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J 4 37 Cre-LoxP 5 4t 15 Ji JH AT B HH E AT S5 560 1)
LES

AW T Cre-loxP 1E 7k JH % A 1 2F
AT HE R BRI S 77, X eag FEDRIHEAT T )
IRk, WARATAHOCIE R D REREFUET T~ T IR EF 1
S LA

1 #MRFTTE

1.1 SKIawrsl

L1 JTORIRNBAR. S0 A FH 1 8 ook A B A AL
* 1.

1.1.2 514, AW LB 519 W3k 2.

Table 1 Important plasmids and strains used in this study

Plasmids and strains Relevant characteristics Source
pMAD Shuttle vector, Amp' in E. coli and Em"in B. anthracis, Ts [6]
pHY304 Shuttle vector, Em' both in E. coli and B. anthracis, Ts [71
pSET4s Shuttle vector, Spcr both in E. coli and B. anthracis, Ts [8]
pBE-PA pBE2 with AmyR1 fragment This lab
pCol-Cre Contains whole cre recombinase gene Prof. Yang Xiao
E. coli SCS110 Dam™ dem, Str* Stratagene
B. anthrracis AP422 pX01pX02-, driving from A16R This lab

Table 2 Primers used in this study

Primer Sequence (5'—3") Restriction sites
loxpF ATAACTTCGTATAATGTATGCTATACGAAGTTATGTCGACATAACTTCGTATA Sal 1
loxpR GAATTCATAACTTCGTATAGCATACATTATACGAAGTTATGTCGACATAACTT EcoR 1, Sdl 1
spcF ACGCGTCGACGTAACAATCACTAGCC Sal 1
Sper ACGCGTCGACAGCTTATTTTCCTTG Sal 1
eag-uF CGGGGTACC ACGCGTAAAAGAGCAAAAAGTAGAAT Kpn 1, Miu 1
eag-uR GCGGATCCTTTATAAATTTCCTCCTTCA BamH 1
eag-dF CCGGAATTCGTCGATTATAGATAAAGTGA EcoR 1
eag-dR CCGCTCGAGAGGAAAATTTAAATTACTT Xho |
amyrF GCGGATCCGACGACAGGGGGATTC BamH 1
amyrR CCCAAGCTTTCTTGACTCCTTAT HindIll
creF CCCAAGCTTATGTCCAATTTACTG HindIll
creR CCGCTCGAGCTAATCGCCATCTTCC Xho 1

TGAAAAACCTGACAGTTGTAAA

eag-iR CAAAAACGAATGCATTATCA
eagF ATGGCAAAGACTAACTCTTAC
eagR TTATAGATTTGGGTTATTAAG

eag-iF

1.1.3  HABSEIRPEL.  BREIT: A DIEEFT T4 DNA 3%
FZl A NEB 4w i, T #(fk. HiFiTaq. pfu
oAt PCR AHSGIR A N e A ) =i S ik
ZI [ Sigma A F, BHI 835344 BD A w5,
JEORE B O ) & A R RO R % H Promega 2
7). Trizol A Invitrogen A &) /= &, ¥ sk B A
Toyobo 22w =il RPUKRIFATR S JZHE 1 EAL I
SLH £ |1 45 #3822 PG A S = H il (AH G 45
RAKRE), FEPiR 1gG A Jackson 2 A=, HRP
A W BRI AR R A W] PCR 51YIH
S IR A HARAT BR 2 7] 5 k.

1.2 KWHE
1.2.1  FTHRERAARMR 2.

FIH 514 1oxpF £ loxpR & Bt & 2 4™ loxP
A7 DNA B, LR Iah Sal 1 1) U) AL A
BV A G S T 80k pEASY-T1 E#:, 1k
DH5q, 3584050k pT-loxP, HEATHEY) % & FHill
J o3

DA Jit KL pSET4s R Bl , FIH 514 speF Al
SpcR 4 3 45 2 H: W %7 2 P Pk Kk K JT A (Sper
cassette). ¥ 34 B Sal T BV IG5 FIAE (1 g
VI kL pT-loxP ¥4, %1k DH5«, 152 HE 415
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ki pT-loxP::spe, BEATHED) 4 8 AP 5347

P B. anthracis F& R 4051490, H pfu
14 eag HEP ERUF 2 800 bp 1) By, iR
#I| pEASY-Blunt Simple #f£ L4 4t DHSa, HUZERE
TE A R O BEAT U . R Ui (R YR EcoR T F1
Xho 1 XUHE V) J5 55 H A BE 1) g 5B ) 1% o2 R
pT-loxP::spe % #, 3 2 1) i ki 7 Kpn 1 AN
BamH 1 XUEFYI, 55 (VRGO DI 1 b 3ite ] 950 7 3%
¥, #1443 pT-eag::spce.

Jitki pT-eag::spc H Xho T A1 Miu T XWEEV) 55

H Sal T F1 Miu T XUEG VI JFOR. pMAD 1545, #4k
E. coli DH5a.. 5 31) [ 75 41 JFORY il 1) %5 52 160 )5 7
HLEAK E. coli SCS110.
1.2.2 Cre EAMRIEFOR M. LUTR pBE-PA
JRERR, A 514 amyrF A1 amyrR 47 54 75 213 K
W J5 27 AmyR1, FELEW 323 51N BamH T F1
Hind A7 85 [ANACID F B PR AN B OURR L) Ak 21 fs
5 [RIRE I P DI AURED) 1R Tk pHY 304 382 )5 5%
14 E. coli Topl0, 13 21| 1) 5 41 JiUkr iy U) A 5 45
E, SE LI TR 4408 pHY-AmyR.  #R 5 LA
Fi pColx-Cre M HEMRY 14 Cre BN IER, HAEW
Ui 739 51N Hind ITFD Xho 1 A7 5%, Cre B2 AL A
F B Hind TR Xho T XUV Ji5 15 28 3ok [R) A XU g
DI Bk pHY-AmyR & #8510 E. coli Topl0, 13
B 2 ORI DA 7 55, 5 LA O i 44
3 pHY-Cre. Jihi pHY-Cre Fi44k E. coli SCS110.
1.2.3  eag FEDRIR TG IR

M=70C {R1E1¥) B. anthracis AP422 TP %2k
OB R, BER T 5 ml BHIG (HBI 1 97 36
0.5%H) B gpdkrh, 37C s, ¥t a ko
WF 1% 1 EL 45042 R 31 100 ml B i) BHIG 8 7 3
W1, 37°C RIZURSE TR, 2 A (HIEE] 0.5~ 0.6 I
(Z12h), MEEIRTHCH, 3% SCHR[4)0T R 7756l 4%
EZAS.

80 wl JEAZ AN S wWl(Z 1.5 wg) Fki
pMAD-eag::spe, R 5 T 0.2 em HL o A b oK i
5min, #RJi5H] Bio-Rad HLAL AT 1L, &t
N 2.5kV. 2000 F125 pF. M se R SR
1 ml VK& 1 LB 15 723E, 30CHFE 2.5 h. 2 A
100 pl AT 200 wl ¥ Af 175 4055 2= (5 mg/L) 1 X-gal
(50 mg/L)IJ LB “Fti b, 300C ik Ass7t.

PRI — AW AR V5, HERhE) S ml LB B R A
H, 30CHi 9% 2h, RIEHH] 42CHF% 2 h. L
5wl B FEYIBREER RS, B 102, 107 F1 10~ ARRE i

% 100 wl ¥ A T & W %7 % (50 mg/L) Al X-gal
(50 mg/L)[#) LB “FAR I, 42°C ik 3595,

T 2CHFAEKH M A B@ETE, 5045
Folt 3055 H: 0 5 25 (100 mg/L) ¥y LB #5983k, 37°C
BRI, BOSAIEFRY) 5 wl #E4T 4B PCR %3¢,
519 H eag-iF M eag-iR, [ LLIE B. anthracis
AP422 B BEARON .

PR e R AR FEAL W R AR CHU A B ATAE
AL S AR, W BUAERBUE S HTIE AN B A
BRI, AR TIER &2, T
pHY-Cre, J7iEFIFERM AL, SATFFEE.

SRR AL EN NN 1 ml UK¥A 1 BHIG 85 55 %,
30CHFE 2.5h. B 50 wl ¥4 T 4% % (5 mg/L)
) LB PR L, 30C ik e kss%.

P32 T 41 AE 5 0% 2% (5 mg/L) 1Y LB A
B 30CAE 2 UG, TP RIS
PEF 37°CAL 340, REEEASPIARN LB P b
RN o) B B I T F AT AR Rk o i
1.24 HARM PCR %, X T AP422 KAt
B RPUE A BRI 5 A B A T P A 2 5L D
B, SEBUEDI AR G BIAGEAT PCR %858, X
PCR P& 3 T 85 3470074 .

1.2.5  eag FEPIGR R TEALREN] RT-PCR 4341, HU5E
RN AR AP422 (W FR B VR, 51 2 BHIG K
FrHkrh, 37C TR S wl R EEFRY) 50 )
M E] 5 ml BHIG K737, 37C Wi kig:. W
1.5 ml §5354)(Z1 10° CFU), B0UEERK, 500 pl
TE Z% M H 8 J5 I NS R (2R FE 2R 30 g/L)Ab B
3h, #RJ5H Trizol #-IUF A S RNA, HAREEA:
Fic FEG I A5 P o J7 VR I ek g AT . 49 2R
RNA 5 JE LI 1 g AE A, R I BEAL S|
W) e Sk A il cNDA 2R — %, SR 5 FF LAIE cDNA
Y AR, A 514 eagF M1 eagR ¥ 4T RT-PCR
ST

1.2.6 FEARHAFEE 0T

Xk PCR %578 75 58 KUKV A kA2 T 411
B, 500 Wk B IR, 17 000 g B0 5 min,
Fr i, FEAARAR PBS ik — Ik, A 30 ul
PBS HR B, $& IS0 T B LA
F 12% 58 #E 4T SDS-PAGE 43 #r, 758 UK T
M5 BAL RILIKT 0484k, A BAIEH AP422 B
PRAE g %)

7t SDS-PAGE 73 #r (1 564t I, #E4T %92 BN 72E
AT, K AP422 FIEE 21 1R 4 b A [ 12% ke E
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1T SDS-PAGE, #AJ5H# 3| NC i F. B 5%
JE Wk =i E 41 2 h, RS 90 EAL 811 SLH 4544
B LML (1 20 000 #4 B )37°C JLWEE 2 h,
PBST %% 3 %, AKX 5 min, 5 HRP brid 7%
i IgG Prik(l 5000 Fk) I E 1 h, ik
] PBST Wb 145 ] HRP S (i il Gt AT i (.

2 & R

2.1 FTHFHEMMESEE

1445 21 1) [R5 B PR i o7 AT loxp A7 s R H:
MEF R PUEIE D TO A IE B B T 28004 )5 I D) %508 25
R WE 1 PR, 34 BRI IE RS THR
b, PR HIZ1 A 800 bp. 800 bp A1 1200 bp.
HEM P58 WA RAETRAE.

U IERA I B Be % Spe Ltk oot R IRIJE R
R [ 5 (0 MUY FE A Y. ) PN D7) A 7 Ll 1) Ak
PG S8 50k pT-loxP &4z, a2 & A
eag::loxp-spe-loxp 1X— 4% i B JFUkE pT-eag::spe.

eag

up-
Kpnl, Miul == Bam

bla CTrm

ori pBR322

ori pE194(5s)

bgaB

RO BN TR BRI 4 B AR A

pMAD J5 15 24T #14k f& pMAD-eag::spc. 11 HE# 4

FHEAL E. coli SCS110, 19 ZIHE ALK FORL,

T ¥4 B. amthracis.  F AR () 1) 7 g o B2 G 1] 2
JR.
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Fig. 1 Enzyme analysis of homologous arms and
spc’ cassette with LoxP sites
M: DNA marker; /: pT-upeag; 2: pT-downeag; 3: pT-loxP::sp.

down-eag

EcoR | Xho 1

Miu 1

ori pBP322

up-eag

spc

down-eag

Fig. 2 Construction of plasmid pMAD-eag::spc

2.2 Cre EARFRIEAFIAHIEE
4] it ki pHY-AmyR & pHY-Cre 73 ) H
BamH 1T 1 Hind M % BamH 1 F Xho 1 XUHFY],

DIse a5 R 3 pros, B3 h &ALV
AH B [ B A B il sh 5 204k B0k pHY 304 i
e, IR 52 e A e ERS . X B A
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¥ 5 2~ Cre 541 i 1) 3218 FORL pHY-Cre ) &
. FURL pHY-Cre 525 ¥4k E. coli SCS110, 4
FIHEREAL I R, T440 B. anthracis .
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Fig. 3 The identification of plasmid pHY-AmyR
and pHY-Cre
M: DNA marker; I: pHY-AmyR; 2: pHY-Cre.

2.3 eag HEEMTLIRER
PN T DR G B v P e FH 10 SR W 14 4 P

. R
ts-ori Em

pMAD-eag::sp
loxP__ loxP
up—e(lg| Sp |d0WH—e(lg

—B&. (mthr(wis—{ up—eag| eal |d0wn—eag|—Chrom0s0me

I
—8&. zmthmcis—| up—eag| Sp |d0Wn—ea Chromosome

il|
- 1@

\% .
37 l \ (Cured, Em®)
LB. anthracis Chromosome
loxP Sp®, Em®, eqg deleted

Fig. 4 The procedure for knock-out of the
eag gene in B. anthracis
Structures of all intermediates were confirmed by PCR. Note that the
recombination can occur between the upstream portion and the

downstream portion.

BT R pMAD L5547 B- P FLBE TRl 3L [N,
RIEAE X-gal fA7ERIMEOL T, RERSREE (R, Frbln
TR SRR B R AR, AR
1, SE RN OO EA A TR KR T [FEE
g1, MIE 1.2.3 HETR 0 5V T R ARG,
BEMLPEE 50 A B R ¥, 51T PCR %
5. eag B L3R [RIJEE AMI 30 bp AL 1) eag-iF
FUR U RIS AMI 34 bp (1) eag-iR P94 51404 F4L
AL AT PCR %€, [ B. anthracis AP422

PEJ R 15 2320 B EAT 1R 7 PCR 25 5E 11 45
R, PSR mA, 280§ PCR ¥ K
JE4) 43 kb, X5LUEHR B. anthracis AP422 AR
I e R — B —kaE), 5 —ANCGE 7 TKE)
PCR W) i BEK 2y 3.0 kb, X5 & A H 45
AR AL EPAS S I B K3, X ULRE N
I [ TR PR FT BE LR TE eag FERI Sk 2B T 41,
1.4 kb 247 1) Sper 8 PEAL v Bedli N 21 T BRI 4 g
BT eag HEN(2.6 kb). ¥41% 3.0 kb 1 Jy B v £ £
pT1-EASY # Ak G AT se B ALl iy, 45 R 8o,
ZIP I LR S eagBE R bR A1 1
F B R R R o, X SR H
FrAl—3, WU EACLWRY, FEkash
AP422Aeag::spe. 19 BN L BAT 42°C 4t T iE4E
i 34X, IR LBR AT RE ML =Pk,

Fig. 5 Identification of recombinant bacteria by PCR
M: DNA marker; I: B. anthracis AP422; 2~ ]0: Potential recombinant.

3B 20 B N SOk pHY -Cre, 4% 1.2.3 T
RITEHATHAE G, BORTEVE, (8 37°C LhiE %17
TERISAT FiESAL 3, JHEL PR HT
ARG H RO I EL R, RN
Spc® Al B, 15 2 19 5 41 B4 iy %4 N B. amthracis
AP422Aeag.

24 eag EERKRLTIRA PCR EE

H AP422. AP422Aeag::spc Fl AP422Aeag —
PRTRT (1) 55 D A D B, LL5 |4 eag-iF 1 eag-iR
AT PCR B uE a5 Rl 6. A 6 Hh3&ATnr LA
F i, EALE APA22Acag FENALH ik 5199 H
MR B EEL) 1.7 kb, X S ERAEAR Y, 10X
HETR AP422 FIl APA22Aeag::spe 8159 21 1) Jr Bt K
FE SR EA Y BAR, 73750 4.3 kb A1 3.0 kb
KA. YA A BOE R T RSN, 4
REIR eag N OG22 HI, NS AR
— A 1oxP A7 50, XAEAESE KK FAESE T eag K&
DRI B 1
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Fig. 6 Identification of B. anthracis AP422 eag by PCR
M: DNA marker; I: B. anthracis AP422; 2: B. anthracis AP422Aeag::spc;
3: B. anthracis AP422Aeag.

2.5 eag EFETRKRELHRAT RT-PCR 717

X7 DNA ZKF%008 IEff I B Ak, A TRIzol
PEHUEL RNA, 550K 7a. L eag FERIEE M)
514 eagF F1 eagR #E1T RT-PCR %3¢, 451Kl 7b
s, B b, X eag FERSE AR BRMOR U, H
714 eagF Fll eagR A4 BEAN 457 1T, 10 HE B bk
AP422 [{] 54 RNA WAZRERS Y 14 AR ) eag KK,
KEEZh 2.6 kb, SRR SHRMAEEYE, X
W RiAE RNA KV EUiH],  eag DR D40 4 B D ik
Br, AP,

@b M 1 2 (b pp Mo 2
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Fig. 7 Identification of B.anthracis AP422 eag by RT-PCR
(a) Total RNA of B. anthracis AP422 and the mutant. (b) RT-PCR result.
M: DNA marker; I: B. anthracis AP422; 2: B. anthracis AP422 Aeag.

2.6 eag BERERARTHIEEED DN

o FHE IR KST- 48 0 TERA ) eag JE DRI 1) TR R
(Gt 3 ¥ 12%35EKe 4T SDS-PAGE 4341, 45 %40
Kl 8a. EAIl H 4> 1 e AK/NA 91.36 ku, 71 HLUK
PR KRB AUMB LT, SR E M B anthracis
AP422 [f] BAL H I RIEK R &, MAHLZ T,
B RARAE RS A BRI IR AR D, nT g2

FCAb RN 24 1 8 R B SR TR L) . X
S5 RAB AR TR PE— IR SE eag B AR A
Ty, 538k, LS EAL $2H SLH S5 A48 ) e fiifn i
A PUREAT R FErh YRR 4L R EAT S5 BN 73 By
(K145 R (K 8b), WM — MU HIIESE T E iR S5
g5k

b
@w w12 3 4® 2
116.0 | '_ Sl
66.2 e
45.0 4 -
— o —
35.0 - e e
250 —= N SN . -

18.4 =

Y 1

Fig. 8 Analysis of eag gene mutant strains

About 20 pl total bacteria proteins sample were separated by 12%
SDS-PAGE, transferred onto NC membrane, blotted with rabbit
unpurified anti-SLH domain serum (1 . 20 000 dilution), goat anti-rabbit
IgG (1 : 5 000 dilution). (a) SDS-PAGE analysis. M: Protein molecular
mass marker; /: B. anthracis AP422; 2~4: B. anthracis AP422Aeag.
(b) Western blot analysis. /: B. anthracis AP422; 2, 3: B. anthracis
AP422 Aeag.

FIH Cre-LoxP H 48, HAMTEILX B. anthracis
AP422 eag FE I DR, AL T X — R G-
2 [IKBHPER B. anthracis TIN5 %, LGt
AT W AH G D Dy RE (R I 90 B0 T R 4 1) S5 A
filh. %7V RS S PR A 0 AN DR AT R O
117 HL R BCRAR B e, WA TAL e iR FH
THATEE R KR I 7. eah, BT — R,
MR — IR AT B bR, o5 49 201 F A R A
PEAATAT PRI bR, 0 AT A I R v AT DA £
PUERMIN A, A Bk SOE 5 R T A DG IR 9% 1
R T —MERA AT B B i
P W A 1B TR AT S0 PR 2K

1E eag F R BR o, Br T EAL tE HARIA R E
AL AL, HoAh R BT R AR AT AN R R BT AR AL
Hh s g, — ANk BT 35~ 40 ku 14k
FIULE eag B BRIRERRAA b (10 48 7KF ] Wt i (1&] 8
AN ST HR).  LAPT EAL 21 SLH 45 #3811
Z YU R — HTEAT S 5 EVIZE 73 M ) 4 SR AR WY
R R A AR a5 SLH [T My s, i B
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E—EmAARE S JZEN. XERA, &
ATIAB S 5 EIVIZE Jit T 22 DU ALY A2 BT S- 2 8 O
P& SLH domain 1Y), T A7 75 A7 X OR 57 45 1) 5
MR e 52 A BEAEH. 2 EAlL EEEIANE
LI, SRR E BRG], TR R A R AL
f AT BER S- 2 A R YE 4y B o dERE S- R I
B RIKH L EIRIX —H AT BE R AR AR
A& NSRS, TR S- 2 1 E ik 24
BAERL. B8R, XM, FOER R
R T HE— S IR SE.

TiAk, AHESUHT AT RE 8044 R pMAD A A
A - FLHE B Mg AR . U A AR R AR
B. anthracis RS R B- LI THE, B
X-galfEERITEDL N, X-gal FIARH = W) Be U8 1 B 7%
RO, HRARNEEASS, AN
FRIEE IO, BORAS AR, BB RV
BEILAE, XA ERKD T ik E Al
BN TAERD, I R EH].

BUS BN A W B £ ) Victor Nizet
PPz F 2RI I 2% A e YU 4
PESIZIG v BT (1350 23 Jookr S LAt AR SC 3 B
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Application of Cre-LoxP System in The Gene Knockout of
Bacillus anthracis and The Knockout of eag Gene

WANG Yan-Chun, JIANG Na, ZHAN De-Wen, QIU Yan, YUAN SHENG-Ling,

TAO Hao-Xia, WANG Ling-Chun, ZHANG Zhao-Shan, LIU Chun-Jie"
(Beijing Institute of Biotechnology, State Key Laboratory of Pathogen and Biosafety, Beijing 100071, China)

Abstract
construct the recombinant vector, homologous regions and Spc' cassette with two loxP sites were amplified from

Cre-LoxP homologous recombinant system was used to disrupt eag gene in B. anthracis AP422. To

the corresponding templates. The produced shuttle vector was then transformed into B. anthracis AP422. Under the
pressure of temperature and antibiotic, homologous recombination occurred between the vector and genome of the
host bacterium and the recombinants were selected by agar media with spectinomycin (Spc) and X-gal. To remove
the Spc' cassette, a plasmid with Cre recombinase was introduced into the recombinant to delete the relevant DNA
fragment, resulting in a single loxP site within the targeted genomic segment. The markerless mutant strains were
detected by genome PCR, RT-PCR, total proteins SDS-PAGE analysis and Western blot. The results showed that
the eag gene was successfully deleted.
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