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Abstract

While enzymes are highly effective catalysts to a wide range of reactions, their relative instability can make them prohibitive in the commercial industry. The improved efficiency and stability that immobilizing enzymes was analyzed by placing horseradish peroxidase within a cross-linked polyacrylamide gel. It was then allowed to react with 4-aminoantipyrine-phenol and hydrogen peroxide for short periods of time at both room and elevated temperatures and the rate of reaction measured spectrophotometrically (Absorbance 510 nm). The increase in effectiveness was apparent, resulting in a 19% higher reaction rate for the immobilized enzyme versus the free enzyme. The thermal stability results, however, showed an unexpected increase in stability when the free enzyme was heated.

Introduction

When performing any chemical reaction, catalysts are frequently used. A catalyst increases the rate of the reaction without being consumed in the reaction. Within the cell, the catalysts used are called enzymes. The majority of enzymes are proteins that can dramatically increase the rate of a reaction. The enzymes within our bodies tend to be highly specific and remarkably effective at catalyzing a wide variety of reactions. These qualities lead to the question; can enzymes be used in commercial industries?

While enzymes are a vital part of healthy functioning of a cell, they present several issues when used within a lab. Enzymes tend to be unstable and can easily degrade, limiting how much they can facilitate reactions. This instability makes enzymes expensive and not readily available in anything but small quantities. Despite these issues, enzymes remain tantalizing to researchers due to their effectiveness, the lack of side reactions produced, and the far safer conditions they can be used in verse their alternatives. (Boyer, 2000)

An elegant solution has been developed to retain (and even improve upon) the benefits of enzyme, and yet address the expense and fragility they pose. By attaching the enzyme to some other substrate, known as immobilizing it, several benefits arise. An immobilized enzyme can be reused and can resist degradation, clearly increasing its value. In addition, the method used to immobilize the enzyme can be adjusted so that it more closely represents the conditions found within a cell, a vital improvement for researchers looking to understand a living organism, or perhaps one studying potential drug interactions. Furthermore, the use of some other matrix to trap the enzyme allows greater control over its reaction, as they can quickly be removed from the reaction.

Several methods of immobilizing an enzyme are available today. Enzymes can be physically to an agent via adsorption, chemically bound to an insoluble agent, surrounded by a membrane sphere or trapped within a gel (Boyer, 2000).  Each immobilization method has its advantages and disadvantages, and the selection of one is often dictated by the requirements of the experiment. 

Entrapping within a cross linked polymer gel matrix allows researchers to easily control the rate of the reaction, as the immobilized enzyme can easily be removed from the equation. Care must be taken to use a proper ratio of acrylamide to a cross linking agent so that the enzyme will be trapped, but both the product and reactants can easily pass through the gel. The use of a polyacrylamide gel also has the added benefit of being relatively inert and nonionic. This prevents the gel from interfering with the reaction, other than isolating the enzyme. 

A practical application of enzyme immobilization has been demonstrated by using horseradish peroxidase to remove pollutants from water, such as phenols and aromatic amines. Despite the effectiveness, the typical downside described above applies here as well, peroxidase eventually becomes inactive in the reaction. Immobilization of peroxidase (in this case, by using a physical adsorption method which retained 100% of the enzyme effectiveness) can remove over 90% of total organic carbons and adsorbable organic halogens, without losing its catalytic properties. (Tatsumi et al, 1996)

In this study, horseradish peroxidase was used to demonstrate the effectiveness of immobilization. A cross-linked polyacrylamide matrix entrapped the enzyme, which was allowed to react with hydrogen peroxide in the presence of an electron donor. The relative effectiveness of the immobilized enzyme was then compared to free enzyme. The stability improvements granted by immobilization were tested by heating both the immobilized and free enzymes, and then measuring their effectiveness. It is expected that the immobilized enzyme’s effectiveness will be comparable to the free enzyme, and demonstrate greater thermal stability.

Materials and Methods

The materials used are as listed for Experiment 12 (page 393) in the lab manual (Boyer, 2000). Deviations and specifics are listed below:

· 50mL screw cap tubes in place of 20 mL

· Syringe: Becton Dickinson & Co, BD-5mL Slip Tip

· Filter: Millipore Company, Millex – AA 0.8 um filter unit

· Vortex: Thermolyne, Maxi Mix II

· Balance: Mettler Toledo, AT200

· Spectrophotometer: Barnstead Turner, SP-830

· Peroxidase activity: 200 units purprogallin/mg

A polyacrylamide gel matrix cross-linked with 0.8% methylene bisacrylamide was created to trap 0.1 mg/mL peroxidase. The reaction was allowed mixed and vortexed, while catalyzed with TEMED and ammonium persulfate until a gel was formed. The gel was then broken up via aspiration and any free enzymes were washed away using DI water and vacuum filtration. The gel was allowed to dry for 5 minutes over the vacuum filter. 

Immobilized enzyme activity was compared to free enzyme activity by reacting 2.50 mL of hydrogen peroxide with 2.50 ml of a 4-aminoantipyrine-phenol reagent that serves both as an electron donor and produces a colored product that can be measured at 510 nm of absorbance. The reactions were allowed to proceed for 3 minutes with constant mixing, and then the absorbance measured. For the gel, a syringe filter was used to control the timing of the reaction. After mixing, the reaction contents were placed in the syringe and forced through the filter. This effectively stops the reaction by separating the gel and the reactants and products. A baseline measure was also obtained by quickly reacting the gel (less than 10 seconds) and then measuring the absorbance. This was subtracted from the 3-minute reaction. The comparison was between 0.05g, 0.10g and 0.2g of gel immobilized enzyme against 10, 20 and 40 microliters of free enzyme (diluted to a 1:10 concentration from stock). A blank of 2.50 ml of phenol reagent and 2.5ml of DI water was used to zero the spectrophotometer. 

The thermal stability of the immobilized peroxidase compared to the free enzyme was then performed. Two 0.1g sample of gel were obtained along with two 1mL samples of free enzyme (diluted 1:300 from stock). One sample of each were placed in a 70 degree C water bath for 4 minutes, then allowed to cool back to room temperature. The phenol reagent and hydrogen peroxide were then allowed to react for 3 minutes as above, and the reactions were again measured at 510 nm absorbance. 

Results

The relative enzymatic activity of the free (Figure 1) verse immobilized (Figure 2) enzyme was compared graphically. While the free enzyme had a very linear (R2=0.998) relationship between activity and amount of enzyme, the immobilized plot was not linear (R2=0.9009). The calculated activity also differed between the two, with the immobilized enzyme being more active (0.2723 (A/min/mg) than free (0.2286 (A/min/mg). 
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Figure 1 Rate of peroxidase activity per mL of the free enzyme when reacted with hydrogen peroxide and 4-aminoantipyrine-phenol. 
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Figure 2 Rate of peroxidase activity per mL of the gel immobilized enzyme when reacted with hydrogen peroxide and 4-aminoantipyrine-phenol.

The percent activity remaining was calculated for both free and immobilized enzyme to provide a measure of thermal stability. The remaining activity for the immobilized enzyme was 87.52% while the free enzyme was 109.9%. 

Discussion

The graphs comparing the enzyme activity suggest that a saturation point was reached with the immobilized gel, while the free enzyme stayed linear and did not reach saturation. Comparing the activity reveals that the immobilized enzyme was more active per mg of enzyme used than the free enzyme was. The immobilized enzyme was over 19% more active. This suggests that not only did the gel not interfere with the ability of the reactants and products to diffuse through to the enzyme, but it may have facilitated it in some fashion. It is interesting to note that the calculated activity in both cases was significantly less than the labeled value of 200 units “purprogallin” per mg. This difference may be due to the use of a different chemical than used in our experiment.

The remaining activity of the immobilized enzyme was actually less than the free enzyme, which contradicts our predictions. The heated free enzyme was actually more effective (0.657) than the one that remained at room temperature (0.598). The immobilized enzyme noted a drop in efficiency, as could be expected, but the free enzyme results were surprising. A possible explanation for this apparent increase in effectiveness after heating is perhaps the timing was off and the thermally denatured enzyme allowed to react longer than the room temperature reaction was allowed to proceed. 

Previous studies using horseradish peroxidase have demonstrated its effectiveness reducing the amount of phenol and other organic carbons. Immobilizing the enzyme has shown great increases in the amount reacted with over time using a variety of methods including physical adsorption to magnetite. The effectiveness of immobilization is made clear, with the free enzyme only able to reduce approximately 50% of the phenol present, while the physically adsorbed enzyme eventually able to completely react with all of it. (Tatsumi, Et al, 1996)

It is interesting to note that while the biggest drops in phenol concentrations are seen in the first few minutes of the reaction, the enzyme can continue to react as much as 30 minutes later. This shows another key quality of the enzyme, it’s ability to persist and continue to react over time. Not only is the immobilized enzyme able to react at a higher rate, but it can do so for longer, doubly increasing its value.

Horseradish peroxidase does indeed show an increased effectiveness of short time frames in reacting with hydrogen peroxide and phenols when immobilized in a polyacrylamide gel, versus its free floating form. In this case, the expected thermal stability that immobilization can provide was not demonstrated. Better technique and more trials could be used to further investigate the thermal stability immobilization can provide. Alternatively, reacting for a longer period of time with a renewable supply of reactants could be used to quantify how much longer an immobilized enzyme can react when compared to its free counterpart.  
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