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Research progress of the next-generation probiotics
Akkermansia muciniphila
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Abstract: Akkermansia muciniphila, the next generation of probiotics with significant development
potential, is widely considered to be a new candidate for alleviating diseases such as inflammatory
bowel disease, irritable bowel syndrome, diabetes, obesity, and amyotrophic lateral sclerosis. With the
increasing attention to intestinal bacteria and the advancement of omics technologies in recent years,
A. muciniphila has rapidly become a hot spot in the research on probiotics. However, at present, the
latest research progress of 4. muciniphila remains to be summarized. Therefore, this paper summarizes
the research achievements of A. muciniphila in the recent decade from the perspectives of the regulatory
effect of A. muciniphila on host health, the isolation, identification, and culture of A. muciniphila, the
challenges, opportunities, and prospects of research on 4. muciniphila, aiming to provide reference for
the further research and development of A. muciniphila.
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1 18 ) g 7 2R 11 BT 5 = T (A kkermansia
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PIMDG, S . WA i
FIURE RIS ARG, R, BT Akk TER
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1 Akk Btk

Akk BEETE FWiE T E s R A

B, R AR R 0.5%5.0%, AT LA FES
B PE R HME— B . AR LRI, BEm ok
E R AR AtRE RO Akk TR TR BRI
(Verrucomicrobia) B 3¢ : 14 J& (Akkermansia)™, H
HIPT 78 5 B B S ARk B A. glycaniphila™
PR (R 1) Akk BIEPERE T2 — sl 70
B MY, FE 2004 AR Hfar 2
FORR AR K FWF 52 % Derrien %5 B (9 285
s aifeis 8], JIF DAY # 4 Antoon D. L.
Akkermans 18 I 1 4 5% 47 %4 N Akkermansia
muciniphila . Akk B E—FEZKRAME . ANz
£ IV S| e R <08 111 2 e M 2 OB iR
279 0.6-1.0 pm, YR DL Bl R A
K, RAREERARD . 7858 LRI 55
b, AKk R ADIRESEI AT, VR 22 RE5
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Table 1 Typical strains of Akkermansia species
LGS K 3 GC & it e i HID NN CRISPR &% ik
Strains Source Carbon source GC content (mol%) Genome size (Mb) References
A. muciniphila W NZEME Zh7E 1 Mucin 47.6 - - [8]
MucT Human faeces
A. muciniphila ~ — - 55.8 2.66 2 [9]
ATCC BAA-835
A. glycaniphila  WEUBEIE R EEZEME R . RAWE 576 3.07 4 (7]
Pyt T Fresh feces of Mucin, Galactose
reticulated python

e = fESCE R RHEITHIR
Note: —: Not described in the article.

Akk W FEEMTIERRZE R, X RESEEEIIMBER . 5 B s PRI A

W BeBE . RGN REE 2 R B R 4
YEM . NIpiE b s ghie) 2 s, s
TRVEN . BRI R E AR LS A R
RINEE I, EA Z R KAL G Y EE 0 8 E
BARA R HAFER EE oKL EY 2 N-4BE
EFLMENE . N-CBEa S A . A ik L
B, JFE N-CBEp s R IE 1 ; X 48 O-ZRbHiE
1k O-WEH 4 5 22 S e A I 2 R ak S AR ),
Akk B A ARG AIRE 2 i O-FBE A1
FEWRAE hRe R R, B 1R B 32 BN Sk ) BT
2% s AKk RT3 MR RN, S HA 7 8 B R R
B, WM ERHRY, h TR,
Akk HHA A LRI MARRER M EE L™, AW
MRE T LIl IS Gprd3 ZAik g 2 fES, H
e 4% A I et vT LASE 3 Gprdl 1o & S
F, RIECAE YA EAE A E E RO, iE
Ak B P B BEATR AT BB 5 e g 1 R 2 R
SEE R FEREIIREZ B, T H 7S 5 1 52 0%
SRR AE B B R E, TS RS0

2 AKk B XE BN EEBERFR
il

WHE R, Akk W51 R . AL

R, BFEENTLI AKk AL SRz
PRI I W DR BB P A i 2 R B
FHG . Akk BEXHE RTS8 20
W, RN, HEAREMERR R
VEIRELZBERESR X A IS 7/ e 1 A 7
el PiR Akk BT AR R TE R
AT DAk AE AR A T — R AR TR
2.1 FTREMNFR
RAETE % (inflammatory bowel disease,
IBD)/&—FhaEFE A 118 M i R M, Hk
TEALER A 5 A BT, LA . Ak
PRI 2 A FE PR TEARE R TR E )iz kAT, =
HAE IBD HiaIr I 151 & TIRZ 41,
2013 4, Ganesh “F!LLRMFEVDT ] G
JEGLHY STHUMI /OB RS, &2 B Ak B Al 5
B EREDIRE SO, SR/ E A
IR WE TR, B ME AL PR
YK F IFN-y, IP-10, TNF-a, IL-12, IL-17
FIL-6 B mRNA FiEK-F-THE . Akk B ] LAFE
f#FNEE 1, Ganesh SFMIBFFEHIE/R T Akk P A[
DASACAS R 2 R BE AR s A DA s e A
i L, e BUGFE T T R R 5 i
I9AE . [F4F, Kang % hE1lil: C57BL/6 /MR
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1 IR %6 S B i iR £ (dextran sulfate sodium salt,
DSS)&: N IBD ALY, I 55— ANl 7 B X 40 4
B BF-Ak 1 18 40 B 2k U 9 g 21 /N (extracellular
vesicles, EV)TEZS R KT /ER; o3k
WY, Akk TEATAE RSN/ N AR RS B9 45 R 4 /N
FRUAE R . S5 KR, A% RRE
REAT 807 0 b B R PR R/ 1) 9 2 i 1R
g, ] UL Akk # Y EV 7 DSS #5345 7 & 1Y)
KSR EAT R ER . 2020 4F, Wang %P0%
PL, IBD/NEZEME R Akk B 5O B8, O
IR Y Akk TR 2K Amuc_1100 (—FiEE Y4
E AT ARCEESS RN B R, b
EL W 41 L A1 CD8 41 A B¢ T ik I 41 A (cytotoxic
T lymphocyte, CTL)MIZ5 iR ; RIS, Athf]
WA, Akk F A Amuc 1100 #] DI CTL
A 4" S TS R A /N BRUAS T R R O e 1
KA, TNF-o FRKikP3E @B F T2k 1
(programmed death-1, PD-1)iX i 55 % i) G 22 1)
il 53 F 09 T RBLIESS T X — 8. AT TE
25 50 &K BN —Fh Bk
WFFE AR Akk B AT BE S IBD A& o i v e e
AR, BAPRE R E TG, B
F W] AKk B IE 7 AR — o B 4 0] Y
22 BB SHEEIE

1V 5 ¥4 45 A AIE (irritable bowel syndrome,
IBS)Je—FhIhAEME A Y, W RN . 8
5 X AERL. HAT, 1BS A4 BURGEL AR L AL
AN WA, B SE IR B AT RE 5 i 1 TR R AR R AE
Z R AP,

Gobert Z£ 35 H] DSS 175 5 1 3 4 45 7 4 f
BRI, S{EMEAAAEL, MG S HMEE
B E il ARk B RYAHRT FEBESE N, 28 Akk
el A PR /DN RO RSO (A5~ TFN-y, IL-17,
TNF-o, IL-1B Fll NOS2 A4 3 K F2 ik 32 F il ,
R T 1BS BE M EMAEY MR IERTE—E

FREE P ARk A1 R PP e TS
B IBS Gt B b i il R AT AR R B, S
IEH X HEAH LG, WHBE # IBS B8 Akk B Fr)
ot E WD, T T EA 0 T R
SUEFEZ S H, A F Y EUR s 5 2 F
Waid, BB, I Akk
WA RERIB L IBS I REEZ —. Alam 55PY
LRI, Akk TR AT LATE ST i b 4 i rh
F A5 53 %, ) s i B BERR 324K 1 (formyl
peptide receptor 1, FPRI1)FIKH LA JF AT
) b RSB AT R R A R B LTI, $2
155 41 AL #1915 2R B4 (extracellular regulated
protein kinases, ERK)BEBRALIY/KF-, X A] B
Akk FXTUAE D) BERERSVE RIS TEDLE] . Akk
PR —Fh S A G, HBT R Rt L
AR TS, ATIORE] Akk B A g
1E IBS [ MbIL] A B B, X I EsE
HATWAEIRITVE B Akk B4R AL T RIS .
2.3 FaBsF0iETT AR

TR 22 (TR 2R B Akk TR 19 B 53R T
NEJHEAR A AL T e ¥ . IR BF 9 R
WY, #E Akk # AT LA /) BRUIE REAE S HoAth I
RIER) A, Wik T IR E T R
ALY, Akk BEVAYTHE N TR U A A AL bR ic
FIR B AL ) mRNA &ik; FRIBAFRE, %4
24 Ak TEIGIN T [ b RBRR KF-, HEA
Pl RAE | P8 R 3 K 4 9 25 T e
(B 1), Yang %PB5R kB, RARNEMES5Hs
RHE AT SIEINA G, & IR IR (high
fat diet, HFD)Zx4hi F /N BT Il 4R i) 27 > 0
iz, sems Rk E INIIEE, R8T Akk #
9 F B2 R AR ] AKK TRRYT HED /)N AT
BB EENE, WE 2ok E A5 fih ] ¥
PE, W /)N 5T 4 A S A 0 A8 E 1 4 A
7RIk, MMk T sk ACAZ s wEoR
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FW, Akk AT BEA Ok — R AR, W]
DLt - b, DA 9 BH e i Tk B 75 1 I
JHEFIAR S O IA RN RE 11 F % . Depommier ZE71%
B, /B R MR I ROR TR Y AKK T, AT
IR K S A A R U e e, JRRE
REWMRERACE; [FRE, M7 2B E K
AR Akk B AT LS 0 g % 8 55 B F perilipin2
FOCER (I 2R3k, B S ME b 1) a2 HE T 5 0
DR G W e is RS, [FE AR T
I 3% 5 A T (B 1) . 22 3080 ) 55 5 Tk B
Ak AR ()BT AT PP A ] e LA SR T AE AR
JHE 0 R 845 o

BE BT, Akk BTG T IS AR
FHPLE A EB B . Akk B AT DUAE i
TN R, AU BY T 4 R g B

B, T OE AT B TR 2 P g0 RE R R
v AR R R W, 452
Akk B3I T NIRPERRER 2-4E 4 PUJR IR H- il
(2-arachidonoylglycerol, 2-AG)J/K¥, & T
FRBERAEL, W T IRER R M40 i DY 7 A K F
SRR RAEP . RS R EI], Akk B
AJRESES LRSS A R SCEEIN &R, [
X SEEE A S TF A Akk T8 LA 53R
HEJREAE S AL 1 4 A
2.4 FTHERTE

Akk TR A] IR 1B PR I 2 A% AH SCHE AR
Mithieux™ W5 KB, T BOBEPRI/ N Akk T8
B, Akk WTE T BOBE BRI B & e g2 5
TRAPAER AR BT n] BE 2ot Ao 1 5 i 1 o P
RVER WA A= B, DTS 238 U2 5 P 3 o )

2-AG 1
’ 200
— N Reglll
g P 71

: A

Obese mice A. muciniphila administration
-_"A ) I . 2
A. muciniphila | a Perilipin2 |
L ¥ « B
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Energy efficiency |
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BEl1 AKk EBSFATARBEERME]  Akk B7ERA NEREAE A9/ UK A = BERRAIR,  Akk BTRYT AT
e A/ BB ACIERTL . A WEE Akk I T N IRTERRRER 2-782E DUR TR H-1ih 2-AG) Y K- FIHT
PRI Regllly A1k, s 1 ACIVE N T2 ITUAE AT 4 B J0E ; B: 4 T/ NBLUIE IR OK S A9 Akk 1, A 2%
FF AR PE I R AR I I RE R AICR TR A 2 FRAR T8 A9 Ak B AT LA i % 1811 5 1 perilipin2 A5G 2 1 0 R 3k
T, BRI R ACR

Figure 1 The mechanism of A. muciniphila in preventing and treating obesity. A. muciniphila abundance is
decreased in obese mice. A. muciniphila treatment can improve the metabolic disorder of obese mice. A:
Agavage of A. muciniphila increases the level of endogenous cannabinoid 2-arachidonoyglycerol (2-AG) and
the expression of antibacterial peptide Regllly, and reduces metabolic endotoxemia and systemic
inflammation; B: Oral administration of inactivated 4. muciniphila to obese mice can alleviate obesity and

reduce the energy efficiency of food. Meanwhile, pasteurized 4. muciniphila can down regulate the
expression of lipid droplet factor perilipin2 related protein and reduce food energy efficiency.
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I RRAIIRE S A RE , (R UERE S Y Foxp®™ Treg 4
JHS AN R BRIk EL 45 R T4 I/ % 10 (interleukin
10, IL-10)F1%4kA: K K F--B (transforming growth
factor-B, TGF-P)FEik. Zhang ZECHEWE IR
KRB MR Akk T8, W5 SRR R K RRAIC,
Akk T AT DARCE K SR DI RE 1 5 0] 4 4 b/
NEBE MR HCPTRE 5 [RIES, W9 B3, WEIRIE
KREFT LU= A G IE R KRR 2N 8, Bk
Akk ] LA 24 0 R, R ARk A
L 1T RE R AR S RE J1 . Zhang %PV
HHT R R B SCE R, I A 1 RS s BB
Akk A F R F R, #hIE Akk RA] PLd
FEAK B~ 2= 48 IH R (B-chenodeoxycholic acid,
B-CDCA) MY /K Y-, Il B & 2% A 3 b 38 i
AT YA M A K R 7 15/19 (fibroblast growth
factor 15/19, FGF15/19)% ik, PUEH/NR 4
ZREREAT Z 0100 . XK, Akk &
1 SRR B VA OC, Akk BIHOA 2R
KRR AR T R s A R 2 —
2.5 BB HE

H P4 (autism spectrum disorder, ASD)X
PR E PAE RS R A, Rk TR, A
UE R 2 B B PR RN i 18 A YR R el A
&, Wang ZEPVr i AL AT BESE A H PARE )L 2
fERER H i iE A, WEEE ASD JLHEAMH T
R L, 348 v i) BUBL AT 1 F Akk T8 ) 500
W E RN ASD JLEE LW )Z 5 I L e L2 o
W, KU ASD B Al R L B IR R Z b bR
SN gy 3 ) 38 R A R Y & . Newell
SR ASD shER AL, K B EA TR A i
KNI E A E, 23 ASD /MR Akk
PR KCF IR AL, Al 2RSS AT L ASD
A ORER . Zou FEPUFIA 168 rRNA K
RN 7 B AR TEAL ASD L2 Fn gt e JL 25 A il
R AL, DYIFKSE |, ASD JLEMIE

TR A b Ak T A 555 40U T A B8 kL
FiAk, HT ASD IR E D RER AR AL, 5
XFHEAH EE, ASD L A ] 2 R R 35 (£ 365
AIRVEME . ARV FEIL, ASD JL#E
TE WA MDA i — AR R D RE R R AN I
XA[BES ASD B MR I RERR G AT K. Goo
SR P Y ARk B R4/ 1) Fmrl KO /ML,
PR 2R 3% IR #4 4 (fecal microbiota transplantation,
FMT) 5 A MSEAT MG FR s KB FMT HISS T
ANER A FREAT R, AR 8 Al A A A8 R
%, FMT WA AT RES Akk Y44 2 H TNF-a
KR BEARAT G, BOR B Z RIEE R, miE
TR P RER B ALAE B 5C R BOR B 28 . X Se ik
PEde it TR Rl aetE, B A PAE A] DL i 1E
WAEVIRE AT IZ W EL 28T .
2.6 EEMHFELRR

WrvRAE ,  BIVULZE 46 0l 2% 6 {L 5 (amyotropyic
lateral sclerosis, ALS)®, E—Fhfi& BT
Jio ALS SR Ir S 2, I L
Tl 2= A A SE e M . Akk T8 AT REFEHTAGEE Y &
SALEI R R EEAEM . 2019 4E, Blacher 250!
DAS % ALS 1) SOD1-Tg /INEUHARAL, 321 168
rRNA B RN 7 52 AR BFAl 7 18 T A K 1 7 A 38
VIR EAE T R PO A T, Akk BRI
JEB WAL 43T Akk B AT BEIE o 1 0 A bt
(LR W) LR R 1 R J® o Gotkine SFPONf1Y
WU, Akk T AT Ag s A - I A
TEHZ 58 MEE RGP, Akk A L™ A
KRG , R T P 3K — A Qg 4 ST 3 s ot 3t 321 38
AR R GE, IS Bl o0 i By Bk
W, A B 45 25 M T Jie w] AR /N R 32 3l R
AR RIS, PR FER T/
HAETBEERW], Akk W55 IE A 5 s
BT R AATE R R SC R, ARTIXS ALS 254
LRGBS LR =, R E 22455 o
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TR &R T AE
2.7 MEMEFRIER

AKk FTEHE ARG I R L kR AR
WEHEEEEEM., WRRE—MhZRES]
R R RN, ARV Akk 1# BT
FES WA 2 B AR, Akk
BRI 7E 52 B R RN E A 4R B P A R
by TS E MR, Ak T E S
INT 2 4 FEY R TS Akk B A0SR 45
Jifrgeg 4 AR, Ak TR A4S B AR X R 1 T
WHA—EMSHZ L, Akk H7EfE T
il B v 2 FE BV FHUOY. i B v L [E B (high
fat/high cholesterol, HFHC)IX & 7175 T AL P #
PERBIVEI 4, Akk BIGYT A% HFHC IRE
V5 1R BN HI D BE A, e R £ 0 ik
SEE W R YRR i - i
FH, Akk THAEP XIS RGP R I AR
M. [, Rao FEMR L Akk ikl LA i 4
W L-RA AR -5 i A, e
TRE ARSIV s Akk BEYR YT BEA 20
T B - JHE fh > v i AR R AR AN IR B AR,
M JH R F ) R T B A ds PR 1 0 o i 1 50
P, HEIPIHE MY AN RIS A
3 R 3B PS8 A B 2 M A 5% 32 04 T
LR A28 R /K P I 3 i & A=

AKk B 5 15 T f R AR 3L HL AT A 6
P, Akk B TE SRR S MR E )20
I 2), BRI AR 25 AR B ST A 5T HA S
VER T —REEAR, FRAEIE RAEE R . 45
LA . WH DRI B Jo 55 AH DB 1 D1 FYR
JY 7T, Akk B HE K, ATSCN A B
B2 W sl B 167 M TR TS s kT

3 AKKELE. ARFERFEHE

UTAEAR 7% KL DA 21~ R iy 20 ek S5 T T

FARM KM S TR B, H¥m
B R S BRI AANTEA T % 18 1w
FERZE R ANIhAE, (H N TR M W FE RSN R
B A PR, s B B Al AR Akk
BRIy — i UL A T PR AR, B B 2004 4R
BRI E A HRE, AR AIEE AR
(0 BRI RE F% 40 e PR T U
TR TN TRTETE S o X PR AR Akk
BR AL R £H | A 2 R 0 0401V T AL 44 i
TRER, AR AR Y s Al A R A
SEJTY, AREE IR ARSI PR

2004 4, Derrien 25 Al 5 40 26 2 11 B 20
OB HLUE W T — b T 5 PE R 1 2 R R
H——Akk HMIAETE. 2012 4F, Hansen 251
F T B BIRIT B IR /N R, R BN B Y
AKk I, KW EEAH T Ak #
B0 8 A %k . 2015 4E, Caputo Z£ MR & A
3t 8 2R EOI e R B s B P R R BT Akk T
PEAT R IR, SEP AL T & B FR R e e 1)
a2, HHHZMREE 75— M
(AR A 52 20 F A R4 . SR Caputo &
% Derrien [ 715 A IS FEAS L2l 43 85 1
Akk M RB] Akk B4 KIRES | R IR
SEHRTT BEXT R A, NI, RSG5y
B AL T DAROR & %

Fl 2004 4E 4B i Akk BLOK, LA%h
EANEMMERE AT AERR, ©
Akk T 5% 3 A 2 18] AT AE LR R o8 4
B o Shin ZFPHRR B X Akk B3 [H %Kik
Mz AR, A aiEn, K25
S B 758 5 11 5% fige T 1) 22 DR HE 286 2 A7 A B 1 O
TEELWE; HEZT, EREAFESE
T, KRS 5 m A ag R 42 i 5L A
(fHEgty ATP 58 . BEHIRR I A F1 NADH
e B S B vl I G D= s = K N
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725 Amuc_ 1100 JE R 3Rk . 1245 R E£H
Akk B A8 254 AT RO T H0 0 PR 1 26 2R
I, [FEHL, Liu 2BV BhEE 4 At
WL A AR 25 A 1 R 9T Akk TR 6T BHI % 57 5
AR NG B 1 SO S TS TEAL R, A R R
Akk BXTBEI AT . SO RIAZ T RO G
LU R AR AL RN, LAIE I B 3R S
TR EE R . B I BYUS IR Akk TR Y
A KA B, BHI R SLrh s gl & 3 af
DI SE Akk AR AE K, [T T A
WS, AFFRBEREERE, RO
DA 8 4 0 T K A il TR ) k101, L
SGUIR BIEIT F A B R (R ARk B IRK AL AP
FIETR AR LRI, AT LAE 1 O3 5 kK tb &
Wy TN GA TR 1 5% T e AR FLACIITRRAE . BE AR
T ETE Akk WA R EE EEEH, Ak §
HERE AR FE AR RES, G5, #
ES LR SR N AW R DGk - R BB STl T ey =S
%, ALk B AR, ST T
Ak TR VR S IR, AT Akk TR PH R
RIEIK 70%. SRR SIS R B T —Fh o B
F% Akk TR, X A PR A
i S FLWRBE A S E A TR, E TR AR R SR i
1o Akk R AU, HABEA SE T
Ji, T ARk B8 Tk Ak

VE R P S0 1 — BE R B R I A=
Akk WA ZRUEE T, f0FE 16S rRNA R
MF . PCR %2 Mg s kS, mTH
16S rRNA K5 TR, 782 4 %
ST R BZ W NAATE. 2011 4, -1
Akk Btk ATCC BAA-835U % 5L K 41 /5% F1 3
RERL N5 BRI, ATCC BAA-835 Y5k JE
N4l —4~ 2.66 Mb [FRIRG AR pl . TR
i, EERAAEIIE L, AKk WP EEF L

S DX G S 280 B 1T SR A I, O R R S
PO AKk B A AR E AN TR
IR AR B, 268 R R CR B LR E B 1
R A 20 B 0 2, 5 o L At i 3 e 1
2015 4F, Caputo Z5EMRFH—Ff 458 A4 3L K 4
WF ik, HIEMAZEGORE AKK W, IBRH
FLS ARG 2 S R A B e T4 e, R e
2 237 DL 2017 4E, Guo Z5P'SR AR
Y1 AR I P S/ B RE i p o B T
39 P Akk BARE, dEa LR 4%
IR, %2 S 644 DI 5 FEYIRD
Kb, 39 Bk Akk BE#EIE R 3 D EEM RS
M AmI, AmIl F AmlIII, X% 2GR a7
HEAR B B ECA B A RE L 4 i s R A R
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2 Akk EXEERRIFEERMAR () THSAEMEG: DLBGGFEU T RGN RO
B, R AKk B AT DM AE A I R F- IFN-y, IP-10, TNF-a., IL-12., IL-17 Fl IL-6 i) mRNA £ik/KF
Thers DL DSS S RIZI R /N RO, Akk TEATAE RSN MO AL RS B Z5 1 R/ RUIA TS, 45
KEEHIN, DAL A% FRKTE M Akk BB Amuc_1100, J8%E WEAI AT CD8 4 i #¢ ¢ T ke
YiMI(CTL) S5 i, [FIET TNF-o KA . (b) Akk AT BG4 AR . 248 Akk ALY 25 1
SN R BON A F IFN-y, IL-17. TNF-a. IL-1p Fll NOS2 B[R 552 230 s Akk B ] LIE Y
[ b B AL A5 S i Bk, At b B IR AT R R A HE R I B K, TR B E T RERE RS . (c)
Akk E B ANGIIERE . ] Akk HIGYT HFD /N, AT BiE g v, WA M 2 o0 ke B R 5 fik T 2
P, Akk B AT LSRG - il NI BB AR R B S O s 45 T HEE /N B IR TG /9 AKK T, 7T L)
(R TH 5T 7 perilipin2 AHSCER FARYFRIN T, FREPIMIRERZCR . (d) Akk W ATRETRIRN, I
EARARCHER . Akk TAAE | RS PRI 1 & S i SR VE A, AT LM E Foxp®™ Treg 4UAEAN IL-10.
TGF-p (335 11 RDBE PR A RN Akk B AG F BEREAIR,  Akk AT LU i B B-CDCA 7KK, 35
FGF15/19 &k, RIVNRZ MR 200, (¢) BiiG A MAE: ASD JLE AR T 5 )L & H IS8
H Ak R RO BB R s FMT IS 17/ B A REA T, FMT 948 FH AT RE 5 Akk 121 Y3 22 7 TNF-a
AR e () MERHTVRAE R : LA ALS ) SOD1-Tg /NEUHBIRY, KB4 TS Akk TR 7T R
T SR I 1) £ ) LG AR R Y K, ARk AT RESHE AL AR I - A LA T 2 S RGEB -
(g) BCEEACH DI RE AR SCHR I AT . Akk B34 AT DAL 815 L- R AR R LE N - g AQHE, g AR ol
(i REXEPS Ol

Figure 2 Study on the regulation of A. muciniphila on host health. (a) Intervention in inflammatory bowel
disease: Using Typhimurium-infected gnotobiotic mice as models, A. muciniphila was found to increase the
mRNA expression levels of pro-inflammatory cytokines IFN-y, IP-10, TNF-a, IL-12, IL-17 and IL-6; Using
DSS induced colitis mice as models, extracellular vesicles treated with colitis mice lost weight, increased
colon length, and decreased DAI scores. Oral inactivation of 4. muciniphila or Amuc 1100 reduced
activation and infiltration of CD8" CTLs and macrophages, while TNF-o expression was enhanced. (b)
A. muciniphila can prevent irritable bowel syndrome: A. muciniphila treated colitis mice inhibited the
expression of pro-inflammatory cytokines IFN-y, IL-17, TNF-a, IL-1B and NOS2; A. muciniphila can regulate
the signal pathway in intestinal epithelial cells, stimulated proliferation and migration of intestinal
epithelial-cell to promote the repair of mucosal damage, so as to fight intestinal dysfunction. (¢) A. muciniphila
can prevent and treat obesity: Treatment of HFD mice with A. muciniphila can restore intestinal permeability,
neuronal development and synaptic plasticity, and A. muciniphila can improve the enteric-brain axis, thus
preventing obesity induced by fat high diet; Oral administration of inactivated A. muciniphila in obese mice
down-regulated the expression of lipid-droplet regulator perilipin2-related protein and reduced the energy
efficiency of food. (d) A. muciniphila can regulate diabetes and relieve related symptoms: 4. muciniphila
plays a protective role in the development of type I diabetes, promoting the expression of Foxp’* Treg cells,
IL-10 and TGF-B; The abundance of 4. muciniphila in patients with type 2 diabetes decreased, and
A. muciniphila can enhance FGF15/19 expression and protect mice from glucose intolerance by decreasing the
level of B-CDCA. (e) Prevention and treatment of autism: the number of A. muciniphila in faeces of children
with ASD is significantly lower than that of normal children; FMT attenuated autistic behavior in mice, and the
effect of FMT may be related to the increase of 4. muciniphila and the decrease of TNF-a levels. (f) Delay the
progression of ALS: Taking SODI1-TG ALS mouses as models, it was found that A. muciniphila
supplementation may alleviate the progression of the disease by increasing nicotinamide biosynthesis, and
A. muciniphila may be involved in neurological diseases through metabolic gut-brain interaction. (g)
Improvement of metabolic dysfunction-associated fatty liver disease: A. muciniphila can also improve
metabolic dysfunction-related fatty liver by regulating L-aspartate metabolism on the enteric-liver axis.
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Table 2 Genomic studies of Akkermansia muciniphila (recent 10 years)

IE] AEAOR IR LR 20 ENHARN GC Rt 275 30k
Time Sample source Genome Genome size  (mol%)  System group References
(Mb)

20113 - A. muciniphila ATCC BAA-835 2.66 55.8 - [9]

2015.2 A Z%f# Human feces A. muciniphila Urmite - - - [44]
2017.10 AFI/N BB 2efd 39 A A. muciniphila i Bk 2.65-3.20 - Aml, Amll, [51]

Human and mouse feces 39 new isolates of 4. muciniphila AmlIII
2019.11 — NCBI 1) 23 ¥ Akkermansia Btk 2.43-3.11 55.0-58.1 — [52]
23 strains of Akkermansia in NCBI
2020.1 - 75 A~ Akkermansia F:H 40 - - Aml, AmII, [53]

75 Akkermansia genomes
71 4~ A. muciniphila [ELiS

71 A. muciniphila strains

2021.5 JLEFE{E
Children’s feces

Amlll, AmIV
Aml, Amll, [54]
AmlIIl, AmIV

2.60-3.30 -

T - 7ECE P RIATHIR

Note: —: Not described in the article.
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