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% 60 kD #= 50 kD. BgIRBS 26 #)5x &4 A &4 4 pH 6.0. 45 °C; BgIRBS 9 #iEAE A &4 4
pH 5.0.40 °C. BgIRBS_26 #= BgIRBS 9 #4 K %51 4(0.681 6+0.164 2) pmol/L #2(3.317 0+£0.871 4) pmol/L.
BgIRBS 26 FLA 447 64 BR AR % M, £ pH 5.0-6.0 TAZE 1 h, FI48%EKTF 110%; pH 7.0-8.0 5&
B A, FABRED AR 100%04 £, skih, BT BgIRBS 26 #= BgIRBS 9 A 7B 42 B 49 3800%
B RRIARF P AN 20% (R ERFR94K)EME, BeIRBS 26 B TR 5 E 140%; 10% (JR E4RA2 0
) EHE T ¥ BgIRBS 9 B&7E 325 £ 180%. k), BgIRBS 26 A 434F 49 NaCl &% M Ae s 2 1,
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Abstract: [Background] p-glucosidase is an important class of cellulolytic enzymes. At present,
B-glucosidase (Bgl) derived from cultivable microorganisms has the problems of poor thermal stability and
acid-base stability and a narrow range of action. [Objective] Discover new B-glucoside genes from the
fecal microbial metagenomics of Rhinopithecus bieti, express heterologously and study its enzymatic
properties, and provide new enzyme resources for food and other fields. [Methods] Starting from the fecal
microbial metagenome, the p-glucosidase genes Bg/RBS 26 and BgIRBS 9 were amplified and
heterologously expressed, and the enzymatic properties were studied. [Results] The GH1 family recombinant
B-glucosidase BgIRBS 26 and BgIRBS 9 were obtained, with molecular weights of 60 kD and 50 kD,
respectively. The optimal conditions for BgIRBS 26 are pH 6.0 and 45 °C; the optimal conditions for
BgIRBS 9 are pH 5.0 and 40 °C. The K, of BgIRBS 26 and BgIRBS 9 are (0.681 6+0.164 2) pmol/L and
(3.317 0+0.871 4) umol/L, respectively. BgIRBS 26 has good acid-base tolerance. After treatment at pH
5.0-6.0 for 1 h, the remaining enzyme activity is greater than 110%; in the range of pH 7.0-8.0, the
remaining enzyme activity remains above 100%. In addition, sucrose can activate BgIRBS 26 and
BgIRBS 9 to varying degrees. When 20% (M/V) sucrose is added to the reaction system, the enzyme
activity of BgIRBS 26 can be increased to 140%; 10% (M/V) sucrose can increase the enzyme activity of
BgIRBS 9 to 180%. In addition, BgIRBS 26 has better NaCl tolerance and stability. It retains 80%
enzyme activity after being treated at 37 °C and 2.5 mol/L NacCl for 1 h. [Conclusion] In this study, two
novel B-glucosidase genes Bg/RBS 26 and Bg/RBS 9 were obtained from the R. bieti fecal microbial
metagenome, and they were successfully expressed in E. coli BL21(DE3). BgIRBS 26 and BgIRBS 9
have good pH stability and sucrose tolerance, making them have potential applications in food,
fermentation and other industries.

Keywords: Rhinopithecus bieti, fecal microbes metagenome, f-glucosidase
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Lachnospiraceae bacterium /%) B-] % M7 i 2 FE R
J¥51(56.45%, GenBank % 5%5 & MBD5491873.1)
A i AR ; BgIRB-S_9 W2 L2 51 5 A\ 2
EAEY) Clostridiales bacterium (64.69%, GenBank
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Figure 1 Multiple sequence alignment analysis of BgIRBS_26 and BgIRBS 9

T WO AAE S GHIB-H 2 IR T I A TRsF PR AR AL P 51 o 7 S AUR— IR/ A AL AR R PR R . FRA 5 1, 2,
3.4, 5. 6. 7 3R MW557605, MW557606, AGS52251.1, SOU12973.1, AOAOBSARU7., QCQ29109.1, ARM37687.1,
Hrf, AGS52251.1, SOU12973.1, AOAOBSARU7. QCQ29109.1 Fl ARM37687.1 435|357~ Globitermes sulphureus W78 AL ¥y %
JLHA R . Lake Poraqué ZZ3ERZHRIR . Jeotgalibacillus malaysiensis FEUR . WFUIARYISRIRM Bacillus sp. il Bursaphelenchus
xylophilus V5 i) A ILTR T 5

Note: The blue dashed box is the conservative amino acid residue sequence of GH1B-glucosidase. The arrows represent the conserved
residues of general acids/bases and catalytic nucleophiles. The serial numbers 1, 2, 3, 4, 5, 6, and 7 represent MW557605, MW557606,
AGS52251.1, SOU12973.1, AOAOB5SARU7, QCQ29109.1, ARM37687.1, respectively. Among them, AGS52251.1, SOU12973.1,
AO0AOBSARU7, QCQ29109.1 and ARM37687.1 respectively represent the amino acid sequence of Globitermes sulphureus gut microbial
metagenomic source, Lake Poraqué metagenomic source, Jeotgalibacillus malaysiensis source, Bacillus sp. from sea sediment, and
Bursaphelenchus xylophilus
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Gut metagenome Lachnospiraceae bacterium (MBD5491873.1) &
Feces metagenome BgIRBS 26 uncultured bacterium (MW557605)

Feces metagenome Ruminococcaceae bacterium (MBE6809964.1)

Feces metagenome Ruminococcaceae bacterium (MBE6681367.1)

Feces metagenome BgIRBS 9 uncultured bacterium (MW557606)

Gut metagenome Clostridiales bacterium (PWMO01603.1)

Feces metagenome Ruminococcaceae bacterium (MBE6890844.1)
Metagenomic of Globitermes sulphureusgut uncultured bacterium (AGS52251.1)

GHI1

L 74 Jeotgalibacillus malaysiensis (AOAOBSARU7)
52 100 97 Alicyelobacillus sp. (ASL24660.1)
| Sheep rumen metagenome uncultured bacterium (QJT73065.1)
_LDI]_:C hryseolinea serpens (SHG56370.1) -
93 Chitinophaga rupis (SEM11811.1) :I GH?9
I Enterococcus sp. CR-Ecl (AUJ84586.1)
100 |_|:Closrridr'oides difficile (AYD16166.1) GH5
86 Blautia sp. YL58 (ANU75476.1)
100 -Macrotermes annandalei termite metagenome uncultured bacterium (AIA99581.1)
100 Rumen cattle metagenome uncultured bacterium (AAZ32298.1) i| GH3
Rumen cattle metagenome uncultured microorganism (AFX98011.1)
Buffalo Rumen metagenomics uncultured microorganism (ABU68675.1)
100 — Phytophthora nicotianae (KUF90528.1)
80 L Phytophthora infestans (AAK19754.1) ] GH30
87 —Anabaena sp. 90 (AFW94720.1)
100 “——— Thermoanaerobacterium xylanolyticum LX-11 (pdb\SBVUD] GHL116
|
0.2

2 BgIRBS_26 1 BgIRBS_9 5 R EIK&EXRIE p-AEEHHIERF I ARZH LI
Figure 2 Phylogenetic analysis of the amino acid sequences of BgIRBS 26 and BgIRBS 9 and p-glucosidase from

different families

T RGHAL I H MEGA X ff ] Neighbor-Joining (NJ)J i EE o 43 S0 BRIE B9 K07 2R b 2 SO ol 54k 1 40 LU (7

H1|5SBVUIE H PDB, H:A4v3KH GenBank)

Note: The phylogenetic tree analysis was constructed using the Neighbor-Joining (NJ) method using MEGA X. The number near the
branch line indicates the percentage of reliability of the branch in the test (sequences |SBVU| from PDB, the rest from GenBank)

bacterium (PWMO1603.1)F1 D% 48 B F Kk st 17 41 B
Ruminococcaceae bacterium (MBE6890844.1) Ky
— /43325 T Lachnospiraceae . Clostridiale 1
Ruminococcaceae ¥J°h Clostridiales W/ EY), =W
BgIRBS 26 fil BgIRBS_9 #J REKIE T Firmicutes 1]
Clostridiales (f] 2), A5 %H Clostridiales J2:4y
i AR 2 2 L ST — PO AR 2 Wi %
SEDAH I e BT R B, R I A Wt T s 22 A
Bt A AT
22 ERFRESHAL

¥ T 40 Ji KL pEASY-E2/BgIRBS 26 il
pEASY-E2/BgIRBS 9 %Ak R KA H BL21(DE3)
i G %Kik, Ni-NTA Agarose W JR4ifk H i) &
(1, XFalifkr=4) F SDS-PAGE HiLyk il & ¥, 5
PEASY-E2 =5 8 M 1 K 18 BL21(DE3 )RR L

A, BgIRBS 26 1 BgIRBS 9 43 HII7E 60 kD F
50 kD A BB A (E 3), SHENS EHrE A
Iy FH—%, BgIRBS_26 F BgIRBS 9 A% /5
We 43519 0.84 mg/mL F1 0.38 mg/mL.
2.3 E4H p-EEHEELE BgIRBS_26 1 BgIRBS 9
BB R
2.3.1 & pH #1 pH I2 2

Icid pH WK 4A P, 41 B-HAG 0T
BgIRBS 26 #l BgIRBS 9 4357 pH 6.0 #1 pH 5.0
iR X S 7 B . BIRBS 26 7E pH 5.0-8.0 7l
FINRILE 50%Lh FiG 1, RUIHEERTE 10
FRAETE BRI o

FasEME U 4B i, BgIRBS 26 [t iR ) E
M BRAE /1%, 7EpH 5.0 M pH 6.0 AL 1 h, H
o A 23 4 110%H1 170%; {EpH 7.0, pH 8.0
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kD

972
66.4

443
29.0

20.1
14.3

E 3 ZE4HEEHY SDS-PAGE 53 #f

Figure 3 SDS-PAGE analysis of f-glucosidase recombinase
I M: SR T baiE; 1: BgIRBS_9 4lifii; 2: BgIRBS 9
HIfE; 3. F2sEOKE pEASY-E2 IR IHT B AN 205 4
BgIRBS_26 #fiff; 5: BgIRBS_26 4lifi§

Note: M: Protein molecular weight standard; 1: BgIRBS 9 pure
enzyme; 2: BgIRBS 9 crude enzyme; 3: Bacterial cell lysate

containing empty plasmid pEASY-E2; 4: BgIRBS 26 crude
enzyme; 5: BgIRBS 26 pure enzyme

TAEE 1 h, FREFHEEE T 100%. BgIRBS 9 1
FH pH &4 R B S5tk 2 50t i HAE 5%
F R R EVERSF; HAE pH 6.0, 7.0 F18.0 T4t
P 1 h, BREE I35 75% . 140%F1 90%.
232 HEREMEREREMN

fe i S IR JE N E SA s, BgIRBS 26 Fll
BgIRBS 9 W EciG LR 43018 45 °C, 40 °C. &
TE 40-50 °C Z[AIfE R 60%ME1G 11, A 60 °C
Ao A Tl T

MR Al 5B Frs, EALREZ 30, 37,
40, 45F150 °C/rHIAbF 1 h, 78 30-40 °C &4F
P F5 B % B 9E 7 . BgIRBS 9 #Fa E M
BgIRBS 26 #f, BgIRBS 26 7E 45 °C 44 Fab¥g
1 h, WEPEREFTE 65%.

A 1200 _a BIRBS 26
K | —e—BgIRBS_9
120 - —=— BgIRBS 26 — ol
=& N
ol —e— BgIRBS 9 > 80
~ 5 el
< 80f g
2 > 40-
z 60F =
3 D 20
° 40 ~
g 201 0 10 20 30 40 50 60
e Temperature (°C)
20 20 50 20 00 120 B —=—BgIRBS_26 (30 °C) —=—BgIRBS 9 (30 °C)
oH —s—BgIRBS_26 (37 °C) —e—BgIRBS 9 (37 °C)
—a—BgIRBS_26 (40 °C) —4—BgIRBS_9 (40 °C)
120 - —v—BgIRBS_26 (45 °C) —v—BgIRBS 9 (45 °C)
B —<«—BgIRBS_26 (50 °C) ——BgIRBS_9 (50 °C)
160 - —e— BgIRBS_9 =
140 < sor
9 >
<120 £
2 = 60
= 100 ]
2 8of z dor
2 60t -
= ~ 20F
= 40t .
[
201 0F
0 B I I I 1 1 1 1 1 1 L

20 3.0 40 50 60 7.0 80 9.0 100 11.0

pH

4 FEEMHIERL pH (A)RE pH I2EM®B)
Figure 4 Optimum pH (A) and stability (B) of recombinase

0 10 20 30 40 50 60
t (min)

B 5 EHAEMMNSRERMEEAREEREREML®B)
Figure 5 The optimal reaction temperature (A) and
stability (B) of recombinase
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233 ERBEFULFRFIREND

h# 1 ﬁ%ﬂ LB+ Pb*T. Hg?'. cu®t.
Ag'. Ca¥'| Zn™ | K'HME2ARAFIRE . PEG4000,
EDTA . SDS R%Zﬁﬁéﬁﬂfﬁﬂﬁﬁ?ﬁ‘@; Ni*" |
Mg®*. Na". A% BgIRBS 9 my#l#l/EH KT
BgIRBS 26, Mn™ WX Z ; Z M Z B . Li' 4
BgIRBS 9 it A e i 1EH, mhii-80. LR HI
Co™™. Fe'". Fe*"%I BgIRBS 26 {if E45 A [ FEE (1)
$REn, XA BgIRBS 9 & Pk b R K K

Wt B-#iALWE. DTT fEf$ BgIRBS_26 4542
F3.62, 4.1214%; L BgIRBS_9 fl BgIRBS_26
P 2 117%H1 103%.

234 FHESH

BgIRBS 26 F BgIRBS 9 7ELk pNPG HiEH)
I EE TS 143 )k 188.1 U/mg 1 114.4 U/mg.
BgIRBS 26 # BgIRBS 9 MK K% Ky fH )%
i KN A Viax 57514 0.681 6 pumol/L .
158.8 umol/min £ 3.317 0 umol/L . 44.55 umol/min

BgIRBS 26 iht:#EE 2.58 fF,

*1 EEBTFUFRTEEENRIZI

HIMH BeIRBS 9

(%% 2)0

Table 1 Effects of metal ions and chemical agents on enzyme activity

Metal ions or chemical reagents

Relative activity of BgIRBS 26 (%)

Relative activity of BgIRBS 9 (%)

Metal ions Control 100.00+2.05 100.00£2.91
(10 mmol/L) cu** 1.09+0.11 1.47+0.10
N 72.29+1.77 0.81+0.21
Co™" 143.63+3.17 43.8244.55
Ni** 82.2+12.43 20.81+1.53
Mg** 96.88+0.31 36.70+0.95
Mn** 43.99+0.02 55.85+6.41
Hg*" 0.53+0.58 0
Na* 60.88+3.73 40.28+4.19
Li" 98.65+5.27 105.00+1.40
Pb*" 0 13.59+1.04
Ca** 29.23+1.58 13.04+3.05
Zn*" 14.83+2.27 18.39+0.46
K" 39.02+6.17 10.49+1.93
Fe** 169.89+7.94 3.54+3.87
Fe?* 162.21+0.54 58.72+4.19
Ag’ 8.88+3.40 3.4340.12
Chemical reagents 1%  SDS 1.01£0.13 0.31£0.15
viv) EDTA 91.78+7.96 7.97+0.74
Guanidine Hydrochloride 258.10+0.25 85.20+3.70
B-mercaptoethanol 362.93+0.18 101.23+0.87
Urea 0 1.56+0.28
PEG4000 17.76+3.48 0.60+0.14
Tween-80 285.11+£9.84 98.23+2.56
DTT 412.58+0.26 123.32+0.80
Acetic Acid 121.21£2.41 25.89+4.82
Ethanol 103.57+3.49 117.72+0.05
Ethyl acetate 93.73+0.66 118.61+0.52
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Table 2 Kinetic parameters of recombinase

Enzyme Vinax (Wmol/min) K (umol/L)

BgIRBS 26 158.80+0.492 4 0.681 6+0.164 2

BgIRBS 9 44.55+0.668 9 3.317 0+£0.871 4
2.3.5 RMFFSFIE

P2 3 Al FEABEEA T Z IRV fRRE
PE, BB SUKMRE 4-XF il L2 I -B-D- N I 1 26 B
FLF2E — B, HRXT 2-X%Hhil 3 I -p-D-2 FUBHT
FNAZ ZERE A K A e T B LA IS P , 0 58 2 N K
it LB AN AT I E B

®3 EAMXZIMERAKEEE

2.4 NaClRE B mMFAT2 E 4

NaCl ¥ JE 19520 i 1 6A a1, [ NaCl i &
PR, FEABRG T2 REIR. 24 NaCl Bk
0.5 mol/L i}, BgIRBS 9 MG ZE 40%LL T i
BgIRBS 26 7E 4.5 mol/L NaCl i H:5| 4% il 15 14 fig
EFFAE 70%LA F .

NaCl faE i &l 6B A1, 7E 37 °C4b¥E 1 h
J&, BgIRBS 26 7E 2.5 mol/L B} BIEEIE 14 g 80%,
1680 BgIRBS 26 %} NaCl B— & it 521 ; BgIRBS_9
(5 VERE NaCl ¥k B i3 52 N R 3, DR T
NaCl A Hiif 5z

Table 3 Hydrolysis activities of recombinase on various substrates

Substrate (25 mmol/L)

Relative activity of BgIRBS 26 (%)

Relative activity of BgIRBS 9 (%)

p-nitrophenyl-B-D-galactoside 32.76+0.52 60.18+0.79
p-nitrophenyl-a-D-glucopyranoside 1.02+0.39 0.48+0.13
p-nitrophenyl-B-D-xylopyranoside 4.23+0.69 1.87+0.01
p-nitrophenyl-p-D-cellobiose glycoside 12.22+0.41 42.42+1.76
p-nitrophenyl-p-D-glucopyranoside 100.00+1.06 100.00+1.80
Sucrose 18.88 +£0.54 0.68+0.09
Lactose 0 0
Maltose 47.86=0.60 0.58+0.06
Cellobiose 100.00+5.61 100.00+3.11
CMC-Na 0.46+0.03 0.20+0.27
Soluble starch 10% (V/V) 0 0
A 1200 = BgIRBS 26 B 120 —=— BgIRBS_26
100 F —e— BgIRBS 9 100 | —=e— BgIRBS_9

S wf S

=y >

2 60f E 80y

5 E 40 |

% 40 - _fg

0 -
ot
o 1 2 3 4 3 01T 2 3 4 s

NaCl concentration (mol/L)

NaCl concentration (mol/L)

6 NaCl xt p-EZE#EHEs BgIRBS_26 71 BgIRBS_9 B NE0(A) & Hi2 E M (B)
Figure 6 Effect (A) and stability (B) of NaCl on B-glucosidase BgIRBS 26 and BgIRBS 9
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2.5 FMEEXESE B9S2

WSE 1%-20% (BB B0 a2 . 3l
Wi HEERE . 22PN . TR . BThOn bR
A WX BgIRBS_26 il BgIRBS_9 i 11 (K80

MIE 7 vl 50, B4 BgIRBS 26 #1 BgIRBS 9
Ry Al 37 Z2 Fh s . R 2RI
B-HI AT, A . AWE IR DA X Bl 4
AR A HIVE T o 1%-20% (B2 AR50
EFLEXT BgIRBS_26 A AFFERHIGIEN; 1%
(PR AR B0 H B2 BgIRBS_26 i i 42 &
2 121%; 1%—5% (5T PR B2 550 S WiH il 1 1
PR 2 120%; 1%—20% (J50 f AR TR 23 50 BEWE X i
TGP AN RV RR BE A G/, M sOAR R oA
20% (B RFRSME0OBERERT , BgIRBS 26 R /77
FEEE 140%.

A
—=— Glucose
140 1 —e—Fructose
=~ 120 —a— Sucrose
= | —v— Maltose
2 100 —a— Galactose
Z 80F 1 3 —— Mannose
g I —e— Arabinose
] 60 —x— Xylose
E 40r
& 20}
0 i 1 1 1 1 1
0 5 10 15 20
Sugars concentration (%)
B
200 - —s— Glucose
180 L —e— Fructose
=160 L —a— Sucrose
D 140 | —»— Maltose
2 —a— Galactose
= 120 - —»— Mannose
§ 100 —e— Arabinose
] 80 —x— Xylose
s 60
g 40 -
20
0 L

0 5 10 15 20
Sugars concentration (%)
7  Z#FEFT BgIRBS 26 (A)F1 BgIRBS_9 (B)AI MR

Figure 7 The effect of various sugars on BgIRBS_26 (A)
and BgIRBS_9 (B)

2.6 HERERAEREMS

A 8 AT A, 5%—40% (J5i (AR 85 ) 1 2 o
A P i) 5 2H 6 P o 3K T R v R R T L
Pz m B B2 TS 5 Wl 36 6 R 25 AT [ A1
S AT KPS
2.7 EEEFYE) UPLC E RN

2 LA B TE A, AR A A R P R AR
A3 NEAE . KRR 9A (474 —WEbRuE S AN 9B
(B- 751 6 T TR /K A 2T 2 — % 7 0 3 8 ) mT
FE 14, 15 117 min 7= A (065359 S48 | 4
WERILT4E — 05 . BgIRBS_26 YK il 7 1) £ 4% S
Wi AR A 4E 5 (% 9C). BgIRBS_9 /Kfi™
Il T SR AL 4 AN, A — R
Z (% 9D),
3 WikE4R

AR 5T DAEL 4 22 A5 28 A6 fol 2 0 2 B IR ] e 3
2 A~ GH1 R -#i%g i BgIRBS_26 il
BgIRBS 9, fxidi pHAE 5K 6.0 F15.0, 5Z240H
JY TE A R ) B- 3 2 T AR (i pHL (Y
FIh 5.0-6.8) (& 4), REEAM RN, (P
HA T MIRIEAEFVEE, BgIRBS_26 7£ pH 8.0,
37 °C {1 h HKARBELRSF 100% 1975 ; BgIRBS_9
16 pH 7.0, 37 °C {35 1 h A4 140%A976 1, 78
pH 8.0, 37 °C ik 1 h/RELREF 90%1i% 14141 4B)

—=— BgIRBS 26 (Glucose)

100 |- —e—BgIRBS_26 (Xylose)
—a— BgIRBS_9 (Glucose)
& 80 F —e— BgIRBS 9 (Xylose)
z
.; 60 =
E
v 40
£
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8 EHBMABEMAEREN

Figure 8 The glucose and xylose stability of recombinase
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A Glucose Cellobiose BgIRBS_26 transglycosylation products
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C
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B9 EHMEHEEYH UPLC 21
Figure 9 UPLC analysis of transglycoside products of recombinase
VE: A RO, WATREANLT 4 MR S ARMERL , B B-H AT WK A 2T 4E — W XS BR, C: BgIRBS_26 $44# /™ i, D: BgIRBS_9

FEBE T fh

Note: A: Fructose, glucose and cellobiose mixed standard, B: B-glucosidase hydrolyzed cellobiose product control, C: BgIRBS 26

transglycoside product, D: BgIRBS 9 transglycoside product

X AR 18 AR W B DR R U UnbifCs | i
Wi %% 36 4] ok U NGLUO007 Hl nglu07 |
Globitermes sulphureus W18 KI5 1) Bgl-gsl &
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SPERL . PiBURIPEAR | IS AREE Tl A T
TE 9 13 FA

BgIRBS 26 Fll BgIRBS_ 9k H IR, i
NS5 R 40 °C 145 °C, 5B miaRE Yk
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RSB A PSRRI B- AT AR 024848
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I, XGRS R E M IS 2N,

DTT FlZ =%+ BgIRBS 26 il BgIRBS 9 £ {i ik
Ve, DTT APAG3IEA I Rt ikt
BEAT ARSI ATRERR, ATReRYEE &
FEEEET L, SEQEHERIN; thiE-80, FHERIK
fiz.@x; BgIRBS_26 F{EER, 1412 L HEXT
BgIRBS 9 A fEM . BgIRBS 26 Fil BgIRBS 9
HABI OBt 2GR 1), A RBET.Z

PROBHAE P Tl 258 D7 T BA RAFIIBRTEMN . &8
T RN 2R R T 1 R ) 22 S 3, RTRR
H T IE 2R 2 B RS LR 8GR 5).

ItAh, BgIRBS 26 [n]E [1(48.37%, PDB ID
5 6z1h) (147 L 2 R 40 A1 T (1 10) B

BgIRBS 26 ik 0y IE 75 T A9 1F £ HL 22 24 PR HICHL
B SCHEAL T[RRI B e A, P
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DA R P P S5 4 e A AR, AT {8 il 3 2 284 o
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BgIRBS 26 Fl BgIRBS 9 4 IEMH 321 i F 4 1 %2
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Table 5 Comparison of charged amino acids between recombinant enzymes and f-glucosidase derived from gastrointestinal

stool metagenomics

Enzyme Positively charged amino acids Negatively charged amino acid Total amino acids  Reference
K (Lys) R (Arg) D (Asp) E (Glu)
BgIRBS_18 48 (10.91%) 39 (8.86%) 38 (8.64%) 47 (10.68%) 440 This study
BgIRBS_26 16 (3.03%) 38 (7.21%) 35 (6.64%) 41 (7.78%) 527 This study
Umcel3g 23 (3.11%) 44 (5.95%) 47 (6.35%) 49 (6.62%) 740 [39]
LAB25g2 44 (5.65%) 10 (1.28%) 35 (4.49%) 50 (6.42%) 779 [40]
UnbifC5 = - - - - [41]
Unglul35B12 43 (5.52%) 34 (4.36%) 37 (4.75%) 45 (5.78%) 779 [23]
Umcel 6X - - - - - [42]
Persi BGL1 30 (6.45%) 21 (4.52%) 32 (6.88%) 38 (8.17%) 465 [43]
NGLU007 1 (1.08%) 9 (9.68%) 3 (3.23%) 11 (11.83%) 93 [44]
Nglu07 - - - - - [45]
Bgl—gsl 31 (6.81%) 21 (4.62%) 29 (6.37%) 31 (6.81%) 455 [20]
Bgl3311 24 (3.79%) 14 (2.21%) 24 (3.79%) 21 (3.31%) 634 [46]
RcBG3 - - - - - [47]
BGLS5 21 (2.85%) 50 (6.78%) 52 (7.06%) 35 (4.75%) 737 [48]
Bgl7226 - - - - - [49]

T - JCESCH RS

Note: —: None or no references in the literature

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4596 A

Microbiol. China

El10 BgIRBS 26 (AT B)SRIBEERTHEIERL G
E(C #1 D)

Figure 10 The distribution of charged amino acids of
BgIRBS_26 (A and B) and the homologous protein (C and D)

7. BgIRBS 26 454 SWISS-Model PLEA it i 751
{DLE(PDB 1D : 621h)f %45 Ky BB HEAT HERE 15 Pl H A
pymol ZAHIVERT . A Fl B & BgIRBS 26 A& PO A IER
FEIFUSALE, C F1 D 2FEHEAMIEREAGERE. 7 iEd
15 2 FE R [K (Lys) Fll R(Arg) BRI HE (L, fF B HL A ) 2SR
[D(Asp)FI E(Glu)#Ric ML

Note: The BgIRBS 26 structure was modeled by SWISS-Model
using the structure with the highest sequence similarity (PDB ID:
6z1h) as a template; the picture was made by pymol software. A
and B are the front and back surface views of the active center of
BgIRBS 26, C and D are the front and back views of the
homologous protein; positively charged amino acids [K(Lys) and

R(Arg)] are marked in blue, and negatively charged amino acids
[D(Asp) and E(Glu)] are marked in red

NaCl X G 52 i i 52 % B, BgIRBS_26
1E 4.5 mol/L NaCl 55 F AR WS TS 4ERFTE 70% LA
|, T BgIRBS_9 7E 0.5mol/L NaCl 514 F iM%
% 40%LL T . A, BgIRBS 26 7£ 37 °C. 2.5 mol/L
(1) NaCl 2 T ALFE 1 h 5PRE8 0%, KA
A BT NaCl i 32 P FER g P o FHAE £ fh i 145
SR AT VAR B4 0 AN (2

ARG 2 D EA G VER - b
17l BgIRBS 26 I BgIRBS 9, Wiz i1k
REFHE T, R EA BT 0 R R M A
A 3508 5 3 A, TREBE e AR R R B b 42
BgIRBS 26 F1 BgIRBS 9 if (& 7); M4h,
BgIRBS 26 H A% NaCl @ t:(E 6A).

1., BgIRBS 26 Fl BgIRBS 9 7E/EMIE . £
FAk T A S HLAT B i o FH BT 5
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