TRAESGA IR Jan. 20, 2024, 51(1): 241-249
Microbiology China DOI: 10.13344/j.microbiol.china.230530
http://journals.im.ac.cn/wswxtbcn Copyright ©2024 Microbiology China All Rights Reserved

HiL RN SHENHS

Al

JESETKE 2 BIG ST E
MRIEA

bAR, XX, AWE, ELF, KEK,

HAEFBEERBE, TV HE 336000

KR, BAR

R

M AUk, XK, R, FhiE, REK, BRI, F/hak. REEERRTT 2 B U0 T 1 SR R T 40 R N S BOw V).
LR WpaEiE A, 2024, 51(1): 241-249.

ZHAN Dongbo, LIU Haifa, LONG Ruyi, WANG Zhanfeng, ZHU Lexin, LIAO Bingrong, JIANG Xiaowu. Thioredoxin
reductase contributes to stress response and pathogenicity of Streptococcus suis type 2[J]. Microbiology China, 2024, 51(1):
241-249.

B E: [H%] AAE % 9L BB (thioredoxin reductase, TRR)Z AL AL & &) & 4o KAELA R4, 2
JARE AR SN R . AT @A RSN FERIREAEEMHA. [B 6] KAAAL R
Bt BB TRR EAZ L EHMRE 2 AR LEIRFRASWAY R ., [FE] ARTHEME
HAEIRHE 2 AR AL R G LR trr AR B B K AR(Atrn) A = AR (cAtrr), Bitmd R E . EARt
ARSI tm e e B i B e AR SRR IR LA AT trr KA T B A L U R A B R T AR R .
(4R Bk trr sb R 2 A BES S A RFHRGT AT R, BTHEMA AR BACLH
FaBR LSRG J), B R ARt LR mIe s ) T, AR RN E R R wmietE R R E K, 5 TR
Bkt ra R, S AR KRR R E RS, [44]) #4kE 22 TRR B F A5 @E
MBS, NFmEFEM. REFH BRI, RHEREG 2 AFOBEENRT.
XHEIR): HaERE 24, RARLERGLERE; MIRRE; HAEA

W H . YLVEE A RRF 34 (20202BABL215025); VLG4 PAgZERHL 5 H (202131064)

This work was supported by the Jiangxi Provincial Natural Science Foundation (20202BABL215025) and the Jiangxi
Provincial Department of Health Commission Project (202131064).

*Corresponding author. E-mail: xwjiang@zju.edu.cn

Received: 2023-07-04; Accepted: 2023-08-30; Published online: 2023-09-18



242 (YIS Gk Microbiol. China

Thioredoxin reductase contributes to stress response and
pathogenicity of Streptococcus suis type 2

ZHAN Dongbo, LIU Haifa, LONG Ruyi, WANG Zhanfeng, ZHU Lexin, LIAO Bingrong,
JIANG Xiaowu’

College of Medicine, Yichun University, Yichun 336000, Jiangxi, China

Abstract: [Background] The thioredoxin reductase (TRR), one of the key components in the
thioredoxin system, plays a key role in the oxidative stress response, homeostasis, and infection of
pathogens. [Objective] To examine the role of TRR in the infection of Streptococcus suis type 2
(SS2), a zoonotic pathogen. [Methods] The trr-deleted mutant (Atrr) and complementation strain
(cAtrr) of SS2 were constructed by homologous recombination on the basis of the wild-type (WT)
strain HA9801. The Gram staining, plate counting, and cell and mouse infection assays were
employed to examine the morphological characteristics, stress resistance, and infection process of
the strains. [Results] The deletion of trr showed no effect on the morphological or growth
characteristics of SS2, while it enhanced the tolerance to heat, oxidative, and acid stress conditions
compared with WT. Atrr presented reduced adhesion on murine epithelial cells and invasion
capacity in cerebrovascular endothelial cells. It was easily to be phagocytosed and presented lower
pathogenicity in RAW264.7 cells and mice. [Conclusion] TRR is involved in the stress responses,

adhesion, and invasion and serves as a novel virulence factor for SS2.
Keywords: Sreptococcus suis type 2; thioredoxin reductase; stress response; pathogenicity

4% BR 1 (Streptococcus suis) & — Rt IR
S 2 BAR TR, AR R T e 2B 2 A
Z/04y R 35 AImERS, B 1-34 A1 12 B, {H
R S suis 20, 22, 26, 32 fil 34 R i%
R BEER 2 HEBEERET 2 (S suistype 2,
SS2)/& S suis A Miif) . B B — R
DUABORPE MG Y, 8T BB R G, ATk
PN, FEOKEEEMORC . GRS . DTS iR
WCMLAE S HE . FR R T 1998 4FA1 2005 45
STOMTELLIRE FDU A48 2K T PRk NI i
BRI 2 BN DA, RTS8 229 g
52 NBET-, BIEENIMASEE ) Z K3,

T 5 18 52 D TR (52 % B 2 VR0 A e 20 R
R B 5L, 09SP4 (reactive  oxygen
species, ROS)5 11 & (reactive nitrogen species,

RNS)RHLPU R, T ER AR AR K2R
iy, BERT. PR EYIR A, IR
PSRRI, SR, R BT
AAL RGN E A A B ROy
fiit S04 25 [ 2 4t (thioredoxin system) g ¥ Ji
A TE FEAPUG M EEAR T Z —; LRGN
fiit 52148 25 [ (thioredoxin, Trx) . A 80 25 116 5
fiff (thioredoxin reductase, TRR), #4805 H i
A Ak W) I (thioredoxin peroxidase, TrxP)F14H ik
Jiig iR W2 04 — % PR 1 IR (nicotinamide adenine
dinucleotide phosphate, NADPH)ZH i, , J2&HLHH 4
AU B B R G0 Trx R G Tex VE R & 4LA
ALE e AR A G IR R ERIR S
53 WSV 20 G T IV P A L B A A DL AN B
RN B BRI S AETE , A S 40 A R 5 o
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271 TRR & HATE AIME—BES IR SR Trx AR,
Ak Cys-Xaa-Xaa-Cys J&/F, i AR 4%
SRS JFOR T Trx R JRASE" FEAS A 40 1
AR E BB BT AL R GE . FRllE R
ZHCE 2 IR = TRR, FEUEET A
e H K - 4 & i 2 I (glutathione-glutaredoxin,
GSH-Grx) & S i ROS 5 RNS UA4EF A AL
RS, K 2 HOE 2 IR AN B E At
FALIINE RGE Trx REE, X Trx KGR
TR EZHE 22 RBP4 B 7E A AL T I A A7
FFEEN ) AR, Trx RGEC VR
A S0 2 F AR R R BR T 2 7Y trr JEPRI RS T
T AU B A, e FEAZ R R 4k SSTRR
HEHE T anti-SsTRR ZFaEPuik, FHa %
SSTRR & 17 SS2 e vh "™, A5 & 72 % H
[FIE 4 7 PR tre JERIE PR (Atrr), FF
o 24055 /)N BB AR AR 5 TRR AE SS2 B it
B ER, WIZE TN Y300

1R

1.1 ##

WEEBRTE 2 RI5E#EFk HA9801 . pET-30a %
KA . pSET4s B B A E Bk . pSET2 ZE#2
ki . SSTRR 2511 & anti-SsTRR £ 5o ik,
ALIE SR A7 = OREE . DNA Ligation
Kit. 205 5L A R U0 & . 2058 ok B2 Bt
H& . KIBHFFE DHSa Fl Rosetta 857 240 Y,
e XS EMBEARBD A RA G IR H
M (brain heart infusion, BHI)}5 383+ #5, Oxoid
ANHl RRBEZRETR . HEWEZ T, LB 3%
FAN ECL b2 &6k &, Solarbio A Fl; fR4:
I3 A1 DMEM, Gibco 23wl ; HRP ARicAYEHT %
IgG =i, RIN=JEAEYHARARR A v . PCRAY,
Eppendorf 23 F]; H{Y, Bio-Rad 2vH]; #EAL

BUGAL, FHEEERHECA RA A ARG
RET R RAER A R AR B R4
Thermo Fisher Scientific 23 ] .

M b R 40 HEp-2 . /NN f i 45 P Bz 4
Jfl bBEND3.0., /MR E LELNHE RAW264.7 Y5050 5
AL DU MEYE BALB/c /)N BUE B i RG 13K
SRR SIS A BRA ], S el HAR
BEBeF e B S & A L (A L5 2022018).
1.2 3ESEEkE 2 B trr EEEL S E4 MR

%% Liu FUNRIE M FRE AL, IRk
HA9801 (WT)JEH A itk , A . TR
FREEBIYI(F 1), HilE PCR 1R 7 & 5
MR G Ul B s R 3 L dlife trr SR
e RURIRNEE PR T R RS TR
FHl EcoR 1 il BamH 1 XUE§ V)& Tk pSET4s
SR, EERER I RBATE DHSo &3228
4. FH LB V-t 37 cCR i, PREUERE,
PCR Fa I BH 5325 005 o P B TA TG 1R 5 4
ZH JFRL pSET4s::trr HL %% SS2-HA9801 /&2 254
i, 7E55 100 pg/mL M EE F A9 BHI K572 3,
28 °C, 150 r/min }53% 4-5 h, RAAFH, WKH
#E4T PCR %5 o BHPEw R 28 °CfE 5-10 18, i
FIRAE I 255 o WA H IR 37 °CHEA . AT
B, PCR YE5E trr JERIBLRAE L, A5 Atrr Bt
Febk o

LR TR E A 5 R L ARGE S BT
B trr JER R BERn A1, IR 5 pSET2 %8,
¥ pSET2::trr AL R Atrr JRZE,
37 °C. 150 r/min i BHI $55R & 3% 3 h, &
i 100 pg/mL WA K (spectinomycin, Spe)bit
PE BHI Al 7%, BRECER SERE TR 75 E1 T PCR %
FE, 3RS cAtrr [BIEME
1.3 EK4FHERN

Z:25 SCHR[1614E I, 43 A PRICE A
HA9801 ., HlICHE Atrr J [EIAME cAtrr HLEETE &
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Table | Primers used in this study

Primer name Primer sequence (5'—3") Function

trr-5' flank-F CCGGAATTCCTTGAACCATAAGCATGATGCGA Upstream fragment amplification of trr
trr-5' flank-R AGTATGGGAATACAATGTTTCATATTTACG

trr-3' flank-F TTCCCATACTTTTTCCTTCTACGCTTTAA Downstream fragment amplification of trr
trr-3' flank-R CGCGGATCCTGATGAACCAGGTGAAGAAC

trr-in-F CATAAATGCCTGATTGGGT Internal fragment of trr identification
trr-in-R ACCGTTTGTTAGGTATTCCAG

trr-ou-F TTTTGAACGACGGATAGTGT Outside the homologous region identification
trr-ou-R ACGTGCAGATGAATTGCA

ctrr-F CCGGAATTCCAAGACCAAGCGAGTTGA Complemental gene amplification

ctrr-R ACGCGTCGACCTATTCAGCTAGTTCTGTGATG

Spc-F TACGGAAATTATGACTTAGAGG Spectinomycin gene identification

Spc-R GGAGAAGATTCAGCCACT

BHI $; 355, 37°C, 150 r/min fR¥%514 %, 2R
J& % 4 000 r/min 20> 10 min, 2% F¥, i
PBS (10 mmol/L)ijE‘i,%, PR G R ODy0o fﬁi@iﬁ]
2 0.4, FHLL 1% EEEZ BHL R,
TE 37 °C. 180 r/min M55 T 555, &8 1 h B
34200 uL HRE 96 FLIALHH I E ODgoo
18, FEWE 24 h 0 75 .

WT . Atrr Fl cAtrr B AT BHI PR TR,
PRI VR AT L Qe e, SRS ZETMEE T UL
RMEILE
1.4 RO

S R TIHRE T, 7 Bl FkH WT .
Atrr il cAtrr FAR Y% 2 BHI B33, 37 °C,
150 r/min ¥ 13 %2 . PBS 8% ODgoo {H % 0.6,
HU 100 pL 45 AR 5l 64T 42 cCHANE . 37 °C
pH 5.5 B R 1 BRT 20 mmol/L H,O, 484k 1 I %
7% 1 h, DAACTHEA 7 AR Au] 1 38 Ak 25 ) T AR AR SR B 1
XPHRAL, 7€ 37 °CH4MF NS SE 1 he fEAH
PR EAAET , 10 565 oA BRI A T4l T
B, DR N7 ST A TR AT R
1.5 ZARa RIS

%% Jiang FUVHRIEM T, KAAMEE

K 4anffl HEp-2 #EA7Z6B 0% . HEp-2 4fifl LA
2x10° AL, F 10% B4 I i ) DMEM
R E] 24 LR, 37 °C. 5% CO, 537 12 ho 43
FIPRECWT  Atrr T cAtrr BATE Y% 2 BHI B3
37°C. 150 r/min #5570 K H W 4 000 r/min
2.0 10 min, PBS $E¥ 3 K, T EH ODeoo
20.4.47 7 HL 100 pL 4% B 2 HEp-2 11,37 °C.,
5% CO, 05 1 h, PBS JE¥ 4 K, MATGHK
ZAfRANRE, 10 fi5 % e R A T A T T4

f 2% 12 5% >R /0N BRI Ak It 48 PN e A
bEND3.0 BIRIHEA T, HA 30 20 R 5 3 b g AH [H]
E7E 2% 240 BT 5 A5 IR K25 R (300 pg/mL)
) DMEM AFEMISM R TR, PBS BE 3 X,
FIMATCR KRR AL, PRI 5T, St
1R 78 AN 4 TR 5L

A e i £ /N B W i RAW264.7
VAT B WT. Atrr Fl cAtrr #2088 50:1 JinA 24 L
M BZ RAW 264.7 H1,37 °C 5% CO, 55 1 h.
AT PRKEE K (300 pg/mL)F) DMEM AL
MR AIAN T, F PBS YRIKIR IR KR, M
ATCHE KB A, s B W i A Y
HHTR %K -
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1.6 /NEREMEFEFRE
B 37 °CHE5% 12 h B9 WT. Atrr Fll cAtrr
W, 4000 r/min Z.0> 10 min YWEEF 4, PBS ¥k
W2 K, KGRI ODgoo fELI TR 2 0.4, HL 50 pL
RN 450 pL R A Il R A FE A9 BALB/c /N
e BB, BREIES, BRAWE
37 CCY5F4TIEE 1 h, WS EREAY, #%
10 fis i LU Bh AR RS, H2FPF BHI VAR I, 37 °C
BRI BT EOR T S AR T
1.7 DERBHEMEIRE

K F BALB/c /NEUBRYLASRY i R H Fi ik
FFEOE SR i 4 37 °CHEFE 12 h B9 WT
Atrr F cAtrr R, PBS E75 ODgoo 2 0.5, FEHL
VEHL 40 H 4 JHIBMEYE BALB/c /N, B4 10 H,
[ 3R 1 mL () WT . Atrr 1 cAtrr & 10 mmol/L
PBS. fFEF KWE L R/NRILT E I, FRss
1 J&. %H GraphPad 9.0 # - 2: I A7TE M 22 .

1.8 BitES

WIS A BRI s R 3 S R 1 -
PI{E (mean)+FR#fE2E(SD), #i ] Student’s t K%
T TS . ] log-rank Ka3udEq /N
B 2= S HT . H GraphPad 9.0 %K
PR EATGE 27 53 SR L B4 P R A

2 HZRE5OM

2.1 Atrr K cAtrr B9¥)EE

R4 [R) U5 B AL A 2 Atrr (] 1A), SRS
/0]
trr-in-F/trr-in-R F1 Spc-F/Spe-R 47 H A HEE R AL
TSGR KETE, cAtrr 2 Spe Btk BHI AR
1%, #Ef7 PCR %5E . 45 RN 1B o, bBiksl
WITE Atrr HRYHEH R B, MG T3S R B
Z M ANE tre ZE[A cAtrr SR A Spe-F/Spe-R 5|
Poxr 43 i B, RN EE Atrr J¢ cAtrr,

trr-in-F/trr-ou-R . trr-ou-F/trr-in-R .

A in-F
o0y 5-flank —> 3'-flank
[\ 7 |
/. |
- o ——— =
5'-flank 3'-flank \
o J
B in-F/ou-R ou-F/in-R in-F/in-R Spc-F/Spce-R
bp Marker WT Afrr Mock WT Afrr Mock bp Marker WT A#rr Mock bp Marker WT Atrr cAtrr Mock

2000

1 000
750

250

2 000

1 000
750

250

1
Figure 1

2000

1 000
750

250

trr BREGRERE A FIRELRAME trr ZENBUERR. B: PCR AN trr B [H BRI R [0 £ Mk

Construction of trr gene deletion strain. A: Homologous recombination method for trr gene

deletion. B: PCR detection of trr gene deletion strain and complemental strain.
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22 trr RRAEMMAEE K

A WT. Atrr £ cAtrr 2B KR, Giit2#
ST R IE 2A Fin, SEERKEREREAR
B2 (P>0.05), XF WT. Atrr fil cAtrr JEf7 8%
IRYL 8 J5 B8 N MRS WA A8 SR, 452810
Kl 2B iR, BRI i S, HOB A Mk
K I & X5,
23 trr EESEMEANY . SN
AR R R

ST BIESE trr KR PRI R 9K 2 T A2
B, UL WT . Atrr Fl cAtrr JEF 7[R 34
T & AR A ERE D) LB . W&l 3 R, 5 WT
L, Atrr BRRAE 42 °Cg i iE . pH 5.5 Ry
181 20 mmol/L H,O, A AL A T I AEE fE 1
FEFE(P<0.05). £k BPTIR, trr /R SS2 N
JFAITEuY
24 TRR M5 SS2 378 F MBI R 1=
Z MEELREmEIEE

SS2 {RANEERT . (AR MR IR 45 R R
HI: Atrr X} HEp-2 4G5 RE ) B KT
WT (P<0.05, & 4A); 5 WT M, Atrr Xf
bEND3.0 4 [ /= 28t &8 2508/ (P<0.05, €] 4B);
Atrr b WT FRRE R S8 RAW 264.7 450
(P<0.05, & 4C), 4275 trr BRI SS2 Xt 4 i

A B
0.5
04+
g03
—— WT
© 02 —— Atrr
0.1 —— CAlrr

0 2 4 6 8 1012 24
Time (h)

I . B MPTEWERE 1. Hrfif BALB/c /)
B IMAETE 6 s . Atrr BERRTZE 4 1 i A
&5 WT Z 732 A K(P>0.05, Kl 4D).

K H BALB/c /)N FRUB LA R DE A 4 127 50
PE, KB WT RGN RFE SS2 &5 12h N
By B A I RORER , WnFEER . BRE . BEAT
FIERESE , JF7E 3 d NBETS 90%; Atrr JEgesq
AN AT UG R R, (FER A e, WL
NIET: 60%; cAtrr ZH/NRFE A FMRE, 2 d
NAERIET- (& 4E).

3 WREER

2 B PP ) 2 B R A A A S A
J N B A R 5 B TS Trx 5 GSH-Grx &R
PP Trx ZR G0 2 Pl I TR A0 45 fits 46 % Bk o
(Streptococcus pneumoniae), 4 {0, 4 45 Bk 14
(Saphylococcus aureus) fil F 4 A= i F I (Listeria
monocytogenes, LM)%5 H 3 & #57 HAF E i 4 9
“:IffE. S pneumoniae 1, Trx Z& %A Whla) 5k
BK TR & A T 2 T B 2 R A AR AL ) I8 i i
(methionine sulfoxide reductase, MSR) % 4t L[]
Z 5 E RN ANEALR IR Y sh ST,
M 240 P B 07 385 e Boie i AU, S, aureus
BB SRR 2R R R TrxR X T4 i A= K

B2 trr ERREANEEEKSHSHFMW A WT. Atrr Fl cAtrr WK A KA E. B: WT,

Atrr F cAtrr BERE R 22 FRZL £ (1 000%)

Figure 2 Growth and morphological changes upon trr gene deletion. A: Growth curve determination of WT,
Atrr and cAtrr strains. B: Gram staining of WT, Atrr and cAtrr strains (1 000x).
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100 ‘ANT A EA R EAE AT e UE S aureus Y TrxA

—_ A Afrr
S S cAnr Fl TrxB JE0R 3k F A, A FITF ikt E
2 60 B2, LM (5 AR 5 1 TrxA 2 5403 AL
Z 40 PRI 7 B O, TrxA Bide s
5 2 SRR LM XA T A2 L U A0 T
Iy K MEE B B LM ARREZ HPY, FE S suis

0

H, A HFFTUE e 2% Al LS i R id R A
B3k IR PO A ST LI B, ROS JKFHE

E 3 WT. Atrr 0 cAtrr BRI EE F14& . X . .
oottt m, B3 S suisHr, WEHW, Trx B4

Figure 3 Tolerance of WT, Atrr and cAtrr strains

under differential stress conditions. *: P<0.05. TEFERERRE 2 BRI g IR D32 3 561
D ns E o - - - - - - WT
2001 ns 100 - Atrr
—l— ;\; g0+ - CAlrr
150t _T = — = Mock
9 ‘ s Z 60}
& £
S 100 ¢ 7 40 —s—s—s—=n
ZOY s 20 I
0 1 1 ]
o LI 0 2 4 6 8
WT  Awrr  cAbr Postinfection time (d)

4 TRR NSWBURIER DM A: WT. Atrr Hl cAtrr B kE7E HEp-2 40 0 026 FiH ik 36 B: WT,
Atrr Fl cAtrr EFEXT bEND3.0 Ui 12 78056, C: WT. Atrr Fl cAtrr BAEXT RAW264.7 21 i i 77 I it
5. D: WT. Atrr I cAtrr B ERAE/N M AAFNE 1 h. E: WT, Atrr £ cAtrr B FR7E BALB/c /) UGy
BRI g7 SRR, ns: P>0.05; *. P<0.05

Figure 4 Pathogenicity analysis of TRR factor upon SS2 infection. A: Adhesion assay of WT, Atrr and
cAtrr strains in HEp-2 cells. B: Invasive detection of WT, Atrr and cAtrr strains in bEND3.0 cells. C:
Phagocytosed WT, Atrr and cAtrr strains in RAW264.7 cells. D: Viability evaluation of WT, Atrr and cAtrr
strains survived in whole blood of mice for 1 h. E: Virulence determination of WT, Atrr and cAtrr strains in
BALB/c mice. ns: P>0.05; *: P<0.05.
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AW I BOR AR FEERTE 2 B trr
BRI AR S Rk, IF DA g Ak, PRI trr
1E SS2 WYMAM 32 . 7 1 AU T AT TEAE
Mo B5ERKI Atrr BIRRAESAALNIEL . iR AIR
PETE 3 BRI T B A7 T8 R BOR A T TR Ak 2
ThEr, $E7 tre BEDR AT AR A — 5 A A I 2%
RS A0 Y T 2 R ) H Ritz SRR IR
i, KIGFFRETES = G AR & Trx] Fl Trx2 3
W, HAm B R A s i A o wi| Ak, 7
S A S RS, TS O Hy05 N
BN R KBTI Trxl 51525 54
[N AR NS L kR AR SRR e SV
(AL . AL SR 1, Lehk S0
Ay S . BRI 1 4 1R K G A ) G TR
PP, AN SS2 A T A Sk
IRAP YR, HOE IS | R B A AN R L R ik
TENE T AR AR R E RS . /& SS2
XoF A 5 200 20 R R 2 R ) S B [ 1 IR AE A5
AT, WH - 3-BEER It U (gly ceraldehyde-
3-phosphate dehydrogenase, GADPH) W] Dl 5 15
E LR MELS A, (2P SS2 FTM R, B
FER B SS2-trr H R I 2 5 BUA I X 1 T4
HOFER 5 1R EE T 5, W TRR T2 5
SS2 Xt 4f L Zh k51228 7 . S pneumoniae
HAALIE RO HE 7 A5 DE T IGE J5i e GR LA
BRI, A2 T ECBR R TR T 3 20 Y G B R
ZERE ) WA TR AT RAKE, Atrr X/
Rl A W 0 JH P A W BB ) 2 AR, (HOF AN 2
/N R A IS BR SS2 RE T o /N BRIE IR 30
IR B trr iR TR /N B s L AR AT AR
SHWEN . ZRERRA G R
XFtrr ik RIE AR 0 7 0 R R 45 A9 1 BIL
HITIRARER

g bRk, AP T AR 2 Y
TRR /AW T0RE, KBS 54078 i

PFAERT, A SS2 Bhibl . (RZFEFEURILRE,
ATRERE — PR AR I T R TR BRI
2 BUB R IE B R GUAE AL NI S 1 B
TR 25 0 A AL ROR  S5 ZEOm AL 5, A7)
ATFRABITE
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