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A NEW IRREVERSIBLE INHIBITOR OF SOYBEAN LIF’OXYGENASE; 

RELEVANCE TO MECHANISM 
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Summary: The mechanism of the oxidation of arachidonic acid bv sovbean liooxvaenase has been studied 
kinetically with the help of a newly designed Inhibitor. It is proposed that olefmcomplexation with Fe(II1) 
activates arachidonic acid for deprotonation by a basic group on the enzyme leading to an intermediate which 
then combines with dioxygen. 

Enzymatic lipoxygenation of unsaturated fatty acids containing two cis double bonds attached to 

methylene is a process of considerable biological importance, for example, in the biosynthesis of 

prostaglandins and leukotrienes. This dioxygenation process is typified by the conversion of arachidonic 

acid (1) to the corresponding 15-(S)-hydroperoxide (2) by means of soybean lipolcygenase (SB-LO). the most 

intensively studied of the many known lipoxygenases. The related subjects of mechanismls) of enzymatic 

lipoxygenation and rational design of specific Lo inhibitors are currently of strong interest to investigators in 

a wide range of fields. Presently available evidence suggests that the catalytically active form of soybean 
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lipoxygenase contains high-spin d5 Fe(II1). i We recently suggested that FetIII) probably functions to activate 

the fatty acid by complexation with the double bond undergoing oxygenation2 since high-spin Fe(III) is 

unlikely to interact effectively with 02. Proton abstraction from the doubly allylic methylene group would 

then be facilitated either because of concerted electron transfer to Fe(II1) (to form a pentadienyl radical) or 

covalent bonding to Fe at the terminal pentadienyl carbon.3 Either possibility would set the stage for reaction 

with 02 to form product. These arguments were derived in part from the study of 7-thiaarachidonic acid (3) 

which was found to be an irreversible inhibitor for the 5-LO from rat basophilic leukemic cells [RBL-1). in 

contrast to the corresponding sulfoxide which was only a competitive inhibitor.2 This last observation also 

seems to weigh against mechanisms in which FetIII) activates the enzyme for hydrogen atom abstraction by an 
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of SB-LO by the combination of 5 and 02 are similar in the presence or absence of borohydride, consistent with 

the view that the enzyme is unaffected by this reagent. 

The sulfoxide of 5 was prepared by oxidation in 3:2 methanol-water solution with 1.5 equiv.of sodium 

periodate at 23” for 7 hr (UV max < 208 nm, Rf 0.42 vs 0.53 for 5 on silica plates with 9: 1 methylene chloride- 

methanol for elution). The sulfoxide of 5 was not a substrate for SB-LO and did not cause irreversible 

inactivation of SB-LO. but behaved simply as a competitive inhibitor, Ki = 66 i&l. 

These findings with 5 and the corresponding sulfoxide and SB-LO parallel our earlier results2 with 7- 

thiaarachidonate (3) and its sulfoxide as inhibitors of the 5-lipoxygenase from RBL- 1 cells. 

The data on inhibition of SB-LO by 5 and its sulfoxide are most simply understood in terms of the 

mechanistic formulation outlined in Scheme I. FelIII) is thought to function as either a Lewis acid or electron 

acceptor by virtue of a vacant coordination site in proximity to the 14.15-double bond of substrate 1 with the 

result that deprotonation of the 13-methylene group by an enxymic base is facilitated. The intermediate 

organoiron compound or radical thus formed is oxygenated subsequently. This mechanism leads to the 

expectation that 13-thiaarachidomic acid could deactivate SB-LO by attaching covalently to the activated site 

as shown in 6. The inability of the sulfoxide of 5 to inactivate SB-LO is consistent with the reduced 

availability of electrons in the 14,15-double bond of the sulfoxide. It also argues strongly against a 

mechanism in which the abstraction of hydrogen from C(13) is effected by an enzymic radical (e.g., RS* formed 

from RS and Fe11111 lsince such a radical could equally well add to the 14.15-double bond of 5 or its sulfoxide. 

The fact that thia acids 3 and 4 serve as substrates and not inactivators of SB-LO is also consistent 

with the mechanism shown in Scheme I. The values of Km and Vmax were found to be 2.4 @I and 49 set-l for 

3, 10 @I and 232 set-I for 4, and 13 u&I and 197 set-I for 1.11 
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