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Abstract 

 

Introduction: α-Amylases catalyze the starch hydrolysis reaction and are widely used in 

starch processing industries. Despite the high demand for the use of α-amylase in various 

industries, most α-amylases do not have the required functional characteristics such as proper 

activity, temperature and pH compatibility, as well as temperature stability. In this regard, 

ionic liquids are widely used today as co-solvents to improve enzymes' activity, stability, and 

selectivity. 

Materials and Methods: Activity, optimum temperature, optimum pH, and thermal stability 

of B. subtilis α-amylase were investigated in the presence of 1-ethyl-3-methylimidazolium 
acetate. Structural changes in the presence of [EMIm][Ac] were examined using intrinsic 

fluorescence spectroscopy. 

Results: The activity of α-amylase and Vm increased in the presence of 0.4 M of [EMIm][Ac] 
while Km decreased. The optimum temperature and pH did not change in the presence of 

[EMIm][Ac] compared to its absence. At 40 and 50 °C, the inactivation rate of α-amylase in 

the presence of both concentrations of 0.4 and 1 M of [EMIm][Ac] is the same as in its 
absence. However, the rate of inactivation at 60 and 70 °C is higher than that in the absence 

of [EMIm][Ac]. The results of intrinsic fluorescence spectroscopy confirmed the structural 

changes in the presence of [EMIm][AC]. 

Conclusion: [EMIm][Ac] can be used to increase the activity of B. subtilis α-amylase without 

affecting the optimal temperature and pH parameters. Moreover, [EMIm][Ac] relatively 

improves the thermal stability of the α-amylase. 
 
Keywords: Activity, α-amylase, Bacillus subtilis, Ionic liquids, 1-Ethyl-3-

methyLimidazolium acetate, Stability, Structure. 
 

 

1. Introduction 

-Amylases catalyze the hydrolysis 

reaction of α-1,4-glycosidic bonds of 

starch and produce a variety of products 

such as dextrin, smaller oligosaccharides, 

maltose, and glucose [1]. Since starch is known as one 

of the most abundant polysaccharides in nature, it is 

widely used as a raw material in various industries 

such as the food industry, high fructose corn syrup 

(HFCS), ethanol, and paper production. One of the 

most important and widely used enzymes in the starch 

processing industries is α-amylase, which accounts for 

approximately 25% of the total industrial enzyme 

market [2]. Since the liquefaction and saccharification 

steps in the starch biodegradation process are 

performed at relatively high temperatures and acidic 

pH, α-amylases used in these industries must be 

compatible with this condition [3]. To increase the 

efficiency of starch processing processes, extensive 

research has been conducted over the past decade to 

explore α-amylase with the desired properties. Various 

α 

Archives of Advances 

in Biosciences 
 

https://journals.sbmu.ac.ir/aab/article/view/38397
mailto:ebrahimi@iauvaramin.ac.ir
https://orcid.org/0000-0001-9306-2320
https://orcid.org/0000-0001-7656-3879
https://creativecommons.org/licenses/by-nc/4.0


                Farahmand Rad R and Ebrahimi M 

                       

AAB, 2022; 13:E38397 

 

2 

Archives of Advances 

in Biosciences 
 amylases have been isolated from plants, animals, and 

microorganisms, but most of them do not have the 

characteristics required for use in industrial processes. 

As a result, only a small number of discovered amylase 

have reached the commercial scale [4]. Best sources 

for the production of commercial amylase include B. 

subtilis, A. niger, A. oryzae, and B. licheniformis [5].  

Since most wild-type enzymes do not have 

appropriate characteristics for industrial processes, 

enzyme engineering approaches have been deployed 

to improve the characteristics of existing enzymes. In 

recent years, the use of ionic liquids (ILs) as additives 

or co-solvents in the enzymatic reaction medium has 

attracted enormous interest [6, 7]. Ionic liquids are 

solvents that only consist of cations and anions. These 

solvents have unique properties such as melting point 

of less than 100 °C, non-flammable temperature, high 

solvent capacity, and chemical stability as well as 

ionic conductivity, recyclability, and reusability [8, 9]. 

Since these properties can be changed by combining 

different cations and anions, ionic liquids are also 

known as "designer solvents" [10]. In addition, studies 

have shown that the stability of biomolecules increases 

in the presence of ionic liquids. These benefits have 

led to the use of ionic liquids as alternatives to 

conventional organic solvents to improve the 

efficiency of existing processes [11].  

To date, a variety of ionic liquids have been produced 

from a combination of different cations and anions and 

have been used in enzymatic catalysis as a solvent or 

additive. These ionic liquids can be miscible, partially 

miscible, or immiscible with water, and most of them 

affect the activity of enzymes [12]. Moreover, it has 

been shown that the solubility of carbohydrates with 

sucrose, lactose, cellulose, glucose, cyclodextrin, and 

alcohol groups in ionic liquids is higher than that in 

conventional organic solvents [13]. The reason is the 

formation of hydrogen bonds between the anions of 

these ionic liquids and carbohydrates, which facilitates 

the dissolution and conversion of these compounds 

into products through enzymatic reactions [14].  

Although numerous studies have been conducted to 

appreciate the mechanism of protein denaturation in 

the presence of ionic liquids, there is still no general 

rule in this regard. For this reason, the activity and 

stability of enzymes in the presence of ILs are still 

being studied and are considered as one of the 

attractive strands of research. In this study, the 

activity, stability, and structural changes of α-amylase 

from Bacillus subtilis in the presence of 1-Ethyl-3-

methylimidazolium acetate ([EMIm][Ac]) were 

investigated. 

2. Materials and Methods  
 
Materials 

B. subtilis α-amylase and 3, 5-Dinitrosalicylic acid 

(DNS) were purchased from Sigma. Starch and 

[EMIm][Ac] were purchased from Aldrich. All 

chemicals were analytical grades. Double distilled 

water was used to prepare the required solutions and 

buffers. The chemical structure of [EMIm][Ac] is 

shown in Figure 1. 

 

Figure 1. The chemical structure of [EMIm][Ac] ionic 
liquid 

Determination of the activity parameters of B. 

subtilis α-amylase activity assay was performed 

according to the Miller method [15]. In this method, 

sugars produced from starch hydrolysis reduce DNS 

to 3-amino-5-nitrosalicylic acid, which has a light 

absorption at a wavelength of 540 nm. The starch 

solution was prepared by dissolving 1% w/v starch in 

20 mM sodium phosphate buffer with 6.7 mM 

sodium chloride (pH 6.9). To perform this procedure, 

0.5 ml of α-amylase (1 unit/ml) in the presence or 

absence of ionic liquid was added to 1 ml of starch 

solution. The reaction solution was incubated for 15 

minutes at 20 °C.  

DNS solution was prepared by desolvation of 3,5-

dinitrosalicylic acid (96 mM) and sodium-potassium 

tartrate (5.3 M) in water. Then, 1 ml of DNS solution 

was added to the reaction solution. The reaction was 

stopped by incubating reaction solution in a boiling 

water bath for 15 minutes. And then it was placed on 

ice for 10 minutes. The light absorption of the solution 

was recorded at 540 nm. The same volume of distilled 

water without enzyme was used as the blank solution. 

One unit of α-amylase activity was defined as the 

amount of enzyme that releases 1 mM of reducing 

sugars (with maltose as standard) per minute under 
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specified assay conditions.The α-amylase activity was 

measured in the presence of [emim][Ac] (1 and 0.4 M) 

and its absence in different concentrations of starch 

(from 2 to 10 mg/ml). Lineweaver-Burk diagrams 

were drawn and Km and Vm were determined by 

extrapolating the line at different concentrations of 

ionic liquid. 

To determine the optimum temperature, the α-

amylase (in the presence or absence of ionic liquid) 

and starch solution were incubated separately for 5 

minutes at 25 to 80 °C (5 °C intervals) and then the 

enzyme activity was measured. 

To determine the optimal pH, α-amylase solution (in 

the presence and absence of ionic liquid) was prepared 

in glycine-HCl, sodium-citrate, sodium-acetate, 

sodium-phosphate, and Tris-HCl buffers with pH from 

3 to 10 (0.5 unit intervals). Then, the enzymatic 

activity of the α-amylase solution was determined. 

Thermal inactivation 

The α-amylase solution was measured in the 

presence of [emim][Ac] (0.4 and 1 M) and in its 

absence at 40, 50, 60, and 70 °C at 5, 10, 15, and 20 

minutes. Residual activity versus time diagram was 

used to compare the thermal denaturation status of the 

enzyme. 

Fluoresce spectroscopy 

The α-amylase solution (0.1 mg/ml) was incubated in 

the presence of ionic liquid (0.2, 0.4, and 1 M) and its 

absence for 5 minutes at room temperature. Excitation 

was then performed at 295 nm using a Perkin-Elmer 

fluorescence spectrophotometer (USA). Light 

emission was then recorded in the range of 300 to 400 

nm. Both excitation and emission slit were set at 5 nm. 

An enzyme-free solution of each ionic liquid 

concentration was used as a blank to remove the 

fluorescent effects of the imidazolium ring in 

[EMIm][Lac]. The emission of each sample was 

subtracted from the blank and the result was employed 

for emission spectra. 

3. Results 

 
Effect of [EMIm][Ac] on α-amylase activity 

The activity of B. subtilis α-amylase in the presence 

of different concentrations of [EMIm][Ac] is shown in 

Figure 2. According to this graph, the highest α-

amylase activity is obtained at a concentration of 0.4 

M [EMIm][Ac], while the lowest activity is obtained 

at a concentration of 0.8 M [EMIm][Ac].  

Effect of [EMIm][Ac] on Km and Vm of a-
amylase  

To determine the Km and Vm parameters, B. subtilis 

α-amylase activity was measured at different 

concentrations of starch in the presence and absence of 

[EMIm][Ac], and a Lineweaver-Burk diagram was 

drawn (Figure 3). By extrapolating the line obtained in 

this diagram, the values of Km and Vm parameters 

were determined. The results are shown in the 

following Table 1. According to these results, Vm of 

B. subtilis α-amylase increased in the presence of both 

ionic concentrations [EMIm][Ac]. However, the Km 

values of this enzyme in the presence of both 

concentrations [EMIm][Ac] decreased compared to its 

absence. In addition, both Vm and Km parameters in 

the presence of one molar concentration [EMIm][Ac] 

increased relative to the 0.4 M concentration.  

 
                                               Figure 2. a-amylase relative activity in presence of [EMIm][Ac] 
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Figure 3. The Lineweaver-Burk plot of B. subtilis α-amylase in the presence (0.4 and 1 M) and absence of [emim][Ac] 

 

Table 1. Vm and Km of B. subtilis α-amylase. 
 

without IL 0.4 M [emim][Ac] 1 M [emim][Ac] 

Vm 21.60±0.013 23.04±0.35 32.36±0.054 
Km 0.024±0.004 0.004±0.0004 0.006±0.0006 

Optimum pH and temperature  

The optimal temperature and pH factors of α-

amylases are of great importance in the starch 

processing industry. B. subtilis α-amylase activity in 

the presence of [EMIm][Ac] and its absence at 

different pHs are shown in Figure 4. Based on the 

results, the highest α-amylase activity was determined 

in the presence and absence of [EMIm][Ac] at pH 7.5.  

Figure 5 shows the α-amylase activity at different 

temperatures in the absence and presence of 

[EMIm][Ac]. According to the obtained results, the 

highest α-amylase activity was determined in the 

absence and the presence of [EMIm][Ac] at 40 °C. α-

Amylase activity decreases to 80% in the absence of 

[EMIm][Ac] at 45 °C. However, α-amylase activity in 

the presence of [EMIm][Ac] gradually decreases from 

45 to 55 °C, so that at 55 °C, the activity of the enzyme 

decreases to 80%. Therefore, it can be stated that in the 

presence of [EMIm][Ac], the optimal temperature of 

α-amylase is similar to that of the enzyme without 

ionic liquid, but the activity of the enzyme in the 

presence of [EMIm][Ac] decreased slightly at 45 and 

50 °C. In the absence of ionicliquid, a sharp decrease 

is observed. 

 

Thermal stability 

One of the most important applications of ionic 

liquids in the field of biotransformation is to improve 

the temperature stability of enzymes. Other 

advantages of using ionic liquids in biotrans-

formation include ease of preparation, improved 

enzyme solubility in the reaction medium, and cost-

effectiveness [26].  

In the present study, the stability of α-amylase 

enzyme in the presence of two concentrations of 0.4 

and 1 M [EMIm][Ac] and also in its absence at 

temperatures of 40, 50, 60, and 70 °C at 5, 10, 15 and 

20 minutes were evaluated (Figure 6). The slope of 

the line obtained in each case indicates the rate of 

inactivation of the enzyme. The rate of inactivation at 40 

and 50 °C in the presence of both 0.4 and 1 M 

[EMIm][Ac] is similar to its absence. While the rate of 

inactivation in the presence of both concentrations of 

[EMIm][Ac] is higher than in its absence at 60 and 70 °C.  

Intrinsic fluorescence spectroscopy 
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Fluorescence spectroscopy is a common method for studying structural changes, folding/unfolding status, 

and binding of a substrate or ligand to proteins [37]. 

This technique can be used both intrinsically and 

externally, but intrinsic fluorescence is a priority in 

the study of proteins. In intrinsic fluorescence, 

without the use of external fluorescence compounds, 
 

 
                    Figure 4. The activity of α-amylase at different pH in the presence and absence of [emim][Ac] 

 

 
                          Figure 5. The α-amylase activity at different temperatures in the presence and absence of [EMIm][Ac] 
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Figure 6. Thermal inactivation of α-amylase in the absence (●) and presence of 0.4 M of [EMIm][Ac] at 40 (A), 50 (B), 60 (C), and 70 °C (D) 

 
the fluorescence capability of the amino acids 

phenylalanine, tyrosine, and tryptophan is used to 

study structural changes in proteins. In the 

meantime, the amino acid tryptophan is more useful 

due to its longer excitation and diffusion 

wavelengths (in the range close to UV) as well as 

longer diffusion times. Tryptophan λmax depends on 

its microenvironment as well as solvent exposure 

[38]. Accordingly, in the present study, the structural 

changes of α-amylase in the presence of 

[EMIm][Ac] were investigated using the intrinsic 

fluorescence of the tryptophan (Figure 7). 

The λmax changed from 330-350 nm in the absence of 

[EMIm][Ac] to the range of 430-450 nm and led to the 

creation of another peak in the range of 570-580 nm in  

 
                                         Figure 7. Fluorescence spectra of α-amylase with and without [EMIm][Ac] 

0

50

100

150

200

250

300

350

400

450

500

300 350 400 450 500 550 600

In
te

n
si

ty
 (

a.
u

.)

Wavelenght (nm)

0.2 M [EMIm][Ac]
0.4 M [EMIm][Ac]
1 M [EMIm][Ac]
without



The Effect of 1-Ethyl-3-methylimidazolium Acetate Ionic Liquid  

 

Archives of Advances 

in Biosciences 

AAB, 2022; 13:E38397 

 

7 

 

the presence of ionic liquid. Thus, a redshift in the 

tryptophan wavelength occurred in the presence of ionic 

liquid. A redshift in the fluorescence spectrum occurs 

when tryptophan is transferred from a non-polar medium 

to a polar medium [39]. In the absence of [EMIm][Ac], 

thus, tryptophan is located inside an α-amylase structure 

and away from the polar environment. In the presence of 

[EMIm][Ac], due to the induction of structural changes 

in the enzyme, tryptophan is transferred to the vicinity of 

water molecules, which increases wavelength, i.e., a 

redshift occurred. Sequence analysis revealed that 

there were a total of 12 tryptophan amino acids (Figure 

8 A), 4 of which (W14, W144, W191, and W287) were 

buried inside the structure (Figure 8 B). Therefore, 

structural changes due to the presence of [EMIm][Ac] 

can change the position of these four residues to 

surface areas resulting in the observed changes in the 

fluorescence spectrum.

 
Figure 8. (A) The amino acid sequence of α-amylase from B. subtilis (PDB=1UA7). (B) The related natural 3D structure of B. subtilis α-
amylase. Tryptophan residues represented in pink 

 

4. Discussion 

The activity of most enzymes in a mixture of ionic 

liquids and aqueous solvents decreases with an 

increase in ionic liquid concentration [16-19]. In this 

study, the activity of B. subtilis α-amylase was 

decreased with increase in concentration of 

[EMIm][Ac]. Results of our previous study showed 

that the activity of A. oryzae a-amylase decreased in 

the presence of [EMIm][Lac] with the lowest activity 

at  0.8 M [20]. Sate et al (2007) reported a similar 

effect of different ionic liquids on different enzymes. 

Candida antarctica lipase activity decreased in the 

presence of ionic liquids [emim][EtOSO3], 

[emim][NO3], and [emim][N(CN)2] due to enzyme 

aggregation in the presence of ionic liquids [21]. 

However, the activity of the luciferase enzyme 

decreased in the presence of [TMG][Ac], [TMG][Pro] 

but increased in the presence of [TMG][Lac] [17, 21, 

22]. Therefore, it is important to evaluate the activity 

of each enzyme in the presence of ionic liquids. 

Acetate anion (OAc−) in ionic liquid forms hydrogen 

bonds with carbohydrates, including starch, and 

therefore its solubility in water increases. At the same 

time, the acetate anion forms strong hydrogen bonds 

with the enzyme molecule and makes the enzyme 

denatured [6]. Therefore, a decrement in B. subtilis a-

amylase activity can be due to the formation of 

hydrogen bonds by the acetate anion and thus its 

denaturation.  

The results of Vm and Km measurement indicate that 
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 the solubility of starch increases in the presence of 

[EMIm][Ac] and thus the availability of α-amylase 

enzyme to starch also increases. However, according 

to the results reported by Akhavan et al. (2020), Km 

of α-amylase increases in the presence of 

[EMIm][Lac] while Vm decreases [20]. The presence 

of a higher hydroxyl group in lactate anion compared 

to acetate makes lactate anion more capable of 

forming hydrogen bonds and thus dissolving starch. 

However, this [EMIm][Lac] property can inactivate 

the α-amylase enzyme, resulting in a decrease in Vm 

in the presence of [EMIm][Lac]. Similar effects have 

been reported in other studies. Ebrahimi et al. (2012), 

reported an increase in the activity of luciferase 

enzyme in the presence of lactate anion but a decrease 

in the presence of propionate anion. However, the Km 

of luciferase enzyme in the presence of lactate anion is 

slightly higher than that of propionate anion in the 

absence of ionic liquid. Therefore, increasing the 

ability of hydrogen bond formation by ions of ionic 

liquids and thus increasing the dissolution of 

substrates can weaken the structure and activity of the 

enzyme while interfering with the natural patterns of 

hydrogen bonding. 

Investigation of optimum pH in the presence of 

[EMIm][Ac] was shown no change. A change in pH, 

changes the ionization state of the ionizable side chain 

of the amino acid residues in the proteins. This change 

can weaken or strengthen the natural structure of the 

protein by affecting the electrostatic interactions 

involved in the formation of the natural structure of the 

protein. In addition, altering the ionization states of 

amino acid residues at the active site of the enzyme 

can alter enzyme activity. Thus, pH, or put differently 

the concentration of protons in solution, can act as an 

activator or inhibitor of enzyme activity [23]. Ionic 

liquids alter the microenvironment around the residues 

of the active site of the enzyme through dehydration 

mechanisms, columbic interactions, and hydrogen 

bonds. As a result, the optimal pH of the enzyme 

changes with the change in pKa of the groups 

participating in the reaction [24, 25]. 

The optimum temperature of B. subtilis α-amylase 

was not improved in the presence of [EMIm][Ac]. The 

similar result was reported in the presence of 

[EMIm][Lac] [20]. According to these results, it can 

be stated that the decrease of hydrogen bond 

formation capacity in acetate anion (due to the 

absence of hydroxyl group) compared to lactate 

anion has improved enzyme performance at higher 

temperatures. 

Although the effect of ionic liquids on the stability 

of all enzymes is not the same, the results of several 

studies show that in most cases ionic liquids have 

improved the thermal stability of proteins [17, 22, 27-

36]. According to the thermal stability investigation, 

0.4 M concentration of [EMIm][Ac] was not improve 

thermal stability of B. subtilis α-amylase. While 

according to the results reported by Akhavan et al. 

(2020), [EMIm][Lac] does not affect the inactivation 

rate of α-amylase at 40 and 50 °C, and only at 60 °C, 

the rate of α-amylase inactivation decreases. The 

reason for these differences, in addition to the 

presence of different anions, may be due to 

differences in the amino acid composition and 

structure of the enzymes studied. Therefore, in 

evaluating the function of proteins in ionic liquids, it 

is necessary to pay attention to their structural and 

functional properties to select the appropriate 

combination of cation and anion to achieve the 

desired goal [31]. 

5. Conclusion 

Based on the results obtained in the present study, the 

presence of [EMIm][Ac] as a co-solvent causes 

structural changes in B. subtilis α-amylase. These 

structural changes increase its activity without 

affecting the optimal temperature and pH parameters, 

as well as by improving the thermal stability of the α-

amylase. 
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