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PR AT LA /N SRR T, G il T U 1T BRI 51 RS A8 AT S

B A

S

WmipE MY 2R, AT

KR TRWRE, BRIITKRE, SPF/NK, mu@ &Ny, Wbkt

DITIRE R — K E e H NRME & R
R SR TR, R i R A R 2 N2,
JE N b a0 32 B R 2 — D U T R Uk
REE, BWRERMETHL, SR EFEA
FHWTRERBO, SEHT T AT, H
b, BRI HAT FLEMER, HRWTIK
UGB 5 R S PR RPN, R 18
PEBRBE, PRE G ST, P KR
i FEE 2 I FH DA VA V0 T IR TR B e, 5 35 4 T i
2GPE N, 2SI AS TN TE , L A A D 2 kY
I, ML, FHE—FeR @ WeRPUERE
TR 2k G2 i X — [ A 8 M B 52 A A

it A TR AT IR S 0 R i AR oy P S,
5 48 Wk DR -7 R 4 TR 1) 2 38 D A 42 i 16 f
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T 1R 2 i (AQQF01000149) H Kk % =X 5h ¥y
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ARARN K TR B 98 2
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1.2 BRYITEREXS C57BL/6 /NREEEEIE
(L Dso) F9U %€

VEHL 36 H 6 JHIE SPF ZuMfErE C57BL/6 /N
HEAT LDso B9 AE , L 1x108, 1x107, 1x10°, 1x10°,
1x10* F1 1x10° CFU/ML 6 BB JE fz T 1 S
RWTTIREG , ELUEE 7d, Git&4l/hRmsE
o150, FIH Reed-Muench 773154 Hilm A& 7017
FCHXT C57BL/6 /NFUAY LDsoo oK FH .43+ Z — LDso
R LR
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VEA 72 H 6 JEiRMEE C57TBLI6 /N, i R SE
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Fl SE 2RI MRSty H RS R R S 4R AR N T R A P
(1x10” CFU/ML)AYHRIK , CB £H 1 CB+SE £ fal M It
ity BRI R B 45 45 i T AR M2 B (1107 CFU/mIL)
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BRAFIG R, ARG W4 Wk 1.
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Table 1. The primers for fluorogenic quantitative
PCR detection

) o Product
Gene  Primer (5'>3') size/bp
TNF-a F GCGACGTGGAACTGGCAGAAG 103

R GCCACAAGCAGGAATGAGAAGAGG 103
IL-6 F AGGAGTGGCTAAGGACCAAGACC 142
R CTGACCACAGTGAGGAATGTCCAC 142
B-actin F CTACCTCATGAAGATCCTGACC 90
R CACAGCTTCTCTTTGATGTCAC 90
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1.8 BuEHr

XHEE R A SPSS 21.0 G4k T H R &
3 H1(One-way ANOVA), X Duncan ik r£
FHAEE, DL P<0.05 v E LT BHE.

2 HRFgH

2.1 ARUTTEREST/MNRA LDso U E
IR RIPT TR, E20UER 7 d, 48
A AVNRAPET R OLGR 2). TR BRI
PRI X} C57BL/6 /N LDso B4 5.6x10* CFU/ML,
KTy Z— LDso i 2G4 5t
2.2 TERREXT SE BRYy/hRAERZm
SCERES 0. 7 F 14 K[ E I RIRR A2 /N B
PIARTE, VRS A/ R IR E AR 2 (K 1), 78
0-7 d L], S 4l/NRIRE LK,
BRAICEE, KRB KA RS R W
Fo 5 8 RiEfT SE YR K)5, 5 SE 414
b, CB+SE difkH & BF#a#, pudl /A
H OO % 2 7 (P<0.05), % 8 RIS, [
PEXT HRZH 5 T R AR 1R 4T B H 35 H BAR JE T R
O, R TR RN T R AR B AL FRZH /)N B S
YDTTECTE I, BHPE X B2 T R 1 1 40 ) o Al
0.2 mL A FEERIK, SxXf/NE7 AERCK IR . [F]
B 2 BT R A T ) ML 2L ek g 4% A1 % R AL

£2 BROIBETELITER

Table 2. The death statistics of mice after infected by
Salmonella enteritidis
Animal Death Death
Groups  Dose/CFU number number rate/%
1 1x108 6 6 100
2 1x10’ 6 6 100
3 1x10° 6 6 100
4 1x10° 6 6 100
5 1x10* 6 2 33.33
6 1x10° 6 0 0
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T TR TR AT LA AR/ INERNE B, X/ N LA 85
U E PR T
2.3 TEBRHBRER SE BENEERALSIESTE
LEX:0p-A

T L R FEAE 1T HE Jeaigs(&l 2)
RIL, INEGEZUTTIRE YL, SE 41 Bl i
Akan . i SRS, CB+SE 41 Bl & ek
HEDL; CON 41H1 CB 44 iR 555, 4558
W OLTBEBE B, SE JEYL 4 4H 4 BT 2L
2186 BRI PR AL . 20 B 2 L R A
fif, CB+SE ZH G NERE BT 21 A6 15 1188 X3 2 S
&, M BT AT BRIR TR REAS ISR SE IR YL 5 A AT
B A o
2.4 TERRBRENAR DY EE TSI AERER
Tk K-
241 BERHALTHHMETREIKE: Gt
FE R SRRl 3-A i, 5 CON 41F1 CB 41
FHEE, SE 41Fil CB+SE 4l E M+ TNF-a JEKH F A
IKOF- 8 2% 7} 55 (P<0.05), CB+SE 2H#; SE 414 T[4
##(P>0.05). 41, 1L-6 AU KK EAESR 4H 0] 22
SN 3 (P>0.05), CB+SE 4 IL-6 £ik/K V-4 SE
205 R (P>0.05) (& 3-B).
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Figure 1. Body weight change of mice. CON:
Negative control group; CB: Clostridium butyricum
group; SE: Salmonella enteritidis infection group;
CB+SE: Clostridium butyricum protection group.
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Figure 2. Effects of Clostridium butyricum on the morphology changes of tissue (400x). A: Liver, B: Spleen. Al:
Negative control group; A2: Salmonella enteritidis infection group; A3: Clostridium butyricum group; A4:
Clostridium butyricum protection group. B1: Negative control group; B2: Salmonella enteritidis infection group;
B3: Clostridium butyricum group; B4: Clostridium butyricum protection group.
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Figure 3. Effects of Clostridium butyricum on expression of cytokines in cecal tissues of mice infected with
Salmonella enteritidis (N=4). A: TNF-a relative mRNA expression; B: IL-6 relative mRNA expression (N=4).
P<0.05 means significant difference. CON: Negative control group; CB: Clostridium butyricum group; SE:
Salmonella enteritidis infection group; CB+SE: Clostridium butyricum protection group.

24.2 MRHEHLAH TLRAFI Myd88 EEHHIRIAK 25 TERREXIEH/NRM SE BI/NRGER
o A RAEAE X IR AL Sh TLRA 1 BRSSPI

MyD88 & [1 kAT 400, WAl 4-A 4-B OTU fCERAE S Wy FI i = B, i H QUIME 1 44:,
fiion, 5 SE #AHIL, CB+SE 4 TLR4, MyD88 X OTU £ B/ [ vh AR N FEAS 1541 S B2 AN [l
HARBAKER TR BEF BEMLANEE , DARESIRE T ] i 1y 50 i 8
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E 4. TEBBEN TLR4 #1 MyD88 & H ik Y& M1 (400x)
Figure 4. Effects of Clostridium butyricum on the expression of proteins related to MyD88 and TLR4 (400x).

Arrow pointing represents the expression level of TLR4 and MyD88. A: MyD88; B: TLR4. Al: Negative control
group; A2: Salmonella enteritidis infection group; A3: Clostridium butyricum group; A4: Clostridium butyricum
protection group. B1l: Negative control group; B2: Salmonella enteritidis infection group; B3: Clostridium
butyricum group; B4: Clostridium butyricum protection group.

FEXF N OTU $ezs il fwn it 2k (K 5) Wi pR,
W& DB B T, S REA RO m 22, 4k
38 N P % B T A I R ) 7 R R B BT
OTU, &l 5 Ui BIFEAI ot 5 55 o
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2000+ m CB+SE

1500
1000}
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Figure 5. Rarefaction curve analysis of intestinal tract.
CON: Negative control group; CB: Clostridium
butyricum group; SE: Salmonella enteritidis infection
group; CB+SE: Clostridium butyricum protection group.
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REIS ZREPER ] Chaol 8%k, ACE #5%.
Shannon 5 %1 Simpson FE¥Ck e, & 3 Wow,
TERM 4] Chaol $5%1. ACE 5% Shannon &
BB X IR RVD T R 4, R T R R
TR RE SIS IR AE W AR 1) Z2 412 (P>0.05)

Kl 6-A. B 43 B FRRTEN K58 AKCE E g/
U IE R RELL A 7ETTKF b, JRERERETT . ST
T AT T TR B TR 25 S g 2 b B
B FEMAEY, X UR AR TR S 98%
DL b o, JERER T, PRS2SR R 2

R 3. K& alpha ZHMIEL
Table 3. Alpha diversity index of each group

Items Chaolindex ACE index Tshannon _Slmpson
index index

CON 1883+57.4 2026+71.6 8.125+0.082 0.9801+0.001

SE 2196+286.8 2273+302.3 8.348+0.532 0.9801+0.009

CB 2253+181.5 2393+193.8 8.445+0.382 0.9753+0.0122
CB+SE 1847+97.32 1896+127.6 8.708+0.206 0.9848+0.005

Values in the same column with different letter superscripts
mean significant difference (P<0.05). The same as below.
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Figure 6. Microbial composition and diversity. A: Phylum classificaticl chart of flora in cecum; B: genus

classificaticl chart of flora in cecum. CON: Negative control group; CB: Clostridium butyricum group; SE:
Salmonella enteritidis infection group; CB+SE: Clostridium butyricum protection group.
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Effect of Clostridium butyricum on the pathogenicity of
Salmonella enteritidis in SPF mice
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Abstract: [Objective] To explore the effect of Clostridium butyricum on pathogenicity and protection mechanism
of Salmonella enteritidis (CVCC3377) in SPF mice. [Methods] Mice were sacrificed on the 6th day post infection
and samples of liver, spleen and cecum samples were collected. The pathological changes of liver and spleen tissue
were detected by H.E staining, the expression levels of TLR4 and MyD88 protein in spleen tissue were detected by
immunohistochemistry, and the expression levels of TNF-o and IL-6 in cecum tissue were detected by fluorescence
guantitative PCR. The effect on intestinal flora was analyzed by high-throughput sequencing. [Results]
C. butyricum could alleviate the weight loss of mice caused by Salmonella enteritidis infection. The results of HE
staining show that Clostridium butyricum could alleviate the tissue damaged by Salmonella enteritidis infection.
The results of immunohistochemistry show that Clostridium butyricum could decrease the expression levels of
TLR4 and MyD88 protein in liver and spleen tissue cells. Fluorescence quantitative PCR shows that Salmonella
enteritidis could significantly increase TNF-a in cecal tissue (P<0.05). The expression of TNF-alpha and IL-6
decreased by feeding Clostridium butyricum. The results of high throughput sequencing show that the Chao 1
index, ACE index and Shannon index of Clostridium butyricum treatment group were higher than those of the
control group and Salmonella infection group (P>0.05). Clostridium butyricum could significantly reduce the
proportion of Actinobacteria and Verrucomicrobia in intestinal microorganisms (P<0.05). In addition, the relative
abundance of Lactobacillus in intestinal microbial community increased by bacteria (P>0.05). [Conclusion]
Clostridium butyricum could improve the immunity of mice, alleviate the inflammatory reaction caused by
Salmonella infection, increase intestinal microflora diversity and regulate intestinal flora structure.
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