Research Paper IR =

Acta Microbiologica Sinica
48(3) 385~390; 4 March 2008
ISSN 0001-6209; CN11-1995/Q
http://journals.im.ac.cn

HAET BACREBFRHERBAHIINETT

PRAY, BEE", A%, K04, WHE, BEA, %52, 24, K5
i, 0D BE, SHE

( , 410078)
HE. Epstein-Barr (EBV)172kb ,
pcDNA3.1(+) , FLP (FRT)
(kan) (NPC) LMPI ORF gDNA** 7 ¢
) kan-LMP1 DNA A redafy E.coli
(ET ), kan-LMPI BAC-EBV(p2089) LMP1 :
FLP  FRT-kan-FRT , kan 69bp  FRT*
77 PCR ,
BAC-
X#im EB ; ;

RESES R739.63 XEAFRIREE A XE4HRS 0001-6209 (2008) 03-0385-06

, BAC- ,
EB (Epstein-Barr
virus, EBV) Y s 172kb, EBV s
100 , 200 , Hammerschidit EBV-BAC
EBV (p2089)8!, EBV
Burkitt 61 , 21
(Nasopharyngeal Carcinoma, NPC) [ EBV LMPI (GenBank
, EF419184~EF419204)
> s , EBV
BAC EBV ,
(bacterial artificial chromosome, BAC) ,
BAC
(231 BAC F BAC 2
(Escherichia coli, E.coli) <« i recA (71
, BAC 1~3kb ,

BAC , 1~2 4 , ,

BewmE: (20060390264); (05J7300064); (2006CB910504)

' - Tel/Fax: +86-731-4805383; E-mail: ligy@xysm.net

THEEEN: (1968- ), , , , , E-mail: ji-

anhl@sohu.com; (1968-), , . , E-mail: tangyunlian@163.com

%5 H#A: 2007-08-28; & HHA: 2007-10-22

© HERFERMEMHARFATIESHELE http://journals. im. ac. cn



386 Jianhong Lu et al. /Acta Microbiologica Sinica (2008) 48(3)

[8.91, (BAC-EBV) p2089" GSF
BAC- White (1% Hammerschmidt ,
recA , (GFP) cat
BAC dsRed, FLP FRT (FLP recognition target)
) kan pKD13!"! A redafy
, , pKD46(Amp™)!"! FLP
750bp  480bp < ET  PCP20(Amp")!* Yale
( ET ),
[11] redafy 1.1.2 . Pyrobest DNA polymerase,
021 gr dNTPs, ADNA/Hind Marker, DL2000 DNA marker,
(30~70bp) EcoR  Hind T4DNA
’ BAC ET ’ (TakaRa ),
EBV-BAC , BsmB New England Biolabs , T
(T-easy vector) Promega ; L-
EBV BAC Sigma , DNA
p2089 NPC
BTX , ECM399
LMP1 " N
1.2 #¥%E FRT LR8I FAERERE (kan)5 NPC &
IR LMPL(N-LMP1)£4 gDNA 3 B
I N 1.2.1 1 1 FRT-kan-FRT
1 MRAe7
pcDNA3.1(+), N-LMP1
1.1 w8l gDNA 2 BsmB
1.1.1 : (Escherichia coli) , 2
JM109 DHI10B pcDNA3.1(+) Invitrogen , ,
’ EBV B95-8 BAC 20nt (arml  arm2)
Y= < —
amnl | pRy kan FRT [AAT N-LMPI GTA }rmz
P-KL-S1 P-KL-S3 P-L-R2 P-KL-S2

1 FRT-kan-FRT 5 NPC ®kif# LMP1 £ K EREH R EE
Fig. 1 Ligation of FRT-flanked kan gene and NPC-derived full-length LMP1. RT-flanked kan gene was introduced for kanamycin
resistance. Homologous regions, arm1 and arm2, were for the next step of homologous recombination. The four primers showed as
black arrows were designed for the identification of recombination mutant.

1.2.2 : 1 (CGTCTCN 1 NNNN), Bm 11nt
pKD13 FRT-kan-FRT 2
Hin-kan-F: 52CCCAAGCTTTGCCTAGAAGTAAAGAA 2 5 Hind EcoR
AGGAGGCTGGAGCTGCTTCGAA-3 7 Eco-kan-R: 5 ZA FRT-kan-FRT pcDNA3.1(+)
CTCGAATTCTGTTGATATCCGTCTCTATCC/GTCGA T NPC LMPI1
CCTGCAGTTCG-3 7 Hin-kan-F N-LMP1 ’
20nt  p2089  LMPI ““TAA””  Bm-NL-F: 5 “GCCTCGTCTCAIGGATTTAGTCATAGT
( arml, ); AGCTTAGCT-3 7 Eco-NL-R: 5 “ATGTAGAATTCAC
Eco-kan-R BsmB  (Bm) TGCCTTGCTCCTGACACACT-3 -~ Bm-NL-F
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Bm , ““GGAT”” 1.4 #MEL(ET E4A)
( ) kan PCR 59KL 0.3pg 100pL
Eco-kan-R  Bm kan BAC-46 ) ) 30min,
““ATCC’T ) Eco-NL-R 0.1mm ; 36 F
( ) LMPI 151Q 1.6kV ,
p2089 (arm2); 57 Sms 700uL SOC ,
EcoR N-LMP1 3~ 1.5mL tube s 30 180r/min 2h
pcDNA3.1(+) (Kan", 30ug/L) LB
kan , 30 37 24h
N-LMP1 ’ 20nt Kan (Kan") Kan'(30pg/L) Cam'
, 2 (pcDNA3.1(+)/KL), (25ug/L) LB , 42 ,
43bp pcDNA3.1(+)/KL pKD46 ,
(43KL) ,P-KL-F:52CA LB , Kan"  Cam' Amp'
GGCAAGCCTATGACATGGTAATGCCTAGAAGTA Kan'+Cam" ,
AAGAAAGG-3 7 P-KL-R: 5 “CTCTGCCCCCTTCTT P-KL-S3/P-L-R2 P-KL-S1/P-L-R2 P-KL-S1/P-KL-S2
TCCTCAACTGCCTTGCTCCTGACACA-3 = (1:100 ) PCR ,
, 43KL T 0.58kb 1.75kb  2.6kb
(T/43KL), 59bp
( 59KL ), , P-KL-F2: 55TGGAG 15 {IBpAEEHEKHZIAA kan EEH
GGAGAGTCAGTCAGGCAAGCCTATGACATGG-3 < (BAC-KL)
P-KL-R2: 5 “TAAGCCTCTCACACTGCTCTGCCCC ,
CTTCTTTCCTC-3~ 2 FLP pCP20
, BAC-KL , 30 Amp” LB
30~48h, Cam’ LB , 42
, S9KL 2689bp pCP20, Kan Amp ,
PCR 59KL Cam' Kan" Amp' Cam”™
, BAC-EBV , P-KL-S1/P-L-R2
, 1 4 P-KL-S1/P-KL-S2 PCR , kan
20nt , P-KL-S1  P-KL-S3 0.5kb 1.4kb
,P-L-R2  P-KL-S2 ,
13 BREIERITHEMBRES
redafy pKD46
2 %
p2089(BAC-EBV) =
E.coli DH10B , “"BAC-467” 21 FPBHMMEERE kan 5 N-LMPL EFE a5
30 , (Cam") PCR 2 kan
(Amp") BAC-46 , N-LMP1  pcDNA3.1(+) ,
BAC-46 ImL 100mL 59bp PCR 59KL ,2
LB , 30 220r/min 1.5h(ODggo ;
0.15) ImL 10% L- ( , ce »>
0.1%, wiv), pKD46  redafy ; (3 BsmBI  pcDNA3.1(+)/
30 1h(ODggp  0.3), FRT-flanked kan ~ N-LMP1 2 ,
BAC-46 [6] BsmB
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bp MI 1 2 3 4 5 M2 bp pKD46 (Amp") PCR
( 4 DNA
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2 FRT-kan-FRT 5 N-LMP1 ##Hi/FH) PCR FEGYI L E
Fig. 2 PCR amplification and restrictive analysis of the liga-
tion of FRT-flanked kan and NPC-derived LMP1 gene. Ml:
DL2000 DNA marker; 1: N-LMP1 of 1.3kb; 2: Hind III/EcoR I
double enzyme cutting of pcDNA3.1(+)/FRT-flanked kan (kan,
1.3kb); 3: Hind III/EcoR I double enzyme cutting of pcDNA3.1(+)/KL
(KL, 2.62kb); 4: EcoR I enzyme cutting of T/43KL(43KL, 2.66kb);
5: 59KL segment of 2.69kb; M2: ADNA/HindIIl Marker.

690 700 710 720
ACTGCAGGTCGACGGAT TTAGT CATAGTAGCTTA
kan|N-LMP1

3 FRT-kan-FRT 5 N-LMP1 F5NE F 5 % 14k 89 551
M E
Fig. 3 ““No-gap”” ligation between FRT-flanked kan and

N-LMP1 gene. The PCR segment of ligated FRT-kan-FRT+N-LMP1
with 59bp of homologous arms was sequenced. The ligation site
is showed as the arrow.

22 HMFEWIMESA
59KL BAC-46,

>

(Cam"  Kan"), 42

& 4

SMELEERRTFHPCRERE
Fig. 4 PCR identification of mutant after the ET recombination.
M1: DL2000 DNA marker; 1: 0.58kb product for primer pair
P-KL-S3/P-L-R2; 2: 1.75kb for P-KL-S1/P-L-R2; 3: 2.6kb for
P-KL-S1/P-KL-S2; M2: ADNA/HindIII Marker.
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AGGRAGGCT GGAGCTGCTTC[GAAGTTCCTATACT TTCTAGAGAATAGGAACTTCOIAACTG CAGGTCGACGGATTTAG

.

5 +MEREE kan # FRT/FLP REYIFRFEE T A 69bp “/BIR” 75
Fig. 5 FRT scar sequence of 69bp after the Kan resistance elimination by FRT/FLP system.
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Fig. 6 PCR identification of mutant after the Kan resistance
elimination. M: DL2000 DNA marker; 1: 0.5kb product for
primer pair P-KL-S1/P-L-R2; 2: 1.4kb for P-KL-S1/P-KL-S2.
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Gene modification in the genome of Epstein-Barr virus cloned as a
bacterial artificial chromosome

Jianhong Lu , Yunlian Tang , Ming Zhou, Minghua Wu, Jue Ouyang, Jianming Gao, Liming Zhang,
Dan Li, Qiong Chen, Wei Xiong, Xiaoling Li, Ke Tang, Guiyuan Li
(Cancer Research Institute, Xiangya School of Medicine, Central South University, Changsha 410078, China)

Abstract: Epstein-Barr virus (EBV) is an oncogenic herpesvirus associated with a variety of malignancies, including
Burkitt’s lymphoma and nasopharyngeal carcinoma (NPC). Functions of most EBV genes have not been determined. The
use of bacterial artificial chromosome (BAC) to clone and modify the genome of EBV has enhanced the gene function
study in the context of genome. Infectious clones of EBV were previously established by using EBV-BAC plasmid p2089.
In order to further investigate EBV mutant biology, an easy and efficient method for gene modification in EBV-BAC was
developed and detailed. The kanamycin gene (kan) flanked by recombinase FLP recognition targets (FRTs) was amplified
from plasmid pKD13 and inserted into the vector of pcDNA3.1(+). Through the introduction of restriction endonuclease
BsmB I in PCR primers, NPC-derived LMP1 gDNA containing the full-length ORF was then precisely ligated with kan on
pcDNA3.1(+). The linear DNA segment of kan-LMP1 was transformed into E.coli DH10B cells containing p2089 and
plasmid pKD46, homologous recombination was subsequently mediated by redafy system from bacteriophage A. By this
linear transformation and ET cloning, the full-length LMP1 in EBV-BAC (p2089) was replaced by the kan-LMP1. The
introduced kan gene in EBV-BAC genome was eliminated specifically by the recombinase FLP when transformed by
plasmid pCP20, leaving an FRT scar of 69 bp. The mutant could be identified by antibiotic screening and PCR amplifica-
tion on bacteria medium. This method allows the gene of interest to be easily modified alone and then to be introduced
into EBV-BAC genome. Following this example of gene substitution, other mutations such as deletion, insertion and point
mutation become convenient work, and this improved method can be a potential use of gene modification in other
BAC-based herpesvirus genome.
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