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i E:IFT]I VNREAEL-NEZEZNAZTEERET, TiARTZOFMEAABRMLE. 8
MR, ERRIE —EAREEA., ARSI BARAEAR T ITRAK AT DEET E2H4EA,
SR B AT A BRI AR A A 0. R FIKE P, AFRAINRMG IV TTRESH VI A ik
R4, HUMR AL —idE 387 & & (Hemolysin-coregulated protein, Hep)™ &6 78 2 8 & it
P LETEREA. [B6] Budidst 3 NaA Hep & & 69 AR #ATIHR, ERMGEVITK
BPET—F27@kFEOELEE %, AA TUTITRBAKRRBEGHT. [FiE] & pKD4 AL
Mo, R BGA BGERRARREINGFAERZRELARAR, FRHESASETAHBZ 56 E
HH, TUEBFAMAL pCP20 HR4u AR 7B, AP LRABZR. [4R] AF 34N %
Hey hep AR AR A GHATT a8k, R THFOARLEMR, FELEET —RXBIEFT
feiB R e R AR R T K. [4#£) Red TAAZATATRM R ITHGARL, @id#mib
FlR A Bt KB . PCRAEMOIRE . L-Fiafatem AR A, Einidfe b e R B 4t 5
Red THA%AEVITRE P THAME, FxME, ik, THEKES, AFIHE.

KEE: RMHEVNE, VIR NLEAS%, BhitATEE, Red THEAL

Knockout of hcp genes in Salmonella typhimurium by Red
recombination system

WANG Ping DONG Jun-Fang ZOU Qing-Hua’

(Department of Microbiology & Infectious Disease Center, School of Basic Medical Sciences, Peking University Health
Science Center, Beijing 100191, China)

Abstract: [Background] Salmonella is an important food-borne pathogen causing disease such as
gastroenteritis, typhoid fever and paratyphoid fever in humans and animals worldwide. The
pathogenic mechanism is still unclear. Gene knockout plays an important role in studying the
pathogenicity of Salmonella, however, currently it is time consuming and the success rate is very
low. S typhimurium has a Type VI secretion system (T6SS). The component Hemolysin-coregulated
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protein (Hcp) may play an important role in its pathogenicity. [Objective] To establish a quick and
effective gene knock out system by knocking out the three Hep encoding genes in S typhimurium,
thus to study the pathogenicity of Salmonella. [Methods] Kanamycin resistance gene fragments with
homologous upstream and downstream sequences of hcp genes were amplified with pKD4 as
template, and then were introduced into S typhimurium which has Red recombination system
enzyme. Then pCP20 were electroporated into the cells to delete the integrated kanamycin resistant
gene from the recombinant bacteria. [Results] Both individual hcp genes and their recombinations
were successfully knocked out from the genome of S typhimurium. We also summarized some
solutions to the problems we may encounter. [Conclusion] Red recombination system is a good
method to knock out genes in S typhimurium. We can improve the efficiency by optimizing the
experimental conditions such as the length of the homologous fragment, the concentration of the
PCR templates, the time point for L-arabinose addition and the culture temperature. It is a simple and
efficient method and deserves to be popularized.

Keywords: Salmonella typhimurium, Type VI secretion system (T6SS), Hemolysin-coregulated
protein (Hcp), Red recombination system
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[ STM14 3785
4-7 d 3 Hep
[2]
400
[11]
pHSG415!"
[4] 28 °C
VI (The type VI secretion system
T6SS) (Mbrio cholerae)
3] Red
61" T6SS 13 Datsenko ' Red
pKD46
T6SS pKD4  pCP20 pKD46 3
(Orphan) T6SS DNA
7] ( (8] DNA pKD4
B3] BTy FRT pCP20
(101 T6SS FRT
(Hemolysin- Red
coregulated protein Hcp) [13]
Hcep
3 Hep Red
6 (Salmonella pathogenicity hcp
island SPI6) STM14 0324 STM14 0327
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1 RS 3% PCR
L1 e Eppendorf
111 E¥RFIRR DY¥-5
14028S 140288 THZ-C

Ahcpl  14028SAhcp2 pKD46 pKD4 MicroPulser

pCP20 Bio-Rad
14028SAhcp3  AhcplAhcp2  AhcplAhcp3  Ahcp2 1.2 SERFE
Ahcp3 Ahcpl Ahcp2Ahcp3 1 1.2.1 54t
112 FERFIRNLE NCBI 140285

DNA (GenBank CP001363.1)
SanPrep PCR
SanPrep Ahcpl Ahcp2 hepl
(Ampicillin Amp) (Chloramphenicol Cam) (STM14_0324)  hcp3 (STM14_3785)
(Kanamycin Kana) ( 56 bp
) AxyPrep DNA Plasmid Miniprep 3’ pKD4
Kit 250-prep Axygen
LB (LB broth) LB G+C% 20 bp
(LB agar) 2
=1 KL Fr AR BUR
Table 1 Bacteria strains and plasmids used in this study
Bacteria str:ains Characteristics References
and plasmids
Strains

S typhimurium 14028S S typhimurium 14028S wild type Preserved by our lab

14028SAhcpl S typhimurium 14028S STM14 0324 (Hcp 1) gene knock-out mutant Preserved by our lab

14028SAhcp2 S typhimurium 14028S STM14 0327 (Hcp 2) gene knock-out mutant Preserved by our lab

14028SAhcp3 S typhimurium 140285 STM14_3785 (Hcp 3) gene knock-out mutant ;ﬁ‘;;m‘md by this

14028SAhcpl Ahcp2 S typhimurium 140285 STM14 0324 and STM14 0327 gene knock-out mutant Sctzz;tmted by this

14028SA hepl Ahcp3 S typhimurium 140288 STM14_0324 and STM14_3785 gene knock-out mutant S;E;m‘“ed by this

14028SAhcp2Ahep3 S typhimurium 140288 STM14 3785 and STM14 0327 gene knock-out mutant ::tzg;tr““ed by this

14028SAhcpl Ahcp2Ahcp3 S typhimurium 14028S STM14 0324, STM14 0327 and STM14 3785 gene Constructed by this

knock-out mutant study

Plasmids
pKD46 Amp®
pKD4 Kan®, AmpR
pCP20 Amp®

Preserved by our lab
Preserved by our lab

Preserved by our lab
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*x2 LWAASIY
Table 2 Primers used in this study

Primers name

Sequences (5'—3")

Hepl-F AAAAGATATAGATAAAATCAGGTTTATTTTAAGTAAAACTTAATAAGGATATAAAAGTGTAGGCTGGAGC

Hepl-R iiizf\CTCAAAACAATAAAACCAGCCAGACATAACATCTGGCCGGAAAAACAGCCGCATATGAATATCCT

Hcp3-F S}EEEAC%GGTATTCGTCTGGCTGCTGAACTGCCACCTGATCAACAAGGAGATAAATCGTGTAGGCTGGAGC

Hcep3-R ;ig(];ZECTCAACCAAGAGCCTGTCGAATAGCGCGACCGGAATGGTTGGTGTCATCACATATGAATATCCT
CCTTAG

Hepl-jdF TGACGCAACCAATACCTGCT

Hepl-jdR CAGCCAGACATAACATCTGGC

Hcp2-jdF GCATACGTTCTCTTGCTCTG

Hep2-jdR TACGCCATTCATTCACTGTA

Hcp3-jdF TTGCGTCGTACCAATTCATG

Hep3-jdR ATAAGAGTCACAAGCGCTGG

Note: The underlined sequences are homologous sequences.

122 [EiEREIBSEY
pKD4 Hepl

Hcp3 PCR
PCR 1 uL (10 umol/L)
4 uL  2xPfu buffer mix 50 uL 41 uL
PCR 94°C3min 94°C30s 58°C30s
72 °C 4 min 35 72 °C 5 min
PCR
1.2.3  REZISHISIE AR B pKD46 RYERAE{L
37°C
60ulL 3 mLLB
300 r/min 3h
4 °C 4 000 r/min

37°C
30 min
10 min
2 10%
1 300 pL
1-2 pL pKD46
ECl1
800 uL LB 30 °C
200 r/min l1h 50 pg/mL

30 °C

1.2.4 Red ELEIIFSRIEULRERAFEHIE

i

pKD46
60l 3mL LB 37°C 300 r/min

1.5 h L- (
100 mmol/L) 1.5h Red
30 min 1.2.3

5 uL
56 bp PCR
30 °C 200 r/min 1 h
50 pg/mL LB 30 °C

DNA
PCR

1.2.5 [RKL pKD46 HISERE
42 °C 180 r/min 15h

37 °C
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1 860 bp
12,6 FREHZMMEEAER hepl 869 bp pKD4
123 pKD46
5mL pCP20 ( 1A) 20 1
LB 30 °C 24 h 19
pCP20 PCR
pCP20 LB pKD4 pKD4
42 °C 12 h 10 PCR
(
1B) 9
140288 WT
1.2.7 &KL pCP20 HY;ERR 14028SAhcpl 14028SAhcp2 hcp3
42 °C 14028SAhcp2 hcpl  Ahcpl Ahcp2
180 r/min 15h 10° 10° Ahcp2Ahcp3 hcp3  hepl
37 °C PCR
LB
LB 37°C 2.4 [k pKD46 HIER
LB pKD46 30 °C
42 °C
42 °C
2 FRESH I5h
2.1 Hcepl 5 Hep3 FlR R ERH 845 R LB
PCR 56 bp
hcpl  hep3 pKD4 2
FRT 20 bp
1589 bp
2.5 FHEZRNMEERRERRAEZBRR pCP20 B
22 Bk pKD46 HIEEHL A
pKD46 pKD46 pCP20
pKD46 6 329 bp
10 000 bp 9332 bp
23 EIRRBHENSESR
pKD46 pCP20
pCP20 pKD46

PCR
hepl
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bp M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

10 000
8 000
6 000
5000
4 000
3000
2000
1500

1000
800

500
300

bp

10 000
8 000
6 000
5000
4 000
3000
2000

1500

1 000
800

500
300

Bl1 HE%EPCREESER
Figure 1 PCR results of individual colonies
M Marker 1 A pKD4 PCR 2-20 PCR

16 pKD4 .B 10 pKD4
2 hep3 3 hepl 4-12 PCR

Note: M: Marker; 1: Negative control. A: PCR results of the colonies using pKD4 as template, 2—20: PCR results of the colonies, number 16
is the only colony with hcpl knocked out successfully. B: PCR results of the colonies using 10-fold diluted pKD4 as template, 2: hcp3
positive control; 3: hepl positive control; 4—12: PCR results of the colonies.

pCP20 Ahepl 427 bp Ahcp3
191 bp 2

2.6 HREERRRY PCR £ PCR PCR
PCR
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bp
56 bp
56 bp
o
6 000 pKD4 PCR
5000
4000 pKD4
3000
2 000
1500
1000 Dpn 1
800 PCR [16]
500 10
300
PCR
B2 EEEBRE PCR I HEAR 32 4 pKD46 EHES SIS RIRE
Figure 2 PCR results of gene knock-out strains L-
M Marker 1 2 hepl 3 hcp3 pKD46 Serra-Moreno [15]
4 5 6 7 Ahcp3  AhcplAhcp2
AhcplAhcp3  Ahcp2Ahcp3 PCR pKD46 15h 100 mmol/L  L-
Note: M: Marker; 1: Negative control; 2: hepl positive control; 3:
hcp3 positive control; 4, 5, 6, 7: PCR results of gene knock-out [17] KD46
strains Ahcp3, Ahcpl Ahcp2, Ahcpl Ahcp3, Ahcp2Ahcp3. p
=70 °C
L-
3 WiRE%R pKD46
Red —80 °C
3.3 RAELEEFEERERE
Red pKD46  pCP20
30 °C [15]
30 °C 37 °C 37 °C
3.1 EEHBRRKE R R B R 30°C
Red 3.4 REHREFRARHER
40-60 bp Red
42 °C 43 °C 6 h [18]
56 bp [14] 15h 6h 15h
( 15 h
280 bp) (1]
40 bp
280 bp pKD46
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pKD46

pKD46
14028S

Hcep
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