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Abstract 

Serine proteases are a large group of digestive enzymes and are found in many different 

organisms. Their catalytic ability is to hydrolyse the peptide bond between amino acids. The 

aim with this project was to examine the inhibition of two different serine proteases; α-

chymotrypsin with aprotinin inhibitor and elastase with potato serine protease inhibitor. This 

was done using end point kinetics and under the assumption that the enzymes followed the 

Michaelis-Menten model. The experimental results did not show that elastase was inhibited 

by a potato serine protease inhibitor purified from potatoes (Solanum tuberosum). α-

Chymotrypsin was inhibited by aprotinin. The potato serine protease inhibitor that was tested 

is interesting because it is has shown effect on reducing cancer and tumour growth. Serine 

proteases are involved with rashes and are used by microbial pathogens to break down tissues 

which spreads the infection faster and creates great damage to the body if not stopped. 

Inhibition of these enzymes would disarm the microbes and give more time for treatments 

against infections. The conclusion drawn from the experiments were that the potato inhibitor 

did not inhibit the elastase and aprotinin inhibited α-chymotrypsin.  
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Abbreviations 

[E]- Enzyme concentration 

[S]- Substrate concentration 

[I]- Inhibitor concentration  

BTEE- N-Benzoyl-L-tyrosine ethyl ester 

1 Introduction 

Enzymes are an important part of most aspects of life and have a huge chemical significance. 

Enzyme catalyzed reactions stretches over almost all organic chemical reactions and it is 

therefore of great importance to gain more knowledge of enzymatic activities. This project 

looks deeper at the kinetic properties of two different serine proteases. The serine proteases α-

chymotrypsin and elastase are pancreatic enzymes with the task of degrading proteins (Di 

Cera 2009). These proteases have an important role in the digestion, but could start to digest 

living tissue. If the enzymes end up at the wrong place they can produce rashes and other skin 

problems on the exposed areas. Serine proteases are also used by pathogens to degrade living 

tissue, which can degrade tissue in an infected wound and spread the infection faster and 

further. If these enzymes can be inhibited efficiently it is possible to disarm the degrading 

enzymes and deactivate them. To do so it is important to find ways to measure the kinetic 

behaviour and it is crucial to understand and inhibit the harmful digestion of proteins. This 

knowledge could have an important medical role. The potato serine protease inhibitor that 

was tested has showed effect on reducing cancer and tumour growth.  

The aim with this project was to gain more knowledge of serine protease inhibition and in 

particular elastase and α-chymotrypsin inhibition it was also desired to create a base for 

further studies of serine proteases and their inhibition and for experiments with immobilized 

inhibitors.   

2 Background 

2.1 Enzymes 
 

Enzymes are biocatalytic macromolecules with the ability to lower the activation energy for a 

chemical reaction without being consumed. Enzymes are able to perform this catalysis by 

taking a form that fits tight with the reactions transition state. Almost all enzymes are proteins 

and consists of amino acids. There are six different classes of enzymes, the enzymes used for 

the experiments described in this report will focus on a subgroup of hydrolases (Nelson & 

Cox 2008). Hydrolases are enzymes that cleaves bonds with the addition of water. One group 

of hydrolases are proteases which catalyse the breakdown of peptide bonds between amino 

acids (Di Cera 2009).  
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2.2 Serine proteases 
 

Serine proteases are a special group of proteases and are represented in digestive pancreatic 

enzymes. This group makes up approximately one third of all proteases and share  similar 

amino acid sequence with each other. The reason that they are called serine proteases is 

because there is a nucleophile serine that attacks the carbonyl in the peptide bond and forms a 

transition state intermediate before cleaving of the peptide (Di Cera 2009). 

 

2.3 α-chymotrypsin 
 

α-Chymotrypsin is a serine protease that has much sequence similarity to trypsin which is 

another serine protease.α-Chymotrypsin prefers aromatic amino acid residues in its binding 

pocket and therefore cleaves substrates at the sites where aromatic residues like 

phenylalanine, tryptophan, tyrosine and histidine are present (Ma et al. 2005). The substrate 

used for measuring kinetics on α-chymotrypsin is called N-Benzoyl-L-tyrosine ethyl ester and 

is hydrolysed into N-Benzoyl-L-tyrosine and ethanol. The reaction is shown in Figure 1. 
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Figure 1: Structural reaction scheme for N-Benzoyl-L-tyrosine ethyl ester which is hydrolysed into N-Benzoyl-L-tyrosine and 

ethanol. The reaction is catalyzed by α-chymotrypsin. 

 

2.4 Elastase 
 

Elastase is a serine protease that catalyses the hydrolysis of elastin which is an elastic 

structural protein that is very common in different tissues including skin (Weiss et al. 2016). 

Elastase consists of 241 amino acids (Faller et al. 1990). One of the reasons to study elastase 

kinetics and behaviour is that it is a very powerful enzyme with the ability of breaking down 

many parts of the extracellular matrix in the body such as different types of collagen, 

proteoglycans and elastin (Baici et al. 1990). The substrate used for measuring kinetics on 

elastase is called N-succinyl-Ala-Ala-Ala-p-nitroanilide and is hydrolysed into N-succinyl-

Ala-Ala-Ala and P-nitroanilide.  The reaction is shown in Figure 2. 
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Figure 2: Structural reaction scheme for N-succinyl-Ala-Ala-Ala-p-nitroanilide which is hydrolysed into N-succinyl-Ala-Ala-

Ala and pnitroanilide. The reaction is catalyzed by elastase. 
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2.5 Enzyme kinetics 
 

Enzyme kinetics describes how fast reactions occur when they are catalyzed by enzymes. It is 

of importance to measure the speed and way the reaction is catalyzed to be able to control and 

make reactions more efficient. A simple enzymatic reaction can be described with equation 1     

where enzyme binds substrate and forms an enzyme substrate complex. This complex will 

then split up into free enzyme and product according to equation 2 (Nelson & Cox 2008). 

𝐸 + 𝑆 ⇄   𝐸𝑆       (1) 

𝐸𝑆 ⇄   𝐸 + 𝑃       (2) 

 

2.6 Michaelis-Menten kinetics 
 

Leonore Michaelis and Maude Menten came up with a the idea that the rate limiting step for 

many enzymatic reactions were the breakdown of the enzyme-substrate complex, and from 

that hypothesis they managed to derive an equation which now are called the Michaelis-

Menten equation, (equation 3).vo is the initial velocity and KM is the Michaelis-Menten 

constant. The curve formed from this equation is a saturation curve. This equation can give a 

measurement called Vmax which is a measure of the maximal velocity of the enzyme solution, 

and this occurs when all enzyme is fully saturated with substrate so that no enzyme molecule 

lacks substrate to process. It is also possible to calculate a value called kcat from this equation, 

which is the turnover number and describes the number of reactions that can be catalyzed by a 

single enzyme molecule in a certain amount of time time (Nelson & Cox 2008). 

𝑣0 =
[𝑆]

𝐾𝑀 + [𝑆]
        (3) 

2.7Inhibitors 
 

The free inhibitor investigated for elastase inhibition was potato serine protease inhibitor that 

had already been purified from ordinary potatoes (Solanum tuberosum) and then frozen. It is a 

20.2 kDa protein with one larger and one smaller subunit. It is a very abundant protein in 

potato juice. Potato serine protease inhibitors have shown to  prevent cancer and tumour 

growth (Pouvreau et al. 2005).  

The inhibitor investigated with α-chymotrypsin was aprotinin which is another protease 

inhibitor. Aprotinin is a small 6.5 kDa oval shaped protein that is used as an inhibitor for 

many different enzymes including α-chymotrypsin (Sigma Aldrich, 2018). 

2.8Lambert-Beers law 
 

Lambert-Beers law (equation 4) describes the relationship between the light absorbance in a 

sample (A), path length (l) and concentration (c). ε is the light extinction coefficient which is 

specific for the molecule and wavelength. This equation makes it possible to determine the 

concentration of a certain substance in the sample (Copeland 2000). 

𝐴 = 𝜀𝑐𝑙      (4) 
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3 Method  

 

3.1 Reactants 
 

 0,1M NH4HCO3-buffer. 

 Acetic acid 1M and 0,1M. 

 α-Chymotrypsin Sigma Aldrich product number C4129. 

 Elastase Sigma Aldrich product number E7885. 

 N-Benzoyl-L-tyrosine ethyl ester (BTEE) Sigma Aldrich.  

 N-succinyl-Ala-Ala-Ala-p-nitroanilide Sigma Aldrich. 

 Potato inhibitor. 

 Aprotinin Sigma Aldrich product number A1153. 
 Dimethyl Sulfoxide (DMSO). 

3.2 End point kinetics 
 

To measure the kinetics of the enzymes, end point kinetics was used. It means that instead of 

following the reaction in real time in the spectrophotometer, a reaction is started and samples 

are withdrawn from the reaction and placed in a solution that stops the reaction. The reaction 

tube contained substrate, enzyme and in some cases inhibitors. Everything was solved in a 

buffer solution, the stop solution contained acetic acid. The reaction is started and at 

75,150,225 and 300 a sample was taken out and withdrawn into the acetic acid to denature the 

enzyme and thereby stop the reaction. The samples absorbances were measured and these 

points are plotted as a function of time to create a slope. The reaction solutions contained 

different amounts of substrate and the slopes, corresponding to reaction velocities depends on 

that. The slopes from these measurements were then plotted as a function of the substrate 

concentration [S] to construct a saturation curve. This method is used because it is not 

possible to work in real time when working with immobilized inhibitors, for example 

inhibitors conjugated to gel beads, because they will fall to the bottom. To get a good 

inhibition the tube needs to be continuously agitated to keep the inhibitors in the solution.  

Before the real saturation curve was constructed, preliminary experiment series with only four 

values were carried out in order to find a reasonable substrate interval for continued 

experiments. 

3.3 Real time kinetics 
 

Real time kinetics was used throughout the project to test out which [S] and [E] that gave 

good measurements, it was a preliminary tool for the following experiments. The signal that 

reaches the detector cannot be too high if it should be able to be measured in the 

spectrophotometer. The substrate must be soluble in the concentration used in the reaction 

solution. It was also performed to find an approximate [I] to use for later experiments. 
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3.4 Spectrophotometry  
 

The technique that was used to measure the difference of substrate concentration was 

absorption spectrometry which means that a light beam goes through a sample and the light 

that is absorbed by the sample is measured with a detector. The spectrophotometer that was 

used to measure absorbance on the samples was a Shimadzu UV-1601 with a deuterium light 

source and is was used with a black 100 uL or a 1000 uL quartz cuvette with 1 cm light path. 

Both real time kinetics, end kinetics and spectrum measurements were made on this 

spectrophotometer. To measure the concentration of product in a sample, a light beam with a 

specific wavelength was passed through a sample placed in a cuvette with 1 cm light path and 

the absorbance was measured. The extinction coefficient is either found in literature or 

calculated from a solution with known concentration or from a measurement with the same 

molecule with another wavelength and known extinction coefficient. 

The extinction coefficient for N-benzoyl-L-tyrosine is 0.81 mM-1cm-1 for 256 nm and was 

calculated to 685 uM-1 for 263 nm (Corey&Phillips).  The extinction coefficient for p-

nitroaniline is 8.8 mM-1cm-1 at 410 nm (Aldrich, Sigma, u.d.)  

3.5 Spectrum 
 

By taking a spectrum when measuring α-chymotrypsin it was possible to exclude background 

signals and only measure the true signals of the samples. When measuring α-chymotrypsin, 

the absorbance value at 265 nm was subtracted from the absorbance value at 273 nm and the 

difference was used to create saturation curves. This made it possible to measure the slight 

difference resulting from the reaction. These two wavelengths were chosen because they 

differ the most from the light absorption of the substrate N-Benzoyl-L-tyrosine ethyl ester 

which has almost the same absorption spectrum as the product N-Benzoyl-L-tyrosine. 

The ability to take a spectrum on samples with the spectrophotometer was useful to determine 

at which wavelength the product of the reactions should be monitored. By comparing a 

spectrum of the substrate and then, substrate and enzyme that have reacted and see where the 

difference in the two curve lies and use that wavelength to measure the substrate 

concentration.  

4 Experimental  

4.1 Elastase 
 

To determine suitable [S] and [E] for the experiments with elastase real time kinetic 

measurements were carried out and 0.3 uM elastase was a good concentration for 0.05-2.5 

mM N-succinyl-Ala-Ala-Ala-p-nitroanilide. 

This concentration of enzyme was then used to create a saturation curve by starting a reaction 

with 2ml buffer, 0.3 uM elastase and 0.05-0.5 mM and transferring 100 uL to 900 uL 0.1 M 

acetic acid in Eppendorf tubes at times 75, 150, 225 and 300 seconds. These samples were 

then measured on the spectrophotometer at 410 nm. The absorbance values were then 

converted into concentration [P] using Lambert-Beers law.  The concentrations were then 

plotted against the time in minutes which gave the rate. All ten velocities were then plotted 
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against the corresponding [S] to create a saturation curve. Another saturation curve was 

created by the same method but with 0.2, 0.5, 1.5 and 2.5 mM substrate.  

4.2 α-Chymotrypsin 
 

To determine the [S] and [E] for the continued experiments real time kinetic measurements 

were performed. Different concentrations were used and 1000 uL buffer, 10 uL 100 mM 

BTEE and 4 uL 1 uL 1 uM α-chymotrypsin turned out to work for the reaction to last 

approximately 300 seconds or more. 

When this was done an end kinetic experiment with 1000 uL buffer, 10 ul BTEE and 4 uL α-

chymotrypsin were mixed. 200 uL aliquots were withdrawn and mixed with 50 uL 1 M acetic 

acid solution at times 75, 150, 225 and 300 seconds. These samples were then measured on 

the spectrophotometer with a spectrum. The absorbance at 265 nm as subtracted from the 

absorbance of 273 nm and the differences were plotted against the time in minutes. 265 nm is 

located at a local minimum and 273 nm is located at the nearby local maximum in the 

spectrum. 

This method was then used on four different [S] which were 0.2, 0.5, 1.5, and 2.5 mM BTEE 

using the same conditions as above. The velocities were plotted against the different [S] to 

create a preliminary saturation curve with four values and a zero point.   

Then real time tests with the same conditions as before but with different inhibitor 

concentration waere performed to find a concentration that inhibited approximately ½ the 

activity of the enzyme. The potato inhibitor concentration that was used was 8 uM. The same 

measurement procedure was performed and a new saturation curve was constructed with four 

different [S] values.  

4.3 Simfit 
 

The software that was used to analyze all data using the Michaelis-Menten equation Simfit 

which has a Michaelis_Menten fitting program. The absorbance values were calculated into 

product concentrations and plotted against the time in minutes to create a slope. This was 

performed in Microsoft excel and the values of the slopes and the concentrations was then 

transferred to the programme Notes before being exported to Simfit to fit a curve to the 

values. 

4.4 Structural reaction schemes 
 

Figure 1-2, describing the reactions catalyzed by the two enzymes waerecreated in the 

software ChemSketch and with structures of the substrates downloaded from ChemSpider. 

4.5 Substrate preparation 
 

The different substrates were weighed and dissolved in pure DMSO in Eppendorf tubes 

before being diluted to the wanted concentrations in buffer. 
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4.6 Enzyme preparation 
 

 The enzymes was prepared from a lyophilized powder bought from Sigma Aldrich and was 

weighed and mixed with 1mL buffer and then diluted to the wanted concentration. 

5 Result  

5.1 Elastase

 
Figure 3: elastase with and without inhibitor with reaction rate on the y-axis and substrate concentration on the x-axis. 

Figure 3 shows a curve for elastase with and without inhibitor with the substrate N-succinyl-

Ala-Ala-Ala-p-nitroanilide. Activity is described as a function of substrate concentration. 

Many different concentrations were used in the lower range to get a more reliable curve in the 

beginning and then a couple of points with high substrate concentration to try to saturate the 

enzyme properly without using too much substrate in the experiment without inhibitor.  The 

right side of Figure 3 shows the curve for elastase with potato inhibitor added. The Vmax value 

was 0.22 mMmin-1 and the KM value was 0.63 mM for the non-inhibited enzyme and the Vmax 

= 0.19 mMmin-1 and KM= 0.28 mM for the inhibited enzyme. All values were calculated from 

the fit in simfit. 
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5.2 α-Chymotrypsin

 
Figure 4: α-Chymotrypsin without inhibitor with reaction rate on the y-axis and substrate concentration on the x-axis. 

Figure 4 shows a curve for α-chymotrypsin with BTEE without inhibitor. The [S] values 

stretches from 0 to 2.5 mM BTEE. The Vmax value was 0.28 mMmin-1 and the KM value was 

0.28 mM, both were calculated from the fit in simfit. 
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Figure 5: α-Chymotrypsin with aprotinin inhibitor with reaction rate on the y-axis and substrate concentration on the x-axis.  

Figure 5 shows a curve for α-chymotrypsin with BTEE as substrate and potato inhibitor. The 

Vmax value was not possible to determine because of the strong inhibition, but it is higher than 

2.5 mMmin-1, the values were analyzed in simfit. 
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Figure 6: α-Chymotrypsin with aprotinin inhibitor with reaction rate on the y-axis and substrate concentration on the x-axis.  

Figure 6 shows α-chymotrypsin with BTEE and aprotinin inhibitor. This curve is created at 

the same conditions as the curve in figure three, but with several more [S] values than in 

Figure 4. The Vmax value cannot be determined but is much larger than 2.5 mMmin-1, the 

values were analyzed with simfit. 

All the kinetic parameters that has been determined are shown in table 1. 

Table 1: table with Vmax values, KM values and calculated kcat values, [E]=0.8 uM. 

Enzyme Vmax (mMmin-1) KM (mM) kcat (min-1) 

α-chymotrypsin 

without inhibitor 

 

0.28  0.28 350 

α-chymotrypsin 

with inhibitor 

 

 

>>2.5 

 

 

 5.7 425 

 

 

  

elastase without 

inhibitor 

 

0.22  0.63 275 

elastase with 

inhibitor 

0.19  0.24 237 
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6 Discussion 

6.1 Elastase 
 

The Vmax values and the kcat values for the inhibited enzyme are lower than the non-inhibited 

enzyme. By looking at the curves in Figure 3 it is possible to see that they have great 

similarity and does not look to be inhibited by the potato inhibitor. This suggests that the 

inhibitor does not inhibit the enzyme at all, or in such an insignificant way that it does not 

contribute to the overall rate of the reaction. In the case of elastase, both Vmax and kcat values 

are rather close to each other. This is expected because the inhibitor is competitive and does 

not change the Vmax, but no inhibition could be proven. It is possible that the enzymes active 

site does not have a high affinity for the potato serine protease inhibitor and because of that 

does not bind properly compared to the substrate. If that is the case it would be interesting to 

continue these experiments with another inhibitor more suitable for elastase.  The curves fit 

well to the Michaelis-Menten equation which gives the values greater trueness. The results 

gave an estimation of the kinetic parameters and clearly states that no inhibition occurs. It also 

proves that the method used for the experiments is working and that it is possible to create 

good saturation curves for elastase with N-succinyl-Ala-Ala-Ala-p-nitroanilide as a substrate 

using end point kinetics and measure the absorbance at 410 nm. The conclusion of the 

experiments with elastase kinetics is that it is not possible to say that the potato inhibitor does 

inhibit elastase based on the experiments carried out. The method that was used works for the 

investigation serine protease inhibition, but repeated tests of the same enzyme with the same 

substrate and inhibitor would give more evidence of that no inhibition occurs.  

 

6.2 α-Chymotrypsin 
 

It is possible to see a clear inhibition of α-chymotrypsin by aprotinin. By comparing the 

curves for the non-inhibited enzyme and the inhibited, the velocity values are lower for the 

curves with inhibitor present. The lack in absorbance difference between the substrate and the 

product of the reaction, in other words BTEE and N-Benzoyl-L-tyrosine have almost the same 

absorption at almost all wavelengths, was handled by the technique of taking the difference in 

absorbance between two wavelengths . There are two saturation curves for α-chymotrypsin 

with inhibitor, one shows a slight increase in kcat compared to the non-inhibited. This curve 

has rather few values and is because of that not very accurate, but it has a good fit to the 

Michaelis-Menten equation. The other saturation curve with inhibitor has more values and is 

therefore more accurate but has a poor fit to the Michaelis-Menten equation, for this curve kcat 

in presence of inhibitor is clearly lower than in the non-inhibited curve. The curve with more 

values should be the better one with higher accuracy and it shows a decrease in activity which 

it should compared to a non-inhibited enzyme. The reason for the shape of the curve in Figure 

6 is that the enzyme is inhibited and the activity of the enzyme is very low which makes it far 

from saturated with substrate. This gives very low absolute absorbance values and therefor 

almost takes a linear shape. This suggests that even though the values are low, an inhibition 

has occurred which has led to the low absorption values. 
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7 Conclusion 

Elastase does not seem to be inhibited by the potato inhibitor, but more experiments should be 

carried out to see more clearly if the active site have very weak affinity for the potato inhibitor 

or if it depends on something in the method. 

α-Chymotrypsin got inhibited by aprotinin which is seen when looking at Figures 4-6. To 

make a more accurate conclusion more experiments are needed and it could be useful to try 

another substrate for the enzyme 
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