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Abstract: [Objective] In view of the enhanced cell-to-cell spread ability of the dsbA-deleted
strain (AdsbA) of Listeria monocytogenes, this study aims to elucidate the mechanism that how
the disulfide bond formation protein DsbA mediates this biological process. [Methods] The
mRNA and protein levels of virulence factors in the wild type and AdshbA were compared by
RT-qPCR and Western blotting, respectively. The immunofluorescence co-localization analysis
method was employed to observe the impact of DsbA deficiency on the actin recruitment by the
virulence factor ActA in the cell-to-cell spread of L. monocytogenes (analyzing the length and
quantity of the comet tails formed on one side of the bacteria by co-localization of ActA and
actin). The presence or absence of interaction between DsbA and ActA was determined by
isothermal titration calorimetry (ITC). [Results] Compared with the wild type, AdsbA showed
no significant changes in the mRNA levels of virulence factors, downregulated protein levels of
InlA, InlB, PlcA, and PlcB, and upregulated protein levels of ActA and LLO. In addition,
AdsbA showed increased number and average length of comet tails, which indicated that the
actin recruitment of AdsbA was enhanced. The ITC results revealed that DsbA bound to ActA,
which gradually showed endothermic reactions, suggesting the presence of interaction between
DsbA and ActA. [Conclusion] This study proved for that DsbA attenuated the recruitment ability
of actin by regulating virulence proteins, thus affecting the cell-to-cell spread of L.
monocytogenes. The findings help to further dissect the virulence regulatory mechanisms of L.
monocytogenes during host infection, which is of great importance for controlling the
contamination of zoonotic intracellular pathogens threatening public health.

Keywords: Listeria monocytogenes; disulfide bond formation protein DsbA; cell-to-cell spread;
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& . Kisser’s ¥} A 5fl . Goat Anti-Rabbit
lgG(H+L)HRP-tag . Goat Anti-Mouse
lgG(H+L)HRP-tag, = T AY) TFE( )M A
FRZ\Hl; Tag Pro Universal SYBR qPCR Master
Mix, TaKaRa /A#].

W RF R 2L . FRE SDS 10 g. NaCl
5.84 g, EDTA0.292 g, I 800 mL ddH,O %),
FEHIA 20 mL Triton X-100 FIZEHREE A 10 mmol/L
) Tris-HCI, # pH W = 8.0 J5, H ddH,0 %M
2 1L, /rbEAEMR: FriE EDTA2.92 g,
JRZ 360 g f1 SDS 5 g, i 800 mL ddH,O % fi#
Jo, FINAZHKRE N 200 mmol/L 4 Tris-HCI,
Jd pH £ 8.0 J5, Fl ddH,0 #h2 1 LI,

1.2 SIMIEK

ABEFE T B W3 e b A A R A
FRAF G, FPAITELE 1.

13 RAEESHEHERMERKE
1.3.1 EF4E#Kk EGD-e FAfRKFK AdshbA B S RNA
RE

W W7 A bk EGD-e R Bk AdsbA B v+
T2 5 BHI RIS F2 B 40 D, 37 °C
200 r/min JRGIEFRAK, KH, % 1:100 F54%
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P RKHi I 4-5h, {8 ODgoo 355 0.5, WA,
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Table 1  Primers used in this study

Primers name  Oligonucleotide sequences (5'—3)
actA-RT-fwd CAGCAGATGAGTCTTCACCACA
actA-RT-rev CAGCAGATGAGTCTTCACCACA
hly-RT-fwd ATTACCGTTCTCCACCATTCC
hily-RT-rev TCACATCGTCCATCTATTTGCC
pleB-RT-fwd CGCCCTTTTCGCATTTTC
pleB-RT-rev ATCATACCCTCCAGGCTACCA
plcA-RT-fwd CGTGTCAGTTCTGGGAGTAGTGTAA
plcA-RT-rev CGAGCAAAACAGCAACGATAG
inl4-RT-fwd TAGCGATGGCGGTAGTTACACAGA
inlA-RT-rev TTAAGTGGCTGCGTCACGGTTC
in/B-RT-fwd GTGCGAGGCTAGAGTTCCTTGTT
inlB-RT-rev GCAGTCAACTTAACCCGCTATGTCA
mpl-RT-fwd CTTTCACTGGGTTTCCGACATA
mpl-RT-rev CAGCAAGGACAGCTTAGGATTAC
prfA-RT-fwd ~ CGATGCCACTTGAATATCCTAACT
prfA-RT-rev CGATGCCACTTGAATATCCTAACT
rpoB-RT-fwd ~ CTACACTTAGGTATGGCTGCTCG
rpoB-RT-rev GGCTTCTTCCACTGTGCTCC

HYREHR . % 18 SYBR qPCR Master Mix i 77 15 B
FXF 5 Y e SR G AR S B T I actd . hly .
plcA . pleB. inlA . inlB . mpl. prfA J rpoB rfRNA
FH (MBS A T RT-qPCR, #5538 KF-
AR 2742055007, FIF GraphPad Prism 8
AT P A B A T AL B M, AH T 25 AR
H log, fold change /K .
1.4 4k EGD-e FIER KK AdshbA I 2 H
ERMS I ERRE

W BF A= Mk EGD-e Mtk bk AdsbA B v 4

FlvZE & BHI AR EE SR 4 RO Y, 37 °C.
200 r/min ¥R¥% IR, 12 000 r/min 550> 2 min
AR FIE WM. H 10 mmol/L PBS ¥
VDA E SEAT AR A, I ABE 471 500 pL
2 TR TR A TR BRI A, B S min, AT
PERR AT SRS, 4 °C. 10 000 r/min 5.0
2min, B0 EEASREEN. HHLR
B RN 04 B AR 2 A T 0.22 pm 1)
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Lh; EOEEHINE W, b2k kOB G EEI:
PRAFZE S, A Imagel X484~ 45717 10 BLEA T K
43 #Mr, FEFI A GraphPad Prism 8 B4 % Fir s
a7 A B A A 22
1.6 RERAHXEMNMAEZEERRD

W 2 BE T A E 7 s ) 24 FLAG 4N
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FLYRSEREFE 3 he ARG HZ R PR E 30 min,
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Triton X-100 %1k 10 min; 235 F B2 FH R AL
SE MY 1 h, T DAPT Y (o 7 0t 20 i % 4
10 min, e RE, A IFAIHIERER
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i, JFHIH GraphPad Prism 8 4% i B4
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calorimetry, ITC)¥|#7 DsbA 1 ActA &
B1E
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Giit2E o dr, B3 meantSD Fin, HH ns
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21 dsbA BRRFMEBFEXT HEFER
7K B9 22 0
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Figure 1 Transcription levels of virulence genes
after dsbA deletion in Listeria monocytogenes. Data
are expressed as meantSD of three independent
experiments.
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Figure 2 Effect of DsbA deletion on the expression of bacterial whole cell lysis proteins and corresponding
grayscale analysis. A: Representative Western blotting images of whole proteins. B: The relative protein level
of tested virulence proteins. Data are expressed as mean£SD of three independent experiments. ns: P>0.05;

**: P<0.01; ***: P<0.001.
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Figure 3 Effect of DsbA deletion on the expression of bacterial secreted virulence proteins and corresponding
grayscale analysis. A: Representative Western blotting images of secreted virulence proteins. B: The relative
protein level of secreted virulence proteins. Data are expressed as meantSD of three independent

experiments. **: P<0.01; ***: P<0.001.
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Figure 4 Analysis of comet tail formation in HeLa cells infected with Listeria monocytogenes. A: HelLa
cells were infected with the wild type strain (EGD-e) and the dsbA-deleted strain (AdsbA) with fluorescent
markers. Confocal microscopy was used to observe the infection process. B: Quantitative analysis of comet
tail morphology and number. Data are expressed as mean+SD of twenty views. *: P<0.05; ***: P<0.001.
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Figure 5 The interaction analysis between DsbA and ActA by ITC test. A: Calorimetric peak profiles of the
reaction of DsbA and ActA in buffer. B: ITC fitting data for the reaction of DsbA and ActA in buffer.
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