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presenting a major challenge to public health. The gut microbiota plays a pivotal role in obesity
onset and development, and its dysbiosis and dysfunction are closely associated with obesity and
its complications. This review synthesizes the pathological mechanisms underlying the heredity,
neuroendocrine, chronic inflammation, and the gut microbiota-metabolism axis of obesity. Then,
we explore the positive and negative regulatory effects of opportunistic pathogens (e. g.,
Desulfovibrio spp., Megamonas spp.) and putative beneficial bacteria (e. g., Lactobacillus spp.,
Akkermansia muciniphila) on obesity. Furthermore, we summarize the mechanisms by which these
signature gut microbes drive the development of obesity-related conditions, including type 2
diabetes mellitus, metabolic dysfunction-associated steatotic liver disease, cardiovascular diseases,
and hypertension. We firstly propose a gut microbiota trajectory hypothesis to delineate the
interrelationships between these representative gut microbial signatures and the onset and
progression of obesity and its complications. Finally, the review discusses future research
directions and the potential for developing early diagnostic technologies based on these microbial
signatures. Collectively, this work aims to provide novel strategies for the early diagnosis and
precision intervention of obesity and related metabolic disorders, thereby advancing the
development of personalized therapeutics.

Keywords: obesity; gut microbiota; metabolic diseases; early diagnosis
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Schematic diagram of the cross-organ regulatory mechanism of gut microbiota.
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Table 1 Obesity-associated gut microbiota and related mechanisms

LT 5 RO HEJREAR A Ve FIBL

Bacterium name Oxygen dependence Obesity-dependency Action mechanism

Bacteroides fragilis Anaerobe Positive correlation ~ Expressing bile salt hydrolase to promote lipid absorption®**!)
Erysipelotrichaceae Facultative Positive correlation  Disrupting intestinal barrier integrity and triggering systemic

anaerobe inflammation®®

Desulfovibrio Anaerobe Positive correlation  Producing H,S to interfere the mitochondrial respiratory chain
(Desulfovibrio and promote hepatic lipid deposition®®*!

desulfuricans)

Megamonas Anaerobe Positive correlation  Expressing hydrolase (i0lG) to reduce inositol levels, and
(Megamonas further promoting intestinal lipid absorption®¥

rupellensis)

Lactobacillus Facultative Negative correlation Generating short-chain fatty acids to activate intestinal GPR41/
(Lactobacillus anaerobe 43 receptors™!

rhamnosus)

Bifidobacterium Anaerobe Negative correlation Improving intestinal barrier and inflammation!®®!
(Bifidobacterium

longum)

Akkermansia Anaerobe Negative correlation Producing outer membrane protein Amuc-1100 or extracellular
muciniphila vesicles for repairing intestinal barrier and inhibiting

Bacteroides Obligate anaerobe  Negative correlation

thetaiotaomicron

inflammation®’-*%]

Metabolite regulation, microbial interactions!””’

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



122

LIU Wenping et al. | Acta Microbiologica Sinica, 2026, 66(1)

3.1 BEBHBE
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22 3 R RS B ] 402 28 JIE J 2 AR 001 W 25
B b ECHEBR ST TSR W, LEAE 52 30 1Y
i A A v BT LAE SRR S 3 8
RIFERZE, HA B B %E m TR W R EH X IR,
ZARAEIES) | SRR PEEFIfE L 4 4>
ShER 2 RN H B L P58 TR R, KW
Megamonas J& 5 0 JE R W 2 5CHK ;. b &
B2 I 5 B F Megamonas & % HE R 19 5 2%
PEEAT RINRLN, R Megamonas T g 5 it f%
FE LRSS AL 5 Megamonas rupellensis 1,
S VR 2 3k LI % A O TR (ol G) W R A FE AT, 34
Aok 5 e UL S I i = g T PN 5 L X
JoT W SRR VR L S OIE R R O g
Megamonas 5 BAE M AERERS HE T WA HE &, H
A BRI R B )
3.2 AEREINEERNBERE
321 fRGmERE

L ¥ B )& (Lactobacillus) F1 X 1 ¥F 4 &
(Bifidobacterium) 2% 58t A= T, 7T 4719 )1 3 1A
. ™Y . REREMEREDRE, &
AL IERE PO A o MBS A P A BB AT
W (Bifidobacterium longum) Fl P B W 7 #F B
(Bifidobacterium bifidum) i =F & B AL, HR
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R 2 BB RRIS , TEEAS A YRR 7 41 24
B, BMI Kt H i = s K F 2 0 el
25, Lactobacillus 7] 38 32t 410 il iz 318 B o W WAe
k> g R B WE 2 i 0 IS L AT
(Lactobacillus johnsonii) V] T [ /= JI§ Tk £ 175 5 1)
HE JE 0w B8 i i M, kb 38 Bifidobacterium
longum APC1472 W] Iip 2 FEARAR B 5 ML E /N BR
(PR, I AT AR B/ IR b A 0 BMIT Y, i
4, Bifidobacterium 5 Lactobacillus %57 25 1 7]
Tz 8 B AR a8 M2 BUEAL, R
PRAESNL, WA IpiE bR AN RE, O A
B i A2 MR fE B HE UL % W RL AT
(Lactobacillus fermentum)if i 345 Jg i 2H 21 28 ki
IR AL RE I 3G N B EIH A, AT % #
AP R TS5 2L BB IR R LA TR
N AT
322 MEHEBRMZERE

R B o = KW (dkkermansia
muciniphila) & —F € 5 T I 18 &5 WRZ 09 522 1
BAYET, T 2004 451 M AR FEAE 4y 8 i
U R oY 32 B e 5 T B R T RE Y
KHK. 2013 4%, B9 B kdEm 7w fE L
PRTIVER, #NFETEAAR Akkermansia muciniphila
A3 s B ok B s S N BRI ZR L, e
s e RRURN R 5 R AR, I3 o g 1 R R o7
PENSL RSt gr it — 0 w0 T HGR RIS A
AERIHLR] e PRAZ A i w3 Aok 8 1 PR R R
R R SR RO AR B g B 4y W e IR
Reg3y!""™l, (EA RN, FEsh Al K
K W) Akkermansia muciniphila P75 B R B H B
AR RORT, AR ML 433
FHMEEE [ Amuc-1100, 1% A T2 $% Toll
FE3Z K 2 (Toll-like receptor 2, TLR2) {5 5 i % ,
LB R 107 4120 9 R FUREAG U122, Ak,
Akkermansia muciniphila .35 ¥4 hnk: 605 5 2H 21
28 kLA i {9 3K 85 11 1 (uncoupling protein 1,
UCP)ZIk, FFRATIAIERER (W GLP-1)53,
WM BE R IR, S EH SR T s H

TR, — ) e R R s B R
KU1 Akkermansia muciniphila 7EE}EFT T2DM
B P AR, RS Akkermansia
muciniphila (AKK-WSTO1) 7] i 54 JIE i AH ¢ 3= 7l
I IS Akkermansia muciniphila 45 22
B T 8 B A R — AR A AR, T 2 L
B 22 TS o
323 ZRUFE

Z I UK & (Bacteroides thetaiotaomicron){F
H—Fp i A A e, R A S AE R K
AR YIAI G . Hu ZE2 I A5 2
Y, A B 5 I R B B ok ok Ao B Ak o
MBI SECE BERAG, HRE T HEH
FRERIE PEREI S . Wen S 2SI sh 50
HE—PAESE T HPIRAEH], RN/ NS rh g
JIl Bacteroides (7% Bacteroides thetaiotaomicron)H
FIE AT IR AT . RS RIS IR R, B
— XEFH Bacteroides 1/NRAL /R AiE CD36 &
ISR S AR e, BT REAL ]
B R A A ST L A AR
Z ¥ E . Bacteroides thetaiotaomicron 8 11
Ko e 5L F 22 W (R 7= A T R 5 SCFAs! Y
0 3 A AR 2 AT R
A 19 BT_0416 it T K fIH [ 52 5 Ak Ay IH [ 5 4
PR R, 2R B P AR A (I i Bk 2 AT S B Qg
ALY B T T R KT, G
T E G 15 28 134 Bacteroides thetaiotaomicron
43 WA 114 JIEE A1 0 300 308 3o 5 O A (R 22 TR R
L9a/b (apolipoprotein L9a/b, Apo L9a/b) & [ 41 F
10 G B I AR TE RS, Ak, X B
ok BUREAIE 25 5 e 0 R A e A, AR S| RAYT
A KO L 2 A 5 4 W T AR 3 skt
SR T B it A IES P R v s g I T
2 I Frik , Bacteroides thetaiotaomicron i i %
A FEHL 22 S BV, (R 2 208 A1) A6 5 T
RE A JIEE A 4 300 5 8 4 7 A8 TR E DL RIT 7 TR
gAY
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4 JERHAFAE oW 5 AR R KRR

4.1 FHERESHEKE

JIE 5 0 M T 5 W R 1 K A B DA G
Wu S5 2o X T4 1 78 2 BB BIF 5T R B
W DRI A0 AR T T N T BRI T P BRI S
By EAB R CHE, AR bR ] I THE s B IR
i 0 & R UERRE . AR SUELAT B (Bifidobacterium
adolescentis) BE & TG & A 4 A= 0l T 12, 3%
GLP-1 43 W, A3 R W 2> Bk B 2 4840
Akkermansia muciniphila ANAY AT 38 5 Amuc-1100
AR F 45T TLR2 {5 S g, 0 R 5E R
i ] A S g 3 R VAR SR IR Reg3y 1Y 790
P AR A F R, BRARLPS /K, &
B PR 14 e AU AR Zheng 2114
BOIESE , STREME . SRR 13 A B 2
R Z PG o vl o & 4R Akkermansia
mucinphilia &M RIG BTG IT 38, BLAk, Wang
SFUPIR SRS, 255 1 25 AE  Re R
Akkermansia M SC4E 2 SEMRACHE B, FEFHEE S
F AU . Shih FIG REFIE R, TR R
T2DM A BEZEH F BE P Akkermansia =FJE 3% H
T2DM AFEEEAR, H-S5HELLneE H 2 5aase,
X R Akkermansia B = B AT WA B PR S R AIE
w2 — o AHB, NEREBLRE BR e 8 1 1E
Desulfovibrio 7K - ik & 15 T 5.4l AR ik A AU,
H P 5 0 R U R A AR S, R
e R B AT YT AR R R, AR EGE 1Y [R]
L PEBEE Desulfovibrio 7KV HIREAL, X i —
BHER TR SRR KA R SR DI R
42 FHEFRE SR HHINEIESHEXIER
kiR

JFREVE RS R E, B
F2 52 1l 8 B REAC U 7= W 45 . MASLD (83
Akkermansia mucinphilia F-FEW] i R, 25
Akkermansia mucinphilia ] e JERRFFES 096 Rl

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

VD R B R, A i MASLD!',
ANZEH Rha 5520 KIS Wik S8 a) 15 n
Akkermansia mucinphilia W) F B, M 2 3%
MASLDY" %, Bacteroides thetaiotaomicron ¥ i A1
] RESTI R R LG TR (Shigella ) 25895 5 T B 25 /1
SRR, AR I EBEREDIGE, W IR
PEIF B, Zhou S5 7 /AR BA S AFF 5T B
WA /R T Megamonas £ 5L . MASLD 2
TEAH G, h W 2SR RS A SE B IR S R Y
Megamonas 7] H 4175 5 IR 7 DU AN RE &5 =
PPt Lin FEI7E LB AE MASLD JL#E H & B
i A S B (Desulfovibrio piger) it 3 5 i 25 1
fn, X 2 HE T Desulfovibrio 7 MASLD & %%
B EVE . A, B S il e dkaist
W R A3 FE (U0 Desulfovibrio), 34 il MASLD 1y
R AU,
43 FHEFESOMERR

PR AE - AL 2 - PR [ P D 42 1l NS AR A A%
iL> o Erysipelotrichaceae ] BE I & AE 18 1 Jin Jii]
A N B2 DR RG-S B IR 3h kA i 48
A A AL L AN ST, Wang SO0
SV R PSR BEN LA 0T 7R, Desulfovibrio
FBE T i 5 I U HE I A TE AR DG, T
O LB R R 38 S 05 PR W] RE S AR AR . RRAIR
APoAl/ApoB It il , {2 i 3 Bk s ¥ 6 1k .
Fujihara 27555 6 412 45 & Bl ,  Desulfovibrio
desulfuricans ] ‘FEURGLESI KR, $EoR L@ AT
AEIE A FL L I A LS 50 A R I &
Heo AL, Desulfovibrio BAG 55 = Wy IEIE i) 45
P, RTREINE I P9 R A 551 Akkermansia
mucinphilia 3815 1815 €8 22 18 A ™ 90 (W5 Wk -3- 1
W2 ) V5T U WEAZ 2 A 45 1Y fg B AR ME 5
B, DTS ORAR T BE X0 il 58 4 1 R
AR AR, JE R AWK Akkermansia
mucinphilia 3, S0 b5 7 B gy e, b5
Akkermansia mucinphilia 7] V575 8 w4
W, AR A 0 D 45 BRSO
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44 FHEHESSMLE

RO R e - -1E A2 S
JEVEFENOION ARk, 2SR TRRE B
TE TR 5 e R A A R e Z TR AT TR B FR o XoF
FAHIAERE R RRER B, Akkermansia muciniphila
F Bifidobacterium (1) 7= B 34 70 5 1 & B i 3
FHOG, HAE PRI AT RE¥E Mt R &2 (98> LPS
1= W e E AL W) (trimethylamine oxide, TMAO)
SEAER Y 5T) M SCFAs S A M 35 A i
g fi 20O Fan U9 gl iy 52 5 3% 9
Desulfovibrio FHEK 5 IE SRS, THE
i 2ok A R AR R A S i g 1 HoS K, T
H,S HA A& &Pk, AR H BRI i —
A5, HARTEERNE, Rz HHEIEEIEY]
Bacteroides thetaiotaomicron G835 & 1L &, [H
VERAT B — 51, HBTEVE AT RE#E A IR
RS i . fE R BT, Lactobacillus
rhamnosus BEiE 1T 7= = SCFAs 1§ GPR41/43 %
S, S B AT WA R T S N, DA
FERE IR AE 1,
4.5 FHERE SRR

WA, Ko A% I 0 IE A i 1 TR
5GP 1 22 ) ) RS ASE Y, A7 B S 3 R
4 SRS T R i e B AR W S R
oI £ 25 Jmy B RCR A PR, B SR AV S RE
B EARTHIN AR U0, R SR AL AR 2 1
AR ] B e A A B T R R ) v R S, IR
I AE R B A 4R AETST) ) Jian 4% | Vals-delgado
SISO SR, P R AL R R AT 1T i RE 2
25% MMAARAS 1L, $om HEA B IG i 3h i
% 71. Nychas 25U LT 1206 i) [ ARERY £
%M 2, I8 R OBEERAE (Prevotellal
Bacteroides Jg& 7)) XF MASLD ., AE - #1 T2DM
O TR A 3838 80% LA b T RRER 5 hitid K At
PR A R Bl A Ry 2 AR 2L A S B T A0,
ek U S5 A TP T TR R A R B A e A b s
Yyae S LI T2DM A U o i VLK 2 f

B T AL TR A IR |
T2DM. MASLD)H 1 A= 9 3 A X 46 il 55 %
(Web Server), & FrUEILDHT . B5 U 50 0E
AV 250, RERI TREYRED R
ISR, A ENHLEIEY . IGIRi2
W R T s AR sk T LT

5 REHRE

AR, W B RE S 0 R ) T AEBLE A5
WA T G BU R R o 1] g 3 TR R I g 2 B
MRy TSR R L QM P U b i R SN B N 1]
A 3 TR A L R AR S5 g R ) S AN
' T R AR Y B e Th B S . 25 b
Frik , AR e A B < NE Rk o 114 7 i 722
i, AR NE S A AN [R5 1) 2 A AR
55 T8 R Y 22 e A OG DU JRE by it 1)
1k g il 45 Desulfovibrio, Megamonas .
SOk M BCW OE O

Bifidobacterium .

Erysipelotrichaceae
Lactobacillus . Akkermansia
muciniphila . Bacteroides thetaiotaomicron %55
W TEMCHERY b, B0 4 B E AR A BUR
JEFFBR B, S AT A AN F s, — 53 1A
WEDRIRE AR, — 53 1 A4S 2 B R bt AH DG AR 1D P
I, 3 HNAA P REFE IR MO U B 55
MR . U Akkermansia #5 M= T 6 = 2 5 50
PRI E S A, T Megamonas W F P
5 MASLD R 1IEMSE . Erysipelotrichaceae %5 1#
N O A PR AR I PR R . EIR IR
FF TIRA R ZH 2T Bk

Ak, NEJHERHE I T 1Y =F B AR AL BOKE A
H PR IS e b, IR OGS v T
PN 2 K B R X, A S
S SAR U 0 01 50 RS 2 Wy, DAGE
TESIA v A 2% IR L I b AR N R I SR ST F4E
Jito AN, BT R A2 T L v RES
AL RS HEIR T 7 R0 e SR IR, U4
el PRI TR
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1 SRk A= FH

XITERE: BORMICER . RISRHIPE . MR SAE; A%
o BOURE B, TR SR iRl
o Xk MRS 23S0 PR B

{EE MR LT

VR PRI A AEAT AT AT BE 2 RN AS SRR o A
HDRVSIEZS I F I N
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