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ABSTRACT

The initial burst of respiratory activity (Qo2) of imbibing soybean
(Glycine max IL.1 Meff. var. Wayne) seed tissue Is cyankie-Insensitive,
and sensitive to salcylhydroxamate: presumptive evidence for the presence
of alternate rspiratin The initial 02 co tio is also highly sensitive
to propyl gaflate. Soybean lipoxygenase exhibits simiar characteristics of
insensitivity to cyanide and sensiity to sailcylhydroxamate and to propyl
gallate. The Iditial burst of respiration is enhanced by the addtion of
Unoleic acid, a lipoxygenase substrate. These results indicate that the
conventional tests for alternate respiration in plant tissues can be con-
founded by 1poxygenase; they also suggest that propyl gallate can be used
to assess the possible participation of lipoxygenase in the 02 uptake by
plant tissues.

Neither the biochemical nature nor the physiological signifi-
cance of the cyanide-insensitive, alternate respiration is known,
but its activity has now been demonstrated in a number of plant
systems (2, 9) Alternate respiration is commonly defined or
diagnosed as that portion of respiration which is insensitive to
cyanide but inhibited by hydroxamic acids (2, 8). This activity is
thought to be due to an electron flow which does not involve Cyt
oxidase (2, 10). We present data which show that initial in vivo 02
uptake by soybeans is not inhibited by KCN and is inhibited by
hydroxamate; and that this apparent respiration may be due in
part to the activity of lipoxygenase, an enzyme which catalyzes
the dioxygenation of certain unsaturated fatty acids (5).

MATERIALS AND METHODS
Respiratory activity was measured with a Clark-type 02 elec-

trode (Yellow Springs Instrument, Yellow Springs, Ohio) operated
at 0.7 v in a 2 ml magnetically stirred, water-jacketed reaction
vessel (Gilson Medical Electronics, Middletown, Wis.) at 25 C.
Particles of soybean (Glycine max [L.] Merr. var. Wayne) seed
tissue which had been ground in a Wiley mill and sieved for 0.5-
to 1-mm sizes were added to the 02 electrode reaction vessel, 0.1
g/test.

Crystallized soybean LOX4 (lipoxidase) and LA (99%) were
obtained from ICN Pharmaceuticals, Cleveland, Ohio. SHAM
(99%) and PG were gifts of Aldrich Chemical, Milwaukee, Wis.
and Eastman Chemical Products, Kingsport, Tenn., respectively.
Tween 20 was combined 1:1 (w/w) with the LA to obtain a stable
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emulsion in 10 mm phosphate buffer (pH 7.0) (11). A I mg/ml
(3.56 mM) LA solution was used as substrate for the LOX assays.
LOX was dissolved in 10 mm phosphate buffer (pH 7.0) and
injected into the 02 electrode reaction vessel to give a reaction
mixture which had 100 ,ug of LOX/ml. Assuming a mol wt of
about 100,000 (1), LOX concentration was about I ,UM.

RESULTS AND DISCUSSION

The respiration of soybean particles was characterized by a
burst of 02 consumption during the first few min of imbibition
(6). This respiratory burst was not inhibited by KCN and was
inhibited by SHAM (Fig. 1). The initial respiratory activity was
also markedly inhibited by PG (Fig. 2), being about 10 times more
sensitive to PG than to SHAM. If the normally alkaline KCN
solution was strongly buffered (100 mM) to maintain the pH at
neutrality, the small promotion ofrespiration seen in Figure 1 was
no longer observed; and there was still no evidence of inhibition
in the first few min. SHAM and PG sensitivities were not affected
by buffering at pH 7.0.

Suspecting that the SHAM inhibition might be related to LOX
activity, we tested the cell-free enzyme's sensitivity to the hydrox-
amate and found (Fig. 3) that indeed it was, being 90%o inhibited
by 5 mm SHAM. Autooxidation of LA (in the absence of LOX)
was unaffected by SHAM. The LOX activity was not inhibited by
KCN (data not shown). The enzyme was about 10 times more
sensitive to PG than to SHAM, being 90%o inhibited at about 0.5
mM PG (data not shown).
To investigate further the possible role of LOX in the apparent

initial respiration, soybean seed particles were placed in buffered
solution with or without SHAM and 02 uptake was measured
with and without the addition of 50 jig/ml (0.18 mM) LA substrate
(Fig. 4). In the absence ofSHAM, when LA was added, there was
an immediate 9- to 10-fold increase in respiratory rate and all of
the 02 remaining in the solution was quickly consumed. When 5
mM SHAM was present, the initial 02 consumption was inhibited
approximately 50%1b, and the addition ofLA caused only a transient
2- to 3-fold increase in 02 consumption. (Added Tween 20 was
without effect on the respiration rates in the presence of absence
of hydroxamate.) The maximal rate observed after addition of the
LA was almost 90% less in the presence of the 5 mm SHAM.
The initial respiration (02 uptake) by ground soybean tissue is

cyanide-insensitive and hydroxamate-inhibited: presumptive evi-
dence for alternate respiration. However, 02 consumption by cell-
free soybean LOX responds in the same way to the two poisons,
and both the tissue and purified LOX are sensitive to PG. These
results show clearly that the criteria often used as evidence for
alternate oxidase activity can be misleading in preparations which
have LOX activity.
The insensitivity of LOX to cyanide and its potent, specific

inhibition by hydroquinones (such as PG) are well documented
(1, 3). We believe that this is a first report of the inhibition of
LOX by SHAM. It has been suggested that the hydroxamic acids
may inhibit some enzymes by inactivating a nonheme iron (8, 12)
although this mechanism is now in dispute (7). LOX has been
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FIG. 1. Effect of various concentrations of KCN and SHAM on the
initial burst (2 min) of 02 uptake by soybean seed tissue.
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FIG. 2. Inhibition of initial burst of 02 uptake by soybean seed tissue

by various concentrations of propyl gallate.
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FIG. 3. Effect of SHAM on oxidation of linoleic acid in the presence
and absence of lipoxygenase.
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FIG. 4. Promotion of 02 uptake by soybean seed tissue with linoleic
acid in presence or absence of 5 mM SHAM. Tissue was added at zero
time. LA (50,lM final concentration) was added at arrows.

shown to possess 1 molecule ofnonheme iron/molecule ofenzyme
(4). PG is thought to inhibit LOX by preventing or quenching
free radical reactions (1). Because of its free radical scavenging
ability, PG is also a good inhibitor of autooxidation. Significantly,
5 mM SHAM, which inhibits in vitro LOX activity by 90%, has no
effect on autooxidation (Fig. 3).
The experiments reported here show that a part of the cyanide-

insensitive 02 consumption by imbibing soybean particles is due
to LOX activity. We suggest, then, that the cyanide insensitivity
in intact tissues is not itself convincing evidence for alternate
respiration, and neither is the inhibition of 02 consumption by
hydroxamic acids such as SHAM (12-14). A distinction between
alternate respiration and LOX utilization of 02 can be made
through the use of PG.
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