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HEEFEY R F S BINSR, T RIEE 1)
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x5 25 11 5T 1) e SRR G2 A e AR AT 52 i JHE A=
Prs vk, AR SN 2 A5 AR s A B E TR
Y B A S R TR S o 40 PN A B 4R AE B
(Thioredoxin, Trx)MF14% %A 2 1 (Glutaredoxin,
Grx) 2330 2 4 A 1 SRR S 2R 40 0K I X 1 2 B
8 A AL P B BB R i st A B K
GSH J& Grx G mEEL Mz —0, GSH #
e H R BUE GshF &5 . TEALN A, 4
B P GSH REF I A B e = R (Cys)
A Cys I FITUAHSS &, TR AT — o, iX
— R AR AL IS A P 3 Y 8 R
FLAE A o6 2 R S 1 2

2 TR A IS Y AR AE R T A TR A2 Bl g
W4y, BENS G CHEE A A0 TR T S L HE R MU S
BT AGE A HAE K M ERE R, RIS
AARGRAPTEYE , ARG TE R R d i 228
AV AT BT R A HE B A RS
SR MR SRR U B R A O EE
B AR TR R B A OCEE 1 E A T
JEEFNRETT . HEE LA EEA A MotA | FliE,
FlgB. FIgC 5%, JiJ5r N AYHEEAHOCHE F 2 FIliS,
B AR S T B A0 B R0 R 1 R R A R B 1 1
et

AR, BURBZ R GshF & )
GSH 5F Cys BB H BTin PrfA | LLO 55454,
TE BT 306 1 BRI JE B M —S- 2 e H R Ak, AT
TR (RIS A AR S R W B GshF G
F I 2 1P A B A T AP, L GshF J2: 75 5%
M) P 348 2 Hr A T R TR i R B A . (R UE, AR
TR0 3 3o [ R 2 0 ke, R G 2 T R R T
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FRE GSNF X 8445 B M BT IR B

1 Mpu &

1.1 #e

111 Bk, BORL KR IEF KM IR
EGD-e. KIZ#F & DH5a., R ZERR BTk pKSVT
FaE A TR TORL pIMK2, LA SR 5 R iR 28
ARSI %, BB AR A B 9% T BHI (Brain
Heart Infusion)ts#:35E, KAmATH DH5a R R
F LB HigRdk. A il sk RE 3= 454k 37 °C
PR EL 30 °C HHE B %

112 519 AR ALY IR 1.

1.1.3 FERF SIS BHI 55373 (0xoid A,
HelE); PCR F=Walifbid & (e E MR
BN 1) s A6 BT T4 3% BT Thermo 23 R 3K 5
AR WIR(BD 22 w], fEE); ZIIREREIR(Thermo 24
A, SE[); RhUETEIR D% (CRYSTAL A H], 3E[H);
Golden View Tt 3FE3EAE MR A BR A Al 32
AN B RNA SRl bt &+ A T2 ]
3L Trizol Reagent (Invitrogen A, 3E[H).,

1.2 AgshF B4 Foh: A F R i

T NCBI 315 gshF B:H P15, F1%) gshF 2
[A_E-JiE v B 536 bp &b T i Bt 500 bp AbisitAH
M54 AgshF-up-F. AgshF-up-R. AgshF-down-F
H1 AgshF-down-R. Lk EGD-e K:[K2H Mkt , M
RGP EI /N 536 bp. 500 bp Y F B,
DL Bk BB, 5198 AgshF-up-F.
AgshF-down-R, #4532/ 1036 bp A9 EL.
FIFH BamH | #1 Pst | AgY] b JE PR - B A fisy
FRITKL pKSVT7, RIS MR R B R Tt A
FRRIORL pKSVT By 5 , A TG AL . I ] PCR
B 156 A Ao ELALFORL (v 24 ) pSL1628)HY K
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F 1. WA
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 TCCCCCGGGTTAGTCAAATAAGAAATCTAAAATCTTATCACCAATTTTITT 2531
CAgshF-R CGAGCTCCCATCTTTTTAGTTAAGTTCCGAATTTTCATTATTC

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

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

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

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

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

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

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

RT- flgK-F GCGGATTGTTTGGCGATTT 107
RT- flgK-R TTACGGTGACGGTGGTCTACTTG

RT- flgE-F CGAACCGGAACCGAAACT 114
RT- flgE-R GCCAATGCCAACACGACA

RT- flgD-F AGTCATCTTTGCCAAGGGTTT 61
RT- flgD-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-fliG-F CGCCGTCCATTTCTTTCATT 97
RT-fliG-R CGCTTATTATTTGGAGCCTTGA

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

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

The restriction enzyme sites are underlined.

http://journals.im.ac.cn/actamicrocn



2514

Li Gan et al. | Acta Microbiologica Sinica, 2020, 60(11)

AP . PR R e S , 2043 M T iy gshF 2
PR ke S Ak ) B 2 R

1.3 CAgshF FE4H JFh f s Fni i

T NCBI {15 gshF ZEH ¥, X gshF %
R AH N B 514 CAgshF-F . CAgshF-R. LA
EGD-e FERA fit, FIH FiRGIH4 HHIK
/IRy 2531 bp 1y B A Sac | #l Sma | X i)
RSB B B KA AL ANERL pIMK2, K i)
Jo RS AU [l %R KL pIMK2 5 gshF 2[Ry B i
i JE AT RS fk . A PCR T3R5 & A B n
BN F Prative W ELZH UKL (AT 454 pSL1843)11 KT
W, WP ISR S, PR T A& gshF K] ]
VR A E 2 SR
1.4  AgshF BREHRE CAgshF [EI%MREIAE

AR [ 5 e 2 s B, R4t gshF | T i [T
B F 20 JFORE HLEE A\ EGD-e HUBCZ S, M
T ARAT 5T F AL R I TR AR . SR, IR DU 1
PRI 7. E (42 °C) ediA= % (Cm, 10 mg/mL),
A F 2B TR 1 [R5 5 B 2 R T R K]
R AR, FFTEMRIR(30 °C) LI E T
PEFEIE SR o B0k pKSVT kL, 28I BAiE IF
)5 3545 gshF LRI BCIE . mIAMELE gshF Gk
KRR F AR, FE A BT A3l gshF B B
Je sl T S HL e S R R E A OR L S A AgshF
B2 AN, PCR B uFRR e R TRV, 28 HXHil
EHf 5 BNA5 5] CAgshF [m1 %Mk .

1.5 RelAERK%

37 °C i KR 15 9% EGD-e, AgshF, CAgshF
B SE R AT . BRI, RIS TR ODeoo A
0.6 f5, 1: 100 FAEMEWK, 35T 37 °C ik b
7, 30 °C #EKiFR, HF 1 h KIURES, EZA
I 12 h, F| A Excel S GraphPad Prism 7 44X} fir
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AR T BT IRl A K i 2k
1.6 Eshfar

37 °C 1 & ¥ 7% 3597 EGD-e, AgshF, CAgshF
(B ST R TR VR o IR 19 TRV Y ODgoo % 0.6, flFHK
H %0 EGD-e, AgshF, CAgshF 4Tk 283l T
0.25%¢1) TSA 2 [#E A F-47(0.25% Agar, 2% NaCl
#11.5% Tryptone), TSA - [E {4F-4i F 37 °C, 30 °C
FHEREIR, 24 h 5 SR AN (13 sh R/
1.7 WHER PCR FEK&M EGD-e, AgshF Hf
BERE MR

Bt P 55 51 EGD-e, AgshF 9 T i 32 A BHI
BrgRIerp T 30 °C B FRAH TP R BRI . MR
) ODggo 7E 0.4-0.5 I, HU5 mL B .05 E
i . fA 500 pL Trizol Reagent J&, fifi 1134 B A itk
PR, W B . AR R RNA B4t
& HEH EGD-e. AgshF 14 RNA, LI EGD-e.
AgshF 95 RNA SRR, [ sk A5 B AR 1 1Y)
cDNA. X%t = PCR IEHSE gshF Xl T
B R FE S . AR XS 1 R E 2 4
A7, ISR HS 1 ansE 1, FJH GraphPad Prism
7 AR PRI 2R T A 353 HT

2 HERFAHN

2.1 AgshF F4 Fokr e

IR 1, P45 gshF B2F A B B
Ji74% 536 bp. 500 bp AbAYFEN Fr B IR 2R AR
kL pKSV7 5 PCR 4314 J5 #45 / gshF F R ii# ]
VRS Y . W S A, SRS R PCR i
1ok, S5 1-A, BAVETEREZ: PCR BF)5
HAGHT K/ A 1036 bp. Bz BETE R,
XHFPAE A ER, RIS F 2 BRIk,
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2.2 CAgshF E4H okt
HMH CAgshF-F, CAgshF-R 5|#)4 152K
/Ay 2531 bp () gshF 3L B, &4 R [l b ok
pIMK2 F1 PCR 43 i1 gshF JE[H i Bt &) |
ity Jo B Ak . SRJG R PCR UEA T 3E, 4521
WE 1-B. FHYETEREZ PCR $61E)E, HAH R/
2531 bp. B BAYESERER MY, L X P45
HIEW, RKWIHAR 2 B TR
Ab M 1 2 3 4 5 6 17

2000

1000
750

2.3 AgshF 1 CAgshF FHEEE
HIAIE gshF ARG R o 8l B HE RS 75 7 A 52
Wi, AE AgshF I CAgshF. LA EGD-e JyBHPEXS
8, A PCR. ZtER PCR KNy Jrik ¥
AgshF Fl CAgshF I 55 . 45 R WK 2-A,
FHMEXT R PCR B/ Jy 3440 bp, 62k gshF
JEJE, PCR J7BUAV/INA 1205 bp, ST A BOR
=B IR FE T SRR L PCR IRIESS

, HARA

NC B bp M 1 2 3 4 5 6 71 NC

2000

1000

1. BRRHRINEAMAZE L B A HE

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 M 1 2 3 ®) - 30 = 10¢
%‘“ 2" 08}
2000 g 21 g 0.6}
! : 04}
1000 £ £ 02f
3440bp 1205bp 2531 bp - 2
750 = £ 00
eshl gshF
(©) 1.000 2.000 3.000
EGD-¢ : ' : 3463
AgshF 1234
oS h
Conservatjon L e e oo AL ERERTELRELEL
1.000 2.000 3.000
EGD-c : ' ! 3463
CAgshF 3463
Conscs ‘
conservatiod [TV AR ARV

2. gshF GRKHRFAE &MARY I IE

Figure 2.

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.

http://journals.im.ac.cn/actamicrocn
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R/NA 2531 bp, 5 HBRBOR/M—8 FIHZOE
£ PCR IiiF AgshF, CAgshF 1 gshF J:[A %
K, G55ANK 2-B, AgshF i gshF LR % 55
JKVEfK T EGD-e, CAgshF H gshF JL A (%% 55t 7K
FHg =T EGD-e. MIFF&5 R MNE 2-C, AgshF
gshF LM Rkl M3, CAgshF H gshF KL [ #b
. FiR%E R FEA AgshF 5 CAgshF M)
2.4 WA K 2R

EGD-e, AgshF, CAgshF T 37 °C ¥,
30 °C W E R IR, FEANIAIBT AN ODgoo fH, %5
R 3, AgshF AEKIMZL LTS EGD-e.
CAgshF —3, AK#EATHE 2SS, msh

(A)
BHI (pH 7.0, 30 °C)

[ e EGD-c
- - Agshl
| & CAgshF

=

o
o0

o
o

<
~
T

S
S}

(]

In vitro bacterial growth (ODy,)

0 2 4 6 8 10 12
t/h

FeH B gshF J& A B2 B AR 1 A R B
2.5 gshF RAERRIASNE BhRE I &

M % EGD-e, AgshF, CAgshF 7 37 °C,
30 °CHF M RIMNE BRE ST . SR MNE 4 i, M
Fi 4tk 37 °C if, EGD-e, AgshF, CAgshF #
JiagPE. 1E 30 °C &4, CAgshF iz sk 5
EGD-e ML 225, T IIkMAEH gshF 4% 5%
KOV THPAERE, 240 TR o gshF 3Rk 52 3™
TR, 1R T BE L2 R e 20 TR S N 1) 4R AL
ISP 3 T 5 W 20 BT 1) A )2 T RE . AgshF 1)
Z B W] B /NT EGD-e Ml CAgshF HYiZ 5N, %
45K W] gshF 52T FE R IR SM 2 Bl R 1A G

(B)

] BHI (pH 7.0, 37 °C)
-0 EGD-¢

- - AgshF

| & CAgshF

o

o
%

<
=)

o
=~
T

o
)

(e

In vitro bacterial growth (ODy,,)

0 2 4 6 8 10 12
t/h

3. EGD-e BREZT#k AgshF F1 CAgshF BY{RSMNE K EE S
In vitro growth of the wild-type EGD-e, AgshF, and CAgshF in BHI at 30 °C (A) or 37 °C (B).
EGD-¢

Figure 3.

TSA 30°C

TSA 37°C

AgshF CAgshF

B 4. gshF GREX FHFFEIE SRS
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 43T gshF X & 3L R (5% SRR #=

P EGD-e, AgshF 19 RNA G, FIFIZE
SERE PCR JFIEMFSY gshF o # =6 5L DR 4 % %4
oo S5 5. % 2, Bk gshF ERHJE, HiE
Lk E AR motB, fliM, fliF, HEEisE LA
flgB. flgE. flgG. fliE., flhA. flhB, #iF & M
N flgD ., fIgE . flgK . flgL %58 =5 KL DR 7 sk
R, o DUHE R R R T gmaR
T2 E AR flaA M5 SEKEB T R R B
#; mogR. FEFEFE LA flil, fliP, fliQ f 3tk
SRR BN fliG, figC., fliH, fliR %%
RIS

3 ik

AR S5 TR0 gshF Ft Bt 2k 55 mi =6 Vi
W EE gmaR, MiEZEF flaA A SCHi B3
DR 0 27 53, AT 52 D P38 2= T el T 0 B B R

n (o)}
T 1

~
T

(35

Flod change (EGD-e vs AgshF)
— %)

<

S &9

T

'\0%

5. gshF r&kIFZE
Figure 5.

2 DA P 0 R E A ) RO SR A 422 28 4 e
A M LB R £ AP, AR, AN AR TE &
B, R YRR AR AT LR B 5 M fa 2 i
B, M40 A 4R 28 02T IR, R kRt
FAUAR G FR G0 A B HEE A TR, 2% 30 T e
BI B3 T A7 TR T PR R, A A
FIA(37 °C)Jn, LB LA A e s 52 B

IRl Bl G RO T I EE 9 5 ) B IR e S R T
WA AL T 30 °C FREET, $l T JE R (15 sk
WS, NI A AR R AR R
(%% 5552 MogR % s BHL i W) A AL REHIEE 47T FHL
B IERLEE RSB GmaR (W E PR, YIRER
JEART 37 °C i}, HibHi#EY GmaR 5 MogR 454,
AT HEHT MogR (I IAE T, 200 T #1 6 Ji PRI e 5
s, GmaR B FH B P R, 4 ERER
TR A 4 A BRIR B (37 °C)RY, GmaR AR5
KA, MogR/GmaR & & ¥ A faE , Bt MogR
M gmaR K HoAt B 12 5 5 R A s P20

F PP EHEFEEFSRT F PR

RS ERAXERE RN

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

2. AgshF REEEMRXERIERKFHEN

Table 2.

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, fIhA,fIhB, flgD, flgE, flgK, flgL, gmaR, flaA, fliD

No significant change fliG, flgC, fliH, fliR

http://journals.im.ac.cn/actamicrocn
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IR T GmaR Z&f# MogR mIfER, X—
IR T DegU % 50 Degu 454 F
fliN-gmaR i3 8 X, 4% SPEAOI0E gmaR 1% 7B,
ARG gshF 28 48 ¥k (4 88 B 32 50 52 21 % i H.
gmaR FE R R #E S KB B AR . gmaR ST
LR FE 5%, T DegU 845 gmaR AO%: s, NI F&
I DegU 1845 gmaR % 5% (11t #7522 GshF
25, RN 28 H R0 R T Ld 5
HEEP) GshF 0] il it & BT AL GSH &y
DegU ##% gmaR ¥ sg il B e iR [ R, fiif5
DegU ¥ 5} 5 fliN-gmaR J& sl [X 4545 tn] G i
4 B GSH 5 DegU iy Cys 454, 7 DegU )
ghfy, M2 DegU Xf gmaR %% SR . 761
Feah b, AT — 4R 5E GshF 2 5 DegU 4%
gmaR % 55 S e #E B8 B ELARYVE FIBLET, JF#
5% GShF 2 i iy Jak e 2o A v vl BB & 410 229
SEUIRE, TR A BILAR L2 W R R AR R A i P B
FI AR JEAB 1 B A 5 4 TR PR 05 5 1 DA %
i 5 PR AR R A S IR LB

2 % M
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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 gshF 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 gshF 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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