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Abstract: Salmonella Enteritidis is a major foodborne pathogen that can cause gastrointestinal
infections in both humans and animals. As one of the key genes encoding the iron-sulfur cluster
assembly, iscA plays a role in the transport of iron ions and energy metabolism. IscA is a conserved
A-type iron-binding protein. [Objective] To study the role of isc4 in the infection process of
Salmonella by constructing an iscA-deleted mutant (AiscA) of Salmonella Enteritidis Z11.
[Methods] The unmarked in-frame gene deletion method was employed to construct AiscA from
the laboratory-preserved Salmonella Enteritidis Z11 strain. The wild type (WT) and AiscA were
compared in terms of motility and biofilm formation. Additionally, the impact of IscA on the
virulence of Salmonella Enteritidis was explored in both RAW264.7 cells and a mouse model.
[Results] The deletion mutant AiscA was successfully constructed. No significant difference in the
growth or biofilm formation was observed between AiscA and WT, indicating that the deletion of
iscA did not affect the normal growth or biofilm formation of Sa/monella Enteritidis. However,
AiscA exhibited a significantly smaller zone of motility than WT at the time point of 6 h,
suggesting that the loss of isc4 reduced the motility of Sa/monella Enteritidis Z11. In RAW264.7
cells, the adhesion and invasion of AiscA significantly decreased to 37% and 20%, respectively, of
those of WT. Furthermore, the proliferation rate of AiscA in the cells was significantly lower than
that of WT. Mouse infection experiments revealed that Aisc4 demonstrated reduced colonization in
the jejunum and cecum compared with WT. [Conclusion] iscA is closely associated with the
virulence of Salmonella Enteritidis. Its deletion affects the motility, adhesion, invasion, and
proliferation, ultimately reducing the colonization in the host intestine and influencing the infection
process of Salmonella Enteritidis.

Keywords: Salmonella Enteritidis; iscA; motility; colonization
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— BV R BRI T E AR EAHL, 5]k
R B AR . TER R VDT B L FEC
SR, YITERESS 1 (Salmonella pathogenicity
island 1, SPI-1)&: /1% 2 (Salmonella pathogenicity
island 2, SP1-2) & ¥ 45 XA#VEH . SPI-1 JE K 4t
(4 TIT 255330 2R 45 T3SS1 B HEVD [T H X imi
b B AR B AR BT AAR . T SPI-2 A 4 i Y
T3SS2 I P B st v 6 i 3 40 D P 80 A 136 T A2
i, PR EIAVE PRS0 TR RE A AR 3 e
PEBFABLEIC ., BEE XD T B BOR AL TR AT
g8, RIEEAREES, WpH, B&EK . BE
R 755, i 4% SPI-1 F1 SPI-2 (YK ik,
HETTZ M0 A Y B i A

TR R, 20 X 22 R BRI
T ALK F RN A ) s T R Y Bk
mi%, W% P A (reactive oxygen species, ROS) ., {f
4 & (reactive nitrogen species, RNS) L A [2 2k 21
B O TR R A N IAETE, 4
A T 24 R G0 DIAHRE i 26 A 2 ) o wl s
FEBR . BR-Hi(Fe-S)HRLE A 8 FI7E X — i FE b &
T HEANEN o Fe-S M o BB I 144 11
SR, JTEAAE T AN, 2T
EARMEE TS5 2 EZENAY =i,
LUEZRSPOS R E AN SRS R 2 ¥ AN AW 1 S f AN T N
FE P F IR AR DL R B S, B, 7E
SRz A T E K E 5 Tl Fe-S FEAEM A LR
se, B nitrogen fixation (NIF). iron-sulfur cluster
(ISC). mobilization of SUIFur (SUF), minimal
isc system (MIS) #1 SUF-like minimal system
(SMS), JH ISC il SUF N & B RS AR
i1, 1SC Bk KR KIGAT B h 24 Fe-S
A BGERE, T SUF 348 B0k Je B 1Rk
1, FEAE Fe-S TRt mmIAIF T R FERN,

TERIGFFH R, I1SC B-Bi(Fe-S)fE & AR S
FB = RSP SE N FE iscRSUA-hseBA-fdx 21
B, % FE R gAY 7 FR AR ——TscR., IscS,
IscU. IscA. HscB. HscA FIZEILEN, B
1t Fe-S W 1 & nLad f2 b & H Kk #4545 AR
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1 ME5FHE

1.1 4. BRAL 519, ZHReFISCiezhyd)

B 98 U011 5 (Salmonella Enteritidis) Z11 #f 4=
PR(wild type, WT) FHAS BREIZH 43 2 0 0R A7, K
¥ & (Escherichia coli) DH50. Apir #1 X7213 Jpir
FHF ki pDM4 (94385, ASBIF5E It FH 9 11 B A
TR ULER 15 B S I b R E R A
BT A . /N B E A RAW264.7 24
RIS FRAT, TAET 10% J54- 117 ) DMEM
FRFR R SR, KRR 37 °C L 5% COs.
6-8 JE % C57BL/6 /INEL HH 475 M K2 HL A = 2 v
DL AW T A s SL IR 15 45 M K+
SPMEIEZE DSs HILECAIEAES . 202104013),
1.2 EFxFE

LB [#{A5; 373 (g/L): NaCl 10.0, JB%E (A
10.0, 4-RF 5.0, BifiE 15.0; FELRBUIRE IR 4L
(g/L): BB 5.0, AN 5.0, BERER 3.0,
NaCl 5.0, FL¥¥ 10.0, J#EHE 10.0, 52%4% 0.012 5,
ZEELL 0.08, Bl 20.0, pH 6.9+0.2, M2
FRESIMLI I . A& (Cm, 25 pg/mL). &
W % E (Carb, 100 ng/mL). iR K K% &
(Gm, 100 pg/mL. 10 pg/mL), 2,6- 2P R
(mes0-2,6-diaminopimelic acid, DAP, 50 pg/mL),

&1 AW BT F BV E AR AN BLAL

1.3 FEXFIFLER

RN TEHR, BER. WRFIBER. M
FLUBRE . FERE . BRSNS E, BT
Y TR(EE B AIRAF; 2,6- 25 IR
(DAP), Sigma-Aldrich 23 F]; 2xTag MasterMix
PrimeSTAR Max DNA Polymerase, Sal 1 . Sac 1
PR R N VIS, TaKaRa /A F]; ClonExpress
Ultra One Step Cloning Kit, pd Ui dE%e 4 Yk
et A IR wl; DMEM 4iffud%57=%E . Dulbecco’s
Phosphate-Buffered Saline (DPBS). i fif# Fl fifi 4
M3, Gibeo Al A HE R A FEHGAF & . B

BB I (RSO & JC N B 3R BORE K H2 )
& P ok MR &, KRR (b D)
AHIRAT]

FEIR, LT B O AU 9% B AT RS ]
PCR 1Y, BERCAGANL . FEmfE H kA . iR
WEBE K V- HL DK L 4 H Sh 40X, Bio-
Rad Aw]; MRS WOGHOEETE . CO,
K5 #7246, ThermoFisher Scientific 2% 7] ; HE 4
JE, B A RECABR AR ZIEEEERL,
BioTek A H]

14 BA&ITIE 211 EEHRE

ORISR Z11 T3 Carb B LB -
B, 37 °CHiFr 12-16 h, FIHEFMERRIHUAEE T

Table 1 The strains and plasmids used in this study
TR/ BRL UL/ ik AR
Strains/plasmids Relevant characteristics Source

Escherichia coli

X7213 Apir Host for @ requiring plasmids, Conjugal donor Laboratory collection
DHS5a Apir Host for m requiring plasmids Laboratory collection
Salmonella Enteritidis
Z11 Wild type Laboratory collection
AiscA Z11, in-frame deletion in iscA This study
AiscA::iscA AiscA, complements iscA This study
AiscA::Vector AiscA, complements vector This study
Plasmids
pDM4 Suicide vector, pir dependent, R6K, SacBR, Cm" Laboratory collection
pBAD33 Carrying a mob gene in pPBAD33, Cm" Laboratory collection

http://journals.im.ac.cn/actamicrocn
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VNI Carb /9 LB WiAARE 75, 37 °C. 180 t/min
BR % 12 h, 4 HE 40w 3k PR 21 £ B 70 & 1 BH
PEHUBRIPTTH 211 FEH 4 8 DNA.
1.5 EATIRCHRERTIRIAE

P AR S A R R A MR T T 5 1 40 L3 2.

DL Z11 B RRFE RN BN, 3 5143 iscA
R R (up A down F L), SN iscA-
Up-F Fl iscA-Up-R, PCR Iz W #& % (50 pL):
PrimeSTAR Max DNA Polymerase 25 uL, .
W51 4 (10 umol/L) 4% 2 uL, DNA #i#z 2 uL,
ddH,O 19 pL. PCR = i Z5 1 : 98 °CHil 48 Pk
3min; 95°C7AEME 155, 58 °CiBk 10s, 72 °C4E
fifi 15, 30 MEFR; 72 °CAIEH 10 min, H
ClonExpress Ultra One Step Cloning Kit & [ T Jji%
[F) 53 A ) Sal 1 F1 Sac 1 XU EEYIAY pDM4 J5it
¥, 50 °CHEFE 15-20 min, 42 °CHVEAL E. coli
DHS50. Apir 1 X7213 Jpir B2 54000, #4bim, Bk
WUATR YA E1T PCR BiE, PCR RWAAZR(20 pL):
2xTag MasterMix 10 uL, [, TS [#(10 pmol/L)
41 uL, DNA #ifig 1 uL, ddH,O 7 uL. PCR /%
B2 95 °CHIAEYE 5 min; 95 °CAE M 30 s,

58 °CiR kK 30's, 72 °CHEfH 1 min 30's, 30 Mf
PRy 72 CCAFEAH 10 min, 20 Tk i 1 A 5
BIorUE ALt A 211 Bk, H Sal T-up/Out-F Fl
Sac 1-down/Out-F PiX 59435l 4T PCR 4 #4565
WEFLAS I IE i A TR T, JF AT REME R E . PRI
7% 43 5 H iscA-Out-F/R Fll iscA-In-F/R 5| 9% ik
1T PCR KHIE, FRFFIEHANY iscA BRZEAEE. PCR
R W AR Z (20 uL): 2xTag MasterMix 10 pL, .
TUFGI9)(10 pumol/L)4% 1 uL, DNA #&# 1 uL,
ddH,O 7 pL. PCR R Z5fF: 95 °CHIAEYE 5 min;
95 °CAE1: 30's, 58°CiR:k 30s, 72 °CHEfH 2 min,
30 MIEFR; 72 °CCAZLE{H 10 min.
1.6 [El4MRIIE

DL Z11 AREER AR, 73 iscd HEH
J&i 8l F S T 5] 12HE (open reading frame, ORF)[X.
B, . PCR FZ W {& % : PrimeSTAR Max DNA
Polymerase 25 pL, . FI#5[47(10 pmol/L)4%
2 uL, DNA #i#g 2 uL, ddH,O 19 pL. PCR %
B2 . 98 °CHZEIE 3 ming 95 °C7AEYE 15 s,
58 °CiR k 10's, 72 °CHEH 155, 30 DHIF;
72 °CZHEAH 10 min, PCR =43l i ClonExpress

2 Z1 AiscATRE TR AiscA: iscABI AMR I FNIEES |4

Table 2 Primers used for the construction and verification of the Z11AiscA deletion mutant and AiscA::iscA

complementation strains

Primer name

Primer sequences (5'—3")

iscA-Up-F GAGCGGATAACAATTTGTGGAATCCCGGGAAGAGGGTGAAGTAATCCATA
iscA-Up-R TTTTGTTATGTAACCGTGTTCCGCTGTTATACCGA

iscA-Down-F AACACGGTTACATAACAAAACCTCAATGTTAACGT

iscA-Down-R AGCGGAGTGTATATCAAGCTTATCGATACCTCTGGTAACGGAGTGGGTGA
iscA-Out-F GAACCGTCGCAACCAGAGAG

iscA-Out-R CGTCTGCGTGACCTTTCTCC

iscA-In-F AAATTGCAGGCTCTTGCCGT

iscA-In-R CTGGCCAACCGTGGTAAAGG

iscA-F AGCGAATTTCGAGCTCGGTACCTTACACGTGGAAGCTTTCGCC

iscA-R TCCGCCAAAACAGCCAAGCTTACGTCATGAAGTTGCAGATTAAAGTT
pBAD33-F TCTACTGTTTCTCCATACCCGTTTT

pBAD33-F TTCTGCGTTCTGATTTAATCTGTAT

Sal I-up GGTGCTCCAGTGGCTTCTGTTTCTA

Sac I-down CAGCAACTTAAATAGCCTCTAAGGT

>4 actamicro@im.ac.cn, 7 010-64807516
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Ultra One Step Cloning Kit #fi A #] Kpn 1 H
Hind W XU B A pBAD33 Bk, =1 2H ki@
i AL TE A Aiscd B HR, PCR K UE3RASIE
WA AiscA::iscA PIFME . PCR WK R (20 ul):
2xTag MasterMix 10 uL, [, BU#5[4(10 pmol/L)
4 1 uL, DNA #ifz 1 pL, ddH,O 7 uL. PCR 2
W25 . 95 °CHRAZIE 5 min; 95 °CZE 1 30 s,
58 °CiB k 30's, 72 °CHEfH 1 min 30 s, 30 1
Ry 72 °CCAFEA 10 min. FEXGFEANEAHET, [HIkb
PRFNZS TR I MR 7 7S I 58 2 22 (25 pg/mL) A4k
Rk R RE T
1.7 iscA EREBREITH R TERER
AL
1.7.1 A KBRZNE

B9 Z11. AiscA FEASRR B AME, PRELER
WIE AT LB WiARE =58, 37°C. 180 r/min
iRt . B 1 mL B FEWIN ODgoo, 915
ODgoo 2 0.05, HL 200 pL A 96 LA A7,
37 °C. 180 r/min 35 5%, ffi FHEGHR{CEERE 1 bl
5E ODgoo (H., B ZFTA WA 5 -0 A
KHHE N SE 24 h).
1.7.2 BEMHNE

IR Z11, AiscA FE7ERE S RIRMA, PRBCR TR
TEFERN T LB WitAR g3, 37°C, 180 r/min £
it % . B 1 mL BT & B O PBS PRI 2 i,
8 000 r/min 5.0» 2 min, F PBS #42M ] H &
ARG ODgoo 1, 87T ODgoo 2 1.0, HL 2.5 uL
PR AT ) S E S 0.3% BUIRAY LB F4 b, F
37 CCHEFRA HIE B R FE 6 he MR ERIIES,
FF- 0 A P AR
1.7.3 S IER AR BETINIE

W RS FE 0 W PBS Wk 2 i
8 000 r/min &[> 2 min, J{ PBS 42 W ] 8 B
&5 ODgoo 18, 8715 ODgoo 2 1.0, HX 150 pL
BRRE A 3 mL BTEE LB WA IRk, Fp sy
7% 72 h, MG HEATES YA, A 200 pL H
B[ 5E 15 min, HIIA 200 pL 45 548 0L 0,

B 15 min, FERURMKR, HZEMKELEZ 4
YU s A 200 ul 33% vKESRR , FAE SRk
TARAFRER A P, B 100 uL & ODsos AL )
WAL
1.8 R IE
1.8.1 FHBHFNRZERESINE
82 I VR AT R W20 i RAW264.7
T & A 10% it 4 103 /) DMEM 35 33 56
37°C. 5% CO, 54 F iR Bl 1 R, KE
WELA LA Sx 107/ FLEEFP T 24 FLIRHT, 37°C. 5%
CO, K557 10-12 he B EFFRAFAYE T 4 500 r/min
B0 5 min, A DPBS ¥ 2 i, € I8
ODgopo 2 1.0, B 1 mL FERESEMBER TG UL
MOI=10 JEYL 40, 37 °C. 5% CO, 555 0.5 h,
ZEBFFL A A 1 mL &7 0.2% Triton X-100 £
PBS 240 10 min, R RGIHE %R
DR R R
R BRT 2= 8 35 B 20 T 5 SR L A R 550 < 100%
)
FE IR R R T R 4 0.5 h 5, H
DPBS k% 3 ik, MASH 100 pg/mL KRR
() DMEM }i #5528 2. 4 Ml 6 h. HI&H
0.2% Trion X-100 f) PBS Z# 401 10 min, A6
B E AT PR AR QIR R,
1R ZEH=( PR 2B R E SRS A 20 < 100%
(2)
1.8.2 FaPIEsEAE J1E
IR SE IR IR RAW264.7 400 T & A
10% HE4- 1M I5 ) DMEM 35353 JBLRi 1 K,
BEEREALL Sx 107 L3R T 24 FLAF, 37 °C,
5% CO, 1555 10-12 hy BHEFFIIEEIK 4 500 r/min
50> 5 min, ff] DPBS V¥ 2 ik, 0 08T
ODgoo 2 1.0, HU 1 mL VST TR BERR BES 1AL
LI MOI=10 JE&YL4iiffl, 37 °C. 5% CO, %/} 0.5 h
J&, H DPBS ¥E¥ 3 #, IIAEA 100 pg/mL IR
KEEZ 1) DMEM B3R B4k 221555 1 he 5758
FeEEI, 4 B AR BE PR % &R (10 pg/mL) Y

http://journals.im.ac.cn/actamicrocn
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DMEM #5774 5%, ILAHIEh 0 he 43lfE
0.2, 4, 6h ke, H 1 mL &% 0.2% Trion X-
100 (1Y) PBS S0 10 min, HCEL R i B
Je MR, SR 23 ) 2 L P S B L
BB R = PN B DA ) 6 R 2R A R TR )/
VIR 1R 224 P 1< 100% (3)

1.9 PpEREERIE

W55 F 4 TR 4 500 t/min 250> 5 min, JH
PBS Y% 2 i, W2 I ODgoo 2 1.0, Bl
FHl PBS Hi Bl 5%10° CFU, LA 5x10° CFU F4 5]
X C57BL/6 /IR T FIRIERG, , FHHFEli g
INRIAETE . TRERE . R AEBEEN, 2
wIrEE Mk . 7RG 3 d IEEIA/NEL, BUlEs
MEW, WEEETHRE T b,
W Y GEAT 10 REREEERR B, BUSR & 107
107, 107, 107, 107 B A5 500 TR A LB
PR, 37 cCHEFRI, AR
1.10 HELESSH

F|H GraphPad Prism 6.0 Xf it A 85 1748
T SRR LA PR EDR (meantSEM)
AFR, RA RTS8, *FoR

P<0.05, **%F/R P<0.01, ***F/K P<0.001.

2 HERE5AM

21 BARIITE ZUAiscA BT H K
AiscA::iscA BI#MRRIFE
PR EA ), TR TE 211
AiscA FIHEN TCHRICHC A5 MR . 38 R EAD
51 (iscA-Out-F/R) FI N EB 5| ) (iscA-In-F/R) X}
BRI RARR A TIOAE . S5 RANE 1A Frs, AN
5 YIAE B AR P A A RN 1679 bp, T
FEERA GEAS R B 25 K /N R 1355 bp,  PIEES
SIS AR R R R 1 Ak, R
ORGSR B By o 8 TR [R] AD O vk b A
AiscA::iscA [PIRME FI2S JiRL B AR AiscA:: Vector,
SERE B P, FEHE R B ER 624 bp, £
H (] MR 2 JooRr TR AR A A ) o
2.2 iseA EEBEIBRDTIEREDN
=AU
2.2.1
S0 IS
TE LB KiFRIErhillE 7 R VDT T8 211 Fl AiscA

iscA ZFEGRERN MW E 8

E1 T HkAiscA. [BlIFMEAiscA:iscATIZE FRRIE #RkAiscA:: Vector BIPCRIGIE. A: KAk AiscARPCRES

JE[PKEM: DL5000 DNA marker; JKiE 1: Z11 (Out); ¥kif2: Z11AiscA (Out); JKiE3: Z11 (In); JKiE4:
Z11AiscA (In)]; B: [IMEAiscA::iscARNZS FORLE AR AiscA:: Vectorit PCRIGTE[JK I M: DL2000 DNA marker;
VKIB1: Z11; VKil2: Z11AiscA::Vector; VKiE3: Z11AiscA::iscA].

Figure 1 Identification of Z11AiscA, complemented strain AiscA::iscA and AiscA::Vector by PCR. A: Identification
of Z11AiscA by PCR (Lane M: DL5000 DNA marker; Lane 1: Z11 (Out); Lane 2: Z11AiscA (Out); Lane 3: Z11
(In); Lane 4: Z11AiscA (In)); B: Identification of complemented strain AiscA::iscA and AiscA:: Vector by PCR
(Lane M: DL2000 DNA marker; Lane 1: Z11; Lane 2: Z11AiscA::Vector; Lane 3: Z11AiscA::iscA).

P4 actamicro@im.ac.cn, 7% 010-64807516
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SARRRIE R, SR E 2 iR, 5 WT M
Eb, AiscA &ARIIERIZO LR E 2R, KW
iscA FEPRI B ATZ M Z11 BRI IE R A K
222 iscA EFERREEERBR DT TRMIESD
HE

YOI T HR A R A A S B PG By
NI AR AE i b R A el 8. AR5 IR
BT iscA FER BN 9 V01 TRz shtk g 52
ZERANE 3 o, fE LB 2BEREASER I, AiscAd
ZEAF KR TR B B AR /N TR A R, R R
1) A Pl LA 5 3 A AR AT (8] 3A). N[ TR Bk 1Y)
B BRI EE R anE 3B B, AiscA YT P
AR EACTE AR, 1 Mg ) 5 R A R A
I, FBH iscA FEH B SRR R V01T 5 1Y T
SAET .
223 iscA BEEBEFSEMBHREIDTEE
N4 BR 2 BX RE

XA VBT T WT H AiscA 194 W19k Y ik
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Vector (n=3).
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