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Construction of a Salmonella typhimurium STAybiH strain and its
biological characteristics
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Abstract: [Background] Salmonella enterica serovar Typhimurium (S. Typhimurium) is an important
zoonotic pathogen that causes a variety of food-borne diseases. The biological function of ybiH gene in S.
typhimurium has not been determined. [Objective] In order to define the pathogenicity of ybiH gene to S.

typhimurium, the ybiH gene mutant and complementary strain of S. typhimurium were constructed and
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characterized. [Methods] In this paper, the mutant STAybiH of S. typhimurium CVCC541 standard strain
was successful constructed by A-Red homologous recombination system. At the same time, its
complementary strain STAybiH/pybiH was successfully constructed. Then we analyzed the biological
characteristics of growth characteristics, motility, biochemical properties and virulence. [Results] The
results showed that the growth rate of STAybiH was slightly faster than that of the standard strain and the
complementary strain, but there was no significant difference in motility and biochemical characteristics.
However, the deletion of ybiH gene significantly increased the adhesion and invasion of S. typhimurium to
IEC-6 cells and RAW 264.7 cells. The results of qRT-PCR showed that the expression of InvH gene was
significantly increased in the deletion strain. The results showed that the deletion of ybiH gene increased
the invasiveness of S. typhimurium. In addition, the intracellular growth rate of the standard strain and the
deletion strain did not change significantly in the intracellular survival experiment, indicating that the
deletion of the ybiH gene had little effect on the survival of Salmonella in RAW 264.7 cells. [Conclusion]
The ybiH gene mediates the adhesion and invasiveness of S. typhimurium, which provides a theoretical
basis for further elucidating the function of ybiH gene.

Keywords: Salmonella typhimurium, Mutant strain, ybiH gene, Biological characteristics
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#1 PCR¥HEHSIY
Table 1 Primers used for PCR in this study

AR Glk e 2]l

Primers name  Primers sequence (5'—3")

TR B g
Amplicon size (bp)

P1 CACCAAGGGCGAGCAGGCGAAAAGTCAGCTCATTGCCGCGTGTAGGCTGGAGCTGCTTC 1 555
P2 ACCGTCTGGTAAATCAGCTCCGCTTTTTCTTCATCAAACCATATGAATATCCTCCTTAG

P3 ACAAGTGCCATTATGAGTCA 766/250
P4 ATTGCCAGTCCGATAACG

P5 CGCGGATCCATGAATATTCCCACCACGAC 675

P6 CCGCTCGAGTCAGTCCAGACTCCTTTGC

1.4  ybiH EFEFRRVRRIIE

FIFH A-Red RIS Jrids, PUSURL pKD4 s
Me, FIFHZIY PL. P2 3P A ybiH FEH L
FUREFEVEE Y 1555 bp HAYRBE. PCR NIAR .
2xPrime STAR Max Premix 25 pL, F. FiE51¥
(10 pmol/L)4% 0.5 uL, pKD4 Jfiki 1 uL, ddH,O
23 uL. PCR JZWi45fF: 98°C 10s, 58°C 5's, 72 °C
30s, 30 MEH; 72 °C 10 min; 4 °C {f#1F. 7E&H
1% L-BaThrffiiii LB ¥, 30 °C. 180 r/min
P IR CVCC541-pKD46, ODgoo (Hi%E] 0.4-0.6
BF, BRI A B R A IR A A, R TR
BeHFEb B CVCC541-pKDA46 [ 4, #414k
P LB SEAR (S 50 pg/mL B-RIREEE) | 37 °C
Fifead i . 48 PCR ikt ybiH R AR
STAybiH::Kan, ¥ pCP20 JFikif% A STAybiH::Kan
Rk, 42 °C HEFRIHBRRIRE R AR A pCP20
JECRE , e BAAF I IRl ybiH FE R BRIk STAYbiH
1.5 ybiH EFEE*MARIHDE

W SR R FEVP T TR CVCC541 LR
DNA 1EN#H, LA PS5, P6 N5 W4 1 ybiH HH
FBt. PCR Wik Z: 2xPrime STAR Max Premix
25 uL, b, TUHEBIYI(10 pmol/L)4% 0.5 uL, DNA
ABt1 pL, ddH,O 23 pL. PCR KW &cf4: 98 °C
10s,58°C 5,72 °C 305,30 ME¥; 72 °C 10 min;
4 °C PRAf. WY, ¥ ILi%E$H: 2 pGEX-6P-1
FRR L, A [ ANTORL pGEX-6P-1-ybiH ¥4k
PR RN TR AL 2 STAYbiH S8k, R[] b
Btk STAybiH/pybiH.,
1.6 STAybiH EKAFERETE

PRUER VR ST . SRTE R STAybiH . [RIFME

STAybiH/pybiH 7T LB Wik 73k, 37 °C,
180 r/min ¥ 371K . R H A3 B H 2B LB WA
Brgedbeh, B ANBEHRETHEEE ODgoo M 0.05, 4Kk
Pevithss, HME 2 h BURE, KL ODgoo fH, iE%ZE
WISE 12 he LMK INZ, HEPRER R .
IR TR Mo 14 A R 2 Sk
1.7 STAybiH Bz 1EHIN E

¥ ST. STAybiH. STAybiH/pybiH HHFE
AR, e ODgoo (EVE R 1.0 2247, WHL 10 pL
FIBETR , TEEINTE S 0.5%3A8 1 LB LA AR
(EIAME S Z TR, BT 37 °C HiFfih R
18 h, WA P AE KB AR
1.8 STAybiH £ 45 ERIETE

Sy IBRBPRHE R R ST | SR B Rk STAybiH , 18]
Mk STAYbiH/pybiH HIETE , FERh 2 2 RN R
BRFRHE | BRI (AR N . IRERE . SR
INBEEE . HEERE . KT, W REL . Mokmesh |
TOPEEE BRI ONPG A fb %4, 37 °C 533
24 h, WERAAL S E L,
1.9 STAybiH FMigE h 5RERE N BIAR

U et 55 75 bR UE R RE ST B bk STAybiH
[l %Mk STAybiH/pybiH, H PBS Wi 3 K, bk
FRHL, WRRANEWE N 10" CFUML, %M. B
B 1 mL /i AF] 9 mL DMEM 5845535 5L (TCHirE)
W, 37 °C Hi#k 30 min, F§ PBS ¥ IEC-6 5, RAW
264.7 HMIPEL 3 WG, WA RIS IEmA
Yt rh, 37 °C KiFRAETEE 1 ho H PBS Wik
3 %Ja, - 0.5% Triton X-100 7E 37 °C W46+
ZLRANN 10 min, PEREFRAR A I BB A LR
BeL 54T LB 8538304 1, 37 °C B3Rt ik,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



WS RAIEVDT T IR ybiH BER BRI RR AL g SO AR e 795

MESHEL

(RS TE RS 1 h )5, ] PBS BRI 3 1Kk,
AU IS W E ST R (100 ng/mL PRKEZR) LS
FEHAREEREFE 1 h )5, F 0.5% Triton X-100 Z4f#
PBS #ike, R4 T LB Fi3edePalk |, 37 °C Higeid
B, WMETEL. For bR LG 2 5 A AR R o
AOREFREE, 3 4PAT5E5
1.10 qRT-PCR #&3| STAybiH 5 H EE R FRIX

BRI 3 MRS RE TR, EHLE RNA
alifb R S P2 RNA, iU 515 8] cDNA L gRT-PCR
K #E SR InvA . InvH F1 SpaP. FUS1AZ J TB
Green Premix ExTaq 11 10 uL, I Fi#5 [#)(10 pmol/L)
£ 0.8 uL, ROX Reference Dye II 0.4 uL, cDNA
2 uL, ddH,0 6 pL, qRT-PCR {2 45142 95 °C 30 s;
95°C5s, 60°C34s, 140 /MEH; 95°C 15s,
60 °C 1 min, 95°C 155,
.11 ZABEM STAybiH RLTHRIFIE LW R

¥ 24 FLAR A KRS R AT RAW 264.7 Bl
A HITCTE PBS VR 3 W BURTEE I8 IO BRI B R
ST. 6k STAybiH . [I%Mk STAybiH/pybiH, PBS
PR 3 WK, BB FRIL RSN A 107 CFU/mL,
HH . MEBCRIE 100:1 B ELEIRG A, 7
37 °C. 5% CO, ¥EFAE TSR 1 he T
DMEM ¥t 3 K, Bl B A s o IMA S RRER
(100 pg/mL)A) DMEM AFEREMHIANT , LT
0h, 7E37°C. 5% CO, FURFFRAAAREERE IR 2 h, &
SIS . Fl DMEM %% 3 Wn, RG-S R
(20 ug/mL)fY DMEM Z4RSE853: 4000, 43 51F 0.
2. 4. 8. 12 h JWCSEAN, AR AR, e At
PLTCHE PBS Pk, SRJE A 0.5% Triton X-100 Z4fiF
A, 5 R BRIRT LB SR, 37 °C B3R5 V%
T8 L0 h AN REUE R 1, AR
I NAETE R, 8T 3 FiERGIEVD TR RAW
264.7 EWEAIEP MENAAETEOL . Jorb Rk LR
L8 B AR BT PE S R 3
1.12 ybiH EFEWEEIRE M

PRUL STAybiH S BRI RV 48D T LB WA

Begedkh, BELRIESE . EEE 5. 100 15, 20,
25, 30 RIS T PCR %558, 5T ybhiH SR FEA
TE STAybiH SRR s L f e Pk
1.13  STAybiH FREKBIT 251

M R YRR B, LUK ATCC25922
RTETR , XTARHERAR ST | Bk STAYbIH T2y
T 08T SRIBIPTAE RN ARG R . LS
. WOREE . ZTURER . PSPk, URER. 7
37 °C AP FR 12 h, WESRAL, LIAIRWERTS
BRI AE K PSR AR L Ry e/ M B VAR 2 (MIIC, pg/mL)
2 HRE46
2.1 EREEK STAybiH BIF¥E

FIF PL. P2 R51Y, U 34EH ybid HEEFEE
FPARIE R B, KEEZIH 1555 bp, RS
WHAZE IR —3 difb/5 LS AR &4 pKD46 it
K A IEVD T TR ST I S, HRIp%E
R HA LR ybiH, Z9iPES PCR A
ik, 152 FHYEE 4 T AybiH::Kan, JE—H24 pCP20
ki AL 3 AybiH::Kan BFEH, 42 °C {HBRRIRE:
FILA pCP20 Tk, FIFH P3. P4 54Xt s i
PRIEFT T PCR %2 (B 1), &N P % 1 R ahig
T ER AR STAYbIH

bp M 1 2

2000

1 000
750

500
250
100

1 STAybiH $REHKE] PCR ¥ E

Figure 1 PCR identification of STAybiH with P3 and P4
1. M: DL2000 DNA Marker; 1: 4tk STAybiH i) PCR =
Yr; 2: bRiERK ST 19 PCR 774,

Note: M: DL2000 DNA Marker; 1: Product for ybiH from AybiH:
ST amplified by PCR; 2: Product for ybiH from standard strain ST
amplified by PCR.
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2.2 [BI%Mk STAybiH/pybiH B2

wmE 2 Frs, DAEREG R FETD T TG ST 3
[K2 DNA Att, FIFH PS. P6 5144 48 ybill
R B, P i B 2 A iUk pGEX-6P-1 I,
Fy i [N UK pGEX-6P-1-ybiH 54k % STAybiH
ZASPRH, PCR %57 255 B /s LA ) [l b ik
STAybiH/pybiH
2.3 ybiH EEFREMRGEILTTREEKEFSE
=R

T L E AR AR ST BRI kE STAYbiH , [7]
MR STAybiH/pybiH 15 LB JRAARE FE3E o ) A KA
O, FHIED 3 FIHL, ybiH SRR I A B W fe b,

bp M 1 2

2000

1000
750

500
250

100

2 [El%Mk STAybiH/pybiH H] PCR £ 7E
Figure 2 PCR identification of STAybiH/pybiH with PS5
and P6

¥ : M: DL2000 DNA Marker; 1: Fik55iki pGEX-6P-1 ) PCR
P75 2. [k STAybiH/pybiH 1) PCR &34

Note: M: DL2000 DNA Marker; 1: Product from pGEX-6P-1
amplified by PCR; 2: Product from STAybiH/pybiH amplified by PCR.

Lor | ST
a- STAybiH PR
08 = STAyblH/pyblH .
2 06
Q K
C 04t %
02 F A
1= 1
0.0F * *

2 4 6 8 10 12
t(h)
B3 EKEZENE

Figure 3 Growth curve determination

HERFEAHE, Ui ybiH LR AYHI T R A5G FE
TP ) PR Y A A R R AT e 5
2.4 ybiH EREBREMRMAEIDITREIEZNIER
A

1E LB 2Pl fAPAl b, drifiEpsitk ST, B R#R
STAybiH . 84Nk STAybiH/pybiH (is stk 25
K& 4), HUEATHEI, ybiH FEHAEI A 235 0m0 B
IEWT IR iz BTk .
2.5 ybiH EFEREMBRGEIDCTIREE LSS
A

22 G5 BR  FMERRR ST (BISTRIRK STAYbIH

Diameter (mm)

ST STAybiH STAybiH/pybill

4 EHERNE

Figure 4 Determination of athletic ability

F2 HIHHMEER
Table 2 Comparison of the biochemical characterization
HEAVAE ST STAybiH STAybiHlpybiH
Biochemical characterization
{62 BR % Tryptophan broth —  — -
AR R i + o+ +
Lysine decarboxylase
JRZ i Urase - - -
F AL Potassium cyanide - - -
111345 Sorbic alcohol
H #& % Mannitol + o+ +
KA1 Salicin - = -
Do B [ R + o+ ¥

Spear alcohol semisolid
ONPG = = =

A iz Eh Malonate - - -
FEER L Citrate + o+ +

WEe o+ BEME; - BAME

Note: +: Positive; — Negative.
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[BI%MAK STAYbiH/pybiH 1) 2 HEAR SN 25 S35 AH
[f], R ybiH FER5BRAGIEVDT IR A 2
Tk,
2.6 STAybiH SRRRRIFEM SRERE NI DR
KT M ybiH FEENHURT ] FC R AR S
1RZERE ST, FIFH TEC-6 41 F RAW 264.7 41
MO TRE R S22, MK 5 FTAL, BRBRXT
IEC-6 1 RAW 264.7 ZH i () 25 Az 2268 1 B . =
THARR(P<0.01), FAMERIIEEIN 5122268 )10
IR
2.7 qRT-PCR&N STAybiH = HEFE IR IEHFR
K qQRT-PCR £; R X} Inv4 . InvH ., SpaP =4
IR RIS IE BT A0, iEl 6 R, AE
STAybiH Ik, 3 B IR M FRIBIA P I
VA, Hbh InvE 3 P R R AR AR N W

Adhesion rate (%)

ST STAybiH STAybiHIpybiH
IEC-6

*

Adhesion rate (%)

ST STAybiH STAybiH/pybill
RAW 264.7

(P<0.01),
2.8 HEHBABEEER

MNAAG LE R, ARG RAW 264.7 4l
12h 5, bRtk ST SRR STAYbIH AR
REPARNGEE 7)), ybiH FERX BT RE
TEE WA P (A TS S AN R
2.9 ybiH EERKKEIIZEMEFRIE

Baebk STAYbIH BI55 5. 10, 15, 20, 25, 30
RRE, FIFS 4T PCR ¥ %8, 45 RN 8
Fis, 2 ybiH FEF M HR AR B BRI AR
SEIEE
2.10 STAybiH TRFK BRI 25 4G

FRUERR ST Fiktk STAybiH S AE K 13N
RORUNGR 3 i, SRR RFIBR TR 9 d5e/ N TR R B2
FEICH B 2251

B
9
2
5
)
£
2
>
g
ST STAybiH ~ STAybiH/pybiH
IEC-6
D
10 | *
S
e
g
=1
RS
2
>
ki

ST STAybiH STAybiHlpybiH
RAW 264.7

5 STAybiH %t IEC-6 1 RAW264.7 {RREFEM R 1R & 80K 16 4 R

Figure 5 Results of adhesion and invasion of STAybiH to IEC-6 and RAW 264.7 cells

T A: X IEC-6 4IHEMZEHT; B: XF IEC-6 4IMAYIZZE; C: Xt RAW 264.7 4IMAYERM; D: X RAW 264.7 4728,
Note: A: Adhesion to IEC-6 cells; B: Invasion to IEC-6 cells; C: Adhesion to RAW 264.7 cells; D: Invasion to RAW 264.7 cells.
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A 12 | . ST
o STAyhiH
o 1.0} - STAybiH/pybiH
= 2
2 208t
o =
& < 0.6
o [}
5] >
5 E 04+ i
o0 E \': . - 1
E 02F I3 -+
S :
E 0.0 : ' ' ' : :
S 0 2 4 6 8 10 12
1 (h)

ST STAybiH
InvA

STAybiH/pybiH

22 ¢ *

Normalized gene expression

ST STAybiH — STAybiH/pybiH

InvH

Normalized gene expression

ST STAybiF

STAybiH/pybiH

SpaP

6 SHEFHERRZEER

Figure 6 Gene expression of virulence factors

e Ar InvAd FERRAERTRGE L B InvH BRI AR ik o
C: SpaP FERMAIN KiK. *: P<0.05.

Note: A: Relative expression of /nv4 gene; B: Relative expression
of InvH gene; C: Relative expression of SpaP gene. *: P<0.05.

E7 BAEDSITRELE RAW 264.7 E B4R & aY4E X

rHEE

Figure 7 Intracellular survival rate of S. tyyphimurium in

macrophage RAW 264.7 cells

bp M 1
2 000

1 000
750

500

250

100

& 8

2

3 4

5 6 7 8

EREHK STAybiH B PCR £ F

Figure 8 PCR identification of STAybiH with P3 and P4
1: M: DL2000 DNA Marker; 1: FrifEfk CVCC541 (1) PCR 4~

W=l 2-8: BRFE STAybiH 55 1.

30 fRRY 37 1.

Note: M: DL2000 DNA Marker; 1:
amplified by PCR; 2—8: Product from STAybiH amplified by PCR.

5. 10, 15, 20, 25,

Product from CVCC541

*3 BOIERER LR

Table 3 Comparison of minimum inhibitory concentrations
(ug/mL)

PR Antibiotic ST STAybiH
447 % Chloramphenicol 1.00 1.00

Sk ABE 54 >0.03 >0.03
Cefotaxime Sodium

F R e Florfenicol >0.50 >0.50

Z P43 % Doxycycline >2.00 >2.00
BATSE PG Ak Amoxicillin >0.25 >0.25
PO Z Tetracycline 1.00 1.00
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3 WiE4R

VIR B AR T 5 W IR A, 2
HNEIRIE S oy B ik, XJE AZSFISh YA
(EFESIHNFILBWT TR F2RA . B
FEVTTIREVE N —FhfE 12 it 25
Rz —, HaT MR s & AERIGIE,
TG AR EYhEY, R TR AR
WHLEE S s IR A5G, HE R RZ 1S
IR SBURIE -1 (SPI-1) 4 i A 55 =250 W &
G5(T3SS-D), 35 B A A0 45 HR 15 7 K o ik Ak
PR, XN R B S S S A sh B
O, AN AR e A

FGFEVDT T RTESER ybiH —Fhie i1y
¥, (A EARIIREM A TG, RIS
A-Red [l EH B AN T ybiH FEF IR 2 R
B, FEXTHAE YA R IR T TR . B a2
W, ybiH BRI BRSO AL FEVD T IR A
AR | B SR OE R ARG SN, 1 ybiH
FER AR AE L R e R e 8L . £ RAW
264.7 B REAMEI A IR IR S5 R BN, PRUERR
TE RAW 264.7 4l FARXS A5 25 ybiH FE R
KSR, U ybid FEHAATER BA5
FEVDIRTEAE RAW 264.7 5 IELH I A B 47355

UMK . FREMRAIER MR TEER . Sk
faih. FORJEH . ZVEME . BISEPIRk, PUIREm
fiif 245 22 0 AN &

TEVSTTIRHEXT RAW 264.7 2 422 R85 F
RIGH, STAybiH SRR R 19.9%, ST 45
HERRIOBEI R 11.3%, BERIGBE IR K THhrifE
tho STAybiH BRERIRZEAN 13.5%, ST bRk
R ZE2E N 5.3% , BRRAR IR 2220 ] B R FhriE
ko FIFH qQRT-PCR £ RX} InvA . InvH . SpaP %]
D HEA TR, STAybiH Bk 3 FhaE /7 K11
SR FRIR R HA BT FI, JUHR InvH BER 3 i
NI . InvH FEDR SR S A0 AR R BN,
FAE DT R B 22 L. Aiastui 251

KB, InvH SRFETIVDTT IR AR RE 1 208 TR,
20 M E 200 B 3R T A A PR RSt SR s, SRR
EE R —AEER BT, HEk Sl iz
BRI o ybiH HEPR 5 BRAGFEVDT T IRTE RG22 )
AR, ybiH BRI 251 InvH B KR 11
I, B STAybiH SRR R R ZE T3 In. A%K
e, BIELEREA T3SS-1 MfELL R, Y JRE
TTHSRRERS (A E B A0 AN 2T et 1), e ify
HEHADRI PR EEN T, 10 ybiH R EEL S S
T3SS-1 J3 M R G S& 8 5 HADA R (=22 1
ISR ZE ST, A FRREEE o

ASCEIERT ST brifetk . STAybiH SR BRFA
STAybiH/pybiH 14N E W) F R R T LR A
KB, ybiH FEIR 252 AL FEVD T TR A b B RN
1228081 B a5 1 R Fak G 00, iz A Y
BRSNS AL FED T T IR R BOR T, A FF
s ZB i /A X VI 4 ST
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iE & oA N

CHUED iR ) & i EREB A Wi s pr A B w2 s 06, DA Y24 0 BRI 5% 2 B AR B8 5 M
FAEMEEATEFARWIT . AP H T, SSOZ.0W 1), HEBHZ.OWIT, CSCD &0, BIRERIHRHI T
= pEBLERBL R T = &N A 1 S B ST A H L R B R g A R RO T, DA 2012 AEE A,
AR PN . A P 2R AT B2 — IR R e A 2 AR I, IR AL 300 Fherp DR Rk
W, A AP RS SRk A P THR 24 AK38 ST (F5000) 300 H SR I8 1) .

ATTBAAORE: Tk, W, 55, 5al, k. &f. BE., kA&, 2499, EEMEY#maeEE A R
. DIRERLNA . TS Y ESIE RS R . P AR IR, DR UE Y AR MO S BN
EEA: IEfsd . €Sk, EYERE . SAEMR . TR%,

2

BB B BLEFR T T http://journals.im.ac.cn/wswxtben, s EERMIX, H—RBERECHM, FKEMH P& Mm%

5, SRIGMKERIR /R P2 R, DL TR A%,
3
3.0 CRESZELRIC SN, BT, REHEm, A%,
32 FEXCWEEEFEERET. (1) S#iEHE—AFR, DUl Kausess R 2s | HSCikic e s ; ) B FE s
=, WENBESFRBHERAAN, REAH, XA RUORSRRKA, DORFTBAEW; 3) @B L, ZoRIEHIER, A
TN (4) DESCIGEEAY PR 25y 5 o SO 2E— 3, (BT P SO R, 5 58 J5 45 I SO HL &l NS 1 & RH
R A AR AR (5) TP AEMASE E, BRIER AN, W: DNA, ATP &; (6) FE5 SCHIZE AT 3¢
FbR ST
3.3 SCHEE. WRARH. BAR, —EU . BEATEERE AR, SRR RIA T,
3.4 HEQESCE TR )
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