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M E: (B8] AR ARAA A IATEE A TLE M 45 Z) 1K H (Salmonella enterica
Typhimurium, ST)&& % 69/ Al 2L R B4 Fauhl. [ %1 28 60 R 5 Bl#k ey CSTBL/6 R, oA
5%8: Control. ST. CFS-L+ST. CFS-M+ST #= CFS-H+ST, /& Z4 3 Gk, *. SF Y
FUAFR E AT, BP 50. 100 F= 200 pL &9 & @ fes3% #= £ 7 (cell-free culture supernatant, CFS) 4L 32
21d, RE&% 22 RiEF 3x10° CFU ST #4738 &, 3d B R4, [4R]) 5@, 4RK.
P A E CFS N R TR RKAA R T, @A EHKRE R EBFILP<0.05). F. 7 & CFS M4
LT B EZMMIVTTREA R L A& D RAREH A (P<0.05); 4R 3 F 7| &4 CFS 37 2 & E1K
ST f2> RATRE. PEAE. 45 Mo B 0 4R 69 40 B A5 A5 402 (P<0.05), F+ & B4 M Ao fR Ik 7R B AR 4% . ST
KESERINEM CBATHRAE, M A2 CFS A2 Lk 4%, 12 273 18 F(P>0.05).
5 ST 48k, F4d ¥ # & CFS i it 8 & BARAL X B F & @ fe/~%-1p (interleukin-1p, IL-1pB).

) 4| 8. /~F% -6 (interleukin-6, IL-6)#= ¥ J& 3£ 7t B -F-a (tumor necrosis factor-a, TNF-a)7K-F(P<0.05),

R R EI S EEFE@i/~%-4 (interleukin-4, IL-4)F= & 282 /~%-10 (interleukin-10, IL-10)
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KF(P<0.05)E M KIER L. #H—FHARLI, 5 ST 4a48tk, CFS-M+ST A& & £ #M kA0 X &
B 3 [nucleotide-binding oligomerization domain-like receptor (NLR) family pyrin domain-containing
protein 3, NLRP3] X & MKk X 42 L B NLRP3. 78 T #8 % 3,2 4% % & (apoptosis-associated speck-like
protein, ASC). F W& L% & B (caspase-1)F=4m 5L =8 & & (gasdermin D, GSDMD)#) mRNA
F A K R E 4K (P<0.05), H _E# 4% H F-xB (nuclear factor kappa beta, NF-xB)if 34 F % 42 5 F
#AF 1L E T (myeloid differentiation factor 88, MyD88). A& IRt F4h48 A H F 6 (tumor
necrosis factor receptor-associated factor 6, TRAF6). 451t 4 K F -F B4 7% % 5% 1 (transforming growth
factor beta-activated kinase 1, TAK1)#= NF-kB %] mRNA & ik & 2 F 4K(P<0.05). [4£] #4
FUA H /& £ 7L CFS 7T @ i 47 4] NF-«B 1@ 34/~3 49 NLRP3 JE NMRZ M s R0 1T K & e Ao KO
B, FF B4 A & CFS R & 42,

KR MMIAFH B AT, VITKE RS, L4 15; NLRP3 Xz K; NF-«xB i 3%

Effects and mechanism of Lactobacillus plantarum postbiotics
on protecting against Salmonella enterica Typhimurium
infection in mice

SHU Xin', HUANG Wenxia', MA Shiyue', LIU Jinsong’, YANG Caimei', ZHANG Ruigiang',

XIAO Xiao', WU Yanping'**"
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Abstract: [Objective] To investigate the effects and mechanism of Lactobacillus plantarum
postbiotics at different doses on ameliorating Salmonella enterica Typhimurium (ST) infection
in mice. [Methods] Sixty 5-week C57BL/6 mice were randomized into five groups: Control,
ST, CFS-L+ST, CFS-M+ST, and CFS-H+ST. Lactobacillus plantarum postbiotics (cell-free
supernatant, CFS) was administrated at low (L), medium (M), and high (H) doses (50, 100, and
200 puL, respectively) for 21 days. On day 22, mice were orally challenged with ST at 3x10"
CFU, and the samples were collected three days later. [Results] Compared with the control
group, CFS-L+ST and CFS-M+ST groups showed no significant changes in body weight gain,
while the CFS-H+ST group showed a significant decrease (P<0.05). The CFS-M+ST and
CFS-H+ST groups alleviated ST-induced body weight loss (P<0.05). CFS pretreatment reduced
ST-induced bacterial translocation in the colon, liver, spleen, and brain (P<0.05) and alleviated
the pathological damages in the colon and spleen. ST reduced the levels of acetic acid and
butyric acid in the cecum, which, however, increased in the CFS-M+ST group (P>0.05).
Compared with the ST group, CFS-M+ST alleviated the inflammatory response by lowering the

P4 actamicro@im.ac.cn, 7 010-64807516



T8 45| UEWSEIR, 2024, 64(4) 1097

levels of pro-inflammatory cytokines including interleukin-1beta (IL-1B), interleukin-6 (IL-6),
and tumor necrosis factor-o (TNF-a) (P<0.05) and elevating the levels of anti-inflammatory
cytokines including interleukin-4 (IL-4) and interleukin-10 (IL-10) (P<0.05). Moreover,
CFS-M+ST suppressed ST-induced inflammation by modulating the nucleotide-binding
oligomerization domain-like receptor (NLR) family pyrin domain-containing protein 3
(NLRP3) inflammasome, as indicated by the down-regulated mRNA levels of NLRP3,
apoptosis-associated speck-like protein (ASC), cysteine-dependent aspartate-specific protease 1
(caspase-1), and gasdermin D (GSDMD) (P<0.05). Furthermore, CFS inhibited NLRP3
inflammasome by blocking the upstream key nuclear factor kappa beta (NF-kB) pathway, as
indicated by the down-regulated expression levels of myeloid differentiation factor 88
(MyD88), tumor necrosis factor receptor-associated factor 6 (TRAF6), transforming growth
factor beta-activated kinase 1 (TAK1), and NF-«kB (P<0.05). [Conclusion] L. plantarum
postbiotics CFS alleviated the S. enterica Typhimurium infection and inflammatory responses
in mice by inhibiting the NF-kB-mediated NLRP3 inflammasome, and the pretreatment with
medium-dose CFS showed the best effects.

Keywords: Lactobacillus plantarum postbiotics; Salmonella enterica Typhimurium infection;
tissue injury; NLRP3 inflammasome; NF-«B pathway

VTR — Al A I vE A B bk AR S N Pk SR, NLRP3 il i

JR, B ANEEESI RSN, LR
1o, HAnTEY s SEES, R
FREEETS, B ERAGFIAN, 2R EH
BN TR S IR B K B R S A L
Har, BiavlTRENFEERERAER, H
PUAE FRME 235 | B2 TS 24 17 1Y 7 A 0 245 ) 3 B 55
faE, HILTFSROPRIBTYI] R R s R
FUEE o FLER A & —Fh FAR AP AR AR A
HEPUEE . rs R 1 R e st I a (ek i 55 25 AR 1)y
e, (HZLER B8 HL A AT i A7 F1 s T A 1 R AN
SR, BT LATE SRR A2 8 TR, R AT
JEAR 25 A8 TR A KIS B AR R A, AR
A oT & B A= o0 BAT 5 16 TR 2 =AY
VERIRCRDY, PakiE, JoAEoonT id 226 5 it
I iV 2 VRS v i A W LA /7R E)
LA FIAIL 1 AN B A

W TR R ANUA S 88 25| i A 845
DA K5 B A S AE SOV, i NLRP3 i /IMATE 48

PYD-PYD # H.AF F ¥ & ASC, M i fie it
caspase-1$ pro-IL-1pB Fl pro-IL-18 #4{b M T 1:TE
A IL-1p F1 IL-18), # K F-kB (nuclear factor
kappa beta, NF-kB)iffi #&f 45 TLR4 . #&+: /1L
¥ (myeloid differentiation factor 88, MyD88),
TRAF6, TAKI fil NF-«B %{5 551, Hi
TRAF6 Fl TAK1 7£ NLRP3 [ b & 4 5 24
F™'; NF-«xB mlifisid i NLRP3 ) PYD Al
pro-IL-1B 3 [H R MIE RAE . Chen V5T
RIUDT TR IR 23 7 B0 NLRP3 458/ MA L)L K
H i TLR4/MyDS88 i e od BEWE , 1 4 il L
WS A BT 080 U0 1T R R 5 | RS A ZH 24 4
FRAE SN o BT & B, 5 A= ool il g
Z Bi(lipopolysaccharide, LPS)5|# NLRP3 4
/IMA ASC [3E , Wb IL-18 R

MY FLAT B — Rz 0 T B2 &t A
B Ol SF U Y £ A2 T, RIS R B A T
Sk LR AR E e T RE S E Y e A

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



1098

SHU Xin et al. | Acta Microbiologica Sinica, 2024, 64(4)

WE5E & B, M 02U R A6 0 vl 40 ) 9 D o) A
FHLIAR T RE , B AnAE P FLAF T B AR = e
PRGN AT ] AL 2R R B A A KO, Teong Y
WFFE A T AR P 2L AT B 1 K DA RT3 2o 3
YA R F 1L-6 . TNF-a J1-34 58 06 40 A A0 36 P 42
FRIETIRE . ASSLIR = AT HATE S R B, AL
B A2 0 (PR ) ZE AR SR UD 1T FR TR i A K
Koot A Fesmam s gcR ", R S A B
Ptk g B SRR A B, BRI LS
FrE ], PRIAS T Y B FER ST A [A]50) 12t i A )
FUATF B 5 A2 JC G2 /N BRVD 1) TR TR I e i 1 %
A, ME#E NLRP3 SEAE /IMACIH [ A B i i I 4
FHL -

P

1.1 o
1.1.1 =k

¥ . FF B (Lactobacillus  plantarum)
HIZWO08 (CGMCC 23777), Wiyl 2 5 4= PR it
A BRA AL WA FEVP ] [T (Salmonella
enterica Typhimurium) (CGMCC 50115), ASSZ5;
ERAE
112 FERAFIFEE

MRS 575k LB B dk | SS [fRE IR I,
H S EHAYMEARERA A EmR
(diethyl pyrocarbonate, DEPC)/K, i3~ KA
W AR By G BRA W] & 5. FNEE. TRIzol
M SGR &, AU e A R R
Al; ELISA &, m et ARV EARA R
Al IRBEIR . 4% KW, igEkTh T AR R R
M ARAR; R, NR. TR, TK.
SR AR AR ML, AR T AEY) TR ()
MABRAF . AL, LR (R EA
FROA W fEIR IS FRAE, HUNBSELAE DR A R
Al HASRURTENL, RIS A PR A A .
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1.2 FETHEHIE

BURVRAE T80 CRIMEMIFLFF IS, 7€ MRS
g 37 cCHE BRI BGHFITE IR, L
1:50 1% 48 h 75 2| B (ODgoo 4 1.650, Fii BEiR
OIS AN 5x10% CFU/mL), 8 000xg E5.0»
10 min B¢ 3, F5H 0.22 um 3 s 1 5815 Jo 4l
M BE S 35 (cell-free supernatant, CFS), 43r2&fg
FETE-80 °C 45 FH (/D I8 18 1 CFS R IE T IR
—it). RAESRHETEIGET CFS, 1ER Tk
—45 3 30 °C, ELZSHF 10 Pa 5508 FH44E 30 h %
T, FREITHEASS] CFS #E A 40 mg/mL,
1.3 miSEiwigit

60 - C57BL/6 Mt /IS B T B B2 B [ A=
FEVFRTIE R . SCXK(#7)2019-0002], W 3L4it 5
M : 20220901Abzz0100018156, JC4%iE i J5i A4
(specific pathogen free, SPF)Z%, 5 J&i%y, 1AM
SPF AR BRR B ) CRE AR BR A vl A
™A% S8\ S50 Sl Y AH DG A8 FRME I 4, OF:
T 3 WL AR R 5 5206 S e 2 By 2t i (fe
RS R . ZAFUAC2022025), /N BUE BT A bk
REESLI BN Dy 4y FE M FRAE N 7 d, H AKOK
KB, O 12 h WINE A WA, PR IR A
TEQ1+1) °C, HEN AR S, /INRBENLS R 5 4,
B 12 H, T XFERZH (Control); VP[]
G4l (ST); K7 & CFS+ 1 ] K i 4l
(CFS-L+ST) ; " il & CFS+ ¥ '] [C W 4
(CFS-M+ST) ; & 7l & CFS+ ¥ [ K 4
(CFS-H+ST) . B J5 A o0 1 4] 2 /s B 49 1) 3 7
50, 100 #1200 pL i) CFS (BTG4 5N
2. 4 F18 mg), HEHUWESHLBERH!
R RS, HoAdH /N AE S 200 uL MRS, 4 3 d
FREE, H72221 do 755 22 K, 5@ 12 h A,
Control ZH/NEESE 100 pL PBS, FI4ZHuEE
100 pL % Ky 3x10° CFU/mL % ST, /&4 3 d
JEFRERAE, FEAIRAE T80 °CH .
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BUNRESE W o HIE . MUEFIIGZHEZY, SR H]
10 5 BEIR AT IETE SS B4R H 37 °C fH RS
F% 24 h, GEitP by A R AR TR IR EROT
(colony forming unit, CFU)I T8 V0[] QR 7E 4541
AU
142 NRBBBEMEEHISFE R

BB, b B, 4%0 2 KRR E S
1/ N SR SN ) I a7 NI - A
(hematoxylin-eosin, HE)Y¢{f, St2= i il - M
HEHAGHILE
143 B Bt % & W Bff % (enzyme linked
immunosorbent assay, ELISA)#&:M [ 75 2 iE E+

i Ad ELISA 37 &Gl i 5 44 N (U5
IL-1B, TNF-a. IL-4., IL-6 fil IL-10),
144 $EXMBERREGNE

BUNRZEE T 2 mL 208, INATJGHEK
(1:3, JoT o AR FE bE ) I 76 e i 4 35 A% b R R
%), 4°C. 12000 r/min &> 10 min, HFTER

#1 RT-PCR5|HIF5|
Table 1 Primer sequences for RT-PCR

BT 1.5 mL EO08, ZEMA 25% kR
(1:5, BB FTMES, BF 4 °C kF K.
4 °C, 12 000 r/min FRIKE§ 0> 10 min, FIHRZE
0.22 pm 2 PE AL FE A VERERRAE . I AOH
ik o, NiR. BT, TR, RIX
TR R 3G R 1) 5 2 o
1.45 KHEE PCR &M mRNA X RIEE
FIAH TRIzol 7] £(Abclonal 2 wF])FEEUE
RNA, FHZRRULHIF %A cDNA FiHAffF3
—80 °C % M. PCR Jx WK & . 2xUniversal
SYBR Green Fast qPCR Mix 5 pL, 1E. 5[4
(10 umol/L)4% 0.2 uL, DEPC /K 3.6 uL, cDNA
(50 ng/uL) 1 uL. PCR RN 4544 : 95 °C 3 min;
95 °C 5's, 60 °C 30s, 40 MEHR, Wfihskh
A E B E . Ll p-actin fERNSREE, Xt
NLRP3 RAE/MAF TLR4/MyD88/NF-kB 155
LR A AT, R 2 T R 2
AEXT R K. 51 BTN ER A B ARG
BRA G R, HAKRILER 1,

Gene names  Forward primer (5'—3")

Reverse primer (5'—3")

Accession number

TLR4 GCATGGATCAGAAACTCAGCAA GAGAGGTGGTGTAAGCCATGC NM_021297.3
MyD88 GAAGTCGCGCATCGAGGA GGCCACCTGTAAAGGCTTCT NM_010851.3
TAK1 CCTGGCTTCTCCGGAAACAT CCACACAGTACTCCACCACC NM_001410482.1
TRAF6 AGCGCTGCAGTGAAAGATGA TCCCGTAAAGCCATCAAGCA NM_001303273.1
NF-xB GGGTCACCCATGGCACC GGCGATGGGTTCCGTCTTG NM_001410442.1
NLRP3 ATTACCCGCCCGAGAAAGG CATGAGTGTGGCTAGATCCA XM_036156549.1
ASC TGGAGTCGTATGGCTTGGAG TGTCCTTCAGTCAGCACACT NM_023258.4
caspase-1 ACTCGTACACGTCTTGCCCTC CTGGGCAGGCAGCAAATTC NM_009807.2
GSDMD TGCGTGTGACTCAGAAGACC CAAACAGGTCATCCCCACGA NM_026960.4
IL-15 ACCTAGCTGTCAACGTGTGG TCAAAGCAATGTGCTGGTGC NM_008361.4
IL-18 CCTTTGAGGCATCCAGGACA GGGAACAGCCAGTGTTCAGT NM_008360.2
p-actin CTGTCCCTGTATGCCTCTG ATGTCACGCACGATTTCC NM_007393.5
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1.5 FitZEHH

RIS M I Excel WA GiiTHEHE, 250 R
FH SPSS 26.0 {43, g0 & A1 2 0] 1Y 25 5K
P % )7 224347, Duncan’s Kok ki £ &
i, ANRVNG FRERIR 22 % 1B 3 (P<0.05),
G R L E PR HER K N, Fl GraphPad
Prism 9 B2zl K3 .

2 GRS
21 ERARFEFNE CFS s/ PhRAERKER

R ST FARER N

CFS MmN EIGK AL E 1A WAl
CFS-L. CFS-M 4/hEUAE K 5 Control ZH/)h
MR EES, CFS-H 4U/NRUREMKZE,
TES 3.9, 12 1 15 KB FAM T X A
(P<0.05). /NEUEYE ST JFREHIAKHIE 1B 1]

A
4 Control CFS-L - a- CFS-M - CFS-H
_3r T
[=N) |}
£ -
< 4 -
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1 NEAEEBKEES ST FHFERK
Figure 1

H, 5 ST A, Control, CFS-L+ST A
CFS-M+ST 41/ AR F B 2k 8 3 F B (P<0.05),
CFS-L+ST 41/ BUAREE #6125 BT FEAIR(H 22 5 9
AL (P>0.05).
2.2 WRRAFEFIE CFS 3 hRVITRER
vd:ubAl

H I 2 AL, OR[RIFfIGEE CFS i Al i 2R
/NRUBGE ST Je &AM @R . HAKRm
5, WITRMIGEE, 4% STAYTTIRE &
1M 1.5x10° CFU/g, 1fii CFS MikbBEZH #47 {g 3%
REAR 70 177 IR B 2RE (P<0.05), 435128 1x10°,
0.5x10° fil 0.4x10° CFU/g, JfH CFS-M+ST #l
CFS-H+ST Fil4b A IE BRI IR RE 71 B 1L
F CFS-L+ST (P<0.05). 7L AR,
5 STHMIL, k. #. &l CFS fish 120 41
R AR L34 J 2 BRI (P<0.05)
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The effect of different dosages of CFS in weight gain and weight loss ratio after challenged with ST

in mice. A: The growth curves of different groups in mice. B: The weight loss ratio after challenged with ST in
mice. Different letters (a, b, and ¢) indicate statistical significance (P<0.05). The same below.
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Figure 2 The effect of different dosages of CFS in the bacterial translocation of ST in mice.
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M OIL-6 & TFE (P<0.05), 5 ST ZHAH L,
CFS-M+ST 4 IL-1p. IL-6 1 TNF-o @ &A%
(P<0.05) , IL-4 # I1L-10 /K F % & F &
(P<0.05); T1fii CFS-H+ST 4 1L-4 &2 J}7 Fl IL-6
PR (P<0.05), IL-1p 1l TNF-o 2547 [R5 |
IL-10 FH & 1y HE TG i 2 22 7 (P>0.05).
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Figure 3 The effect of different dosages of CFS on the damage of colon and spleen in mice challenged with
ST. A: Representative photomicrographs of colon tissue. B: Representative photomicrographs of spleen tissue.
Histomorphology analysis of colon and spleen using HE staining. 100xmagnification.
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NLRP3 % FE /M B FE FRIZR 200
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5B NLRP3 # 45E /D & NLRP3 . ASC .
caspase-1. GSDMD Al IL-18 () ik i & THi

<l actamicro@im.ac.cn, 010-64807516
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Figure 4 The effect of different dosages of CFS on fecal SCFAs content in mice.
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Figure 5 The effect of different dosages of CFS on inflammatory factors in ST infected mice. A: IL-1B. B:
IL-6. C: TNF-a. D: IL-4. E: IL-10.
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Figure 6 The effect of different dosages of CFS on NLRP3 inflammasome mRNA expression in ST infected
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