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In cucumber cotyledons, both C6- and C9-aldehyde were
formed via hydroperoxide (H PO ) lyase activity. Because it
has not been elucidated whether these activities are attri
buted to one enzym e which can cleave both 13- and 9-H PO
or to two or more enzym es each o f which specifically
cleaves 13- or 9-H PO , an attempt to separate HPO lyase
activity was done. Ion exchange chromatography separated
this activity into two fractions, one o f which specifically
cleaved 13-hydroperoxylinoleic acid and the other specifi
cally cleaved the 9-isomer. 13-H PO -specific activity was
most active at pH 8.0 and 9-H PO -specific one was at
pH 6.5. SH -reagents inhibited both the lyases but to differ
ent extents.

Introduction
The volatile aldehydes of chain length C6 and C 9
are formed from the 13- and 9-hydroperoxide (H PO )
of an unsaturated fatty acid, respectively, which is
formed by the oxygenation reaction of lipoxygenase
on a Cig fatty acid containing 1 Z,4Z -pentadiene sys
tem such as linoleic and linolenic acid [1], This cleav
age reaction is catalyzed by H PO lyase and this
enzyme is widespread in plants. Recently the occur
rence of this enzyme activity in animal cells was
reported [2 ].
Previously, we have reported that cucumber seed
lings have both the activities of 13- and 9-HPO lyase
[3]. M atthew and Galliard also reported the exist
ence of both the activities in Phaseolus vulgaris
leaves [4], But it has not been elucidated yet w hether
these activities are attributed to one enzyme which
can cleave both 13- and 9-HPO or to two or m ore
A bbreviations: 13-H PO , 13-hyd rop eroxy-(9Z ,ll £ )-o cta decadienoic acid; 9-H PO , 9-hydrop eroxy-(10£,12Z )-octadecadienoic acid; E D T A , ethylenediam inetetraacetic acid;
PCM B,/7-chlorom ercuribenzoate; PMSF, phenylm ethanesulfonylfluoride; PEG , polyethyleneglycol; HPLC, high
performance liquid chromatography.
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enzymes each of which specifically cleaves 13- or
9-HPO. The work presented here provides evidence
for the existence of at least two HPO lyases differing
in substrate specificity.

M aterials and Methods
Cucum ber (Cucumis sativus L. cv. Suyo) seeds
were soaked overnight in tap water and germinated
under fluorescent light (7000 lx) with a 14 h-photoperiod at 25 °C. 9-HPO and 13-HPO were prepared
from linoleic acid, using potato lipoxygenase [5] and
soybean lipoxygenase (Sigma, type I) [6 ], Both the
HPOs contained less than 10% of geometrical and
positional isomers. 13-HPO lyase activity was deter
mined by the head space vapor method [7] and
9-HPO lyase activity was determ ined from the
am ount of the 2,4-dinitrophenylhydrazone deriva
tives of the products by HPLC analysis [3]. For quan
tification, calibration curves were constructed with
authentic hexanal and (£')-2-nonenal (Wako Pure
Chemicals, O saka). For determ ination of 13-HPO
lyase activity enzyme solution was incubated for
3 min at 25 °C with 5 fxmol of 13-HPO suspended
into an appropriate buffer, but for 9-HPO lyase
activity it was incubated for 15 min at 25 °C with
9-HPO (5 jxmol) because preliminary experiments
showed that the reaction rate of 13-HPO lyase satu
rated faster than that of 9-HPO lyase. The incuba
tion was stopped when the rate of aldehyde form a
tion was still linear. Protein was determ ined by the
m ethod of Bradford [8 ] standardized with bovine
serum albumin.
Cucum ber cotyledons ( 6 -day-old) were hom ogen
ized with 3 volumes of 50 mM phosphate buffer,
pH 8.0 containing 4% Triton X-100 and 2 mM
sodium ascorbate in a chilled m ortar and filtered
through four layers of cheese-cloth. The filtrate was
stirred for 1 h at 0 °C and centrifuged at 20,000 x g
for 10 min. The supernatant (20 ml) was filled up to
100 ml with 50 mM phosphate buffer, pH 7.0 and sol
id PE G 6000 was added to 8 % (w/v). A fter incuba
tion for 1 h on ice, the PEG solution was centrifuged
at 20,000x g for 30 min. The resultant supernatant
was m ade to 22% (w/v) solution of PEG 6000 and
stirred for 1 h on ice. The precipitate collected by
centrifugation at 20,000 x g for 30 min was dissolved
in a small portion of elution buffer (5 mM phosphate
buffer, pH 7.5 containing 0.1% Triton X-100, 10%
glycerol, 0.1 mM E D T A , 2 mM sodium ascorbate and
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Fig. 1. Separation o f 13-HPO lyase ( • ) and 9-H PO lyase (O ) activities from cucumber cotyledons on D E A E Cellulofine
A-500 (1.7 x 17 cm ). ( ------- ). Protein content estim ated by the m ethod o f Bradford [8].

5 m M dithiothreitol) and put on a D E A E Cellulofine
A-500 column ( 0 17 x 170 mm, Seikagaku Kohgyo,
Tokyo) equilibrated with the elution buffer. A fter
the column was washed with 1 0 0 ml of the elution
buffer H PO lyases were eluted with 400 ml of a
linear gradient of NaCl (0—0.3 m ) in the elution
buffer.

Results and Discussion

(pH)
Fig. 2. pH -D ependence curve of the partially purified H PO
lyases. ( • ) , 13-HPO lyase activity; (O ). 9-H PO lyase activ
ity. M cllvaine’s buffer (a mixture o f 0.1 M citric acid and
0.2 m disodium phosphate. pH 4 .0 —8.0) and 50 m M
sodium pyrophosphate buffer (pH 8 .0 —9.0) were used.

A lthough 13- and 9-HPO lyase activities could be
detected in cotyledons, hypocotyl and roots of 6 -dayold cucum ber seedlings, cotyledons were used as an
enzyme source because this organ had the highest
activity of both the lyases. Preliminary experiments
revealed that 80 and 50% of 13- and 9-HPO lyase
activity, respectively, were bound to a fraction precipitable with a centrifugation at 1 0 0 ,0 0 0 x g for
60 min and that 4% of Triton X-100 was necessary to
extract both the activities efficiently. The extract was
fractionated with PEG 6000 and applied on a D EA E
Cellulofine A-500 column. Both the activities were
adsorbed to this resin and could be eluted with a
NaCl gradient. As shown in Fig. 1, 13-HPO lyase
activity was eluted first and 9-HPO lyase activity was
eluted thereafter. Although further attempts to sepa
rate these activities failed because of an instability of
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Table I. Effect o f reagents on 9- and 13-hydroperoxide
lyase.

Reagents

Relative activity [%]
9-HPO lyase
13-HPO lvase
0.1 m M
1 mM
0.1 m M
1 mM

No added
EDTA
M onoiodoacetate
M ercaptoethanol
PCMB
PMSF

100
85
76
96
53
80

100
80
30
93
13
40

100
98
98
104
87
95

100
98
92
77
1
85

9-HPO lyase, the elution profile clearly showed that
at least two different enzymes were existed in
cucumber cotyledons each of which was specific to
13- or 9-HPO. By this purification step 13-HPO lyase
was purified about 9-fold in 61% yield and 9-HPO
lyase was purified 18-fold in 82% yield.
Some properties of these partially purified lyases
were also examined. As shown in Fig. 2, 13-HPO
lyase had a pH optimum at 8.0 while 9-HPO lyase at
pH 6.5. In both cases higher pH values rapidly de
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creased the activities. As shown in Table I, both the
activities were much affected by PCMB which is
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These results show that in cucumber cotyledons
C6- and C9-aldehydes were formed by different en
zymes. It is well known that the substrate of HPO
lyase is offered by lipoxygenase activity. We have
previously reported that lipoxygenase activity which
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