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2 r L S A o) o A s T R A G i U T S R B DR e I SRR R, JEaT 102206
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B B (¥F] ahizrohEhrRt 2ok RE, R5MERAHNTHEMX. LRE
FRABTRITED HABBLEMEIERIE S, [ 869 ARG K LA & (Loigolactobacillus
coryniformis) Lc7 *t & 8 i & R i Fe i 8 B AR 69 Fom . [ ik ] B4R g g E e A&
fefyEAE R, #F L. coryniformisLe7 @ &&, T 6 A E4&N e R fgK-F. foif Xz R FF g
S MR, MEATLAL AW NG LA R 69 R T AL, KA 16S rRNA AR Y 34 F 05 0478 WA %5
ey H A, [4 %] L. coryniformis Le7 FREERIKT &85 o A R & 4 A2 B B2
(P<0.001). Hih = B8 Ao (K 5 IS & & J2 B B3 (P<0.05)89 K-F. #t 5 T ok 5 A& G 2B B
89 7KF(P<0.001). MK T f & & mle/~%-1p (P<0.05). & A% -6 (P<0.01)F=fl§ % #&(P<0.05)
KT, BRBT IR T RGITULB G F i AL ISR, HET MEREN S HK
Fatk My, BART BEEH 115 AT E 114050 F 69 I 1E(P<0.05), 7135 T SUATE L B A AT 8 B5 M
HEA AR AAXT FE, BT B4 B A Negativibacillus #9485t F &, FATH BeAxT FE 5 %
fB ) B% 3K E 2 EAR % (P<0.01). [#25+ ] L. coryniformisLc7 =T &6 RS RS F40, A mE @2,
%G5 ednit. #7 L. coryniformis Le7 =T vAYE A TR A=id 97 5 A8 fo i 69 4% 18 A AR

SR BB RIATE: BShE; Mg
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Loigolactobacillus coryniformis Le7 reduces serum lipids and
modulates gut microbiota in hyperlipidemic hamsters

WANG Ruoshi'?, ZHANG Suping®, ZHANG Shuwei'?, XU Mingchao®, LIN Xiaoying'?,
ZHAO Ruiqing'?, LU Yao®, YANG Jing®*, XU Jianguo *?, LIU Liyun"***

1 School of Public Health, Nanjing Medical University, Nanjing 211166, Jiangsu, China

2 National Key Laboratory of Intelligent Tracking and Forecasting for Infectious Diseases, National Institute for
Communicable Disease Control and Prevention, Chinese Center for Disease Control and Prevention,
Beijing 102206, China

3 Research Units of Discovery of Unknown Bacteria and Function, Chinese Academy of Medical Sciences,
Beijing 102206, China

4 Hebei Key Laboratory of Intractable Pathogens, Shijiazhuang Center for Disease Control and Prevention,
Shijiazhuang 050010, Hebei, China

Abstract: [Background] Hyperlipidemia, a key risk factor for cardiovascular diseases, is
associated with gut microbiota. Lactic acid bacteria and other probiotics can lower the blood lipid
levels by regulating gut microbiota. [Objective] To investigate the effects of Loigolactobacillus
coryniformis Lc7 on the serum lipid levels and gut microbiota in hyperlipidemic hamsters.
[Methods] The hyperlipidemic hamster model was established with a high-fat diet and then
administrated with L. coryniformis Lc7 suspension or phosphate buffered saline by gavage for
6 weeks. The serum levels of lipids and inflammatory cytokines and the pathological changes of
the liver and epididymal adipose tissues in hamsters were measured. Furthermore, 16S rRNA gene
amplicon sequencing was employed to analyze the gut microbiota in cecal contents. [Results]
Oral administration of L. coryniformis Lc7 in hyperlipidemic hamsters lowered the serum levels
of total cholesterol (P<0.001), triglyceride, and low-density lipoprotein cholesterol (P<0.05) and
elevated the serum level of high-density lipoprotein cholesterol (P<0.001). Moreover, it reduced
the serum levels of interleukin-1B (P<0.05), interleukin-6 (P<0.01), and lipopolysaccharide
(P<0.05) and attenuated liver tissue injury and epididymal fat accumulation induced by the
high-fat diet. Furthermore, the intervention improved the diversity and structure of gut
microbiota, as manifested by the decreased ratio of Firmicutes to Bacteroidota (P<0.05),
increased relative abundance of beneficial bacteria such as Oscillibacter and Bacteroides, and
decreased relative abundance of Helicobacter and Negativibacillus in hyperlipidemic hamsters.
The relative abundance of Helicobacter was positively correlated with the concentration of total
cholesterol (P<0.01). [Conclusion] L. coryniformis Lc7 can ameliorate lipid metabolism disorder
and modulate gut microbiota in hyperlipidemic hamsters, serving as a promising candidate for the
prevention and treatment of hyperlipidaemia.

Keywords: Loigolactobacillus coryniformis; hyperlipidemia; gut microbiota; serum lipids

1 JIg MILAE A2 45 B8 A i Z= L 5 AL 19 1 i 7K 1 JH [ /% (low-density lipoprotein cholesterol,
SR, TR I S HE RS (total cholesterol, LDL-C) 7K ¥ F+ 5 DA I 75 % FBE g 25 F1 AH (3] i
TC). H iyl =& (triglycerides, TG) MK B g 2 (high-density lipoprotein cholesterol, HDL-C)7K
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SRR, WA AT Bon, R ILE 5 3
K RS A B A R o i S5O I 7B 5 3 118 K A L
Ja AR il il i 28 iR B T6 S bk ok R
il Ak 0> ML 45 975 (atherosclerotic  cardiovascular
disease, ASCVD)HY & Z 5 !

R, = R IUAE 55 M 18 T R A A A
YIMG, MW ZHEYS TG Bk, 5
HDL-C 2IEACY, sh#3emmiEss, 7Emgix
BWRFET, TR/ BRI K5 JoRe e o e A
(specific pathogen free, SPF)&Z/INflAH L HAIEE,
1 H, 8 A IAE S A B 206 T RS A 31 I T /)
IR AN EOT LA N = AP 3Ry
WA R Bon, ARG URE S A B
M, ALY FLAT i (Lactobacillus plantarum)
FBh ¥y BUEFT P (Bifi dobacterium animalis) 7 P4 A%
— 4 35 AR AT AT, 2 0 e — e 25
i, 40 L. plantarumQ180, AJ LB B FEAK g,
[[OREMEN: /B IR 4 R oy SEAy AR Rl I e |
g 25 TR AT DAAE A 10 B G Y7 s B IUAE AT B o

¥ Ak 8 W FL FF i (Loigolactobacillus
coryniformis) J5& 45 # AR FL #T # (Lactobacillus
coryniformis), J& FFLATEEN, Al 5wl pg £
A2 BB . DU LIRS AR [
ek a5 AR ohREN . WFSE K BL—Fk L. coryniformis
CECTS5711 i i 235 il i i M s 1 HEJE /)N
B JHE U A 1D 2 2 S By, I el T i
Nz el AR IR BT 7% 26 W% R pk ik B
G B PR AR T e Ah, L. coryniformis
MXJ32 ] 3 o 365 38 TR R I 1 R E, 57
fift /N R 45 i R AR S 8 B e i IR o OIS
)38 L. coryniformis AUFEIE1E T .

AR PR ZH i S5 4 B N FEE AR AR rp
Ay B A58 —4k L. coryniformis Le7, i i b HifA
Hh g AR FR NPT R TS 1T, R BUZ T bR
HA PR Ee ERENC . RAE RN 25 & 8 I

JEF ASCVD 1R RN RN, EBRIR R %
% /N (International Lipid Expert Panel, ILEP)
AR 78 H A PR RV R R g i DL TR
ASCVDM™, [H, AMFSE BFERZ L. coryniformis
L7 X i 1M 6 Bl I i 7R iz 3 TR A 1 52

1 MER5r%

1.1 #&m

L. coryniformis Le7 435 H fat 5 i\ & fHAE
AU S TR R AT 3 3 B ) R R R
%IEEFPID(China General Microbiological Culture
Collection Center, CGMCC),

SPF 2t 6-8 Jil % e 1 4 10 AUA W4 B
[(125+15) g], dbat4Eim 4L SL 50 sh PR A FR
NAIFEBHS: SCXK () 2021-0006]; S5
SN % T v s 1 4 o vh O SR S b
OOEBHS: SYXK (5T) 2022-0029], A KR
JER(2343) °C, MHXHRER 40%-50%, SGHR
JRSAS 12 hotBE/12 h BRE . L 5E b R T
B 455 il b 52 3 Bl W A R A B DY o o A
(Appl. No. 2022-036),

1.2 EFEMEEIRNF, L

MRS ZFfig K57 5, Oxoid A H|. PBS,
Invitrogen A F) ; TCHRMEA & . TG KI5
& . LDL-C a7 & . HDL-C i) &,
403/ %-1p (interleukin-1p, IL-1B) ELISA iz
&, AN E-6 (IL-6) ELISA X7l & . Mg
WHL A F-a (tumor necrosis factor-o, TNF-a)
ELISA 7 & M Jig Z B (lipopolysaccharide, LPS)
ELISA i#jfl £, R&D SYSTEM 2A#]; Arifidik
(D12102)F1 =5 g 1A RH(D12108C), /NEA ZE (AL
FOAEYRHEABRAF ;. TGuide S96 ffERILZE(E
DNA $2Buli &, RMRAEMRHE L) AR
Fl; DNA Zfifbif#] &, Omega Bio-Tek 24 H],

CO, HiFw 4, HWINT 5 Es BHH AT PR
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Al AZ R, AP EIRAE 4 Cll
2L, Sigma Al AT, Omega
Bio-Tek 23] ; FFR{Y, Rayto 237); Qsep-400
il AR R B A, St A MR R A
FRA W
1.3 SEMECRIERES. HEMLE

TENPEMETE 1 AR 24 RO R A 3 41,
A 8 H(2 R/, 7B iEHE X R INC 41).
T NEAR R 4 (HFD 4H) 1 L. coryniformis Le7 15
H(Le7 THZH). M AR LA ZEMEREA th 43 1
4% L. coryniformis Lc7"%, ¥ L. coryniformis
Lc7 545 T MRS B HE 72 3, 7E37 °C. 5% CO,
WEE T HSE 24 h J5H PBS il B . BlfS T
T~ T 8. NC A% FinERE(D12102),
HFD 41 F1 Le7 T4l 4 7l ik (D12108C);
X§ NC 21 F1 HFD 214 bl H#EH PBS 1 mL/H,
Le7 T4 54 H#EE L. coryniformis Le7 # &
W1 mL/H (2 3x10° CFU), EEEE 6 .,
TR A A R — M fa FeR 0L, &R &4
WABOAAE ., s wnt, SR 12,
R S5 R4 T E S ikl s REEE N,
RS B T80 °CUKMIRAT; WA FIE AN
MISERRTALE, BT 4% 1R
1.4 HERAEMEANELERTE

MR A X (D) FA X Q) % 6 R BE
A AR AL
RE 5t 40 A i (keal) =Tl BHE A B (2) = 1) B} RE £ 25

Ji (kcal/g) (1)
Tl RHeE AL % (g/keal =0 LA T 1 B (g)/RE BB A
& (keal) (2)

1.5 MFES IErRiaN

AIMFEE 2 hJ5 4 °C. 3500 r/min &0 10 min
WM, # M TC. TG. LDL-C il HDL-C ¥
Rm Wt g DA I OE ot (SO A B A S s i o VR b
#HH TC. TG, LDL-C fil HDL-C By ¥ 5 4341l

FEMRIL-1B. IL-6. TNF-o i LPS ELISA X7 &
VLA SRR, (0 T AR G 2 1 5 H TL-1B
IL-6. TNF-a Fl LPS [ .
1.6 HLATRIBZHN

Z BRI ER B A Ve . A R
ZREDIAHLS 4% 2 R RS E LR, KR
W PR, 3RS 4 um WAL R, G
18 13 R ANE - 2L (hematoxylin-eosin, HE)JL {47
25 5N 200 18557 S A BE T S JH I 52 A
[l 20 200 PR & 22 28 4k
1.7 16S rRNA EFE¥ EFNFMEMER
vk

f#i ] TGuide S96 Mk fH DNA $2HUL
F &N W N A YRR rp 4 IO AR ) ik TR 2
DNA, ##f 16S rRNA JE[K V3-V4 7] 45 [X (138
5197 338F (5'-ACTCCTACGGGAGGCAGCA-3')
#1 806R (5-GGACTACHVGGGTWTCTAAT-3")
AT PCRY M, PCRIZMARA(10 pL): FEF L
DNA 50 ng, iF. J2[a5#)(10 pmol/L)4% 0.3 L,
KOD FX Neo Buffer 5 uL., dNTPs (2 mmol/L)
2 uL, KOD FX Neo (1 U/uL) 0.2 uL, ddH,O #b
/& 10 Lo PCR KM% : 95 °C 5 min; 95 °C
30 s, 50 °C 30 s, 72 °C 40 s, 25 PMEH;
72 °C 7 min, ¥ 3P H Omega DNA #lifbixk
FlEaifk, g Qsep-400 &l gAY H B4 M
A A A, ¥ PR G A% B SCEAE llumina
NovaSeq 6000 *F-5 _FMF . DL By TAEhdL
oH R A YR R w58

& F§ BMKCloud (www.biocloud.net) X}l
AT 0. WP P45 B DL FASTQ #4K
eI T L v, (] QIIME 2P%4k {4
() DADA2P 5 i3t P Sk T R MR ARy 7 17
51|74 554K (amplicon sequence variants, ASVs), L)
SILVA 1382134 2 25 S 4ig J2¢ fof FF A28 DL 07 4
FKARXT ASVs HEATHIRERE . A QIIME 2 &
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PEXFRE S o ZFEE 4R B AT AL BT
Unweighted UniFrac P25, KA E ARk
(principal coordinates analysis, PCoA)FITE MY
2l -3 1 (unweighted pair-group method with
arithmetic mean, UPGMA)FFAEEEA B ZHE1:
i# 1) line discriminant analysis (LDA) effect size
(LEfSe) 53 Hr HI 2 [ 76 F JF F A Giit =% 5
FPIF(LDA>3.5, P<0.05), H+# LDA {HFER
P hoRT 22 S RBOCREE MR A RN
1.8 SitZESMH

{&i F} GraphPad Prism 9.5.1 # 4%t $ s 51 7
Geit o, APRVIERHEZE RN . B eX &
BRI TIES YRS, X T IEZA A i
AR T 255, R A R EOUA R 5 2253
Mr(analysis of variance, ANOVA)FI Dunnett-t 5 55
HEAT Z LI LU RS RN T LA, 5 5 22855, T
% FH Welch and Brown-Forsythe ANOVA AT
] 22 ARG s X FARIE S EUE, SRAEE
ZHRS . #H Spearman HH2¢ REUMT A IE
T 20 1] 2 55 1 8 %) = 3 R 00 95 26 Ak 48 ik i AH G
P, JFiE I BT 55 R K B (false discovery
rate, FDR)#) BH (Benjamini-Hochberg)ik it 17 %
HERRKERIE. P<0.05 i, INhESHESIT

ALY NN
?‘/E'\X o

2 EREG5M

2.1 Loigolactobacillus coryniformis Le7 Xt
=1 BB MLE & FR AR E A 055 & L is R B 22

E 1A-1C fon, 3 dRAEISK IO B
25 (P>0.05), HFD At RBAREERT
NC 41 (P<0.01), Ifi fal #} % 4k R L B 2= 7
(P>0.05); HFD 4 #1 Lc7 T FiZH (O RE 45 A &
FREHE AL R 35 o . 22 7 (P>0.05).

WK 1D-1G Fizn, 5 NCHMHI, HFD 4
O B TC. TG Ml LDL-C Mk B B 2 T

HDL-C ¥ i 12 2 FEAIR(P<0.001), 275 i I Il
i B B RSN s Le7 T H4H 4 BRI TC
(P<0.001). TG I LDL-C (P<0.05)¥k i i E A%
F HFD 4, HDL-C Mk EE &+ HFD 4
(P<0.001), RS L. coryniformis Lc7 45U
3 T e N IUAE 6 R I 5 o

1M A 55 FUIE M AR RE B VARG, I A
A A B F- (14 7K1 AT L S BRI o ) e B AR
JEP 4nE 1H-1K iR, 5 NC 4k, HFD
H AL B IL-1B. IL-6. TNF-a F1 LPS Y EF
T+ (P<0.001); 5 HFD AL, Le7 T
HA M IL-1p (P<0.05). IL-6 (P<0.01)F1
LPS (P<0.05) ¥k F i FREAR, TNF-o WEHA
JIRBEAS, HIESE T4 X (P>0.05), 45530,
7 L. coryniformis Le7 REMSFEAL O B NE k&
5 | JE 114 L 975 R RE IR 7 1 LPS YR FE () T o
2.2 Loigolactobacillus coryniformis Le7 Xt
=EMECRAAFHELAMMERRERELS
A

PR AR I B A 23 5 RS JHE U By 28 4 ¢
RESV . A0 2A s, NC 416 BRI 4 i 7
BIEHE, HEPEST, ThENIZEM: . HFD 46K
JWEA B HES TCIY , ARFRIE R, AT DL oR I8 PE T
MR DT A8 P, BT IR R AR R R B
/NRE T CHE 0T S )5 3040 JH A B A2 AROBR A AR
PE, BT AAIR G (FF BT R) s /N AT L
FRCFE JF 200 J /DN R TR B8 £ bk B4 A4 v 10 (4 £
ik )s T 52 JE BB AT UL 2T 4 40 U8 A (4 B R
k). 5 HFD #MitL, Le7 THA R ERSE
BRI EER, AN NG, 40 e
BRESE, MRS PERR B, ATy Al Wt /Mg
T IR s RAER AR, 4 Bk
AR D, /N N RTDL2b JEE AT  SCER SR BT
PEMRE MR TE, 36 L. coryniformis Lc7 2%
fife T B e kB g L R SR 245 5
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A B C
200~ e NC 4000 - 0.04
dk =3
= HFD ~ E
R 180 g 3000 § 0.03
2 P =
— v (o}
£ 160 £ 2000 - 8 0.02
.- .— Q
140 2 1000 2 0.01
© 2
12 .
¢ L NC HFD Lc7 0 NC HFD Le¢7
D E F G
8.0 4.0 25 25 sk seokk
- = I 3 20 =
=60} 5 3.0F g 2
E £ g £
E E - I,S R
E = 9 o
o 4.0 — E 2.0+ N v
= Q1.0 a
= =) ~ T
=2 L o 1 ] =)
g 0 3 1r 205 5
7 A
00 NC HFD Lc7 e NC HFD Lc7 B NC HFD Lc7 NC HFD Lc7
H I J K
= | = & =
=) 2 &b
S 30| I 3120— = 180 2 60
= _ AW <" Ik ¢ | L

<

N
[}

‘

JEN [(HEE (HEE

NC HFD Lc7 NC HFD Lc7 NC HFD Lc7 NC HFD Lc7

1 Loigolactobacillus coryniformis Le7 M &SEMECRMAE. B, MAS/KE. M5 KR FFAE
SEEKFERFMm  A: [KE. B: BEREIEAR. C: WA L. D: i SEEEE(TC). E: IfiE Hh =
BE(TG). F: ML R BEAR 2 (1 IE I BE(LDL-C). G: L i % BE A 2 MRS B (HDL-C). H: I3 (140
M 2-1B (IL-1B). 1. I FI40EN K -6 (IL-6). J: I MRS F-a (TNF-a). K. Il 5 Z 5 (LPS).
NC: IE¥XHEZH; HFD: SIS ; Le7: L. coryniformisLe7 THigH. ¥ (b5 i 2 (n=8)

Figure 1 Effects of Loigolactobacillus coryniformis Lc7 on weight, food intake, and the serum levels of
lipids, inflammatory cytokines, and lipopolysaccharide in hyperlipidemic hamsters. A: Weight. B: Caloric
intake. C: Feed efficiency. D: Serum TC. E: Serum TG. F: Serum LDL-C. G: Serum HDL-C. H: Serum IL-1p.
I: Serum IL-6. J: Serum TNF-a. K: Serum LPS. NC: Normal control group; HFD: High-fat diet group; Lc7:

L. coryniformis Lc7 administrated group. Values represent the mean+tstandard deviation (n=8). *: P<0.05; **:
P<0.01; ***: P<0.001.
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25x%

200%

B
b}
2+ ¥
% { i
i rd
r s 1
} / 7 4 b 2 B
= 1 P b - \
B - « = P =
2 & 3 {4 . Y : B P 7
8 L g » “-) = (. 4
\‘ - ! = e s 4
' &/ ~ L Y . A I ‘ :
NC HFD Lc7

2 Loigolactobacillus coryniformis Le7 3 & AR ML & RAT LA Z AR AL SHEmE A I
HAHE Qe Y] A&l B: WISEAEINTZH4 HE Qe d) A 181 NC: IEW X2 ; HFD: mIEHALA; LeT:
L. coryniformis Le7 T2, @ fik: /IEH; HES . RS, ok EHERE; 20
Rk YRS ROFEk . ARBOUEE B R FE—REACE. FRR: 1 000 um (25%),
100 um (200x)

Figure 2 Effects of Loigolactobacillus coryniformis Lc7 on the morphology of the liver and epididymal
adipose tissue in hyperlipidemic hamsters. A: Representative images of the liver tissue stained with HE. B:
Representative images of the epididymal adipose tissue stained with HE. Blue arrow: Small fat droplet; Cyan
arrow: Ballooning degeneration; Green arrow: Lymphocytic infiltrate; Red arrow: Fibrosis; Black arrow: A
same position in visual field under the microscope of different magnification. NC: Normal control group;
HFD: High-fat diet group; Lc7: L. coryniformis Lc7 administrated group. Scale bar: 1 000 um (25x), 100 um
(200x).
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o R I 2 TNk g 17 A i A RE L fd
HAAERY K, WK 2B i, NCA GRS
U5 40 B /N IE Ry, HFD 216 OB S2 8 7 4 it 1
R 3K s 5 HFD AL, Le7 THIZ B R
B S i 17 L AR N , B TIE R, DLW
L. coryniformis Le7 958 1 i A IL5E € R 5215
D7 2H 2R ) i s AR
2.3 Loigolactobacillus coryniformis Le7 %
= BE I E € R A7 & & B AV 52 M
2.3.1 Loigolactobacillus coryniformis Le7 %
=B ILYE € RAEE R LM A S a2 0

AR Chaol $5%F1 Shannon $i5 £5 iy
HOREMNAEYETR o 2R, E 3A BT
7N, 3 4[E] Chaol FEEICEEM: 25 (P>0.05),
& 3B i, HFD 41 Shannon #8405 NC 41
A EL O B 3 PE 22 % (P>0.05); Le7 T LA
Shannon 8% {2 % = F HFD 41(P<0.01), $i#
1£ L. coryniformis Le7 WFHF, R MLAE 6
B 38 G B 0 b 22 R D S G

it PCoA F1 UPGMA i & JIE ILAE € R
R B ZFEVEHEAT /0 HT . PCoA ZpHT4s R
WK 3C Fis, SHNHEARGREE R, &
A AEA W B, AR, AR 23 A
(analysis of similarities, Anosim)Z5 BN, £
HE R ERHEWAATEREEES
(P=0.001); 5 HFD 414k, Lc7 THi4lF NC
HZAREA A B B 0, Ui Le7 T 4L
NC Yy Fl i B UM . ek, ABFgE Al
 UPGMA J: Tk Z REERREA A TIZ IR
%, UURERBIE AR T & AR A B AHE
ZEIRUNE 3D FiR, HFD dREAR A S| —
Moy, Le7 T NC AFEA N RE h—
Kk, B Le7 FHILLA NC 46 B IHE E 2
S AL, 5 PCoA #r&i RAAFF . LU by
FrH, L. coryniformis Lc7 T A] 225 & Ag I

iE S B T8 R A5, JF TS T IER .

Kl 3E JEos T AR FRERT 10 ALRY BT, 4%
HERWMEWHAETT K LLUEREREI]
(Firmicutes) . f8L#T 1] (Bacteroidota) Al i 5 i
I'J(Desulfobacterota)ky &= . &l 3F J&/x T AHXTF
FERT 10 AR R, NC AR E b BIRHE
NK4A136 #¥(Lachnospiraceae NK4A136 group)
FHMA A AT P& ¥ (Eubacterium_ruminantium_group)
%, HFD AWML H W JE bW H K w8
(Ruminococcus) ki 4 FLAF TR 4, Le7 T Hildd
FERGMNHEBNEEREE. ERER
NK4A136 #f . %5l #T 1 J& (Colidextribacter) il
¥ ¥ E AT 1 B (Eubacterium siraeum group)
A5 RN L. coryniformis Le7 1%t & i
M5 6 BV 1 TR A ) T2 TRV o3 A — 2 1Y
SN
2.3.2 Loigolactobacillus coryniformis Le7 Xt
=EIECRBERFFEE TN

B SR J7 22 0 BT e T 1K Fe 3 4% A ]
B A YRR PR 225, W 4A R,
NC ZHF1 HFD 20 JEERE TR [ ] 5 40UFF B 1) AR X 2 2
(A E AR TG 35 M 22 57.(P>0.05), 1fi Le7 T Hidd
JEREGE ] S HUFF A 109 LU 2 (KT HFD 41
(P<0.05). nl&l 4B r7x, 5 NC 44k, HFD
21725 th AT ] (Campyl obacterota) A Xt 4 fF i
Thws Le7 TR BT i T m e oo i
0 25l A T DA R SE B B T (P<0.01) . Ui
Gh, WE 4C i, Le7 T WAL MR AT I 1]
(Acidobacteriota) #f X F= & & % & F HFD 4
(P<0.05).,

WL LEfSe 23 Mr i vt 4 46 B 18 W A 7E
BOKERE A A G222 R MK T, 4
KUK 4D Friw, fERKFE, BIEEER
(Lachnospiraceae) Fil %) ik Bk i #F(Myxococcaceae)
TENC 54, B4R Helicobacteraceae)
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3 Loigolactobacillus coryniformis Le7 3= BEMMECRFIEEEE o ZHEM . B ZHEMMMEDEE
SFBIEM  A: Chaol #5%%. B: Shannon #5%%. C: 3L Unweighted UniFrac i & i PCoA 43-#t (FH M
PESM S, D: 3T Unweighted UniFrac f5 25 # UPGMA 2347, E: [ 17K A3 28850 A (FE X 32 FE BT 10).

F: JEAEDIEBE DA (FXTERERT 10). NC: 1EH X BE4L

Le7 T4
Figure 3  Effects of Loigolactobacillus coryniformis Lc7 on alpha diversity, beta diversity and the microflora
distribution of gut microbiota in hyperlipidemic hamsters. A: Chaol index. B: Shannon index. C: PCoA analysis
based on Unweighted UniFrac distance. D: UPGMA analysis based on Unweighted UniFrac distance. E:
Taxonomic distribution of phylum level (top 10). F: Taxonomic distribution of genus level (top 10). NC: Normal
control group; HFD: High-fat diet group; Lc7: L. coryniformis Lc7 administrated group. n=6. **: P<0.01.
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4 Loigolactobacillus coryniformis Le7 SIS AR MAE S RAFEREFABE RN A: JEEERT 14U
FFARTTHAE. B: SHNFFRETTAXTFREE. C: BT TAHXTFEE. D: BKEFJE K LEfSe 04T (LDA>3.5).
NC: IEWXIE4]; HFD: MR M4 ; Le7: L. coryniformis Le7 T4l

Figure 4 Effects of Loigolactobacillus coryniformis Lc7 on the differences between groups of gut
microbiota in hyperlipidemic hamsters. A: Firmicutes/Bacteroidota ratio. B: The relative abundance of
Campylobacterota. C: The relative abundance of Acidobacteriota. D: LEfSe analysis from family to genus

levels (LDA>3.5). NC: Normal control group; HFD: High-fat diet group; Lc7: L. coryniformis Lc7
administrated group. n=6. *: P<0.05; **: P<0.01.
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FRARA F BE7E HFD b T, Le7 T 1l
i 42 JiE 14 #} (Oscillospiraceae) . i i 9K & &
(Desulfovibrionaceae) . #1fT F#}(Bacteroidaceae)
F1% 25 IR [C 1 B (Prevotel laceae) 14 A1 X = 5 5
Fm T NC 41f1 HFD 41, #J@/KF- 1, NC 4
IR 48 ¥E FT 1 J8 (Anaerostipes) Fl 46 B FT & #
(Eubacterium brachy group) ' # &%, HFD 4
2R 1 J& (Helicobacter ) A1 Negativibacillus it 4
xif 425 B TR, 5 NC 4181 HFD 4, Le7
TP EAT A RE . S5 . B
J& (Oscillibacter) . ##1 )& (Bacteroides) . i
i & W )& (Fournierella) . i % 9K i )&
(Desulfovibrio) . & IH 1% J& (Bilophila) . ¥ 75 ik [T
Al UCG-001 (Prevotellaceae UCG-001)A1FE
AL UCG-006 (Lachnospiraceae UCG-006)
ARG = B2 S 2 4

24 CREPEEHNEREEREFESESE
LA FRAVFE X o 4R

Ry i — 2R i 1 TR 8 A28 Xk v A i
R FEI, AR X & 4 ] 22 57 TR S8 1 AR G
FREEH MG . RAERF A LPS /K- 474
KB . SR 5 FR, NC AP EER
PRAA R T T A AT iR B A E RS TG
W5 AR OG(P<0.05), Hor, IRAEFTHE
HIAEXT FRER S LPS MR JE 52 17 4H 3¢ (P<0.01),
HFD 41 H & 42 RIS AT B @ R AR X 2 B2 5 TC We i
AL —3, FAAEIEAGE R (P<0.01),

3 W54 #®

W28 L. coryniformis HAg #4110
338 5 S 3 I 24 U3 TR i 2 RS SR T M A o AR
B sk U2 A o A A o = A I AE G BRE AT

& & S
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& &g D ’
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X § Y
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& & ¢ o/ & o
o o/ '\:’ \} 4 & \0 é}u Q(.‘QJ & ";\‘\
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§ L A F XTIy R
SIS FITSTEITISS§
R P F T T P IO TN
LN ¥ A NG ¥ 0 W) ) {
PR LY OPTF LG QT TR o
e 2 l
TG
B 0.5
EDLAG
HDL-C
F40.0
IL-1p
L6
B 0.5
TNF-u l
LPS
-1.0

& s
X RO, BIEBIR, A M R

EEFHERNEFERBENFEESMBRR. KERFF LPS REHEX M
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Figure 5 Correlation between the relative abundance of significant different genera of gut microbiota and
the concentration of serum lipid, inflammatory cytokines and lipopolysaccharide. Red indicates a positive
correlation, and blue indicates a negative correlation. The intensity of the color represents the degree of

correlation. N=6. *: P<0.05; **: P<0.01.
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HEH T, KRBT A R RN A AR Y
L. coryniformis Le7 HA A i g A1 15 i 38 7
FERPEH

= 5y S AR S IR NV A =R IRy v ]
UURR, TS B AE IR B A8 1Y AT &
B, #EH PP E (Lactobacillus reuteri) 263
AT LA 2 AR R A C B IR K-, IR iis
& RUFBERR & BRI AEPE, L. coryniformis
J& TR RERE, A 503 B R A 5 AT B
e ARRFSE R BIREE L. coryniformis
Lc7 SRR T SR AR & R IyE TC. TG
M LDL-C ¥&J#, F+#& T HDL-C ¥k, JFisise
TR L 2R 18 15 AR PR A ARE A0 R L B SE A
JF7s 240 L AR R AR B S /)

fe MBI I AT 5 | S i 1 A A8 R 8 D i 1B
FEEZ, SEMIE R LPS &y b R 5k
ARTEER, B &AM iiEP, LPS U
MG BN kB #484 (IkappaB kinase,
IKK)-#% [H ¥ kB (nuclear factor kappa-B, NF-«xB)
122 24 5 15 A0 2 13 (mitogen-activated  protein
kinase, MAPK)%: (5 55 33l %, %55 IL-1B.
IL-6 Fll TNF-o S REHF IR MZART, Li 450
Wh5E &% BRHE B #% 27U AT 7 (Lactobacillus gasseri)
RW2014 5 JilJ5 , il A K B o IL-1B
IL-6 I TNFa 554 5E R+ DL S LPS 7K i 2%
THe. 5 Li PR, AU L E
L. coryniformis Le7 0] DL 35 BRI & B ILAE € B
M3 TL-1B. TL-6 FI LPS AY/KF-, Ml izt
Bl ) AR AESE AR

i Y AR A RS A PR A R A G
WEWEM, &R KR A g iE e R 2
4 0 i 1B 3E Ve, AR = R ILAE Y R AR RN R
Jr P90 S AR OR 2 IRURE 5 U 52 FL R A 4R 25
A= TR AT B ) Y i 0B TR R, T BRI AE T i
fg AKSEBSP i, 3 b A ER B (Pediococcus

pentosaceus) JQI-7. L. plantarum LLY-606 #l
L. plantarum PC-26 47 38 1< 18715 £ FUis 18 B 7
MY EE B = IR ITAE , I BLARAE T TKF B THe
TAUFF IR TR AR 32 B2 I REAR TR RETE ] A
Xt EREPY . AR SR BR, L. coryniformis
Le7 A JEERE TR 1] 5 $0U4F 141 1] A9 B {H S &
K, 2% HAE7E & A5 L R 35 rp S i Y
TERRKY |, B E B R A B IR IR R A A
%P REELE L. coryniformis Le7 T )5 & 3% 7+
T o BUAEE PR AN 7 IR IR TR0 B AT AE M
BT R, TRE— M6 DR
(short-chain fatty acids, SCFAs), HAHIRFPL
ifvgEg f) A D00,

7EJ8 K |, L. coryniformis Le7 T 1 i 3%
Pem T R IR LA G R s M AT R B
FFR 5E @« 4B TR AT G AR I TR R Y AE X
JE o PETEEAT R R T AT AL, — W TR
DRI 21 2 () i 90 R BH P P AT T 0 5 5 K
HDL-C /K FSIEAPT, Devillard ZP%%
PUE T BEAT 25 Wil I R (linoleic acid,
LA AL Ry I8 R (conjugated linoleic acids,
CLA)MR I A2, CLA AT % 7 IE At 3h ik
o R A Ab 55 22 b B 25 A0 DY B B o ) SRR
THUIRGER AL, BN, SHEARMHL,
JIES e TR B FF 1 5 4 AR R S A, ik
Hb, — I PR IR AL AT S B N 2S00 AT 1A
T JE AR FEEE IS S Y TG e BRI E
FERRE R, AR IS RANST . BRIERSE
R BRADAT T i 0 A oI BT R 1) — S TR ke P Y
i ENG AT, PR R R
JE i ) SCFAs AEr=, HmAm
SCFAs fifi L2 . WNIRFIT R, X &5lmse . i
SE3 RO I HA R E R, sh Sz s
%% 3¢ WA %38 $ULFT 14 (Bacteroides vulgatus) Bv46
1 B JE 48 #F T (Bacteroides uniformis) CECT
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7771 FHFEAL T M TC F1 TG K, FFmEib
JFE A i o O R 2430 I I B i e B P 3 D
W, EmERR 4 HS, HS BAREFEHER
A, (B2 EMAEYEIER HS fEAFR NO.
CO LIAMWEE = KRN, S 5116 F A2
HEE™, AErpiR R, S
i, 3 33 W A% 9K B (Desulfovibrio vulgaris)
ATCC 29579 I it #0 i fig 17 12 DA =k & s 42
ARSI NTR B AL S m e Tk R SR/ B
AR R B W s

5 BN B E 5 2 5 B I 18 5w A
HIETE I 1) A e S5 B g G
mE R R RN E ST R T,
H AR T & 1 = MR IR PR FE 0 /0N B e 4 A T
W B ST I T R B R AR — T X
RRIREHE /N R R R, B )R
14 3 B 5 A R N b A R AR S B 2 AR SR,
ACHIF 5 A e IR AT TR 0 RE T 3 B A v B
R EES S, BRI BRHF
5 TC MR IEAASE, MHEHE L. coryniformis
L7 BEAR T 5 B AR 6 B 18 H 84T 1 ) A A
% FJF . Negativibacillus 3 J& T Clostridiales
cluster IV, JEITAERFAIMMEEDD, iR R
7N FETE B 9 1 45 W R B A AN RS 45
RBT R I T E DY, Luo LB —Fh HL
A HCR AV R 1 Z B RE S bl D = PR IR B R
FE/NERZIE H Negativibacillus [ =E R, A
AL L. coryniformis Lc7 FHiys /> T =g
IMAE 6 B Negativibacillus (9 4H % 5 )5

2t FRrR, L. coryniformisLe7 i ) LR
A5 B I G BRIt A AKF-, 41 o ARE PR 1
A, B R R R T L Y 2 A A
SN AL LU Wi DT, MG 17 18 TR R 1 26
PERZERL, HEAKSF OGN Rr ik — 2R .
L. coryniformis Le7 /F A 25 A kK, H A 75 A

07 IR MUAE B TR BE AT S 9 0T K Al 4
HAT B N D280 2 2R D™ il de B 1 BT A BEE
W?EO
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