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RAGEDIKEVIE 9 RAEHEHXE R R L EIT e 14
FEMAL FEY, RWMM, BxXE, BEE, MHEE', Ema',

UrprE RO R B 2 M B E ST, KA A W F e s, HOR 220 730046
ZARTE RN KB E R, ) ARA R R S s TR B b B S Se s, R M 510642
SHREENH ZEREREER, il &7 743000

TE: VIR RS (T6SS) & R ZHH 2 R AN AN B P #R A e — PV I R GE, BB AR &
T 22 ) DA K 4 O N 7 o 20 L 2 B AR BV T, 9 I 3R R A 1 (Hep) M2 i R 2 A G
(VorG) e 4 AL T6SS 28 fill 2 ' 1) H B2 43 o {H B FE VD 1] IR TR VIR 43 R GE i Hep 5 VOrGTEIZ A A (=18
T P AR P R VE R A T i . [ By ] A9 B TR T DR R SR A A 22 114 B A
FEVD T IR R hep K vgrg 5 DR ik SR AR AR SN FLAX b K 40 B R W 2t B, O DA ASARAVE 6T B, DAY
Hep S VorGTEZ AL I . 12 A b Bz dti it e po e me it B vp e R #E /R o [ 51 ] sl AR Ak Red ) 5 82 21
RGBAE R A, dEr — B YRR BUL IRV 1 R VIAL 2 I R GAR LR I BRE R G, 1K
Tt AL FEVPT ] IR TA CVCC5411- hep Sz vgrg B 5L PR il 2 ik | DU [R] ke 2 ik e = BE PR i 2k , I HIHela
A0 RIS AN B P RO, PP R TR ORG R AR 22 RE ) /N BB R B RAW 264. 74 Fi
5, WA F R BUAEERE JT o [ 455 ] 5 R AR CVCCHALK 17 22 HelaZt MO AH LY, JE IR i 2k Pk
CVCC541Avgrg. CVCC541Ahcp2AvgrgFlCVCC541AhcplAhcp2Ahcp3 ikl B 243 51l S 17.17%+2.1% .
14.73%+2.5%F182%23.7%; CVCC541Avgrg. CVCC541Ahcp2AvgrgFICVCC541AhcplAhcp2Ahcp3ifE
8RR 9) h7.05%+1.05% | 6.21%=+1.35%F1187%+3.25%; 5 3EAMKCVCC5417E /) il W 41 iIRAW 264.7
RALEIE AR E, BRI B2k BkCVCCB41Avgrg, CVCC541Ahcp2AvgrgFICVCC541AhcplAhcp2Ahcp3Hi 17
TR 9 15.67%+2.9% . 14.47%+1.87%F156.12%+3.48%. [ 4516 | BUGFEV T TR E VIR I R 4
VorGHIHCpXT % B A= 41 B At A Wi Ta H A S VE T, it 5o B S8V 1] R BT 2o 7S 78 20 W0 R 4
55 78 A0 AR B AR AL 5E B T kAt
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K. BBIEWTIRGE, VIES W RS (T6SS)
G(VgrG), Red [AlJEEHZRS

A ZEVD T TR S AR VT IR R Y
— MR IE SRR, e E) Tz, el
49 7K B ) S5 AL BRI A SRR e 0 45 A TE N 1 2
Yy, INsREFEETE . 0555 — R I8 Ih K
FEPRI 2% PR 41 B P A7 A LR AS R 2R Y (1
BT RS, (4% T1SS. T2SS . T3SS. T4SS,
T5SS. T6SSPl, Hohifl Rks 2 11 i 4% 7 51 Ho iy
HNIREE,  mUE B 2 M AR A4 A% B A% AN R
Az WIAE B2 E 5T R W e DR < M A T VIR 23 R
4 (Type VI secretion system, T6SS)7E K %] 25%E.
W B 2 AR, R —Fh s R
FUAIL TN 2S00 T 240 b P SO e 4 1 e P £ 2
AN s B O O ad 12425 I R 40 7R 22 I LA
KA TS EArfZ A B AEH, REZ R A
5 VAN I Y (Vi S Y RN =R g g &
gp19/gp5 ¥ I R HL 95 45 & 1 (Hep) , IR Bk &
RS RARGE M B, R0 A ] Dol iz g
WOk g F i i 25070 A R H A R A
G (VOrG)aH FI 1 N s 25 4 5 55 Wik T 1A T4 2 ¥4
5 [ gpS/gp27 BRI PE T AT LR AL R — A
= R AT Hep B IH K I Jf 5 H M %
Hep-VgrG ZH i s T 4 10 5 o AR R AR 25 4y 19121
AL, B BBk 28 I 2R - TN 2 R - TN 2 R -
s 2 R 52 A 11 (PAAR) AL T Hep-VgrG Z5 i R
Ui, RIERGE RS AR AR B DIRE, AT
RN AR 1 DA AT T 2% T S ) LA i o A R R
1T, JF N S 8 1 AR 18 4NN,
T AT 2 20006 P - b ol f i W ) o 2%
M TIRE B A AA7E T8 1 5 6 (SPI1-6) I
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» ARG T R A (Hep), 42 M H 2 R L i i e

4 T6SS, W= 13 MO EAMM, Wi
FEVWITRFEALER 3 F Hep FEE I —4 VorG
FEE MO Rl T8 5% 6 (Salmonella
pathogenicity island, SPI-6) I STM14 0324
(Hcpl). STM14 0327 (Hcp2)Hl STM14_0338 (1Y
VorG (VorS) L K& i T8 1 i 6 Z A8
STM14_3785 (Hcp3)4uht, iXLed 1Rk &/ b i
gy i et

Red [a] 5 T 20 7 G5V R & mERE 1Y 3 4
HH A B L exo bet F1 gam, 43 #4R A% Exo (A
¥R 4N IEE) . Beta FI Gam & [ 89— R P
DNA - Be F 4 T G 8 A alg ot 56 DR (] 58 o 20 1)
H R B AR, p TS [ B R A AR AE 25 AR
K, ZBRTEA R 24 [ BA M B %) 2k BT e 1oz
e 25 TR, AT ILAE red
[ 5 2H R G R R T & AR, i T
RAGFEVD TR CVCCh41 VIRIZM R SR hep
Fovgrg R ZAHG KK, T T
CVCC541Avgrg CVCC541Ahcp2Avgrg
CVCC541AhcplAhcp2Ahcp3 B Bk 14 &1 Kl B 1 22
Hela #i i E 1 AP/ IREL AN RAW 264.7 7
Wik BE 1 1Y SE T IF 5T

L AORAn T %

1.1 ##

111 BN KX B
(FBS). 135 DMEM. 0.25% Trypsin-EDTA (i
F)E T Gibco 24wl fie MG £ . PCR

Fetal bovine serum
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PRI & . R R EEF PrimeSTAR® Max
DNA Polymerase Fil DL 5000 DNA Marker Il§ K
% TaKaRa 2wl 5 L-(+)-FIHi B+ i T4y
w) ; Dpnl 4 F 3 [E Promega 23 7 ; counting kit-8
cck-8 AN & HHER- MR RGN
Br) . &R 7H A (Ampicillin, Amp) . R KE R
(Gentamicin, Gent). K% 2 (Kanamycin, Kna)
g A AL s R ERHAA R W 5 Corning 24 £L40
i35 374 . Corning 96 4 3% 7 fLARIE A Corning
3wl PBS, LB A [ 1A 85 55 e 34 R S 0 3 T
il ; B ELO P T Beckman 24 F] 5 BEALH
TKAL . PCRAX . BEME LA . BiEFR{X . MicroPulser
L i A L T AR 4 T35 [ Bio-Rad ARl LA
TE R K SIS T B —ERCA R AR 4%k
TR IR A W F2£ = Thermo Scientific 22 F]; £84M 4y
Y66 BE 11 F 2£ [ Backman 22 H] ; Countstar [ 3
4 EU% T 3£ [ Countstar 24 ]

112 Bbk. BR LA . EikRGEDITR
CVCC541 Il T [H B 25 i B BT (AL =t) . 5L
ti Red [ 41 RS ik pKD46. pKD4 #i
pCP20, LIS Hela 4l Fi/N B E BEAT L RAW

264.7 Y ALY B ARAE, AHIETE A Y B L A
2 T Bk CVCC541Ahcpl. CVCC541Ahcp2.
CVCC541Ahcp3. CVCC541Avgrg; M [ ik 2k
& CVCC541AhcplAhcp2 .CVCC541AhcplAhcp3.,
CVCC541Ahcp2Ahcp3 . CVCC541AhcplAvgrg .
CVCC541Ahcp2Avgrg. CVCC541Ahcp3Avgrg LA
K = [H H 4 ¥k CVCC541AhcplAhcp2Ahcp3.
1.1.3  5I¥i%&it: AHFELL NCBI A A i B 7€
I TECH 14028s Y423 K 41 )7 41l (GenBank J¥ 41
5. CP001363.1) &% )¢5, Wit T HAYIERFT
PR B S RN 5E 8 514 o BB hep2 3L Y 81 i f5
% 56 bp il vgrg F K ¥4I 5 45 45 bp 43 5I7E R
[ THE B, IR0 BIAE [R5 THE A Bty 3"
TN pKD4 kL 3 RS R BUE R R 0
USRI AT B, AR S % T
SCHR[18]H Hepl #1 Hep3 BG4, BAb, b
Wit T GC & il B AW P8 /E N B 1 5L A
EEESIY, FrASIWe 5Nk 1 B (qec S H
LR AR E1Y, jd S B IR S E S 1).
T 51 3k B VG L SRR T A RO BR 54T
NGRSy

F1 AMRBPRITAEI

Table 1.

Primers designed in this study

Primers Sequences (5'—3’)

Hcp2-qcF ACCTAATAAAGCAGATAAATCAGGGCTTAATTTAGGTAGTTAAAAGGATAGTAGATGTGTAGGCTGGAGCT
GCTTC

Hcp2-qcR TTTAAAATCAAAATAATAAATCCGGCCAGATATAAATCTGGCCGGAAAAACAGCCGCATATGAATATCCTC
CTTAG

Vgrg-qcF CGGTGAGTCTATTTATTTTAATCCGGTATTAAAGGAGTCACTACCGTGTAGGCTGGAGCTGCTTC

Varg-gqcR ACCTTTACCAATCAGTTGCATGACATCGCTGGTATGTAACATCAGCATATGAATATCCTCCTTAG

Hcp2-jdF AGGCGTGTCGAGAAGTAAA

Hcp2-jdR TGTGATTCGAGGTCAGGTAA

Vgrg-jdF AACCGGATGAAATTATCGTGTCT

Vgrg-jdR TTTATCATCAAAAGGACGGGGACT

Kan-F CGGTGCCCTGAATGAACTGC

Kan-R CGGCCACAGTCGATGAATCC

pKD46-F TAGTCCTTTTCCTTTGAGTTGTGG

pKD46-R GGTGCCTGATGGTCGGAGA

http://journals.im.ac.cn/actamicrocn
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1.2 RGEDITREVIESMBRLE hep K vgrg
FE R R O bR

121 Red FEEHRGERIELE: (1) Bk
pKD46 2 FL ik A FRAGFEVD T TIRA CVCC5h41;
(2) HAERMEFTHE R Bk EE (L) pKD4 At
PRI PCR P2 k¥ FRT 3 iR IB R Kbt
PSR R A K H 2L 358 5941 56 bp =K
45 bp WIRIIE B (3) HFLRAMEATHE i Br & Ha i e
AREFRIE Red H2 il UG FEVP T ] IR E CVCC5H41
W (4) R RAREE R BUIE A BHPE M (— i
DR R B BE PR b, R B E 2 N, RO
PRl e 2K A5 = 35 DR e 2 B SR AR, AR 25 R R
Kan-F F1 Kan-R 5 g H 2 R a9 48w 51958 X
A M E P 5 5E 5 (5) #EAFRER IS FLP B4
fitt ¥y PCP20 UL bR RAREE X Pt s (6) %
SE 5| P m B B A R A BH P E A

1.2.2  RAESTHE Fr Bt - LUJTORL pKD4 S #siAR
FHARRE AT R Be 5 | W) Fn s (R FLBGET T PCR 473 .
FIF PCR = 2lifbislfl &% 45 PCR =¥ i1 743
Bla e, Bhkr=H2 Dpnl i 37 °C M)
6-8 h, )7 4 22 s Tt 6 1T s F L Ak
1.2.3 CVCC541 B2 &M & LA X B pKD46
A B AL : (1) 37 °C 1 7 15 I 5 S BRI S 20 7
W HBUZEW 1 mL IMA 4 100 mL LB 4 Ks
FRILMHETE R, BHEIR 37 °C. 200 r/min 1537
4-6 h, {HEH ODego 5% 0.6-0.8. (2) K¢ B L.
ZIE VKK A 30 min, AR5 100 mL (7§
W4y AW, 4 °C. 5500 r/min &5.0> 5 min, 3
B, BRABAH 10%H MR 3 W, A
300 pL VA Y 109 H i 2 240 B, K B A A R 43
T WA 1.5 mL EP 4, 45 50 pL, AP
H-80 °C {#fEH M. (3) ¥ 2 pL pKD46 ki

actamicro@im.ac.cn

(80-200 ng/uL) i A il £ 47 i) CVCC541 J&RAZ 454
MBI N, IRE), B EH0AH 0.2 cm B AR,
H Bio-Rad i (AT, L 2544 200 Q,
25 puF, HLEK 2.3 kV, HdiEtEIN 2.5 ms, Hiif
JEIEANA 1 mL LB AR SRR AT, Kz
WET 30 °CilifAdE R 2 1 h, RIGH AR
MifE% 50 pg/mL AR EHRN LB P E, T
30 °C WA ARG, PRBURAANHIE T &H
50 pg/mL Z W EH RN LB AR R R 5%,
FEH51Y) pKD46-F/R #E4TH PCR %@ . H%
E NBHPER) CVCC541/pKD46 T T 60%HY H i
H R A7 25 T o

1.2.4 CVCC541/pKD46 B3 7 40 il 45 LA &
itk A B 4L . (1) CVCC541/pKD46 k%
1:100 %43 10 mL 9 LB ', Ff1X 1:1000 fmA
50 mg/mL ZFERH K, EHPEAK 30°C. 200 r/min
Fied . H KM% 1:100 #4425 100 mL
) LB W& IAE: R, [ ES4% 1:1000 i A
50 mg/mL & E R &, 30 °C. 200 r/min #E R
F* BRI ODegoo~0.2 i, F% 1:100 /i A 3 mol/mL
(4 L-Faf P B 755 22 B ODgoo~0.6-0.8 (i75 Fa:t
FEEA 1 hy, RIFH#H 123 iR EEQH &
CVCC541/pKDA46 -2 A4, (2) B 2 pL fyz
AL FTHE i Be i A & CVCC541/pKDA46 JiZ 45
MRS, RIEETHAMETRN, R
I, i A A 1 mL LB AR R EH .
WRWET 37 ClafifrE iR 21 h5, 1
TrF 50 pg/mL RIABEE RHMER LB F-IIL 3458k
Mz, 37 °C i B 5%, BEHCK BTV T LB i)
BTG, TS )Y E 51 W) (kan-F/ H (9 %€ 51
YR, kan-R/H W %€ 51 W) F)iEAT W PCR &1
Y5E , FHPERY PCR = Wik 11 04 L RHE VY A W)
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BARRTHAEA T, 0P85 5o RIRPUE
R B il A & A H 0 JE B8 0 T Ak o B R4t
P 1 5 DR 2 P R

1.2.5 OB pKD46 THER : #F 1.2.4 FRAGHY L A ik
JBBRAE 42 °C 200 r/min £ F RS %G,
WTEA 50 pg/mL AR HFHEZEM LB FIL L
37 °C B b 1%, W PRI BB P B A F LB Wi
gtk SRIE A RAT S A 50 po/mL RARE
FM 50 pg/mL A HHEN LB T, #£ 37 °C
AR, BETE RN R P B A KA REAE 2
THEZ TP FAEKMEEIHER T pKD46 5
B H AT R ARHUE ) 35k R Bl 2 TR

1.2.6 FHBRIUHEZEE BB PCP20 FITERR
(1) ¥R T pKDA6 ik B H AT AR 4 5L
B TR IR 1.2.3 i I ik (1) FH (2) il £ Uk 3z
UM, (2)BL 1 pL ki PCP20 43l 5 Iz 25 41
MR ST 8 T RN, fEH RS, s
JEMA 1 mL LB MR ER. HHERET
30 °C mAFERAFEED 1 h, WERERSH
50 ug/mL &N HE R =AY LB 11,30 °C 537 16 h
DL EJG, $RCRETE T LB WA R, 78
42 °C. 200 r/min it 555 8¢ 37 °C.. 200 r/min 4
Fr12h Db, B R % 5 | 1 TR PCR
Pruh s . H S N BH M B PR TR
50 pg/mL RAREZ LB -1, 50 pg/mL 2~ 7
£ LB SEM B itk LB I F k17 %5
[vi) sf 52 B BF 5 B 1 ot B Bk sk BB AE BT
L EAKBAERRGER LB FILMEA NS &HR
LB VL F ¥ AR K A B #k 4T PCR 978, Jf:
¥ PCR J7 Wik V4 L R VG A IR A PR 5%
A RIEATINE o 03 18 ) PR

i

e,
L

(o8]

1.2.7 CVCC541 W H: Bk k5 =L kA #k
Hik% . A Red [AlJR E 40 R 45 /E CVCC541 Hili
R A b AT A 5 R R A5 3] 45 A DU R g
KRB = B

1.3 RGEWITEKE CVCCh41 FEAMGKHE
PR i 2 ik IR 440 S

1.31 CVCC541, CVCC541Avgrg, CVCC541
Ahcp2Avgrg 1 CVCC541AhcplAhcp2Ahcp3 HAk
B A 2RI e SE T . 43 PRI 4 A TR R Y SRR
7% T 10 mL (9 LB AR K: F5 58, 78 37 °C.200 r/min
K FIRG R R R 95 2 ODgoo=0.8 i, 435l
1 mL I AAHRE %A 100 mL LB W MAH: 5 51y
HOR M R 15 5%, JE MBS 1 h B 100 pL 4
M5 ODeoo fH, HFABEIMA 3 A FATIK5, 250
i 3 K. 4, TE ODgo=0.7 I, HUA [ Mk I i
100 pL 4350 A 900 pL iy PBS H, $2HR 10 546
FEMRHR RS, BURE RN 107°, 107°, 107, 10°°
MR T LB ARG IRMR, 12 h J5 st rEiT
o WABREEM 3AFATIER, LI ES 3K,
1.3.2  Hela 41 F1/N A E R4 RAW 264.7
BIYE R b T I TEAN Y Hela i A/
U E WA RAW 264.7 J5 414935 1A% 5%
W, K5 Hela AL sl/) BUAY ELRELH ML RAW 264.7
BT 96 fLanf b, Kig® CVCCh4l
CVCC541Avgrg CVCC541Ahcp2Avgrg il
CVCC541AhcplAhcp2Ahcp3 [ Bk & ODgo=0.7
I, 43 BILLUR L S % MOIL S 1, 10, 100 bk
AL Z ) Hela 4 M s/ BRUAG B WEAH ML RAW
264.7 1) 96 fLANMEAR , I T %D 90 min 120 min,
150 min, 180 min A1 210 min )5, /I counting kit-8
cck-8 A i 3 5 X 70 A A W AN i () TS, S AN
TR X BRBEATAR EE, A A3 AN ER, &

http://journals.im.ac.cn/actamicrocn
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SRS 3K, LA A o A4 g B [ e Sk e
CEAE

1.3.3 CVCC541, CVCC541Avgrg, CVCC541
Ahcp2Avgrg #il CVCC541AhcplAhcp2Ahcp3 FRR
X Hela 4HMIEIZGMHRE:: # Hela ZHfUds5 T
24 LA (A0S BT 4, Bl K2 6x10° 4
i), KNPAZ)E, F PBS &t 3 W, AfLhn
A1 mL &4 41 14 (ODgoo=0.7 FIE YL 52 5 MOI=10)
) DMEM ¥53: 5L, 737 °C. 5% CO, i 457+
180 min, MWz FEALHiiAk, F PBS FiE 5K, K
10 5 A0 R 55 7 L P U S 00 20 T A T
WU G — IR BRI IR U T iRy LB ~FMLIE AT
T BFLINA 500 pL &R AL 5 min, FE0
A 500 pL 1%fF¥) Trition X-100 #f#IRAT, Wt
100 pL ¥ M A LU AR B — B B VR T OChibE LB F
M b o REBERR RN AT T T IR Hela
YR, A Hela 40210 9 F- X408, B4
FLI A B4 200 R B AL AR A0 B . 8 B AR b B
WI3NHE AR E R 3 T IRSE 500 pL
JEEMEFI 500 pL 1%F7) Trition X-10 7744k ki
20 o R R R A XA R R, AR S
500 pL g A1 500 L 1%fF¥) Trition X-100 &b 4
R ARAE X BE AL HEA T R YA B0 .

1.3.4 CVCC541, CVCC541Avgrg, CVCC541
Ahcp2Avgrg F1 CVCC541AhcplAhcp2Ahcp3 Bk
Xt Hela 49122805 : KK AR 2 1) Hela 4
LA PBS vk 3 i, BALIIA 1 mL S 400
(ODgoo~0.7 FJE& 44 & % MOI1=10) ) DMEM 3% 5 Jit
T 37°C. 5% CO, K5 5% 180 min, Mg fLhik ik,
FH PBS ¥t 5 W, i P2 i 4% 35 £ L b 0% 20 B Bk Uk
o, USRS — IR BRSO R T BT R LB SF LT
TG AR SR B R AR L 560 P L AT 4R %%

actamicro@im.ac.cn

R, EA LA 1 mL &9 Jy 300 pg/mL
PR KB R DMEM }5 523, 78 5% CO, iRAf 5 F+
1h, PBS ¥k 5k, A T HRLEM A R )5 fE
100%4% FE A ML A A T, WU Ji — UR DR AR P
T IEhitERY LB I If 4. LA 500 uL
(R EEIH AL 5 min, FJIA 500 pL 1%F£Y Trition
X-100 VRIS, B 100 L £ A B s T
etk LB L E, 58 FL 2R A v 1 400 T 4
i, REFRRRNNEMHRRERFET Hela
20 6L PN 1T B4 A DR B, DB A ) 20 TR B AL
PR A gk, X RH A BRA 3 AN ER
B EL 3.

1.3.5 CVCC541, CVCC541Avgrg. CVCC541
Ahcp2Avgrg #1 CVCC541AhcplAhcp2Ahcp3 H Bk
/MR EE A RAW 264.7 FiA W R 1R
SEHY . SR FE S 1.3.4 JEAHE, 24 L4
bR P B AL & A K2 4.6%10° > RAW 264.7 4 i)
(A Bt 50

1.4 BIEpALHE

o B 5 WL UK T RS P 4 1 B, A
& F- ] GraphPad Prism 5.0 filfE5E %, A 5tk
M SPSS11.5 #fFdkAT S0t , 4Ry
E+H5 2 (meantSD) £k, 257 8 FH Mo H
Duncans Z 5 W41 /i, *FoR P<0.05, 5%
B, **FR P<0.01, ZSFWEE.

2 HRAPAT

2.1 CVCC541 Hfphs bkt g

Ay SR H IR hepd, hep2, hep3 Fil vgrg
P B %6 5 5 | 1 iE 4T T PCR 9714 CVCC541
W, K/ 845, 824, 645 Fl1 2269 bp.
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HEELH hepl, hep2. hep3 F1 vgrg w4 % 5
19145y 3 AT PCR 473 4 B JE B 6k 2% bk
CVCC541Ahcpl, CVCC541Ahcp2.,
CVCC541Ahcp3 1 CVCC541Avgrg B, K/Nor
Bk 465, 430, 241 F1365 bp (K 1), mikE
I 25 2R 2 75 T B R I8 B e ik DR ) o e v 7
FEDT B BR EE 84 bp*JE R T4, 7 25 b i m
R WA . L hepd BLDR d s m R (K 2),

bp M 1 2 3 4 5 6 7 8

E 1. CVCCh4 ZRERFRKAIGH PCRIEBER
Figure 1. PCR amplification result of CVCC541
and CVCC541 sigle deletion strains. M: TaKaRa DL
5000 marker; lane 1, 3, 5, 7: PCR amplification
results of genes hcpl, hcp2, hcp3, and vgrg in the
bacteria CVCC541; lane 2: PCR amplification
result of hcpl gene in the CVCC541 Ahcpl; lane 4:
PCR amplification result of hcp2 gene in the
CVCC541 Ahcp2; lane 6: PCR amplification result
of hcp3 gene in the CVCC541Ahcp3; lane 8: PCR
amplification result of wvgrg gene in the
CVCC541Avgrg.

F 8 rh 1 68343 6 hepl 1A E R iF 56 bp [A] U4
JFA, A 2 40 2208 hepl JE R BRI i B
5% ¥ 84 bp BREL Y IR ¥ 41
2.2 CVCC541 WE:H ik b ih

435 hepl, hep2, hep3 A vgrg S5k PR ]
09 5658 5 1 00 R T T A 5 DR ) ol 2K T AR A T
PIBEIR BN, PIERAR R B AN, H
F18) i A1 B 3% (&1 ) o i 5% S 11800 o 45 2R S /s 72 TH

% IR DS 4 5 AT 1% ok e v o A R R A [ A

5% FH 84 bp “JEIRFF A", WIF4E5RAL BN iz oMU
DA ] Fof 8 3% o
2.3 CVCC541 =HrEpRiEE

4351 hepl. hep2., hep3 K& R G i % 2 5 |
Yy S ekR T =R B Y CVCCH4L THIl, &5
RERY R R B R A2/, H Y R B
BRO& 4). mlbRIE e 25 58 Wos e IEBR-RARU
BRI R A AR SRR Bl A7 R AR B 84 bp
“YEIR 7, I as R SR hepl ., hep2 #7hep3
AN BE B[R] S R
24 CVCC541., CVCC541Avgrg., CVCC5h41
Ahcp2Avgrg Fl CVCC541AhcplAhcp2Ahcp3 Ekk
FR AR R T 20 e 45 2R

ARKIMLE R BN 4 A BRI RECAE K
Y79 ODgo =0.3-0.9, x4l CVCC54 1L,

ACCTAATAAAGCAGATAAATCAGGGCTTAATTTAGGTAGTTAAAAGGATAGTAGATG
TGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGGAAT

AGGAACTAAGGAGGATATTCATATGCGGCTGTTTTTCCGGCCAGATTTATATCTGGCC

GGATTTATTATTTTGATTTITAAA

2 ZEEMREREBEHEFS

Figure 2.

Remaining base sequence after gene knockout. The red represents the 56 bp homologous sequence of

the genes upstream and downstream, and the blue underlined portion indicates the remaining scar sequence after

gene knockout.

http://journals.im.ac.cn/actamicrocn
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bp M1 2 3 4 5 6 7 8 9 1011 12

3. CVCC54 WMEFE R KA PCR &4 R
Figure 3. PCR amplification result of CVCC541
double gene deletion strains. M: TaKaRa DL 2000
marker; lane 1-2: PCR amplification results of genes
hcpl and hcp2 in the bacteria CVCC541AhcplAhcp2,
respectively; lane 3-4: PCR amplification results of
genes hcpl and hcp3 in the  bacteria
CVCC541AhcplAhcp3, respectively; lane 5-6: PCR
amplification results of genes hcp2 and hcp3 in the
bacteria CVCC5414hcp24hcp3, respectively; lane 7-8:
PCR amplification results of genes hcpl and vgrg in the
bacteria CVCC5414hcplavgrg, respectively; lane 9-10:
PCR amplification results of genes hcp2 and vgrg in the
bacteria CVCC5414hcp24vgrg, respectively; lane 11-12:
PCR amplification results of genes hcp3 and vgrg in the
bacteria CVCC5414hcp34vgrg, respectively.

bp M 1 2 3

4. CVCC54AhcplAhcp2Ahcp3 fR& kY E ik PCR
By 1B L5 R

Figure 4. PCR  amplification result of
CVCC541AhcplAhcp2Ahcp3. M: TaKaRa DL 5000
marker; lane 1-3: PCR amplification results of genes
hcp, hep2, and  hcep3  in the  bacteria
CVCC5414hcplahcp24hcep3, respectively.
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PR(MOI=10)/%4¢ 180 min Ji&, i MEX AT LI4E+y
FE 90% LA b, Sk T 20 TRDRY B4 28 40 i g KAk
117 LA M PR A — DR RIR A, SR e
180 min., MOI=10 Sy f5cfHE B HL I a) ARG S 40
2.6 CVCC541. CVCC541Avgrg. CVCC541
Ahcp2Avgrg #l CVCC541AhcplAhcp2Ahcp3 H R
X HeLa Zfiff45 R
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CVCC541AhcplAhcp2Ahcp3  FY K [ 22 43 51l 2 Ky
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Figure 5. Comparison of adhesion rates of
CVCC541, CVCC541Avgrg, CVCC5h41Ahcp2Avgrg,
and CVCC541AhcplAhcp2Ahcp3 to Hela cells. **
indicates P<0.01, *P<0.05.

2.7 CVCCh41l, CVCCh4lAvgrg. CVCCH41
Ahcp2Avgrg #1 CVCC541AhcplAhcp2Ahcp3 F R
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CVCCh414vgrg . CVCC541Ahcp2Avgrg il
CVCC541AhcplAhcp2Ahcp3 Fi 12 A 43 Il 25 K
7.05%+1.05% . 6.21%+1.35% Fl 87%+3.25%
(K1 6). SLEEHERAGK hep 5 vgrg B R HRIZ
N TR, Bk Vorc MEHIZZE B ET
Ko VLB VarG TEAN i f=t A b Bz 4 i b & 4 5 n
WEEH, WAHTHER Hep 5 vorG MHE B R

AN B N v 1 A O = =W
2.8 CVCC541. CVCC541Avgrg. CVCC541
Ahcp2Avgrg F1 CVCC541AhcplAhcp2Ahcp3 Bk
XN E A RAW 264.7 i WA W
LR R
5 CVCC541 78/ B MEZH il RAW 264.7 [

17 1% BB M Ik, CVCC541Avgrg . CVCC541

Ahcp2Avgrg 1 CVCC541AhcplAhcp2Ahcp3 B 7 1%
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Figure 6. Comparison of invasion rates of
CVCC541, CVCC541Avgrg, CVCC541Ahcp2Avgrg,
and CVCC541AhcplAhcp2Ahcp3 to Hela cells. **
indicates P<0.01, *P<0.05.
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Figure 7. The CFU comparison of CVCC541,
CVCC541Avgrg, CVCC541Ahcp2Avgrg, and
CVCC541AhcplAhcp2Ahcp3 in mouse macrophage
RAW 264.7. ** indicates P<0.01.

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



1692

Zhilin Wang et al. | Acta Microbiologica Sinica, 2020, 60(8)

RMRAR L, 68T hep 5 vgrg BB TR AR DT/ B
Ei W2 RAW 264.7 F I RE J1 39 F B, (R
T vgrg FEF A E RPN BB AT RAW 264.7
FWERE ) B TR, BB AT BEAE B ZE VD]
[CH CVCC541 #bitk B g 2 Al £ W 1 1717 6 3% He 73
W R rh KRB RVEN, WA HRER Hep 5
VorG AHH. IR & #4735 ik 39 v 5k 1) i

3 it

U] R AT DR 22 i Xk sk 1 3 Y AR
RERGWA, MM AETE R B B[R] 7776 O 1
BURFZLIERY, . VIR R G e — P RB S 42K B
B 8 1 43 540 WA ) 3 1o 2 R G0 3k At B LAt 2
TR R LA 200 B v 0 4 R AR P A B, LA A
KPIT T4 WA, VIR R 5083 A7 16 T 5
P BN TR b, A0 ER AT DASE 3253 W R
GEW IR R R B SR BB SR O AR . K E
SLIGHFR R, VIT W RGNS AR5 ]
AVITE . RN | T 2 3 R A KT A
G )8 BT AT B WA R S A R
YIAASG, T HLk 25 40 06 %) 15 32 200 M 0% RS B 42
7% . BN AP A I LA TS S WAL HE BT
SRS VRN IR G E AW 13 FiEAA
B, e, i 2R Y 8 (Hop) Fdm 2 ie H 2
MRELEEN G (VrG) Erlitk & PM, SIHfh#E
2R —E, YOI IR R B A VIR R
G U TR SCI A FE4AS Hep FEER 1Y sci K
FE A gt VorG AR 1Y vorS SR, f R Bk
GiFEVD I TR LA SCI LR G , H AR B4
MR RE K2 RS TRk RR Hep2 JEHE, AT
DI E] Hepl JERI A RB R B, HEM 405
TRk B A A B, 285 IR Hep Al

actamicro@im.ac.cn

DA 4 — el 8] 4[] 5 K PR 5~ ] 9058 5 AL 1 2
BECT281, Vb 1] BT VIR 4030 22 G 46 Wi 7L 3 0 W i
DAL TR (R] 1) B 4 v L R 455 TS 08 RO R i TR
YERT, HAAURT DL f A Wy v 4B, i EL ]
DAFE il G A W B 7 55 A AR D A 2 ) 1 A AR
ML N R R e . BFE R B, VIR
VIAL /b 2 G0 v A Hepl 2 A S50 ALk
I [l Taed 5 Hepl #HH.AE R A8 1R 5 8 1
ICH, TMH Hep2 WEAREE L Taed A1 HAE K
R AR AT RECO, (B8 I8 3 B0 P K FT T
Hep2 I RE7E 40 18 3n 4 h R A5 B RAE P, 55—
WWF 98 & B, 7¢Ot R B4 I8 % (Pseudomonas
fluorescens) ) Hcpl 54 & iz 8l B J1 A %,

Hep2 A S8 G b 4 g B, B ok, B,
20 T 1Y VIZY 73 08 28 8 5 B A7 Wk A T L AT 25 2 1Bk
R JH 5P R R R RS R KR
(Shiga toxin-producing Escherichia coli, STEC)%)
Bibk F18ab™ iy Hep S , X 02 e ) fEh
B R 240 1 K 0 L I 2 P A W R B D B R R 1B
JKACHML TR Hep ASUEA H il 42 2 4 i PR 57 A=
MIVERT, [RIISH R A 175 5 200 B 2B Sz il X 7 1)
PR, Mk 1 32 KAk G, i set R 3L,

B AR TE A ML K AR S, Hep i R kb 2 B A
FEVD I VLA N (0 2 A e 7 T PO, LR
TR B 5 W 0 A Wk B, G VIR i 2 4 m] ) ]
VorG 5 B4R L Sh 8 kR I A, A
NS R I N ) O 3 (Y L

TEDBIPT TR IR R T —28 C- Rk VorG
HE, A rE EARNEhE A AZEK, 1A i
JREMEZ R AL AR 1) ADP-EBESEEALSE, M
111 & FE SO 1 FA R, E R FE YD 1] R B VI 49304
RGN VOrG TEIZ T AR b K A0 M At A Wi J T



TS | A4k, 2020, 60(8)

1693

JE A RV AR DLAGE

TEARMETE R, AT T 2 A A Bk
¥k, FEXF CVCC5414vgrg, CVCC5414hcp24vgrg
F1 CVCC5414hcplahep24hep3l K [t {52 Hela 4
HL DL R AT/ B R4 RAW 264.7 7y kY BE
NIHAT T RBIRER, P KB, Bk Hep 5 VorG
) SR FE VD T T QTR TR MR X Hela 41t A Ak Bt g
71 ARZETT VLB /N R MR 4H L RAW 264.7 4T
HERE AR E TR, (HEUR VorG BT ER RS
MRETT . 12781 RbiAriene J1 N R D % . 75—
ERREE U, RAGFEVD T TR CVCCh41VIHY 4y
WRG VorG W REAE AR S b i . Bt
L0 240 L e Rk 3 T S I R
VEFH oo A7 ] BE AN 2 fik 2 i 1 A1) FH Hep-VgrG2b
ZEF A Hela 40P —4E, RUGIZEDITRE
CVCC541VIEI /i R G A v BEAFAE Hep-VorG
ghE LA FEAE FPLE o BT hep K vgrg ZEA Y
Je 81 DX % 28 1 X e R ARG, i [ A Rk
P T AR R R BT, R TR R R
KPS F, TET LR it B L
B LR R P 5 . AWERE A R 2 A Bk
MR — 25 W58 B A FE VD 1] G 1A A1) VIRL 43 ik
ARG FAR AN Premg ., sk
WEHL . A AR 24 . AER A B 0 S A gl s
TR LA B 2 5 0 A 0 R 58 S S5 E S8 A T i
BT,

2 % L M

[1] Scallan E, Mahon BE. Foodborne diseases active surveillance
network (FoodNet) in 2012: a foundation for food safety in
the United States. Clinical Infectious Diseases, 2012, 54(S5):
$381-S384.

[2] Schadich E, Dzubak P, Hajduch M. Role of Salmonella Typhi
Vi antigen and secretory systems on immune response.

(3]

[4]

(5]

(6]

[7]

(8]

(0]

[10]

[11]

[12]

[13]

[14]

Current Pharmaceutical Design, 2016, 22(41): 6251-6260.
Young AM, Palmer AE. Methods to illuminate the role of
Salmonella effector proteins during infection: a review.
Frontiers in Cellular and Infection Microbiology, 2017, 7: 363.
Schwarz S, Hood RD, Mougous JD. What is type VI secretion
doing in all those bugs? Trends in Microbiology, 2010, 18(12):
531-537.

Pukatzki S, Ma AT, Sturtevant D, Krastins B, Sarracino D,
Nelson WC, Heidelberg JF, Mekalanos JJ. Identification of a
conserved bacterial

protein secretion system in Vibrio

cholerae using the Dictyostelium host model system.
Proceedings of the National Academy of Sciences of the
United States of America, 2006, 103(5): 1528-1533.

Basler M, Pilhofer M, Henderson GP, Jensen GJ, Mekalanos
JJ. Type VI secretion requires a dynamic contractile phage
tail-like structure. Nature, 2012, 483(7388): 182-186.
Mougous JD, Cuff ME, Raunser S, Shen A, Zhou M, Gifford
CA, Goodman AL, Joachimiak G, Ordofiez CL, Lory S, Walz
T, Joachimiak A, Mekalanos JJ. A virulence locus of
Pseudomonas aeruginosa encodes a protein secretion
apparatus. Science, 2006, 312(5779): 1526-1530.

Cascales E. The type VI secretion toolkit. EMBO Reports,
2008, 9(8): 735-741.

Silverman JM, Brunet YR, Cascales E, Mougous JD. Structure
and regulation of the type VI secretion system. Annual Review
of Microbiology, 2012, 66: 453-472.

Brunet YR, Hénin J, Celia H, Cascales E. Type VI secretion
and bacteriophage tail tubes share a common assembly
pathway. EMBO Reports, 2014, 15(3): 315-321.

Durand E, Derrez E, Audoly G, Spinelli S, Ortiz-Lombardia M,
Raoult D, Cascales E, Cambillau C. Crystal structure of the
VgrG1 actin cross-linking domain of the Vibrio cholerae type
VI secretion system. Journal of Biological Chemistry, 2012,
287(45): 38190-38199.

Ho BT, Dong TG, Mekalanos JJ. A view to a kill: the bacterial
type VI secretion system. Cell Host & Microbe, 2014, 15(1):
9-21.

Shneider MM, Buth SA, Ho BT, Basler M, Mekalanos JJ,
Leiman PG. PAAR-repeat proteins sharpen and diversify the
type VI secretion system spike. Nature, 2013, 500(7462):
350-353.

Folkesson A, Lofdahl S, Normark S. The Salmonella enterica
subspecies | specific centisome 7 genomic island encodes
novel protein families present in bacteria living in close
contact with eukaryotic cells. Research in Microbiology, 2002,
153(8): 537-545.

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



1694

Zhilin Wang et al. | Acta Microbiologica Sinica, 2020, 60(8)

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Boyer F, Fichant G, Berthod J, Vandenbrouck Y, Attree I.
Dissecting the bacterial type VI secretion system by a genome
wide in silico analysis: what can be learned from available
microbial genomic resources? BMC Genomics, 2009, 10: 104.
Pukatzki S, McAuley SB, Miyata ST. The type VI secretion
system: translocation of effectors and effector-domains.
Current Opinion in Microbiology, 2009, 12(1): 11-17.

Blondel
Comparative genomic analysis uncovers 3 novel loci encoding

CJ, lJiménez JC, Contreras |, Santiviago CA.
type six secretion systems differentially distributed in
Salmonella serotypes. BMC Genomics, 2009, 10: 354.

Wang P, Dong JF, Zou QH. Knockout of hcp genes in
Salmonella typhimurium by Red recombination system.
Microbiology China, 2018, 45(11): 2529-2536. (in Chinese)
TF, EETF, AESE. FIH Red B RGP RAGIEVST]
IR VIZL M R GEANOCHE . A Wil 4k, 2018, 45(11):
2529-2536.

Datsenko KA, Wanner BL. One-step
chromosomal genes in Escherichia coli K-12 using PCR

inactivation of

products. Proceedings of the National Academy of Sciences of
the United States of America, 2000, 97(12): 6640-6645.
Murphy KC. Use of bacteriophage A recombination functions
to promote gene replacement in Escherichia coli. Journal of
Bacteriology, 1998, 180(8): 2036-2071.

Othman S, Parton R, Coote J. Interaction between mammalian
cells and Pasteurella multocida B:2. Adherence, invasion and
intracellular survival. Microbial Pathogenesis, 2012, 52(6):
353-358

Borgeaud S, Metzger LC, Scrignari T, Blokesch M. The type
VI secretion system of Vibrio cholerae fosters horizontal gene
transfer. Science, 2015, 347(6217): 63-67.

Peng Y, Wang XR, Shou J, Zong BB, Zhang YY, Tan J, Chen J,
Hu LL, Zhu YW, Chen HC, Tan C. Roles of Hcp family
proteins in the pathogenesis of the porcine extraintestinal
pathogenic Escherichia coli type VI
Scientific Reports, 2016, 6: 26816.

Sana TG, Baumann C, Merdes A, Soscia C, Rattei T, Hachani
A, Jones C, Bennett KL, Filloux A, Superti-Furga G,
Voulhoux R, Bleves S.
aeruginosa strain PAO1 into epithelial cells is promoted by

secretion system.

Internalization of Pseudomonas

interaction of a T6SS effector with the microtubule network.
mBio, 2015, 6(3): e00712-15.

Chen WJ, Kuo TY, Hsieh FC, Chen PY, Wang CS, Shih YL,
Lai YM, Liu JR, Yang YL, Shih MC. Involvement of type VI

actamicro@im.ac.cn

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

secretion system in secretion of iron chelator pyoverdine in
Pseudomonas taiwanensis. Scientific Reports, 2016, 6:
32950.

Filloux A, Hachani A, Bleves S. The bacterial type VI
secretion machine: yet another player for protein transport
across membranes. Microbiology, 2008, 154(6): 1570-1583.
R, BALIEVDT T VI B A3 WA R G v i I R AR AR Y
IHRERTT. JERRF A8, 2015.

Wang P, Zou QH. Advances in hemolysin co-regulated protein
of bacterial type VI secretion system. Progress in Microbiology
and Immunology, 2018, 46(3): 67—71. (in Chinese)

E/F, GRS, A0 B VIZL ORI RGO A SR T R A AT
HERE. B g 2E ik e, 2018, 46(3): 67-71.

Riquelme S, Varas M, Valenzuela C, Velozo P, Chahin N,
Aguilera P, Sabag A, Labra B, Alvarez SA, Chéavez FP,
Santiviago CA. Relevant genes linked to virulence are
required for Salmonella typhimurium to survive intracellularly
in the social amoeba Dictyostelium discoideum. Frontiers in
Microbiology, 2016, 7: 1305.

Sana TG, Flaugnatti N, Lugo KA, Lam LH, Jacobson A,
Baylot V, Durand E, Journet L, Cascales E, Monack DM.
T6SS-mediated
antibacterial weapon to establish in the host gut. Proceedings

Salmonella  Typhimurium  utilizes a
of the National Academy of Sciences of the United States of
America, 2016, 113(34): E5044-E5051.

Gallique M, Decoin V, Barbey C, Rosay T, Feuilloley MGJ,
Orange N, Merieau A. Contribution of the Pseudomonas
fluorescens MFEO1 type VI secretion system to biofilm
formation. PLoS One, 2017, 12(1): e0170770.

JEIAT. F18ab™ R 1 hop JE Rl 2R Bk 1y 7 T FER el 2
J1E T4 WD RERISE . 3 N RAER A 2# 61 3, 2012,
Suarez G, Sierra JC, Kirtley ML, Chopra AK. Role of Hcp, a
type 6 secretion system effector, of Aeromonas hydrophila in
modulating activation of host immune cells. Microbiology,
2010, 156(12): 3678-3688.

Pukatzki S, Ma AT, Revel AT, Sturtevant D, Mekalanos JJ.
Type VI secretion system translocates a phage tail spike-like
protein into target cells where it cross-links actin. Proceedings
of the National Academy of Sciences of the United States of
America, 2007, 104(39): 15508-15513.

Blondel
Comparative genomic analysis uncovers 3 novel loci encoding

CJ, Jiménez JC, Contreras |, Santiviago CA.

type six secretion systems differentially distributed in
Salmonella serotypes. BMC Genomics, 2009, 10: 354.



FEAEE | MEYZAR, 2020, 60(8) 1695

Knockout and functional characteristics of CVCC541 VI
secretion system related genes in Salmonella typhimurium
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Abstract: The type VI secretion system (T6SS) was an important secretory system found in most Gram-negative
bacteria. It mediates the interaction between bacteria and bacteria and between bacteria and host cells. Haemolysin
co-regulatory protein (Hcp) and valine glycine repeat protein G (VgrG) were important components of the T6SS
puncturing device. However, the role of Hcp and VVgrG of the Salmonella typhimurium type V1 secretion system in the
process of invading host cells and anti-phagocytosis is not completely clear. [Objective] The aim of this study was to
inoculate eukaryotic epithelial cells and macrophages in vitro using the hcp and vgrg gene deletion strains constructed
by gene knockout technology, and to use their parental strains as a control group, to study the role of Hcp and VgrG
genes in the process of adhesioning and invading epithelial cell and anti-phagocytosis. [Methods] We optimized the
conditions in the operation of Red homologous recombination system, and established an operating system that
rapidly knockout genes related to the type VI secretion system of Salmonella typhimurium, and successfully
constructed CVCC541 single deletion strain, double deletion strain, and triple deletion strain, and Hela cell
inoculation test and colony count test were used to evaluate the adhesion and invasion ability of different strains; the
macrophage RAW 264.7 inoculation test was used to evaluate the anti-phagocytic ability of different strains. [Results]
Compared with the CVCC541 strain, the adhesion rates of CVCC541Avgrg, CVCC541Ahcp2Avgrg, and
CVCC541AhcplAhcp2Ahc3 were 16.17%+2.1%, 14.73%+2.5% and 82%+3.7%, respectively; the invasive rates of
CVCC541Avgrg, CVCC541Ahcp2Avgrg, and CVCC541AhcplAhcp2Ahcp3 were 7.05%+1.05%, 6.21%+1.35% and
87%+3.25%, respectively. The survival rates of CVCC541Avgrg, CVCC541Ahcp2Avgrg  and
CVCC541AhcplAhcp2Ahcp3 were 15.67%+2.9%, 14.47%+1.87% and 56.12%+3.48%, respectively. [Conclusion]
Salmonella typhimurium type VI secretion system VgrG and Hcp played an important role in the process invasioning
host cells and anti-phagocytosis. This work created the conditions for the research mechanism of interaction between
Salmonella typhimurium and host cells through type VI secretion system secretory system.

Keywords: Salmonella typhimurium, type VI secretion system, hemolysin co-regulatory protein (Hcp), valine
glycine repeat protein G(VgrG), Red homologous recombination system
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