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Background 

Lipoxygenases are enzymes in the arachidonic acid pathway which catalyze peroxidation of polyunsaturated fatty acids in a selective way. Several lipoxygenases (5-, 12-, 15-) are found in mammals including Man, and their metabolites include many substances with high biological activity. 15-Lipoxygenase has recently become of interest due to its possible role in the development of atherosclerosis (Steinberg 1999).

This assay is based on the 15-lipoxygenase (15-LO) catalyzed reaction between oxygen and a polyunsaturated fatty acid with a 1,4-diene-type structure. Linoleic acid is suitable; arachidonic acid is also a good substrate, but more expensive and less stable. Inhibition values with these two substrates seem comparable (Lyckander & Malterud 1990). The reaction is

CH3-...-CH=CH-CH2-CH=CH-...-COOH  + O2  -->  

CH3-...CH(OOH)-CH=CH-CH=CH-...-COOH

The formation of a conjugated double bond system leads to an increase in absorbance at 234 nm, and this increase is used for quantification of the reaction product and thus for following of the peroxidation reaction. The enzyme used is 15-lipoxygenase from soybeans («Lipoxidase»; Sigma, St.Louis, MO, USA; No. L-7395). This enzyme is not identical to the mammalian one, but it seems that there is a sufficient correlation between values for enzyme inhibition with the two enzymes (Nuhn et al. 1991; Gleason et al. 1995; Lapenna et al. 2003).

Practical

Reagents

A: Borate buffer, 0.2 M, pH 9.00. Made from boric acid and sodium hydroxide.

B: Substrate solution 250 uM: Mix 10 L linoleic acid and 30 L ethanol. Add 120 mL borate buffer. This solution should be used the same day it is made. The final concentration of substrate will be 125 uM.

NOTE: A slight level of preoxidation is needed for activation of the enzyme (Haining & Axelrod 1958). In our laboratory, sealed ampoules of linoleic acid are broken and kept in air at room temperature overnight before being stoppered and thereafter kept in a freezer.

C: Enzyme solution: dissolve 15-LO («Lipoxidase», Sigma) in 0.2 M borate buffer (A) to a concentration of about 10 000 U/mL (ca 0.4 AU/min increase). The enzyme solution should be kept on ice throughout the experimental period. In this experiment the enzyme will be diluted to 400 U/ml.  The final concentration will be 200 U/ml.

D: Inhibitors: The substance to be tested is dissolved in dimethyl sulfoxide (DMSO). If recovery of the sample is critical (or if the sample itself has a strong absorbance at 234 nm, making the sum of sample absorbance and DMSO absorbance too high for accurate measurements. The best concentration range of the test substance will depend on its inhibitory activity. This must be tested in each case, starting with a fairly strong solution (e.g. 10 mg/mL) and then making a dilution series. In this experiment we will use a final inhibitorconsentration of 125 uM (same as substrate).

Measurement of enzyme activity

All solutions should be at room temperature during measurements. The spectrophotometer should be recording absorbance at 234 nm during the measurement period. Quartz cuvettes should be used for blanks and samples.

Blank:  Pipette 12.5 ul DMSO and 487.5 ul borate buffer (A) in a. Place this sample in the blank sample compartment of the spectrophotometer. This cuvette is left in the blank sample compartment throughout the experimental period.

Sample without inhibitor: Pipette 12.5 ul DMSO and 487.5 ul enzyme solution into the 5 remaining cuvettes. Make sure that the spectrophotometer is ready for measurement. Using a stepette filled with substrate solution (250 uM linoleic acid in borate buffer) add rapidly 500 ul to each of the 6 cuvettes. Close the lid and start the program. Read absorbance at 234 nm for 5 minutes every 30 seconds. Print out the results. 

Sample with inhibitor: Pipette 12.5 ul inhibitor in DMSO and 487.5 ul enzyme solution into the 5 remaining cuvettes (or it can be easier to prepare this combination in a separate tube: 75 ul inhibitor + 2,925 ml enzyme solution. Incubate for 5 min before pipetting 0.5 ml in each cuvette). Make sure that the spectrophotometer is ready for measurement. Using a stepette filled with substrate solution (250 uM linoleic acid in borate buffer) add rapidly 500 ul to each of the 5 cuvettes. Close the lid and start the program. Read absorbance at 234 nm for 5 minutes every 30 seconds. Print out the results.

Inhibitors: 

Quercitin 10 mM

Acetylsalisylic acid 10 mM

Vitamin E 10 mM

Vitamin C 10 mM

Laboratory report

Data from all groups will be distributed. Make a laboratory raport with the following :

Using Excel spreadsheet, plot the absorbance against time and find the rate of absorbance increase using the “trendline” function

Use data from all groups to determine average values and standard deviation for the increase in A234 for samples without test substance and with test substance (make a table). Is the difference significant? Why was the starting point different for the different test substances? What is the mechanism of inhibition of the different inhibitors?

Comments

There is a considerable literature on inhibition of the different lipoxygenases by natural  and synthetic products. Some publications on 15-LO inhibition from the author´s laboratory are (in addition to the ones previously mentioned): Bråthe et al 2002, Gundersen et al 2003; Lyckander & Malterud 1992; 1996; Malterud & Rydland 2000; Malterud et al. 1993; 1996; 1999; Mathiesen et al. 1995; Mathisen et al. 2002; Skari et al. 1999.
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