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This article presents a simple gold—cellobiose nanocomposites based colorimetric assay for the screening
of B-glucosidase inhibitors. The nanocomposites are composed of gold nanoparticles (AuNPs), particular
cellobiose substrates, and 6-mercapto-1-hexanol. After B-glucosidase digestion, the AuNPs become
more exposed and the attractive force between AuNPs is increased by the modified 6-mercapto-1-
hexanol. Consequently, the aggregation of nanocomposites and the red shift of surface plasmon
ratio at 650 nm and 520 nm (Ags0/Asz0) Of
nanocomposites can be used to estimate the B-glucosidase activity. This technology could serve an
alternative platform for the efficient screening of B-glucosidase inhibitors. Both the inhibition effect of
heavy metals and surfactants on B-glucosidase could be analyzed by the detection of B-glucosidase

absorption can be observed. The absorbance
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1. Introduction

The hydrolysis of cellulose depends on cellulase, which usually
contains three components: p-glucosidase (EC 3.2.1.21), B-1,4-
endoglucanase (EC 3.2.1.4) and B-1,4-exoglucanase (EC 3.2.1.91).
Low activity of B-glucosidase may restrict the conversion of
cellobiose, which is an inhibitor of both B-1,4-endoglucanase
and B-1,4-exoglucanase."” Accordingly, B-glucosidase plays an
important role in the hydrolysis of cellulose,® and significant
efforts have been made to improve the application of B-gluco-
sidase.*®* When planning the application of B-glucosidase, it is
very important to consider the environmental stresses affecting
the enzymatic activity. The presence of heavy metals has been
found to exert a strong effect on the activity of f-glucosidase, and
surfactants can influence the enzymatic hydrolysis of cellu-
lose.®® Therefore, the study of the influence of such parameters
on the enzymatic activity of B-glucosidase, and similarly, devel-
opment of specific methods for the screening of B-glucosidase
inhibitors, is of great importance. A widely used method is rec-
ommended by the International Union of Pure and Applied
Chemistry (IUPAC), in which B-glucosidase activity is measured
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screening of B-glucosidase inhibitors.

from the concentration of enzyme required to produce a certain
amount of glucose per min."'* The amount of produced glucose
is typically determined by a dinitrosalicylic acid (DNS) spectro-
photometric determination method. However, the chemicals
involved in the preparation of DNS reagents are toxic, and this
method demands very careful sampling.'* Many other methods
based on the measurement of reducing groups, chromophore or
fluorescent group release have also been developed to identify
B-glucosidase inhibitors.* A simple method for the screening of
B-glucosidase inhibitors is still necessary since most of the
current methods require sophisticated sample preparation and
instrument operation.*?

Recently, polysaccharides have received much attention in
bio-nanotechnology because of their special structural charac-
teristics and biodegradability. Considerable studies have shown
that polysaccharides can be extensively exploited in the
synthesis of nanomaterials."*™® Herein, the authors present a
simple and specific assay based on gold-cellobiose nano-
composites, which enables the determination of B-glucosidase
activity in the absence and presence of inhibitors. It could serve
as an alternative platform for the efficient screening of
B-glucosidase inhibitors. In this method, cellobiose is func-
tionalized onto the gold nanoparticles (AuNPs) as a stabilizing
agent and substrate of B-glucosidase, which can recognize the
specific structure of cellobiose. After enzymatic degradation,
the nanocomposites become more exposed, and the stability of
nanocomposites is disrupted. The surface plasmon resonance
(SPR) properties of nanocomposites correspondingly change.
Therefore, the absorbance ratio at 650 nm and 520 nm (Ags50/
Aspo) of nanocomposites can be used as a colorimetric sensor for
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the screening of B-glucosidase inhibitors. This detection
method has advantages of ease of operation and short assay
time. It also shows satisfactory sensitivity and selectivity. It is
believed that the proposed method can provide an alternative
tool for the screening of potential B-glucosidase inhibitors.

2. Materials and methods

Enzymes were purchased from Sigma-Aldrich. All the other
chemicals were of analytical grade or the highest purity
commercially available. Ultrapure water (18.2 MQ) was
obtained from a Milli-Q purification system and used
throughout the experiments. Firstly, the nanocomposites were
prepared. In a typical experiment, we mixed a diluted solution
of cellobiose (10 mL, 0.1%) with an aqueous solution of freshly
prepared HAuCl,; (1%). Sodium borohydride (0.5 M) was
rapidly added to the mixture solution after 2 h of continuous
stirring (cellobiose/HAuCl,/sodium borohydride = 100:1: 1,
v/v). The mixture was left continuously stirring, and the color of
solution rapidly changed from pale yellow to deep red. After
two centrifuge/wash cycles (15 000 rpm, 4 °C for 20 min), the
supernatant solution was discarded and the pellet was resus-
pended in a total of 5 mL of pH 5.0 citrate-phosphate buffer. It
has been reported that polysaccharides can be grafted onto the
surfaces of AuNPs.™ In this method, the binding of cellobiose
onto AuNPs is probably a result of electrostatic interactions
between the electropositive transition metal cations and the
ether, hydroxyl groups of cellobiose.'”*® For the preparation of
6-mercapto-1-hexanol (MCH) modified nanocomposites, 0.01
mL MCH (1 mM) was initially added to the freshly prepared
nanocomposites solution (10 mL), and incubated at room
temperature for 1 h. Then the mixture was centrifuged at
15 000 rpm, 4 °C for 20 min and the pellet was resuspended in 5
mL of pH 5.0 citrate-phosphate buffer. The MCH connects to
AuNPs through the thiol group, and the hydroxyl group of MCH
is exposed on AuNPs. With the consumption of cellobiose, the
AuNPs lose stabilizer and the hydroxyl group of MCH may
increase the attraction force of AuNPs.

For the B-glucosidase activity assay, 0.1 mL of different
concentrations of B-glucosidase solution (citrate-phosphate
buffer, pH 5.0) was added to 2.0 mL of nanocomposites solution.
The solution was incubated at 30 °C because this condition is
suitable for the catalysis reaction of B-glucosidase. The nano-
composites solution gradually turned purple with increasing -
glucosidase concentration, indicating the increased aggregation
state of AuNPs (Fig. S1, ESIt).">*® UV-Vis studies provided
quantitative results, which showed that the absorbance at 520
nm gradually decreased while the absorbance at 650 nm
increased with the increase of B-glucosidase concentration
(Fig. S2, ESIt). This red shift in the SPR absorption indicated the
formation of aggregates of AuNPs.”* The absorbance ratio (A¢s0/
Asyo) increased up to a steady value with the reaction time, and
reached a plateau within 15 min. Therefore, the reaction time for
this enzymatic reaction was set at 20 min.

For an inhibitor-screening assay of B-glucosidase, the
procedure is similar to the activity assay. In a typical experi-
ment, B-glucosidase (10 U L™ ') was initially incubated with

This journal is © The Royal Society of Chemistry 2014

Analytical Methods

heavy metals or surfactants (1.0 mM) in a citrate-phosphate
buffer (pH 5.0), and then the mixture was incubated at 30 °C for
20 min. The pretreated B-glucosidase solution (0.1 mL) was
incubated with nanocomposites solution (2.0 mL) for another
20 min. Finally, the UV-Vis absorption spectra of the mixture
solution were collected. The residual activity of B-glucosidase
was calculated based on the measured Ags0/As,0 ratio as
mentioned above, and the data were expressed as a percentage
of the enzyme activity without the heavy metal or surfactant.

3. Results and discussion

Fig. 1 showed the change in the absorbance ratio (A¢s50/4520) Of
nanocomposites as a function of B-glucosidase concentration.
On the basis of the spectral shift, B-glucosidase concentrations
down to 3.0 U L' can be easily quantified with nano-
composites. The p-glucosidase activity is linear with the absor-
bance ratio (Agso/Asz0) in the range of 3.0-100.0 U L™" (10°*® to
10*° U LY. The corresponding regression equation is:

y =0.5643x — 0.0586

where y is the absorbance ratio (Agso/Asz), and 10* is the
B-glucosidase activity (U L"), and the correlation coefficient (R%)
is 0.9976. The detection limit could be reduced to 1.0 U L™". To
our knowledge, this nanocomposite-based probe is among the
sensitive methods reported for B-glucosidase detection.'**** In
addition, to evaluate the selectivity of the prepared nano-
composites for B-glucosidase, B-1,4-endoglucanase was examined
under identical conditions. As expected, -1,4-endoglucanase did
not cause aggregation of nanocomposites. The selectivity of
B-glucosidase is due to the high substrate specificity of cellobiose
and the specific enzymatic catalysis of -glucosidase. Then, we
tried to determine the B-glucosidase activity in compost extracts
solution. A certain concentration of B-glucosidase solution was
added into the resulting compost extract samples, which were
prepared as described in our previous work.** The results detec-
ted by the nanocomposites agree well with those obtained by the
DNS colorimetric assay method." The results show good accuracy,
and the RSD values (%) are within 3.9% and 4.8%, showing good
precision (Table S1, ESIt).

Moreover, to validate a potential application of the nano-
composites, we applied it to evaluate the inhibitory effect of heavy
metals and surfactants on B-glucosidase. Inhibitors can influence
the activity of B-glucosidase; thus, the aggregation of nano-
composites will become slow, and the absorption variation
correspondingly changes. As shown in Fig. 2a, after the detection
of enzyme without inhibitor, an increased absorbance at 650 nm
and a decreased absorbance at 520 nm were observed in the UV-
Vis spectrum of nanocomposites. In the presence of an efficient
B-glucosidase inhibitor (e.g;, Hg*"), a different spectral shift
occurred after the addition of B-glucosidase into the nano-
composites solution. No obvious increased absorbance at 650 nm
was observed due to inhibition of the enzymatic activity (Fig. 2b).

Transmission electron microscopic observation also indi-
cated a difference in aggregation, which was induced by the
B-glucosidase reaction in the presence and absence of an
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Fig. 1 Absorbance ratio (Agso/As0) change of gold—cellobiose
nanocomposites solution as a function of enzyme concentration.
Circles: B-glucosidase; Open diamonds: B-1,4-endoglucanase. The
inset is the standard curve showing the linear range between the log
concentration of B-glucosidase and the relative Agso/Asyo ratios of
nanocomposites solution.

efficient inhibitor. As shown in Fig. 3b, the enzyme digestion
induced the consumption of cellobiose and resulted in the
aggregation of nanocomposites. In the presence of a sufficient
amount of inhibitor (1.0 mM Hg>"), no significant aggregation
of nanocomposites could be observed (Fig. 3¢), which is similar
to the results of the nanocomposites solution without enzyme
treatment (Fig. 3a).

The effect of 1 mM concentration of CoCl,-6H,0, HgCl,,
MnSO,-H,0, Pb(NOj;),, sodium dodecylsulphate (SDS) or
cetyltrimethyl ammonium bromide (CTAB) on the activity of
B-glucosidase is shown in Fig. 4. As can be seen, Co™* (110%)
and Mn** (103%) had a small stimulatory effect, and the
B-glucosidase activity increased most in the presence of Pb*".
However, Hg>" had a strong inhibitory effect, which reduced
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the B-glucosidase activity down to 37%. The anionic surfac-
tant (SDS) revealed a stronger inhibitory effect than the
cationic surfactant (CTAB). The results are consistent with
the conclusions reported by previous studies, in which
p-nitrophenyl-B-p-glucopyranoside (pNPG) is used as the
substrate of B-glucosidase.®”® Moreover; the control experi-
ment was conducted by mixing the nanocomposites solution
with heavy metal or surfactant solution (1 mM). The color
change and UV-Vis absorption spectrum of the nano-
composites were analyzed, and the results indicated that
these chemicals did not influence the stability of the nano-
composites (data not shown). From these results, it is
promising to apply the nanocomposites to the screening of
B-glucosidase inhibitors.

4. Conclusions

In summary, the activity of B-glucosidase was successfully
determined by using gold-cellobiose nanocomposites. In
addition, the nanocomposites have potential for further appli-
cation in the screening of B-glucosidase inhibitors. The authors
believe that the proposed method has the potential to be
developed as a platform for the screening of inhibitors of other
polysaccharide-sensitive enzymes due to its simplicity, low cost
and rapidity.
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Fig.3 TEM images of gold—cellobiose nanocomposites only (a); incubation of gold—cellobiose nanocomposites with B-glucosidase (10 U L™ in

the absence (b) and presence (c) of inhibitor (1.0 mM Hg 2*).
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Fig.4 Effect of heavy metals and surfactants on the enzymatic activity
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