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Prokaryotic expression and characterization of the GH1
B-glucosidase Bgl59 from Devosia psychrophila

LIU Ying, DONG Panpan, SUN Lifang, WU Linjiao, LI Lanlan, WU Yunkun"

College of Life Sciences, Fujian Normal University, Fuzhou 350108, Fujian, China

Abstract: B-glucosidases have been widely used in food, medicine, bioenergy and other fields,
and thus it is necessary to explore new and efficient B-glucosidases. [Objective] To realize the
prokaryotic expression of a GHI1 glucosidase derived from Devosia psychrophila and
characterize the enzymatic properties of the expressed protein. [Methods] The gene encoding
the B-glucosidase derived from D. psychrophila was synthesized, named bgl59, and then
transformed into Escherichia coli BL21(DE3). After the gene expression was induced, and the
obtained protein was purified and characterized for the enzymatic properties. [Results] Bgl59
had a molecular weight of 48.8 kDa, with the highest activity at 55 °C and pH 6.0. After
treatment for 1 h within the range of pH 5.0-8.5, Bgl59 maintained the relative activity over
80%. Bgl59 had the highest hydrolysis ability for 4-nitrophenyl-B-D-glucopyranoside (PNPG)
among the eight substrates tested, with the K, of 3.090 mmol/L, Vp,x of 194 pmol/(min-mg),
and K.y of 159 5. The presence of 1 mmol/L of Ca*" and Co*" had a significant activating
effect on Bgl59, while the presence of 0.1% SDS resulted in a complete loss of enzyme activity.
The presence of 0.10 mol/L glucose and 0.30 mol/L xylose increased the activity of Bgl59 by
74% and 91%, respectively. Moreover, the enzyme remained the relative activity above 50%
even when being cultured with 1.25 mol/L glucose or 2.00 mol/L xylose. [Conclusion] Bgl59
exhibits outstanding enzymatic properties, robust pH stability, and tolerance to metal ions and
chemical reagents. It is a rare glucose-activated B-glucosidase with exceptional tolerance to
glucose, holding significant potential for future industrial production and application.
Keywords: B-glucosidase; enzymatic properties; GH1 family; glucose tolerance
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JBEE U 10.00 HiR460F: 37 °C. 220 r/min,
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FEFRIEHE 6-430).
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BLAST, % ¥ Bgl59 53kJiT Devosia &k
IR F= 10 55 3 4% GHI IR () B~ 40 b 1 A 0
PR, SR NEl 2 iR . Bgl59 5 Devosia sp.
Root635 (WP_056234560.1)3KE Y B- 2450
AR . N 91.99%; 5 Devosia sp.
Root635]1 (WP 291364866.1)34c 1) B-7 2 4 1
A RLEE A 91.76%; 5 Devosia sp. Root436
(WP_056259356. 1) 5[4 B8 4 A1 AR B 1k
4 91.08%. Bgl59 5 Xt b i p 5 #F H A NEP
1 TENG iX 2 A~ BERSF U/, J& T GH1 Kk
Fefr ook, %W Bgls9 BT GHI1 FEIFHEm
Glu168 Fl Glu351 iz Bt A Ak 16 PR A A
22 RBERENIIAE

VRE T RIVEMEAS = Y 9 A GHI FKERY B-4
EPREFEEEIT A, A NCBI B8 ZEXT Bgls9 HEfT
T BLAST [ XS, it MEGA X #4443
REREFM, ERNE 3 R, 3 Rl LIy
Mo BN A - AW T G ) R,
Bgl59 5 WP_056234560.1 (Devosia sp. Root635)
RGRFEIT, JPHMLIMEER 91.99%.
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Figure 1  Structural regions prediction of Bgl59.
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)

2 Bgl59 5 GHI RFEMMA A REERFIIELX  HEAS R IR & IEIR ; 2L @R 4y 51 R AR R 2
FEMR; MOME N AR ST OO
Figure 2 Amino acid sequences alignment of Bgl59 with other GH1 family members. Boxes represent

conserved amino acids; Red parts are amino acids with the same sequences; Black boxes are highly
conserved elements.
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23 EAMELARESHEL
BTkl pET28a-Bgl59 %41k % Escherichia

coli BL2I(DE3)"H i 47541k, il Ni-NTA
FRENTE P T A, FRIE T AR )
[ ¥ B (Bradford ) LA K i (pNPG 7). 15
aifb B oL W3R 1, ZEHHE N il 8k
13.1, 3G J1i5%) 128.8 U/mg, i@id SDS-PAGE
XTEHE M Bgls9 maifbss Rk a#r. M
Kl 4wl 50, flife s i85 F7E 48.8 kDa 2847 AL
BHA—-FWRMAE, XSHERSFREE—
H.

B3 ETF 16S rRNA EEF5#ER Bgls9 254 &

24 MgEMER
2.4.1 Bgl59 RERKEE

FH pH 7.0 B9 Tris-HCI 28 MBCK: ik i A T
T B & M58, UL pNPG NI WY, 7
10—80 °CHt [l PN I 2 12 T 1) e 3 S5 o7k B2, U
SES BN AR S G RS R AEL 5 s il
JE 10-55 °CH, i 1 Bl L A T e T K
55 °CHF R Bl Kt 55 °C)5 B : bl i 2 7
FANBIREAR . 65 °CZ IR EHERFIRE 50%LL T,
M RTINS 55 °C, fgE
TR IR 330 BN A 4R

S NI LT A GenBank 1 NCBI & 55

(FF41 MBU1334508.1 3k A GenBank, HAYFHI H NCBI); 43 4RI (507 2 ik i 43 32 gl 5
PEE s IR FREA 5332/ 0.010 B A% 11 fR o7 &

Figure 3 The phylogenetic tree of Bgl59 constructed based on the 16S rRNA gene sequence. The number in
brackets are GenBank and NCBI accession number (sequence MBU1334508.1 from GenBank, the rest from

NCBI); The number near the branch line indicates the percentage of reliability of the branch in the test; The
scale represents 0.010 replacement nucleotide positions for each branch.

#1 Bgls9 @ik $E

Table 1 Bgl59 purification steps

Purification steps  Total protein (mg) Total activity (U)  Specific activity (U/mg) Purified fold Recovery rate (%)
Crude enzyme 48.9 479.2 9.8 1.0 100.0

Ni-column 0.9 115.9 128.8 13.1 24.2
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40 mmol/L BRIEFER s 6. 60 mmol/L BEMRLERR; 7.
300 mmol/L BRMEJE M (BglS59)4l & 1

Figure 4  SDS-PAGE analysis of Bgl59. M:
Protein marker; 1: Cell lysate precipitation; 2:
Supernatant of cell lysate; 3: Ni** affinity
chromatography flow through; 4: 20 mmol/L
imidazole elution; 5: 40 mmol/L imidazole elution;

6: 60 mmol/L imidazole elution; 7: 300 mmol/L
imidazole elution (Bgl59) pure protein.

Relative activity

T/°C

E 5 Bgls9 RERMNRE
Figure 5 Bgl59 optimum reaction temperature.

2.4.2 Bgl59 si&/xk i pH

FE RIS AT, A I i B A
Na,HPO,-Citric acid Z& & (pH 3.0-6.0), Tris-HCI
2% i (pH 6.0—8.0)F1 NaH,PO,-Na,HPO, 2% i
W (pH 8.0—10.0) 7 (A AH X G , I 7520 19 pH
Sl SR A 6 Fon, 7E pH 5.0-8.0 Ju[HE A,
LT LA KA 50% LA E TS, pH R 6.0 B,
Mt 1 f e, 24 pH b 4.0 8% pH & T 9.0 i}
WG SR, 24 pH N 3.0 BFEEAR JCERIG o itk
A, R RS SO pH O 6.0, I HBETEEL
T () R B B PN i A= A T
2.43 Bgl59 HiaEMS

H B E T AR E T (30.35.40.45 .50 °C)
AR [E B E] (5. 10, 15, 30, 45, 60 min),
TE 5538 W 4517 T (55 °C, pH 6.0)ill 5 4% b 31 2H
PGS , ARG TGSl 100%, 158 A X BEE
15330z AR e YR R anEl 7 R . Bgl59
1E 30—45 CHFRI B A ke v, BERE
PRFFFE 60%LA I, M7 50 °CHYEHTHE 40 min
&, B R R
2.44 Bgl59 pH 2 E %

FHASTRI A pH 22 #hif (pH 5.0—-8.5)# BBl K
fE 37 CKBSTIEE | h, FERGHFHT
(55 °C, pH 6.0)l % & Ab FEAE 5t (AR ARG, 15

100 -
= 80
s
2
£ 6of
3
2 af
% —e— Na,HPO-Citric acid
& 20 —=—Tris-HCI
—— NaH,PO,-Na,HPO,
0 | | | | | | j
30 40 50 60 70 80 9.0 10.0
pH

6 Bgl59 &iE &M pH

Figure 6 Optimum reaction pH of Bgl59.
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7 Bgl59 MIREM
Figure 7 Thermal stability of Bgl59.

IS RN 8 s . 1 pH 5.0-8.5 LN iX
BEAS AT LLAR KR 80%LL 1AM , X T BN R
BA—E W& N EE ] -
245 RS FMEEBRERRNIDFST
TEFGE VAR, 3L pNPG ., 2- B8
JE-B-D-#ZJ BT (2-nitrophenyl-B-D-glucopyranoside,
ONPG) . 4-filiFE R FE-B-D-F-FL I (4-nitrophenyl-
B-D-galactopyranoside, pNPGal) , 2-filidE K FE-B-D-
2f 7L (2-nitrophenyl-B-D-galactopyranoside,
ONPGal), 4-fHIR I -a-D-F4GH (4-nitrophenyl-
a-D-glucopyranoside, pNP(0))G) . 4-fif 37K F-a-D-
2 ZUMETT (4-nitrophenyl-a-D-galactopyranoside,
PNP(0)Gal), 4-fi HAE - B-D- A (4-nitrophenyl-
B-D-xylopyranoside, pNPX) , 4-fii§ 3 5 -B-D- 4 4k
W (4-nitrophenyl-B-D-cellobioside, pNPC) . 1%
PYLT2E — LI R URE IS, DU E BT & A 1Y)
IKAERETT, B RANZR 2 PR 18 8 At
ML pNPG 1E NI, WG s, I FE RS
ik 137.07 U/mg. ZHEXS B BB TFHEI Y HA 7K
fifete—1E, X o BOBEH I ICKIRIE T s XA
[ OB A BRI, T X A 2 A 28
A Foc v B K 1 T, Xl 2L RIS B9 7K
RIS JIIRZ , TREAKE IS IF IO A g M 5 XK
SRR EF 2 — W UM A — 2 KR RE T, 43
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pH

8 Bgl59 pHIZEM
Figure 8 pH stability of Bgl59.

2 Bgls9 HEMHFSM
Table 2 Substrate specificity of Bgl59
Substrate

Relative activity (%)

pNPG 100.00+1.70
ONPG 32.20+0.50
pNPGal 10.10+0.30
ONPGal 4.50+1.00
PNP(a)G ND
PNP(a)Gal ND

pPNPX ND

pNPC ND
Cellobiose 28.31+2.70
Lactose 10.00+0.64

ND: Not detected.

W8 pNPG 1% J111 28.31%F1 10.00%., JH s [z
N pH 22 o i BC A [6) ¥R B2 ) pNPG i T
(0.625-20 mmol/L), 7EfRid B S 444 T, Wl
TEA R EE T BIBEG 77, T GraphPad #{f:
rhaE LS Michaelis-Menten 72, 15 i
B Kn fER 3.090 mmol/L, Vi H 194 U/mg, il
WHE— IR ko 159 s, fEALRLER
Keat/Kin N 51.46 s *mmol-L 7",
246 ARIEEET. LFIRFTF Bgls9 BgiE S
FgAl

Pl 10 mmol/L 1) pNPG MJEEY), 7SR F
I A E 1Y 45 8 B (2K A 1 mmol/L)FIAN
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] B Ak 22 (B BE N 0.1%), FE il R 4%
PF R TRAR RN, D754 I8 B T sl fb iR X
Bgl59 BHE AN 9 s, 2N 1 mmol/L
) Ca®*, Co®*, Ni*", Ba™ &ty —E M
WOEVE R, Hoh Ca® B BSOS VR AR, BE
T2 30% A BTG 4 K 1 mmol/L # Cu®",
Fe' . Mg*", K, Fe*", Zn®", DAL H 0.1%
) EDTA . DTT. Tween 80 23/ A4 — & B4 I
A, R EYER] SDS W2 il H 4K .
24.7 A[ERERERENEEE D0

FE TG B SOV 5T, DL pNPG R iKY,

DAAR G IOBEZ 050 4 A e B, 3000 AN ) B
%ﬂ&ﬁ@*‘( AR 0.1 mol/L)XT il J1 i sg i,

RENZER W 10 Pos. BTS00, L
HEEEXT Bgls9 A — & Ml fE LIS, Hith
HPEYREAE— AR RS Bgls9 MG, 4%
BRAK R AN, XA 5 o R e R
L AT RAr B TS £ T 91%F1 60%.

248 BSIREREENAENEEENDNEE
PRSI E AR 22 I ASTRIRE (0-2.00 mol/L)
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Figure 9  Effect of metal ions and chemical
reagents on the enzymatic activity of recombinant
protein Bgl59.
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Bgl59 2 I ITE R, AT LASY B g 2
15 T4%38, 91%, T e BEE Ve B et S
BRI 55 , 7RI EE S 0.75 mol/L BiAR
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Figure 10 Effect of different saccharides on Bgl59
enzyme activity.
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Figure 11 Effect of different concentrations of
glucose and xylose on Bgl59 enzyme activity.
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Uil Bel59 X AR A B it 52 1k, —
PR AR AR A2 R B W R i 4

3 W54 ®

AwfsEic AR AEYE A, X Devosia
psychrophila i B-7 %5 B 11 i (Bgl59)iE4 T
HAH KRBT E M. X Bgls9 #E 72
JPAI L R, Bgls9 5514 3 JRIER R
B-HIZI W BRI AR AT GHI1 FORERAT BIRAT 7
G AT AR SF I SRR 7 5, UL AT, Bgls9
J&T GH1 ZEiRM— bl M T Bgl59 REGEKH W
K L5 R VR M 5 Y — 2B 3 8 X R B
Bgl59 15 WP 056234560.1 (Devosia sp. Root635)
RGO R TIT, HMERIE 91.99%.

B-HI AWM AE A AR B ) I 2 AE, T4
NG A AN AN —BORYL, A
IRV A B 4 W 17 il R LA B AN ], 7
A A B 22 5, gk 3 R,
HAR Bgl59 SRR T WA AN , (H H A0 S v I
k55 °C, el KV pH i 6.0, ki —2sk
IR TR IR AN TR Y B~ A A — 2 1A
I, sk ¥E T Thermomonospora amylolytica
AW Bk -] 2 A1 ¥ tabg12a, Hiwid e b 414

F3 FRERIER p-BEEEEEF R

k45 °CHI pH 8.0, B-#i BT BGL3-GXT6
SRS THETZ T GXT6, 40 °CHH R S i gzl
Bgl52 J&— iR IR T W IATE M 2 #4147 (Bacillus
thermoamylovorans)it B~ 2 B g, Hofmid
I L L Bels9 e, o 70 °CU, 7E H A AR
WA B-HIA BT R A G R P, REHL
) B 2 B A Fc o pHL 2 R PR Bl
i Bgl59 AY#iE pH & 6.0, X —FitE 5 KL%
() B 2 T B — A, AT AE O R T 1 B B v
AR E T

A R AR, TR EAEN
Bgl59 3 850U He — S 0 Y5 T oAt il A W
B-HI TR A —E ML r-BgINH &
DR TV TEE RS TR A — T B- R M, 7E 45 °C
25 FAER 1 h 5 UR] 40% 1 il TE )5 7 45 °C
ZAFFAER 0.5 h 5, T RHEZ RN SRR
B- ] A BT Bgl1269 1] 20% 1 il 15 2% Bgl59
5B 2 A B A BE T B A b BT BT i R
FEPE, FE 3045 °CRUIREVEFINIFE 1 h b rEfR
5 60%LA F RIS, 7E pH 5.0-8.0 FYFREEH, ¥
Bgl59 BT 37 °CIHIGANIE 1 h |5, ZRGREMS (RIS
40%Lh_EIEETS, FTLUE 1, TCIBTERR YRS 200
PEISE T Bgl59 #RREMS (R —E AR e T

Table 3 Comparison of enzymatic properties of B-glucosidase from different sources

Organisms Enzyme Molecular Optimum  Optimum K, Activity Ke/Kp References
weight temperature pH (mmol/L) (U/mg) (s ''mmol ™)
(kDa) (€9
Devosia psychrophila Bgl59 48.77 55 6.0 3.090 137.07 51.46 Present study
Thermomonospora tabgl2a 78.39 45 8.0 ND ND ND [16]
amylolytica
Sreptomyces sp. BGL3-GXT6 83.00 40 6.0 0.471 ND ND [17]
Bacillus thermoamylovorans  Bgl52 52.00 70 6.5 9.300 22370 ND [18]
Streptomyces sp. r-BgINH 51.00 45 6.0 10.900  24.10 ND [19]
a metagenomic library of Bgl1269 66.00 40 6.0 0.228 ND ND [20]
mangrove soil
Scytalidum thermophilum / 40.00 60 6.5 0.290 8.90 45.76 [21]
Soil metagenomic library bgl2238 80.67 44 6.1 0.296 29.10  ND [22]

ND: Not detected; /: None.
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Bgl59 X KAREGH N A WEY BAT 12
K FERETT, X B-1,4 BT AT KRRt . 24
JIEYIh pNPG B, LEi& 3ok 137.07 U/mg. KA
FrEAGRTI T B- AT, 4ILLL pNPG
JIEVINE, FEHEI 8.9 Umg'; ST 2 35
41 SCIE R bel2238, Hidge K FL G 4 29.1 U/mg™,
& J@ B T AR AR AE R 2% Bgls9 TG
M= A — s 5, Hirh 1 mmol/L 1Y Ca> LU
Co™"Xf Bgl59 i& M HAMEUEAEM, 1M 1 mmol/L
Cu™", Fe*" &% JpiH B il Bels9 st . Xt
Bgl59 Jif i 1 il /5 B2 19 & 0.1%H9 SDS,
TEMVR FE T B RE (T 58 42 2505 . Bgl59 7EH AR
&) B B2 R R TE I I RR DR EF 70% L |
PTG . LRI, i R4e R B T il R b
IR F, Bgls9 #HA BT B 321, X —FePEd
A FFHAE T )2 8 A

TP 5% ¢ WA 76 38 1 AR SR 4T 4k Z A= W) i A 7 2
REL R, 2R A e 2o B AT
SR AELT A R K g fiep, L= i p 2 xt
KK B- AT B A S A 2,
Rk, 78 Tk A=, HRLEE 1 1 &) 3Rk R G0
SLRERAS, BEMSUE T EACRM L, JFHJE T
EPRURTE T B-H AT, A B A
W f, AT LRI AR 7= A i — 2 B AR, Bgls9
IERFFA X —ERM B-#A W B, Bevg )
Bl AW LA B 8 25 0 T ST L R A B
0.10 mol/L BH#IEA/E FHtR K, W BHE LR 74%;
TEABEHE FE M 0.30 mol/L B A F5g b A B4 T6 3508
ARG HE S 91%. Bgl59 fEfs 3 ML H 801 1
A WH R A T A2 M, 7E 2.00 mol/L Ak B
8¢ 1.25 mol/L 5 A5 BE 1 S AR 2 ik fig
£ 50%LL bR . 25 BT, AWESE ISR
BT B A AR TT I S L RE N B Tk,
I AL BEAE AR Tolk F /o FH AR T — 2 A B

W FFe
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