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Lipoxygenase (EC. 1.13.1.13) catalyzes the aerobic oxidation of unsaturated 
fatty acids with a cis-1-ck4pentadiene system to optically active conjugated cis,wans- 
diene hydroperoxide#. The enzyme has been isolated from a variety of plant 
source~~-~ and has been implicated in rancidity and general food decaf. 

Many assay techniques have been adapted to the study of this enzyme, 
including manometry and iodiometry7, Cupplate diffusions, polarography9 and spec- 
trophotometrylO. The last two methods are more widely used and have been the 
subject of a recent assessment Il. The authors concluded that, although the polaro- 
graphic method is to be preferred, it is not sufficient to fully characterize the reaction 
mechanism. 

The present report shows that gas-liquid chromatography (GLC) can be 
adapted to measnre the enzyme activity. It is much more sensitive and devoid of 
many of the limitations of the other techniques. It may also be comparable in rapidity 
to the spectrophotometric method. 

MATERIALS AND METHODS 

Materials 

The boron trifluoride-methanol reagent was supplied by Applied Science 
Labs. (State College, PA, U.S.A.). Linoleic acid (cis-9-cis-12-octadecadienoic acid) 
and soy hean lipoxygenase Type IE were obtained from Sigma (St. Louis, MO, 
U.S.A.). 

The substrate was 3.5 mg/mi sodium linoleate in a OS M N&OH-NH.&1 
buEer, pH 7.0, plus 0.5% (w/v) sodium cholate as emulsifier. 

Enzyme assay 

A preparation containing 0.1 mg protein per ml in 50 mM phosphate buffer, 
pH 7.0 was used as the enzyme solution. A 7-ml volume of the substrate solution 
was placed into each of two 25-ml volumetric ffasks. These were then placed in a 
water-bath at 30°C and saturated with clinical grade oxygen, bubbled in for 5 min. 
A 0.2~ml volume of the enzyme solution was then added to flask 1 and to the second 
flask (blank) were added 0.2 ml of the phosphate buffer. The time was noted and, at 
15-set intervals, I ml was withdrawn from each flask and placed into separate round- 
bottomed flasks containing 5 ml of chloroform-methanol (1: 1, v/v) acidified with 
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0.01 ml of 10% H2S04. The chloroform layer was separated and reduced to dryness 
in a rotary evaporator. 

Methylation and GLC 
Fatty acid methyl esters (FAME) were prepared by a slight modifigation of 

the method of Metcalfe et al-l2 using a boron trifluoride-methanol mixture. Typically, 
0.5 ml of 0.5 N methanolic sodium hydroxide was added to the dried extract and 
warmed gently on a steam-bath for 1 min. A l-ml volume of the boron trifluoride- 
methanol mixture was then added and the solution boiled for 2 min. One millilitre of 
a saturated solution of sodium chloride was added and 2 ml of diethyl ether were 
then used to extract the FAME. After successive washings with water, the extracts 
were dried with Na,SO, and used directly for GLC. 

A 0.5-~1 volume was injected into a Model GCD Bye Unicam gas chromato- 
graph, equipped with a glass column (1.5 m x 4 mm I.D.) packed with 8 % HI-EFF 
l&butanediol succinate polyester (Applied Science Labs.) on Chromosorb W 
(SO-100 mesh) and with dual hydrogen flame ionization detectors. The carrier gas 
(nitrogen) flow-rate was maintained at 40 ml/min. The detector and column tempera- 
tures were kept at 200°C and 190°C respectively. 

RESULTS AND DISCUSSION 

Fig. 1 shows the GLC profiles obtained from the sample as a function of 
time. A pilot spectrophotometric assay (inset of Fig. 1) showed that, although 
linearity exists in the initial 3 min of reaction, the reliability of the curve is doubtful 
owing to the high noise level. At 234 nm, which is the &,,,. of the hydroperoxides 
present in the spectrophotometric assay, there are “ill-defined” chromophore inter- 
ferences. This together with the lipophilic nature of the substrate (solubilizing agents 
required) can lead to considerable spectral fluctuations. Furthermore, the hydro- 
peroxides have been shown to be immediately converted into secondary oxidation 
products13, complicating their use as a basis of the enzyme assay. Because of the high 

Fig. 1. GLC protiles (scan rate = 60 set/cm) of hole&e as a function of time: (a) enzyme assay, 
conditions are descrii in Materials and methods; (b) activity prome of the enzyme assay at J-,. 
234 nm. 
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Fig. 2. Amount of linokate consumed as a function of assay time. 2, - Z. = Intensity of blank minus 
intensity of sample. 

sensitivity of gas chromatography, even microgram quantities may be employed in 
the assay, thus obviating the problems posed by the poor solubility in water of the 
substrates. 

The peak intensities were estimated by the triangulation method, and a pIot 
of the amount of fatty acid consumed against time is linear over the period studied 
(Fig. 2). This method suffers from the disadvantage that comparatively longer times 
are required to conclude the assay. If, however, appropriate conditions are selected, 
a considerable time reduction can be achieved. FOF instance, a reduction of the percen- 
tage of stationary phase coating and an increase in operating temperature will pre- 

sumably further shorten the retention times (8.6 min) observed here. 
The enzyme has also been known to act directly OQ triglycerides, egpecially in 

the absence of lipolytic enzymes z4_ If it is desired to monitor such activity, it may 
therefore be necessary to employ a transesterification procedure in the preparation of 
the FAME. In such cases, longer reflux times with the methylating agent, such as in 
the method of Stoffel et ~1.‘~ may be required. We have observed that there is no 
apparent decomposition of the substrate, especially when nitrogen is continualiy 
bubbled through the refiuxing mixture. We have also observed that sodium cholate is 
preferred to many other dispersing agents, although at concentrations higher than 
0.5% (w/v) in the assay medium the enzyme is inhibited16. 
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