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#OB| P

— M ISR R ARARS M Lk min 35k 7 ik

AR AR
ARKPBTHAESEREEZHR, BRI, $A—MTIERRARA
G LR e 35T ko

FERHEKR

NHMEFTEEFERERKLZSZHEOREVAZ, REFLELHA
BEMAEMEREERMANRM., HEREREERAA L WKEZ., B
MBFTRRATEFTMNERELRANF T ERARLHDE BEMEHA
MAE I, BX T EERRKAEE ERMTAEAMEZEFFR, LA5F
HAFEBEC T EARB R T OATE R B AAF s, TEMNERE, Kift,
Z53 55 7 @ RN LA 69 LAR4E A

ATk, CN201780077207 .0 AFF 7 —#3EHRZ %, AATRHE 1 @mie
Fady 5 2 MRS AR B A B B LR BT RIS, PR B 1 tmlied | A
RE AP miatnk, PTES 2 micadh 5% | mIeBRF 6 1 R % A miath
R, TARBRRZAGRFELET AR B RAEMA S 1 AR S A miet i
W E 1 miam 5 g 5§ 2 mAa s ke Rt & R BE R B AT SEiT R
B 1 ERAE, TS 2miead L @ies | R SHmian; #4535
FCREWIZREOE 2IBRAMG AEBEITES | BRI AF 2 F KA
W RXBREBEWIARSA MR RBEN; AR, LFEEMAN R ILE
MG HE 1 RAEMG R BT NI E WL g & AL,

B AW LA B H 6 Bitd: MiEmi kst R A HF LR
%, AAFHAEREARRAG, BREHMABTHOLER ., HHhe
ik, A, HitmBEmAnf L, WELTHGIFRE. AHEEE
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a K R A R AT B R A IR

BHENTRAET, BET —MHEAETHLEIZREE,

Everard 5 A, PNAS 110(2013)9066-71; Reunanen % A, Appl Environ
Microbiol 2015 3 A 20 B AF AR LFINA MR FECEHNT 5446
“PRER B AR ATREY>EAEAWIALZR)ERRE LR F KA,
Po Fb IR IR R A W R AR B I AN ST k) 09 — 30, @ 3E R A A4 AL R
mAL(BPk e mfigfe X mmfn), ik RIGEIE e ) 20 M. RAR G MEE
ST RBFIR G M AMZ —RFEF QBN ERE AT L 2 KA (dkkermansia
muciniphila), 2L THR G FE AR, KdmF a5 MG B FIED
AE AR K 89 IR R

stsh, CN201910865365.3 A FF T — A5 56 & & I 5L % KW 691K A 3%
KTk, A FIRTERT —MIKAN AR, REAUKRE RS OIK
A 70~94%N,. 1~5%0,. 5~25%CO0O,; 30t A 24~36h,

B RORAPI AR IHER T, ARARLGIEREES T
e

AT, AAPAMEZBEAGERKFELL: RS ELETOTLE
K B3I o

RN
BTk, ARSI LiRagEA, RET —MHTERRAE®RES R
bR mAa kIR T ik, B ET RHERESERE O LR KE MR R
AT BEEABRFEA, KKANTT —HTERRAAKRSH B LKL
mip Iz ATk, BREREREWEB L miot R 8 & Akkermansia
muciniphila /£ R 235 TF £ 35K,
ELEARGTEARRAAREEG L mleL3Eixm i+, TRRARAA
B se & Akkermansia muciniphila DSM 22959 ; BT #4 b i tmfe ) IPEC-J2
My £ gm e

BELAWTIEARABFWKRE R EX mibisrm ke, BALEEHK
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MOI=10 & tb 5|34 R B2 Akkermansia muciniphila 2% M £ ta e,
BERGTEARAAWE R M LR MRk, BHREBEN
37°C.
ELRGTEARAA®RG BN LR mia 3k, Bhatmb
18-48h;
YEA T ER ket —F AL, KA G EOIEUT FI&K:
IR 1. KRR RN E ke E A,
T2, R AFARGT R RN IR KA
BB 3, il S RIR AT R A T M AN
TR A, FAEATHOMEMBENH ZRAIZRGH L mEZ,
I, BT B 1 P AR A0 AR B R R R iR AR E B, B
TR 11, RAKF E&: R 1L AGRENBEAMRY, AN 1mL RE
A 0.1 %N RABR, WIRAZEE; mh ARG, Bk FRKA,
AEET ST Bl —k M PE FE2ABR L AFHEMAM D B34, ABiE CO, &
N,0.5~1 h, #m N L-F AR X L-F AR 1 g, HITRAIHLRE
&, REBAEA 10min, F3H D KRR EHHE 10-12h WRF AL
TRERKEE; WBHIFORAK, 2EEE A RIFOHIBMY KA,
TH 12, RAZBKREGH &: AWM 385¢gBHIEREZE IL RAKT,
REAKFLZBN CO, R Ny REF LR RS A#EIBARRIH, £ BHI
FEATABEM, BRRAREENCO, R N, AHEE = A, B 5mL & igiss
OmLBHI AKX ZRAE T, FRHFEA30s, BREELTEKRKE, 47
e &, #&MFERA BHI k&S A4 84569 BHI iRK3E R A F o
A 0.75~1.5 %3w fg 4] s BHI Bl R3ER K35k DR ER BT ; # o4
M B3R K 121 °C &2 KH 20 min, #4735 K & BHI B 4R35 A
T 13, TEARAAWRGLERER: BRELAGERRAET TN
B A A-80 °C skfa B, AEANKFMEA, KB4 20 %eyhliEf £ LK
F# &4F a9 R & BHI igik3E 4 A&, 37°C. 180 r/m &K %35 18-24 h;
TH 14, MmALEKGENZ: A 10 mL L& 5 HHgEMHZE 90 mL
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F AR E BHI gk A ey R AT, 37 °C. 180 r/m EH¥E I YK
a9 R £ BHI igth3 R K AT &, AOhA, £ 2h M2 ODgonm 14,
BHZE 48 h, HRIEHH 3 AFAT; VA ODgoonm 184 B ALAR, HFR0TTHE]
AR, LRFE—FFRe SBAEAKH L,

STikd, BTk BHI & a92am A 1 L B4k BHI 385 A maH 10 g
BREOM., 175 g wids. Sgiis., 2g & HE, 25g BRA M,
pH&L 7.4+0.2, 25°C, #e&igKE%A Z 1L, 121°C. 20 min X &,

A, BB 2 PAR ARG RGEN R B iRIR R, B

P21, FHIERAF L HPR 12 F KRB B EARA BHI ik
AR KGR AHARA I E 45-50°C, REHTBIBERE, HirEFo—kK
NRATAE b, AT 5k A K ST RE 30 min: H5-Fm & F AT, BN
Rk, BHET, BEAY, FERLHETE, BHE 1L REKLAZE
B LT RS, FIBTT XA-FRFE Lo, LR

TH 22, ARAFEMNE: ERATESE T, RAKFEHNRA R,
APk 1.2 P4 &3Fe9 LA BHI @RS R EEAHBIR, 4% 2 2HBEFE
172, 1/4, 1/8 1/16. 1/32 89 ik, HRBAE, RiARSUED 20s ALY
w4, B RAEERALGZRAABERE, T RGBS AR 49 BHI
AL, Ao E TN ik 6 AN R B B R k49 ODgoonm 18, A
A F R 3 AT

T 23, WREARAEMNRHRKRE: ERAIAEEFT, BURKZAZ 1/2,
1/4. 1/8. 1/16. 1732 #%EH F A H IR, AT 10 124 A A T4 a0H
M — A 10°~10°, HAHHEHEM I ANFiT; ARRNASER G,
HMARE 100 pl Ak, EA 2P 3K 2.1 b H &A4F69 BHI TR _EHF RARAER
W3, BAEE, KE 10-30 min, FHAREKLERIE, BEFK, K
NIR B HE Ao R A, - AR KRR A TAF3L, 37 °C 35k 24-48 h 53T H F 473t
H, ERAREHE, APP EHEXK-FRAEALTRT, AREAZTH
¥k B RAK, MRR AR,

FTK 2.4, BB TR AT RRE ERA 30~300 69-FH, AR 44
B8 5 1% Bl Windows B 7@ B 3 4 Fo R AT 3 3 304 WinOMeter V1.5,
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ik, RS RIPHALTRARKESLERMAORXRFE, BHRA:

VA ODgoonm 1B 4 B A2 AT (X), B&IKRE N B AFR (Y), F Excel & Origin
8 4H XY i & B, @dalmbdFd —HeEEdE, AWRK_HFAEAE
KPEXFA, R°>08 A%,

T, TR 3R 4 e At AR A AR ERATIE R LK
e 7, HEARA:

TR AL B EXmietaRIESR: T 37 °CABEZMmicz, A
Jl DMEM/F12 £ &34 A £ 37 °C. 5% CO, 89 mitiid s b 354k 48 h, &
FAER 3R G F T HATEX LR,

IR 42, AIRFENRE IPEC-I2 mib)G, A & BRI IERR T
IPEC-12 1k, RIG#HM 1x10° A mfa/3Leh 5 &4 m e e AP 12 L,
AR AE %6 DMEM/F12 £ 434K 37°C 424 h AT E 456 mA
HERFR,

TR 43, RATRH-80 °C A G TRARRAFKEITY K3EHK, 18 h
B ODAE, ARTERIZLOREGETHE@MBNE;

T 4.4, ¥oH TEARAAWHEIZRZT 3000-5000 rpm &S 5 5
M L EE, ATRASRAZLZWDMEMFFI2 24AAFALA:

T K 45, #B MOI=10 9F 2R THARAAREMEZ TR 42 T &Y
IPEC-J2 /s, EF 37 °C 34,

Tk, PTiA ) DMEM/F12 R &3 A% : /£ DMEM/F12 & &k
ARG AR EAe N 10 % FBS, 5ng/mL EGF, 10 Um HEPES, 1 % it

5qH BRI, KRAATARMOIEATHRHR:

ARPHEIERFT X TEERSERTOM LT RANERRE, LA
R AT 7T /£ 24h #E N-F 6 M,

P+ P 5L B
SUAE P L B 6 T B ) SR AR A 3 A ACBR Y i — o SRR, AR A B Y — 3
5, ARG T KA R DU R TR A K, R A R T A R 69
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RERE, EMEF:

B 1 & A KA Akkermansia muciniphila #9385 8 &% 5478 &, L+,
A B A Akkermansia muciniphila 8942 K ¥ % ; B BATREHHEHET
Akkermansia muciniphila %) OD 1&; C B A Akkermansia muciniphila OD 185
W AR RIS KR

B 2 & K K Akkermansia muciniphila 5% = Mg £ tmfe. (IPEC-J2)
A EX200); HF, ZB A EF IPEC-)2 MW 5 & B A Akkermansia
muciniphila 5 IPEC-J2 ta o335 4 24 h B9 45 ;

K 3 & & K Akkermansia muciniphila 3F IPEC-J2 fmfe % % E 440 K K
HikZXFeFrh; L+, CON AxRBamie, A-24 h 2575 akkermansia
muciniphila 3% 3% % 24 h 589 IPEC-I12 e, * T £2F 2% (P<0.05);
A TREFMEZE (P<0.01).

4 2K KWkl | 495 Eggerthella lenta ATCC 25559 2% AT

(CON) #eit3375 24 h B (E-24H) fmfddy ) B £ 440 1%
B 5 & KKt 1 495 Eggerthella lenta ATCC 25559 k3% & AT
(CON) Fek3i# 24h B (E-24H) @ity B HERZF AR L XIFI,

BEAREH T X

VAT FFBLA SR 4 9) k 3% tm BLEA A R Bl 69 2 5677 X, F5 3 A R B4 77 2
B BR F Bk AR 2 BAR AR HF 2K iR R 2 2089 % LT AR AR A o 2L R 5t 38 VA
5 3

5349 1

—FTIEARABARE R ER mia ks k, QAT V%

TR 1, KRB ENZE R AFE (OD) 14:

T 11, RAKF E&: 1L ARG REANEHMRF, WA ImL A=
DA 01 %N REBER, MITRAZEE,; mRAARG, Rk NARKA,
AFE T A —k e PE FE At KA KRR D F33F; RBE CO, K
N,0.5~1h, /N L-F R X L-FRABRERE 1 g, WiTR I N R &

6
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€ ®mEHKBA 10 min, FH DKok (RAH) RFH#HE 10-12 h 7T
MR FEARRA TR ERE R L FERAIFHRAK, 2 REEFN M RIFHRK
IBALT ARG o

Hb, DREFBRBROGFNE T EN: 01 g D RFW KR, WmEABKRKE
AE100mL4 ChAH; NREA A ARLRBTR, EHAFZT O
LT ALE, RAMR T@MRAZEAIRRALTAINRATE; L-F AR X
L-¥ AR BR AR 2, L-F AR A A LR M, fLaftt, kiR P aya A
SF, BRERATOALLE R, ARAMARE LA,

T 12, RAEKLGH &: R 385gBHI AL ZE IL RAKT,
REAKFLBN CO R Ny RF LR RS A IBA BRI H, £ BHI
FA T ABEMR,; RREREENCO, N, UHH = A, B A 5mL £k f
BROmLBHI AKX EZRAE T, FRHFEA30s, BREELTTERKE, 47
ke &, #4132 R A BHI &Rk, A% 43746 BHI iRKIE KA A 4m
A 0.75~1.5 %z fa #] s BHI Bl fR3E R A E5R 4 R ERIM T FoikeF
0 T B 3E A& 121 °C &/ K H 20 min, #) %13 2| K & BHI B4k 54 4

A BHI 3% A 09 A : 1L B4R BHI 2R A% 10 g R E & k.
17.5 g F0iEty. 5g &M%, 2 g REHE, 2.5 BB A =4 (Na,HPO4),
pHAE 7.4+02, 25°C, mAMKEZEZE 1L, 121°C. 20 min X &,

¥ % 1.3, Akkermansia muciniphila %9 5 &34 TR GLE K GE XK A
F P AR AI-80 °C kAT BUE, HEANKRTIA, KREHE 20 %0 B A
E PR &FF69 R & BHI igtk3E &, 37°C. 180r/m E %« 18-24 h,

K KW BT B 89 Akkermansia muciniphila % 8 T o= B Akkermansia
muciniphila DSM 22959,

T 1.4, mAAEKBENT: AR 10 mL E&X E FHEREMNZE 90 mL
E AR A BHI gk A a9 R EHF, 37 °C. 180 v/m EH ¥4, AR
AP R £ BHI gtk R A A= asxtr, ROhA, %5 2h M2 ODgyonm 14,
BAEZE 48 h, FHRIAEHM 3 ANF4T5 A ODgoonm 1A A A AR, 3EFREFIA] A
BRAAR, LHFE — KPR SAAKRYE, B 1A FTT;
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B2, KRR RCGEN R R IR R

T 2.1, FHEAAH L FP %R 1.2 P RABEOEA KA BHI Bk
AR ISR R BAAHE 45-50°C, RBHTmIBERE, 5HEFn
—RANR BTN sE, 173 N ESMIT RE 30 min; F-Fm 2 T A5 47T,
BINERL, 22T, B2LH, TEMEFETFLE, #F 1 h #3E5
R ABE BT K, FErs XAFRFE, RO, LB, FHRE
FAGBRRE T EAAM, A—RETFRENEFERE; L _REFETANTFRE
AE—RER, HRERERER, EERRSHKARA; BHHERERIE,
TAETREMNRA, RREZHBAEEEK Y, LHEERTFHRIEF.

T® 22, ARAFEMNE: ERATIEE T, RAKFEHNRA R,
APk 1.2 P4 &3F69 LA BHI @RISR EEAHMBR, % 2 2HEFE
172, 1/4, 1/8 1/16+ 1/32 89 ik, HRBAE, RiARMED 20s AL
M, B REERE TSRS RRIE, o7 RIRE B B AR BHI
AL, Ao ETNE ik 6 AN R B B R ik 49 ODeoonm 18, A
R B 3 AT, B 1B A

TR 23, WA EMNARKE: BERAIEsEP, BUREARK 1/2,
1/4. 1/8. 1/16. 1732 #%EH F A H iR, AT 10 B4 EHH; A T4 H
M — AR 10°~10°, HENHHEAEM I ANFIT. RARNASEHE,
IR 100 ul Ak, B2 P 5K 2.1 P45 &4F69 BHI -F4k L5 A A AR
W34, BAEE, KE 10-30 min, FHAREKLTERIKE, BEFK, K
NRE S R B F AR RRATAEsE, 37 °C 355k 24-48 h & 3 & H #4741
K, ERAREAHE, APP EHEXW-FRAEALTRT, AREAZH
k% RAK, MRR AR,

T 2.4, WHETH: AREAFHAE 30~300 69-F4, A HEREEER
Windows A i & B 3 4 F= R AR # B %4 WinOMeter V1.5 (5Kk¥, #i%, &
T8, %. (2016) Z T Photoshop #=it &4k 45 £ i+ 2P LB %6937 % k.
WMAEMFIEIR, 7: 1646-1648.) F3hit#, HitHEE2 AR T OH KK

Hob ARG T KNI RAME BRE R K KRR, 12-FH3E 5 A8y
A E B A3 H R T A %R, REREAZL 12 h TR -FEE ERREEK
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Ko

T3, ARARKEEAEEMAGXR: L ODgyonn A A 24T (X),
B &R A NAEAR (Y), B Excel 2 Origin 8 4] XY #, =K, #id &M
ARE AN E, AR ERXGEFEAEMEXAR; B 1CHI*;: 72
— % Akkermansia muciniphila OD A5 B B K G &M T4, A A E S mie
5K I AR 40 R AN B AR o

TR A, FAEATHOREDBEMN ZRTIZHRGH LL W F

T® 41, B LA mae#ERER: T 37 °C BB H@EZ
(IPEC-J2), #] Al DMEM/F12 %434 37 °C. 5% CO, 89miad s+
3EF 48 h, EFAEK 3 KRG F T HATIEXE R,

£, DMEM/F12 R A4 Ae4m % : /£ DMEM/F12 % al3s 5k & 64
a4 EAm N 10 % FBS, 5 ng/mL EGF, 10 Um HEPES, 1 %3 4.

Y% 42, ERFT R IPEC-12 @i )s, B &R REEEIE KA oY
IPEC-J2 iHft, RGHR 1x10° ASmia/3Le0 7 2 mndef £ 12 JLd,
AMARSREE ()8 DMEM/FF12 £ 434 A 37°C 4 24h ATES
A £ IE R R,

¥ K 4.3 R ATECH -80 °C 4 4 49 Akkermansia muciniphila 347 K 3% 9%,
18h B2 OD1A, ARSI K3 2o ER Xt HE@AKE.

-

VK 4.4, % 5K Akkermansia muciniphila #9353 % F 3000-5000 rpm %
S5 AP, KR EFR, ARARAEFGDMEMFFI2 4L TEE A,
T % 4.5, #88 MOI=10 #9575 Akkermansia muciniphila =+ £ 3 &

4.2 & IPEC-J2 i, E-F 37°C &dc, BA A3 JRbd MM BRI M 2o
TR S, A RABEE MR THESFZIR, I Akkermansia muciniphila
5 IPEC-J2 893K FN, AllmA Emie &t EFAK, wE 2 AT,
Akkermansia muciniphila 5 IPEC-J2 #afp 335k 24h J&, mfe 1) 69 &4 £ Ao
R, manaEee .
F % 6. B qPCR & KA M IPEC-J2 & Akkermansia muciniphila 2 3%
)G R EIERK G Z0O-1, Occludin, Claudin-1 &9 & K & & | %0 Akkermansia
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muciniphila & % 3 8 L 7 e by % 5 E R %R
e B 3 Prow, @A E R MAEE KA, IPEC-J2 @mie 5
Akkermansia muciniphila 23& 7% 24h &, @ 69iEdE 2w X%, mie i) 6y

=2y B, KA real-time PCR 75/:*&7}&/9"] REZBRONAREREZE
& 3., Akkermansia muciniphila £ # 2 & IPEC-J2 fmje & % % 3\«1‘% ZO-1 %
mRNA % & K-F (P<0.05) . Bk, &A1 L6 E IS T KL% Adkkermansia
muciniphila 7T ¥ 5% % = M LR tafe a9 B F R fe, A dn P 4K 4m i il i 1
A F)T 69 8 A2 R

EERGTEF, XTRAARS, MAREIELENS EEZARAF
RH, FIMTRRAT 0.5~1 h 4775 M T AKRRF LA T FANR AL
sE0 S, RATH 75 Y% BAR R @ & @ e AR AN BN, TR RE AR

WA ARAGTHRAS PIMAN A AERKREGN 2, LHAENFEL
QI [A] A 24h £ % o

%R K 6 & XA T2 1R B Akkermansia muciniphila #= IPEC-]2 4®fie.
321 AT Akkermansia muciniphila W 493878 R LA H B E 693 81 8Y

2. 21&77 KRR AR, 48T CN201910865365.3 #9148 A 37 5% %
W, RRRFELEHEH; MILT CN201910865365.3 # R AIRBEk
W, Z}—'\ K89 77 89 Akkermansia muciniphila 8 693& 32 N-F 6 692 K
R bk,

3.8 7 & A Akkermansia muciniphila W 3 T IPEC-J2 ¥ % L 5 4@ o 3k 3%
FARE T B AT AT AR

st e 1

Y8 A3 eI, AT PR B R A 20 ) 45 & T #x Eggerthella lenta ATCC
25559 B A T 55 1 49 4.3-4.5 F A% Akkermansia muciniphila .

BRI RN, ZHA L IPEC-J2 @mie ey L3RR A SIS 1
&AL, IPEC-J2 #afe. 5 Eggerthella lenta ATCC 25559 35924 h /5, @fe
By EZELH IR E, @il 2ok X ARLTR (B 4) ; B real-

10



time PCR 4 % (& 5) £, Eggerthella lenta ATCC 25559 £ # 4 4& IPEC-J2
e P % EEEE G ZO-1 89 mRNA &% K-F (P<0.05), B4 %44 Occludin
& & mRNA & & K-Fag4 % (0.05<P<0.01) -

LRI T AR T ARG ETHRLFE®RS], BheaT Tk, &4 HEMR
AAFAE BT AT E TS X, T AV AT HAF 65 69 HE%R, T
AT &AL, B ARE, FRBERIATERAAHETEEAN, BT
E AR HF R A KAVIRAYEAR RS R BATEF) o T AAIRA R P AT 8 2L F) A
TACTIE 35 RO 69 A5 A0 Fo S0 B, W AR 2 22 R B BT AR 2 KG9 R 47 SE B

11



