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Abstract: In this study, a combination of an improved mucin enriched medium with real-time polymerase chain reaction
(real-time PCR) was used to test 48 samples of maternal and infant feces for Akkermansia muciniphila (Akk). Under
optimized conditions, 24 Akk strains were isolated from eight positive samples. All these strains were confirmed as Akk
by 16S rRNA gene sequencing and PCR with Akk-specific primers. Repetitive extragenic palindrome-polymerase chain
reaction (rep-PCR) fingerprinting classified the 24 strains into four genotypic groups. Subsequently, these strains were
tested in vitro for simulated gastrointestinal fluid tolerance, hydrophobicity, antibiotic susceptibility, and glycan utilization
capacity. The results showed that strains HN18D-1, HN18D-3, and WW48D1-13 had the highest tolerance to simulated
gastric and intestinal fluids. All Akk strains were resistant to vancomycin, clindamycin, kanamycin and erythromycin.
Xylooligosaccharides and soybean oligosaccharides had prebiotic effects on the Akk strains. Collectively, Akk isolates
HN18D-1, HN18D-3 and WW48D1-13 can be used as potential probiotic candidates for subsequent in-depth studies.
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WERLEE E B v 2 (Akkermansia muciniphila, Akk)
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(Verrucomicrobia) "o Hig i35 ML R AEK T niE 2

WEH, LR HERZE TR RO . BIEARE IR
MAEAF. WAk, AkkwPRRER H BEFLEREE MR A K
WEFLR I, AkKBE RN 4ERE 78 Fh 52 R R OR3P i TE
BB ) SE R L d I AR A S A HEAE A SR D AR E NI
52 Al R 4% EEAE ™. SRR RIT 7T R, Akk# ik
SRR IEMERR S AEREY . BRSO IR
R TERR T IF S B AR, BAlEThREa . B
S AT 9 2 A BT SR AL R — AR B A TR T % 52 5%
. MRYESCHERIRIE , AKKTENZE T 248 (0.068 8%)
[lfi (0.038 7%) + EHWEY (0.01%) HHFEIR
fis T LE 45 17 A0 L B I8 2 vh o0 A BE 2 AR A M, 43
WKEIBE A, Ak AR Y,

HAl, HTHZEMNANE NG KnmEnEy. &
BB WM, — Mo o J6 (g AT BORE, T 254
AR PRI FEARMS,  WOK 2 DL A Ak 43 55 KU Y
WEoT, HiRkiEL R E RN EHK. A, BT AR
PR IR A BBk R R, (FHAE
[i] A 5 77 B HE DA S e JH A o =2 P P R R 5 2R
Ko BZEHEHF, MABFEE T B 518 BIARK AR TISR
T AL R B E PR, (AR A R A T AE 2
FIRHN . KT AR BRIOB A S LK . RIS, £
B TR SRET I8 R B AR A. mucinniphila Muc” (ATCC
BAA-835) JT . AL ZMWHFRIL, Woihh AKFR AT
ER L 2E R M2 AR . AiRiE RN, ANpiE
hEDH8 MAFRAERY, BFkZ 8] #]16S IRNA S
FAANE B 195 % . K FH 188 AN 43 B T R FE I 1 A02 226 1
TR B IR AL, St AkkBEAT T RO L IR 21 22 )
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ANEVB L Tl s ForpAkk sy D94 AR, BATA B HI1E
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1.1.2 3RS

MEMEEERE (L " ROoREBNG
(brain heart infusion, BHI) 38.5 g. #i&[14.0 g.
L-FEMR5.0 g« N-ZB-D-BRMEHE5.0 gv K&
EAM16.0 g HEMELIL1.3 g L-FMEAFL0.5 g
3580 1.0 mL.

MR BHIR % (1 L) ™. BHI 38.5 g.
40¢g. L-EIREIR0.5 gv i & %0.005 g.

AL A (1L " REEAK32.0 2. HE
1£6.0 g« N-Z-D-Z A £ HE6.0 g« SFALAA5.0 g IR
HoM2.5¢g. FiEAH4.0g. HIES0 1.0 mL. LR
0.5g. wmA4I68.0 go

Ak R T RBRAEY R MR O (ATCC
BAA-835) : BHI FH &BHAEMHRERAA;
KA B R M (polymerase chain reaction, PCR)
Master Mix. ddH,0  F§ 5ii&MERE AR R A TR
~HE]; Marker  RRAAEHE Cbn) HRAF; HAih
PRI R E 7= o B 4t
12 R EHEH

DG520RE ;7%  JZ[EDon Whitley Scientific
AT]; Fresco2l Hi AR B0 HL 1 [E Thermo A &
Multiskan FCEAR{X S EZEBR G /R B AR A Al
TC-512 PCRIY  Fi[ETechne/A | ; Gel DOC XRiEEHK %,
1% %5t PowerPac UniversalZ/K FH k1Y  3£[EBio-Rad
AF.
1.3 Hik
13,1 REAS [ R 2 BH P A o5 00 07 298 A Kk TR R ) 2 15

HUL g RERh, HE1 5% L-2F DR ERR 1 A4 3 K
FEE107°, 107, 1074, JRAIEWELS00 uL, JiiA4.5 mL
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MR EER R, BT37 CREM P EER R4 d.
AR 22 55 i 25 O Oy TR B EORE B M DNA, R R S
5% (AM1: 5'-CAGACGTGAAGGTGGGGAC-3";
AM2: 5'-CCTTGCGGTTGGCTTCAGAT-3") #H{T 5L
FfPCR (real-time PCR) ¥ #HM RGN . KNAK R
2 XPCR Master Mix 5.0 uL. AM1 0.5 pL.. AM2 0.5 pL.
FESDNA 2.0 uL, #M78ddH,0%10.0 pL. 3 #8414
95 CTAEHS minfg, 35 MEH (95 CAMH30s, 59 C
iBk30s, 72 CIEAHFI min) , #J572 CHEMI10 min*,
PCRY 4= W) 1.5% 5 HEHE B e AS I, 3 4% 15 A kkA =X
EHE (ATCC BAA-835) F M7=k — S0 PHPE Y 48
FE St AT RSP AR R 23 B 35 9% o FF o R 2 A7 06 BE A
J& . BX100 pL B &4 A i A T 2t R BHIES 77 2514k F,
8 FIR SR A IREA G 774 ~5 de
1.3.2  AkKBERE I TigE A4

PEEIEARTEl mmPAN . FLE G BIFPREE, &8
R RE BRI AE AR b, REEFRT2 h, EE Pk
WA, SR Ralmtk)G, M TABHIN R 55775
W, REFRS~7 d. MR#E IR T VAR U % T AR U DNA,
PR FH ALK 5 51 AT PCRY 1, S Hak BEPH M B
PR, & E S MER AR A IR A A 317 16S rRNAZE K
F, D 45 SRR A8 & GenBank B4l i A #E47 1 971 [A) 95 7
Ebxf (BLAST) , J:HIMEGA 7.0% 4 H it 22 Ge HE AL
1.3.3 R TEFAIELZR LJFHPCR (repetitive
extragenic palindrome-PCR, rep-PCR) 84S 1t 44 22
SEAT T ARKTE R ) 5

¥ FR 3RS 5 B AR DN ACK FH 3@ H 51 21(GTG)sfl
BOXAiry 1, i#47rep-PCRIGLII B0 HT, SIREL/N
WY A, BTE ROBAE2S LAk Rt AT, Ho
PCR Master Mix 12.5 uL, 5I#(GTG);58{BOXAIR 1 pL,
DNAMHR2 uL, ddH,0 9.5 uL. PCRy /=4 ErE %
1.6 g/120 mLIJIIEHE&EIL , 7E£1 X TAE Buffert1100 Vi
K2 hJa, FERAMNEEI BN g 45 R I IR TE, KM
GelCompar v8.0% 14T 15 8L J 2K 70 #r .
1.3.4 e AKKBE IR 1A SH 28 AR IR S0 AT
1.3.4.1 BRI E i 52 1t

PN G T AT s, R G R
KpHAE AT 235, MABEAN, fHEREKRERN
10 mg/mL, I JERRTETGRIEAU B # . 0.68 g KH,PO, & il
T50 mLAMK T, pHEFTTET, EMABREAL g
Ja, EAZE100 mL, IR BB . KRS
FR24 hJm, AR 10R & TRV E Wb, 37 ClEIE
IREFER TR, 4 ha MR IEdEAT PR AT S o 7 T4
TEREAL B W R VR FH4 h)E IR G — 20 DAL 10/ AR R EE
BETERMGR T, 754 hG Bk 5 AR A B 7% 1140
IR £ b B 1) TG B Tl R 2 0% 1 R R AT R R
A3 ATAT, %R (D HEAER:

N
R %= Wl X 100 (D
0

X N BB W B WAL B S N
%/ (CFU/mL) ; NoASTHRPRIEEEY (CFU/MmL) .
1.3.42  HEARIIEIKNE

T Tk 0 S A B R Al S AL S 1 2 B R 0 R DL Bk
Hifi K, 3T CozzolinoZs " 7 At B — B 2 X 40 T4
BEAT R B J1 5050, AT AE . ARk bR IS R R IR
24 hg, W2 WHEHEFEBRENRF, AT
0.50F0.05W G (Ao am) o TR 1 4H B 2 V57 WA
CHERERRS, HASMKESEGESZR THE
15 minA160 min, HUKAH, {88 FHEEFR A& HAE600 nmifk
KA . B3 APAT, %30 (2) T ARk AR XS
THIRIEER S (EKPE)

A,—A
B K% = "A L X 100 @))
0
iﬁ':':‘: A()‘ Alﬁj\%ﬂﬁﬂiﬁﬂ‘/ﬁ’ﬁﬁﬁ}ﬁ/ﬁﬁmo nm?ﬁ
KA R RE
1.3.43 PiAERBUSSLL

MR Das 7 VAN 43 88 R M AKK T R EAT8 Rl
AERAHERY, RAKFERY 8L, BiEt i Akk
B PR B WA 20 A T R R BHIER IR A R 10, B 24 A UG
THE, 37 CHEIBREREIRT2 h, K000 B 12,
FEFPUAE M3 ATAT, M5 P B AR E F TB-tools
BAMER .. RSLiEEMH TR R (30 ug) « 4%
£ (15ug) « &% 30pg) « FIHFEER (30 ug)
RRKEH (120 ug) « wHhEHR (2 pg)  #HER
(300 pg) ~ WRIPE (10 pg) 8 MPtER.

1344  AkkE#R 384 70 F) FH 925

RS EmEm L, RASTERHEAN
i A JCRE IR A AR AR AT 25 A2 o R F B2 56 . 10 PP
Aot (BFEIRERARRE . IREREFE. KR ARE. M1
Wi RBE. EAE. KIRHE. PUEEER . FRE. OR
HD I A2 e A B R T, K A I (9 A ke T BR TE
MR BHIFE FR EEh E 05iE Ak, fEIRE AR S 855724 h
Ja s B IS B R DAS ot Pl B B B 2 A e R R A
H, WE3 AT, LRI AR N BRYE X R, AR
I AR YE A B R, #E600 nmik KALTIODE, I %
0 hffJODggg ,y NOD, o 37 ‘CHREHEFET2 h, I E ODgg pu N
OD,, % 0Dy, =0D,—O0D,, HIEHZODy .., H TB-
toolsTAF1E A
1.3.45  AkkBEFRBUEALRE 270

AKKERRAT 1, 1- =3 2- =R JE 28 HE (1,1-diphenyl-
2-picrylhydrazyl, DPPH) F H 2537 B HE 77 10 2 AR 4 S
BRI191 7 08 E 23l . FRHEL0.004 ¢ DPPH, FH95% £ %
WEAR, E2%100 mL, AL K0.04 mg/mLIDPPHH H
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BEVEW, 4 CREGIRAE . KAl 2 B8 B Ak R 5
ATCC BAA-83SE MR/ KR BHIE; F=FE R, LU A R
AFMET37 CEmEEFRT2 hg, Kal B F w4 C
(126~ L8 000 r/minf 08 min, HUIH RiEW,
I mL B 5 1 mL#T & T ] A DPPH JC /K £ B %5 R
S5, HIERE30 min, TKZEEATARE,
FE517 nmP AL E OGS, %30 (3) 1HHEDPPHE
HH RV B 2
Ay— A4—4) 100 (3)
A[)

X A N1 mLIE/K Z.8E 4 1 mL DPPH [ HEE T
WGRE ;s A1 mLKE AW+ 1 mL DPPH B H 5 7 00
JEREs AN mLAE SR+ 1 mLIG/K SRR RS .

DPPH H H 245 FR %/ % =

2 ERE5HH

2.1 SKEAS [ B O A AR D 5 R A K AR PG 0 4

real-time PCRX¥3 ANHuds, CH R Ul 37 58 A1 H .
R EVLD) SRAEMIA8 1y BB FE A b Akk B Bk 1R I 25 S 2k
B, EUBRESENHERI16 4 FEMEREAPH % 31.25% (Bf
3 BIL2 4D, FIHRERE16 A SRR AS o BH A
RI5% (FEE6 1y BIL6 1) , BILREE6 1 B {HEREA
HHPH AT 2 N37.5% (CBESE3 4, BRIL3 1) o 48 i FE
d, AKKEE RIS AR B A U 28 47.92%,  For BN
FHPERA50%, B2 )LPH T2 45.83%: AN [l b3 B 22 e
Ak PR YRR I 2 AT — e 72 5, R BESE (75%) >
IR (37.5%) >Rk (31.25%) , BUEAN>%
L.
22 AKKBEARIISY B TR 0w RIS L E R i

XoF 3 A b 3 RE B SR RS T P P (1923 4y 2 RE N E
BEREFR, FBRMCTAORAT 7 5, AR B bR R BUARAE, 3R
BH 5> B Rk E4T16S rRNAKE I F . BLASTE X &,
24 BRIy B AR 0 % 58 NAkk, K8 4y Ak biAS I BH
PERIZEMERE . (H fEreal-time PCRA I PH 1t 22 % & 1) A
FE A A ot I3 40 B B Ak . PR P 10 ARARER T Ak
S5HMSHEk A E RGN (ED , ATLUE S
BRIk 5 Akkermansia)@ AR 29 R i, T A Ik
f1116S rRNAZE [N 5 Akk ATCC BAA-835 AL, BT
=R RS, H5iZ)E 55— 4. glycaniphila
RGRRBL . T WK E &35 HCP048438.11)
Akk JCM30893AH L FEIE FI99% LA I+, 4 & Akk4s 5 5]
YR IPCRBHVEY 1 B bR 0 6, 15 AT A 24 MRS & N
Ak -

WWS50D-8
WW50D-7
WW49X23-3
WW49X21-1
100 (WW48D15-4
WW48D4-5
HN18D-2

HN18D-1
100 HNS5D-4
HN5D-2
A. muciniphila strain ATCC BAA-835
A. glycaniphila strain Pyt

Haloferula harenae strain YM23-227
70 Luteolibacter gellanilyticus strain CB-286403
38 Verrucomicrobium spinosum DSM 4136 JCM 18804

57 Rubritalea halochordaticola strain MN1-1006

Terrimicrobium sacchariphilum strain NM-5
—

0.01

1 JET16S rRNAKEPFHI10 BRARKARE 3 7 58K 7t
Fig.1  Phylogenetic tree of 10 representative Akk strains based on
16S rRNA gene sequences

18 FRACE M A kK B Ak AR A Ak
ATCC BAA-835i1Trep-PCRIESL B B0, K2
AL, 19 BRAKKIEARTESS %o IR ALPE KT 4 2 1 72 A
KB 4D/ NEE: SB1EE4 PR S #AIATCC BAA-835
() 3 R Y oy P AT 22 18 k4 B bk 5 SR 3 TEINI2 Mk o
BIMREE R BT, [FR T — AN KB 3 SRARE4 AR
WREFRETH2. 3B WA — R ML ZE R

40 60 80 100 BOXAIR (GTG),
_

I [ '] wWw49x23-6
- | | ww4sD1-13
o I I | wwagpi2 1l
8 J | ATCC BAA-835
| | WW50D-1
HN18D-1
WW50D-7
HNI8D-2
HNI8D-3 )
WW50D-6
Pl Al wwa9x23-5
1] WW50D-8
WW49X23-3
WW48D15-4 }3
| WW48D4-1
;‘ |’ HNsD-2
| ww4sD4-2
Ul BNSD-4 4
, WW50D-9
2 JE Frep-PCRAF18 BRARHK PEARKIASR S NGIES F SR IS

Fig.2  Clustering of fingerprint profiles of 18 representative 4kk

—— :
- [y . —

strains based on rep-PCR

23 AR PRI R AR T
231 S ESAKKTRAR BN 5 i 52

TS . BT AR, A 4y B A kk TR A 1)
526871, SR WEL. BWW48D4-1LL4k, F Rl
T RO A B R A — e AR A2 T, H R R Ak
2 zERRE, HPEKRATCC BAA-835. HNI8D-1.
HN18D-3. WW49X23-1 B KU it =2k, f£4id
4 hRBEE WAL E S, FISRIAF10%LL F, ik
WW48D1- 134 Kb B 5 4735 % N9.55% . i Ja dEAT #5400
W2, HHARATCC BAA-835. HN18D-1. HN18D-3.



XY TR

E6mill=

2024, Vol.45, No.02 199

WW48D1-13. WW48D15-4. WW50D-97E4 h JG i/
1%L EAFIESR. S5 B Wil sz %, WIkATCC
BAA-835. HN18D-1. HN18D-3. WW48D1-13%} 54 5
g 52 e 73 AR -

F1 ARKZERUL YT AL LG W AF IS 4

Table 1  Survival rates of Akk strains in simulated gastrointestinal fluid
e 7351 %
RS e EEAR
ATCC BAA-835 12.303+£0.221 1.47940.009
HN18D-1 18.621+£4.037 1.82040.206
HN18D-2 0.132£0.022 0.006£0.001
HN18D-3 12.882+£3.213 2.951£0.293
HN18D-4 0.813£0.049 0.191£0.055
HN18D-5 0.013£0.002 <<0.000 1
HN18D-6 3.715+£1.284 0.110£0.086
WW48D1-13 9.550+3.632 1.7384+0.675
WW48D4-53 0.038£0.025 <<0.000 1
WW48D1-2 0.043£0.005 <<0.000 1
WW48D4-1 <<0.000 1 <<0.000 1
WW48D15-4 4.467+0.441 1.513+£0.371
WW48D4-2 0.036+0.026 <<0.000 1
WW48D15-5 1.02340.731 0.138+£0.062
WW49X23-6 0.661£0.190 0.069 £0.008
WW49X23-5 0.009£0.002 <<0.000 1
WW49X23-3 0.019£0.020 0.009£0.001
WW49X23-1 11.749£3.306 0.447£0.277
WW50D-1 0.03240.007 0.005+0.002
WWS50D-6 0.42740.265 0.078£0.017
WWS50D-7 0.095+0.021 0.03240.031
WWS50D-8 0.058£0.033 <<0.000 1
WWS50D-9 8.128+3.091 1.047£0.773
HNS5D-2 0.068+0.214 0.036+0.005
HN5D-4 0.055+0.014 <<0.000 1

232 SEAKEREEI B KE

Iy B AKKTR MR BB K YE S RN, I S50 AR
HAGKE, FEBEKROGKEEHEZES (EF3) . 7
60 min, LA FEHFRATCC BAA-835[1) B KM H33.04%,
A4 ¥Rk (WW48D15-4. WW48D4-2,
WW50D-6. WW49X23-3) /K MM 5w,
H40%, 10 B> 5 B bk BB K #8451
ATCC BAA-835.

O15min @60 min

O
HRGE ~
B3 AkkSy @bk SELA B FKATCC BAA-835/E W E4il15. 60 min
Jei g K Pk e g

Fig.3  Comparison of hydrophobicity of 24 Akk strains with that of the
type strain ATCC BAA-835 exposure to xylene for 15 or 60 min

233 DA REBURSR

25 WRAKKEEBEXT8 Fhbi A & 0 B M S 50 R
H#HEEXRZR (F4) , BiathE (g6, %5a
. W, K, REG. REG) B0 &
A R 6 B 2R 2R B B R AR AR RIS o AN T S Ak
My RBBREE ER . BR L, BT AkkE Bk
4 MER (T BR. ahBER. RTEBEENAD
HE) BT —EBRENm 4. BT 5B
HRAMWEIBRE, MEKRKER. BHEER. B
7o B UM AN SCHR AR IE ATCC BAA-835 i i sk
AEABL

WW49X23-3
I ww48D4-5

[ ww4s8D1-2
HN18D-5
WW48D4-2
WW48D15-5
WW50D-6
WW50D-7
WWS50D-1
WW49X23-1
WW50D-8
WW49X23-6
ATCC BAA-835
HN18D-3
HN18D-1
HN18D-6
HNS5D-4 14
WW48D4-1 [12
HN5D-2
ww4gD1-13 | ¢
HN18D-2 .
WW50D-9
WW48D15-4 | 4

HN18D-4 [2
WW49X23-5 =0

=
|
E
B

I TN
i

E—--
Fgb g gk o o o
S

4 JETINBIEE x2S BRAKKTHLE A DL 2B
Fig.4  Heatmap analysis of antibiotic resistance to 24 Akk strains and the type
strain ATCC BAA-835 based on the radius of inhibition zone

234 HAHFEAN A TTE IR BN 4 B A KB R I
£

KI5H600 nmik KA, BoR T1E
B R IR RS N & P A8 AR TN 4 B A k kB bR AR
KIWPE, Wbk MAELE 22 55 . DUAR &5 05 15 S FE 14
XPHE, B RAEIC R AN . KREMEMEY L
ER B AKKEE R DA K, HoAh 35 A2 0 X A kB AR
AR RS KPR EAWWASD1-2
A E A A, oA 35 AR o R e 3 A K R
K.
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Wiy 0D

Fl5 BT a e SR AR o Akkbk 1 K i E
Fig. 5  Addition of xylooligosaccharides and soybean oligosaccharides to

mucin-enriched medium promoted the growth of 24 Akk strains
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Akk strains with that of the type strain ATCC BAA-835

3 ihiesgg

H 2004 £E 55 — M AR IEAE b 73 B 45 Y Ak T3] Bk L
Ky KT ARk R W FUIRIEIZH RN T TR B
o T TR R SR T B0 B L 2B PR S5
AR N RS UESE, JERE. 2808 PR I

SR TR P R0 W P ARk AR R T 2 RS AE G, (HR AR
FAMLHE E AT A AR B ST AKK AR TS RIIR N, H
FERRAEVRIT ™ RS 2™ R ARG, BEAR
PP VR HIRERY . R Y T B K 1R
I B, BRI K (R ARK TR AR X T 50 R e
NBEMAR U T BT B8 ROR, e BRI R i &Y. Xk
W FER AR E T ARk B BRAE 9 s Ak 2 A2 B8 PR PT R

H AT, BARFIT R B 45 i A0 B R 36 I 2 P A kk i)
FEAN R, AR B N R TE N A B2 R A
RK o FEAEHAKPE AR BEARMR, K2 LLIS(E/E NS
PR B RIR 5T, Holod 5 B 2= L B k. miioT
FARYE BN R], B E B ERES, AT
WL 0 R 5 AT IRAT . o B B T AkKBE Ak
A E R FREACGRM T FE O, 1w EImA TR
MR 5y, HAER A AW LAAKKER bR & B 77 2
RN, LA SCERRE, 7EEERREAT R E AN,
N T BHIB: 5 R BRI Bk Ak b MR AE K I 2 A
gy, R T EEREIRID IR, A8 I ARSI E R
T8 By RE B Th 4> B B Ak bk . HLUk, ASZIGAE %
B FRA RIS ERS, FRIAREER. K
KEFR B A AN & H AR SRR A K, 2
L IPAYEZ . Ouwerkerk &P 5 RN,  4lifh J5 AkkiE
RERMEA R TERKREET . H25BHyIsm B
Qb T TR PR, 5 D) 3648 rp A TRIORE S8 2% TR AR K HE
R, WA MR . AN, AT TR A E SRR R
FE b 4 Grreal-time PCRELIN T /535, Wonf3 1E50% HIFE &
RO RAE, (HSERR B RA8 A 7 B Rk, X5
BEFTURSEILET U BERE ARSI L P, A4 B H
O PRAKKTAIEZE RAHIT, 32 B HURE I S RE T Hh AKK B R &
R S

BIEZ N FRIN, W TE P AKKPP R AEAE BB R T A
R Z RN, NBEFHZEDES NAFER
AKKW R, Rk Z A H)16S rRNAFE S AL £ K95 % -
O3S RS D A S R A AR R A s, A
VRAKKEMRAR 0T RE 20 2 AN A (A 3 AR . A 52
Iy B II24 BRE116S rRNAJE K 51 5 A kk 1) B =X 1 #k
ATCC BAA-8353:A—%, [KithaHs )8 T Akkermansia
JEWAkk, 5 MNBEE G RIIZIEA. glycaniphilaztz %
FKARBEE™ . K Frep-PCRIBAE HE S EEH AW T 5058
AkkTHPRFIEE 8L 22 5%, ORI LARISY a4 AN ERE, 7E
SN EATIR AN R BIFE (I SERE L, 5 S0k 5o 3 D8 21
FEANFLAth 2 B TF e B8 PR R AT

HET, D8 5r B R FR ALK AR PR, % T Akk sy
BT AR AR AN TR D, R 2 RLA KT AR AR 2 AR



XY TR

E6mill=

2024, Vol.45, No.02 201

(ATCC BAA-835) AWFFA L. BiKMERE A EER
i EAE AR, AW BB, 13 BRAKKEE B 15K
PEEE TR ATCC BAA-835, 11 M/ Btk A has
PLEBAKYE . JUFITHARKE RS T 55 R R
RMERMAFE R EA —CRER 20, X508
KTy B AP PRIER T, TEREFREE PN 87
R RIBE R, WARE R SLIUE R B BRI
gh—gl,

XFH R ZAE N A GRS MR R SRR 2 R
WrAkKBE ARG BRI H I iE 8> . BFEER, A IERE
BERL /N A A b R AR M, S AR R VR & &
107 cells/g#E = #110% cells/g™ e A —WF 7o, AkkE R
Fenih s IR Erh, ARRAWEREAE A e A2 oA 2k Ak i PR
AR KM MARKTE FR 7 85 B MERE , 0 25 Foft 1K 3R S A
Z WEA A Kk P R B R B ORI IR 22, B AT REAETE B
FER, BRIVEMAE R RS2 TF9 Fhas 4 ott
24 BRAKKTERE > BRI AE KAEYID T, 58 & AR
RFEYEXTREAH L, R OARERNE . RRANE Ae s B A ik
AkkBE R AR, HHEADRSAETTRORARE ., THFEER
WEFTA R R PE R 2, DU B I 95 Rl SR 0 o] DAAE
AKKFAR I 2342 70, 75 A AR JGHC 7 B0 AR 2 i T A m B
HAEFIH.

gi b, AR FUER T o0 B R IR A kel VR R A FE K B
R, RAKRMEE O S E5 7745 Greal-time PCRAY
DZEAERE S, AT 2 B RO, (R B A I BE 1 1
FE b A — 22 BE RRTh 20 25 B B Ak o 38 Ik 0 b A kAs =X B
PRATCC BAA-8355 73 BRI B K ME L 04 22 UM
AR AR VE D 25 A o R MR RE 15t Akk sy BS PR
HN18D-1. HN18D-3. WW48D1-13 1]/ NI 1E 25 4= 1
PRIEAT T — 28 RGBT AL

S %M -

[1]  BECKEN B, DAVEY L, MIDDLETON D R, et al. Genotypic
and phenotypic diversity among human isolates of Akkermansia
muciniphila[J]. mBio, 2021, 12(3): e00478-21. DOI:10.1128/
mBi0.00478-21.

[2] DERRIEN M, VAUGHAN E E, PLUGGE C M, et al. Akkermansia
muciniphila gen. nov., sp nov., a human intestinal mucin-degrading
bacterium[J]. International Journal of Systematic and Evolutionary
Microbiology, 2004, 54(5): 1469-1476. DOI:10.1099/ijs.0.02873-0.

[3] ZHANG T, LI Q Q, CHENG L, et al. Akkermansia muciniphila is a
promising probiotic[J]. Microbial Biotechnology, 2019, 12(6): 1109-
1125. DOI:10.1111/1751-7915.13410.

[4] DAO M C, EVERARD A, ARON-WISNEWSKY 1J, et al.
Akkermansia muciniphila and improved metabolic health during a
dietary intervention in obesity: relationship with gut microbiome
richness and ecology[J]. Gut, 2016, 65(3): 426-436. DOI:10.1136/
gutjnl-2014-308778.

[

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

ZHANG J, NI Y Q, QIAN L L, et al. Decreased abundance of
Akkermansia muciniphila leads to the impairment of insulin secretion
and glucose homeostasis in lean type 2 diabetes[J]. Advanced Science,
2021, 8(16): €2100536. DOI:10.1002/advs.20 2100536.

CANI P D, DE VOS W M. Next-generation beneficial microbes: the
case of Akkermansia muciniphila[J]. Frontiers in Microbiology, 2017,
8: 1765. DOI:10.3389/fmicb.2017.01765.

RAO Y, KUANG Z Q, LI C, et al. Gut Akkermansia muciniphila
ameliorates metabolic dysfunction-associated fatty liver disease by
regulating the metabolism of L-aspartate via gut-liver axis[J]. Gut
Microbes, 2021, 13(1): 1-19. DOI:10.1080/19490976.2021.1927633.
LUO Y H, LAN C, LI H, et al. Rational consideration of Akkermansia
muciniphila targeting intestinal health: advantages and challenges[J].
Npj Biofilms and Microbiomes, 2022, 8(1): 81. DOI:10.1038/s41522-
022-00338-4.

CAPUTO A, DUBOURG G, CROCE O, et al. Whole-genome
assembly of Akkermansia muciniphila sequenced directly from human
stool[J]. Biology Direct, 2015, 10: 5. DOI:10.1186/s13062-015-0041-1.
KARCHER N, NIGRO E, PUNCOCHAR M, et al. Genomic diversity
and ecology of human-associated Akkermansia species in the gut
microbiome revealed by extensive metagenomic assembly[J]. Genome
Biology, 2021, 22(1): 209. DOI:10.1186/s13059- 021-0242 7-7.
PLOVIER H, EVERARD A, DRUART C, et al. A purified membrane
protein from Akkermansia muciniphila or the pasteurized bacterium
improves metabolism in obese and diabetic mice[J]. Nature Medicine,
2017, 23(1): 107-113. DOI:10.1038/nm.4236.

GUO X, ZHANG J, WU F, et al. Different subtype strains of
Akkermansia muciniphila abundantly colonize in southern
China[J]. Journal of Applied Microbiology, 2016, 120(2): 452-459.
DOI:10.1111/jam.13022.

BT, VR P, dIRE, S — P00 g i B AR S i 0 R R
il £ J7 92 AR 201811452576.6[P]. 2021-03-26[2023-05-04].
COLLADO M C, DERRIEN M, ISOLAURI E. Intestinal integrity and
Akkermansia muciniphila, a mucin-degrading member of the intestinal
microbiota present in infants, adults, and the elderly[J]. Applied and
Environmental Microbiology, 2007, 73(23): 7767-7770. DOI:10.1128/
AEM.01477-07.

B, TR, BT, 2. TSR b X 4R R R B4 ) LI iE W
ST R e 22 57 Sl AR R I 20 T 0], RRE, 2020, 41(6): 93-100.
DOI:10.7506/spkx1002-6630-20190217-083.

COZZOLINO A, VERGALITO F, TREMONTE P, et al. Preliminary
evaluation of the safety and probiotic potential of Akkermansia
muciniphila DSM 22959 in comparison with Lactobacillus
rhamnosus GG[J]. Microorganisms, 2020, 8(2): 189. DOI:10.3390/
microorganisms8020189.

DAS P, KHOWALA S, BISWAS S. In vitro probiotic characterization
of Lactobacillus casei isolated from marine samples[J]. LWT-
Food Science and Technology, 2016, 73: 383-390. DOI:10.1016/
j.1wt.2016.06.029.

HEWRIH, BIN°T, 2R, S5, B 50 & PRORN A v B 772 S J o 4 770
201680026054.2[P]. 2022-02-18[2023-05-04] .

CHEN P, ZHANG Q X, DANG H, et al. Screening for potential
new probiotic based on probiotic properties and a-glucosidase
inhibitory activity[J]. Food Control, 2014, 35(1): 65-72. DOI:10.1016/
j-foodcont.2013.06.027.



202 2024, Vol.45, No.02

E6miltl =

XY TR

[20]

[21]

[22]

[23]

[24]

[25]

WEICKERT M O, ARAFAT A M, BLAUT M, et al. Changes in
dominant groups of the gut microbiota do not explain cereal-fiber
induced improvement of whole-body insulin sensitivity[J]. Nutrition
Metabolism, 2011, 8: 90. DOI:10.1186/1743-7075-8-90.

EVERARD A, BELZER C, GEURTS L, et al. Cross-talk between
Akkermansia muciniphila and intestinal epithelium controls diet-
induced obesity[J]. Proceeding of the National Academy of Science,
2013, 110(22): 9066-9071. DOI:10.1073/pnas.1219451110.

DEROSA L, ROUTY B, THOMAS A M, et al. Intestinal Akkermansia
muciniphila predicts clinical response to PD-1 blockade in patients
with advanced non-small-cell lung cancer[J]. Nature Medicine, 2022,
28(2): 315. DOI:10.1038/s41591-021-01655-5.

QU S W, FAN LN, QI'Y D, et al. Akkermansia muciniphila alleviates
dextran sulfate sodium (DSS)-induced acute colitis by NLRP3
activation[J]. Microbiology Spectrum, 2021, 9(2): ¢0073021.
DOI:10.1128/Spectrum.00730-21.

XIAJF, LV L X, LIU B Q, et al. Akkermansia muciniphila ameliorates
acetaminophen-induced liver injury by regulating gut microbial
composition and metabolism[J]. Microbiology Spectrum, 2022, 10(1):
¢0159621. DOI:10.1128/spectrum.01596-21.

DEPOMMIER C, EVERARD A, DRUART C, et al. Serum metabolite
profiling yields insights into health promoting effect of A. muciniphila

[26]

[27]

(28]

[29]

[30]

in human volunteers with a metabolic syndrome[J]. Gut Microbes,
2021, 13(1): 1994270. DOI:10.1080/19490976.2021.1994270.
BLACHER E, BASHIARDES S, SHAPIRO H, et al. Potential roles
of gut microbiome and metabolites in modulating ALS in mice[J].
Nature, 2019, 572(7770): 474-480. DOI:10.1038/541586-019-1443-5.
BARCENA C, VALDES-MAS R, MAYORAL P, et al. Healthspan and
lifespan extension by fecal microbiota transplantation into progeroid
mice[J]. Nature Medicine, 2019, 25(8): 1234-1242. DOI:10.1038/
$41591-019-0504-5.

DEPOMMIER C, EVERARD A, DRUART C, et al. Supplementation
with Akkermansia muciniphila in overweight and obese human
volunteers: a proof-of-concept exploratory study[J]. Nature Medicine,
2019, 25(7): 1096-1103. DOI:10.1038/s41591-019-0495-2.
OUWERKERK J P, VAN DER ARK K C H, DAVIDS M, et al.
Adaptation of Akkermansia muciniphila to the oxic-anoxic interface of
the mucus layer[J]. Applied and Environmental Microbiology, 2016,
82(23): 6983-6993. DOI:10.1128/AEM.01641-16.

OUWERKERK J P, AALVINK S, BELZER C, et al. Akkermansia
glycaniphila sp. nov., an anaerobic mucin-degrading bacterium isolated
from reticulated python faeces[J]. International Journal of Systematic &
Evolutionary Microbiology, 2016, 66(11): 4614-4620. DOI:10.1099/
ijsem.0.001399.



