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Graphical abstract 
 
 
Highlights 

 

 A novel colorimetric strategy for -glucosidase activity assay and inhibitor 

screening has been established. 

 The sensing strategy relies on triple-catalyzation amplification and unmodified 

gold nanoparticles as signal material. 

 An excellent sensitivity with detection limit of 0.001 U mL-1 (-glucosidase) 

was obtained. 



 Abstract  

A colorimetric sensor has been developed in this work to sensitively detect α-glucosidase 

activity and screen α-glucosidase inhibitors (AGIs) utilizing unmodified gold nanoparticles 

(AuNPs). The sensing strategy is based on triple-catalytic reaction triggered by α-glucosidase. 

In the presence of α-glucosidase, aggregation of AuNPs is prohibited due to the oxidation of 

cysteine to cystine in the system. However, with addition of AGIs, cysteine induced 

aggregation of AuNPs occurs. Thus, a new method for α-glucosidase activity detection and 

AGIs screening is developed by measuring the UV-visible absorption or visually 

distinguishing. A well linear relation is presented in a range of 0.0025 ~ 0.05 U mL-1. The 

detection limit is found to be 0.001 U mL-1 for α-glucosidase assay, which is one order of 

magnitude lower than other reports. The IC50 values of four kinds of inhibitors observed with 

this method are in accordance with other reports. The using of unmodified AuNPs in this 

work avoids the complicated and time-consuming modification procedure. This simple and 

efficient colorimetric method can also be extended to other enzymes assays.  
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1. Introduction 

Diabetes has become one of the most suffering chronic diseases with highly substantial 

incidence around the world. Diabetes consists of three main types: type I, type II and 

gestational diabetes. Globally, type II diabetes is the most common type among the three 



categories. It almost accounts for 90% of all diabetics. Moreover, type II diabetes mellitus is 

associated with an increased risk of both cardiovascular and neurological diseases in the 

development of diabetes [1-4]. α-Glucosidase inhibitors (AGIs) are the main targets in the 

early treatment and prevention of diabetes. AGIs play a very important role in controlling the 

patients’ postprandial blood glucose levels and keeping glucose levels within a relatively 

normal range [5, 6]. Therefore, it is of great significant to develop sensitive and easily 

operated methods to determine α-glucosidase activities and screen -glucosidase inhibitors 

for finding new and effective oral medicines of type II diabetes. 

Currently, several methods have been developed for detection of α-glucosidase activity 

and its inhibitors screening. Generally, two approaches are employed: in vivo screening (the 

animal model of hyperglycemia); in vitro screening (enzyme-inhibitor model) [7-10]. The in 

vivo animal model provides more reliable results and is critical for the clinical assessment. 

However, it involves long-term lasting experiments and is relatively expensive. So, the in 

vitro enzyme-inhibitor model, using para-nitrophenyl-α-D-glucopyranoside (PNPG) as 

artificial substrate, has also been widely employed. Nevertheless, although the PNPG-based 

methods offer a relatively simple approach to assay α-glucosidase activity and screen AGIs, 

their sensitivity is limited to some extent, because the effect of AGIs is quantified by 

recording absorbance of 4-nitrophenol released from PNPG [11]. For even worse case, the 

assessment is interfered when the overlaps of absorption happens between AGIs and 

4-nitrophenol [12]. 

Colorimetric assay is a widely employed approach for different assays due to its 

simplicity and practicality, in addition to the electrochemical methods [13-16]. Especially, 



gold nanoparticles (AuNPs) based colorimetric methods have drawn considerable attention 

for their unique optical properties as well as the cost-efficiency and practical convenience 

[17-20]. The AuNPs based colorimetric methods are usually developed based on 

enzyme-mimic activities, interparticle cross-linking or a destabilization induced aggregation 

mechanism. Our group has also proposed series of AuNPs based biosensor for detection of 

DNA [21-23], metal ions [24, 25], proteins [26, 27], bioactive molecules [28, 29] and cancer 

markers [30, 31].  

In this work, we developed a highly sensitive and practical colorimetric method for 

α-glucosidase activity assay and AGIs screening. As illustrated in Scheme 1, when AuNPs are 

mixed with cysteine, cysteine will be covalently immobilized onto the surface of AuNPs 

through the Au-S bonds. Under neutral conditions, ionization of these groups will lead to the 

aggregation of cysteine immobilized AuNPs due to interparticle hydrogen-bond interaction 

and electrostatic attraction between -COO- and -NH3
+ groups [32-34]. A color change from 

wine red to violet can be observed. However, in the presence of iodide ions and H2O2, 

cysteine is oxidized to cystine and the oxidation product cystine cannot lead to aggregation of 

AuNPs [35]. In this work, maltose is used as the nature substrate of α-glucosidase to conduct 

our proposed sensing approach. In the presence of α-glucosidase and glucose oxidase (GOD), 

one molecule of maltose is sequentially hydrolyzed and oxidized to two molecules of 

gluconic acid and H2O2, respectively. So, aggregation of AuNPs will be prevented because of 

the oxidation of cysteine to cystine by H2O2. However, with the addition of AGIs, the 

α-glucosidase activity is inhibited and cysteine induced aggregation of AuNPs would be 

recovered. The employing of unmodified AuNPs provides a simple assay avoiding the 



involved complicated and time-consuming functional manufacture of AuNPs [36-38]. This 

colorimetric assay of α-glucosidase activity and inhibitor screening is simple and cost 

effective, which may have great potential application in the drug screening and clinical 

diagnose in the future. 

 

2. Experimental section 

2.1 Materials 

Recombinant α-glucosidase from Saccharomyces cerevisiae and glucose oxidase 

from Aspergillusniger (Type X-S) were purchased from Sigma-Aldrich (St. Louis, MO, USA). 

Gold (III) chloride trihydrate (HAuCl4 • 3H2O), sodium citrate tribasic dehydrate, 

N-2-Hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES), L-cysteine, potassium iodide, 

glucose and maltose were obtained from Sigma-Aldrich. Hydrogen peroxide (H2O2, 30%) and 

ethanol were purchased from Sinopharm Chemical Reagent Co., Ltd.(Shanghai, China). 

Gallic acid, quercetin and genistein were obtained from Sigma-Aldrich. All Chemicals were 

of analytical grade and were used as received. All aqueous solutions were prepared with 

deionized water purified with a Milli-Q purification system (Branstead, USA) to a specific 

resistance of 18 MΩ cm.  

 

2.2 Instruments 

The color changes and UV-vis absorption were recorded with a digital camera and a 

Shimadzu UV-2450 PC spectrophotometer (Kyoto, Japan), respectively. The measurements 

were conducted with a scan range from 400 nm to 800 nm. An absorbance ratio of A600/A520 



was employed to assess the aggregation of AuNPs. 

 

2.3 Preparation of AuNPs 

The 13 nm AuNPs were synthesized by the conventional citrate-reduction method [39]. 

Briefly, 98 mL of deionized water was added into the three-neck flask. Then 2 mL of 50 mM 

gold (III) solution was added with a final concentration of 1 mM. After boiling of the aqueous 

solution, 10 mL of 38.8 mM sodium citrate was rapidly added to the mixture with vigorous 

stirring under reflux condition for another 30 min. The resulting deep red solution was 

allowed to cool down to room temperature after additional stirring of 20 min. The AuNPs 

were collected by filtering through a 0.22 μm membrane, and stored free of light at 4 ºC. The 

concentration of AuNPs was determined by recording the absorbance at 520 nm (~2.4), and 

using the corresponding extinction coefficient. The concentration was determined as ~13 nM. 

 

2.4 Preparation of stock solutions 

The α-glucosidase was dissolved in 50 mM HEPES (pH 7.0) with a stock concentration 

of 10 U mL-1 and placed at -20 ºC [8]. Prior to solvation of GOD, 5 mL of 50 mM HEPES 

(pH 7.0) was purged with pure oxygen and saturated for 15 min. 250 U mL-1 GOD was stored 

at -20 ºC. Unless noted, all other chemicals were dissolved in 50 mM HEPES (pH 7.0), and 

used with appropriate dilution. For quercetin and genistein, they were dissolved in ethanol 

with concentration of 1 mM due to their poor water solubility.  

2.5 Detection of α-glucosidase activity and inhibition assays of AGIs 

For determination of α-glucosidase activity, 5 μL of α-glucosidase with expected 



concentration was added into 80 μL of maltose (0.4 mM) and kept at 37 ºC for time of 30 min. 

Then 5 μL of GOD was mixed with the solution with a final concentration of 5 U mL-1 under 

room temperature. After incubated for 30 min, the system was then reacted with 10 μL of 

Cys/KI mixture for another 20 min. 100 μL of AuNPs (~13 nM) was incubated with the 

resulting system at room temperature for the UV-vis measurement. 

For the inhibition assays of AGIs, 5 μL of α-glucosidase with a fixed concentration was 

primarily mixed with 40 μL of different concentration of AGIs at room temperature for 20 

min. Then 40 μL of maltose (0.8 mM) was added into the solution and followed with the same 

procedure of detection of α-glucosidase activity.  

 

3. Results and discussion 

3.1 I-/H2O2 catalyzed oxidation of cysteine  

The oxidation of cysteine catalyzed by I-/H2O2 is attributed to the sequence of reactions 

outlined in Figure 1 [35]. In the primary step, α-glucosidase and GOD catalyze the aerobic 

production of H2O2 (eqs. 1 and 2). The generated H2O2 oxidizes I- to the intermediate IOH (eq. 

3). RSH denotes the cysteine in eqs. 5 and 6. Thus, RSI initiates the oxidation of thiols to 

disulphides (eq. 7). In an aerobic environment, with the constant generation of H2O2, an 

amplification cycle of the oxidation of thiol to disulfide is rolling under the essential trace 

level of I- ions. Therefore, the presence of α-glucosidase leads to I-/H2O2 catalyzed oxidation 

of cysteine to cystine in the test system. 

To verify the catalyzation of I-/H2O2, we first explored the cysteine induced aggregation 

process of AuNPs. Figure 2A shows the UV-vis spectra of AuNPs upon different 



concentration of cysteine and the related optical picture (Insert). Without existence of cysteine, 

AuNPs display a characteristic absorption band at 520 nm. However, exogenously adding 

cysteine results in a concentration-depended aggregation of AuNPs. As the concentration of 

cysteine rising, a concomitant absorption band with increasing absorbance at 600 nm and a 

color change from wine red to violet of the system were observed. As shown in Figure 2B, the 

concentration-depended curve presented the absorbance ratio of A600/A520 of AuNPs upon 

various concentration of cysteine. An equilibrium platform is kept when the cysteine rises to a 

concentration of 20 μM. Thus 20 μM of cysteine was employed in this work. Then, we 

examined the time related effect on the aggregation process of AuNPs. Figure 2C depicts 

UV-vis spectra of AuNPs with 20 μM cysteine at different times. The results reveal a 

progressive aggregation process. With the incremental time, an increasing absorbance at 600 

nm is observed, and there is nearly no apparent increase when it arrived at the point of 30 min. 

Therefore, we chose the time of 30 min as the measure time for the following experiments.  

As shown in Figure 2D, the UV-vis absorption of AuNPs were observed when adding 

different additives. With exogenous H2O2 only, it was found that cysteine induced aggregation 

of AuNPs was conducted (Fig. 2D, green trace). Same as H2O2, there was no regulation of the 

aggregation process compared to the control group when adding I- ions to the test solution 

(Fig. 2D, red trace). These results reveal that neither individual I- ions nor H2O2 can generate 

the catalyzation of cysteine. As indicated in Figure1, the aggregation process is regulated only 

when adding both I- ions and H2O2 to the system. The spectrum data verify that I-/H2O2 

catalyzed oxidation of cysteine to cystine inhibits the aggregation of AuNPs. 

 



3.2 α-Glucosidase triggered oxidation of cysteine  

Exogenous H2O2 and I- has been proved successfully preventing the cysteine induced 

aggregation of AuNPs. To check the effect of endogenic enzymatic generated H2O2 on the 

aggregation process, the GOD and glucose were used. Glucose as substrate material is 

oxidized by GOD with product of H2O2. The spectra (Figure 3A) demonstrate that the 

absorbance band at 600 nm is vanished and the color of the system is recovered to wine red, 

which indicates the endogenic H2O2 deriving from GOD/glucose carries out a prevention to 

the aggregation process. The absorbance ratio histogram (Figure 3B) depicts neither GOD nor 

glucose alone has a disturbance on the aggregation of AuNPs. Above results verify that 

endogenic enzymatic generated H2O2 would generate a catalyzation of cysteine to cystine and 

positively protect AuNPs from aggregation. 

Next, α-glucosidase and its substrate maltose were applied to the system. As shown in 

Figure 3, the aggregation of AuNPs was observed when α-glucosidase or maltose was added 

into the test system respectively. However, the spectrum shows no absorption band at 600 nm 

and the absorbance ratio of A600/A520 is similar to the control group level when adding 

α-glucosidase and maltose simultaneously, which verifies the α-glucosidase triggered 

oxidation of cysteine to cystine. Therefore, a colorimetric α-glucosidase sensing has been 

realized by analyzing the color changes and absorbance ratio of A600/A520. 

 

3.3 α-glucosidase activity assay  

Figure 4A shows the UV-vis spectra and optical picture of the test system upon different 

amount of α-glucosidase. The spectra display a decreasing absorbance band at 600 nm while 



the concentration of α-glucosidase rises. And the color of the system increasingly changes 

from violet to wine red. The concentration depended curve (Fig. 4B) demonstrates the 

decreasing A600/A520 absorbance ratio until the amount of α-glucosidase up to 0.05 U mL-1. A 

well linear relation is presented in a range of 0.0025 ~ 0.05 U mL-1 (Fig. 4B, Insert). The 

detection limit of the sensor is found to be 0.001 U mL-1, which is more sensitive than other 

reports (Table 1). 

 

3.4 AGIs screening 

Since the natural plant extracts as AGIs have drawn great interests of the potential 

applications as supplements or specific drugs. A well accepted concept is that the 

consumption of plant-based foods or supplements may be a more acceptable source of 

glucosidase inhibitors due to their low cost and relative safety, including a low incidence of 

serious gastrointestinal side effects [40-42]. Therefore, for the inhibition assay of 

α-glucosidase, we primarily employed acarbose as the positive control. Then, inhibition 

assays are conducted using three species of plant extracts which are gallic acid, quercetin and 

genistein. To evaluate the inhibitory effects, 0.05 U mL-1 α-glucosidase was employed for the 

inhibition analyzing due to its well regulative effect on the aggregation process of AuNPs. 

Three species of plant extracts (gallic acid, quercetin and genistein) were compared with a 

commercial available acarbose standard in this inhibition assays. Figure 5 shows the spectra 

of system upon different amount of the four kinds of AGIs. In case of acarbose (Figure 5A), 

no aggregation of AuNPs is observed under 0 μM acarbose. However, with the increasingly 

adding acarbose into the system, α-glucosidase is inactivated gradually, thus I-/H2O2 catalyzed 



oxidation of cysteine to cystine is blocked due to the lack of sufficient H2O2. Consequentially, 

the cysteine induced aggregation of AuNPs is carried out. The spectra depict the rising 

absorption band at 600 nm. Also, a color change from wine red to violet was observed 

progressively (Insert). For the other three species, the parallel phenomena were found as well 

(Figure 5B~D). 

 

                    Equation 9 

 

Equation 9 was employed to quantitatively assess the inhibitory abilities, where At and Ao 

represent the absorbance of system with and without adding α-glucosidase (50mM HEPES, 

pH 7.0, 0.4 mM Maltose, 5 U mL-1 GOD, 20 μM Cys, 0.4 μM KI), respectively. And AT 

stands for absorbance of the system (0.05 U mL-1 α-glucosidase) upon different amount of 

AGIs. As shown in Figure 5E, acarbose as positive control displays a strong inhibitory effect 

on α-glucosidase activity with an IC50 of 5.87 μM, which is analogical to that reported in 

literatures [43-45]. This result reveals I-/H2O2 catalyzed oxidation of cysteine system has a 

sensitive response to the α-glucosidase inhibitor. Quercetin inhibition assays also shows a 

similar phenomenon with a slightly enlarged IC50 of 9.12 μM compared to acarbose. The IC50 

values obtained applying this system for genistein is about 1.40 μM, which is lower than 

acarbose indicating a more efficient inhibition than others. In addition, gallic acids carry out a 

weakest inhibitory performance with the IC50 value of 2.15 mM which is far higher than the 

other three species obtained with this system. These results are consistent with the 



phenomenon reported by others. Besides, in the presence of 0.4 mM maltose, when the AGIs 

were mixed with AuNPs alone there was no drastic fluctuations on the UV-vis absorption 

properties observed (Figure 5F). This indicates the aggregation of AuNPs is caused by the 

inactivation of α-glucosidase with AGIs and not a direct consequence resulting from the 

interference by the AGIs themselves. Therefore, the novel sensor based on the enzymatic 

regulation of aggregation of AuNPs provides a reliable and sensitive sensing approach. It is 

potential to screen new α-glucosidase inhibitors sensitively with great convenience. 

 

4. Conclusions 

In summary, we have developed a novel sensor to detect α-glucosidase activity and 

screen its inhibitors sensitively. The cysteine induced aggregation of AuNPs is prevented in 

the presence of α-glucosidase. With the addition of AGIs into the test solution, the 

aggregation of AuNPs is recovered with an increasing absorbance at 600 nm and the 

solution’s color changes from wine red to violet. The detection limit for α-glucosidase is 

0.001 U mL-1, which is more sensitive than other reports. Attribute to its sensitivity and 

simplity, this new developed sensor may provide a novel platform for the detection of other 

enzymes and its inhibitors screening. 
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Figure captions  
 

Scheme 1. Schematic illustration of the proposed method for α-glucosidase activity assay and 

AGIs screening 

 

Figure 1. The mechanism of I-/H2O2 catalyzed oxidation of thiols to disulfides.  

 

Figure 2. (A) UV-vis absorption spectra and optical picture (Insert) of AuNPs (50 mM 

HEPES, pH 7.0) with different concentrations of cysteine. Absorbance from low to high at 

600 nm: 0.0, 4.0, 12, 16, 18, 20, 30 μM. (B) Calibration curve of the corresponding A600/A520 

absorbance ratio of AuNPs with different concentrations of cysteine. (C) Time-dependent 

UV-vis absorption spectra of AuNPs (50 mM HEPES, pH 7.0) upon 20μM cysteine with a 

time interval of 3 min. (D) UV-vis absorption spectra of AuNPs (50 mM HEPES, pH 7.0) 

upon different additives after incubation. The black trace: AuNPs alone; blue trace: 0.4 μM KI, 

100 μM H2O2, 20 μM cysteine; green trace: 100 μM H2O2, 20 μM cysteine; red trace: 0.4 μM 

KI, 20 μM cysteine; pink trace: 20 μM cysteine. 

 

Figure 3.(A) UV-vis absorption spectra and (B) the related A600/A520 absorbance ratio 

histogram of system (50 mM HEPES, pH 7.0, 0.4 μM KI, 20 μM cysteine) response to 

different additives. The black trace: AuNPs alone; blue trace: 0.2 mM glucose, 5 U mL-1 GOD; 

red trace: 0.4 mM maltose, 0.05 U mL-1 α-glucosidase, 5 U mL-1 GOD; purple trace: 0.2 mM 

glucose; pink trace: 5 U mL-1 GOD; green trace: 0.4 mM maltose, 5 U mL-1 GOD. The error 

bars represent the standard derivation of three measurements conducted at each time. 



Figure 4. (A) UV-vis absorption spectra and the related optical images of the system (50 mM 

HEPES, pH 7.0, 0.4 mM Maltose, 5 U mL-1 GOD, 0.4 μM KI, 20 μM cysteine) corresponding 

to the detection of α-glucosidase activity at different concentrations. Low-to-high: 0, 0.0025, 

0.0125, 0.025, 0.0375, 0.05, 0.075 U mL-1. (B) Concentration-dependent curve corresponding 

to the sensing of different amount of α-glucosidase according to Scheme 1. Insert: Linear 

fitted curve presenting the A600/A520 absorbance ratio at different concentration of 

α-glucosidase in the range of 0.0025~0.05 U mL-1. The error bars represent the standard 

derivation of three measurements conducted at each time. 

 

Figure 5.(A, B, C and D) UV-vis absorption spectra and the related optical images of the 

system (50 mM HEPES, pH 7.0, 0.05 U mL-1 α-glucosidase, 0.4 mM Maltose, 5 U mL-1 GOD, 

0.4 μM KI, 20 μM cysteine) involve to the analysis of the inhibitory effects of AGIs. 

Absorbance from low to high at 600 nm, acarbose (A): 0.2, 2.0, 4.0, 6.0, 8.0, 10 μM; 

quercetin (B): 0.2, 1.0, 3.0, 5.0, 10, 15 μM; genistein (C): 0.1, 0.3, 0.5, 1.0, 2.0, 2.5 μM; gallic 

acid (D): 0.8, 1.5, 2.0, 2.2, 2.5, 3.0 mM. (E) Calibration curve presenting the inhibitory ability 

of the AGIs studied above at different concentrations. For genistein (black line), acarbose (red 

line), quercetin (cyan line) and gallic acid (blue line). The error bars represent the standard 

derivation of three measurements conducted at each time. (F) The A600/A520 absorbance ratio 

histogram of the citrate-capped AuNPs response to the AGIs alone at different concentrations. 

For acarbose, quercetin and genistein, the concentration is 100 μM, and for gallic acid it is 5 

mM, respectively.  

 



Table 1.Sensor platform for α-glucosidase activity detection. 

 

Target Method System 
Detection  

limit (U mL-1) 

α-glucosidase 
Fluorescence 

absorption 

Conjugated polymer and PNPG[11] 

This study 

0.01 

0.001 

-glucosidase 

absorption Cellobiose-AuNPs complex and MCH[46] 

Glc-Lip-AuNPs complex[37] 

1.0 

~2.6(9.8 nM) absorption 

α-amylase 
electrochemistry 

fluorescence 

Maltopentaose and  [Ru(NH3)5Cl]2+ [47] 

CdS nanoparticle-sol-gel-thin films[48] 

0.022 

~3.8(57 fM) 
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