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Abstract 

Skin damage and inflammation is sometimes caused by the digestive enzymes that we have 

in our stomach for protein breakdown. These enzymes are not normally carried out together 

with the excretion but is instead reabsorbed by the intestines before they leave the body. In 

cases where this mechanism is disturbed the digestive enzymes can leak out which can cause 

problems. This project is a part of designing simulated barriers for the inhibition of these 

enzymes. It focuses on the enzyme chymotrypsin that is part of a family called serine 

proteases. The enzyme is applied on a system where it passes a gel containing inhibitors 

before it reaches a second gel that contains a substrate which can be degraded by the 

enzyme. The breakdown of substrate is measured over time to look for any lowering of the 

enzymes activity. The results of the experiments indicate that one of the three studied 

inhibitors may be more effective than the other ones. 
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1. Introduction 

1.1. Aim of the project 

This project is a part of developing a design for active skin-like barriers and the experimental 

system and procedure is based on earlier work where experiments were made on gelatine layers. 

The previous experiments focused on the enzyme trypsin whilst this project focuses on 

chymotrypsin [1]. Both enzymes are a part of a family called serine proteases. In the 

experimental system the gels were made in two layers in well plates where a substrate for 

chymotrypsin was incorporated into the bottom layer. Three different inhibitors for 

chymotrypsin were studied in this project. They were incorporated into the top layer of the gels, 

one type of inhibitor for one set of gels. The gels were made with different concentrations of 

substrate and inhibitor. Gelatine is a derivative of collagen, which is a part of our skin structure 

and therefore made a good choice for this simulation [2]. Droplets of a solution that contains 

chymotrypsin were added on top of the gel layers. The enzymes need to diffuse through the top 

layer containing inhibitor before they reach the gel layer with substrate. The activity of the 

enzyme was measured for a set of gels with an inhibitor containing top layer and without a top 

layer where the enzyme was applied directly on the substrate containing gel layer. The 

separation of substrate and inhibitor into two different layers was done in order to see if the 

enzyme was less active after it had diffused through the inhibitor containing top layer of gel, 

which in that case would have acted as a barrier between active enzyme and the substrate. The 

barrier was modelled only by the top layer and the bottom layer was only needed to be able to 

make measurements of the activity of enzyme after diffusion through the top layer. 

1.2. Differences and similarities between collagen and gelatine 

Collagen is a fibrous biopolymer that constitutes the major protein component of connective 

tissue such as skin. Collagen from different mammalian species is very similar compared to 

each other and has a high content of glycine, nearly one third. Around ten percent consists of 

hydroxyproline and about twelve amino acid residues in a hundred consist of proline. Collagen 

also contains small amounts, less than 1 %, of the sulphur containing amino acids methionine 

and cystein and the aromatic amino acids tyrosine and histidine [2]. The gel layers in the 

experiments were made of gelatine, which is a derivative of collagen and therefore they have 

similar amino acid composition, structure and properties. Collagen is converted to gelatine 

when it is heated and cooled down to about room temperature. During the heating the fiber 

bundles are contracted to about one third of their original length and the resulting gelatine 

consists of randomly oriented chains. Some of the properties that are related to collagen is lost 

and the concentration of tyrosine is reduced in gelatine. The previous study, for which these 

experiments are a follow up, showed that both trypsin and chymotrypsin breaks down solid 

gelatine so also gelatine is a substrate for these two enzymes. The gelatine in the experiments 

for this study was made from pig. 

1.3. Serine proteases 

Serine proteases are a family of enzymes that are involved in many processes where peptides 

are degraded or proteins are modified. They cleave peptide bonds by hydrolysis and contain a 

serine residue in their active site that functions as the nucleophilic catalyst. Besides the serine 

residue they also contain histidine and aspartate in the active site. To be able to function as a 
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nucleophile the serine residue needs to be in its alkoxide form. The purpose of the histidine 

residue is to provide a strong base that ionizes the hydroxyl group of serine by removing the 

proton from it. Because of the neutral pH in cells and because of the high pKa of the proton, the 

hydroxyl group of serine would otherwise still be protonated. [3]. The enzyme-substrate 

complex is formed in the first of three general steps in the reaction mechanism of serine 

proteases. The serine residue in the active site is acylated in the second step in which one of the 

two products are released. In the third step the acyl-enzyme bond is hydrolysed which yields 

free enzyme and release of the second reaction product. Not only peptides but also esters, 

amides and thioesters are accepted as substrate. In figure 1 the reaction mechanism is illustrated 

where a peptide bond is cleaved.  
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Figure 1. Reaction mechanism for serine proteases. 

Chymotrypsin is one of the most studied serine proteases that act on hydrophobic amino acid 

residues, such as tryptophan, tyrosine and phenylalanine [4]. 

1.4. Enzyme kinetics 

To better understand how inhibitors work, and also to understand the calculations made in the 

experiments of this study, it is necessary to have an understanding of the different parameters 

used when working with enzyme kinetics. Enzyme kinetics describes the rate at which an 

enzyme is converting substrate to product under different conditions and when different 

parameters are changed. There are many ways to change the reaction rate of the enzyme where 

one of the most obvious ones is to change the concentration of substrate. Changing substrate 

concentration 

will only have an 

effect until the 

enzyme is 

saturated with 

substrate and 

therefore an 

increase in 

substrate 

concentration 

will no longer 

lead to an 

increase in 

reaction rate [6]. 

Figure 2 shows a 

saturation curve 

for an enzyme 

where initial 

Figure 2. A graph of initial velocity against substrate concentration for an enzyme catalyzed 

reaction. The maximum velocity and Km is also shown in the figure. 
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velocity, v0, stands for the reaction rate of the enzyme and is plotted against substrate 

concentration, [S]. Also the Michaelis constant, Km, and maximum velocity, vmax, is illustrated 

in the figure.  

The working definition of Km is the substrate concentration at which the initial velocity is half 

of maximum velocity and it is specific for an enzyme and a certain substrate. If the enzyme 

concentration is changed or the substrate is changed into another one Km will also change. 

Sometimes it can vary for other reaction conditions also like temperature, pH or for different 

solvents. One example of this is that Km changes for chymotrypsin with BTpNA as substrate 

when the reaction is done in a solution containing different concentrations of acetone [5]. When 

deriving an expression for Km a steady state approximation is made for the conversion of 

substrate to product 

[E] + [S][ES][E] + [P]    eq. 1 

This means that the rate of formation of enzyme-substrate complex is balanced by the rate of 

decomposition into free enzyme and product. The approximation is written in the following 

way 

𝑑[ES]

𝑑𝑡
= 0       eq. 2 

The overall rate of formation of [ES] is expressed by both the rate of formation and the rate of 

degradation of [ES] as in the equation below 

𝑑[ES]

𝑑𝑡
= 𝑘1[E][S] − (𝑘−1 + 𝑘2)[ES]     eq. 3 

where k1, k-1 are the rate constants for the reversible reaction where enzyme and substrate bind 

to each other and k2 is the rate constant for the irreversible dissociation of enzyme-substrate 

complex. Since the overall rate of formation of enzyme-substrate complex is approximately 

equal to zero equation 3 can be rearranged into the following equation 

𝑘−1+𝑘2

𝑘1
=

[E][S]

[ES]
      eq. 4 

Km is equal to the expression on the right side of the equals sign in equation 4. 

 Km =
𝑘−1+𝑘2

𝑘1
      eq. 5 

Km is not the same as the dissociation constant for the enzyme substrate complex for which it 

is sometimes mistaken for. Only when k2<<k-1 is Km considered to be equal to the dissociation 

constant. In cases where the reaction mechanism has several steps and there are several rate 

constants, as in equation 6 below, Km does not give any information of the different rate 

constants for the reaction. 

E + SESEXEPE + P    eq. 6 

Hence the steady state kinetics does not provide any information of which step is the rate 

determining step for a multistep reaction. One thing steady state kinetics can do is provide 

information of the reaction order of enzymes with more than one substrate involved in the 

reaction [7].  
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1.5. Effect of inhibitors on enzyme kinetics and the parameters Vmax and Km 

The presence of an inhibitor changes the activity of an enzyme in different ways and hence the 

parameters Km and Vmax will also change. Which parameter is changed and in which way 

depends on the type of inhibitor. Competitive inhibitors increase the substrate concentration 

that is needed to obtain half of Vmax since some of the enzyme will be “occupied” by the 

inhibitor binding to the active site. This substrate concentration is called the apparent Km and is 

denoted Km
app. Uncompetitive inhibitors lower the activity of an enzyme and binds to the 

enzyme substrate complex which also lowers the maximal velocity for the reaction, which is 

denoted Vmax
app. In the case of uncompetitive inhibitors actually both Vmax

app and Km
app will be 

lower than Vmax and Km. The decrease of Km
app compared to Km is because the inhibitor 

increases the affinity of the enzyme for the substrate. Truly uncompetitive inhibitors rarely exist 

but instead they usually have much higher affinity for the enzyme substrate complex compared 

to the affinity for free enzyme. Mixed inhibitors also bind at a different site than the active site 

but they can bind both to free enzyme or the enzyme-substrate complex so they will affect Vmax 

in the same way as an uncompetitive inhibitor and the effect on Km is a mix of both competitive 

and uncompetitive inhibitors. There is a forth type of inhibitor that is a special case of a mixed 

inhibitor that is rarely encountered in experiments called a non-competitive inhibitor 

[kursboken]. Both mixed and non-competitive inhibitors bind to free enzyme and the enzyme 

substrate complex. The difference is that mixed inhibitors show more affinity for either the free 

enzyme or the enzyme-substrate complex while non-competitive inhibitors show equal affinity 

for free enzyme and enzyme-substrate complex. Non-competitive inhibitors affect Vmax but not 

Km since they do not compete with substrate for binding to the active site on the enzyme and 

therefore increased substrate concentrations do not compensate for the effect of a non-

competitive inhibitor. Although some authors have the opinion that the term “mixed” inhibitor 

often lead to misunderstandings on how the inhibitor behave and prefer to use the less confusing 

term “non-competitive” inhibitor for both types of inhibitors [7]. 

1.6. Morrison equation 

The classical double-reciprocal plot with 1/v0 plotted against 1/[S] is usually used when trying 

to determine inhibitor type. The graph from such a plot is linear and changes in different ways 

when inhibitor concentration is increased. For a competitive inhibitor increasing inhibitor 

concentration will increase the slope of the line and for uncompetitive inhibitors the y-intercept 

of the line will increase. The results from a double-reciprocal plot give accurate results for 

determination of inhibitor type for reversible inhibitors. That is inhibitors that have much higher 

dissociation constants for the binding and release of inhibitor to enzyme compared to enzyme 

concentration and therefor free inhibitor is present at much higher concentrations than enzyme 

inhibitor complex. For a tight binding inhibitor though the double-reciprocal plot will display 

a result that looks similar to the pattern of a non-competitive inhibitor, regardless of how the 

inhibitor interacts with the enzyme, which can be misleading. Tight binding inhibitors have 

high affinity for the enzyme or enzyme-substrate complex and the difference between the 

dissociation constant and enzyme concentration is not as high as for reversible inhibitors. In 

1969 Morrison presented an equation that describes the behaviour of tight binding inhibitors. 

In his equation the ratio of initial velocity with and without inhibitor, vi/v0, is described as a 

function of inhibitor concentration, [I]. In the Morrison equation, seen below in equation 7, the 

concentrations of enzyme, [E], and substrate are held constant. 
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vi

v0
= 1 −

([E]+[I]+Ki
app

)

2[E]
−

√([E]+[I]+Ki
app

)
2

−4[E][I]

2[E]
      eq. 7 

A typical curve that fits the Morrison equation is seen in figure 3.  

 

Figure 3. A typical set of data that fits the Morrison equation with the fractional velocity on the y-axis and inhibitor 

concentration on the x-axis. 

Equation 7 is a second order equation where Ki
app is expressed by [S], Km and Ki. The 

expression for Ki
app takes the following different forms for competitive, non-competitive and 

uncompetitive inhibitors. Equation 8 is Ki
app for a competitive inhibitor 

Ki
app

= Ki(1 +
[S]

Km
)      eq.8 

Equation 9 is Ki
app for an uncompetitive inhibitor 

Ki
app

= Ki(1 +
Km

[S]
)      eq. 9 

Equation 10 is Ki
app for a mixed inhibitor. 

Ki
app

=
[S]+Km
Km
Ki

+
[S]

𝛼Ki

      eq. 10 

A non-competitive inhibitor behaves the same way as a mixed inhibitor but with same affinity 

for both the substrate bound and free enzyme, which has the consequence that α ≈ 1. 

Exchanging α for 1 in equation 10 will lead to Ki
app = Ki. The parameter Ki is a measure of the 

dissociation constant for binding of inhibitor to enzyme as seen in equation 11 and 12.  

[E] + [I][EI]     eq. 11 

Ki =
[E][I]

[EI]
      eq. 12 
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In the case of an uncompetitive inhibitor that have no affinity for free enzyme at all the value 

of Ki would be infinite. [7]. 

2. Materials and methods 

2.1 Studied reaction and used inhibitors 

The reaction that is of interest in this study is the hydrolyse of N-benzoyl-L-tyrosine p-

nitroanilide, BTpNA, by chymotrypsin that yields two new compounds of which one is p-

nitroanilide. This reaction is seen in figure 4 
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Figure 4. Hydrolyse of BTpNA by chymotrypsin will yield two products of which one is p-nitroaniline. 

Antipain and leupeptin are protease inhibitors that can be isolated from actinomycetes [8] [9]. 

Leupeptin strongly inhibits the activity of trypsin and papain and it also has some effect on 

chymotrypsin [10]. Antipain is a relatively non-toxic compound that has been found to inhibit 

the trypsin-like protease II in E. Coli [9]. Chymostatin is also a microbial product and an 

inhibitor of many proteases including chymotrypsin [11]. These three inhibitors were tested 

separately as the inhibiting agent in the gelatine barriers in the experiments. 

2.2. Procedure, solutions and equipment 

Substrate and inhibitors were incorporated into two different layers of gel with inhibitors in the 

top layer and substrate in the bottom layer. The bottom gel layer in all experiments contained 

100 µl of gel with incorporated substrate and the top layer contained either 50 µl or 100 µl of 

gel with incorporated inhibitor, one type of inhibitor for each set of measurements. 50 µl of 

enzyme solution containing 2 µM chymotrypsin were added on top of the gels. The enzyme 

solution was prepared with α-chymotrypsin from bovine pancreas dissolved in 80 mM Tris 

buffer containing 2 mM CaCl2 pH 8,0. The formation of p-nitroanilide was detected by 

measuring absrobance at 385 nm in a SpectraMax Plus 384 Microplate Reader every five 

minutes for three hours to measure the formation of product. 

BTpNA (that was used as substrate) needs an organic solvent so therefore the BTpNA stock 

solution was made in DMSO. A BTpNA stock solution with 50 mM BTpNA was used in the 

first sets of measurements. From this stock a dilution of a factor 10 was made with DMSO for 

the 5 lower substrate concentrations (which were 0.1 to 0.7 mM) and undiluted stock solution 

was used to prepare the gels with higher substrate concentration (which were 1 to 5 mM). The 

concentrations of the stock solutions containing antipain and leupeptin were 4.13 mM and 5.4 

mM, both dissolved in milliQ-water. The concentration of chymostatin stock solution was 4.17 

mM of chymostatin in DMSO. 

In the first sets of kinetic measurements the concentration of substrate was varied between 0,1 

and 5 mM and the concentration of inhibitor in the top layer was either 5 µM or 20 µM. Figure 
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5 illustrates a scheme of the concentration and volume of the different layers for the first sets 

of measurements. 

 

Figure 5. Schematic illustration of gel volume and concentration of substrate and inhibitor that was used in the first set of 
measurements. 

In the second sets of measurements the concentration of inhibitor in the top layer varied between 

1 and 20 µM and the volume was either 5 or 20 µl. The concentration of substrate in the bottom 

layer was held fixed at 0,65 mM. More than 5 % (v/v) DMSO affects the absorbance 

measurements and the presence of DMSO prevents helix formation in gelatine [2]. So for the 

second set of measurements a 16.67 mM BTpNA stock solution that yielded 3.9 % (v/v) of 

DMSO in the gels was used. In figure 6 a scheme of the different concentrations and volumes 

for the gels in the second sets of measurements is seen. 

 

Figure 6. Schematic illustration of gel volume and inhibitor concentrations for the second set of measurements. 

A set of reference measurements were made where the top layer of gel did not contain any 

inhibitor. For the first sets of measurements one set of reference measurements were made 

without a second gel layer but instead the enzyme solution was added on top of the first layer 

containing substrate. All measurements were made in triplicates. The gels were made in 96-

well plates.  
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Gelatine solution was prepared by dissolving Törsleffs gelatine powder in milliQ-water and 

boiling it for about 10 minutes. The concentration of gelatine powder in the gel solution was 

0.002 g ml-1 in the first sets of measurements and 0.02 g ml-1 in the second sets of measurements. 

The gel solution was allowed to cool down to about room temperature before BTpNA or any 

of the inhibitors were dissolved in it. After application of one gel layer in the wells the plate 

was placed in fridge for one hour so the gel would solidify before the enzyme solution or the 

next gel layer was added. In the case where enzyme solution was to be added the gels were 

allowed to reach room temperature before the addition since the enzymes are not active at very 

low temperatures. 

2.3. Calculations that were made in the experiment 

A graph of absorbance against elapsed time in minutes was drawn for each well containing gel. 

Initial reaction velocities were calculated from the slope of the linear part in every graph using 

Lambert Beers law  

Abs = εlc      eq. 13 

where ε is the extinction coefficient for p-nitroanilide at 384 nm, l is the pathlength and c is the 

concentration of p-nitroanilide. When measuring absorbance in well plates instead of cuvettes 

the pathlength is not 1 cm but instead the thickness of the gel since the light is sent vertically 

across the plate. This was determined by the pathcheck function of the spectrophotometer. 

Extinction coefficient for p-nitroanilide is 1,258 * 10^4 M-1 cm-1 [5] and the pathlength for the 

wells containing 150 µl of gel were about 0,239 cm and the 0,347 cm for the wells containing 

200 µl of gel. It was the initial velocities, i.e. the rate at which p-nitroanilide is formed, that was 

of interest and therefore it is the difference in absorbance over time that needs to be expressed. 

An equation for calculating the difference in concentration of p-nitroanilide over time is 

obtained by introducing a variable for time, t, into equation 13. 

𝑑Abs

𝑑t
 =  

𝑑c

dt
εl      eq. 14 

For the first sets of measurements initial velocities were plotted against substrate concentration. 

For the second sets of measurements a value of Ki for was estimated by plotting the ratio of 

initial velocity with and without inhibitor against inhibitor concentration according to the 

Morrison equation in GraphPad. 

3. Results & Discussion 

3.1. First set of measurements 

In figure 7 a graph is shown with initial velocity as a function of BTpNA concentration for 

antipain that was obtained from first sets of measurements, where substrate concentration 

varied and inhibitor concentration was held fixed. 
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Figure 7. A graph with substrate concentration on the x-axis and on the y-axis initial velocities of the formation of p-

nitroanilide from BTpNA. The reaction is catalyzed by alpha-chymotrypsin under the influence of the inhibitor antipain. Four 

different sets of data are made from two different volumes of gel containing antipain at two different concentrations. The fifth 
set of data is a reference where enzyme solution is added directly on the substrate gel layer. 

Similar results were obtained for leupeptin that are shown in figure 8.  

 

Figure 8. A graph with substrate concentration on the x-axis and on the y-axis initial velocities of the formation of p-

nitroanilide from BTpNA. The reaction is catalyzed by chymotrypsin under the influence of the inhibitor antipain. Four 
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different sets of data are made from two different volumes of gel containing antipain at two different concentrations. The fifth 

set of data is a reference where enzyme solution is added directly on the substrate gel layer. 

The graphs where initial velocities were plotted against BTpNA concentration were irregular 

in shape and did not follow the expected pattern. When comparing the graphs for the 

reference without a second layer of gel with the graphs from the measurements with an 

inhibitor a general decrease in initial velocities is seen for increasing thickness of the second 

gel layer and increasing concentration of inhibitor. A reason for the graphs not showing the 

expected pattern could be the necessary presence of DMSO in the substrate gel layer. For the 

higher concentrations of BTpNA, ranging from 1 to 5 mM, the BTpNA did seem to 

precipitate in the gel solution for all the different concentrations of DMSO that was tried out. 

This could be one reason to why it was not possible to estimate any reaction velocities for the 

wells containing gel with high concentrations of BTpNA. The highest BTpNA concentrations 

that yielded measurements from where reaction velocity could be calculated varied between 

0.7 and 2 mM. From figure 7 and 8 can be seen that the initial velocities seem to decrease 

drastically when BTpNA concentration is 1 mM and is slightly increased again at 2 mM for 

all graphs except for the reference and the graph for 200 µl of 20 mM BTpNA. A reason for 

this might be that the BTpNA in the gels with higher concentrations of BTpNA may not be 

fully dissolved (since they seemed to precipitate) compared to the gels with lower 

concentrations. The gels with BTpNA concentrations ranging from 0.1 to 0.7 mM contained 

between 2 and 14 % (v/v) of DMSO whilst the gels with concentrations ranging from 1 to 5 

mM of BTpNA also contained 2 and 10 % of DMSO even though they contained about ten 

times higher BTpNA concentrations. The gels containing 0.1 to 0.7 mM BTpNA were clear 

and the gels containing 1 to 5 mM of BTpNA were blurry with a white colour that increased 

in intensity with higher BTpNA concentration.  

For the higher concentrations of BTpNA, 2 to 5 mM, the measured absorbance started at too 

high absorbance values to be able to read any results from them. The starting values for the 

concentrations 2 to 5 mM were between 2.8 and 4 absorbance units, where 4 absorbance units 

was the highest value that could be detected. Experimentally one finds that even though 

concentrations of analyte increases linearly when absorbance values exceed 1.0 the measured 

absorbance values tend to deviate from the linear relationship that is predicted according to 

Lambert Beers law. Measured values of absorbance that exceed 1.0 should therefore not be 

trusted to reflect the concentration of analyte in an accurate way [7]. Even though the starting 

absorbance values for the concentrations of 0.7 and 1 mM BTpNA usually were under 1 they 

eventually hit values above 1 later on during the measuring time that lasted for 3 hours. It 

would have been difficult to adjust the measuring conditions so that the measured absorbance 

values would have fallen under the limit of 1.0. Since five of the chosen concentrations 

needed to be above Km for the reaction, which was assumed to be around 0.7 mM according 

to earlier presented experiments [5], lowering the concentrations of BTpNA was not an 

alternative. To lower the volume of gel would have yielded lower absorbance values but very 

small amounts of gel would have been difficult to applicate in a way that would make the gel 

layer evenly distributed in the wells. 

Also the choice of wave length to measure at was probably one reason for the high 

absorbance values since it also is absorbed by BTpNA to some extent. The extinction 

coefficients for p-nitroanilide and BTpNA are 1,258 * 10^4 M-1 cm-1 and 0.086*10^4 M-1 cm-

1 for light at 385 nm [5]. The absorbance by BTpNA is small compared to p-nitroanilide but it 
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is enough to cause high absorbance values at high concentrations. For 150 µl gel containing 

BTpNA at concentrations between 1 and 5 mM the measured absorbance from BTpNA will 

be between 0.36 and 1.83 absorbance units and for 200 µl of gel with the same concentrations 

of BTpNA the measured absorbance will be between 0.48 and 2.4 absorbance units. This 

could have been avoided by measuring an absorption spectra for all the different components 

that are going to be in the gels to see if there is any wavelength that is absorbed only by p-

nitroanilide and not by any of the other components. 

The gels in the first set of measurements were not solid due to the very low concentration of 

gelatine powder. This was difficult to see in the wells but some left over gelatine solution 

containing BTpNA in a falcon tube that was left over night on the table was still liquid 

although after this length of time it should have solidified also in room temperature. Because 

of this fact no conclutions can be made about how the different components would behave in 

a system with solid gel. 

For the measurements made with chymostatin in the second layer activity seemed to decrease 

drastically down to levels that were not detectible with this procedure. Only the gels 

containing 50 µl of 5 µM chymostatin resulted in absorbance values that could be converted 

to initial velocities of formation of p-nitroanilide. The graph of these velocities plotted against 

substrate concentration with a similar graph for a reference with no extra gel layer is shown in 

figure 9. 

 

Figur 9 Figure 4 A graph with substrate concentration on the x-axis and on the y-axis the initial velocities of the formation of 

p-nitroanilide from BTpNA. The reaction is catalyzed by chymotrypsin under the influence of the inhibitor chymostatin. 

From figure 9 can be seen that the highest initial velocities for gels containing chymostatin are 

the same as the lowest initial velocity for antipain (the lowest initial velocity for leupeptin was 

even higher than that for antipain). For the wells containing 100 µl of 5 µM chymostatin and 

50 µl and 100 µl of 20 µM chymostatin no increase of absorbance could be seen for any of 

the different concentrations of BTpNA. A reason for this could be that chymostatin might be a 

significantly more effective inhibitor of chymotrypsin than antipain and leupeptin. But this 

does not tell us anything about how the inhibitor would affect the enzyme in a matrix that is a 

solid gel, which was the aim of the experiment. 
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3.2. Second set of measurements 

The graph for measurements made with antipain from the second set of measurements is 

shown in figure 10. 

 

Figure 10. A graph of the ratio of initial velocities over inhibitor concetnration for kinetic measurements of chymotrypsin 
with BTpNA as substrate and antipain as inhibitor. 

The resulting graphs did not follow the expected pattern. Instead of decreasing with higher 

concentrations of inhibitor, as in figure 3, the vi/v0 ratio in figure 10 fluctuated in a way that 

did not follow any pattern at all. In the graph is seen that the v/v ratio is lower for the gels 

with smaller volumes of gel with inhibitor, which is expected since more inhibitor will have 

more decreasing effect on the activity of the enzyme. But instead of having the shape in the 

figure the graphs should have been strictly decreasing, first with steeper slope that would 

converge towards zero as in figure 3 (Morrison equation). Similar results were obtained for 

the measurements made with leupeptin. The graph for measurements made with leupeptin 

from the second sets of measurements is shown in figure 11. 

 

Figure 11. A graph of the ratio of initial velocities over inhibitor concetnration for kinetic measurements of chymotrypsin 

with BTpNA as substrate and antipain as inhibitor. 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

0 5 10 15 20 25

V
i/

V
0

Concentration of leupetin [mM]

100 µl gel layer 0,65 mM BTpNA + gel 
layer with leupeptin

50 µl gel layer with
leupetin

100 µl gel layer with
leupeptin



18 
 

The estimated Ki value for antipain was 1.647 for the series with 50 µl of gel in the top layer 

and 1.107 for the series with 100 µl of gel in the top layer. For leupeptin an estimated value of 

Ki was only possible to obtain for the thinner inhibitor gel layer. This Ki value was estimated 

to be 1.605. Since the data is not at all well fitted to the curve these Ki values are not very 

trustworthy. The R2 value is 0.4265 for the thinner gel layer with antipain and only 0.1667 for 

the thicker gel layer with antipain and the fitted graphs are showed in figure 12.  
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Figur 12. Non-linear regressions of initial velocities for the degradation of BTpNA to p-nitroanilide by chymotrypsin under 
the influence of the inhibitor antipain for two different volumes of inhibitor gel. 

The R2 value for the thinner layer of gel with leupeptin is 0.2445 and the fitted graph is 

showed in figure 13. 
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Figur 13. A non-linear regressions of initial velocities for the degradation of BTpNA to p-nitroanilide by chymotrypsin under 

the influence of the inhibitor antipain for one of two different volumes of inhibitor gel. 

When fitting data to the Morrison equation in GraphPad the expression for the y-values are 

the following 

𝑦 = 𝑣0(1 −
([𝐸]+[𝐼]+𝐾𝑖

𝑎𝑝𝑝
)

2[𝐸]
−

√([𝐸]+[𝐼]+𝐾𝑖
𝑎𝑝𝑝

)
2

−4[𝐸][𝐼]

2[𝐸]
 )      eq. 15 

This is the same as equation 7 but both right and left side are multiplied by V0 so y in 

equation 15 is equal to Vi.  
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A reason for the inconsequent results for vi could be that the gel for the top layer containing 

inhibitor was very viscous and it was difficult to pipette the smaller volume of 50 µl into the 

wells in a way that made the gel spread in an even layer. The gel would usually stay as a drop 

on top of the first layer without any contact with the walls of the wells. Both layers of gel 

need to be evenly spread otherwise the activity from the enzyme will not be the same through 

the entire gel. Some parts of the same gel will therefore absorb more light than other parts 

which do not yield representative absorbance values for the specific concentrations of 

inhibitor. Another possible reason could be that the very viscous texture of the gel solution 

may have made it difficult for the added inhibitor to diffuse evenly into the gel solution when 

the two were mixed together. Too vigorous shaking of the gel solution would have made it 

skim, which is highly unwanted since bubbles in the wells will disturb the absorbance 

measurements. The gel with BTpNA was made in larger volume of about 12 ml and was not 

as viscous as the top layer gel which made it more easy to applicate even layers in the wells. 

Also for the second set of measurements no increase in absorbance for the wells containing 

gel with chymostatin occurred so no velocities could be calculated from the data. This too 

indicates that chymostatin inhibits the activity of chymotrypsin more efficiently than antipain 

and leupeptin. 

One aspect that was not considered in this study was whether there is any diffusion of 

inhibitor into the bottom gel layer. A way to check for this could be by making a gel with 

substrate and inhibitor in two different layers and then after a certain amount of time remove 

the top layer before the enzyme is applied. The result should be compared to a gel that has 

been prepared in the same way but without inhibitor in the top layer. 

3.3. Summary 

The activity of chymotrypsin when diffused through a barrier was tested. The barrier was 

made of gelatine and contained either antipain, leupeptin or chymostatin. The results indicate 

that chymostatin is a more efficient inhibitor of chymotrypsin than antipain and leupeptin. 

The method could might be improved by measuring absorption at a different wavelength that 

is absorbed only by p-nitroanilide. The method could also be improved by using lower 

concentrations of chymostatin and by using higher volumes of gel in the wells so it would be 

easier to apply in even layers. 
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5. Pictures 

Figure 1. Pruikkonen S. 2016. Reaction mechanism for serine protease made in ChemSketch. 

Figure 2. Pruikkonen S. 2016. Saturation curve for an enzyme made in excel. 

Figure 3. Pruikkonen S. 2016. Typical curve that fits Morrison equation made in excel. 

Figure 4. Pruikkonen S. 2016. Hydrolyse of BTpNA made in ChemSketch. 

Figure 5. Pruikkonen S. 2016. Scheme of experimental setup 1 made in paint. 

Figure 6. Pruikkonen S. 2016. Scheme of experimental setup 2 made in paint. 


