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1.1 #8
111 B#E. BRI B9 ASHH 5% FH 2 09 R ik &
ORI A LB SR, FEALRG . AT

B EGD-e. KWAHT 5 DHSa Al BL21 ., i fifskdt:
IR pKSVT | B 5 TR 3AA pIMK2 2 3 8 52 1]
IR pAM401 ., BHI 15573 (brain heart infusion,
BHDH T4 U557, LB K2 H TR
BRI, BREFIRUEIIAN , TRE IR A5IE80 37 °C k%
Bt I KoYk 1.

1.1.2 &F: BHI Al LB K335 T Oxoid
NE AT AR TR R A BR A s A i
% (fetal bovine serum, FBS). DMEM X7 3% J&
(Dulbecco’s Modified Eagle Medium, DMEM)FlJi
i (0.25% Trypsin-EDTA) J H Thermo Fisher
Scientific; KOD plus Neo PCR i, FR il 1A% 12 N
DIl . BCA S 1IN E R & . PCR " H4life
[ s AR & DA R o ok 4 Bk SR & 4 ol e A
Toyobo. NEB. A RK/AH . FigEERAYRE
ABRAE . RIRAEAAREA RS A AWF5E
MeraatGn 32 o 7 o M
1.2 Agr EABRK R EE

M NCBI #i#a e T 2 gr %F?ﬁﬂ(%l?ﬁﬂ

: 985502) K H b T F A1,
BAFLE gr BN ETHZ) 500 bp AbBiH514
(pSL2501-Fwd-a/pSL2501-b # pSL2501-c/pSL2501-
Rev-d)f 1 A 741 . #IAE & PCR JiiZads b
I i [ PR R A A T R R R E 2
Bt, wMER pKSVT #ikrh, K43 & 4K
pSL2501, FFLM ¥ IE#Jm e /b 2 DHSo H (K 1)

1} Snapgene

x1. KHRAASIHY

Table 1. Primers used in this study. The restriction enzyme sites are underlined
Primers Sequences (5'—3") Products/bp
pSL2501-a-front CACCATCTCTTGAAACAATGATGGCG
pSL2501-Fwd-a CCGGAATTCCGAAATTTTAGAATATAAAAATGATAAAATGACGGCCG 527
pSL2501-b TTCACTAAGAAAATGAGCCTAAATCACTCCTTCTTAGCTTGTTTTCCC
pSL2501-c ATTTAGGCTCATTTTCTTAGTGAAGAAGCAGATTATATGATAAATTACA 526
pSL2501-Rev-d AAACTGCAGCGACCGTCACAGTAGTGATTTTTTTCT
pSL2856-Fwd GGCGAGCTCCGGCTTTGAATGGGCGAAATTAAAAC 1555
pSL2856-Rev CGGGGTACCCTAGTTCAAAGCAGTTAAGTCACTTGCT
pSL2506-a CGCGGATCCCGGCTTTGAATGGGCGAAATTAAAAC 219
pSL2506-b GTTCTTCTCCTTTACTCATCTAAATCACTCCTTCT
pSL2506-c CTAAGAAGGAGTGATTTAGATGAGTAAAGGAGAAGAAC 736
pSL2506-d ACGCGTCGACTTATTTGTATAGTTCATCCATGCCATGTGTAATCC

pKSV7-M13-Fwd
pKSV7-M13-Rev

GCGATTAAGTTGGGTAACGCC
GCGGATAACAATTTCACACAGGA

1113
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pSL2501
8040 bp
1

Insert
Fragment

Replace
Pst1(7061)-EcoR 1(23)

ECOIR 1

] Flip and insert

Pst 1(7061)-EcoR 1(23)
Ps‘t I

Pst1 EcoR 1
\/

pSL2501 per fragment

4 1018 bp
Overlap - ‘
extension | Overlap and ampify 10Verlap and ampify
PCR 1..526
T B e ——

Fragment 1 (527 bp)

pKSV7
7073 bp Amplify 2158...2658 using: Amplify 3858...4357 using:
PCR | pSL2501-a-EcoR 1 PCR|pSL2501-c
pSL2501-b pSL2501-d-Pst 1
2158" 12658 3858" 4357
dapA ar dapA ar
gr gemomic region gr gemomic region
6341 bp 6341 bp
1. gr BRRRELH BrhL A HI3E SR B
Figure 1. Construction strategy of the recombinant plasmid pSL2501 for gr gene deletion.

1.3 Agr BRRMRIFEFMBHIE

W b R4 TR pSL2501 Hi kS A EGD-e J&3%
A, RS R B SR R T
] 5 B 21 s R e, ) 51 9 (pSL2501-a-front/
pSL2501-Rev-d)X i % i i EE 24 5e £ E 4T PCR B
E, ZEMPIGUE, s i L B 5 5 1
B HIRE1S8] Agr Btk
1.4 CAgr B4R ME

M Biocyc. Promoter3.0 Rufisr A2 iz gr

RS AR HAS R gr A3 F)5, il Snapgene
fEogr B RS FXEFERITY
(pSL2856-Fwd/pSL2856-Rev)F -4 1 ¥4, wifEZE
pIMK2 #A, RIS E AR pSL2856, FF&illfF
IEH 5 AL 2 KA DHSa H1 (& 2)
15 Agr BREZSHIHIE

Agr WRIEFRIE, 1:100 H4E % 100 mL (&
JZ49 0.5 mol/L HEME N BHIB IR, RigiE
ODgo 230 02 JEMMATE TR G (BHEEH 20 pg/mL),
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37 °C ¥R 35 2 h )i , 4 °C 8.0 (3% M 3750 r/min)
10 min J5 A 1 mmol/L 4-32 2 FLWR IR 2 iR
Zrvhe 3 WE, ‘G HZEMW(EF 1 mmol/L

4-$2 7 FEWR R Z R TR M 0.5 mol/L FERH)H &, —80 °C
& CAgr [BUAMEFEE . ¥ 2 ng pSL2856 JFkiHi b4

2 Agr Bz, WRESEOE N 25 pF. 200 Q
J 2500V, 37 °C #rE 557, il PRI TR R T
PCR IS UEARTS PRI b 5, B2l 3 o ik S [
75 5 T AR S 15 5] CAgr [MIRMA

Sac 1

pSL2856
7232 bp

1.6 FOLRMHREZEEH (GFP) BRI

1833 Snapgene FATE gr Fe [N FUiF)E 8 F X &
pFL251 ki o3 553t 519 (pSL2506-a/pSL2506-b
1 pSL2506-c/pSL2506-d)4" 14 ¥ 41| , | Ff 8 & PCR
05245 gr IS TR GFP 3 4R 15 1 T R ER 21
B, AR AR pAMA0T dA, AT AR
ki pSL2506, F2 M ¥ 1E # J5 % Ak 2= K FF i
DH5a (& 3). ¥ pSL2506 H1%E A\ EGD-e itk
¥k Agrx, BIAS#E4T GFP 45 L B9 TRAR

Insert Replace
fragment | Sac 1(5751)-Kpn 1(66)

Sacl Kpnl

pIMK2 rc
5961 bp

Insert
Sac 1(8)-Kpn 1(1555)

Sac 1 Kpn'1

l |

|

Regulatory region

pSL2856 PCR fragment
1559 bp

Ampity:1...1541 using:
PCR pSL2856-Sac 1-Fwd
pSL2856-Kpn I-Rev

]541

Imo1434 1750 bp Imo1432

2. gr BIRMEREHE R YR SR

Figure 2.

actamicro@im.ac.cn

Construction strategy of the recombinant plasmid pSL2856 for gr gene complementation.
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pSL2506
Insert Replace Replace
fragment |BamH 1(3 195)-Sal 1(3471) BamH 1(4)-Sal 1(927)
Ba(wH I STI I
Pgr+gfp per frament for pSL2506
Overlap . .
extension Overlap and ampify Overlap and ampify
PCR 1..219 1..736
PAM401 O P > e3>
10682 bp Fragment 1(219 bp) Fragment 2(736 bp)

Amplify 2458...2658 using: Amplify 10946...11662 using:

PCR |pSL2506-a-BamH I PCR  |pSL2506-b
pSL2506-b pSL2506-d-Sal 1
2458'"2 658
dapA gr
gr gemomic region
6341 bp

pFL251
11663 bp

3. Grx ifiZ gr BE BRI E REBR & 2 B HE KK

Figure 3. The strategy of the fluorescent reporter system for studying the regulation of gr by Grx.

1.7 BRI SE R

W LR HEHT GFP 45 3k 5 1) A TR Ak B 2
W, W ODgoo 2 0.6 i, HUEE Tt R T 203 1 [
JE I PO 0 AU I 5 5 B ISR S RO A
96 LAk I F A A £ ¢ O 5 BE (SR AR
Em/Ex=535/485 nm), &% GFP it & 5 [H ) EGD-e
- Agrx B9 650 FEAE R A XS R, Kode >k A
GraphPad Prism /4 HrEH -
1.8 AKH&KE

¥ EGD-e. Agr F1 CAgr Yeimtigedd,

ODqgo 2 0.6, AT FE 100 f5)5 , fA 96 fL
¥ 30 °C B¢ 37 °C & sige, MR 1 h E
ODygo, HELEME 12 h FFLhlA KLk,
1.9 B3R

¥ EGD-e. Agr Fl CAgr 37 °C ¥§i% 55355
%, P ODgoo 2 0.6, BUKFH A 2wl B/ 2 B
ZERFERD T TSA 2P [EAR: I 5£(0.25%350 06 . 2%
AL R 15%REA )T, 25T 30 °C Al
37°C #ERFE, 12, 24, 36, 48 h J5 LA
iE B
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110 FAbPiEAE:

¥ EGD-e. Agr Fll CAgr 37 °C $Ri¥%5 3%t
%, W ODgoo & 0.6, icH 10°, FARBEERELZE vh
WHRERE 10°, KRS T oA SR BHI
BASE IR AL b, 37 °C #E 5 3R I WA IH4h
BRI 8 DL HL 0, o B4R AR5, B (Diamide)
h B BEARE SR S AE R, 4 (Copper chloride, Cu).
f(Cadmium chloride, Cd)% M4 @ T+ HE
Al P aa M A AR . H,0, . Diamide, Cd**,
Cu” ¥ FE 43 %14 5.00.1.50.0.75 1 0.50 mmol/L.

111 A b 4AM(Caco-2) K FNE 22856 & B
B W40 (RAW264.7) 8 T IR 16

¥ EGD-e. Agr Fll CAgr 37 °C ¥ 35353474
Caco-2 Fl RAW264.7 4 il bz 2% B 35k 10°, 4l p
FIAH L B (MO 2518 10:1 A1 1:5. #% EGD-e.
Agr Fl CAgr #% MOI LA 24 fLE5 285 i E F4i
MUIEFRAE, 0.5 h 5 & HIEFRAUH 10 mmol/L W2
RS ik 3 3, 3T 400 pL vKK K2 100 pL fHEfE
WA 80, RS 5 A0 B IR A 22 BHI 35 3R gk
Caco-2 4L 55—~ 24 FLEEFRAAE EGD-e. Agr
A1 CAgr A 1.5 h 5 JH 10 mmol/L BB Eh 2% nhii
Uk 3 I, H 50 pg/mL RRFEEZR AW 1.5h J5(1A 0.5 h
FRERE), W BB G5 M BE VR AT 2 BHIRE FR 3
RAW264.7 41155 3 4~ 24 fLESFEMRAE EGD-e . Agr
1 CAgr A 1 h J5 F 10 mmol/L #BREh 2% ik vk
3K, H 50 pg/mL JRREZEAW 1h)5, idh 2h,
f£2h. 5 h A8 hJA([A 0.5 h RfEHAEWRR &
AR EE TR AN 2 BHI 53 dkrh, 78 37 °C By
Ja AT V&4, FH Graphpad #4301 716 E FF43
Bras sk,

actamicro@im.ac.cn

2 ERFAH

2.1 Agr } CAgr BHAEKBALE

WA Agr EATORL(E 1, J5inl 13)kEr
2, 51N 1, Agr BRI 251 R 524 bp (K]
4-A, 5 1), TFiFFEVEE 523 bp (K 4-A, 41 2),
#5& PCR 15 1012 bp HAY R BL(Kl 4-A, 41 3). H]
519 (pSL2501-a/pSL2501-d) P 4 Hi %% A EGD-e J&
ZASM pSL2501 F¥E1FE] 1012 bp AYPHM: T
(K14-B, %1 1).42 °C [AlIEEA )5, A5 #(pSL2501-a-
front/pSL2501-d)¥ 3 Hv& 152 1212 bp FHPEFERE
(¥l 4-B, 1] 2). £ 30 °C fL8 %K pKSVT JiTki= ,
51 ¥ (pKSV7-M13-Fwd/pKSV7-M13-Rev) 5 iE
WVE A (K 4-B, 41 3), Uil E £

A CAgr AR 2, HiLIR 14T
2, F5191(pSL2856-Fwd-Sac 1/pSL2856-Rev-Kpn I)
PRI, 155 CAgr AL TR H i BE 1555 bp
(I 4-C, % 1), F51491(pSL2856-Fwd-Sac 1/pSL2856-
Rev-Kpn DY W oL 5E A Agr I8z 251 pSL2856 FA
7%, 1SEIFEPESHE 1555 bp (K] 4-C, 412), HH
HL % J5 IR AR B HE N RBR Y  Agr, BREAHTS )
(pSL2856-Fwd-Sac 1/pSL2856-Rev-Kpn 1)4 1414 ]
Biash X5 gr Tl Bedk 340 bp (Kl 4-C, %1
2). ZIMFIAE Agr (] 4-D), CAgr (K 4-E)fi#h)
FEH P95 WA BT AT R 13 5] Agr SRR BRAN
CAgr M
2.2 GRAK LNz

¥l 5 & EGD-e. Agr. CAgr 7£ 30 °C (K| 5-A)
& 37 °C ( 5-B)RE SR AR K 4k . 453 o,
RAME EGD-e AERK ML T BES, B GR
FEAS S 2 R T ) TR AR
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(A) (B) ©

bp M 1 2 3 PC NC bp bp
2000 L 2000
2200 bp = e
1000 - 1000 1555 b
750 1012 bp
500 - W 2000 7Kb 500
’ 2400 bp
524 bp 523 b, F -
250 t &) 1000 250 340 bp
100 750 100
500
(D) (E)
— —
2000 4000 G000" 1"
[ cDST gl Jnoi433 4 CDS 3 4 s NS [mol433 2
Misc Feature 2 Misc Feature 3 Misc Feature 4 Misc Fe Promoter Imo1433
Deleted region of Imo1433 \ 01

Misc_Fe lmol4§l regulatory region

regulatory region

4. BREMRMBEARKI(A). BREE Agr(B) R E1#Mk CAgr(C)HY PCR IIE K 7 45 R (D-E)
Figure 4. Confirmation of gr deletion plasmid (A), and the deletion (B) and complementation (C) strains by PCR
and sequencing analysis (D-E). A: lane 1-3: PCR fragments of homologous arms from EGD-e; B: lane 1-3: PCR
screening for the gr deletion colonies; C: 1: PCR fragment from pSL2856; 2: electroporation of pSL2856. M:
DL2000 DNA marker; PC: positive control; NC: negative control.

—~

In vitro bacterial growth in BHI/ >

Growth curve in 30 °C

E

Growth curve in 37 °C

N
(o]
1

-~ EGD-e -~ EGD-¢

| - Agr | = Agr

—
W

-+ CAgr

-+~ CAgr

OD(yl)l)
—
(=

In vitro bacterial growth in BHI/

< 1.0
S
0.5 0.5
0.0 0.0
0 5 10 0 5 10

5. EGD-e. Agr #1 CAgr 7£ 30 °C(A) %% 37 °C(B)IRE fr By 4 K i 2% =2
Figure 5. In vitro growth of the wild-type EGD-e, Agr, and CAgr in BHI broth at 30 °C (A) or 37 °C (B). Data are
expressed as means£SE of three independent experiments.
2.3 GRzsitER T RFRE 30 °C LI 22k 588 o FI ] GraphPad
1E 30 °C &M F 4 BHAIE:, Agr 5 EGD-e  Prism B F24r 30 °C &0 B: Agr 55 EGD-e I
I CAgr A LLIZ B B4 K (B 6-A), 7£ 37°C  CAgr (1 6-C)LA L 37 °C (¥l 6-D)iz sl 8 HAR T 45,
i} EGD-e. Agr fll CAgr ¥ TCH iz a8l (5] 6-B),  7E30 °C T, Agr HizshlE B2 8% KT EGD-¢ Al
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(A)

12h

24 h

36h

48 h

S

30
N Agr
20 _- CAgI’

10 |

Swarming size/mm

12h 24h 36h 48 h

Swarming size/mm
S

[\
T

12h 24h 36h 48 h

6. EGD-e. Agr #1 CAgr 7£ 30 °C(A #1 C) X% 37 °C(B #1 D)INE R B FhRE 45 4F

Figure 6.

Motility assay of the wild-type EGD-e, Agr, and CAgr at 30 °C (A) or 37 °C (B). A, B: swarming assay;

C, D: quantification of swarming size. ***: P<(0.001; **: P<0.01; *: P<0.05.

CAgr, VLW B SR GR J5 iR S M6
HEMIBAE GR AT RERENR T B 6 5L DR 1) 5 S5 K 7 9
FLE 2 T T 0 R 0 P 3 SR
24 BRETOLEA(GFP)IOLRINE €M R ER
IE
AWRMET 0 gr R FIX PR ST
(B3, J7¥lA] 1.6), i BRI RE FIWT gr 5%

actamicro@im.ac.cn

KV EMERER, EXERMET, & g
Ja TIPSR BRI Agre 58 gr Iash T
P¢EHR 45 BRI EGD-e AH LG, 296 & 108
(Bl 7-A) o FEHERE BRI BN Agrx DR INEE B
FET EGD-e (B 7-B, P<0.01), E15 & R4
GER—E, ST g BURRECRIMENTEE g
SRS L, WIE T g 5 gr JAsh T2 [0
AR R, 2 PARTEAH DL B JEfith
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(A) EGD-e Agrx (B)
g
—_~ =
s
& 9
4 o
% =
> 5 &
is

B 7. grikARERFKE EGD-e FATRKRE Agrx P RIRAEE (A) R E TR EE 2 H(B)
Figure 7. Fluorescence analyzed by microscopy (A) and quantified by ELISA (B) of the gr promoter-based
fluorescent reporter in EGD-e and Agrx mutant. **: P<0.01.

2.5 GR PLEALIIERE S (K 8-A), 7E 0.5 mmol/L Yy Cu*", 0.75 mmol/L
EHISALEN Grx HA AN AT, ) Cd* 1 1.5 mmol/L K LA bk FE ) Diamide }% 37

Wik BRI R Grx VAN GR RE W EAHE AT, Agr A RREIMET EGD-e Ml CAgr 12
TERIRE ST, FRATR LRI , g —=Fh  FHER(E 8-B, 8-C, 8-D). LLEAERRN, GRXY
BIMRAEAR R R AL A F(H,0,. Cu?, Cdfl SRBTEMLR Cu® | Ca MFEERR AL A LT
Diamide) 4= KfE 7, 45 K 875, 7€ 5 mmol/L H,0,  Diamide B, GR 8K HT4ALAE S BEHTR,
BRAMT, SFERNEKRELES X450 G REHUALMEHET R, 2.4

(A) 5 mmol/L H,0, (B) 0.5 mmol/L Cu*

EGD-e
Agr Agr

CAgr CAgr

Dilution ratio 107! 107 Dilution ratio 107! 107

©) 0.75 mmol/L Cd* (D) 1.5 mmol/L Diamide

EGD-e
Agr Agr

CAgr CAgr

Dilution ratio 107! 107 Dilution ratio 107! 107

8. EGD-e. Agr 1 CAgr 7£ H,0,(A). Cu**(B). Cd*' (C)F1 Diamide (D)&E L5 M &4 T #H RS
Figure 8. Oxidative tolerance of wild-type EGD-e and gr mutants exposed to different concentrations of H,O, (A),
Cu?" (B), Cd*" (C) or Diamide (D).
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Characterization of the glutathione reductase from Listeria
monocytogenes

Jieting Lv", Jing Sun®, Guanghui Zheng, Yue Han, Jiongze Cheng, Houhui Song ,
Changyong Cheng’

Key Laboratory of Applied Technology on Green-Eco-Healthy Animal Husbandry of Zhejiang Province, College of Animal
Science and Technology & College of Veterinary Medicine, Zhejiang A&F University, Hangzhou 311300, Zhejiang Province,
China

Abstract: [Objective] The important foodborne bacterial pathogen Listeria monocytogenes uses the glutaredoxin
(Grx) system to defend the oxidative stress during environmental adaption. Here, we explore biological
characteristics of the glutathione reductase (GR) during bacterial infection. [Methods] We constructed the gr
deletion and complementation strains to compare the abilities in bacterial growth, motility, oxidative tolerance and
cellular infection. Besides, the gr promoter-based fluorescent report system (FRS) was genetically obtained to
further study regulation of gr by Grx. [Results] Our data show that deletion of gr did not affect bacterial growth but
enhanced the capability of swarming. Additionally, lack of gr significantly increased oxidative tolerance of bacteria
under Cu*" and Cd** stress, as well as increased efficiencies of intracellular infection in Caco-2 and RAW264.7
cells. Importantly, transcription of gr was negatively regulated by Grx. [Conclusion] The glutathione reductase
plays a critical role in bacterial flagella-based swarming motility and correlates a regulatory relationship with the
Grx system. Also, GR plays a non-classical role in bacterial oxidative resistance and intracellular infection. This
study will expand our understanding of the redox regulatory mechanisms exploited by intracellular bacteria during
adaption outside the environment and inside the host, which provides novel strategies to prevent and control the
foodborne diseases.

Keywords: Listeria monocytogenes, glutathione reductase, swarming motility, oxidative tolerance, bacterial

infection
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