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Abstract: [Objective] B-glucosidase, also known as B-D-glucosidase hydrolase, is a key rate-limiting
enzyme for cellulose degradation, which is a cellulase. The B-glucosidases from thermophilic archaea
have been verified to have tolerance to acid and high temperature, which have become one of the
research hotspots of thermostable enzymes. We studied the prokaryotic expression and enzymatic
properties of a GH3 family glucosidase from Thermofilum adornatum, which has not been reported,
aiming to mine superior B-glucosidase. [Methods] We obtained the GH3 amino acid sequence of
T. adornatum from NCBI database and constructed the recombinant plasmid pET-30a(+)-TaBg!3. The
recombinant protein TaBgl3 was expressed in Escherichia coli BL21(DE3) competent cells under
induction. The properties of the enzyme were studied after purification with magnetic beads. [Results]
TaBgl3 had a molecular weight of 77.0 kDa and the best performance at pH 5.0 and 80 °C. The
treatment at 70 °C for 1-4 h improved the enzyme activity, and that at the optimum temperature of
80 °C for 2 h showed the most significant effect, which increased the enzyme activity by more than 40%.
The enzyme still had the relative activity of above 60% after being treated 37 °C and pH 5.0-8.0 for 1 h.
When the substrate was 4-p-nitrophenyl-p-D-glucopyranoside (pNPG), the enzyme had the specific activity
of 144.23 U/mg, the K, value of 1.81 mmol/L, the maximum reaction rate of 268.10 pmol/(mg-min), and
the catalytic efficiency of 115.47/s. Cu®’, Li" and EDTA at the final concentration of 5 mmol/L all
increased the enzyme activity, which had the maximum increase of 39%. Fe’" (5 mmol/L) and 5%
B-mercaptoethanol had inhibitory effect on the enzyme activity. In addition, SDS, ethanol and glucose
greatly inhibited the enzyme activity. [Conclusion] TaBgl3 is an acidic thermostable enzyme with good
thermal stability and thermal activation characteristics, which can shed light on the future theoretical

research and industrial production.
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Figure 1 Multiple sequences alignment analysis of TaBgl3.
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Figure 2 SDS-PAGE of recombinant protein
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Figure 3  Effects of temperature and pH on recombinant enzyme activity. A: effect of temperature on TaBgl3
enzyme activity; B: effect of pH on TaBgl3 enzyme activity; C: thermal stability of TaBgl3; D: pH stability

of TaBgl3. Error bars represent the standard error.

http://journals.im.ac.cn/actamicrocn



2562

Shen Fengfei et al. | Acta Microbiologica Sinica, 2022, 62(7)

Wi pH Ak 2T, BEIEZWFAC, pH 8.0 B,
BRAYTE J11UH 5.23% (&l 3B).7E pH 8.0 £ 1 h
J&, USREE 61.51% i, 1iHH TaBgl3 71
R PR T B B AR E R (8] 3D),

HR A 22 i IR PR B cd , &5 R % Bl
fiifE 80 °C ZbPH 2 h J5, EELXT TaBgl3 4
HAWHBROGER, BT B-4 2 BT
TaBgl3 #FAT#GHIG S5, EH 60, 70, 80 Al
90 °C 4 MREE, 37l4bH 0.5, 1.0, 2.0h, 5
T AR 75, DA T T 3R 3 o) Il A 3R T 1
25 BANK 4 fits, 0.5-2.0 h Y, 60, 70 1 80 °C
XF REER A WS AE AT, Herh 80 °C X A0S A
FHH I, i KARERTT 68%AY S . SR 1M 90 °C
AEFE 0.5 h, X 4.46%A TS (K 4).

4 TaBgl3 2lifb 5, 7E 90 °C T 7 Bl A7 #4
AhFR, BRI 5 Fros, 7E 0.5 h N, TaBgl3
Kih o R AR A7 4 °C), 2 M AR,
WET 90 °C T, 25 kK MAELHE 0.5 h
J&, TaBgl3 BRGNS 3] TR ARA, FE7Eab 3
2 hJa, X TaBgl3 WG A — & EOE1E,
ATEET 37.09% RS , 1 Bl A B (R] A A4, O
M6 WA, 4 h )5, AR 71.07%M R

1801

Relative activity/%

.0 0.5 1.0 1.5 2.0
t/h

4 REXS TaBgl3 B &K BUER M

Figure 4 Thermal activation of temperature on
activation of TaBgl3. Error bars represent the
standard error.
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Figure 5 Effect of temperature on activation of
TaBgl3. Error bars represent the standard error.
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*1 TRIEEBFMUFRFIX TaBgl3 B5E S
AL

Table 1 Effects of different metal ions and chemicals
on enzyme activity of TaBgl3

Reagents Relative activity/%
CK (5 mmol/L) 100.00+2.86
K* (5 mmol/L) 91.22+8.13
Ca** (5 mmol/L) 98.75+1.39
Zn>" (5 mmol/L) 84.12+0.25
Mg®* (5 mmol/L) 83.75+4.20
Fe?" (5 mmol/L) 112.58+2.74
Fe*" (5 mmol/L) 53.67+2.01
Cu®" (5 mmol/L) 139.98+1.17
Na' (5 mmol/L) 116.56x1.81
Pb** (5 mmol/L) 117.50+1.81
NiZ* 115.63+0.91
Li* 147.14+0.44
cd* 125.78+0.81
Co** 123.41+3.05
EDTA 140.80+5.29
B-mercaptoethanol 51.27+2.01
Methanol 71.73+£1.89
Isopropanol 93.87+3.01
SDS ND

ND: not detected.

fitt TaBgl3 (14T 40 4 DA /NI AR
SENBE, HEE, B-FisLOE; WiAE SDS T, W
SEARPRIE(EE 1),

26 MENZARKREZEMBEERN
=AU

I 5E AN [RAFR EE B LB TaBgl3 HISEAA

=

Relative activity/%

20 30
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0 10 40

6 ZEEMBEEFEX TaBgl3 B8 iE A S0

50

RIEE 6A Z5RFT/R, LEEHETE 10%LLF,
TaBgl3 REIRFF 60% LA A& M, (HEE £ ik
JERIETIN, TaBgl3 AYEGIE T Mss . 24
TR Z 2 e R 3] 20%0), BETEFES] T 20%
I, 1 B R3] 50%K, TaBgl3 fAHXT
fitg 16 SR B 3.36%, Ui B L X TaBgl3 AT
T A B A o sl AR PR

I 5 A [ 9 B (0-50 mmol/L) ) 8 785 A it
TaBgl3 {5 ST 0520 . 455K 6B iR, #i%
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Figure 6 Effect of ethanol and glucose on TaBgl3 enzyme activity. A: ethanol; B: glucose. Error bars

represent the standard error.
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<2 TaBgl3 R FHE S

Table 2  Analysis of the TaBgl3 on substrates
specificity
Substrates Specific activity/(U/mg)
Disaccharide

1,4-B-D-cellotriose ND

Sophorise ND

Gentiobiose ND
Aryl B-glycoside

pNPG 92.55+3.49

pNPX 3.71+1.39

pNPgal ND

pNPM ND

oNPG ND

ND: not detected.

3 Wik
3.1 AERIFER p-BEHEEEAVEEF MR
ANTR) AR 3-8 e W il AT B R R B
VR ZE 5, — ORI, B-0 % W I8 A di i T
JESH 40-110 °C, K B-H % 11 i 1 ol
pH b TImAR I, DBl Taoit: o AR T 22 57
FrG R AT 1 (Citrobacter koseri)W) B-%i 2 A it
() B3 SN 4 AF S 45 °C L pH 6.0, SEJ5 T E
Hh—Fh Ji 5 85 (Humicola insolens)R - 2 M
Bt S5 N HH B fe T TRLEE D 60 °C o i AT BT R 43
A B W T TR S N ) i T

*®3 ARIKIR p-ABEHEEF M RALLR

S ER MR Z, Wk T AR AT H
(Thermoanaerobacterium)f) P-7) % W 1 i it) i
&R EE R 70 °C, R TG IE (Thermotoga sp.)
1) B-71 28 W 1 T %) Rl YL B PT 38 90 °C (3R 3). A
WFRIE T —FhIRLZ B (Thermofilum adornatum)
1Y) TaBgl3 HA =ik . BRYER R, 5ROk
U5 F 0g A D e — 20, BB )R TR O =
T, BT B IERE PR TR 2 B0 A 1ok
VR B-HAGHH I, (H T2 4 S5 S Y
FE IS 1 AL AR R R ARG, Lt DR AT e Xt
FEERIED MM 48/, Fr LS
TaBgl3 1) Mk ALSE BRI, X HE A 743 it ih
JEHEABE,

AN TR S B 2 0 il ) il 2 P o 2
nk 3.
3.2 TaBgl3 WAREM . AEUEFFM

VTR, REEXS T - 2 A S 1 5
i) — AR 2 AT B — R EE A, U
I B-E AT, A gEREM LR SR
TR R B R, T KT ) i R A — o A
Ko mBFMIMFCEEM R ARE: S,
BKMEAER . BEMAETER . . 5
IAHEAER . B IR 2H BRI B 11 5T 10 A e Al
. SR TE BT BE S M 1 SRR E RO, Y

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

Organisms Enzymes Mo.lecular Optimum Optimum pH K, /(mmol/L) K./K, References
weight/kDa  temperature/°C
Thermofilum adornatum  TaBgl3 77.0 80 5.0 1.81 115.47 This study
Thermotoga sp. TsBgllA 50.0 90 6.0 0.24 509.11 [23]
Thermoanaerobacterium  rBGL - 70 6.4 0.63 - [32]
Humicola insolens HiBgl3A 95.1 60 5.5 0.90 81.60 [14]
Citrobacter koser CBGL 83.0 45 6.0 11.28 0.02 [33]
Bacillus subtilis BglH 53.0 37 6.0 0.15 147.00 [34]
Thermoanaerobacterium  BglY 52.0 65 6.5 2.10 - [35]

Thermosaccharolyticum
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