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R HEETE,

H i —1 CRISPR/Cas 9 Kt X 4 4B+ A H A
SR UIE . ZHEEALARAE . KRBk S
SERE AL, (HIZ R G0 ] FEARFE AL R A 7 2 R
A, HEEPAREABEE, HERZGEHA
R AN xR g, TRl AR Y b R T
it 2 e B A1 I A fg 35 7 BT S5/ B A R B A i
A R R AT 23T A Red [RIJEEAHE AR,
2000 4F Datsenko 231 ] & Red T 2H 2 48 1 7 11
— PCR LA B RAF A, ¥ gam. bet il
exo FE [ E T Z B hi A BE S 1) ParaB )5 8 F 9%
N, M T B R 2H SRR IR DL BTk
pKD46 , il A — & ¥ BE i) Bl hr AR B IS 175 = o R
pKD46 % ik Exo. Beta il Gam =FEH f, #
LA PUHEIEE R PCR i Bl BE A5 ook pKD46
R, 7 Red EAMIMIEA T, PCR K
A By 7 i 5 0 2 DAL 7 L] %) e 4] 5 e 4 |
IR R A E A, YR b A R b ok B ]
PR, HAR S PCR & BUBEEL R DNA 17
Ay, AN BRI B A, PR R R B
FEOFI PR | 2207, RORa% 1 A THE HU A )
P, A Y RE SR 4 2= e A R T H, 35
T 5 B R ZH AT BE A 5 b R S B bR A A
SR T RIBRAEEE . ITEE . RS
HO/RARM R . E0HEE . WEEE. HEARE .
115 B T 25 ) R IR ok T80,

SR — PR R PR — B 2[R L)
I, EE B9 TR v () U5 28R IR, R R
St 4 i) SRNA (/INT 200 bp) sk 4 K i) e o 44 He
B CRT 2 kb)mBREc MM, Kby —Flid & T
B 928 T 4 5 IR A o 2880 ) i Bk k0 S L
RyhB J& 2002 47E K 354 1A & B ) —Fi R 2k
FRBFAE DG 1Y SRNA, T 78 BRUZE 1k B 7 A4 (7]

JRPEAR % B9 RyhB #% Il ——RyhB1 # RyhB2, K
/N2y 110 bp, 7E N H— 21k PCR w5 RyhB
F, BRI PR B 40 bp 32 %) 60 bp, (HAE
FSL A R 5 o A SOk i 4 5 ] 5 T A R AR
o [ V5 T 2 R T 4 o A 3 R T R A
FIPEHF T 500-800 bp My [RI IR, 7855 Ji if [f]
PR ) b B TR T A 4 SRR B L
BEH . FERT; 2003 4, Derbise 8 MO =
4 PCR 3K 15 500 bp 2k 14T #E DNA [A] 5 R
AN WA T il V) 3% 4 S AR e S TR AR T B, AT
A R RAR S5 12 B IR AR TR 2 A SR R L A REAE |
W RS AT, @ TP PCR i
7 6001000 bp Y [FIWVE , A T A HEH
A, IR PG K, RS AT R
P SRNA (36-200 bp) K K F BeyL o ik (2-47 kb)
(8 R L I oA BRLPEE DA R LAt B A 4 i TR 454 5 )
N SnY & L ECINE: Sl L S AR R T e e S
T H .

1 BR R

1.1 #he

111 BABRFIETRL: RUZEEEFAERE 201 MhjE T H
IR, HFEERRON FL (0] LITE B IERE),
LerV' (B V $LE), Pst™ (774 3 %) LK% Pgm',
JEkE pKDA6 (I UL, A Z BT RLAr s g 2h
PR gam. bet Fil exo ZE[K, Amp®). pKD4 (7%
A WA FRT 78 R AR R R Pt 3L ) o
112 3EFrEE: LB HiFRE(IL /KMA 10 g bR
FIf. 5 g BERE4REU . 10 g NaCl il 15 g Biifg)
Hil s hr e, SRR EIE] 60 °C J5, FFInAAM
PPTPERPIA R (AN H & & 100 ug/mL., 8%
% 50 pg/mL).

http://journals.im.ac.cn/actamicrocn



1128

Renxia Wang et al. | Acta Microbiologica Sinica, 2017, 57(7)

1.1.3 FEEEH: dNTP. PrimeSTAR™ HS DNA
polymerase. TaKaRa Ex Taq 4 H 4 YO %) A
RS H] s PCR 4lifbiatn] & b e [l st & i 3 1
FEHAR A

1.2 PCR ¥y EMERKE. THREBEEEFR
A&

EEXTREm bR H L (I sSRNA - R J Be g
AR R, H primer 5 S-S ik Ay b
T UEEE Y PR R IR ) — 45 R m 5
¥ RyhB1-Up-R-kan Jy 5'-CGTGTAATGCTGCAA
TCTGGCAATGATAATCATTATCAC-3', 53k
LR 5 R & RVR 97511 (18 bp), 33 A Kl
2w e e S b T YO0 o I
W] U5 5 i — 45 1E M 51 4 RyhBl-down-F-kan A
5'-GCTTCTCAGTGCGTTACATTTGCCTTTTT
CTCACCCCGTTC-3', 5k ki & 5 KAk &
[] 564 7 511 (18 bp) , 3/ oA Y] £ &8 43 f2 5 il o ik
R RV RS . &P 8 F . R R
AR 18 bp RIB&EMFIEFF], PCR
7R K /h— %} 600-1000 bp, 1§14 R AR £
KB 1598 bp, M TR £l & PCR (51 ¥)i%
TR 1),

PCR ¥ 14 {&K & (50 pL): 5xPrimeSTAR™
buffer 10 uL. dNTP mixture (2.5 mmol/L) 4 uL,

Forward primer (10 umol/L) &z Reverse primer
(10 pmol/L)% 1 uL. DNA Hi#R (10 ng/pL) 4 pL.
PrimeSTAR™ HS DNA polymerase 0.5 uL, filizK#h
/& 50 uL, PCR #3454/ : 98 °C 10's, 55 °C ([A]
JEEF) K 50 °C (FAB£) 155, 72 °C 1 min (=] E)
8¢ 1.5 min (RARE), 30 MEH, fxJ5 72 °C 5 min,
PCR " WyiscJ5 AT AlAL , I i A% TR 2 B FHk B
—20 °C R4
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4, LIRS0 DNA #ik, R b ila e
FRTE 1] 5 1400 B i [ P50 1) B 1) 51 040, 474
O FUWEEIERE . RS A AR R IR IR B et T
RAR e, PCR "&£ (50 uL): 5xPrimeSTAR™
buffer 10 uL. dNTP mixture (2.5 mmol/L) 4 uL .
bR R PR R R OIR &R (10 ng/pL) 2 pl
PrimeSTAR™ HS DNA polymerase 0.5 puL, /K
*ME 50 L, PCR ¥ 144144 98 °C 10's, 58 °C
155,72 °C 3.5 min, 30 MG, irJ5 72 °C 5 min,
PCR 7% ] QIAquick Gel Extration Kit (Qiagen)
[l H B A7 aiAk, D0 A% R 2 R Rk
-20 °C {47
1.4 JREZAHMIA &

¥ pKD46 BTy R 201 Bk, HEFRT
5 mL LB AizAmpR)H, 26 °C Ki3%%E ODgyo N
0.6-0.8 Zcfy, FFMIAZUAE N 10 mmol/L L-Pif+i
ABHAES: 2 h, 4 °C 4000 r/min 2.0 5 min W &
A, FEFARRTUR A £ B K vk 2 W, fJa il
1 mL 10% K & H &%), % iR 50 ul,
T-70 °C RAF LI
15 H%%

U 1-3 ug A9 PCR =N A 22 2541 i 4
fHIRA), BvK FJCE 15 min, K PCR FP=# flj&sz
SR AR AR, 7E 25 pF
200 Q@ 1.8 kV STy, WL sEE L RUInA
900 pL WPtk LB Hige B2 duit, Jrfrd
e AR E.OE T, F26°CHigE 2-4h, HE
05, B 200 pb BRI AR AT S RAR U
[ LB ¥4 |, 26 °C #53% 2-3d.
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* 1. ARAESIFT
Table 1. Primers used in this study

Primers

Sequence (5'—3’)

RyhB1-up-F
RyhB1-up-R-kan
RyhB1-down-F-kan
RyhB1-down-R
RyhB2-up-F
RyhB2-up-R-kan
RyhB2-down-F-Kan
RyhB2-down-R
47-2-up-F
47-2-up-R-kan
47-2-down-F-kan
47-2-down-R
47-3-up-F
47-3-up-R-kan
47-3-down-F-kan
47-3-down-R
47-3a-up-F
47-3a-up-R-kan
47-3a-down-F-kan
47-3a-down-R
47-3b-up-F
47-3b-up-R-kan
47-3b-down-F-kan
47-3b-down-R
Kan-F

Kan-R
RyhB1-1-out-F
RyhB1-1-out-R
RyhB2-1-out-F
RyhB2-1-out-R
Kana-I1-R
Kana-I-F

rstA-F

rstA-R

rhsAl-F

rhsA1-R

dalD-F

dalD-R

tpx-F

tpx-R

pspA-F

pspA-R

hrpA-F

hrpA-R

IdhA1-F
IdhA1-R

tyrR-F

tyrR-R

nifJ-F

hslJ-F

hslJ-R

aesS2-F

aesS2-R

SoxR2-F
SoxR2-R
YP_2127-F
YP_2127-R

CATATTCCCCCTGAGTCAAAT
CGTGTAATGCTGCAATCTGGCAATGATAATCATTATCAC
GCTTCTCAGTGCGTTACA TTTGCCTTTTTCTCACCCCGTTC
GGTAAATCAACTTAATCCGAGAG
GGCGTAAACCAGTCGGTAGTCT
CGTGTAATGCTGCAATCTAAAATGATAATACTTATCAATAT
GCTTCTCAGTGCGTTACAGTGCCCAGAAAACCCCCAGC
TTCCGGTGAGTGAGTACAGC
CGACCCAGTCTCACCGGCGACAAT
CGTGTAATGCTGCAATCTAGAGAACAGAAATTCAGGCGACAC
GCTTCTCAGTGCGTTACAGCCGAGGCCATAATGATTACGTTA
TCCGGGCTGCAACATGAAGTACA
GTAACCAATACCCGGCGACTCTC
CGTGTAATGCTGCAATCT TAGAGCTTGCTCACTTGGATAAG
GCTTCTCAGTGCGTTACA GCTTCTCCTTGGCAAATTG
AATCGATGTACCCGCAGTC

CCCTCGGCATGGACGTTTA

CGTGTAATGCTGCAATCT GTGCGTACTATTACTCATC
GCTTCTCAGTGCGTTACA GGCCAAATGGCCCACTGATGT
TGTTAGGCGTATTTATCGAGA

GGGTTTCCGGCGATGTAA

CGTGTAATGCTGCAATCT GCCGCCTACCTGAATCTC
GCTTCTCAGTGCGTTACACTAGCGTGCCAGTAGGT
GAGGAATGCCGTCGATT

AGATTGCAGCATTACACG

TGTAACGCACTGAGAAGC
GCAACCGCGCGGCAGCATTCCCG
GCATGGCCGCGATCGTCTGCTT
GTAACGCGTTGTGTTTAGTGTG
CCATCGGGTGTGCGCTAAGCTC
GCCGATTGTCTGTTGTGCCC
GGCTGGGTGTGGCGGACCGC
GCACAAGCCGTTATTGAACAG
AGTGCTTCGTTATTCTCAATCG
ACGATGCGGAAGAGACG

CGGTGATTTTTGTGGTGTAG
AACAACGGCAACAGGATAAGAG
CGGTAGCGGTAGGCACTC
GGACCCAATAATGACACAGACC
GCCATCCAGAACGACAACC

ATTGGCGGCGTACATCAC

AGCGAAAGTCAGCAACAGGA
TGTTATCTCTGCCCTCCAT

TGTTCGCACCCTCTTTG

ACAAGTGGTCCGAGTGCC

ACCTGTGCCGATAATCCC

TTATCGGCTGAATGTCCT

CTGCTTAAACCATACTCCC

CTTCTCCGCACAGCATCT

TCGTTCCAGTGGCTATTATCG
GTGTGCGTACTATTACTCATCG
TTTTGATGGGAGGGTCTG

TCGGGATTTATCTACTTGG

GGTATTTACGTCATCGCTAC

CTTGCACTTAACTGTGGC

CCAACAATACGGTCAATCTC

GAAACGAAACAACCCAAC

The black underlined sequence of the primer 5’ end is the homologous sequence of the kanamycin cassette.
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1.6 EHWER PCREE
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Figure 1.
PCR mediated Red recombination technique.
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M PCR 9 5H) Red EARKARRIRRAZE sSRNA KR BAKFERTEE
Schematic diagram of the deletion Yersinia pestis SRNA and large fragment chromosome by two step
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[ P58 1Y T 9% 51 9 (Down-R) #E4T 3 A A BE Y il
B, RIS N U AR B R R i R M A
&, WS TR RIS A pKDA6 TR Y R
#E 201 TEPE, PCR %7 & RIARHUME My 5 N it
Bk

2.2 FUBEH SRNA RyhB B4 S8 A5 bR by

221 PCRYMAMEREM L. TWHFREEKF
BB : RyhB1 (1 I i[RI R £k 950 bp, RyhB2
B T iR IR 24k 740 bp, RARBE K 1598 bp.
PCR ¥4 RyhB1 f9 b i [R] U5 R i Sty #23k
1000 bp, RyhB2 Ay LT ¥ [a] I R 4 4% i $2 000

Ml
1 %

JiM)
"Ly

)

2.
Figure 2.

= | §98 by

- G I'\.;.

750 bp, FHF & 4 T 1500-2000 bp 2 fa] (& 2),
#5 WU H A RN — 2, B g
RyhB1 il RyhB2 %) I T ¥ [ R M R AR & .

222 MhiE PCRWEY . THFEIFEEHRER
BEREE: KB —4 PCR ¥ KRR sRNA
RyhB1 f RyhB2 i) b ¢ [l IR SRR & /E A
Me, @RS PCR &SRR & Msn & b T i A
B LRPE R AR 4 B 345 /s PCRY 3 (1) RyhB1
il RyhB2 &tk 48 &, K/MTT 3 kb fifi, 5
H By 46 R/h—30, Ui L) 815 RyhB1 Al
RyhB2 M4 548 4 .

(B B LY |

I
I 1598 by
1 CH

Th0- =T [
i |1J|

LNl

PCR %% RyhB1 #1 RyhB2 R L Tl RIREE R £ E
Identification of the upstream and downstream homologous arms of the target gene and the kanamycin

cassette by PCR. (A) RyhB1. M: DNA marker; lane 1: upstream homologous arm; lane 2: downstream homologous
arm; lane 3: kanamycin cassette. (B) RyhB2. M: DNA marker; lane 1: upstream homologous arm; lane 2:

downstream homologous arm; lane 3: kanamycin cassette.

3.
Identification of linear mutation cassette by fusion PCR. A: RyhB1l. M: DNA marker; lane 1: linear
mutation cassette. B: RyhB2. M: DNA marker; lane 1: linear mutation cassette.

Figure 3.

A5 |5

L

SMHEN
L{HHE

e - 3100 by

e PCREEL&MHERTE
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2.2.3 PCR%ERUER RyhBl & RyhB2 kg€
AEMR: ABGEI— 2D S AR AR [l T B ] R A
(—F%H 36-50 bp), %t/NT 200 bp SRNA s He
EERIXE . AT LUK EEZR 110 bp FRIZH sSRNA
RyhB1 (108 bp)#il RyhB2 (106 bp) i, i itfl4
PCR K [, $a 1 IRIIEE AR,
It T RyhB1 Fll RyhB2 ik 45 5878 bk .
AL 28 S f RyhBL B[R & A [ Y5 B
s, FAREBUL T RyhB1 LM (&1 4-A), Ktk a]
F RyhB1 &M% & i) il 514 (RyhB1-1-F)F-R 8
M TS PI(K-R)BCXT, K RyhB1 #Mil 4
SE U514 (RyhB1-1-R) AR AR £ % & 1Y _E i 5|
YI(K-F)ECXT, PCR ithy % ih 720 bp 1 765 bp
O SN E A2 I RyhBl NG
(RyhB1-int-F/R) %5 W], m Rk oA [ 4 1y B P ) B

KvhEb ] =int-F/E

KyhiEl-1-R K-k

Rvhi 1 -1-F/K-R

by M 12 § 5

5]

==THSE b
=T M1 b

=43 by

4.
Figure 4.

WREEY i H WA, DL g5 R Ui & RyhB1
K 4-B 25K . F RyhB2 M4 ES )
(RyhB2-I-F/R) Fll I8 & %8 & 51 ¥ (K-F/R) 22 L Iic
Xt , BTG 842 bp 1 688 bp %5 5 T H Y
it —30; W RyhB2 SMll % %2 5191 (RyhB2-1-F/R),
RN, B SEERRAR A, W
P4l 5 8 A R —FE RN 579 bp R B A RERR
B, RARESE &R RyhB2, mibRERAES 1
2071 bp B 1 Bt , £5 5 BRI RyhB2 ik 28
kK
2.3 REREP AR BREVE R R E

231 RUEE 47 kb BHRF BUBRR RAT R4
FE: JEd S PCR AEE BUZF /N RNA RyhB2 %%
ARRRIS, TR A RV S B Ak 4

[4E] = =
= 3 -t
. - =
7 g o
& -4 &
bp
I iy
T{"“ M1 '||'
IIl_Il.lI .-l
M -HE b
1 i -§79 I“'.'l

F.JZH sSRNA RyhB1 #1 RyhB2 k&L R T #k A PCR ¥ E
Identification of sSRNA RyhB1 and RyhB2 deletion mutant strains of Yersinia pestis by PCR. A:

identification of RyhB1 deletion mutant. M: DNA marker; lane 1-2 (Primer RyhB1-1-F/K-R), lane 1: deletion
mutant strain; lane 2: wild strain; lane 3—4 (Primer RyhB1-1-R/K-F), lane 3: deletion mutant strain; lane 4: wild
strain; lane 5-6 (Primer RyhB1-int-F/R), lane 5: deletion mutant strain; lane 6: wild strain. B: identification of
RyhB2 deletion mutant. M: DNA marker; lane 1-2 (Primer RyhB2-I-F/R), lane 1: deletion mutant strain; lane 2:
wild strain; lane 3—4 (Primer RyhB2-1-F/K-R), lane 3: deletion mutant strain; lane 4: wild strain; lane 5-6 (Primer
RyhB2-1-R/K-F), lane 5: deletion mutant strain; lane 6: wild strain.
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FEVE T FEY) tnp_22, 455K A AR Sk R U
FHH AT tnp_20 Fl thp_22 %5 1 22 ] 1) 47 kb
KA BR8] 5 421K W] . 47 kb R7Z#k tnp_20
HMINSEE 5140 rstA @R AR FIEF AR MR (DLERS 10 2 9k
EYER M BAYE, MIAMI%EES 1Y) rhsAl, dalD. tpx
H1 pspA FEFRREGE 4. 7. 10, 13 WkiE)% KB,

AT NS |8 AR R (36 5. 8. 11, 14 JkiE)Yy
PR, UESE 47 kb KR BOR IRl 1 Deng 5§
8 47 kb KA BeBisk )5 LDso h 1.5%10° CFU, #
F1ES B AR (LDso M 6 CFU) F R 10 Ji 43, 1M

E T3 A7 kb Wl EE Y FEEEIE, AnoR R [R5
A FHEBR A AR T BB, 25 R 4 BRI BR AR
L6 LDso i B0 1 SREME , D) A i BRL | PRHUR = A%
5 47 kb K BOsi g i . aniEl 6 fos : ABit
X4 47 kb 43H 47-1 (13177 bp). 47-2 (10468 bp)
M1 47-3 (21636 bp) 3 N4>, 1M 47-3 X3Hh a
(9168 bp). b (6155 bp) X% ¢ (5892 bp) 3 I~ H B,
47-3c X A TR B

2.3.3 R 47 kb K Beor Be Bk ) PCR %
B B T-A SRR 47-2 BIAMINSESE S 9 hrpA.,

47 kb 2 BUBE T I — AN 1 K A B2, GEAF R AN B A= AR AR R BHPE(ULES 10 2 JkiE), R
2.3.2 FUEHE 47 kb TR BT BUmibR RS : WeEB | dalD K 1dhAL BRRIE (S 4 2 7 Wk
47 kb B— 1 40 2 FEHF PRI KA B, A AN, MEFARRGER 5 M 8 TKIE) I R M, 1A
rarA Fo ) Iy Jupd
by A IfiJ.;--'-"h-'IIIHI"HIll.‘-

T —
L
354}

FRIETE 47 kb X K EXRiBR¥KHI PCR £E

& 5.
Identification of 47 kb deletion mutant strain of Yersinia pestis by PCR. M: DNA marker; lane 1-3
(Primer rstA), lane 1: deletion mutant strain; lane 2: wild strain; lane 3: negative control; lane 4-6 (Primer rhsAl),
lane 4: deletion mutant strain; lane 5: wild strain; lane 6: negative control; lane 7-9 (Primer dalD), lane 7: deletion
mutant strain; lane 8:wild strain; lane 9: negative control; lane 10-12 (Primer tpx), lane 10: deletion mutant strain;
lane 11: wild strain; lane 12: negative control; lane 13-15 (Primer pspA), lane 13: deletion mutant strain; lane 14:
wild strain; lane 15: negative control.

Figure 5.

I |
K] 1 47kb
I—— (:=| 47-3¢ |=|')l.

TS T 1
T E A TR wr Va7 l4naa | g7
A T | L] '

Bxhli2 | o 22 |

2

s

6. RIEE 47 kb X R B 7 EREFRERE

Figure 6. Strategy for 47 kb segmented deletion of Yersinia pestis.
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(k) il ild nrk AT
by M | 23

} § &6 7 £ 9

(54 bap
|_"h|||l.
T i1
b 0]
11K HE ] 15 e
i i i
i 1] 5 il i i
T 266 bp K}

7. RIEE 47 kb KRR ERBBRIRRY PCR £E

Figure 7. Identification of 47 kb segmented deletion mutant strains of Yersinia pestis by PCR. A: Identification of
47-2 deletion mutant. M: DNA marker; lane 1-3 (Primer hrpA), lane 1: deletion mutant strain; lane 2: wild strain;
lane 3: negative control; lane 4-6 (Primer dalD), lane 4: deletion mutant strain; lane 5: wild strain; 6: negative
control; lane 7-9 (Primer IdhAl), lane 7: deletion mutant strain; lane 8: wild strain; lane 9: negative control. B:
identification of 47-3 deletion mutant. M: DNA marker; lane 1-3 (Primer IdhAl), lane 1: deletion mutant strain;
lane 2: wild strain; lane 3: negative control; lane 4-6 (Primer tyrR), lane 4: deletion mutant strain; lane 5: wild
strain; lane 6: negative control; lane 7-9 (Primer nifJ), lane 7: deletion mutant strain; lane 8: wild strain; lane 9:
negative control. C: identification of 47-3a deletion mutant. M: DNA marker; lane 1-3 (Primer YP-2127), lane 1:
deletion mutant strain; lane 2: wild strain; lane 3: negative control; lane 4-6 (Primer nifJ), lane 4: deletion mutant
strain; lane 5: wild strain; lane 6: negative control; lane 7-9 (Primer aesS2), lane 7: deletion mutant strain; lane 8:
wild strain; lane 9: negative control. D: identification of 47-3b deletion mutant. M: DNA marker; lane 1-3 (Primer
tyrR), lane 1: deletion mutant strain; lane 2: wild strain; lane 3: negative control; lane 4-6 (Primer soxR2), lane 4:
deletion mutant strain; lane 5: wild strain; lane 6: negative control; lane 7-9 (Primer YP-2127), lane 7: deletion
mutant strain; lane 8: wild strain; lane 9: negative control.

47-2 WNRER; A 47-3 WAMUSSESIYIN  BRCGE 5 M 8 TKIE)B A BRYE, B 47-3b AU RBR
IdhAL, ZR7ERRFNETARER A FIVECULES 1 F 2 9k (&1 7-D); DL 45 SR A oA i 1 47-2 (10.4 kb)
H), WEBEESIY) tyrR K nifd MBRER(EE 4 X 7 47-3 (21.6 kb) . 47-3a (9.2 kb) &% 47-3b (6.1 kb)Z K
DKIE) YR, METAERRCE 5 K 8 UKIE)YIR BBy

PE, UL 47-2 IR (K 7-B); 47-3a (1 Sl 4

SEGIWIN YP-2127, RASKRMBF LA HIE(L 3 R

55 1M 2 9kiE), WIESEESIY) nif) & aesS2 mikk

PRCE 4 K 7 IKIE)B BT, msFAEpmEE 5 & 8 — A G AR AR — P RIS B A SR R 5%
TKIE) N BEYE, VLR 47-3a BIhEE(E 7-C); AT, BT R R, AT R T
47-3b AMUSEE S IPA tyrR, ZEASRRANEF A RaE  Bokn, DULses BIRR A%, (A4 R R,
HBEPECLES 1A 2 JKAE), NIRAET Y soxR2 Ko 1E R I AT T o — 4 1k 2 A8 R (P 4 e ) R
YP-2127 FBRIR (R 4 Ko 7 VkGE)YABAYE, MEFA: (36-50 bp), H:[R]VE T 4H AR HA B AR B DR A4
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FPE, RIS TR] A4 B Rk B TR — B R AS TR) 56 A1 A [ 5
TR T REAEEZE S, T B R [R5 2 44 55 1)
VR HRCRN A T-BL, n— kB H R TE
S5 R HB IR AR A HH 1 [R5 E AL R AR, T AR
T2 5 21 500 bp A BEA RLAFR int . recA il gmd-fel
SEFLRUS FEEELINE A, B IR (50 bp)
HABK N16961 77 FLIN A AR Y ctxB A toxT Kk
F bR L #1000 bp [R]JEE AT 4 FhAS[E] B
FR(N16961, SY10045, V080085 K \V080080)+ [
ctxB. toxT. lacZ % recA Z&3L PR ko i,
W — VR R A HOR A AR, AN TE T
At £ AT 42 5 PR 2 K R BB g 5 PR R o

Bt FUE CO92 Al 91001 &5 1 Fk 4= LK £H
FPRSERL, R B B D RERIF S S 4IE T A5 A (S
B B RyhB J&—28iE LA BT 2974 110 bp
g SRNA, 75 FRZE T L K 41 A RyhB1 Fil RyhB2
PIANEE DL, AT 2 55 801 FH R At A7 A DG D5k PR 2 SR i)
PAFE . — 201 S AR HORAE By T v 14 [+ 905 o 2 50
KRB A TR, Fe B2 %F /T 200 bp 14 SRNA
PR ECIRIME , RyhB H 28 2 IR BRI AR BT, AHF
JEil il Al PCR #4 &K [] 5 (600-1000 bp))a ,
A R SRR B B RyhB1 (108 bp). RyhB2 (106
bp). ssrS (382 bp). ssrA (364 bp)%: sRNA, Ik
A¥ 36 bp Y ssrS H BT IXEE, A, ATy
Vet & A B ET 2 kb A Y R R A BEA R
Mo TEMEE RyhB2 2828 RERT, f P IRIEAT (2
I AN EFEREREITY), BN 47 kb
BRI RE IR, 30 3 R B S3 BE R H AR AR e
KA BeB R (KT 2 kb), f45% 47-2 (10.5 kb) \47-3
(21.6 kb) . 47-3a (9.2 kb) . 47-3b (6.2 kb) &
YP_2132-2135 (3.4 kb), FH45&shWil, K
TyrR S8R BRI BE 1 30 HT AL BRI AR L 1 T R, 74

# TyrR 2R IR M FL IR 9 88 19K, I
L e tyrR HERIER ISR B 47 Kb JiRE R F Y
PO R 3 FilA PCR ¥EH 7 600-1000 bp
MR, FIARER IR EARCE, RS TR
JETH sSRNA (36-200 bp) & Getaif Rk F B (2—47 kb))
BRI AR, HARMERTR, P & i, AT TR
PR T 4 i DR 2L i s

PR, FRRE TR ) VR R A O ok T 2 3 ] R
BER AN, R PCR 2875 £ Ay 4l Ak ) |
RS IPIRAS o BTRAFTREAS S 1 ViR B i |) 45 2
HWEA K, HLERFEEL SRS, 2R PCR Y
B EN R KRB &L PCR 7 W et L
I, mhE kR A G aifbE VIR Rk, Bk
J¥— Ml 200-500 ng/ul, Sh e AR, il
(1) BRLPE T RS2 S AR B 1Y) ODego — R 0.6-0.8,
10 mmol/L FiIHIFBEEE S 2 hy Akt S FH A v
W, A TR  ETE & e Dpn |
it T AL BT B AR AR A AR b SR, B R I
Fi P £ AR bR e (0 /X DNA 1 i . 55 40 24 [
Vit e s NN R I B N bl o | AR
VL G ATFFE T 47 Kb B 5328 bt 2 4
SR —ADAF R BIUE . DR AR AS [R5 [
eV T IRV EE 3k G ) SR 5 A R PR A Bl 4 3
R ZAER S R F 51, 3 U L R A R iR
PEBR . T BRI AR PCR ZE Y 1K [R] R Bl
U Taq BT RES B R4S, QRN A 5
ORF A ] BE &5 R IZ I MHH A4S, ULy 1
Hp R AT REAE AT A IE D RE Y = R B . — xS
B AR R S R 7 A0 95 PCR, DNA I | A
HAME, AR F] T Northern blot, Western blot
B 7 S A A RAAE R I IE . PCR J& % FHM %
SETE, NI A SRR SE IR R,
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Two-step PCR mediated Red recombination technique for rapid
deletion of Yersinia pestis SRNA and large fragment chromosome

Renxia Wang', Rongjiao Liu', Ziwei Li*, Ruihuan Wang', Ruifu Yang®, Yanping Han,
Zhongliang Deng"”

'Department of Sanitary Inspection, School of Public Health, University of South China, Hengyang 421001, Hunan Province,
China
“State Key Laboratory of Pathogen and Biosecurity, Beijing Institute of Microbiology and Epidemiology, Beijing 100071, China

Abstract: [Objective] Based on the A Red recombination system, a two-step PCR method was developed to delete
small non-coding RNA (sRNA) and large chromosomal fragment in Yersinia pestis. [Methods] Two PCR
procedures were done to amplify product formed of a kanamycin resistance gene flanked by long (600-1000 bp)
homology extensions. The PCR fragment carrying a kanamycin resistance gene flanked by regions homologous to
the target locus was electroporated into a recipient 201 strain of Yersinia pestis expressing the homologous
recombination system encoded by plasmid pKD46, which promoted the replacement of the target gene with
kanamycin resistant fragment. Finally, the recombinant clones were identified by PCR. [Results] The homologous
extensions of 600-1000 bp were constructed by two PCR method, which increased the efficiency of homologous
recombination, the sRNA RyhB1 (108 bp) and RyhB2 (106 bp) and the larger chromosome fragments 47-2
(10.4 kb), 47-3 (21.6 kb), 47-3a (9.2 kb) and 47-3b (6.1 kb) were successfully deleted. [Conclusion] The two step
PCR mutation technique was a simple and efficient method for the precise modification of sSRNA and large
fragment chromosome of Yersinia pestis. This method was suitable for gene knockout of whole genome of Yersinia
pestis, which provided a powerful tool for gene expression and regulation, pathogenicity and virulence study of
Yersinia pestis.

Keywords: Yersinia pestis, Red recombination system, SRNA, large fragment chromosomes, gene knockout
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