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ABSTRACT 
 
 Alpha-amylase is widely used as an industrial enzyme, and a therapeutic target for which inhibitors are designed. Organic 
solvents are used to dissolve various compounds that would be studied as moderators of alpha-amylases, but they could 
themselves affect enzyme activity and stability. Methanol, ethanol and propanol are simple alcohols that may be commonly 
used to this end, and their effect has been investigated on the activity and stability of Bacillus amyloliquefaciens alpha 
amylase (BAA) enzyme. All three compounds were found to reversibly inhibit BAA, with methanol decreasing the binding 
affinity of substrate to BAA, and ethanol and propanol showing mixed type of inhibition. A docking experiment suggests the 
existence of a common binding site for the three alcohols. The proposed site is located near to one calcium binding site of the 
enzyme, a fact that correlates with the reduced thermal stability of BAA in presence of all three alcohols. In conclusion, the 
dose dependent inhibition of these solvents should be taken into account when studying the effect of moderators.  
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INTRODUCTION 
 
 Organic solvents are used in the study of enzymatic 
reactions or in industrial processes, either as enzyme 
medium or to dissolve moderators whose effects are to be 
tested on an enzyme activity. These solvents may interfere 
in enzymatic reactions [1], and the ratio of water to organic 
solvents is an important factor when it comes to assess 
enzyme activity [1,2]. Most studies focus on enzyme-
catalyzed reactions in presence of low water content, but 
such interferences may still be detected at high aqueous 
content with organic solvents of various concentrations [3]. 
 Alpha-amylases (EC 3.2.1.1) hydrolyze alpha (1-4) 
endo-glycosidic bonds in starch and related compounds [4] 
and belong to the glycosyl hydrolases family 13 [5]. These 
enzymes  are  widely used in  different  processes  including  
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food, detergent, textile, and paper industry [6,7].  They have 
low similarity at sequence level but share a common central 
(α/β)8  barrel  which  contains  the catalytic  residues  [8-10]. 
Thermostabilization [11] and inhibition [12] are two of the 
important research topics related to alpha-amylases. 
Inhibitors have been a matter of interest for years because 
they may have a role in controlling blood sugar levels and 
be effective in diseases such as diabetes and related 
metabolic disorders [13]. There are rare reports about the 
impact of organic solvents on these enzymes; in one study, 
ethanol has been reported to decrease activity in a  
halophilic alpha-amylase [14].  
 Some additives may also affect alpha-amylase activity. 
In a report by Yoon and Robyt, triton-X-100, polyethylene 
glycol (PEG) and poly vinyl alcohol (PVA) were tested at 
various concentrations on alpha-amylases from different 
sources and found to have activator and stabilizator roles 
[15]. Chloride ion was the first allosteric activator reported 
for  this  enzyme  [16]  after what more studies were done to  
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clarify  the  details of this activation mechanism  [17] and to 
find substituent compounds for chloride ion [18]. Recently, 
xanthine derivatives were observed to increase enzyme 
activity in a non-dose-dependent manner [19] and a 
chalcone  derivative,   neohesperidin  dihydrochalcone,  was  
reported as a non-essential activator of bacterial, fungal and 
mammalian alpha-amylase [20,21]. Due to the key role of 
this enzyme in the control of blood sugar level [13,20], most 
reports in literature concern the inhibitors of these enzymes. 
Proteinous and non-proteinous compounds acting by 
various mechanisms have been investigated in detail [13,22-
25]. Flavonoids have been reported as promising inhibitors 
of this enzyme [26,27]and found to interact with active site 
residues [28]. Similarly, flavonoids precursor trans-chalcone 
is an inhibitor of mammalian amylase, and suggested to 
interact with the enzyme active site via pi-pi interaction 
[29]. Other studies have also reported the effect of plant 
extracts from which compounds other than flavonoids have 
been isolated and further studied [30,31]. Finally, natural 
compounds of microbial origin have been recently 
characterized asamylase inhibitors [32,33].    
 Propanol (C3H8O), ethanol (C2H6O) and methanol 
(CH4O) are three primary alcohols that are used to solvate 
polar substances. To our knowledge, except for the pre-
mentioned article on a halophilic amylase [14] , no report 
has been made on the effect of primary alcohol on alpha 
amylase. Since these solvents may be used during screening 
of alpha amylase moderators, this study was performed to 
investigate their potential effect on alpha-amylase activity 
and stability.  
 
MATERIALS AND METHODS 
 
Materials 
 Bacillus amyloliquefaciens alpha-amylase (BAA) and 
3,5-dinitrobenzoic acid (DNS) were purchased from Sigma 
(St. Louis, MO, USA); 1-Propanol was obtained from 
Scharlau (Scharlab S.L, Barcelona, Spain). Soluble starch, 
maltose and other chemicals were obtained from Merck 
(Darmstadt, Germany). 
 
Methods 
 Enzyme assay. Potential effects of the moderators were 
tested on BAA activity by applying Bernfeld method [34]. 
Assays   were   performed   in   phosphate  buffer  (a  mixed  

 
 
solution of 100 mM K2HPO4 and 50 mM NaCl with pH 7.5 
± 0.01). BAA activity was 1.92 (IU/ml) in presence of 
1.25% (w/v) starch as the substrate. Various concentrations 
of methanol, ethanol and propanol were incubated with the 
enzyme at 25 °C and after gently being stirred for 10 min, 
activity was detected by a Shimadzu UV-1800 
spectrophotometer and activities were calculated by the UV-
Probe software. The results were reported as apercentage of 
the control sample activity (activity in absence of the 
solvents). All tests were repeated at least three times to 
ensure reproducibility.  
Kinetic analysis was performed based on Lineweaver-Burk 
(L-B) equation: 
 
 1/V1 = (Km'/Vmax') × 1/[S] + 1/Vmax'                      (1) 
 
Km’ stands for Michaelis constant in presence of effectors, 
V1 for velocity in presence of the inhibitor and Vmax’ for 
maximum velocity in presence of each mediator, [S] shows 
substrate concentration [35-37]. α and β values are defined, 
respectively, as the magnitude of interaction between 
substrate and moderator binding site and magnitude of 
catalytic constant. These calculations were obtained based 
on the liberalizing methods [37-39].  
 Heat-Stability experiments. In order to investigate the 
possible changes in the enzyme stability in presence of the 
solvents, based on previous experiments [21], a temperature 
of 50 °C was chosen. For each compound, the concentration 
that reduced enzyme activity to 50% of the control sample 
activity was picked up to perform the test. Sampling 
intervals were set on every 5 min and immediately after 
sampling, tubes were transferred to ice, incubated for 30 
min, and tested for remaining activity. For each set of the 
tests, two controls (heat exposed and unexposed control) 
were applied. Activities were measured by before-
mentioned methods and reported as a percentage of 
unheated control. 
 Docking experiments. Auto dock vina was used for 
docking experiment [40]. The 3BH4.pbd file for BAA 
(www.pdb.org/) was first processed by the use of MOE 
2012.10 (Chemical Computing Group Inc., Montreal, 
Canada). After deletion of the additional molecules alpha-
amylase and adjustment of the protonation state of the 
structure for neutral pH, BAA grid box of 68  62  78 
points with a spacing 1.0 A° was defined while the grid  box  
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center was put on x = 71.252, y = 28.59 and z = 28.365. 
Ligands  were  designed and minimized by the use of  MOE  
2012.10 for the docking process. Gasteiger charges were 
assigned to protein and ligand molecules. Exhaustiveness 
was set on 20 and a computer with eight processors was 
utilized for the computation. One hundred poses were 
generated for each solvent and images were prepared with 
MOE 2012.10.  
Ki of each solvent was calculated based on binding affinity, 
by applying this equation: 
 
 ΔG = RTlnKi 
 
Where ΔG is representative for binding affinity free energy 
(kcal mol-1), R the gas constant, 1.99 kcal Kmol-1 and T is 
temperature in Kelvin, and Ki is the inhibition constant.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
RESULTS AND DISCUSSION 
 
Methanol, Ethanol and Propanol Inhibition of BAA  
 Bernfeld method [34] was applied to detect possible 
changes in BAA activity in presence of the three alcoholic 
solvents at various concentrations. Concentrations from 0.3-
1545 µM of methanol were used. As shown in Fig. 1A, 
activity decreased alongside with an increase in 
concentration so that in presence of 1545 µM of methanol 
only 7 percent of the activity was retained. Such dose-
dependent activity reduction was also observed for the two 
other solvents; ethanol (Fig. 1B) in a range of 0.038-1072 
µM gradually decreased BAA activity down to 13%, while 
in a range of 0.03-819 µM of propanol, the activity  reduced 
almost regularly so that finally only 7 percents was left in 
presence of 819 (µM) of the solvent (Fig. 1C). Therefore, all 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1. Changes in activity (as a percentage of the sample control activity) (ordinate) are plotted against different  

                concentrations of each solvent (abscissa); (A) methanol (B) ethanol and (C) propanol. 
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three solvents were considered as inhibitors of BAA; it is 
interesting to note that the more hydrophobic propanol was 
able to inhibit the enzyme at a lower concentration. 
  Reversible inhibition is easily reversed by dialysis or 
dilution [37] but in the irreversible type, where usually a 
covalent binding to the enzyme occurs, the effect is 
permanent. To investigate the inhibitory type, different 
concentrations of each solvent were plotted against the 
activity. In case of irreversible inhibition, a linear plot, and 
for reversible type, a non-linear plot is obtained [41]. Figure 
2 shows the results of this test: none of the alcohols showed 
linear plot and all three inhibitors were found to be 
reversible inhibitors. 
 
Kinetic Parameters of Inhibition  
 Kinetic parameters were obtained by L-B plot and 
replot.  Double  reciprocal  plots  for  all  three  solvents  are 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
depicted in Fig. 3. First, (1/V1’) and (Km’/Vmax’) vs. 
concentrations of each compound were plotted to find out if 
the inhibitions would be categorized as linear or non-linear 
type (Supplementary data 1) [38]. As observed in the Fig. 2, 
in all the three compound inhibition types were obtained as 
non-linear ones. 
 Methanol. Concentrations of 15, 139, 386, 759 and 
1545 (µM) of methanol and six concentrations of starch 
ranging between 0.125-1.25% (w/v) were chosen to draw L-
B plot (Fig. 3A). Since L-B secondary plots, slopes and 
intercepts vs. inhibitor concentration were non-linear 
(results not shown) differential method was applied to the 
rate equation to obtain kinetic parameters [38,42]. In this 
method, plotting 1/∆slope and 1/∆Y-intercept vs. reversed 
inhibitor concentration (1/[I]) results in straight lines and 
kinetic parameters are calculated according to the following 
rules: the Y-intercepts of  the  1/∆slope  and  1/∆Y-intercept  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. Investigating the reversibility of the inhibition by each solvent. (A) Methanol, (B) ethanol and (C) propanol.  

    Velocity in each concentration (Y-axis) is plotted against the same concentration of the alcohol (X-axis). 
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vs. (1/[I]), respectively equal to 1/Vmax( β/(1-β)) and 
(Vmax/Km)(β/(α-β))  and the intersection of these two lines 
on abscissa is considered as  (-1/Ki)(β/α).  For methanol, α 
and β values were respectively 2.69 and 0.2 and Ki was 3.7 
(µM) (Supplementary Data 2A). β < 1 < α < ∞ is 
representative for hyperbolic non-competitive inhibition 
[38]. 
 Ethanol. Five concentrations of ethanol (11, 97, 268, 
526 and 1072 µM) were picked up for kinetic analysis in 
presence of four concentrations of the substrate: 0.125%, 
0.375%, 1% and 1.25 % (w/v) (Fig. 3B). Kinetic parameters 
were calculated according the method described for 
methanol. Therefore α and β values were obtained as 
0.00079 and 0.00026,  respectively  and  Ki  equaled  17 µM 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
(Supplementar Data 2B). These data correspond to  0 < β < 
α < 1 which is hyperbolic noncompetitive inhibition [38]. 
 Propanol. Concentrations of 8, 74, 205, 403 and 819 
µM of propanol were tested in presence of different 
concentrations of starch at 0.125%, 0.2%, 1% and 1.25% 
(w/v) (Fig. 3C). Previously-mentioned kinetic analysis 
methods were applied; α and β values were calculated 
respectively as 0.022 and 0.0075. Ki was obtained to be 5.7 
µM (Supplementary Data 2C). Again, the 0 < β < α < 1 
pattern is representative for hyperbolic noncompetitive 
inhibition. 
 Concerning α and β, which are respectively 
representative for the affinity of substrate binding to the 
enzyme and an  expression for catalytic  constant,  methanol  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
    Fig. 3. Lineweaver-Burk Plots  for (A)  methanol, (B) ethanol and (C) propanol. In plot (A),  symbols  are  used  as  
               follows:   control  sample, ■ 15 µM methanol, 139 µM of methanol,  386 µM of methanol, * 759 µM  
              of methanol,  and ● 1545 µM of methanol, in plot (B ):  control sample, ■ 11 µM of ethanol,  97 µM of  
              ethanol,  268 µM of methanol, * 526 µM of ethanol, and ●1072 µM of ethanol  and in plot (C):  control  
              sample, ■ 8 µM of propanol, 74 µM of propanol,  205 µM  of  propanol, * 403  µM  of  propanol,  and 

               ● 819 µM of propanol. 
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value which is α > 1 shows negative cooperativity between 
substrate and inhibitor binding sites: binding of the substrate 
decreases inhibitor binding to the enzyme and vice versa. 
Therefore, it can be concluded that binding of the simplest 
alcohol, methanol, possibly reduces enzyme affinity to 
substrate [37]. On the other hand, deduced kinetic pattern of 
α < 1 for ethanol and propanol represents cooperation 
between substrate and inhibitor binding and mixed type 
inhibition. Finally β < 1 for all three alcohols shows a 
decrease in catalytic constant which is expected for an 
inhibition process [37].  
 
Docking Experiments: Finding the Binding Site of 
the Inhibitors 
 These experiments were performed to obtain more 
information about the putative binding sites and potential 
intermolecular interactions between the BAA protein as the 
receptor and the inhibitors as the ligands. The three alcohols 
were blind-docked on the receptor by the methods 
previously mentioned. Relative to the small size and 
presence of hydroxyl groups on the ligands, several binding 
sites could be found all over the receptor to be potential 
binding sites but most of them did not convey a rational 
explanation for an enzyme-inhibitor model, and had lower 
docking scores too. Consequently, those binding sites were 
selected which corresponded to high-scored ligand poses.  
 A binding pocket found as a common biding site for the 
highest-scored poses of all the three inhibitors is located 
between domains A and B and surrounded by four residues 
of the conserved  calcium binding site G97-A109 and I217-
H235 [43] (Fig. 4).  
 This pocket was formed by hydrophilic and less 
hydrophobic residues. Hydroxyl group of the methanol 
played a role as donor for F152 and as receptor for R145 to 
form two hydrogen bonds (Fig. 5). Hydrophilic interactions 
resulted into ethanol beng embraced by polar residues 
K105, R59, R145, Y59, Y61 (Fig. 6). Four of the highest 
scored poses of propanol were positioned in this pocket. 
Backbone carboxyl group of K60 made a hydrogen bond 
with the hydroxyl group of propanol (only highest scored 
pose is shown here) (Fig. 7). 
 Here too, increase in carbon content of the solvent 
results in better affinity to the enzyme and better  settlement 
in the putative binding  site  because  alongside  with  higher 

 
 
 

 
 

 Fig. 4. Binding  pocket of methanol, ethanol and propanol  
          on  BAA  receptor. Ball  shaped  residues   (in dark  
         green)  are   the   conserved   calcium   binding  site  
          residues. Ca2+ ions are also shown. The binding site  
         of alcoholic solvents is located in  an  area between  
         domain A and B and    is   embraced    by   calcium  

            binding site residues. 
 
 
 

 
 

Fig. 5. Methanol binding site. Hydrogen bounds are formed  
           between hydroxyl group of methanol and  F152  and  
            R145. 

 
 
carbon content in the inhibitor structure, higher scores were 
obtained for docked poses (-2.1 kcal mol-1 for methanol,      
-2.8  kcal mol-1  for ethanol  and  -3.4 kcal mol-1  in the  same 
location for propanol). Theoretical Ki  values  calculated for 
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Fig. 6. Ethanol binding site. Ethanol was embraced in a  
           pocket  formed  mostly of polar residues; K105,  

                R59, R145, Y59, Y61. 
 
 
 

 
 

Fig. 7. Propanol binding site. A hydrogen bond formed with  
            K60 is shown. 
 
 
the binding affinities of methanol, ethanol and propanol 
were obtained equally at approximately 1 M. This result 
may be due to the slight difference found in binding 
energies of the ligands, which is related to the small size of 
the compounds and the multiplicity of putative binding 
sites. It is also interesting to note that excess calcium 
binding could decrease BAA activity spontaneously [44], as 
so, a potential role  of  the  calcium  binding  region  may be 

 
 
 

 
 
  Fig. 8. Enzyme   stability  experiment  results.  Abscissa  is  
             representative   for  the  lost   activity   (activity   of  
              heated   samples   relative  to  those   for   unheated  
              control) and ordinate shows time in min. [C:control  
              sample, M , E and P respectively stand for  samples  

       in presence of methanol, ethanol and propanol]. 
 

 
suggested in the inhibitory action of the compounds.  

 
Enzyme Stability in Presence of the Inhibitors 
 The calcium binding region plays an essential role in 
BAA stability [45,46], and the predicted docked poses of 
the ligands are located close to some calcium binding 
residues. Enzyme stability tests were thus done to possibly 
provide further evidence about the putative binding site. As 
it was previously mentioned, experiments were performed 
at 50 °C and in 5 min intervals in presence of the inhibitors 
at concentrations that could reduce activity to 50% of the 
control sample activity. Results are depicted in Fig. 8 which 
shows that exposure to heat for 20 min resulted in no 
enzyme activity in presence of all solvents but control 
sample still retained 10 percent activity. After 25 min 
exposure to heat, the control sample was completely 
inactivated. As observed in Fig. 8, after 10 min, the rate of 
inactivation in control is lower than inhibitor samples. 
Figure 4 depicts the binding domain of the solvents which is 
close to one of the calcium binding regions in BAA [43]. 
Upon binding of calcium ion to the  enzymes  structure,  the 
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content of α-helices changes and removal of calcium bound 
from the BAA structure can lead to conformational changes 
in BAA structure [45]. Binding of the solvents close to the 
calcium binding region may induce electrostatic changes in 
this area, and affect heat-stability of the enzyme in presence 
of these compounds.  
 Simple alcohols, especially methanol and propanol, are 
frequently used to solubilize compounds whose effects 
would be further tested on enzyme activity, and possible 
unwanted effects of such solvents on the activity could be a 
concern. Various reports exist about the interferences of the 
solvents in enzyme-catalyzed reaction process [47]. In some 
cases, they stabilize the enzyme structure or improve the 
catalysis process [48,49], and in others they may have 
negative impact on the process [50]. For alpha-amylases, 
there are few studies about the experimental 
microenvironment affecting the enzyme activity or stability. 
Tris buffer was found to be a competitive inhibitor of the 
Bacillus licheniformis alpha-amylase (BLA) [51]. In one 
case, ethanol was reported to inhibit a halophilic alpha-
amylase [14], but we found no report about the effect of 
primary alcohols on bacterial alpha-amylase.  
 In conclusion, the current study shows the ability of 
primary alcohols to inhibit bacillus alpha-amylase in a 
noncompetitive way and may therefore interfere with the 
binding of other compounds to the enzyme; as so, these 
must be used with caution at higher concentrations. Further 
experiments are suggested to be performed to find out about 
such effects on the other members of family 13 hydrolases.  
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