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Expression and Purification of Recombinant Amuc_0119 Protein
Encoded by the Gut Commensal Bacterium Akkermansia Muciniphila
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(Key Laboratory for Molecular Enzymology and Engineering , Ministry of Education, School of Life Sciences ,
Jilin University, Changchun 130012, China)

Abstract The mucin-degrading gut commensal bacterium Akkermansia muciniphila has emerged as a promising
probiotic due to its significant health-promoting effects, wherein its protein constituents mediate critical host-microbe
crosstalk. Notably, Amuc_0119 represents an uncharacterized protein potentially with beneficial biological functions.
In this study, we aimed to construct an expression system for recombinant Amuc_0119 to facilitate its structural
and functional characterization. The coding sequence of Amuc_0119 was cloned into pET-28a (+) vector with an
N-terminal 6XHis-tag and successfully transformed into E. coli BL21(DE3) competent cells. Protein expression was
induced by 0.5 mmol/L IPTG overnight at 37 °C. SDS-PAGE analysis revealed successful expression of the 46 kDa
recombinant protein, which was subsequently purified via Ni-NTA affinity chromatography with a purity of 92.08%.
Western blot with anti-His antibodies confirmed the target protein identity, while quantitative BCA assay determined
a final concentration of 818.44 wg/mL. This study establishes the first efficient expression and purification protocol
for Akkermansia muciniphila-derived Amuc_0119, providing essential tools for forthcoming structural studies and
functional investigations for this bacterial protein.
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1) £ A TR T B 52 DT, B — PP 22 [CBAPE IR U, | IZ A T ARG b, JCHOE R B 18
HL ERITSE R, A muciniphila 7EAERERAIE BEBEDIRE | IR O SO A0 A E R T R
AR, XL RE SN i A AT o A, TR LA e TE B -RUE Y AR R R
H IR, A, muciniphila X 215 CHMNRE RN M58 ) 95 & B0 AT 7055 A0 238 AR BE . B DR 9
FIZEAAE . RAE . T | FEAETRYT RIVEF B 2R 1 T 458,

A. muciniphila ATCC BAA-835 R 4140 5% 2176 N E A MmIGIEER , Hor 2 hRe v 5.
W Amuc_2301 Fl Amuc_2446 £ 15 2 5 B FF 4l 46, 40 i 40 25 71 Amuc_1100 8% iiE 52 0 2l 35 8 b 0
¥R, H B A PR P /e M, Amuc_1686 AI £ 37 40 21 F2EM ) Amuc_0705, Amuc_0707,
Amuc_1757 I Amuc_2085 .47 # 28 S R B 16 PE"S. 16 4h, A, muciniphila 53 3 4 75 2 BE (RNA & A%
fitf (AmTARS) HA AT G RS D RE" s 43I e % RS Tl T LA R S5 W dia i e A=) 5 43b i PO 2K
P AT BN BR8P AR S T 2 A A Qs 2 it HL B T SR A A iih 2k ELAT IR TR PR
N S S0 VAT T I T, I 1T Amuc_ 1409 R85 [T 4 LA ol 35 g 1 b 22

AR T A muciniphila RESCHEEE (AT IERWIRA , 28T ESE P7E/ D BE IRE D aEME: o>
W, X T Amuc_0119 8858 2 1 BAFFEAR D . 1 Amuc_O01191E 0 A, muciniphila 73 ¥ BB E
M, HoP IR & — M EYFDhEE, (A H AT T T Amuc_0119 254 | DIRE KB 7B~ #/E Y
WFFEHRAE , SXAPRS] T XA, muciniphila BRI REE G A 2T, BT AT & mAE A R R R D
WF5E Amuc_0119 I REFRE L N EE 2L .

FETF I, ASCGES I E Amuc_0119 FEAHRIBAR , ST ARG 0 scese ek fnali
k. EFRAUIEAAN T Amuc_0119 BFFE B2 11, N HE— S 25 i tf A A= W24 T RE S T 6Rl, 4
B P ARG, M A, muciniphila B EARZEAENURI LA TR0 U, Hoa—a RS .

1 KEEssy

1.1 RXFIE5EE

JEREE 1 PR (AL R. 2% R BRI (A, RO %), FRBR G IH/R B (b DA BR A F] 5 S kAN (AL R.20)
N =B (ARG, B 254 B0 A R |l 5 BB M (AR) . B2 R AR & (2765 U/mg) |
Tris (299. 5% ) Ml H 22 (298. 5%) , b 5% Biosharp A= ¥R} £ A B2 w5 IPTG (4l >98% ) F1 SDS ( 4l
& >93%) , dtatdh B B EA Y H RN F s KGR BL21 (DE3) 8432 45 41 il (CD601-02) | 6XProrein
Loading Buffer (DL101-02) . Anti-His Rabbit Monoclonal Antibody (HT501-01) . HRP-labeled Goat
Anti-Rabbit IgG (H+L) (HS201-01) FI T 44 [ Marker(14-120 kDa) (DM111-02) , b5t &34 AR M A
AR w] 5 8 ECL &G (MAO186) , Ki%k 3£ CHAME ARA PR v ; AW # (0008443) , 3% [
BD-Difco 23 H] 5 NN (A501033), A TAEM T AR (B A RRA\] H AU TR (BM0344) , Jbit
R A R | 5 2% T % R250 (1912GR005) , 45 [ Biofroxx AE #1371 2 7] 5 45 AT DR
(SA005GCO5) , M K NFNAWIRHECA PR w5 o R A BCA 25 1 5 ik B2 A i) 62 (KTD3001) , WIF
BHR (DO AR R AF .

PB-10 % pHAX, f# [ Standardize X #5237l 5 JY92-IIN KU 75 I 41 MRS BEHL, T P08 2 A MR it
A PR vl 5 D3024R BY i il R 2.0 0L, KIBAYAA FRZA vl 5 Tanon 4800 BUb 2% K& G HUS 0BT R S8,
1 R BERHE A PR F] ;5 Infinite M200 Pro 4> [ 2 Z D) REEFAR X, Ji 1+ TECAN 23 H] 5 UV1700 284
SR, HAREHEAH].
1.2 XidiE
1.2.1 Amuc_0119 £ b1z B 44 FIFH Expasy'®’, SignalP, TMHMM2. 0, ProtCompB, PredictProtein I
AlphaFold 3 254 95 B 27 T ELFI 32347 T Amuc_0119 By FRALME T . @i K/6 K P L 5 5 ik | 15 it
JiE . S ANME N . R AR = R
122 Jrtyz G4 RAEAYEEETIEE R, KB T Amuc_0119 N7 16 M2 SRR TR FEZH )
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FIR(E IR, PP pET-28a(+ )M N B FAFRIB IR, 15 LA I AT BL21(DE3). 153 K Wi
3 A Neo 1A Xho IBRTIPE N VIEEN: 5, JEAE HRHEE R om AN His #r28 . BER B2 UG i FiRAE
T EA . B25 pL KT R BL21 (DE3) B2 S AR A TC IR EP & H A S LTk, & Tk b
JiE 30 min; 42 CKIEIGE 45 s, FEUKIE 2 min. 7E TG EIEE S P IIA 1 mL SOC B 3, F
37 °C, 180 r/min 51F FHEFHFE 1 h. L4000 o/min #534 B5.00 5 min, F5 FZW, 100 pl LB g4
WFREERER . B EREA T RIEZM LB b, 37 CEER A P i 5. PBOAR
KM T A RIRE R LB WA SR 3L, T37 °C, 180 v/min 554 FHRGHEFE 12 h, ARG AT .

123 EAEGIESFHERE B RPN ERIZER T 200 mL IR RIS R 0 LBIRIAEE =, T
37 °C, 180 r/min Z5F T HR G HE IR 4 h EXTEUERK I, 0Dy HZ 0. 6. I A IPTG LKL N 0. 5 mmol/L
(IPTG & WM 1. 0 mol/L) , F 37 °C, 150 v/min £ T T . B FHIE 4B 1 mL 3%, H
SDS-PAGE 43 #r 4 F13R15 .

1.2.4 SDS-PAGE 5300 . 17555 S [l B2 DR ma 6 MO i) 28 PR 4% 125 ERABTAI A 6x E AR 2 ik
W, 22100 “CHE /KIS 10 min, VKA 2 min. Marker(14-120 kDa) filFE 10 pL, &AL INEE 15 wL, 7E440 V,
80 mA ZF FHIPK 1 h, A DR et 15 min, FFFEYL@, A GRRD I G, FAidicst.
1.2.5 Ni-NTA EF 247 B SRR DA, H 20 mL 20 mmol/L Tris-HC1 2% ik (pH=
8.0)F &, (I A A% 30 min. T4 “CF LA 12000 r/min F35# 2.0 30 min, WAE FEWEW, 0. 45 pm
TCHENENE T U, T ok FARFEA . Ni*-NTA Beads 6FF T J7kE [ T2 |, WORMRSPRE FH 5 A4
R8s oKk, FEAH S AR 20 mmol/L Tris-HC1 28 #hifk (pH=8. 0) -7 . Kr vk b 5A7 1 b3 o hn
NI AT, SRR AR | h g4, IR 2~3 K. I 10~15 S FEAA 10 A1 100 mmol/L Bk
RGeS AE A, T 5~10 MR 250 mmol/L BEWR YL H 478 (3 F U8 . A7 Tris-HC1 2%
MRN8 KA S MR BURIR IR S . SRR 20% SR 0RAFT 4 °C. BT A AR 7E DK BB
JERTHE R IET, BTA IR T .

12.6 #EHr BHGE S KBNS, BT 5 1 LKA RN 30 min, BHIG T4 C 1R17.
it FH AT FHZE AR KA I B 0 . 8 1. 2. 5 1 RIS M B LTV o A& drdsrh , it e % &, BT
20 mmol/L Tris-HCI &t , F 4 “CARIRZHTE BT 24 h, BT 0 ik e —Ik .

1.2.7  Western blot %5 &  XF 11 % % 19 8 F1RE 2517 SDS-PAGE 43 #7 , M4k H #7 2 114 7 5 (30~50
kDa) ¥ Marker 4§ 75 (v B 55 AHR 4 B 43, KBS F /KR U 15 min. U AT DE , B HBORH I R0
PVDF AN 6 JZ U840, PVDF A FH R 10 min 364k, 8. 6 D@ ACHIAE 45 4R 25 5 F FlvA A IR 2 vl
HIR I 10 min A . 2 RS 2 BRI A S8 TP AR U i B Vg 2 . — )2 U840 . PVDF i = 20840
VEARES BRI TCAO ELSE Al . VORI R 250 mA B4 1. 5 h, VKIBREIE . #EE ¥ PVDF T2
T 5% WiRs Wik B0 1 h, S5R3 A0, FIURACR T-4% & . FH TBS 2% s BEPT His /N BB e BBt
A(1:8000) , KB (1T 0] T & THORE R D TANRZHr =M 5 14 h. I TBSTIHE W PERE 3 1, Bk
15 min, F TBS ZZ sp i B HRP AR 2P0/ il IgG (H+L) (1:5000) F 255 1 h, FH TBST R LE
B3 YC, FU15 min. H§ PVDF T Tanon-5200 H shiib 7 K CHUR R GEH , H] ECL B LAt
TRFA (AT A RO B FE AR G 1 1 BUEC ) 78 56 2 T RS 0) E b i 1

128 BCAE @\ E=®E i BCA & & i &l E aifb 5 f B A vk . 4% IRU6HE 45 1L 0~2000
we/mL 1) BSA ¥ 2 AR R e, FBEAR AR 562 nm AbIIHER W GRE , DLEE IR MRS AR bR L OB RE
AR AR E R TR, B FRE SR E 562 nm BYWEOGRE (A A bR ph 280 8 Tk

2 #HR5iTiE

2.1 Amuc 0119 £ EEHHT
I 2 Fh A 0 05 8 2% T2 X Amuc_0119 B9 BEAL PR B A 25/ 2547 T 20 A . a3 Expasy [T 571
ProtParam ( £ 1) Fl ProtScale [ & 1 (A) J#U , /8 Amuc_0119 A3 KMEE A, FEHEKERE BN
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Table 1 Biochemical parameters of Amuc_0119

Number of amino acid residues 439 Percentage of the top three high amino acids ~ Ala(10.7%), Ser(8.4%) , Pro(8.2%)
Molecular formula C,128H4301Ns9504365, || Protein instability index 52.22
Theoretical molecular weight(Da) 47941.24 Fat coefficient 75.85
Theoretical isoelectric point(pl) 6.72 Total average hydrophilicity -0.333
(A) ProtScale output for B2ULS0,KKMS8(B2ULS0) (B) SignalP 6.0 prediction:ACD03964.1 hypothetical protein
3 ' Amuc 0119 Akkermansia muciniphila ATCC BAA-835_
— Hydropath./Kyte doolittle 1.0
- OTHER
038 i — Sec/SPII n
0 — Sec/SPII h
o E‘ 0.6 3“‘ Sec/SPII cys
2 = i e CS
A S 04 !
£ !
0.2 i
i
0 i
4 I I I I I I
0 100 200 300 400 0 10 20 30 40 50
Position Protein sequence
©) Title ACD03964.1 hypothetical protein Amuc_0119 [Akkermansia muciniphila ATCC BAA-835]
JobID©® iprscan5-R20250928-081042-0094-41997951-p1m Il
Status v finished
Sequence Length 439 amino acids

Protein family membership None predicted

D)

b
|||||“|{|||
Hilht
i
e
il

— | =
== ! =5
-
. ]
= ]
==
e —_—
 — = —
= 3 =
= o
Name Description GMQEQSQE Seq id CoverageRange  Method  Resolution Oligo-state Ligands Found by ’Im’::‘m
Exported protein 34.
PRAA Crystal structure of a putative endopeptidase from Bacteroides fragilis 0.2610.0016.16.0.52 279 Xesay 260 " Hiloms 026
‘covalent dimer HIV-1 protease 33.
2040.1.A /-1 Protease. 0.21 0.00 13.92 0.44 X-ray 1.65 monomer 1x2NC HHblits 0.27
271
Hotecute
[L-Ala51;Gly51HIV-1 protease 8
3ka2.1.A Crystal structure of chomically synthesized 203 amino acid covalent dimer [L-Ala,GlySTJHIV-1 protease 0.21 0.00 15.10044 " Xray 140  monomer 1x2NC HHblits 0.28
wviiror nowor o 1.4 A resoasion
Protease 33-
3kt2.1.A o et HIVCT 0.22 0.00 13.40 0.44 271 X-ray 1.65 monomer HHblits 0.26
Protease, linker, Protease 36-
b iuion Crystal structure of drug resistant V82S/V10828 HIV-1 Protcase 021 0.00/14.14.044 27 Xay, 248 % HiRits 027
[Gly51:Aib517] ‘covalent dimer’ HIV-1 protease 36.
3hzc.1.A 0.21 0.00 14.66 0.44 X-ray 1.45 monomer 1 x2NC HHblits 0.27
2 % 27
101
o Protease 36-
495m.1.A D3ON tothorod HIV-1 protoase dimer/saquinavir complex 0.21 0.00 14.66 0.44 271 X-ray 1.80 monomer 1 x ROC HHblits 0.27
HIV-1 PROTEASE o
1g6L.1.A 2 - s 021000 14.660.44 .0 Xray 190  monomer HHblits 0.27
3n3L1.A Prosess o . 0210001414044 0 xray 250  monomer 1xROC HHbilts 0.26
Crystal Structure of G48V/CISE tethered HIV-1 Protease/Saquinavir complex 27
HIV-1 PROTEASE 35.
1hve.1.A CRYSTAL A PROTEASE 0.20 0.00 13.54 0.44 271 X-ray 1.80 monomer 1 xA79 HHblits 0.26
wBITOR
(E) TMHMM posterior probabilities for ACD03964.1 (F) w
1.2 \
z
=
2 0.6
8 —— Transmembrane
° >
- -
g 04F Inside
Outside ;“w
\_\
L%
O 1 1 1 1 /
0 100 200 300 400 T ,7/

Fig.1 Biochemical information of Amuc_0119
(A) Amuc_0119 hydrophilic-hydrophobic intuitive diagram; (B) Signal peptide of Amuc_0119; (C) Domain and functional
site analysis of Amuc_0119; (D) Homology analysis of Amuc_0119; (E) The transmembrane helical structure of Amuc_0119;

(F) Three-dimensional structure of Amuc_0119.
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-0.333, RWIHATEVER AT . SignalP-6. 0L & 1(B) ]I TMHMM-2. O[ &l 1 (E) 14325 REW], 2 FiR Gk
FH~16 07 RHF K. ProtCompB Fiil 25 542/~ Amuc_0119 FJ 8 A4 EE FH (F22). InterPro {545 #4135
ORS00 B8, Amuc_ 0119 AJg FARMEFEAZKELE 1(C) ]. [FEF, il SWISS-MODEL #]
AR R K I Amuc_0119 ZHEIR 741 5 ORI FURRIERAR, RUIILREHEIRLE 1(D) 1. FiRg5IRE
B, Amuc_0119 FYA W20 RE M AN AR . SR, VEI—FMEBE I A, muciniphila 5305, HIS7EDIfE
S HE—F5T . 2, FIH AlphaFold 3 % Amuc_0119 ¥Ef 7 T = ZEZEFfaqtl [ 8 1(F) ], 3348 a1
YIE BT A Amuc_0119 [T TE SRSEA T BERF T $240t T 2% .

Table 2 Subcellular localization of Amuc_0119"

Score
Location weight
NNets Pentamers Integral
Cytoplasmic 0 0 0
Membrane 0.18 0 0
Secreted 2.37 3.44 10.00
Periplasmic 0.46 0 0

* NNets: scores assigned by neural networks. Pentamers: scores based on comparisons of pentamer distributions calculated for QUERY
and DB sequences. Integral are final scores that combine all above previous scores using a final neural net. The scores are renormalized to make a

sum of scores for all localizations equal 3 (Nnets), 5 (PotLocDB, Pentamers) or 10 (LocDB, Integral ).

22 FRMHESHEMK
{55 i F HAT sk BT w22, @EEE&%%*%@@?‘@X& LA, 55 IKAT B JC bk
TR RGAEMRBIIEUIBR , DTS i 2 AR 00 28 R 2 MIE R L R, AR SO 2B P15 5 24 Tl
D, MBR T Amuc_0119 N iy 1~16 /> % 38 % 5k 5L 2H B 19 B A= U5 55 IR I F A8 N i B C 3 51 T 6xHis b
2, VMEF o maif, K5 HF AlphaFold 3 T M B 5 5 BRI 48 0 His 4725 )5 09 8 (RS540 . a0
) mm Original structure ®)

Strcture of signal peptide removed
and His-tag added

—

lact promoter

(C) Aumc 0119
Aumc_0119%

Aumc_0119 DDJGE YI
Aumc 0119*% [0Sl R :, xoofGE Q i o QA G LLGHEC
GEDY] I I

Aumc_0119
Aumc_0119*

REENK KfINK G:DY Q D
Aumc 0119 DAFV VY Gjly BAAGGFYAN ECM V- FOEL
Aumc_0119* DAFV VY - GRY - BAAGGFYAN ECM V- - FONL
Aumc 0119 3 R

Aumc_0119*

Aumc_0119
Aumc_0119*

Aumc_0119
Aumc_0119*

Aumc_0119
Aumc_0119*

Fig. 2 Construction and transformation of plasmid
(A) Comparison of three-dimensional structures; (B) Plasmid map of pET-28a(+)-Amuc_0119(49-1320) ; (C) The result of

sequence alignment(Amuc_0119-Original sequence; Amuc_0119*-Optimized sequence ).
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BI2(A) fiR , H =423 [ 2540 5 I G 45 F6 A LU BR W s S HAZ OS50 0 22840, S5FARL, T DMES
JR MM K2 His-tag PO INX 26 BT S AR SE R RE M 457N

YT pET RN KB ML A E AR IXWHE NSRS, HpET-28a(+) i N ], E. coli BL21
(DE3)J2& 5 pET RE45 G W M 28 rg AR, IS Tl A AR 3Rk .l PRI )
TN A 0, 76 S Ui ¥R Nde 1, 76 3" S8 Xho 1, [ B 7 3 PR S 8 0 His A2 . 3 P52 BUS R
A TTA TR C ) B A PR W5 L, b Bk, BTG aniE 2(B) iz . Brkrfs Ak 5 R 5e
B DV R TR IR IF R M P B Uk, Z5 R AN 2(C) R, TeRRS 548 il i 58748, 2R W JBRE A 2 5 2% Ak Al
o1, AT TR SRR RIS
23 Amuc 019EAZAMFRIES AL

pET-28a(+)-Amuc_0119(49-1320) ik Y H L4 & (B /7154 46 kDa. SDS-PAGE 7Kk, £ 1PTG
WS, 162950 kDa b FRHA B 52

kDa M 1 2 3 4 5 6 7 8 9 10

— IS, HRRSER 120, 120
FWZ 5 M B . 100 /%
HHEE Amuc_0119 N %@ C ¥ Zg
YA 6xHis hR%s, R FH Ni-NTA 3 Fl ' 5 —
MU TAA, . TR A | T Y
5 Ni*-NTA 6FF & AR AR . KK 30 -
F1 10, 100 %% 250 mmol/L B W 7 [ . 25 -

SDS-PAGE 45 R 4n &l 3 i, 1E 250
mmol/L BRI B 254, Amuc_0119
E éﬁ % IJ:_l %—{ E i éEE E BL =1, )E' ps Lane M: protein marker; Lane 1: Before induction; Lane 2: After induction; Lane 3:
Image] iﬁﬁ:XﬂL E E@%%ﬁﬁ?Tﬁ(Eﬁ Supernatant after crushing; Lane 4: Precipitation after crushing; Lane 5: Flowing
*ﬁ , —H—%ﬁﬁ% @J B E(JE I‘i‘ B/(J giﬁgg/\j 7‘7 liquid; Lane 6: 10 mmol/L. imidazole eluent; Lane 7: 100 mmol/L. imidazole
92. 08% eluent; Lane 8—10: 250 mmol/L imidazole eluent.
24 Amuc O19EAZFAMLETE

X F Western blot %} 250 mmol/L BKBRPE R EST T 22 . HIE 4 7] UL, 6XHis bR ] gt His BA TR
PUARTEG, B5E AN XS 457, R BRI AR 1 B R 2 Amuc_0119.

Fig.3 SDS-PAGE analysis of expression and purification of
recombinant Amuc_0119

Fig.4 Western blot analysis of the recombinant Amuc_0119
All three lanes are Amuc_0119. Primary Antibody: Anti-His Rabbit Monoclonal Antibody; Secondary Antibody: HRP-labeled
Goat Anti-Rabbit IgG (H+L).

2.5 Amuc 0119 EAERKENE

W5 VLI 14 5 4 B FIAE Tris-HCL 28 Wi P M 24 h [ 2 kmk , I8 5 10 kDa BB B 45 . A
BCA 8 1 sl R G 2 Frk B, A5 2R HEIT 7 7224 y=0. 00044+0. 0082, R*=0. 9976, L AbRER
25 RS BIAALJS 1 Amuc_0119 FEFIVRE Jy 818. 44 pug/mL (17. 8 pmol/L).

3 4 e
SIS BTN, Amuc_0119 J9 36K MESMIRE T, ToRSISAEAII, 4> T2 46 kDa, BA
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RAFATETE, H2BR 7 RIME S5 IIFTE N i 5 C o i 6xHis #7285, I Ni-NTA SEFZHrafife B in
[, HAl Ak 92. 08%. SDS-PAGE 5 Western blot 4347 36 UF FHo 5 B A7 4, BCA & sl 15 e - 818. 44
pe/mL(17. 8 wmol/L). BFFE 45 FAE B pET-28a(+)/BL21 (DE3) 1A Z Al 52 Amuc_0119 1 Al iM%k H.
FIE AL, I T A, muciniphila EEE E T Amuc_0119 EHFE RS, L T HAEKHIT
BL21(DE3) Ay s Rk E Al IR 2235, AT Amuc_0119 BIZE et Stk — A iF 5% HAE W REZSE T
S, A BT XNZE R RASEIESY , 5 B NI/R A, muciniphila 175 A= HLT B HEH %) DA% .
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