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Metagenomic Sequencing Reveals the Effects of Lactobacillus gasseri
TF08-1 on Lipid Metabolism and Gut Microbiota in Obese Rats

LUO Qiang, LIU Yanhong, MA Zhihui, WEI Benliang, XU Xiaowei, ZHANG Haifeng, ZHONG Yiyi*
(BGI Precision Nutrition (Shenzhen) Technology Co., Ltd., Shenzhen 518000, China)

Abstract: This study aimed to investigate the anti-obesity effects of Lactobacillus gasseri TF08-1 and its potential mecha-
nisms. An obesity rat model was established by feeding a high-fat diet (HFD) and administered a suspension of L. gasseri
TF08-1 (1x10° CFU/d) via oral gavage for five weeks. The therapeutic efficacy were systematically evaluated by moni-
toring body weight, food efficiency ratio, serum biochemical parameters, and histopathological changes in the liver and adi-
pose tissues. Meanwhile, metagenomic sequencing and targeted metabolomic analysis were employed to investigate alter-
ations in the gut microbiota and the short-chain fatty acid (SCFA) profile. The results showed that, compared to the HFD
group, TFO08-1 intervention significantly suppressed body weight gain (P<0.01), reduced the food efficiency ratio
(P<0.001), and alleviated hepatic steatosis and hypertrophy of epididymal adipocytes. It also improved the lipid profile by
decreasing low-density lipoprotein cholesterol (LDL-C, P<0.001), triglyceride (TG, P<0.001), total cholesterol (TC,
P<0.001) and free fatty acid (FFA, P<0.05). Moreover, TF08-1 intervention significantly mitigated obesity-associated sys-
temic inflammation, reducing the levels of pro-inflammatory factors, including lipopolysaccharide (LPS) (P<0.001), C-
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reactive protein (CRP) (P<0.001), and tumor necrosis factor-alpha (TNF-a) (P<0.001), while increasing the level of the

anti-inflammatory cytokine interleukin-10 (IL-10) (P<0.05). Metagenomic and targeted metabolomic analysis revealed that

TFO08-1 effectively modulated the HFD-induced structural dysbiosis of the gut microbiota, improved metabolic pathway dis-

turbances related to bile acids, vitamins, and inositol, and restored intestinal SCFA levels. These findings suggest that L.

gasseri TF08-1 can markedly improve HFD-induced obesity and related metabolic disorders through effective microbiome

modulation, demonstrating its considerable potential as a probiotic candidate for weight management.
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RS LA i 57 HERR SRR IE A8 A g
Fp M, AR H tH: F A B B E (World Obesity Federation,
WFO) T, 2= 2035 4= 4 BRE /A8 N 108 58 1
40 12, 5 AER B AR N LT 54%2, 33X — A T2
R R SRR . A AR ARG Ty O T AR
YIS, MO e B F A B B = E AR B,
G P PEATRBE SN | IR 5 IR AP T LA G AR S
Z FEHLHI, B0 L& 9% (Cardiovascular Disease,
CVD). 2 BUBELRI% (Type 2 Diabetes Mellitus, T2DM) ,
7 K5 4 I8 W5 97 ( Non-alcoholic Fatty Liver Dis-
ease, NAFLD) M ZZ FJasiE iAZ L5 RI™, Y ETAL R
BN FEAFEATE =T e T, 25T
B BARIETTFARAE, SR LT R ZHORA IR, HAF
TEARIFEEERIVE . PRIk, A T AR BRI Y
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HREFRIGITHAE T o T TR R R 2H DGR
IR, B ASE il A 7SS BE TR T ] (Firmicutes )/
HUFF B T T (Bacteroidetes) FLAE Tt 181 XA 25 Bel UNFLFF
Bl & (Lactobacillus) . XU ¥ B )& ( Bifidobacterium)
=F B B AR D AR A TR R A PRI IR BT T i A PR X S
SRR T T 15 AR a AL OIS A Y, AT
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R MRSk IE BEREDIEE, v imiE N T
RHEANMIME T | R IS PEARBE AE, AT R I
5 FIIMUARMREE SAES . A, o5 A= AR ™ AR 1
HENG DT IR W RESAE AR 540 T30S G 8 IR
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BT AT RN I IE S W AT £ DAL

MAEARZ 25 A B, 4% IRELFAT 8 (Lactobacillus
gasseri) R 5 25 19 [ 5 U6 A 200 5 48 %2 R v S
OGAWA M T 5T &% #1, L. gasseri SBT2055 1
A B RS U B T, s B e b R R U e Wi
x4 . de MOURA 25" i 58 ¥ 75 T L.gasseri
LG-G12 nl il P35 i iE e, s s e K~
BEMECGEEALRE, AN, HALERRLD L. gasseri BNR17
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FLT S SR o AR IR B AE G R T A st
JrM B R AT S R, 2528 RO REAFAE PRARER
S, AN IR Rk T B 3k R 20 A9 S P S LA
18 FEEAEGERZ O AR A A 3 25 Y,
BEOL R BRI A 2 A B AE A B0 Hh i) Gk
PRk o 38t 2220 2E PP AN & S 5O 1 T e 56
AR R, Rt s te A AR SGE N o Qi
POV FHAE 55 5 T FRA L, SR A iE 25 AR TR =
TR

1 ERFLAT B TFO8-1 & —Fk /88 {8 ks
TEREAS B0 25 AR TR AR, 3% T 4 3% DRI 40 e AifF 57 8 TE S
TFO8-1 SR #54Hr ZFh 5 8 Ip it 2z . i &6
TR 2R 5 L LA B IE R 7K i -5 Al (Bile Salt Hydro-
lase, BSH) #H 3¢ 4w 5 3L (K . [W] B ZE AR AW 5% b,
TFO8-1 JCH R i HbitE, A=A YA F
Yy, RIS 0 B I RS 52 HE 7 A 0 5 e
Baefi it P, SR — g HAAR PN 25 AR RN, AT
L A LA IR & (High-Fat Diet, HFD) 75 519
AE R BRABEAY , 2R G PP TFOS-1 B Rk XA F1 14
HEACIIFR S R AR RS B B AR IR, J a8 S i
IR R AR H 5307, #455¢ TF08-1 fEARE B p
PIVEFIBLE o BHFSESE AOK S ARSI 0] ) 25 A5 T
BOIE LS ARS8, IRk A g I =k Ak
7 FHBE Skt
1 MRERZE
1.1 MR5EE

& ERFLFTFEE TF08-1(Lactobacillus gasseri TFOS-
D) 538 AR LR I SR 5, ST AR
R B P P 0 (Guangdong Microbial Culture
Collection Center, GDMCC) , 1% j# %% = & GDMCC
60092; 18 H SPF gl SD K. #r bl db st 4
P AR BRA A (B AT IES : SCXK (5 )2024-
0001), 1AlI5%F SPF YR IEIIR, A HRE XK, 2
BRI R 2342 °C, {B2E R 55%+5%. shiiius i
JHEOLERF ARG 2 R (GB 14924.3-2010 S256:5h4)
LA APPSR YRE, HFGR(E R 3.87 keal/g; /&
BE IR B ml RLFE 57.6% 4 5 m) ek ig FE AL b, B
20.0% FEFE. 15.0% 35, 5% BEEEH . 1.2% A [FIEE
0.6% WM S5 . 0.4% A K LA & 0.2% AHFR 4N, Hk
H{H M 4.69 kcal/g; MRS AR FRIE T ARIRYLIL
PR A B2 W] 5 %% BE R 2 IR [ (High Den-
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sity Lipoprotein Cholesterol, HDL-C) . K& g
A8 [# % (Low Density Lipoprotein Cholesterol, LDL-
C) . M JH [& B ( Total Cholesterol, TC) . H i =g
(Triglyceride, TG) R G  PRYIA B AL Py 29T
H T B G BR 2 F] 5 98 3 (Leptin, LEP) . iE 2 ¥
( Lipopolysaccharides, LPS) . i J& ¥R € A F -a
( Tumor Necrosis Factor Alpha, TNF-a) . F 41 it 5~
# -10( Interleukin-10, IL-10) . C JZ i %K 1 ( C-reac-
tive protein, CRP) . i% &5 I8 W5 iR ( Free Fatty Acid,
FFAOKINAF & s A TR A BRA
Al AR AR TR, TR, IR, I, O
{a3% 41, Sigma-Aldrich 23] .

5910 BY i B oL 8 SR PRI 2 W 5
YXQ-LS-50KG AU EARVRK Ay b sy
HE AR B A BR A 73 YZI-CI-2D B TAEG

YT L E IR R A BRA H]; PHS-3C fi 1Y
pH It IR A 75 1150 BIAEY)ZH

AL CV5030 Jeta s i TAEW P BMER
SGEABRASH] Ni-U IE ¥ B iss e Rk &%t

Trace 1310 BISAHAHE{Y . ISQ LT AT E{Y . Var-
ioskan ZIIREMGARIY  FEBR CHHREBHE (P ED A FR
23] DNBSEQ-TS SERIMIFAY  RYIAEREL IR
AR S

1.2 LWHE

1.2.1 BEERTEAL S5 155E B TFO8-1 T M R A7,
T 37 C KPR, LL 2% FEFh 33 A 10 mL
KB MRS WA IR3E, 37 °C JRELGFE 18 he ARYE
Ja S g B SR, {8 FH JC B W iR £k 22 R Wk (Phosphate
Buffered Saline, PBS) %% =4 T, 152 B &2
.

1.2.2 h¥sLss  sh¥ses e KR B 4
S (fE Bt MES . BGI-IRB A24019) . AT RERE&
TN 1SS, $ AR TEREA L4535 3 41 1E 5 X R
ZH(NC) . AR BRZH (HFD) . TF08-1 T-154H (TF08-
1), 20 6 HICEL.. & NC 4H KBS T 4E3= 15841,
A2 AN K BRI 45 T =i gttt . NC 28 5% HFD ZHK
A AAEE 1 mL JCiE PBS K, TF08-1 20 FL 4
H#EE 1 mL #JEF N 1x10° CFU/mL /4 TF08-1 %=
Wi TR s B, MRS ER. HERs. #E
5, FREAE 1 R, e TR, (EH 1% e 2
FRRRIE A BRI St I = ShCR 1L, B i felE FH 200HE 5
ALFE . R ER e B SE R T SV E4 T2H 21
SRR STAT, FEICE I N A T 22 20 =0 53T o
1.2.3 ARIEFRIHT  ARPERE R AR, $ IR
LT 2247 & 9 ) FH 2 (Food Efficiency Ratio,
FER) T,

- 1

FER(%) = AE = X 100

o FER R BYIAIHR, %3 W, Fon KR

A, g W, FORKEBWRIGGIATE, gs F ZOR B EYHRA
I, g

1.2.4 SIS BRI 323l ke B 4
I, ZE R EH 30 min, 3000 r/min 0> 10 min 537
AR o F2 BEGR) E s BB A5, I R B v
HDL-C.LDL-C. TC. TG. LEP. LPS. CRP. TNF-a.
IL-10. FFA 7K~F.

1.2.5 HAZE MR gHA S0 1Y) Bk
YR IE, T 0 AN -4 (Hematoxylin-Eosin, HE)
et KA £T O(0il Red O, ORO) B {h, [ 52 i 7 4
N AWV 5347 HE Je e, i a1 ZH R
VIR 76 s S EE, I iC s eH S M IE
1.2.6 BIHHNEWZEEFANT  BUmIE N YR
A, Z 08 LI AENO HITSE T s, TT R IE U 1) 2k
PRLZE DU 7 o s 4 I ) K5 A 10 Ak BRGE o fastp(vO.
20.1) " 5E R, S E N . --length_required 70, --
adapter_sequence AAGTCGGAGGCCAAGCGGTC
TTAGGAAGACAA, --adapter_sequence 12 AAGTC
GGATCGTAGCCATGTCGTTCTGTGAGCCAAG-
GAGTTG. KM bowtie2(v2.4.2) ¥ i ks 195
G155 K EREE I 2H (GRCr8) HEA T LX) (Z44: --end-to-
end --very-sensitive) , Il i seqtk(v1.3)" Gk 5
15 EHEILHVEMCAY 74 . i3 HUMANN3(v3.0.0)
PRAG Y Fh 432505 BT MetaCyc fUIHE (5 B . it
T HUMANN3(v3.0.0) FREUZE K, R Mel-
onnPan T. H.-£7,(v0.99.0, R4.0.0) Ti ) iz & A1 4 4
Mo 22553 HT R MaAsLin2(v1.8.0), S5 E M
PRUEAL TR TSS. AEATER % i . de /R HY 38
0.1, o Z#£14: (Shannon F8 %% ) F1 p 2 FEPE (F: T
Bray-Curtis tF 2§ i) PCoA 43 #7 ) il i phyloseq £J
(v1.44.0) 315, ¢l A 25 Famad vegan £1(v2.6.8) AT
PERMANOVA #6556 (B 45 K% 999 ) o 4ila] o 2
FEPE Eb 3 SR B Wilcoxon BRANAG LS . AH M43 Ar 18
I Hmisc f(v5.1.3)58/%, P {4 Benjamini-Hochberg
IERGIE . A AT AT 9L T ggplot2(v3.5.2) 61
S

1.2.7 BN EWRBERRDITRACIN B iE N
FEAS, Z: 0 ZHANG 4522 (958 Jr i, SRS 2
1% - 0T 1 B FH (GC-MS) £ i 2%, - Ji8 J 4% B 17 iR
(Short Chain Fatty Acids, SCFAs)/K3FEAE ., (issc
14: Agilent HP-INNOWAX B4 (30 m=0.25 mm
ID*0.25 um), RS imaeAe, #EFEs 1 L, s bk
10: 1, HEAELTREE 250 C, BT IRIREE 300 C, &%
LRIRIE 250 C. FR/F TR LRI 90 °C, SR )5 LA
10 °C/min J} & % 120 °C: F- LA 5 °C/min TR &
150 °C, HeJim A 25 “C/min FHEEZE 250 °C 4i4F 2 min.
AR ER, FHAHE 1.0 mL/min, JBUiE4c4: >RH
L FEd S (ED VR, SIM 7=, s FREE IR E
Sk 70 eV JR R TR % B IR 48 Proteowizard X 4
(v3.0.8789) %45y mzML A%, HLLFER B [
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EHE (Autoscaling ) X i 4 e 2 A TAR AL AL B,
I BB AE A [A] k2K 8 5 50% AR . T
R i 55 ropls 11 (v1.36.0) #4710 Be /N 3 H) B 43 Hr
(PLS-DA), LLfig A2 N 5 4 1a] SCFAs fRlf 22 5+ .
B WL ) 22 7 W 2 ME 5 SR AT ¢ K (Weleh's -
test) ¥+, 7+ >Rk /] Benjamini-Hochberg 74 1E £ &
BT, FDR<$0.05 H. VIP=1 AR N
HASHAE .
1.3 HIELIE

RIGEYE LIS EEAREZE (Mean+SD) 3671, Sk
FH AR 2 5 224347 (One-way ANOVA), & Tukey’s
Z & LR S AT [a] g, 41 Graphpad prism
(version 9.5) F AT IEIFRE i, P<0.05 gL\ EHA
Giit2kzER.

2 HEREDR
2.1 TFO8-1 XAERARIEREAE, REEXRYF
B0 AG)

WE 1 PR, e iy L, AL AR R ST
257 (P>0.05), RAFNRIKE XA Fea: AP TFOS-
1 ARgsszna KRR R BT T8 . EREAR L7,
5 NC ZHAH b, HFD 24K 5 il 3504 1, HAR B g i
B3k 230.60+30.20 g(P<0.001), [FIH L1 FE & 4 F]
RIPFETE T 20.25%+2.60%( P<0.001) ; T TFO8-
1 TP R BRI I A2 3 g S5 ], 284k 5 81
e, 2 AR G 1 Al 166.17+36.83 g, ik 1K
T HFD 20 (P<0.01), H-EW R I8 0 Z FILE
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Fig.1 Effect of TF08 on body weight, food intake, weight gain
and food utilization efficiency in obese rat models
H: A KE; B BEWEAE; CIRERNE; D BYWHAAR; 5
HFD ZHAH L, *fR3K P<0.05, **f{3% P<0.01, ***{{3& P<0.001,
& 2 [

TF08-1 AEAZ R BB AT, BERINT &
YRR, FABAH T SRR E S S AR Pk
WK
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T ALAS I R B 7K« BEA QU AH G I ZR K,
FEE G SRR LB 0T, AR LE ST T
5B B TF08-1 X milig ik &5 MR R Al s
YEF . WlE 2A~E 2E iR, 5 NC 4HAH Lk, HFD 25
P IS SR LW HDL-C 7K~F 5 35 AR, [R]
B LDL-C. TG.TC & FFA 7KV EF . TFO8-1
FHE, LR S H RS 214 G005, LDL-C. TG.
TC. FFA 7KF4% HFD 204351 FF% 43.12%. 60.12%.
41.77% F11 19.04%(P<0.05), i HDL-C 7K I $2& F
23.77%(P>0.05) , ZHZI2E5HT BN, NC 20 S2 AR
At S 5) 2B AS, ANfR]F 584 HFD 200 H 1
W AR Al AR, RIS R IR & i55 S AR U 4H AR AT R
BB DURR(E 2G) ., 4 TF08-1 T, Il ania r-
YR EAR%EE HFD 2H W 25 08i/)s, 2B HES ) #am T NC
ZH YRR AHR S, BB D 43 WA I 3R LEP /K-t HFD
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Fig.2 Effects of TF08-1 on blood lipid level and adipose tissue
in obese rat model
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WFREAR(E 2F) . _FiREgE RAESZ, TFO8-1 Al M i
S AR A QTGS AR 7KV . e A8 D7 40 i E TS
TGO, iA BN AR G ZE LAY 25 2BV E .
2.3 TF08-1 XTAEREARARE & S MR E R R A2

B4 2H R BRI 9 0 A ki 4 A 4 i Rl oK S
K 3A~E 3D FizR, 5 NC 444 L, HFD 2452 #1408
PR LIS RIAEPR &4 LPS. CRP /K5 NC 26
W ETE, PR fE R T TNF-o KV BT PR
R 1L-10 /K FRE, fdiH TF08-1 THUR, W5 ifs
T B R BSR4 SERE AT, oAb LPS. CRP 7KF45
HREZ 29.88+5.93 EU/L(P<0.001) Fl 2.82+0.86 pg/
mL( P<0.001), [&] By TNF-o & 3& F ¥ & 889.60+
147.84 ng/L(P<0.001), IL-10 i 3 [ 4 = 343.07+
144.72 ng/L(P<0.05), _iRZEHFEH, 254 TFOS-
1 Rt A RS S AR IR B S [ A AR S AE SN
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Fig.3 Effects of TF08-1 on inflammatory markers in obese
rat model
TE: A MIEZHE; B R C RUWAE H; C AR IRSEH -0 D
FEREA 210,
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AT 2H 20955 B 25 40 A 45 52 a0 18 4A~I&] 4B Al
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Fig.4 Effect of TF08-1 on liver injury in obese rat model
TE: AJFFIEZL 20 HE % 5 (200%) ; B JIFJIE 4141 ORO % {4
(200%),

R, HFD 21 52 SR 5 5 T BRAFAIE: HE G4 (4 7R
AR HEZ ZE L, FR3 AR AR TR O, JBT i B0
AL (REREEAR ) ; ORO YLt 2 B B Fl &R
AR, &R AFTERTF N IR BT & L o (B AN T Y 2,
TFO8-1 T-HLH ARV T BE2ARRIE i 25 2%, HE Gy (a
N AS AR I R 5 LG BRI, TR A5 M s T e
s ORO YLt g B TR AU 250/, ARt HES R
R RAGE . EIRIERSF BB D] TF0S-1
ALAE RN BT I, SR PN BRI L, ARK
W B R IR B SR S
2.5 TF08-1 XAERF KRR B EE A AR F0
SHRER TFO8-1 X i BRI B NS JE A Bl 1y iz 38 TR
RESSVE PRS2, XF 2520 K BRI N 25 A o B R 20
M, 4558 WLE SA~E] SD., Shannon 85U N, =i
TR M g A2 T TR BRI 2 5 R Y
BEFEA(E 5A) . PRI HT (PCoA) FIE 2 IT
5 2253 BT (PERMANOVA) 25 5 ik 75 HFD 415 NC
ZH W] 25325 (FDR=0.01), DLW @ IR IR ek s 1 R Rl
Jiz 3 B AR BE A SE A4 (18] 5B) 5 T TFO8-1 1 Fi2H Wj 5
#UT NC 41, 5 NC 41 8] 82 /N Bray-Curtis {5 25
(&l 5C)ULEPUE TFO8-1 1T ] ik 35 105 4% s IR IK B 175
TR ARG A AR AL, D TR S B e RS . kT
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