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Mechanism of Pediococcus pentosaceus Improving Intestinal
Flora in Mice with High-Fat Diet

WU Qiong, ZHAO Xin, DU Lixin, WANG Xiaorui, MAO Shuhong
(College of Biotechnology, Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: In order to explore the effect of gut microbes with cholesterol-lowering ability on high-fat diet-induced hypercho-
lesterolemia, in this study we isolated gut microbes with high cholesterol-lowering ability and resistance to pepsin, trypsin,
and bile salts. After selecting the dominant intestinal microorganisms for bacterial species identification, we conducted
mouse experiments to determine the body weight, organ coefficient, cholesterol content of liver and feces of mice, and fur-
ther studied their cholesterol-lowering effect. The intestinal microbe P4 with strong cholesterol-lowering ability was screened
experimentally, and identified as Pediococcus pentosaceus,which could inhibit the increase of serum cholesterol (TC) ,
triglyceride (TG) and low-density lipoprotein cholesterol (LDL-C) in mice induced by high fat diet, and also reduce choles-
terol in liver and high-density lipoprotein cholesterol (HDL-C) in serum, thus achieving the purpose of lowering blood lipids.
The microbiota composition of the mouse gut was analyzed by high-throughput sequencing experiments, and it was found
that Pediococcus pentosaceus P4 could improve hypercholesterolemia induced by high-fat diet in mice, by reducing the ratio
of Firmicutes and Bacteroidetes in the mouse gut by means of improving the composition and abundance of gut microbes.
Therefore, the screened Pediococcus pentosaceus is of great significance for the research and development of cholesterol-
lowering functional products.
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Fig. 1 Physiological properties of gut microbial cholesterol
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Tab.1 Effect of fermentation time on cholesterol removal
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Fig.2 Changes in body weight of mice
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Fig.3 Lipid levels of mice
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Tab.3 Cholesterol content in organs of mice

. JIH [ 25/ (mol- L)
S FEfifirh
X HEZH 0.84 +0.06 0.57 +0.02
HFD 41 1.04 £ 0.04 0.99 = 0.02
HFDP4 4 0.96 +0.03 0.75 +0.02
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2, & PR (Chaol $8%X . ACE #8%0) &
TR TR -YEI Z AT 5L (H) T35 AR 2 he 4R
(D) & FHARVENBEE H OTU (operational taxonomic
unit) ZFEYEKCEIHE TS Z TR A, 2R HETS
YR =E B RN Fh I 5] FE B2 5 78 55 % (coverage) £
BT , OISR AE S Rl s A ES K, 23R
BSOS W Py 25 A e A AR AEAS TR AR W i LS
. HER 4 IO, M ERTE P4 EE 8 JHW
HFDP4 41/NEUZE Y ACE F5% . Chaol 1551, Fk -
A AR EO S TXT IR, HL 2= % T HFD 4,
VLB WS Fr BRTAT P4 TR IR RE s /N R T TR
SRR DE S S 2 S e

R4 BEREDYTINo SR
Tab.4 Alpha diversity of gut microbial species

2151 ACE$8%r Chaoli§% D H  E#R
R ZH 544.88 544 0.93 5.15 0.99
HFD 4 553.25 565.75 093 561 099

HFDP4 2 560.22 572 093 574 099
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Fig. 4 Diagram of PCA analysis
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Fig. 5 Phylum and genus level composition of fecal fora of mice
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M 5 (b) ATAL: TEJR/KF- |, PRI R Y A
S24-7 B} (Muribaculaceae) . 2 ¥1 14 J& (Faecalibacu-
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AL 5t s R TR AS B 17 A /D BRUFFEIDE 1 3R
TR T /N BUFFIE B 2 (34 i, T SomE FBR TR P4 REAS
I RE /N BRI _E A HERR, ANy Ao i e,
B I UK B SR . 2R v iy L o e 35 i s o
POWE R EKTA P4 BN = B AR B 5 = /D BRI
TC.TG.LDL-C /K75 , REM i TR S BT
JUE | 2 ep R [ . WP SE U R B, O A R
PP04 5 HFD ZHAH I, X HDL-C /K347 B B 540
IMi3% TC. TG, LDL-C /KRR, 255 5 A SE R A AT
i3 lumina MiSeq V-5 & il 37, & BLSL 50
21 B TR E AL B 2 U, SR A B SN R 1E
EEYIERE, IO R EREE P4 AR & T W18
WAEYI R F . JERERE T IE B A D 5 S,
RE B A R0 A2 0 75 IR W T 1 WA 5 | ke AR o 4
I AR S A M A AT S AR RN R
(AR R AL S B QA SO IR, 5 LUR
FE TR )R ABURT BRT T 1 A8 EE AR A 0 1 P I P A 4. ik
KT, HED A JERETE ] ST R T i H e
ETh R, 5 R — R ) S R S I R B T IR
i 1) T TR 0 K T M A A T A ke B T,
HFDP4 ZJERER [ ] SHFFIT T ELEA BT TR, Lee

AEHEAREEE H38E FH20

ISR o B0, RO A BRI KID7 9w ik
o, SRR E AL, JBEREE T F IR AR,
FEBAT TR =F BERG A, JLERET | | S0P ) A9 EL B
FIT KA, B 7E — & R B LAl & g ik & S 20 i
JoE. TEASZER R, S KT P4 XN E EHERY
SN 32 BRI Ay | R A B e 0 v R RE TR ) S U
A, 5 RE i B AR S AT R T ) 2 3
5 Lee S THGRFSESE AN, A6 o 5 s A
BREA P4 S5, WP B R | S AT
IR EE A BRI, PRI/ )N BRI e e il R B R A f
LAk, OB R ERDE P4 MDA B B0 TR IR IR RS
SN TE A, AT st E b S ik
AR FEAH S 1Y) Mogibacterodies . Mucispirillum
JOUFFTRT i RS BRTRT i A X = B T S 3.

L5 L FTIR, ARSI A B OB R TR P4 A ARSR
S 6 B 3 2 TR A I SR I b SRR
[, TEm AR IR/ N R, OB 3K P4 REfERE
(VAN =R %N i TS Qi A T = (A [
o, DR R RS /NI TC L TG LDL-C
AR TR, BEAb, IOHE R EREE P4 S I AE /N BRI
T EREG T TSI T 109 HU(E AR B SR, X iy

B IMLAE | JE A LS .

SE k-

[1] HASSAN A,DIN A U,ZHU Y, et al. Updates in under-
standing the hypocholesterolemia effect of probiotics on
atherosclerosis[J]. Applied microbiology and biotech-
nology,2019,103 (15) : 5993-6006.

[2] MAC,ZHANG S,LU J, et al. Screening for cholesterol-
lowering probiotics from lactic acid bacteria isolated
from corn silage based on three hypothesized path-
ways[J]. International journal molecular sciences, 2019,
20(9) : 2073-2085.

[3] REID G. Probiotics: definition, scope and mechanisms of
action[J]. Baillieres best practice and research clinical
gastroenterology, 2016,30 (1) : 17-25.

[4] MAJEED M,MAJEED S,NAGABHUSHANAM K, et
al. Evaluation of the in vitro cholesterol-lowering activity
of the probiotic strain Bacilluscoagulans MTCC
5856[J]. International journal of food science and tech-
nology, 2019, 54 (1) : 212-220.

[5] Zx. FLEREE KRR FL™ M4 55K 3 R 40w i ik
HIBFSE D], BUH - WK, 2015.

(F4%£% 69 )



2023 4 4 A

£ OPh, S BT AR ST WPy 2SR FUE A A 2 R AL

- 69 -

S 3Lk

(1]

(2]

[3]

(4]

[5]

SAKTHIVEL V P,SATHYA P D. Single and multi-area
multi-fuel economic dispatch using a fuzzified squirrel
search algorithm[J]. Protection and control of modern
power systems, 2021, 6 (1) : 1-11.

CHIANG C L. Improved genetic algorithm for power
economic dispatch of units with valve-point effects and
multiple fuels[J]. IEEE Transactions on power systems,
2005,20(4) : 1690-1699.

LIN C E, VIVIANI G L. Hierarchical economic dispatch
for piecewise quadratic cost functions[J]. IEEE Transac-
tions on power apparatus & systems, 2007, 103(6) :
1170-1175.

HEMAMALINI S, SIMON S P. Maclaurin series-based
Lagrangian method for economic dispatch with valve-
point effect[J]. IET Generation transmission & distribu-
tion, 2009, 3 (9) : 859-871.

FEP, R, BE TN G 4R 22 oy SEAE 2R 2 B

6]

[7]

[8]

(9]

[10]

J R D0, FHEEHL T AR S0 L 2018, 54(15)
221-228.
VO D N, SCHEGNER P, ONGSAKUL W. Cuckoo
search algorithm for non-convex economic dispatch[J].
IET Generation transmission & distribution, 2013,7(6) :
645-654.
B, BT, X, CMA-ES S3EAL M 48 2 4 254
TR (3], W IR EEFE TR AE 24, 2017, 22(2) ¢
140-144.
PRi T, 70, 20T, T 5 R -K TR
BB REATRE ], Trm Kk, 2022,
5(1):1-7.
R, fhEath, DA, TR R A A P LI
PRGBS 1], AN, 2022, 41 (8) :33-37.
MENG A, LIJ, YIN H. An efficient crisscross optimiza-
tion solution to large-scale non-convex economic load
dispatch with multiple fuel types and valve-point ef-
fects[J]. Energy, 2016, 113:1147-1161.

REGRE: R

(L% 34 W)

[6]

(7]

[8]

[9]

[10]

[11]

[12]

WRES , AR , EUK A, i A AR e E [ B A 5
L] Tk flAEY), 2020, 50 (4) - 52-58.

WRIAT, e, 2200, 55, A WEAR M [ BERE 7 19 25
AR L], bR, 2018, 43 (11) : 7-11,
CORTES-HERRERA C, ARTVAIA G, LEIVA A,et al.
Liquid chromatography analysis of common nutritional
components, in feed and food[J]. Foods,2018,8(1) : 1-
63.

FFEL R, HRL AF. SRR KT PPO4 3 1 98 1 IR o
RSN 18 R AS I GE R IR IR 5 CSTBL/GN /)
Sl g R LAE [C /b [ SRR F 2. R iR
FHARESW PR, et P EE MR
22%,2020.

KONG H H,CONLAN S,GRICE E A, et al. Topog-
raphical and temporal diversity of the human skin micro-
biome[J]. Science, 2009, 324 (5931) : 1190-1192.
AEVLER, /NG XUBH 2. R T e 3 A0 ERa0E 9 4L
AR (], ALt R B SE TRE, 2013 (5) : 463
466.

TONG A J,HU R K, WU L X, et al. Ganoderma poly-
saccharide and chitosan synergistically ameliorate lipid
metabolic disorders and modulate gut microbiota com-

position in high fat diet-fed golden hamsters[J]. Journal

[13]

[14]

[15]

[16]

[17]

[18]

of food biochemistry, 2020, 44 (1) : €13109.
SCHETZ M, DE J A,DEANE A M, et al. Obesity in the
critically ill: a narrative review [J]. Intensive care medi-
cine, 2019, 45(6) : 757-769.
WANG Y,YOU Y, TIAN Y,et al. Pediococcus pento-
saceus PP04 ameliorates high-fat diet-induced hyperlipi-
demia by regulating lipid metabolism in C57BL/6N
mice[J]. Journal of agricultural and food chemistry,
2020, 68(51) : 15154-15163.
KRAJMALNIK-BROWN R,ILHAN Z E,KANG D W,
et al. Effects of gut microbes on nutrient absorption and
energy regulation[J]. Nutrition in clinical practice ,
2012,27(2) :201-214.
DUGAS LR, FULLER M, GILBERT J, et al. The obese
gut microbiome across the epidemiologic transition[J].
Emerging themes in epidemiology, 2016, 13: 2.
INEAR IR E . I8 AR 25 5 T IR ARG 5 1
(0], Akl 2016,28 (11) : 1405-1409.
LEENY,YOON S J,HAN D H, et al. Lactobacillus and
Pediococcus ameliorate progression of non-alcoholic
fatty liver disease through modulation of the gut micro-
biome[J]. Gut microbes, 2020, 11 (4) : 882-899.
RERE: A



