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Research progress of the next-generation probiotics
Akkermansia muciniphila

HE Kairu', Wurina', DING Ruixue', JI Shuaiqi', ZHU Yongliang®, WU Junrui''

1 Food Science College of Shenyang Agricultural University, Liaoning Provincial Engineering Research Center of
Food Fermentation Technology, Shenyang Key Laboratory of Microbial Fermentation Technology Innovation,
Shenyang 110866, Liaoning, China

2 Suzhou Precision Gene Technology Limited Company, Suzhou 215000, Jiangsu, China

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 A. 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.

Keywords: Akkermansia muciniphila; next-generation probiotics; host health; disease; probiotic properties

1 18 ) g 2 2R 11 BT 5 = T (A kkermansia
muciniphila, AKK) & — & 580 T 17 18 552 1Y
w22 FRFIVE PR AETA M i AR T <] e i
W, TE fa AR T O 5T S B — T Y Hb
i, HETMRS & B, Akk 5 2R 2%
PIMDG, St . WA i
FURE RIS ARG, R, BT Akk TR
Whn—ER Akk TR AE R A B RCIRYT
Z RPN BT A . AR, BEE A A
22 FE A it AT B AR 8 38 25 I 2% ik DR A 2 1)
L AT Akk B IAHSCHIF SIS T BRI
BB RHUBEHE PRI e A He R, Ak TR % 4
AR LR C B R . BT — Ui 5
AR, Akk ARSI IR U AR B — KB

1 Akk Bft%

Akk HRTE il E o I iR A

B

B, R AR R 0.5%5.0%, AT LA FHES
B PE R HME— B . AR R, BEm ok
ER AR At A R Akk TR TR
(Verrucomicrobia) W vi : 14 J& (Akkermansia)™, H
FTBA] 7 2 T i B0 FE AKk T A. glycaniphila”
PR (R 1) Akk BEPERE T2 — sl 70
BUE MY, FE 2004 AR Hfar 2
FORR AR K F W 52 # Derrien 55 M B (9 28 (F
s aifes 8], JIF LAY # % Antoon D. L.
Akkermans 18 I 10 4 5% 47 %4 N Akkermansia
muciniphila . Akk BE—FEZ KA. ANz
3. AIE AT R IR 405, HCRR 40 i
279 0.6-1.0 pm, A=K DL el px A
K, R REERA RS, FE R R 5 5
b, AKk R ADIEEI AR, VR 22 RE5

%, WREARYA R 0.7 mm!", HEEAKIE
JEh 37 °C, FadEdK pHE N 6.5,
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Table 1 Typical strains of Akkermansia species
LGS K IR GC & it 2SI NIN CRISPR &% ik
Strains Source Carbon source GC content (mol%) Genome size (Mb) References
A. muciniphila W N\ZEME ZH7E 1 Mucin 47.6 - - [8]
MucT Human faeces
A. muciniphila  — - 55.8 2.66 2 [9]
ATCC BAA-835
A. glycaniphila WSS EEZEME RO . RAWE 57.6 3.07 4 (7]
Pyt T Fresh feces of Mucin, Galactose
reticulated python

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

Akk T FZEEFHEER)Z P, % A R UINECR . (5B s R A A K

W Be B . REWR Y A R 2 R B R 4
YEM . NIpilE b anpasi gh )2 E s, s
TREN . BRI b R AR A A o A i K
RIMEE I, HEA Z KA & Y EE 0 8 E
BARA R HAATEN EEmoKbE Y2 N-Lt
IR . N-CBRa B A . e R L
B, I8 N-C B 2RI ; X 4L O-F b
b O-WEH 4 5 22 % M I 2 R ok S AR ),
Akk B A UF G FIRE 22 i O-FME A1
FEMAE hRe R R, B 1R 1B 32 BN Sk ) BT
2% s AKk RT3 MR RN, S HHA 7 8 B R
B, WM ERARY, h TR,
Akk HHA A ORI MA RGeS, AW
MRE VT LIl AT Gprd3 ZAik g 2 fEs, H
i % A Wi e o v] LLdE 3 Gprdl g £k 5
5, RIECAE YA BAE AV E E RO, aE
Akk TR B A BRI AT R 52 il fi 18 B B2 IR
SEE R FEREIREZ B, T H 7S ) 1 52 %
SRR AR B B AR E, NS P05

2 AKk B XE BN EEERFR
il

WHE R, Akk W51 ER9EREE . AL

WK, WFSEEN1EI Akk AL SRz
PRI . e ML . W DR SN o 2 i 2
FHIG . Akk B R IR ER T8 20
W, R, AR RSB
W1 1B T AR A L S B - T R i -
o aels ) PiRl Akk BT BE R — RS ZER
Al DAk AE AR R T — R AR TR

2.1 FTREMNFR

RAETE % (inflammatory bowel disease,
IBD) & —Fl Al Sk po 18 v & R s, Hk
R HLEL AN S A AT, R LA AL, Akk
BRI 1) 25 AR RE R AR AR TP E gz kT, R
HAE IBD Hhiiasr i 151 &k TARZ 41,

2013 4, Ganesh “F!LLRFEVDT ] G
REGLHY STHUMI /UMY, & B Ak B Al 5
BRSO, SR/ E A2
PRI BETHE, B MBS R
YIfE [ F IFN-y, IP-10, TNF-a, IL-12, IL-17
FIL-6 B mRNA £ih7K-F- T . Akk B ] LIRS
A, Ganesh SFHIMFSE IR /R T Akk BA[
DABRAR BEV 2 W IR, A 2000 D A DA s e A
5 Ly, T B FE VDT ) R R B 5 ik
AE . [F4F, Kang % hE1lil: C57BL/6 /IR
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1 IR %6 S B i iR £ (dextran sulfate sodium salt,
DSS)&E N IBD #AY, I 55— ANl I 2 3 X 40 4
BT A i 18 41 B 2R U 9 G 21 7N (extracellular
vesicles, EV)TES5 IR KR IIMERT; WK
WY, Akk TEATAE AN/ N AR RS 0945 R R /N
AT . S KER, A% RRE
BEAT 80T 1) b B R MR R 1) 9 RE 2 IR
i, AL Akk T EV 7E DSS 5 45 1 4 1
KB EA R ER . 2020 45, Wang %P0%
i, IBD/NEUZEMEH Ak B ECR B b, 1
FRK T B Akk Bk Amuc_1100 (—FEERE AR
E AT ARECEE LSS RN B R, b
EL W 41 L A1 CD8 41 A B¢ T ik I 41 ffd (cytotoxic
T lymphocyte, CTL)AIZ5 iR ; RIS, Athf]
W&, Akk EA Amuc 1100 #] LI CTL
A 4" 338 T SR A /I BRUAS I R A O i e 1Y
KA, TNF-o FRKikPIE R FEIE T2k 1
(programmed death-1, PD-1)iX i 55 % 1) G 22 1)
il 53 F 0 T RBLIESS T X — 8. RAETEM I TE
25 50 &KL B — R BRI
WEFEIN R Akk B& AT RESE IBD A& i 2 i
MIRZER, BRAMRERMEETE, HZ2HE5R
F W] Akk T 1E7E B — o 8 1 f drn) 21
22 PRl S MEEIE

1V 5 ¥4 45 A AIE (irritable bowel syndrome,
IBS)Je—FhIhaEME A Y, W R IER . 8
B AERE . HAT, 1BS B9A B F15 FEAR L AL
WA WA, YR WL AT RE 5 i T TR AR R A
Z R AP,

Gobert Z:2F] ] DSS 1755 1 5h W) 45 i 4 6
R, S{EMEAAMEL, MG SMGE
ik B b Akk R RGARS SEEERE N, 22 Akk
BRI AR B 7N SO 2 BV ¥ TFN-y | TL-17
TNF-o, IL-1B Fl NOS2 At K F& ik 32 F il ,
s T IBS BE B MAEY B RAETE— &

FEIE FJER ARk FA 1. IR FEPIE TS
A IBS SBA P I B TR A T R R, 5
TEH % HEAH LG, WHBE e IBS B! Akk B 1)
ot W EH WD, T TSR 0 R
SURFEZ S H, A F Y EUE s 5 2 F
Wil , B EREDREZ S, I Akk
WA RERIE L IBS I RHEMEZ —. Alam 5PY
PRI, Akk TR AT LATE ST i b g i rh
B A5 53 %, ) i B BERR 324K 1 (formyl
peptide receptor 1, FPRI1)FIKH ALk JF AT
) b RSB AT A R A R B IR, $2
155 41 AL AR 15 2R F B4 (extracellular regulated
protein kinases, ERK)BEMRLIY/KY-, X AT B/
Akk FXTUAE Y BERERSVE IS TEDLE] . Akk
PR —Fh S AR A, HPT R Rt )L
R T, ATAIRE] Akk AT EE
16 IBS By &bl rh BN, XOAR
HATWAEIRITVE B Akk B4R T RIS .
2.3 FaBsF0iETT AR

TR 22 (TR 2R B Akk TR 19 B 53R T
NEJHEAR A AL BT e % . IR BIF9E R
WY, #E Akk & AT LA /S BUIE REAE S HoAth I
RIER) A, Wik T RS IR R R E
ALY, Akk BEVAYTHE N TR U A A A bR ic
FIR B AL ) mRNA &ik; FIBAFREI, %4
2 Ak TEIGIN T [ b ORBRR 1KF-, HEA
P RAE | P8 R 3 K 4 o 25 T e
(B 1), Yang P50 k8, RARNEMESHs
R BRGNS, & IR IR (high
fat diet, HFD)ZHil % /INEUT B iG> Fil
iz, semfsk R INEIIEE, [FIET Akk #
Ok FE B RS s P AKK B4 T HED /M BUAT R
B ENE, WE 200k E RS fi ] ¥
PE, WS BN 5T 4 B S A 0 A8 E 1 4 A
R Rik, M~ > BRI L s WFoE
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R, Akk AT BEA Ok — R A R, ]
DAt - b, DA 9 BH e M Ak B 75 S 1 I
JHERIAR DG AT KT RE 71 R % . Depommier Z£P71%
B, /B R MR 2 RS TR Y AKK T, AT
IR K S A T IR U R, IRRE
REWMRERACE; [FNE, M7 A R
AR Akk B AT LS 0 g % 8 55 R F perilipin2
FHOCEE I ERL , B ZEf8 rp i fi i HE T Ik
DR B W e is RS, R BT REAR T
I 5% 5 A T (B 1) . 22 03l ) 55 g Uk B
AKK A R (AT AR PP A T AR SR T TE AR
JPE ) 5 6 R

BE BT, Akk BTG I IR AR
FABLH E A TR B . Akk B8 AT LAGE 2
TR R, AU BY T 4 R g B

B, T ELAT BT AR e 20 R RE LR,
v AR T R R B W, 452
Akk B3I T N IRMERRRER 2- 4848 DU R H-ih
(2-arachidonoylglycerol, 2-AG)J/K¥, & T
FRBERAEL . W T IRER R P 40 L DY 5 K K
SRR RAEP . RS R K], Akk
AJREE S 5 LRSS A R I SR &R, [
X SEEE A TF A Akk T8 LA 23R
HEJREAE S AL 1 A
2.4 FTHERTE

Akk TR A] IR 1B PR I 2 A% AH G HE AR
Mithieux™ W58 KB, T BOBEIRIA/N L Akk T8
B, Akk WTE 1 BOBE bR B & e h g 3
TRAPAER AR BT n] BE Rt Ao 1 55 i 1 o P
RIVERGWA A= B, DTS 288 U2 J5 P 3 o )

2-AG 1

_ 904
— AN Reglll
I oo eIl 1

A

Obese mice A. muciniphila administration
N i -‘w 1o e
A. muciniphila | - Perilipin2 |
' B

o
Pasteurized A. muciniphila

<

Energy efficiency |

Adipose tissue

El1 Akk EFBSFUAFTEERF B E RS  Akk B/ A NEHIE /N BUA N E IR, Akk EIRYT AT
e AR/ BRIl . A WEE Akk I T N IRTERRRER 2-7E2E DUR TR H-1ih 2-AG) Y K- FIHT
IR Regllly fUZR1K, s 1 ACIVE N T2 ITUAE AT 4 B J0E ; B: 43 T/ DR IR OK S 9 Akk 1, A%
FE AL PE I FEAR I I RE R AICR TR A 2 FRAR T8 A9 Ak B AT LA A % 18117 [H 1 perilipin2 A5G 2R 1 O 2R 3K
T, BEREYRRERACR

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 AE , (R UERE S Y Foxp®™ Treg 4
JE AN R BRIk EL 25 R T4 I/ % 10 (interleukin
10, IL-10)F1%4kA: K K F-B (transforming growth
factor-B, TGF-P)FKik. Zhang P HEWE IR
KRB MR Akk T8, 5SS PR R H K RRIC,
Akk TR AT DA KB ST RE , 34 9 X0 4 4 b/
N/ MHRPTRE )15 RIEY, WFR kBN, BHIRI
REFT LA IR R R 2N 8, Hik
Akk ] LA 24 0 R, R ARk A
AL 1T RUBE RS AR5 RE )1 . Zhang %P
TR R B SCE R, I A 1T RS s BB
Akk A F R F R, #hIE Akk RA] DL
FEAEK B-H 2= 48 IH iR (B-chenodeoxycholic acid,
B-CDCA) M /K-, 1R & 2% A 43 b R 38 i
AT YA A K K7 15/19 (fibroblast growth
factor 15/19, FGF15/19)% ik, IR/ R
S EBEAT Z . XEeWFFERY], Akk
BB SRR B UIAH G, Akk TRABEIA &R
KA TFIRIT BRI AR B R s AR TR 2 —
2.5 PBEIEEHE

H 4 (autism spectrum disorder, ASD)X
PR B PAE RS R A, Rt R TR, A
WEE 2 B B PR R0 E i 18 A YR R el AR
K. Wang ZEPVr AL AT RESE A H PATRE L 2
fERER H miEdn i , WEEE ASD JLHEAH T
R LR, 38 b i) BUBLFF I FI Akk T8 ) 530
AR, ASD JLEFRIR)Z B b o fgt e )L 3
W, KU ASD B AT REIE L B IR R b b
SN gy 3 ) 3 PR A R Y & R . Newell
SR ASD sh AL, B EA TR 2 fin
KANBIE A E, 23 ASD /MR Akk
F K IE R AL, A 2 gk SER] Phss ASD
BE B IEIR . Zou ZPYFIH 16S rRNA 3
DRI 7 B AR TEAL ASD  JLZE Fi gt e JL 25 A il
RS, WYIFKSE |, ASD JLEM A

T YU REH Ak TR G 55 DU TR G B0 DL
Jibh, BT ASD WRE IR E ThReny 2tk 5
XTREAHEL, ASD JL 2 A il 2 5 R £ C alif (2 956 it
ARG . ARSI, ASD JLEW
TE TR Py e — = 4R 1Y S RE B P A i b
XA e ASD B H B RN RERAG A . Goo
SR A Y Ak B /0 Fmarl KO /MR,
FR 2R 3% IR #4 #i (fecal microbiota transplantation,
FMT)5 B AEAT M C R ;s KB FMT #5517
NEURS H FREAT A, W 3R Bl A AL 52 B A
%, FMT BIVERI AT RS Akk B A3 2 Fll TNF-a
KRR 6. BORBZ IR R, miE
A WA N L DA 1 O 2R O B K SR
P2 TR TT R, B A PAAE AT DAAE A
AR TIZ W L IR TT
2.6 HEZRHHELER

W VRAE , R UL 46 0 22 B A6 E (amyotropyic
lateral sclerosis, ALS)™, &—FhfiZ& BT
Wio ALS SZWr b 2%, Hai bl ny Al
T ZE A ARSI . Akk AT BELEMNAAE Y&
SALEI R R IEEEANEM . 2019 4, Blacher 250!
L5y I ALS 9 SOD1-Tg /NI R 32 16S
rRNA B PRI Py 15 AR PEAG i 18 v R 2 1t 3 A
YIRBSTEVER ;. BEE SRR RE, Akk M+
JEBWTRRAR s #MFE Akk B 0] B3 12 1 T AR ok
(4= 6 IR 92976 1) 2 JEE o Gotkine 450
S UER, Akk T AT BB o A A7 - ik AH
YERZ 5 &M Z RGP, , Akk B Al L™ A
KRG , K T P 3K — A Qg 4 ST 3 s ot 3t 321 38
AR RGE, SENis s oC ) b e, B
I, 4B 25 2 M IE I T DLk /N B 12 B0 D B
AL RIR S, FEEE R T /N FH .
HATHWFE R, Akk B MUED) S s
IRTTPEBRAAE A OC R, SRMIXT ALS &84
ZRABBIRMMIR LEB =, 5 84575 i
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TR &R T AE
2.7 FEMERFRNER

AKk FTEH ARG I R kR AR
WEHEEEEEM., WRRE—MhZRES
R R RS, A IFFE R Akk 1# BT
FES R MR AR R B DT, Akk
BRI 7E 52 B R AR E g 4R B P E A AR
by TES I E MR T, Ak T E S Y
INT 2 4 F50Y R TS Akk B A0SR 45
Jifrgeg 4 AR, Ak TR A B AR X R 1 T
WHA—ENSHE X, Akk HIERE T il
il B v 2 FE R M FHUOY . i B v L [E B (high
fat/high cholesterol, HFHC)IX & 7175 S AL P #
PERBNIVEI 4, Akk BIGYT A HFHC IRE
VB 1R BN A D BE A, o R £ ik
SEEH W R YRR i - i
FH, Akk THAEIX IS R G R AR
M. [, Rao FEMR B Akk ikl LA i
W L-RARARTE M-I i A, oot
ThRE B AHSC IR W Akk BEYR YT BEA 20
T B - JHE S>> v i AR R AR AN IR B AR,
M P JE T A ds (R4 1 o B 1 5
P, B E AR AL; ARG A
R BB A A B 2 M A 5% 32 04 T
L- KA 28 R 7K P I 3 i A A=

Akk TR 5 15 T fd R AR 3R L A A O
PE, Akk EXHE EAEEREAEEEHC ) ZIA
B 2), BRI AE SR 25 AR T AT AR 5T A5
VERTF —REEAT, FRAEIE RAETE G . 45
BRI . BRI S B R S5 A DB I E A
JY 5T, Akk B HE K, WSO AH B R
B2 W sl B 1A IT TR TS sk T

3 AKKELE. ARFERHEHE

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

FARM KM FE TR RN FB, ¥
BRI S BRI AANTEA T % 8w
BERSE M RN RE, EA T IR R A W R A 3R
55 b A BRARE A BB A AR . Akk
BRI S — i UL A T PR AR, B B 2004 4R
BRI E A HRE, AR AIEE AR
(TR AR BLE RE 5% , F040 I R AT v S0
TR TN TRTETE S o XX 2 T EEAF Akk
R A JE DR 2 . A WA R A D 2T R ML A A K
TRER, AR AR Y s Al A R A
FET, ARE A HU A TR SR R

2004 4, Derrien 25 Fl 1 4026 2 171 AL 20
OB HLUE W T — T 0 PE R 1 2 EC R
——Akk WMIAETE. 2012 4F, Hansen 251
T 8 3R IT AR IR/ B, R BN BV
AKk BN, REARMOTEERAMT Akk #
B B ARk . 2015 4E, Caputo Z£™MER & A
0t B 2R B 1 i ) e B 15 95 B Ak T
PEAPRE SR, SR ALIN Y & B F2 T P P 1]
B2, HHHIZWRAE] T8~ M
T REA 58 P AN B 45 o SR 1T Caputo 2
% Derrien Y75 A IS HFEAS v gL 2h 43 85 1
Akk M R Akk B4 KIRES | B IR A
SRR BEXT AR AR, I, BRSO S
B Al T LR R R

H 2004 052t Akk ®EKE, LIZS
BN RE-EATHEESR, H
Akk T 55 5H 8 (1A 22 18] B Ve AL R 58 4
B . Shin ZFPHRR B X Akk B3 [H %Rk
M AR, By aiin, K25
S S 86 2 11 5 fie Tl 1) 58 DR E 6 B U AR AE RO T OO
TEFEEWH; MEZT, EHEAINER
T, KZES 550w A0 GE QI A2 1 3L X
(IE 9IS ATP SR, JEHIR I F1 NADH
bt S T ) B DR R A8 B9, R BS A B 1 Y 2k R
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2 Akk EXEERRIFEERMR () THISAEMEG: DLBGGFEU T R RGN RO
B, ORI AKK T AT U R AN T IFN-y, IP-10, TNF-a, IL-12. IL-17 1 IL-6 i) mRNA #ik/KF
Thess DL DSS S RIZI R/ RO, Akk TEATAE RSN MO AR RS B 250 R/ RUA TS, 45
KEEWIN, DAL TSRS FRKTE M Akk BB Amuc_1100, J8%E WEAN AT CD8 4 i #¢ M T ke
YiMI(CTL) S5t , R TNF-o R . (b) Akk AT BG4 AR . 248 Akk ALY 25 1
SN A AU T IFN-y. IL-17. TNF-o. IL-1B F1 NOS2 f4JE R 3532 24| s Akk 15 n] LR
W L A 015 5, G SRR R L BB 0052, AP S R . (o)
Akk B PR ANGI T IERE . A Akk HIGYT HFD /N, TR B g vk, WA i 22 o0 A 7 R 2 fik T 2
P, Akk B AT LSS -l NI FR)7 AR R B S IR s 45 T EJRE /N B IR KT 1Y AkK T, 7T LA
AR 5T 87 perilipin2 AHSCER FARYFRIA T, FREPIMIRERZCR . (d) Akk W AN, JF
R AISCAER . Akk BEAE 1 BB PRI & R R B EH , AT Foxp™ Treg 4HAAN IL-10.
TGF-B (75 TTRURE IR B AN Akk T 9 F BERRAR,  Akk B AT LUE S FEAIR B-CDCA HY/KF-, 350
FGF15/19 &k, BRIV Z HAHEAT 200, (¢) BiiG A MAE: ASD JLE AR Td 5 )L & H IS E
H Ak R RO BB BRI s FMT HISs /B A AEA T, FMT B4 FH AT RE 5 Akk 12 Y34 22 7 TNF-a
IO IIREARA 56 () WA R : LAS) & ALS 1) SOD1-Tg /NECAEAY, K IAN 78 Akk 1 AT Bl
T SR I e 1) £ )6 UG AR Y K, ARk AT BB AL A QB I - A LA T 2 S RGBS
(g) T3 PRI AR AT RS IF - Ak (RS T LU V5 LKA R R AE M WEA O PRI, e3P ol
A B 05 AH S A4 B8 s

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-18 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 4. 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 A. 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 A. 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)

W AR IR FH A HEHEHAKN  GC ARG E = PN
Time Sample source Genome Genome size  (mol%)  System group References
(Mb)

2011.3 - A. muciniphila ATCC BAA-835 2.66 55.8 - [9]

2015.2 AZEfF Human feces 4. muciniphila Urmite - - - [44]
2017.10 AF/N R A ZE(E 39 A A. muciniphila ¥4 B Hk 2.65-3.20 - Aml, AmIl, [51]

Human and mouse feces 39 new isolates of 4. muciniphila AmlIII
2019.11 — NCBI H /i 23 ¥k Akkermansia H#E 2.43-3.11 55.0-58.1 — [52]
23 strains of Akkermansia in NCBI
2020.1 - 75 A~ Akkermansia FEF 4 - - Aml, Amll, [53]

75 Akkermansia genomes
71 A~ A. muciniphila H Rk
71 A. muciniphila strains

2021.5 JLEEFE(H
Children’s feces

AmlIIl, AmIV
Aml, AmIl, [54]
AmlIl, AmIV

2.60-3.30 -

e - FESCE P RMATHIE
Note: —: Not described in the article.
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