSO NN X (SR VWG Ch AR =I5 VS Grele
B i, g W N LY 4 4K (bacterial artificial
chromosome, BAC)#E AAITIA A 2 doe B AL 1 ik PR 21
DNA #AAM 20, —A BAC [k & nf LUA #
300 kb, fefEeE RO, N T AAET
SEAE N LPAT ] SRR S R R e 38 1) . R BRI 7% DA
SRR AT AL AR, HAT, AL BB A
— R A M R R R4 DNA # £ 20 8 1F 75 2 37 A
M) BAC SCHE, Mfifff5 BAC ik By e Kk R 241
SERETUI— AN R, Bk, X BAC BT H )
e, WREIENAEIY). A, A, w5
TORESE, ONIE ] BAC JT R Th EFE N 4L 2A0F 5T 1)
INZYd

SR, FH T DNA Bk 3 A4 i 75 =X A B 4 )
ity Y0 A7 ) PR B EE 5K, X T 4R BAC (100 ~
300 kb) X £ KM DNA, I8 o 48T B 1 1 D) iy
(LGS0 1 oo BEBOARAR A HLb AT 44, I R
B A I R A DIBG R L2 RN, 24
BAC A7 7 s A5 53 T . AR 4 Py [+ 9050 i 41 B
S, NI A BN KT B 1) RecA FE4L
RESEULT BAC & fUEHMG, [HIZIXFlH RecA /i
T RIVE A TR A I R (1 kb i), $AE

ALK BN By IE R Wk, BAC N H 2
2] PR

Ak, TN BE B A Red £ T
(Reda/RedB/Redy) 1 Rac I B4 /& RecE/RecT [i] 5
HAM) “Red/ET HA” B IRJER TALH 35~
50 bp [F]Y R (1) 17 5 H 41 R ARE. 50 bp 1 [FJYE R AT
DLk PCR 7k I AE 4T #E R 20 (R P, m LA
FLHEE BAS WA RIS (R SEAZ T IR 41, A RIS
T 5 PCR 5142 8] 8P AN [ Y58 2 18] 38 v LI
—LORR R A, U0 loxP A7 s BRI Y DI DR 0
=S A D5 i i3 D W NI ke A VNS 52§ VA |
PCR "Wl ah & B ) SEA% 1 TR EL AT #E DNA 73
THHT &P H BB, BT R P 51 BE e RE ik
LR NASZ U R, Ay LK Bl S e £,
WA AN ERAE TR B 47, i Har &
Ff K7 DNA 7y 73t 47 #:4F, JUILAE BAC. PAC
(P1 artificial chromosome) 45 K 4> DNA 1&1fi /7 [
HAB RN PP #e0, Filr, FAlT X Red/ET H 41
AT THAL, 8 RecA GIN TiiERSE, [N K
TLARFE IOk, SO HE DL 3 B U AR 52 56 i sk

[ 2K AR 2 2 T B I H (30230360) RIS — 42 [ K2 1
0] [N 578 B A <5 e B T H

IR A

Tel: 023-68752283, Fax: 023-68752009

E-mail: wangjunp@yahoo.com

Wk ] 2004-11-19, #2141 2005-01-31



2005; 32 (5) EMUFESEYYNIEHE

Prog. Biochem. Biophys. . 469 -

XF WA AR BAC AN [R] H R RS 1 2K 20 B A0 46 ik
Red/ET BAMAL R I R4 1R, JF PRGN IR T %3
ARAE BAC B4 iR A

1 #MR577%

1.1 ##

1.1.1 BAGCs. & fi /M W & 41 Mo A il 9%
(mixed-lineage leukemia, MLL) 5¢ %858 K 41 )7 41 (1)
BAC Fl i J8 ¥ 2= B2 Jit 2 2 1& -4 (melanocortin-4
receptor, MCA4R) 55 % 3 K 41 (1) BAC Hi £l |5 1
i AV K2 AE ) H R L Stewart 5 2.

1.1.2 ki 5 Wb, RIE redyfredB/redasrecA 1]
Red/ET #FE it ki pSC101-BAD-gbaA . [ [f1) 17 % 5%
B Jii ki pRPSL-Neo LA K Cre &Kl PCR A5 i it Fir
Cre-706 H17% [¥ Gene Bridges A @l #&4it, neo JE[H
PCR K5 ki pACYC177 4 Invitrogen 73 &) 77 .
BAC i 10 4 K FT B HS996 (— Rl HLAT Wk B 44t
P4f*) DH10B, recA-), Gene Bridges {#17.

1.1.3 X 77. BAC Jiiki DNA $#2 B 7 & (Qiagene
ANF]), L- BIRAfI 2B (Sigma AF]), FHEFR. &
. s R WU E (Hyclone A7), Xho I .
Neo 1 FRHIE A DIl (NEB A H]), Triplemaster Taq
EA W (Eppendorf 23 #]).

1.2 At

1.2.1 7k BAC &4 SGIBVK VAN iV
IR MLL BAC F 2 431 loxP 47 55 (8] 1a).

a. PCR #"3 neo JEDK: EJCi% £ H b BAC (%
A /N MLL &K, BAC 42K47 150 kb) I loxP 4.
FPI 50 bp (HREE P 5UAE 4 AR E AHA) A ]
T B(HB). L& neo LA 1) pACYC177 JF kL
DNA AR, Btk 4 5 i 23 il 2l A7 T3] 5 HA
FHB M b RS, 0 T A TEEDIAI, 7E HB
5 neo FE R R PET I 2 B GIN—A Xho | 1R
SF5). PCR ¥4 neo JEIH, M1 2H4L T 4 PCR
F=Y).

b. ¥ 1k Red/ET fi& 4T i ki pSC101-BAD-
gbaA: # & MLL BAC 15 T 5 5 va e ik i 1
7%, WHHI & K2, B 0.1 ug pSCI01-BAD-
gbaA iUk DNA HLii IR Z S, 2GR T%
# % (15 mg/L) + PU¥ % (5 mg/L) 1) LB 1k I,
30CRb k.

c. Red/ET FE4: HEEX 30°CiE A LB i 11
BT R (G v B ORI S H AR BAC FUKFE 5
ki pSC101-BAD-gbaA), RLACEFE, WH 1:50 F%Fk

ME A 1.5 ml LB £ FRET, 30CHRGH IR Aw
fH4 025, i L- FlHifp 28 R AW R 0.1%, IF
MN 3TCHRG R TER Ao H N 0.4, BLHIN redy/
redB/redo/recA KT PR RIS, B s TR 5 40
Jo ) 46 2 2, B 0.2 we AT [ PR (1) neo 3 [H
PCR F= Wil AL B2 5 40 M, W% 5 i 1 ml
LB ¥ 720k, 37CHe¥H59% 70 min, f)a P
100 wl ¥ 755 % (15 mg/L) + F % % (15 mg/L)
LB P I, 37°Cib#k.

d. IEMif5 1 BAC %5 : M 37CER 511 LB
PR EPRICECA e BE AR 2 ml LB BE SR AP (F
15 mg/L WA M 15 mg/L FIAE ), 37CHGH
FEd e, K HHEE BAC DNA, Xho [ 37°CHgY]
3h, 1%ZEAERE K I Fa ViR I s 1) =4 .

1.2.2 Wik BAC &1 & B rpsL-neo JX I I
RGO ARPUTEIE N Cre 5€ 36 A\ 3] MC4R BAC
(Kl 1b).

a. PCR ¥4 rpsL-neo. £ £ H b BAC (% H 7N
L MC4R JE[K, BAC 42K 4 210 kb) |- MC4R &
A5 —ANAh 51 ATG R T 50 bp B2 77 41F 5
— AN TS 50 bp BRIEE 7 HIAE A [R5 HA
M HB, # HA 5 HB 2 & T rpsL-neo I T
Y gl e 0 s i, & R 19, IF LUK
pRPSL-Neo A4 PCR 41 rpsL-neo, 1% +E A 7]
IRIVERE 81, [FIRE 55518 Cre ZEH,  [RIIf-4E
1L T4 PCR 4.

b. % Red/ET TAL. [A— 0 ikfAE—FF,
ER ISR R E F1 N4 Red/ET ALK rpsL-neo
i A\ 2] MC4R BAC [P 45 € A7 & . A [A) 1 2 3%
rpsL-neo PCR F=¥) )5, WTEER (5 mg/L)+
#H#E (15 mgL) + JUIRZE (5 mg/L) LB i k-, 30C
R, RHPRUR s pEFER, 30°CHe¥ iR 4~5h
Ji o BUES o T 4°C R AT 25 (T 4k 82 4 +r
pSC101-BAD-gbaA [M471F), 4 37°CH IR,
X H$ZH BAC DNA, W] GCK (Gene construction
kit) FRAFAH TR D) 0 T 5 IE B Neo 1 3EAT FRLEEDI],
0.7% B I 1z 300 FE ARSI g 1) 4.

c. 55 %% Red/ET T4, AT 1) 4 5 1A 1) e
B, HU4°CXF RN AR AE B 20 i NGB i LB £5 97 5E )
30°CHRARE TR, (RIS EAT W IR R 2 s, B )
— e B JE o BIERERE 2 (15 mg/L) LB PRI
2 (15 mg/L) LB “Fh A TRIZk, 30°Ciki. X
FHAERIFEE LB PR B KA 7R % LB
SRR AR TR, Tl Red/ET AT Cre
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B rpsL-neo, 4 HW % % (15 mg/l) + # % #
(15 mg/L) fiiiidke Jg A K i v b, 4k %2 37°CRE TR,
I JG P B BAC DNA, Neo [ BV, 0.7%35 JIE Bl

(a)

—-

tion
Cm

KA DL 4, 6T IR se Rt — b e
KAIE.

(b)

B
t

ination
ant+Cm-+Tet

ination
m+Strept

Fig.1 Sketch map of BAC modification mediated by optimized Red/ET recombination
(a) one step BAC modification for loxP deletion. (b) two step BAC modification for Cre insertion. HA: homology arm A; HB:

homology arm B; Cm: chloramphenicol; Kan: kanamycin; Tet: teteracycline; Strept: streptomycin.

2 & R
21 HEIREH neo. rpsL-neo B Cre PCR 1%
LTS

H1 T4l 7 50 bp M RIJEE 3741, {#43 PCR 5]
PO BEIL 2 70 bp Zidv, A ERIUE PCR 4192
R, % H T Eppendorf 28 H] 5 fR B . 5 5w W
Triplemaster Taq 55, LIRSS R KE 50 pul
M A& R AT AFRAS 50~100 wg (K] PCR 724, By 4
] neo~ rpsL-neo J& Cre PCR =4 K /45 5 K
1075 bp~ 1419 bp. 1238 bp (I 2), HH neo %

M 1 M 2 M 3
(@) g (b) ©
Lok 1.6 kb ‘
, -
1.0 kb 1.0 kb 1.0 kb

Fig.2 PCR results of neo, rpsL-neo and Cre with homology
arms
M: 1 kb DNA molecular mass marker; /: neo; 2: rpsL-neo; 3: Cre.

PCR ¥ LU BAA & (969 bp) K 106 bp (1145 T
6 bp 1) Xho | £ 517 41), i rpsL-neo F1 Cre PCR
FE A HR A E A AR (1319 bp AT 1 138 bp) K T
100 bp, TS5 R —3%
2.2 MLL BAC Hf&iREER

7F Red/ET A5 ) LB i E3HAH ET4 70
B, BENLEREEA e AT e, oty ksl 3
WO, & Xho | MgV E, SXF AL, 24050
BAC /b [ 4% 13.6 kb [¥] DNA 4%4f7, [RI 300 1
P44 5.8 kb F1 8.9 kb ] DNA 4%41F, SHL T
I Bl se 4 — 80K 3), TNk BAC wkEdi i
IR Z PN, £ neo HLDN O 22k Tl i A 5]
H#ix BAC g EN E.

M BAC MK, M) 45 R B om Pk
I o LT 405 A 1A () BE Pk e B b R AT T
A S 110 BRBBEAT YRR, P DAL (9 BH 1 v B 2
LG FAS, i HAEAN R RN T 2 — JA )
B, 5348, MBS Rk R A, St AL,
B JE 0 BAC B3 KA LA TE1E Bk, &
JT 4% 215 1 J5 11 BAC DNA 1t % 45 4K 3 Jit ki
pSC101-BAD-gbaA #7754,
2.3 MC4R BAC Bif&iRsER

Neo 1 B V) HLIK &5 R WoR, 25— %8 Red/ET &
Mg, SRTRAML, B )51 MC4R BAC b T
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—%k 2782 bp [f] DNA 7 (MsefE L7 LhAb ) DNA
X AR R T Ha), A2 T —4% 2 088 bp ) DNA
i, BT —S(E 4), it RIBEERED
PERT L, R rpsL-neo AT HuFEH AN 2 732 147
BB % Red/ET |4l )5, 5% S B&IWEMW
BAC Ik, 2088 bp 4k DNA it kK AEFE4, IFH
B — 45 1 967 bp DNA 7 (M 52 L& Ak 1
DNA AR Bl T XH7), 5 B A & 0
P30 BAC AT Y, 45 Rk — B uEsE 7RG
BAC L] MC4R JE[X O & Cre JEN e, 1 H.

(a)

JITAE NI Cre 5 DR A7 AT-AT B i 5 A8 R 2% (8% )
REIR).

N neo FEIAFAE,  rpsL-neo 4t MC4R
B AT BT RIRFE 2R 1%, ITLARX — D R IR
irs PRIBCR I 1) e e 22 g U) 46 g ) LT AR IR X
B0 H Cre Bt rpsL-neo, B A 2 I ) O E BT A
wlEL MY, 2 20% 0k 584 4 i BH
k. G346, B )5 () BAC DNA H b JC K HE ik
pSC101-BAD-gbaA #7754,

(b)

Fig.3 Xho 1 digestion result of MLL BAC
(a) predicted digestion pattern: the special fragment size of original MLL BAC is 13 711 bp, while the modified BAC is
5789 bp and 8 902 bp; (b) the PFGE result of Xho | digested MLL BAC.

Fig4 Ncol digestion result of MC4R BAC
(a) predicted digestion pattern: the special fragment size of original MC4R BAC is 2 782 bp, the medium BAC is 2 088 bp
and the final modified BAC is 1 967 bp; (b) the PFGE result of Nco | digested MC4R BAC.
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3w #

H T Red/ET F AN FF 35~50 bp IR IE 7 514E
o [E s, T8 75 PCR =)ol S 1 Bl LA L
B N AA 2y 75 H bx DNA BEATITHEE M, A
fajf 7 AR A AR T R, AR e T EAL AL
TRV, DR Ay [ 50 R AN 52 6l 356 1 71 %) 40 s PR
T LAIE & B AR T LU A HU 35 Bl DNA 437 o3t
P PS4 N N S NI N i v B R T N PS T
Red/ET B4 & tHPLwh =2 2] 7 A6 )2 K
. 2 JE, Hofh— 2SS A 4k T T SR
Red [FJJ§ A4 4E Rgeiom, I bR m
& Yu SFUORL R SEAR IR N I R AR R A B K AT B
Jet ik, R T A Red [ 540 Th BE O HE R
B BE. H AT AATTHE R IR [ Y5 5 4 45 R % DNA
BEATHT B FR O #2401 FE (recombineering)!''4),

Red/ET 5 21 J2 18 i AR FT TR 32 38 1 43 WA A
S (1 [ 9058 L R i FE A T . e ) B A P (0 A o
ki 2k ColE1 K5 ¥ pBAD-ETg Al pPBAD-gba, fFiX
P kL RecE/RecT Al Reda/RedB/Redy 4 & T
P JA BT 2 5, M A () 96 H 20 Wiy (1) R 08 %2 L-
BT Rz AT 22 B 5 T I . R 0 N AT TR IR
BEARMKFE TR R AR S I R A AR, (AR
PR R E AL Dy e J5 A 2 T A& H A BAC 915
F AN a4 5 SRR IR R KA. Ak, I
I FRATNS Red/ET WKFE TR X EAT T RO, F 2
TAREE UL, L E UK pSC101-BAD-gbaA Jii fi.
LR pSC101 >k 5 TRLAE 455 A 40 i v 1 4% D15k
3~54, T 30CHEM, 37CLULEEHZE WASE
Wi ok A, WA B, A s AR gn B R
FEME, RAIRMMEME BAC Tk A
pSC101-BAD-gbaA Jitki DNA 754, RIHEATfF
5¢ Red/ET TAThAEIG, %00k 28 15 40 g
T 2% IXFEFTIRAS ) BAC #tn] LA H] T2k
REZEHIFSY.

c s, JLT P BAC 7EM 2 WI#F LA RecA~
KW # % DH10B J 15 F 1w, HM 2Pk BAC &
G E4LL {H RecA B A4 ok JoAl 5% i,
e T LABRAR AR DNA AR, ik, £F
B IAKFE WOk RecA 5 Reda/RedB/Redy — i #
BT Peo BB TG, 5 Red [A)5 5 418 3L
A 23, FATRT I SLIG 45 K W], RecA MBI 3
ik n] DUIE I 2 8k A1 Y5 DNA I8 A0 2 R
Red/ET [R]J5 4 2% . ASZ56 Hh g A BAC AR 2E

RS R e, L pSC101-BAD-gbaA 4
MHEJIORLI Red/ET 20 200 AW =

MASZE BAC A B AR A, N
J& 1) Red/ET B4 £ AR A3 1) BAC & i 454 )
B, SRR AR TEES H bR BAC #HT AL,
TH L BAC 5 ) #B OR A7 /14 17§ DH10B 1, Jr
DL S FH A N W TR A () e ik KA B R BAC g
ITIEMEIN, e 242 H A% BAC DNA I H 4%
A X SR R R I A B, ARG A RREAT AL
0O, RS T 5, AKHC ORI L EE L BAC H B 5
TRBE T 224, U AR 435> BAC HFAERE,
AT R A, P LN Red/ET 1 41 £ R %)
BAC ZATAE M S N Y] 5 il AT

TAh, R AEPUIE LA Cre 3N 2] H b5 BAC
(PIRF AL BN, ARSZEERH T rpsL-neo 1ENIE /
) Fi e A . Z BT AN rpsL-neo, — J7 THI &K N
BAC {145 = % DHI0B 2 rpsL SR 5848 K AF i,
HAgHEHERPME, MEA I EHRIE mpsL
Ja Ao A8 N BRI, R BE, Y rpsL FRHIR
it 2 5 A A A 356 DR ok e A 3 R ) S Dk R e
T PUrE. Rk, I A R 25 0 A ] LS AR ST
PEFE N4 LacZ. eGFP. Cre SRR RS54} BAC
FHEME, TR neo JEDHIW H )& REGS I I RN E 2
WOE W IR, A rpsL A3E N BAC "9, N H rpsL-
neo 1155 — J5 T B DR SR 3R R LR, IR
A 1.3kb, 5 THT PCR ¥4 LUmgk FRIJE . T
REME AT RIIB & R AT IE M i ik, Frbhsg— 2
rpsL-neo WIHE NS LLAC ] 5, WO AR =7, (HX)
TEE 0, PUMEESE R Ik 12 B A5 BAC [k
PRGN, HARBIA IG5 2 0 0 B A 2% LRk
KT rpsL FED ) MC4R BAC, 1552 | BAC 7 1F
WAL R AP —E LB AR, BT DAERE RS 21
B AR v B A A A ELE KR Cre BERIE
F SR rpsL 8K, BITHX 20 BAC IHEMRL
AN B, AU T4 2 25 TR R ) v
A 20% A 58 IEM I YE e B, Ak, T Red/ET
FHARGIRCRIR F, DS DB R A 1 2
LA R T 2 AN IEM R B PE BAC SopE.

HARIX BB 28 T AR 1 BAC &1, 0
SEFR b BRATTR FH I R 8 L e £ BAC 34T
TR, WAERAE. Bha . BRI A
BRI Ak, FH I 2R G03d v 6 4l e e A AT R
B R REE. B2, RSP ANIERT —
Rl 20 BAC B E &, 15 N H BAC
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Rapid Modification of BACs With The Optimized Red/ET
Recombination System®

WANG Jun-Ping"”™, ZHANG You-Ming?, SU Yong-Ping"
("State Key Laboratory of Trauma, Burns and Combined Injury, Institute of Combined Injury,
College of Preventive Medicine, The Third Military Medical University, Chongqing 400038, China;
YGene Bridge GmbH, Dresden 01307, Germany)

Abstract With the completion of genome-sequencing projects, intentional modification of definite bacterial
artificial chromosomes (BACs), which carry entire components of most eukaryotic genes, is becoming more
important for the subsequent functional genomics studies. The newly optimized Red/ET recombination system was
applied to the BAC modification. Mediated by the plasmid, pSC101-BAD-gbaA, and assisted by the
counter-selectable/selectable system conferred by rpsL-Neo, two BACs were successfully modified. One step
selectable BAC modification such as simple deletion or insertion was achieved in one week. For insertion or fusion
of unselectable gene such as Cre, EFGP and LacZ as well as point mutation into targeted BACs, two rounds of
Red/ET recombination was proceeded and two weeks was needed. After L-arabinose induction for transient
expression of redy/redB/reda/recA, the pSC101-BAD-gbaA plasmid died out spontaneously from the BAC host
bacteria by shifting the temperature from 30°C to 37°C. Thus, there was no DNA contamination in the modified
BACs being used for subsequent transgenesis research. The high efficient BAC modification mediated by
optimized Red/ET recombination offers a significant facility to the functional genomics investigations.
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