20 %34 4 % I B2 ¥ H Vol.21  No.3
2005 % 5 K Chinese Journal of Bistechnology May 2005

Red/ET ER R HEEMEFZFHHEA
Red/ET Recombination and its Biomedical Applications
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# E #:35A RacEHH4) RecE/RecT #r A ¥ 46 #) Redw/Redd A ML T4 DNA THF & Red/ET ¥4, % —# F
FEHTFRALAMSEOSTALEFAAL. EAEHAREBA S PCRAH AR BTRIIFLEHET T BA BEAEE
FERNSENH ALPEFHEBERLA T BAEATE AL ELALAETE F A BAC.PACs Pl k& At drdesbdh it &
ABRHERFH DNARLSTORENETFTORAL. MF RAIETERNB S M AR KRS LERRA S, £ LH
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AhFELHEZPHLARTT HmEi.
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Abstract Red/ET recombination, a powerful homologous recombination system based on the Red operon of A phage or RecE/
RecT from Rac phage, provides an innovative approach for DNA engineering. Deletion, insertion and mutation can be quickly
and precisely performed on the target gene mediated by Red/ET recombination with PCR derived DNA fragments or oligonucleoti-
des. This technical platform has extensive applications in biomedical field including bacterial artificial chromosome modification,
gene knock-out construction and genetic modification of E . coli strains as well as some other kinds of microorganisms. Recently,
Red/ET recombination was improved in several aspects so that it becomes more powerful and maneuverzble. The characteristic

and development of Red/ET recombination and its biomedical applications were described in this review.

Key words Red/ET recombination, DNA modification, bacterial artificial chromosomes, phage

HEAQFRARERATUMEANSHFARANF TR FEADNAMITRE B . RETFEHEM.AMA RSN
f 3L 5 7 A, LA P15 5 2 6 e v 6 (R 21 ) BE BT o Bl BD A RAADERATEEE. —HERT, T EHWID
HEGHFIEOX—EAEE" . O THEIE. EH HEFLERAST SETFURBSHTERELH TN 2
HYEMAKENEANEE. YTE-—SEXH . 2H EDNVARFARENLTEEZEEE N kb, B BFREZHE
METHEAEYEERA SEFENCSEATEREMNE PMERERAFE. CHELIRBEARFEHEEE DNA
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B RETEFEF A #ERT BACs (bacterial artificial chro-
mosomes} 23X PACs (Pl artificial chromosomes) ¥ A B # 8 (£
FUE At W K B DNA 43 T, G I 1R ME 57 B PCR 0 B )
BELESTRERERMAETEN, B4 A TRHAEN
HI8EH PCR #f R S Cin vire ) 3 DNA 4 F k4788 4F , B7
LIMENLTERETHRE S EHEECRWESH#T.
EREXMHELT, -FETHHERMBEEARED
Red/ET B R RIS T4, 838 BB AT DA 8 4 38 30 %
EEXW DNA S FTHOKHEBH. A FEHRNHEAT
BRREXBAEHBEARTR BLBEFRFERERTHN
BB ATMARESIGIFRET —F RO AT PR EE
. AXHERINACHTHLZR, ¥ Red/FT T BT 4.
FR & BIARUSLTEEDEFSIRM N — R,

1 Red/ET EH =4 R A4 HE

FESEHREMEDUAFRTFEN —FEARE, ©
BRESEHTHATAZ(DNA BRI IR PFEL)REBHRAER
REFHB DNARTEN—MHAENH . HEANRTEESR
BihSxl. AREABMNEAMBEARETREENTDSE,
EARBUEARMN RAEMENZEDNA S TFRIES —
EARMESEFF(NMENEAREE)RERELEEAN N
BFHg(BEI1).

—

Recombinant  ps- sessessem—
DNA

H1 FREEAdREAR
Fig.1 The sketch map of homologous recombination

Ponor DNA

HA: homology arm A; HB: homology arm B.

FREEAGH LM, AR R B 1T E R E A 57 %
B DBRE, PRI ATTBRAEEXBITHE RecA &
#H, WA Rec AN SFMAHEHA AMNCEELRTEHER
B DNA R * . H&FE ARAEXFARRKTEAE &
B4 DNA B9 BACs Fll PACs #17 T R I8, b BEE B %
EHSHE P LHEY THREBERT - EFRER,
MM, ReANMRWAREANTRERKEEYE 1L
ERA, . XHKWRESFEMRAGEEITR > FHFENERE
B mMHEREESATHE - BE L4 EH (Recombination ) Fl 3
4% { Resolution ) P9 & I % , 34 FE X 8 1 88 07, M 481 R
ZRRABRENRE.

1998 4 Stewan AR /NHIBET A —~# A XBHE T
HHREREEAREAR. TRABIESFEDE Rac WH KR
RecE fl ReeTEAHE KR AP LM EHR M, K0 H X Fh
AR A14% A ET R K& (ET cloning)® . 5 RecA /r R B EH R
FMRET REATRIBEE{I N 35~50 bp, HEBRERAHE
WHE. 35~-50bp WREEEERIFHE, AT RGE S

PCRA M BT A EMAHKITHER BH WM, £ RecE/RecT
iR FHawaRERNEtES FRETERADZH DNA
A THRBEREAN, BddTEAER XN EfPE
FIETHFES, AfISEAT Lk B DNA 84 T A L5940
FEMEM. R, MEH S0 bp ARBEEFREREIRNR
R R R S 0 R T R R T L EE DNA #4 T
HFREETUASSGEHE TAREEAE S FZMYGS
1 DNA 3 F AN BRE L BT LS ET W PARHE B KA
DNA 7 FHATIRE. MBIANUAEM T X R ETHENE
f DNA 81, B HAET REMNE M IRSREATEE
W Cin vive ) SEHR, BT LIBEHERR T P-4 REM B, ERIM,
ETRE -SHARIIETANM ExE. @RETE
REAGTHEYRAGEN - HE R,

25 A Sewant I NA AR E LR E X EY
KB A MR F KK Rede 71 Redf BH M & tRHA 5 RecE/RecT
EMHFBBEANE ", B - BHEE, XL R Reck/
RecTi® B Reda/Red B i+ S MR EH , LA £ recBCD X
BREPAELFTREEN. RIRER recBCD EA KB
HNEF RSB IN, BB MBS Y DNA
NTF . BEPCREHHEEETE" . 2 RecE/RecT
Redo/Redp 5 i [7 8 T 4 01 4% recBCD B EMH > T—2
WEER A Gam BE(Redy) HITH E X, THABEHE
recBCD' I X HEP R REER. TRAMEZREX
RecE/RecT #] Redo/Redf FF M S RMBEEH N H ZHL S X H
M. T L& ET KM, £H ET ¥ CET E 4 (GET
recombination)- " A T 41 (A recoml)inalion):m EHBMETR
(Recombinogenic elrlgineerirlg):mj UL B #H 4 T # ( Recombineer-
ing)"" %, B4 RecE/RecT fl Redo/Red i+ SR BB A
AUHEEER,. I TH— %5, BT Sewan B ET1HER N
Red/ET T #H (Red/ET recombination), ZE3{ ¥ Red 258 A MK
{1 Red & A # & (Rede/Redd/ Redy) ,ET M %K T Rac MEH
K RecE/RecT'"

2 Red/lET EHAMERANERIENAFA

B k.7 Red/ET FH W B Z 81 A 1% RecE. RecT.
Rede M1 Redd WA EO RAAFHR, ARG HLENRE
fiT5 DNA T & 244 & (Double strand break repair, DSBR)#
XE., HNIET RecE Fl Rede EFF FHBFAMAM 5’ 38
RSN RETEE . ENTRE SRt 5 A IR 16 37 5K % B8 Y1 i & DNA
(B PCRTY) {EDNA B TR VKB ERERB R (3
ssDNA overhang):'s' ¥ 3 F RecT # RedB, B SM 5 S X R
BTFRAERELZAENHLR—F HE B K (Annealing)
MEE {2 A (Swrand invasion) HREM L B A BEAFR ™. &
L ATTHEM Red/ET BHME AL R . HHER B M
fit{k DNA 7+ F 8 54 RecE 25 Reda £ F i {8 3 9 5 T 5 88
HRE ASTE ReeTH Redf 5 FF , 4 TH R EH
BEEBREOTEZEFFHREERS R4 E4 BARHR
{itfk 5324k DNA - T R £ EA SR (B 2).
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Double-stranded break
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I gzﬁg 91=5"-3' exonuclease
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l Joint molecular formation

R

Lita
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1 DNA replication

B2 RedET EHH{EANE
Fig.2 The possible mechanism of Red/ET recombination

Red/ETEHAMAREHMARTIEARAN. —2AET
# RecE/RecT/ Redy Fl Reda/Red®/ Redy 8% F XA BEKIL K
BT R R RR 5 E Rk DNA 4+ FHEAR
— N, GEFELENA REEARMN® . B
FHFAREFERAMAEESA Re/ET EHBEMN KBITHN
¥k, U0 Zhang % 833 X} sbcA( RecE/RecT* ) K B #1 BT JCR679 Bt
fofk - S e R/ T R Btk Lac RO F TR T B
% BT —tEENER TREE—YZ20007 ; Yu 502 ¥
RELTFHABEEESAABHFANRAKPTHET
AR RIEE SN DY330.DY380 S@H" ¥, ZHAE
AAXEHASE A THREARNENBESERTRAK
B TR ERAFHAMEANR AR MEAYE
BESTREY ;B TEAKE, M AKEHEE BACG.
PACs LB oA B B A RS, H A RIERRA
MEEHEEEN . HR. B EDNAZHEKREE, BE
AT AL ET i A R SR X TR Y B A,
1O R 4 6 BB B B 26 B 0 B4 5 R 4 G OB ) 9 B T R

3 Red/ET E4H W EE L #

Red/ET EHH RA I, ik AFTEH T BL PCR ™~ HE
S TFHENERAITREN. RRARCEEREER
AR M R R T R — 2 B RER
FTHFAFED PCR =W HE&L T . ATHRANES
HWIRBEENEEHRER DA ETEEAFSHMA
. H Red/ET EHA VG RA, AN A2 5 A&
SEESRNERETREXRS SIF DNA F TFHER. &
ATHER R, D55 & 70 ~ 100 bp K (5 M &4 35 ~ 50 bp [
TR ) 0 AR TN M EE B AL H N, RIRE T LA 5 ST 8 5 1R
BACHTHEFRABmALEN™ ™ . % EH RecE Ml Reda
WESEEHMAERERHR, FUELREAGEME
Zhang %' X E T H %35 RecT M Redp MKICE N, X &
WX R TSR T ReE RN LR E,

HEHEIZEMRRSMENETRENEEE X,
A5 34K DNA 4+ 7 8 |5 8 (Lagging strand) B # A B &2 T B
WEEY, MTELGFR SRS, T TR
B H BTN Re/ET EEB MR AN EMR,

Red/ET T 21 8 %) Fr §ff FI MR 36 BT R R ColEl R B 1Y
pBAD-ETg 1 pBAD-gha, 7€ 3 ¥ > i 8 ' RecE/RecT/Redy H
Rede/Redf/Redy M E F Poo BB FZ R . AMBEEHABHERE
FLMBEAEBESEES"TS, ERFERREAF AN
BHER AMEENNERERERAARANRERES
HE AYEETEANEREMNAREAE EHABSH
BRI RAREN, Ak, Bl R Red/ET HHKIE
B T TR BT E N R SRR pSCI101-BAD-
ghaA FUHL, XF pSCIOL R B FRAES T HETE NE N
3-S5ALFICHEMITCULE AL, ELRARSTE
AR AEASEEEEEFRE, KT AR &
FTHESE ReWETHAMREG At AE T AP L, XH
BESESHEAMEREEAK, BTKERRWE
BTSN, BATE RecA ST Red/ETHHARK ., 2
FTLLE| A ReeA RHNHH THEZE RecA BREETMHK
Bt RecA SRR R T HMBMAFEF R DNA LHE
BAC HHIEE. H RecA R ESWR K EEWR WX
B1Y RecA VAR AR FF IS E DNA RAM U ER =
BERET, VE, EHFNKEFERPRNE Reeda 5
Redo/Redi/Redy — BB F Popy B3I T2ZE.#HY5S Red AR
FAMEREE, TR RIEL, RecA MM RX LA
SR SESME DNA B EE T 2 E R H Red/ET i) A B E A
# R EENMAERITEE RSN R READAE.

A, AfT3 Red/ET EH M FAREEFTRE
B 6l 9 R R R R EAT T S, EEW T SacB-
Neol™ 2 #1 TetR™ J5 , Jamsai % 38 i3 & 50 57 FR B £ 9 41
i1 -Sce | BEBRT R mA % RGN ™ HEE; RN AR
HT B4 1.4kb 9 rpsL-Neo 1k B [H/IE (B fE 4R iC EH , —
FHETF PR WUNERES. 5 - X REAFR
BEXMGHEEHTE LEfx, A Red/ET F H w38 AF
HBREMEE BT

4 Red/ET & A& 4 4 & ¥+ 0 i A

BT ReV/ETEAE DNA BN FARAFHAS FRE
FARIE AR AR, RN A B R EEMN
W R 2 IR AT HE R S0, AR AR B4 DNA 8513
THEA RS WY . BEARESLHANE 3), FLE
HAECYEFESE AR B ERARAMERNER
Hr1l.

B Red/ET A A Y ELSKE AR ZRT
Bx$A £ EH M DNA &) BACs.PACs EFT#E M, LB 3N 6B
MEXAFARBEAGHMABRAELEG. EREEHATESD,
L B BACs B PACs LR ERMBER S EHFFIN , HTLL
Bt Red/ETEAASHE M ES WP HRICEEHAH &
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PCR Oligo .
product i
= ] SA— - $
[ = B W = N
Mediated by Red/ET recombination
| ! | )

Gene insertion Gene replacement  Gene deletion  Gene mutation
Bl 3 Red/ET EHE DNA TEP A0 AR #
Fig.3 The applications of Red/ET recombination in DNA engineering

B EHEEEFH X Fh BACs 5 PACs M — S BN —H™W
BT, MEEAAK RACs B PACs LESHALR
— RN EE (I LacZ EGFP ST EEA I RER TS
MEAM(NERZT ABRFREEARGHEIMG %)
ol FRREAMERRASEEFTR AR AR REE
HL B RSB M RAH LA W E Red/ET H
AARELFEHRY TP ().

’ CSM-SM
Original BAC + HopmtlB pCR product
Cm

lﬂcd’ET recombination selected with sm

CSM.SM

l4[";’5-[-‘I'BPCI7. product
Modifiecd BAC ) -+
Cm sad--. Oligos with pomt muation

cht'ET recombination seleced csm

Mod]ﬁed BAC Modlﬁed BAC
Cr

Insertion of an un-selectable gene
B4 REA] Re/ET B S F BAC B R EH
Fig.4 The sketch map of BAC modification mediated
by Red/ET recombination
csm: counder-selectable marker; sm: selectable marker; HA: homology

Point mutation

arm A;HB: homology arm B; Cm: chloramphenicol.

fEX BACs 5 PACs B A E M I, ;2 Al Red/ET EH f
LT RHNERENY L HES FRARERE. 25%H
FREGWA, K — R H %L A Red/ET EH M E 1% BAC
PAC T F HEEMREEFN(EEAGKER)ENERNEE
R RGN A Red/ET BN HARK SHBEGH T
ff) pGKneo SESUE A MER B B EF 5 55 56— P i
AR, B %3 BER BAC 5 PAC HEATH DA RS H
BT pChueo F S AFMB AKNEAFT AL
Al Red/ET EHMAT T WE. AT ERRMLT KN
By Red/ET 240 B A 52 MU 3L R BER B 5 T RO B, R,
T & k¥ B DNA 9 FHRENE B £ 4T— 4 Red/
ETHAAT Cre HHMR, S5 PCRIFENBNIEELEH
th,i5F Red/ET EAF TR HSBRE S FHEERNRIE
fig th  MHARTFERERTNREE™

Rel/ET HAGEEWEFTAHM BN - EENARLA

FEEABETARAANSHREENH. SER¥EETE
HIE Red/ETEH A SR EAKEMA{UER BE. TR
CREEREN. NAXHEAHEARAANTXEFEREE
FHEAEED arcB.cyal . recA .pisC SEHEAT T SRS BB S
BN CEEMENME T - THEEEK Y. BTIE
B, —EBR AR AN B EIIEATNER,
1 Murphy %7 3838 i % 85 AR X B A B 8 EHEC #
EPEC F i — Y635 44 5k BT T MMBR , 09 W 2 i 18 )R 2 i 8
WAHHBEREENSRET iR, AR, EBHEE
MRERBEANNHAZRRA LA T - LEHHERRE
EMEEEN, IR EER CHEXERRE R EE T &
BT, A BEE £ R W T DNA BAC XEMHER
B F LM LS M, AT A Red/ET B 4 iE 0] X 557 |
BEGFLUEREESEDHEEY DNA T A BB E
M TN A Mk B THEE R 5T .
ERE T Red/ET HLTE DNA 8 1 J7 i 9 45480, &
ZHEAH DINA TREECZSFHnEDHARRGRE,
AHETFREESF R T RERELEANEYIRAY
HItrH, MRt EAEARAMBEAFERNOEBEEEDY
WMEERNHTEH T . F05E% MM EEERTN
BiEE™ , B, Fustaquio T SR A L H B ES L B
EREEETEREHEREBT —MHEN “REANER.

5 i

B ERED I RARBEN —MEF LR, Red/ET
EHAREAER WA A DNA S F, DHEEFHE DNA
KAFREFTHAFANEN, 60l AL RS RS+
BEEATHEFEHAER DNA BFRLIKR, BERENS
HHUHIBISR , Red/ET ERME RN K< B EHHEN
HIANRERI BT AR .
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