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S % R BRI ARGE 7 B B(methionine sulfoxide reductase, MstB)2 —#t & £ 64 &k &
EO. ZIARRK T MK ZRAR (Mycoplasma pneumoniae, Mp) MsrBst Mphg it 48 % J£ & & (lipid-
associated membrane proteins, LAMPs)#] i #9 AR £ € Ao 5% A% 20 2, (THP-1 40 it ) o3 b A% K 4 it )
T BP9 358 B F o TNF-a)Fe & 28 /-4 1P(IL-1P) 8938 BAl %45 F:89%, At —3 T i Mp#d 75
HBAE], XA T pET28a(+)-msrBE LA 4L, FF KA. K2, b TLEE (tMstB) i H&
T % 440K, Western blot#&IMsrB. TLR1. TLR2. TLR6F=MyD88% ¢ % i& 7K-F ZNF-kB p65.
P38. ERKAINK#) & & & Ao BB & & 7K-F; 1845 %08 R o T NF-kBAZ 444 ; ELISAM 5 TNF-a
FaIL-1B5 b /K-F. 45 R 27 MstB &3 T Mpfa i f . rMsrBFRAL 22 9T 47 4] LAMPs #3449
THP-148 4 A, TNF-of= IL-1B, Mp rMsrB=T #74] LAMPs#]i% 9 THP-148 /243X TLR2. MyD88.
p-ERK. p-INK. p-p384=p-p65, 547 #| NF-kB#)4% 4542, 47%| NF-xB. P38. ERKA=INK& L)z,
tMstB ¥ #t — 37 H| LAMPs®] 469 THP-148 2 /= &£ TNF-aA=IL-1B. % _L, Mp MsrB£MAPK/NF-«B
4% 5 18 3537 4| LAMPs & %4 49 THP- 1 48 it -5 TNF-oA=IL- 1.
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Mycoplasma pneumoniae MsrB Inhibits the Secretion
of Proinflammatory Cytokines by Lipid-Associated Membrane
Proteins via the MAPK/NF-kB Pathway
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Abstract MsrB (methionine sulfoxide reductase) is an essential redox protein in prokaryotic and eukary-
otic cells. This study aimed to investigate the regulation and signaling pathway of MsrB on the secretion of the pro-
inflammatory cytokines TNF-a (tumor necrosis factor-alpha) and IL-1f (interleukin 1p) in THP-1 cells (human my-

eloid leukemia monocytes) which were stimulated with LAMPs (lipid-associated membrane proteins) derived from

ek H 393: 2023-08-29 652 H 1 2023-11-29

5 HARBHE L G e S 31970177) IFE A B ARBFAIE G EHEHES: 2022)730543)F1 K 2248 ST AL I H (HE#E S 202212650009, $202212650007) %
BhiiRig

*EAEVEE . Tel: 0734-8358081, E-mail: 110017637@qq.com; Tel: 0734-8282913, E-mail: nhzhucuiming@126.com

Received: August 29, 2023 Accepted: November 29, 2023

This work was supported by the National Natural Science Foundation of China (Grant No.31970177), the Natural Science Foundation of Hunan Provincial (Grant
No0.2022JJ30543), and the Innovation and Entrepreneurship Program for University Students (Grant No.202212650009, S202212650007)

*Corresponding authors. Tel: +86-734-8358081, E-mail: 110017637@qq.com; Tel: +86-734-8282913, E-mail: nhzhucuiming@126.com



i S il 8 SR A MsrBZEMAPK/NF-k B % 11 il I Jo A 5% 15 2 19 175 2B A1 2 4 1A 247

Mp (Mycoplasma pneumoniae), so as to further understand the immune evade of Mp. In this study, pET28a(+)-msrB
recombinant plasmid was constructed, the rMsrB (recombinant MsrB protein) was expressed, identified, and puri-
fied, and polyclonal antibody was prepared. The expression of MsrB, TLR1, TLR2, TLR6, and MyD8S, the total
and phosphorylated proteins of NF-xB p65, P38, ERK, and JNK were detected by Western blot. The nuclear trans-
location of NF-«xB was tested by indirect immunofluorescence. The secretion of TNF-a and IL-1P was analyzed us-
ing ELISA. Data showed that MsrB was expressed in the cytoplasm and cytosol of Mp. Mp MsrB could reduce the
synthesis of TNF-a and IL-1p in LAMPs-stimulated THP-1, and decrease the expression of TLR2, MyD88, p-ERK,
p-JNK, p-p38, and p-p65. Moreover, NF-kB nuclear translocation was inhibited by Mp MsrB in LAMPs-stimulated
THP-1 cells. Moreover, inhibiting NF-xB, P38, ERK, and JNK further reduced TNF-a and IL-1f production by rM-
srB in LAMPs-stimulated THP-1 cells. In summary, Mp MsrB protein inhibits TNF-a and IL-1f secretion via the

TLR2/MyD88/MAPK/NF-«B signaling pathway.
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T Mp T4 B | HOAE 4 B AR FF AT 3 sk 40 B 1
JIE 22 0% . IR Bk B TR R M U JOR OB S5 B0 . Mp K
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K [F ¥ 6(tumor necrosis factor receptor-associated
factor 6, TRAF 6)¥i% 1% ¥ 5% [X -F-xB(nuclear factor
kappa B, NF-«B)H1#% &5 H -1(activator protein-1,
AP-1), ANIMT5 3 5 A% B 40 0 45 B 23 Jif 96 IR 8
[AF--a(tumor necrosis factor-a, TNF-a). H4Hi/
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mpn662(msrB). N 1 fift MsrBTE Mp Uk 1 9 5iE [ W
FHIPER], A SCHIBIRTT 1 Mp MstBXf LAMPs 4=
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1.1.1  fafotkfe @ #k Mp by #E 3 #k (M 129,
ATCC29342) (A7 T 1 H K 47 BH = 27 Bt 1 J52 A2 4
TR, N R U A% 0 M (THP-1 4811 )E
L ARk 2 e 4

1.12 Z£%4X#  Human TNF-a ELISA Kit. Hu-
man IL-1B ELISA Kit¥)ly 5 g 307 M BHEH
PRy ; SB203580F1 U0126H H 4 [F Calbiochem 24
] ; SP6001251 H 32 [E Selleck 22 7 ; BAY 11-7082J)
H 3 [ Sigma-Adrich/A & ; #LTLR1. TLR2. TLR6.
MyD88. p65. ERK. INK. p38. p-p65. p-ERK.
p-JNK. p-p38J% B-actin i G il I Hi i 2y 5 3¢
CSTZyw] ; Mp SR PEH44 1Y H 55 E Novus A A ;
Cy3 BB 291 % IgG(H+L) P74 AT HR PAH BB 2F 97
IgGH+LYHUiRMN 5 AL T 4 A RH A A IR 2
F]; SuperKine™ ECL & Y616 H H# [E Abbkine 4 7] o

1.2 75
12.1 Mp MsrBEAZAMRLLNAS LK
KA1 S NCBITEZREE 15 2 3R HUmsrB(mpn662)

ERFAHRELBETEMITEARAAS
B o KA R R i 2 A pET28a(+) Bk DL
pET28a(+)-msrBE A kL. ¥ HAH R 2 E.
coli BL21(DE3)& 241, H IPTGH FRIAHA
5 [ (rMsrB), Western blot % & &1 [ 85 [ 4 MsrB
J&, AN -NTAR JE IR EHTAE i A E . U
FrMsrB G J B v 2= G Il i, FH SR A 44k i )
# I 2 s ERUA, T-20 °CIR AT

1.2.2 MsrB# & 1% ¥ MpdEFi T PPLOVR A RS
IR, BT 37 CCIRFEFE5~TR. 445 mL MpZi4 °C,
10 000 xg#&.Cr 15 min/g AL B AR UTIE , H Triton
X- 11455 853545 8 STk 25 1 4 B Mip i Joi R s 2
H P 0 B MRS MRS A s B
W4, 17SDS-PAGE ALK 73 B )5, FED 2 1M
FRAYERIE o I RPtMsrBZ ifE ik (1:1 000
WikE)fE4 °CH & i1, S8 )5 IINHRPARIC I £ 5T
IgGPUiA (1:2 000FiBE)7E37 °CHFE 1.5 h, ) 4
H B2 k6 B G 2 B 2 Gk Mip A J5 A fifd i o
MsrBHE H R EAE I .

1.2.3 LAMPs#94RIR  ZHEHUS P17 ikdhiE Mp
LAMPs. #1 L MpZ4 °C. 10 000 xgiZLx15 min/5U%
EEUTUE, FTAPBSYE /5 FiH S mL TBSEWR K HE & .

i J5 N 1/10044 4 Trition X-114, #R¥%1RE), UKIGE:
H 1h, 37 °C/K#5 min; 8 000 xg'% i 24 0»3 min, 7 b
JZKM, IINEEARFR R TBSEZE piilk, R _Fik/KH
SYEERAE LR BB 200K B G 3 £k,
U5 mL TBSEW R 2 Wk 2 2 IR, (R4
RN 12.5 mLIE/K L8, BT 20 °COKAFEH
(>12 h). KHTF4°C. 8000 xg&L220 min, YT
VE, M5 FS mL A PBSH &, i 168 75 il 1 VR B
J&, BCABRG Sk & IR B2, —80 °CLRAF# H -
1.2.4 THP-1%mfieég3s /<R 422  THP-140001% %
T RT3 10%6 4 M5 T RPMI 164087 77 3
i, BT 37 °C. 5% COJEFRM N K% . 4 THP-1
Y F B 1< 100/ mLEEFD 2 6FLAR Y, BEFLANA T pL
100 ng/uL I EE | 24 b5 F5 2 I5 240 25 U B )
FH20 pg/mL tMstBFALFE2 h( K 4510 pmol/L NF-
kB 30 umol/L P38. 30 pumol/L ERK&%30 umol/L
INKAHHI 704 BI4E FH30 min, FrMsrBFiAb 3 5, 7
FH 5 ug/mL LAMPsHII#24 h. ¥ & B B (PBS.
20 pg/mL rMsrB) & FHYEXT HE (5 pg/mL LAMPs#b 3
M. WEEMMpAREFE G .

1.2.5 ELISAZMTNF-af=IL-1B WAL EE S 4
MR B3, AR GRS, ELISAAS I TNF-afil
IL-1B.

1.2.6  Western blot#a| NF-kBif 3448 %12 5 -F 49
BME S AE AL T I 1 THP- 140, S0
1, BCAVEM E R . 7£80 pgt & M in N4
2x SDS_EAREZE MR, W 10 min)5 31T SDS-PAGE,
PR EOREZEPVDFIE . & 5% 1)
TBSTH i s i1 2 h, B G0N 1:1 0005 % ) —
PULPITLRI. TLR2. TLR6. MyDS88. p65. ERK.
JNK. p38. p-p65. p-ERK. p-JNK. p-p38p-actin
P RIFHETAAR) T4 °CHFE T . FH TBSTHER G N
AHRPFRIC I EHTHIgG (1:2 00058 137 °CHiF &
1 ho a4 B a5 k6 EE 5 i R Gk il AH
REEE

1.2.7 183 % 9% 5% 6480 THP-148 2 NF-xBAZ 45 4%
TEOFLIR PSR B A I Fr, A AL B[R . AbEE S
FR 4 B FH 4% 22 28 I 5 1R [ 7€ 30 min/iE H 0.3% (]
Triton X-100 4 °Ci%E{k 20 min, ] RPMI-16405¢4:
B T-37 °CH 12 ho F S PiNF-xB p65Hi44(1:200
Fik) 37 °CREYEHF B2 h, I Cy3hric th 25t % NF-
KB p65HifA (1:200)1 DAPL =BG E 1 h, PBS
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Fo
1.3 SitEa

T 5 #4213 F] GraphPad Prism 8.0. 24144
BT, R PIMSZAEA 5 55 F1 One-Way ANOVASET;
P TR EEE AT R 20T P<0.0SINN RS

TR

2 HFR
2.1 Mp rMsrBfIFRIZGA I SELEE

& pET28a(+)-Mp msrBH 41 FURL 1) BL21 1 £k
PTG 55, FRiEH /T RELZ1N17 kDalf) n] # S 41
H1 [, Western blot%s i€ 1% 1 ¥4 M 85 41 25 (1 NrMsrB
2.2 Mp MsrBRYEiL

) F Western blot 3 Jil il Mp I Al 53 25 (3 A1
JEER 1, &5 5 5% MisrBYE Mp i Jof At st o 245 45 26
iE(KEl4).
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2.3 rMsrBil#H LAMPsHE A THP-14856 5 1)
TNF-oF01L-1B

SER IR, HOMUE ] LAMPsH ) THP- 148 i
IEH IL-1BH1 TNF-aff) R I8 7K 4 PBS XS HE 2H &b
Z Tt (P<0.05); 1M ] rtMsrB i 4b ¥ J5 7 Ff LAMPs
H3, THP-140 1 b3 o IL-1B A1 TNF-a3 ik /K P55
LAMPs FUURI B 2H 35 (2 35 BRI (P<0.05)(F5)
2.4 rMsrBiIHILAMPsH] % HI THP-140fENF-xB
FEE L FIp6STAEL 1L

()42 G092 A I 45 SR 7R, PBS AR B 1) THP-1
1 fifd NF-xB 3 22 € 7 Tl 5, LAMPsHI¥ 5 NF-«xB
€71 THP-140 B B A%, 1H FH eMstB AL 34 /5
T LAMPs ¥, THP-141 0 #% P NF-xB% LAMPs
AL PR 2 40 o 2, B eMseBRT 40 i) LAMPsHI ¥ i
THP- 141 fUNF-«B % F A (K16). 1A, Mp LAMPs
F1 THP- 1402 )5 , NF-xB p-p65 1% i5/KF-%: PBS
AEFE 2 TFE (P<0.05); T4 rtMsrB kb AT i 2%
B LAMPsHIl 34 f¥) THP- 1410 i p6 5 (1) B 1% A4, 7K ~F

5.6 Kb

468 bp

Bl IRASHEERRLEE Ik S HTpET28a(+)-Mp msrBE4A ki WAG 4 R
Fig.1 Double enzymes digestion of pET28a(+)-Mp msrB by electrophoretic analysis

17 kDa

PKIE1359: rMstBFEBK MK 9 40, 50, 60, 70, 80, 90. 100. 150 200 mmol/LE} FI ¥ i L; Wk IEM: bRvEZ 15
Lanes 1 to 9: rMsrB elution at imidazole concentrations of 40, 50, 60, 70, 80, 90, 100, 150, 200 mmol/L; lane M: molecular weight marker.
E2 SDS-PAGE##TMp rMsrBRIZRIAFAZAL1L

Fig.2 SDS-PAGE analysis of the expression and purification of Mp rMsrB
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1

17 kDa

VKIB 1: pET28a(+)-msrB/BL21 & [ R IL [ % 52 ¥kiB2: 4

7 1 pET28a(+) # A I RIB 4T

Lane 1: identification the proteins expression of pET28a(+)-msrB/BL21; Lane 2: identification the proteins expression of blank pET28a(+).

E3 rMsrBEJWestern blot£ E
Fig.3 Identification of rMsrB by Western blot

1 2

MsrB

o = - 7D

MPN665

B B 3 kDa

PKIE 1 Mp 4R (; ¥KiE2: MpMUB R (1 ¥ikiE3: Mpuii i (4.

Lane 1: total proteins expressed in Mp; lane 2: cytosolic protein expressed in Mp; lane 3: cytoplasmic protein expressed in Mp.

[El4 Mp MsrBiY A BT AERR ZE fiL
Fig.4 The location of Mp MsrB
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El5 rMsrBHIHLAMPsRIEBITHP-14032 53 3 TNF-0F11L-1B
Fig.5 rMsrB inhibited TNF-a and IL-1P secretion by LAMPs-stimulated THP-1 cells

(P<0.05)(KE 7).
2.5 rMsrBHIFILAMPsHE A THP-14HEMAPKIE
BEIEME

18 Ff LAMPs Il # THP-140 2 5 , ERK. JNK.
P38 B IR b 7K V- 15 PBS AL BE 4H I 25 T i1 (P<0.05);
1M Fl eMsrB T4 B2 /5 1 F LAMPs | #4, THP- 147+
ERK. JINKF1p38 [ i b /K T4 Fjlt LAMPs A 2
2 12 E PEIR(P<0.05)(8).
2.6 rMsrBHIHILAMPsiE S I THP-14H B TLRs
FMyDS8SHYEE

FphSE H LAMPs U , THP-148 2+ TLR2.
TLR6A MyD88 1) £ FH ik 7K ¥ 4 PBS A i 4H &
#TFE (P<0.05), TLRIRIEKFAHE T PBSXS

FRZH 7 57 6 8 2 M (P>0.05); 1 FH eMsrB AL H /5
THP-140 it -F TLR2 }2 MyDS88 1) 3% 1% 7K *F-#; LAMPs
FAfh A 20 $5) R 2 R (P<0.05), {H TLRIAITLR6
({2815 K AT LAMPs2H 2 53 6 . 2 7 (P>0.05)
(E19).
2.7 rMsrB%& MAPK/NF-kBi& i #%| LAMPs#|
HEITHP-12856 53 3 TNF-oF01L-1p
WEI10fT 2~ , FiseH P38, ERK. JNKAI
NF-«B 144 1] 77 T A 3 40 i, & 5 25 0 rMstB A
LAMPsH| ) THP- 148 il 733 TNF-o(P<0.05)F IL-
1B(P<0.05). Kk, rMsrBTJ §Eif i MAPK/NF-«xBi#
& 0] LAMPs I THP- 140 43 3642 48 20 g A
T
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Nucleus NF-«xB p65 Merge

NC

rMsrB
10 m 10 pm
LAMPs
10_pum 10 pm
rMsrB+
LAMPs

El6 Mp rMsrBHIFILAMPsHI3 I THP-140ENF-k B4 i
Fig.6 Mp rMsrB inhibited NF-kB p65 translocation in LAMPs-stimulated THP-1 cells
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&7 Mp rMsrBHIFILAMPsRIZEITHP-12BAINF-kB p65H)B4EL 1L
Fig.7 Mp rMsrB inhibited the phosphorylation of NF-kB p65 in LAMPs-stimulated THP-1 cells
3 i3 WF 9 R LIS IE IR 78 11 CHIZR A MPN625 FI

H AT E M A5 T Mp M R ALEI BT 70802 . MPN668 1] [ fifid S AL A A R0 T B2 21, ROS
B BT FT 4R TE Mp F B S0IE 5 AT R A ROSPO, R B A0 v MR 240 375 4 ) F) /K 8 250 Bl T Mp
Mpn49 1R} K R VERLA B 0 27 SRATRAAE RS SRS, T JOIE 07
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[E8 Mp rMsrBHIHILAMPsIE SEITHP-128HIERK . JNKHp38HY AL 1L
Fig.8 The phosphorylation of ERK, JNK and p38 were suppressed by Mp rMsrB in LAMPs-stimulated THP-1 cells
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B9 rMsrBHIHILAMPsHIE A THP-140TLR2FIMyD88HI 1A
Fig.9 Mp rMsrB suppressed the expression of TLR2 and MyD88 in LAMPs-stimulated THP-1 cells
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E10 rMsrBHIHILAMPsHIEHITHP-140B TNF-0F1IL-1BHIRIE
Fig.10 rMsrB inhibited the expression of TNF-a and IL-1p in LAMPs-stimulated THP-1 cells

MsrB o — Pk T B 1 AL 08 BRI, DL b
AR NS T O R A I R R R R M AK A Ui
HAMEARSGAESNEZAR. MstB/AEAE . B
BE g A AL s S5 ik R 2 5 R i B AR
&5 Dyfe IR A OC 145 S g U, T
fift Mp MsrBTE Mpifk [ 9808 s N H E L, %18
CHFSE T MsrBif % LAMPsIS0® i) THP- 140 i 73 1k
fie 2 40 X7 1O 4 ) Q2 {5 5 @ B% . THP-12 —Fh
N I B A% 20 L R 40, FHPMA &b 3 Ji5 THP-1
Y1 FT o A B B R AT B kR 4R I, )iz AR B
B A% 4T L RT A% 4T B AT A= I 4 e 92 RN g
JTRBERL B o AEAR S, FRATT S F eMsrB Pl Ak 3
THP-1401, FF LAMPsHIBGZ 4000, KB % 40
JfL A -F- TNF-oofl TL- 1B 2235 7K1 B B [AIK, 3R B
Mp MsrB#g % 414 LAMPs #3419 THP- 141 35 &
(1) 28 I I o

MAPK/NF-«Biffi i 2 5 V1 2 A= 31k 2 #2
WISSE S F IR AR T R0 N A g
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