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HEEBEEY R TS S S, W RIEE Y
ERHTE o A 5 | R A 2 1 0T o B 2
3 AT AR 0T 118 e R G A A AT S e A
Vet e, i AR A SO 2 AR S s TR
B B A TR R S o AN PN A GRLE B
(Thioredoxin, Trx)!"FI4+ %A% 19 (Glutaredoxin,
Grx)! 23k 1 22 A8 Ak A SRR S 22 40 K g X 1 3 Rl
148 SE AL 18 e R i i, e H AR
GSH J& Grx R EEHAMZ—"Y, GSH My
T RR BUE GshF 5. TEALR A, i
PR P GSH REFFHH A BRI Z R IR (Cys) 5
S Cys WEEIMZE G, TR AT i —mif, X
— iR H AR, e AB R Y S
HAE A AR b X 28 1 Bk O

PR CE PR Y AR AF R D) T A TR I B RE )
W]y, BENS O CHEE A A TR T L B R S
BT R AGE A HA K AR5 p T Al S e
ATRSRAHOEE , HAEEGTE F il R rp ke 325
AR, PR TR I 1 B 250 20
=G MEEZZ . BB AT BB G .
BRI TR R B AH DG HE 1 E AR T
JEFNRETT . HEE LA A E 2 MotA | FliE,
FlgB. FlgC %%, MU N HEEHI & A2 FIiS, H
AR FH VR B A0 R AR B 11 S A AR T
it

AR, BURBZ MRV GshF & U
GSH 5% Cys FEF BN PrfA . LLO %5454,
TE BT 305 1) BRI JE A T —S- A e H R Ak, AT
TR TG, A ST R Bk GshF J&
5 ) ] 5 A1 SR 1 B (9 T 1), {H GshF A58
O] P 344 2 Hr A TR B TR e AR PR . R, A
T 00 3 3o [ 2R 0 Tk, R A 2 T R R T
AR EGD-e My gshF OB RE K MRk, 14
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PRIE GshF X B 2= 1Ry 1 0 B 2 J i 52

1 ApHfu &

1.1 ¥

L11 Bk BORL K IEFR &M RIS IR
EGD-e. KW DHS50., ifit B8 2542 JFURL pKS V7T
F#E AR RIRNRL pIMK2, LA _b R R ARk
HASIR 2, IR R 5595 T BHI (Brain
Heart Infusion)}5353, KIHHFFE DHSo Bk EZEF
T LB R g bk . A BT b Ak 37 551 37 °C
PR e 30 °C #iE R,

112 319 AET AT ILE 1.

1.1.3  FERFS5ES: BHI 5375 (Oxoid A H],
Yef); PCR P Walifbiin & HigSiAE YR A
B2 ) s A5 BT FH T4 3450 T Thermo 24 W] A=K 5
WEAEWIK(BD 28], fEE); ZINHERE KR (Thermo 2
], SEfE); RhAU R IR AR 45 (CRYSTAL 23 i, SEIE);
Golden View Tt 3ES A WIRHA PR FIIAK 5
FEUTALE. RNA il alifbifR & T B T ]
43K ; Trizol Reagent (Invitrogen A H], E[E),

1.2 AgshF B4 Bk KA %

T NCBI 3{1% gshF SEHFH )G, £1X%F gshF J
B E3 R Bt 536 bp 40 5 i 7B 500 bp Ab it AH
NG AgshF-up-F . AgshF-up-R . AgshF-down-F
1 AgshF-down-R. X EGD-e B[R Midr, FIHH]
R IHAREIR/NR 536 bp. 500 bp B,
LBk BB, 51N AgshF-up-F .
AgshF-down-R, # 34152]K/NA 1036 bp (157 BL .
FIH BamH 11 Pst TG iR B A R B Sl AR
FRITKL pKSVT, H4REVIE R R B R Tt A
SRR BURL pKSVT B4 5 , #HA TG Ak FIHT PCR
i 16 AR A% & A TR (g4 pSL1628)M K
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F1. WEATAS4Y
Table 1. Primers used in this study

Primers Sequences(5'—3") Product/bp
AgshF-up-F CGCGGATCCCAACTGTCTGTACACTGTATGTATTAAAATGGTTCAT 536
AgshF-up-R ATCTAAAATCTTATCTTCTAAACCAAAATGTCCAGAAAATAAAAGCTT

AgshF-down-F CATTTTGGTTTAGAAGATAAGATTTTAGATTTCTTATTTGACTAAAAAAACCCA 500
AgshF-down-R TTGGTTCTGCAGGGCTGAAAATCCTTATTTAAAAACAAATGATTG

CAgshF-F TCCCCCGGGTTAGTCAAATAAGAAATCTAAAATCTTATCACCAATTTTTT 2531
CAgshF-R CGAGCTCCCATCTTTTTAGTTAAGTTCCGAATTTTCATTATTC

RT-gmaR-F AGCAAGTTCCATCAACCAAAAG 79
RT-gmaR-R GTTGAGTTGTCATCGAAAGTAAGC

RT-flaA-F TGCTTTAGTTGCGATGGATTG 100
RT--flad-R AACGGTCGTGCGCTTCTAG

RT-mogR-F TCTGAAATGCTCAGCCTAAA 105
RT- mogR-R TCGGAATATCTTCTACTTGGA

RT-motB-F GAGGCAAACAGAACGATAAATAGAG 82
RT- motB-R GAGGCAAACAGAACGATAAATAGAG

RT-figG-F TTGAATCGCTTCTCCAGTCG 62
RT- flgG-R CCAGTTTCATTCCGATCAGTTT

RT-fIhB-F CGGTGTAACTAATGAGCGTATCTAA 69
RT- fIhB-R GAGGTCGTGAAAGCGTTATTGT

RT-fliE-F CTATCCAGCATTTGCGTGAAG 96
RT- fliE-R ATGCAGCCAGCGTCTTACC

RT-fliH-F CGCCGTAATCCAGTCGCATAT 96
RT- fliH-R ACGTCACCACCCACCCAGAA

RT-flgC-F GGCGTGATTTCGGATAGGAC 117
RT- flgC-R ACAAGCGGCTCTGCGTTAA

RT- figB-F GTTTCGTCTATGTCGGTTCCAG 71
RT- flgB-R TTTGCGAGCATCCGGTCAG

RT- figL-F TTCGGTTGTCCCGTTATAGATG 87
RT- flgL-R TAACTCAGAAGACGATGGCAGAT

RT- figK-F GCGGATTGTTTGGCGATTT 107
RT- figK-R TTACGGTGACGGTGGTCTACTTG

RT- figE-F CGAACCGGAACCGAAACT 114
RT- figE-R GCCAATGCCAACACGACA

RT- figD-F AGTCATCTTTGCCAAGGGTTT 61
RT- figD-R ATTAGTAGTTTATCAGGAGCGAGTCAG

RT-fliM-F TGCTCTGTCCGCCCTGTAT 87
RT-fliM-R CACTCAAAGGCTATGTCACCG

RT-fliR-F AGCGTCGTAATACCAGAAACATCCA 65
RT-fliR-R GAACATTCCGAACAGTGTCAAGG

RT-fliQ-F ATCCACGGTCCAAGAATAAAGA 96
RT-fliQ-R TGGTAGTGATTGTGGTTGCGATTT

RT-fliP-F CCAAGACCCTGCCTCGTTA 74
RT-fliP-R TACGGTTCTTTCTTTGTCTGCA

RT-fliD-F CACGCCTGGGATGTAGTTGG 123
RT-fliD-R AAGGTGATTCGGCTGTTCTCG

RT-fliF-F GATGACGGCGAAGAGTAAACC 107
RT-fliF-R TCACCATCATGCCTATCCAGTT

RT-liG-F CGCCGTCCATTTCTTTCATT 97
RT-fliG-R CGCTTATTATTTGGAGCCTTGA

RT-flil-F CGTAACGCCAAAGCAGACAT 111
RT-fliI-R TCCGAGGTAGCAGCAACAAT

RT-flhA-F GGTTTCCATATTCAAGTAAGCACGT 109
RT-flhA-R CAGCGGAGGTAGCAGCAAGA

The restriction enzyme sites are underlined.

http://journals.im.ac.cn/actamicrocn
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WAt i . P RRAEIERRR , RIS T gshF 2
DRk ke 14 2 3R

1.3 CAgshF T4 FURLA HI 0

T NCBI k1% gshF BEHPH, 5HX%F gshF %
R %340 B 5190 CAgshF-F . CAgshF-R. L)
EGD-e SR AR, FIH FiR51Y)4 HE155) K
/IR 2531 bp B9 R BL. FIH Sac 11 Sma 1 XL E]
IR IR R B A T TR pIMK 2, )
Ji B EE S AU [ M FORE pIMK2 5 gshF K2Ry Be il
i 5T IS Ak . A PCR T3k 15 & B B n
BT Praive WELA BRI (AiT 454 pSL1843)11 KA #T
W, WP IS UE RS, SR A gshF B[ ]
HIMBR Y L TR
1.4 AgshF RRMEE CAgshF PIZMERIH R

AR () 5 2 s B, Rl gshF 1T U AT
R 1 T 4 TR HU S A EGD-e (2 840, M
T ARATHE AT B AL R TR AR . AR5, DU
BES . 42 °C) B4R (Cm, 10 mg/mL),
A F 2 JSORE - 1 (RS e 471 5 B 2 B R T R TR
PR AR, FFEMRIRGB0 °C) L IPiAd E T
VR SR E 45 pKSVT JikE, 4873 3iF 1F
Wi J5 A5 gshF WEERIAG R . [IAMRTE gshF
PRI EEA AR, B R 4 gshF B 5
Jed Bl B L SE R ] A (Y FE A R LA A AgshF
JRAZ A, PCR K iFBATE YR, & X ¢
1B 5 BIAS3] CAgshF Ik .

1.5 RelAERK L%

37 °C 1t KR 7 15 9% EGD-e, AgshF, CAgshF
MR TRV o WURTEIA, T BRI ODgoo A
0.6 J&, 1: 100 F4EH ML, 43 5IHCT 37 °C ¥4
Ft, 30 °C §E R R, BEFE 1 h KRR, SRS
I 12 h, F|H Excel [ GraphPad Prism 7 #{4:%} fr
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PREHR A T B I E e i AR K i 2k
1.6 BT

37 °C R IR % 5 9% EGD-e, AgshF, CAgshF
(B S R TR VR o TS TRV ODgoo % 0.6, K
B A %% EGD-e, AgshF, CAgshF BB 3T
0.25%01 TSA - [E A F-47(0.25% Agar. 2% NaCl
H11.5% Tryptone). TSA 2 [ 4&F-4x F 37 °C, 30 °C
FRE SRS, 24 h JEWESA Yz sh /.
1.7 RKI)ER PCR FEKM EGD-e. AgshF ¥
BERE MR

Wi 8 F7: 1 EGD-e, AgshF B i3 A BHI
BB, F 30 °C KR RAE b B B R . MR
f) ODgoo £ 0.4-0.5 I, B 5 mL W& OJEFE F
%o A 500 pL Trizol Reagent J&, i T34 B A il
PRER AR, W FTE . FIFHANE AL RNA Pl i
Fl &4 H EGD-e. AgshF ()5 RNA, Ll EGD-e,
AgshF B8 RNA ABIRR, e 5645 20 A0 N /Y
cDNA, SRt 7 PCR 7S gshF XTHEE
FEDR e S o B RE A EEXT S [ iR R 2 A
AT, IS 1, A GraphPad Prism
7 FRA T AR B A R T A 3B

2 ERFHH

2.1 AgshF BEH TR IR

IR 1, PIGEHRN gshF SRR B BT
745 536 bp. 500 bp AbAYFED Fr By, B 2R AR
JokE pKSV7 5 PCR ¥ M3 Jq A4 HY gshF b T i [F]
VR Y] | W% IS PR AL, SR )5 R PCR i
1ok, S5 1-A, BAMETEREZE PCR BF)5
HAAHT R/ 1036 bp. iz BT seBEX Y,
XPM PP As RAE, REZRAT B BRR Bk
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2.2 CAgshF EHFRLFIEE
FIFH CAgshF-F, CAgshF-R 51¥¥ W53k
/NR 2531 bp 1 gshF LR 7 Be . #&5 B RIRp Sok:
pIMK2 Fll PCR ¥ 34 ir1d gshF JEIR F Br &g V) |
B34 Jo PO Ak . SRS I PCR iF 470 1E, 4551
WK 1-B. PFHIETCHEZ PCR BUE)R, AR/
2531 bpo B PAME BRI, LI 4
HIEH, RG24 BN TR,
Abp M 1 2 3 4 5 6 17

2000

1000
750

2.3 AgshF F CAgshF HIHEE

HIAE gshF HBIRGH#E B I B 75 7 5
Wi, FyE AgshF Fl CAgshF. LA EGD-e S FHEX}
e, I PCR. ZOGER PCR KNy 5k 4
AgshF Fl CAgshF M 5 . 5 R WK 2-A,
FRPEXS BRI PCR R BOR/INH 3440 bp, kG gshF
KAJE, PCR FrBER/NH 1205 bp, ST HBOR
IN—F IRMRBRME SRS PCR B0F)S , HLAH

NC B bp M 1 2 3 4 5 6 7 NC

2000

1000

1. BRRHRANE MAZE LA B 3

Figure 1.

PCR Verification of the recombinant plasmids used to construct the AgshF (A) and CAgshF (B) strains. The

numbers (1-7) indicate the positive colonies. M: DNA ladder; NC: Negative control.

(A)

(B)

bp M 1 2 3 <30 c 10r
=
2000 S; 20 S; 0.6}
< S o4t
S 10} &
1000 £ £ 02t
750 E E 0.0
gshF gshl’
© 1.000 2.000 3.000
EGD-e : ' : 3463
AgshF 1234
Cons e
Conserva%%}’ I v T T Q
1.000 2.000 3.000
EGD-e : ' : 3463
CAgshF 3463
Consensus

Conservat1on

100%
V" I

IR ERELERE TR ARATLARAN

AT

2. gshF SRRFRFNEIRMAKHY 3G IE
Verification of the AgshF mutant and CAgshF strains by PCR (A), RT-PCR (B), and sequencing (C). M:
marker; lane 1-3: PCR products using genomic templates from EGD-e, AgshF, and CAgshF, respectively.

Figure 2.

http://journals.im.ac.cn/actamicrocn
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KK 2531 bp, HSHM A BR/M—2. FIHZOE
E R PCR I0iiF AgshF, CAgshF ™ gshF LR %
K, SERUNE 2-B, AgshF i gshF JE[H ()7 5
KA T EGD-e, CAgshF H gshF DK (%5 55K
% T EGD-eo MFE5RANE 2-C, AgshF
gshF FER GRS, CAgshF H gshF FER [RIAM A
1, FIiRZERFH AgshF 5 CAgshF MEES3N
24 RAKZE

EGD-e, AgshF, CAgshF T 37 °C ¥k,
30 °C HE IR G . FERRI IR ODgoo 1, 45
RWE 3, AgshF MAKIMZILTYS EGD-e.
CAgshF —3(, ARK#EAZTN B LS, ImgR

(A)
BHI (pH 7.0, 30 °C)

-o- EGD-¢

- - AgshlF

-4 CAgshF

—
(]

o
o0

o
o

<
~

S
S}

B

In vitro bacterial growth (ODy,)

(]

0 2 4 6 8 10 12
t/h

3.
Figure 3.

TSA 30 °C

TSA 37°C

FIEI gshF J5H A0 B AR I AR AR
2.5 gshF RSN BhRE &

il £ EGD-e, AgshF, CAgshF £ 37 °C,
30 °C B IASNZERE 1 o B RANIE 4 B, 4
Fi4&F N 37 °C W, EGD-e, AgshF, CAgshF ¥
Teizshtk. 7830 °C %44~ , CAgshF (HizshlElY
EGD-e MLA T 225, T [ERMEH gshF 1Y%5E 5%
KOV = TRPAERE, TR gshF B FRIA5Z 5™
R, o RIKTRE M) 248 7 HEL IS P ) 4R AL
IS D YA A T M A R AR )2 T R . AgshE Y
iz B B /N T EGD-e #1 CAgshF Wiz, %
S5 RBW] gshF 52T R ARSI ME S RE T ARG

=24
QERES- Al

~

] BHI (pH 7.0, 37 °C)
-0 EGD-e

- - AgshF

| & CAgshF

—
(e

o
%

<
=)

o
=~
T

e
)
T

(e

In vitro bacterial growth (ODg,,)

t/h

EGD-e K H T #k AgshF #1 CAgshF HIfRMNE K BE

In vitro growth of the wild-type EGD-e, AgshF, and CAgshF in BHI at 30 °C (A) or 37 °C (B).
EGD-e

AgshF CAgshF

B 4. gshF SRRMFHHEEIE I ERIZ I
Figure 4. Swarming ability of the wild-type EGD-e, AgshF and CAgshF at 30 °C or 37 °C.

actamicro@im.ac.cn
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2.6 St gshF WHEEEF B R RE

P EGD-e, AgshF (5 RNA J5, FIFH9EE
EhE PCR JFIEWISY gshF X #8655 H B 55 549
o A5RnE 5. & 2, Bk gohF NG, HEE
RE AR motB. fliM. fliF, FEBEHERH
figB. flgE. flgG. fliE. flhA. flhB, HMiTHEM
B figD | fgE. flgK . flgL FHET IR [ K
FRRE, P UM ERERAEEARERA gmaR .,
Wi B 22 (VL flad (FE SEKF 00T B B
F; mogR. FEPEFE LA fl, fliP., fliQ K
- EE RBEARNE G, flgC. fliH. fliR %
RIS

3 itib

ARG TR gshF B2k 52 i # =6 V6 B
W EE gmaR ., MIEZEN flad EHIHEIE
DR (A 2 53, DT 5 Wi . 342 2 7 455 7 3 6 (99T i o

(%] (o))
1

~

N

Flod change (EGD-e vs AgshF)
—_ (3%

[w]

240 TR 1 7 A 0 JBETE R 240 L 42 2% 4 2o A
EHE W TR MERP ), SR, 08 AR 1E &
I, B R AR A AT R BOLAAR 1) 2 KA e i
e, DRI A0 B i 228007 B, Ry
EAUAR S ZR GO0 A B HE B IR, 2R 30T R
BT 3 A 22 TR AR AR Y S e i AT
FUMI(37 °C)fF, HHE R e A A e s 32 Bl

FEPH B AR T I B2 1) 5 ) SR R B 5% Bl o
MZEITRR AL T 30 °C PREEI , $E B BL DK 1958 skt
PRI, AT A A B 0 2 e R
PRI )% 5752 MogR %6 s BHLi W) ALy REHIE 470 FHL
B YIRS GmaR AR CY, MR
JEMRTF 37 °C i), HiPHiEY GmaR 5 MogR 454,
MATIHEHT MogR FHITHIFET, 20 T # 6 Ji PRI 5 5
PTG, GmaR PURHE PR U, 23R5E
TRRE A F 45 A BRIR B (37 °C)ff, GmaR AR5
RAEBUE , MogR/GmaR &SI ATEE , B MogR
M0 gmaR K HAbHEE 12 3 B 5 50,

B S RGO S RS e

5. gshF SRRMFHHFEN D EEREXERE RN

Figure 5.

*2.
Table 2.

Effects of gshF on transcriptional changes of the flagella-associated genes.

AgshF HEEER R EFFERAKFEHT K
Transcriptional changes of the flagellar genes in AgshF at 30 °C

Transcriptional change (EGD-e/AgshF) Gene name
Down mogR, flil, fliP, fliQ
Up motB, fliM, fliF, flgB, figE, flgG, fliE, flhA fIhB, figD, fIgE, figK, flgL, gmaR, flaA, fliD

No significant change G, flgC, fliH, fliR

http://journals.im.ac.cn/actamicrocn
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fIKIE T GmaR Z&f# MogR FUHIHIVER, X—
R T E DegU MZ 5P, DegU 454 T
fliN-gmaR J& ShIX., R LS gmaR f%E 5P,
ARLE T gshF 5878 bk B #E 6 12 3l 32 352 i H.
gmaR FER B KB B RS, gmaR VAEEHIE
FER R 5%, T DegU W2 gmaR B9¥5 5%, HILIR
IHEN DegU J84% gmaR 5% i)l #2752 GshF
25, WH9ERUIVE 28 I RE I A 4477 258 it
AP, GshF A] Rgid il & b A6 GSH 2k h
DegU JH#% gmaR % 5% (i FEPRAULA JRIREE , (15
DegU ¥ 5 5 fliN-gmaR JA 3 IX 4565 Wl gt
AR GSH 5 DegU ) Cys 254, 27 DegU 1Y
ghEfy, M2 DegU X gmaR %% )R . 7EIL
Feaith b, AT — 244K GshF 2 5 DegU 4%
gmaR %% 5% K B I s BARVEFABLE], It
9% GshF 7E4=HF B L B v T BB A 42 (0 2B W)
ORGSR AT DA TR TR R B g L PN T
P S AR A T AL ) A5 0 T 7 PR o A B
1 B R ) TR P L

2 % MR
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Regulatory role of Listeria monocytogenes glutathione
synthetase in bacterial motility and flagellar production

Li Gan”, Yiran Zhu", Yijie Lu, Jing Sun, Zhongwei Chen, Changyong Cheng’,
Houhui Song

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 foodborne pathogen Listeria monocytogenes is well-adapted outside of the
environmental conditions and inside of the host niche by delicately controlling flagellar production. We here aimed
to explore the regulatory roles of L. monocytogenes glutathione synthetase (encoded by gshF) in bacterial motility
and flagella production. [Methods] The gene knock-out mutant and complemented strains (AgshF and CAgshF)
were constructed and then subjected to in vitro bacterial growth and motility assays compared with the wild-type
strain EGD-e. In addition, transcriptional changes of the flagella-associated genes were determined for the
wild-type and gsihF mutant strains using the Real-time Quantitative Reverse Transcription PCR (qRT-PCR) method.
[Results] The data showed that in vitro growth ability was not significantly affected by deletion of gsiF while the
swarming ability of AgshF was markedly impaired. More importantly, the transcriptional levels of the
flagellar-associated factors GmaR, a protein thermometer that controls temperature-dependent transcription of
flagellar genes, and FlaA, encoding flagellin, were most significantly down-regulated at 30°C in the absence of
gshF. [Conclusion] We in this study showed that the glutathione synthetase of L. monocytogenes plays a vital role
in controlling transcription of flagellar genes and contributes to bacterial swarming motility and flagellar
production. These data would be helpful to better understand the regulatory mechanisms employed by this

intracellular pathogen to favor environmental adaption and host infection.
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