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Fig. 5 — (a) Determination of optimal pH of AFBGL; and (b) Determination of optimal temperature of AFBGL
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Fig. 6 — Lineweaver-Burk plots of several substrat of AFBGL under optimal conditions (a) pNPG (indicated with its product,
4-nitrophenol); (b) pNP-B-D-cellobioside; (c) pNP-B-D-xylopyranoside; and (d) oNP-B-D-galactopyranoside, respectively

of cations, the activity was only enhanced 1.6 times
by the addition of 0.5 mM MgCl,. MnCl,, KCI, and
AICl; were reduced the activity but not inhibited
completely for using concentrations. The other
metal ions were completely inhibited the activity.
2-propanol, ethanol, and 2-butanol were reduced
90%, 90%, and 97% the activity by addition of 1%,
30%, and 1%, but completely inhibited by 20%,
30%, and 10%, respectively. Beta-mercaptoethanol

and DTT as reduced agents reduced 97% of the
activity by the addition of 0.1% and 1 mM but
inhibited by the addition of 20% and 100 mM,
respectively. 1 mM of EDTA was reduced 97% the
activity and 150 mM of it was inhibited completely.
0.5% of TritonX-100 reduced 55% of the activity.
All the results of metal ions and some chemicals on
the activity of AFBGL were shown in (Figs. 7
and 8), respectively.
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Enzyme thermal stability

To examine the thermal stability of 4. flavithermus
DSM 26417 p-glucosidase, the enzyme was
preincubated with different temperatures. Results
show that the AFBGL retained 50% of the initial
activity towards pNPG after 25 min. After 225 min
(3 h 45 min), the activity was not detected (Fig. 9).
This suggests that although the stability level of
AFBGL, and its contrasting characteristics with
detailed thermophilic B-glucosidases, are modest, this
does not strongly support considering AFBGL as
thermostable despite its thermophilic origin.

Discussion
The B-glucosidase gene from A. flavithermus DSM
26417 has 1386 bp and 461 aa. This gene has 98%
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Fig. 9 — Thermal stability of AFBGL

similarity to A. flavithermus WK1 strain. Like other
B-glucosidases, AFBGL has six conserved domain
with a few modifications, SSYQI, YRFST, THNEP,
FGFNYY, YITENG, and DNFEW, respectively.
According to Burmeister et al.** and Sanz-Aparicio
et al”, these sites are originally SAYQI, YRFSI,
TFNEP, LGLNYY, YITENG, and DNFEW. The
conserved domains, TFNEP and YITENG, indicate
active sites of the enzymes. Similarly, Kaushal et al.
identified B-glucosidase from a metagenomic source
in an extremely hot (98°C) aquatic habitat in
Chattisgarh, India, and comparative protein sequence
and homology structure analyses determined this gene
as a GH1 family B-glucosidase. Accordingly, multiple
sequence alignment of BgIM with homologous
sequences revealed two conserved amino acid motifs,
NEP and TENG. They stated that these two motifs are
critical for substrate binding function in relation to
B-glucosidase, and that the glutamate residues within
these motifs are critical for catalytic function®™.
Similar results for AFBGL are shown in Figures 1 and
2. The conserved glutamate residue in these motifs is
responsible for a potential acid/base catalyst and
nucleophile of active sites’®®. And NEP and EFG
motifs show the AFBGL belongs to family 1 of
glycosylhydrolase and 4/7 super family. So, AfBGL is
a member of GHI, as the amino acid sequence
contained a GH1 specific domain. Wright e al.*’ and
Trimbur et al.”® showed Glu-358 and Asn-394 were
responsible for nucleophile by region-directed
mutation. In 4. flavithermus BGL, these conserved
residues were in 365" position of active sites for
glutamine and 382™ position for asparagine. In
addition, Asp-382 may play a role as an acid-base
catalyst, protonating the leaving group and
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Table 1 — Some properties of GH1 beta-glucosidases from various bacteria.

Organism Temp' (°C) pH’ MW
(kDa)
A. flavithermus DSM 26417 65 6.8 53
A. sp. DT3-1 70 8.5 53
A. flavithermus subsp. yunnanensis 60 7 52
Bacillus subtilis 60 6 53
Fusarium proliferatum 50 5 39.1
Bacillus sp. ZJ1308 60 7 27
Bacillus halodurans 45 8 51
Jeotgalibacillus malaysiensis 65 7 52
Thermotoga thermarum DSM 90 4.8 55
5069T
Fervidobacterium islandicum 90 6-7 53
Thermoanaerobacterium 70 6.4 52

thermosaccharolyticum DSM 571
'Optimum temperature, *Optimum pH

Kn (mMM) Vi (umol/min/mg  Thermostability — References

protein)
0.42 5.13x10° t;, 65°C=25min  This study
0.22 923.7 ty, 60°C=24h 17
0.29 771 ty, 60°C=10h 14
0.82 55.6 ty, 70°C= 45 min 34
2.37 8.1x 10° t; 60°C=27.1h 35
4.71 110.5 Retained 56% 36
activity after
incubation at 80°C
for 30 min
4 - t;,45°C=1h 37
0.5 39.5 ty, 65°C= 35 min 8
0.59 142 t12 90°C=2h 32
t12 95°C= 50 min
NA NA t12 90°C= 25 min 33
t1, 100°C= 15 min
0.62 64 ty, 68°C=1h 31

subsequently deprotonating the water molecule as it
attacks™?’

According to amino acid sequences of BGL from
Anoxybacillus species on BLASTp analysis, AFBGL
has identity and positivities of amino acid sequences
(written in brackets) to A. ayderensis, A. thermarum,
A. gonensis, and A. suryakundensis with 93% (96%),
92% (96%), 92% (96%), 91% (96%), respectively.
The amino acid sequences of AFBGL have similarity
and identity (written in brackets) of 100-96%
(100-90%) from Anoxybacillus species, followed by
96% (60%) to Bacillus alkalitelluris, 96% (57%) to
Thermoanaerobacter — thermohydrosulfuricus, 97%
(56%) to Thermoanaerobacterium xylanolyticum,
97% (55%) to Alicyclobacillus sendaiensis, 96%
(55%) to Jeotgalibacillus malaysiensis, and 96%
(53%) to Clostridium cellulovorans.

B-glucosidases are an enzyme that hydrolyses
glycosidic bonds. Thus, they can be used for the release
of monosaccharides from the oligosaccharides, for the
release of glucose. In the past, detailed research has been
carried out for fungal BGLs, especially because they are
abundant in nature and naturally add cellulose to the
nature®. Nowadays, due to their thermostabilities, the
material has gained speed from thermophilic sources.
Therefore, hyperthermophilic and thermophilic BGLs
have been cloned, expressed, and investigated their
biochemical futures®'. These BGLs can potentially
facilitate cellulose hydrolysis rates in biomass

degradation. In addition, product formation can be
increased by using thermostable BGLs in cellulose
hydrolysis, and microbial contamination can be reduced
as enzymatic hydrolysis can be carried out at a higher
temperature®. GHI B-glucosidases from various bacteria
were characterized and show their biochemical futures
in (Table 1).

The recombinant AFBGL is 53 kDa according to
SDS-PAGE analysis. We know that class-I beta-
glucosidases has 55 to 65 kDa with 447 to 527 aa™.
We found the optimum pH and temperature of the
recombinant enzyme were 6.8 and 65°C with pNPG.
In BRENDA sources, we see that the optimal pH is
ranged from 3.0 to 7.0, for example, 3.0 for
C. borealis’’, 4.5 for Fomitopsis palustris*®, 5.2 for
Thermoascus aurantiacus®', 6.0 for B. subtilis®,
6.5-7.0 for Thermus thermophilus®, 8.5 for
Anoxybacillus sp. DT3-1* etc. Similarly, optimal
temperature of these enzymes is ranged from 32°C for
Penicillium pinophilum* to 90°C for Thermotoga
maritima®. Since the growth temperature of bacterial
source, A. flavithermus, is 55°C, the optimal
temperature of recombinant enzyme (65°C) was
normal due to bacterial characteristics. Similarly, the
optimum temperature for Anoxybacillus sp. DT3-1
has been recorded as 70°C?°,

In this work, we constructed pET100/Afbgl plasmid
with 6xHis tagged for expression studies into E. coli
BL21Star™(DE3) cells. The gene expression was



878 INDIAN J. BIOCHEM. BIOPHYS., VOL. 63, AUGUST 2026

successfully achieved with 1 mM IPTG induction at
37°C for 4 h, then AFBGL was purified with Ni**
affinity chromatography. The purified recombinant
B-glucosidase had a specific activity of 5.13 x 10° pmol/
min/mg against pNPG, but it had max activity of
0.05887 pmol/min/mg against oNPG. The substrate
affinity of AFBGL is to oNPG. This affinity of oNPG is
more than the enzymes of B. subtilis”, Thermoascus
aurantiacus”, and T thermophilus®.  Although
Thermoanaerobacterium thermosaccharolyticum DSM
571, with an optimum temperature of 70°C, showed
80% activity in 2 h at 60°C”', Thermotoga thermarum
DSM 5069" showed 50% activity in 2 h at 90°C*,
Anoxybacillus sp. DT3-1 showed 50% activity in 24 h at
60°C (with an optimum temperature of 70°C),
Anoxybacillus flavithermus subsp. yunnanensis E13" has
50% activity in 10 h at 60°C14, AFBGL was found to
have a half-life of only 25 min at its optimum
temperature. While this result is like Jeotgalibacillus
malaysiensis BGL (half-life: 35 min at 65°C)% it
indicates that AFBGL has significantly lower
thermostability compared to BGLs obtained from other
thermophilic sources.

Metal ions play an important role in the catalytic
effect of enzymes; therefore, the effect of metal ions
on AFBGL activity was determined. According to An
et al’’, although Mg®" ions are activators for
B-glucosidases, AFBGL was 1.6 times more active in
the presence of 0.5 mM Mg, but its activity was
relatively reduced at 5 mM and higher concentrations.
While other tested metal ions such as K, Fe*", Mn*",
and AI’" ions reduced activity, high concentrations of
Zn*" and Cu®" completely inhibited the activity of the
AFBGL recombinant enzyme. Zn** and Cu®'
generally activate some bacterial B-glucosidases™*.
The thermostable p-glucosidase from marine
hyperthermophile bacterium, Thermotoga
neapolitana, and from soft-rot fungus, Humicola
insolens, are not affected by metal ions™’. More or
less similar results were obtained from the chemicals
mentioned above on the activity of B-glucosidase
obtained from Anoxybacillus flavithermus subsp.
yunnanensis E13™,

Using the alcohols, detergent, chelator, and other
reduced chemicals in the activity reactions, the
activity was reduced in low concentrations and then
inhibited in high ones. Especially EtOH, 2-propanol,
2-butanol, beta-mercaptoethanol, DTT, and EDTA
reduced the activity approximately by 90-97%. These
results are like other thermophilic B-glucosidases, i.e.,
T. thermophilus43 , Thermoascus aurantiacus®, but in

the activity of thermophilic bacterium, Thermophilum
pendens, the enzyme was 1.1-fold activated with 10%
EtOH". Exceptionally 2-butanol and 2-propanol were
slightly activated the enzyme from Thermoascus
aurantiacus®'. BGLs can also be used in cellulosic
ethanol production, but this requires tolerance to
alcohol®®. Although cellulose has not been tested as a
substrate, its behavior towards ethanol (90% activity
loss at 30% EtOH concentration) indicates that
AFBGL cannot be used in this technology.

In this study, AFBGL was purified and
biochemically characterized from A. flavithermus
DSMZ 2641" and expressed in E. coli cells. Structure
and amino acid composition of AFBGL has been
shown to completely coincide with the Firmicutes.
Also, we show that AFBGL from A. flavithermus
belongs to family GH1 and 4/7 super family. AFBGL
can potentially facilitate cellulose hydrolysis rates in
biomass degradation at higher temperatures without
the risk of contamination. However, we recommend
the application of region-specific mutations so that
both the kinetic activity and, especially, the
thermostability of the enzyme can be as high as other
BGL enzymes. The addition of these features to the
enzyme, along with its immobilization, could make it
a candidate for industrial applications.
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