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Abstract

Key molecular components of reproducible medical-benefit intestinal probiotics
are essential proteins. Traditional protein purification processes are crucial but time-
consuming and labor-intensive, leading to high costs in developing intestinal probiotic
health foods. For this study, we selected the outer membrane protein Amuc 1100 of
Akkermansia muciniphila, a gut probiotic known for its benefits in managing diabetes
and dyslipidemia, as our research sample. This study begins with developing the
traditional protein purification process for Amuc 1100. Affinity chromatography and
ion exchange chromatography were utilized to determine the purification conditions for
both a Taiwanese isolate 02 and the international standard strain BAA-835, and their
differences were identified. The purified protein was confirmed to maintain stability for
up to 3 days. The Computer software AlphaFold was employed to predict the protein
structure through computer modeling, and protein sequence analysis was performed. It
was found that the differences in protein structure and electrical properties led to the
variations in purification conditions between isolate 02 and BAA-835. This study
provides a novel perspective by matching protein structures with suitable purification
conditions. This study offers a novel approach, utilizing artificial intelligence to match
protein structures with optimal purification processes. By significantly reducing the
time required to develop purification conditions, we have refined protein purification
methodologies and obtained high-quality, scalable purified proteins. Future research
will involve expanding our validation by using other indigenous Taiwanese Amuc_1100
samples to establish a database of protein structures and purification processes.
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BRI R HK T Rt Gl Lk R B %Y 0 APARE 50 ] 1000

mM 7 NaCl e > 5 I s T P RFo B G E TRV {08 R c R 50 IR

B

it g BRZ ZFE > APROER DRI Y RS RT R BR
POERF PR R > BIERMANT AR T 0 ¥4 BAA-835 {r isolate 05 ~ isolate 02

fr isolate 04 i 5 ¥ F-v o

4. HF ¥R 47k 1% Amuc 1100 % it e 58

A chdey 2 00% pl B395 6.040 IR AT R B ILET R
B QP £ s 4 L Rends o R eh pH Bk 0 pl 41 43 £ 97 Q
FARRAIF > PRy PR pH @5 pl B3 APEF A RFRE A B
EE

Pl AF it sghk o Flpt A i pe ¥ pH7.4 ~pH8 ~pH O enig mik » &7 F h

#73
ﬁ;‘ﬁ]\/ &ﬁ/?' ig:‘:iﬁ fL 7}/{% i‘ﬂ .

N\ S
. N\ ECY R A
> \
3 o pl=6.04 ‘ l
¢ N [—'
— \ 1 ']' IV mQ 31 4
= T T~ - )
= -+ ¢ \‘7-\\ L 9 10 11 (pH)
ot s N\
= N
& \\‘
& =

N
~
\\

Bl 6. 3+ 23k A7 & el BI(TH A 755 0)

(1) B33 P iy cng g » K kMgl f o

‘mﬂ

(2) *ikHEHc ¢ AF A 3000 AU T A 10 A4 TR £AF o
12



() feB-lkdgpas B R IRSgE ke T o

(4) 17 BCAmethod #Z i Menp 30 2 kA& -

(z) 39 F&EZ
1. SDS-PAGE
(1) s =it enFee Fik S8 LB 3] dnt GlR{riz ] o
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Running gel FE Stacking gel
10% SDS 0.15ml 10% SDS 0.05ml
acrylamide 3.33ml acrylamide 0.5ml
Running buffer 1.25ml Stacking buffer 0.625ml
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R X

(@) * fck s kil BRI AR ODS62 » F By TR E S -
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Bl. 9 A Ari+ & 47 SDS-PAGE - (A) BAA-835 #.{r{+ k& 17 SDS-PAGE - (B)
isolate 02 #.{r% & 5 SDS-PAGE  (C)#Aci+ & 475 i Amuc_1100 £
A F(EH p 4 )

d LB 9 %%7 5o SDS-PAGE A3 £4d S F L A4 @ B° 2 S fehlh itk
TP EF9 > BAA-835 % isolate 02 7 25 mM ~ 50 mM -~ 125 mM imidazole % {#77%
23 P R0 AR 0 @ 125 mM 1 e R R G B R R Ak o

#-B 9 2. SDS-PAGE i} 2% i » d B¢ ¥ U 'ﬁ 11 BAA-835 % isolate 02 % % ",;K
“EApR 0 R A 25 mM f BRP A7 oo BAA-835 25 mM T 4 f dig ik - 214
P - F-v 4P Z. T isolate 02 74P F imidazole Jk B T ik A ehp R 30 £ 1 42 BAA-
835 “3 % > ¥ isolate 02 & 125 mM 4 A& &L T kenp R Hv Wt s i BAA-835 5 - d
-7 4 BAA-835 2 isolate 02 5 ¥ @ i 7 if £ chimidazole k& G LR o
2. HA

(1) pH 9
sup fl m 50975 145 240 338 $24 7624 1000 (mM) sup ft 50 975 m 145 240 355 525 762.5 1000 (mM) 100 ®» 240mM
H
{2 60
: &
" ’;w L
- BAA-83§ i;.,l-_,l._- 02 ’ BAA-83% isolate 02

Bl 10. 3+ 2 4% 1+ % 47 SDS-PAGE - (A) BAA-835 &+ % #"}é] +7 SDS-PAGE
pH O - (B) isolate 02 &+ 2 # % 15 SDS-PAGE pH 9 © (C) &t % 4 15 1t
Amuc_1100 & 3 5 (17 p 17 45 )
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¢ s BAA-835 % isolate 02 (-t & 47 Ni ¢ ¢ > & 25 mM ~ 50 mM ~ 125 mM
imidazole 3275 B ff3-v kel Bz g5 PRI B BRI & e &0 & pH
IOEBETUEUFBQFFTHF - K Kir-d B 10 ¥ &> & pHI 3k 5 T - BAA-835 % isolate
02 35 % 240 mM NaCl #-#r5 P & F-9 "k ) o

Amuc 1100 F=v % 3> A fER > ¥ 00 if 2 F M8k fFE *F‘zﬁ.}’;:,mxé P s T
AEAFTFE G aBRITAMER O pH ET SN P RRY AT RE&RY - HEFE
Fadk IH 33T L3 k5@ L B %0 RAgipH9 2 ¢ » { 4 » pHS 2 pH7.4 3 #&
7 e el M iE & o

(=) Fi7 b pik % Bk 5 Amuc_1100 ¥ & iHf 3
L7 RGP ERET > BAFLE i

sup fi m w145 240 1000 ™ sup ft w 145 2401000  m sup ft w 145 240 1000

7

25
~

pH9 pH & pH 7.4

SE8-Vvd

sup i w om 1452401000  sup fi m w145 240 1000  SUP fi w 145 240 1000 m

() 21e[0s!

C

s

pH9 pH & pH7.4
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9 |
P 'ISOIZIIC 02 v
H8 'BAA-835 v (K#E) v
P Lisolatc 02 v (—F) v
BAA-835 |V v v
H74 —
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B 11. pad& £ SDS-PAGE - (A) BAA-835pH 9 3+ < # & +7 SDS-PAGE - (B)
BAA-835 pH 8 3+ < # & 47 SDS-PAGE - (C) BAA-835pH 7.4 3+ < # & 47
SDS-PAGE - (D) isolate 02 pH 9 -+ < 4 & 5 SDS-PAGE - (E) isolate 02 pH 8
B+ 2 3% & 17 SDS-PAGE - (F) isolate 02 pH 7.4 &+ < 4% & 7 SDS-PAGE -
(e B =4 )

0o " 240mM 100 ¢ 100

145mM ft
50 s0 } 240 M 50 w
145mM
1] H 1]
= 60 i 60 B’ s
1 4 [} 2]
- 40 F 0 § 40
¥ ¥ 4
=20 } = 20 } -
v a — 0
RAA-R3S solate 02 BAA-8IS isolate 01 BAA-53S isolate 02

Bl 12 7 P pdk MRS TH A 75 Amuc_1100 £ (14 5

(a)pH 9, (b) pH8, (c)pH7.4 - (iFF f 78 W)

BT RAEY UFRRE T RG S EE z’1’1§2f§3ﬂ‘$7§‘f:%¢z’1’1pH9 b 4T pH
7.4~ pH 8 "B} fRfLdk 128 5 » %@ 11 51 SDS-PAGE BB S H 12> & o B 12 &%
Firo - B F0 ApHOBRE T » j].5'3’ér_240mMN'c1Cl;l-:ﬁ-E] e 230 d S A pH
8Z&HE ™ > 145 mM {r 240 mM NaCl 23 P 50 4xi" 2 dl @ & pH 74 FE ™ > 145
mM NacCl :T‘.%’F‘ PR B AR e Rk T o d U G BT 2 4R R 7 TR BLAREL > Amuc_1100
s A AL > L PR EY TE O NaCl EImR kR > AR o A VR F A
7l Amuc_ 1100 > 7 R e pH7.4 73k 3™ > BAA-835 & ft {r Washr" ahp
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