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Abstract-The subcellular localization of the fatty acid hydroperoxide cleavage enzyme from cucumber fruit has 
been studied. Activity from the flesh tissue has been located in 3 fractions; plasma and Golgi membranes and endo- 
plasmic reticulum, at equilibrium densities on sucrose gradients of 1 .17, 1.15 and 1 .12 g/cm3 respectively. Enzymatic 
activity and electron microscopy studies were carried out to identify plasma and Golgi membranes. Little activity 
was associated with microbodies (1.23). plastids (1.21) and mitochondria (1119 g/cm3). However, chloroplasts isolated 
from the peel of the cucumber fruit contained a large amount of hydroperoxide cleavage activity. 

INTRODUCTION 

Plant tissues contain enzymes which. on physical dis- 
ruption of the tissue, cause a sequence of lipid-degrading 
reactions. The subcellular localization of the first two 
enzymes in this sequence, lipolytic acyl hydrolase and 
lipoxygenase, were studied in the previous work [l, 21. 
Recently, an enzymic sequence has been proposed for 
the formation of carbonyl fragments from linoleic and 
linolenic acids in extracts of cucumber fruit [3]. The 
enzyme responsible for the cleavage ofthe fatty acid hydro- 
peroxides to form carbonyl fragments, including volatile 
aldehydes with characteristic cucumber odour, is believed 
to be third in the sequence. of lipid-degrading enzymes. To 
understand the process of lipid breakdown in disrupted 
tissue, the subcellular localization of each enzyme is 
relevant and the present work describe studies on the 
cleavage. enzyme. 

RESULTS 

Membrane-bound enzyme 

Compared with the previous work [l, 2] on lipid- 
degrading enzymes, the hydroperoxide cleavage enzyme 
had a very high particulate activity (70-80 % of the homo- 
genate activity localised in a O-l 50000 y pellet). Further 

evidence for an association between enzyme and mem- 
brane came from the effect of Triton X-100, which not 
only activated the enzyme when used in the assay mixture, 
but also resulted in its solubilization [3]. 

Differential centrifigation 

Cleavage activity was present in all fractions separated 
by differential centrifugation(Table 1) and on these results 
it was impossible to eliminate either plastids (marker 
enzyme triose phosphate isomerase), present in the 
0-4OOOg fraction, or endoplasmic reticulum (marker 
enzyme NADH-cytochrome c reductase, insensitive to 
antimycin A) as possible sites for the enzyme. 

Linear sucrose density gradients 

The resolution of the crude 0-38000g pellet was 
carried out on a linear sucrose gradient. Mitochondria 
(cytochrome oxidase) equilibrated at a density of 1.19 
and endoplasmic reticulum at 1.12 g/cm3. It should be 
notedthat themediumusedlacksMg2+ ionsandtherefore 
causesthedissociationofribosomesfromtheendoplasmic 
reticulum [4,5]. The cleavage activity was distributed as 
a broad peak between 1.18 and 1.12 g/cm3. Microbodies 
(catalase) were contaminated with plastids and mito- 

Table 1. Localization of enzymes in fractions obtained by differential centrifugation 

Enzyme localization 
Hydroperoxide Catalase Triose phosphate Cytochrome ATPase IDPase after NADH-cytochrome 

cleavage isomerase oxidase with K+ 3 days c reductase 

Fraction 2, activity ‘A activity % activity % activity % activity % activity y0 activity 

4000 10 min pellet 8. 18 14 8 21 8 9 3 
8000 9.20 min pellet 15 11 3 28 13 17 4 
38000 30 mm pellet 9. 31 5 0 12 10 13 19 
150 000 60 min pellet 8, 11 1 0 1 6 18 15 

A cucumber homogenate. was centrifuged at the stated 9 and the pellet obtained after each centrifugation was resuspended in 
the extraction buffer. Activity refers to % in initial homogenate. 
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(b) 

I 
Fractron no 

Fig. 1 Distribution of cytochrome c oxidase and hydroperoxide 
cleavage on a linear sucrose gradient of two particulate fractions, 
Isolated from cucumber flesh. The gradient was centrifuged for 
5 hr at 755OOg. (a) 0-8OOOg for 10min; (b) 8000~-38OOOg for 

30 min. 

chondrra and it was necessary to layer an homogenate 
in order to resolve these fractions. Microbodies equili- 
brated at 1.23 and plastids at 1.21 g;cm3. both organelles 
being well separated from the cleavage activity. 

In order to resolve whether cleavage activity was 
coincident with the mitochondria, a &8000 g fraction 
and a SOOO-380008 fraction were layered on separate 
gradients. The results (Fig. 1) showed that both gradients 
contained cleavage activity with a peak at 1.15 gjcm3, 
but only in the O-8000 g fraction was there an association 
between a part of the cleavage activity and mitochondria. 
which may be due to the large amount of mitochondria 
present in the fraction, causing other organelles to 
adhere during the purification. 

Identificntwn of membrane fractions with enzyme markers 

It therefore appeared that the cleavage activity was 
localized in fractions lighter than mitochondria. which 
include plasma membrane vesicles, tonoplast vesicles, 
Golgi membranes and endoplasmic reticulum. Other 
workers [6] have found that the effective density of 
plasma membranes on sucrose gradients overlapped that 
of the mitochondria and hence it became necessary to 
remove this organelle before density gradient separation. 
However. in removing the majority of mitochondria, a 

Fraction No 

Fig. 2. Distribution of enzymes on a linear sucrose gradient of a 
4000-38 000 (I particulate fraction, isolated from cucumber flesh. 

The gradient was centrifuged for 5 hr at 75 500 g. 

sizeable amount of cleavage activity is lost (see Table 1) 
and a compromise was achieved by layering a 4000- 
380009 fraction which contained few plastids and only 
60 4; of the mitochondria. 

NADH-cytochrome c reductnse (endoplnsmic reticulum) 

As illustrated inFig. 2, cleavage activity gave 3 distinct 
peaks at 1.17, 1.15 and 1.12 g/cm3. which were separated 
from the mitochondria at 1.19 g!cm3. The lightest peak 
was coincident with NADH-cytochrome c reductase 
and further evidence for the association of cleavage 
enzyme and endoplasmic reticulum was obtained by 
preparing and centrifuging particles in media containing 
1 mM Mgz+. This maintains the binding of the ribo- 
somes and changes the isopycnic density of the endo- 
plasmic reticulum membranes. It was confirmed that 
the peak of NADH-cytochrome c reductase activity 
changed from 1.12 to 1.15g/cm3 in the presence of 
Mg’+C, with a corresponding decrease in cleavage activity 
at 1.12 g/cm3. 

I(+-stimulated ATPase (plasma membrane) 
ATPase activity at a pH of 6.5 and without any KC1 

gave a broad spread over the gradient, with peaks around 
1.165 and 1.15 g/cm3. On the addition of KCl, the activity 
increased in all fractions (Fig. 2) with the greatest increase 
at 1.17g/cm3 (870<) and 1.15g/cm3 (849,). 

Acid photophatase 

Other workers [7] have reported activity with p- 
nitrophenyl phosphate as substrate. at pH 5, in the plasma 
membrane fraction, suggesting the presence of an acid 
phosphatase. We found only 6 ‘?A of the acid phosphatase 
activity of a homogenate was particulate in a O-150000 g 
pellet and 2 7; in the fraction 4000-38 000 g used for linear 
gradients. After centrifugation of a gradient, acid phos- 
phatase activity was observed at the top of the gradient 
where cleavage activity was not present. Two small peaks 
were also found at 1.16 and 1.14g/cm3. The amount of 
activity of acid phosphatase recovered from the gradient 
is consistent with the knowledge of the fragile nature of 
intact vacuoles noted in other tissues [I, 21. 
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Table 2. Fatty acid hydroperoxide cleavage, NADH-cytochrome c reductase and cytochrome oxidase activities in fractions collected 
at the interface of a discontinuous gradient 

Gradient interface Cleavage activity NADH-cytochrome c reductase Cytochrome oxidase activity 

9; sucrose units* ‘4 in interface units* “/, in interface units* y0 in interface 

26134 0.16 47 0.031 72 0.013 11.5 
34/37 0.09 26.5 0.006 14 s 0.007 6 
37;40 0.05 15 0.003 7 0.012 10.5 
40/48 0.04 11.5 0.003 7 0.082 72 

* Enzyme units refer to pmol substrate reacted/min/lO g fr. wt of tissue. 
A 4000-38 000 g particulate fraction was layered on a discontinuous sucrose gradient and centrifuged for 5 hr at 75 500 g. 

Latent IDPase (Golgi membrane) 

Using a 4000-38000 g pellet layered on a linear gra- 
dient, IDPase activity, assayed after 3 days at + 1”. was 
spread throughout the fractions with a peak at 1.15 g/cm3. 
When the individual samples were assayed at day 0 
and again after 3 days, an increase was noted over the 
whole gradient with the largest increase occurring in the 
denser region (1.18-l. 15 g/cm3). 

Discontinuous sucrose gradients 

It became apparent that individual samples did not 
contain sufficient activity to show differences between 
ATPase with and without KCl. or IDPase at zero and 
3 day storage. There was also a need to employ further 
assays to characterize and identify the membranes and 
therefore a discontinuous gradient was devised to obtain 
fractions enriched in various enzymes. The distribution 
of 3 enzymes on fractions collected at the interfaces of a 
discontinuous gradient after a 4000-38000 g pellet had 
been layered (Table 2), showed that cleavage activity 
was found in all 4 fractions with the majority from the 
26134% sucrose interface. This fraction also contained 
the majority of the NADH-cytochrome c reductase activi- 
ty and was therefore rich in endoplasmic reticulum. The 
fraction collected at the bottom interface, 401487; 
sucrose, was enriched in mitochondria. 

Although the majority of the cleavage enzyme appeared 
to be associated with the endoplasmic reticulum, previous 
results from the linear gradients and differential centri- 
fugation suggested otherwise. Work with mung beans 
[S] has also shown that evidence based solely on dis- 
continuous gradients must be treated cautiously. The 
peak of cleavage activity in the linear gradients appeared 

at 1.15 g/cm3 and the results from differential centrifu- 
gation experiments showed high cleavage activity in the 
high density fractions where no endoplasmic reticulum 
was present. Linear gradient results also showed that 
the mitochondria were unlikely to be associated with 
cleavage activity. 

It would therefore appear that, with the discontinuous 
gradient, some Golgi and plasma membranes have been 
trapped on the first interface and that, although we can 
obtain fractions enriched in enzymes, at the same time 
they may well be contaminated by other enzymes. 

ATPase 

All fractions from the discontinuous gradient contained 
ATPase activity (Table 3) and all increased in activity 
in the presence of KCl. Only in the fraction collected at 
the 37140 “/, sucrose interface, however, was there a large 
percentage increase due to K+ and this fact was established 
in 6 experiments. 

IDPase 

Similarly, all fractions contained IDPase activity 
(Table 3), but only the two low density fractions showed 
increased activity after 3 days storage and the highest 
percentage increase always occurred in the fraction 
from the 34137% sucrose interface. It has been stated 
[9] that, in the presence of 0.1% sodium deoxycholate, 
the total IDPase activity could be measured immediately. 
In our experiments deoxycholate increased the activity 
in all fractions by over 100 ‘A and there was no apparent 
relationship between Golgi body membranes and IDPase 
in the presence of deoxycholate. 

Table 3. ATPase. IDPase. glucan synthetase and UDPG : sterol glucosyltransferase activities in fractions collected at the interfaces of 
a discontinuous gradient 

Glucan synthetase 
Gradient interface ATPase activity IDPase activity activity UDPG: sterol 

y0 sucrose 1 PM 1mM glucosyltransferase 
noK+ +K+ % increase 0 day 3 day % increase substrate substrate activity 

cIg Pi pg Pi cpm cpm 

26134 8.9 11.2 26 1.12 2.6 132 243 135 20400 

34137 6.0 7.7 28 0.43 1.9 340 367 495 20500 
37140 0.29 1.04 260 0.29 0.33 14 155 143 7390 

40148 0.71 0.62 0 0.07 0.07 0 139 289 1390 

A 4000-38 000 g particulate fraction was layered on a discontinuous sucrose gradient and centrifuged 5 hr at 75 500 g. ATPase and 
IDPase activities refer to pg Pi released/30 mini10 g fr. wt of tissue. Glucan synthetase activity refers to cpm in polymer/30 min/g fr. 
wt and UDPG: stcrol glucosyltransfcrase refers to cpm/30 min/g fr. wt of tissue. 

PHYTO 17+2-C 
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Fig. 3. Electron microscopy. (a-D. Membrane fractions collected at the following sucrose interfaces from a discontinuous gradient. 
(a) and (b) 26/34%; (c) and (d) 34/37 2; (e) and (fl 37;40%. Sections (a), (c) and (e) were stained with uranyl acetate. Sections 

(b), (d) and (f) were stained with PTA/CrO,, which is selective for plasma membranes. (al and (b) x 37000; (c)- (f) x 74ooO. 

Gluean synthetase 
Activity was maximal in fractions from the 34/37x 

sucrose interface with low UDP-glucose (1 PM) as 
substrate (Table 3). When the substrate was increased 
to 1 mM, the highest activity was found in the endoplasmic 
reticulum fraction. 

UDPG:sterol glucosyltransferase 

The fractions containing the endoplasmic reticulum 
and the Golgi bodies were the most active in the synthesis 
of sterol glucosides (Table 3). 

Use of peel tissue 

All the previous work had been carried out on the flesh 
of cucumbers, but when the peel was homogenized. 
more cleavage activity was found in the 0-4OOOg pellet 
than in the 400&38 000 g fraction (Table 4). Inner flesh 
tissue, as well as the flesh taken adjacent to the peel, both 
had higher activity in the second fraction. Table 4 also 
shows that chlorophyll, which is a marker for intact and 

broken chloroplasts, was high in the peel tissue, but fell 
rapidly in the flesh adjacent to the peel and in the inner 
flesh. On the other hand, the value for triose phosphate 
isomerase (marker for intact plastids only) remained 
high in the 04000 g pellets from all 3 tissues. One cannot 
compare the homogenate figures due to the presence of a 
non-particulate isoenzyme of triose phosphate isomerase. 
Thus, the &4OOOg fraction from the flesh contained as 
much plastid material as the @-4OOO g fraction from the 
peel. 

Using the brief centrifugation technique on a linear 
sucrose gradient, where plastids almost reach their equili- 
brium density whilst other organelles barely move into 
the gradient, the majority of cleavage activity (78 “A from 
@4OOOg peel particulate was localized at a density of 
1.20 g/cm3. This peak of activity coincided with chloro- 
phyll and with triose phosphate isomerase and was there- 
fore assumed to be localized in the chloroplasts. When 
evidence of broken chloroplasts has been observed around 
1 .18 g/cm3, by a double chlorophyll peak cleavage activity 
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Table 4. Comparison between hydroperoxide cleavage activity. triose phosphate isomerase 
actlvlty and chlorophyll in fractions obtained by differential centrifugation from the peel. flesh 

adjacent to the peel and inner flesh of the cucumber. 
- 

Cleavage Trlose phosphate Chlorophyll 
Enzyme locahzation activity lsomerase actlvlty 

units* units* mg. 20 g 

Homogenate 2.14 78 1.04 
PtXl 4000 10 min pellet y. 0.78 2.8 05 

38 000 30 mm pellet 9. 05 1.0 004 
Flesh 
adjacent Homogenate 3.14 76 0.42 
t0 4000 10 min 9. pellet 0.9 2.9 0.24 
peel 38000 8, 30 min pellet 1.2 1.2 0 04 

Inner Homogenate 34 76 0.25 
flesh 4000 y_ 10 mm pellet 0.67 22 0.08 

38 000 30 min pellet g. 1 18 1.3 0.02 

* Enzyme umts refer to pmol substrate reactedi min/20 g fr. wt of tissue. 
Cucumber homogenates were prepared from the three different parts of a cucumber and 

centrifuged at the stated q. Pellets obtained after each centrifugatlon were washed and resuspen- 
ded m t<e extraction buffer 

has also been associated with them. On the other hand, 
the O-40009 fractions from the other 2 samples had 
the majority of their cleavage activity located at the top 
of the gradient after a brief centrifugation; 88’!I from 
the flesh adjacent to the peel and 904<, from the inner 
flesh. This activity, as we have earlier described. was 
located in the membranes. 

Properties qf the hydroperoxide cleaoage system J?om peel 

Previous work on the enzymic pathway for the forma- 
tion of cis-3-nonenal. trans-2-nonenal and hexanal from 
linoleic acid hydroperoxide isomers had been carried out 
on flesh tissue [3]. It was therefore important to ensure 
in the present work that the assay used to measure cleavage 
activity (disappearance of the hydroxydiene chromo- 
phore at 234nm) using a particulate preparation from 
the peel. was valid. because other enzymic transfor- 
mations of fatty acid hydroperoxidases are known [lo]. 

Similar results of heat inactivation were found using 
peel as reported previously from the flesh tissue [3]. 
Heating the O--4000 y and the 4000~.38000 g pellet 
fractions at 70” for 2 min resulted in a total loss of 
activity and 50 “<, of the activity was lost at 50” for 10 min. 
A comparison was made between the percentage conver- 
sion, in a 10 min incubation period, of the disappearance 
of hydroperoxide chromophore at 234 nm and the major 
volatile carbonyl compounds formed. Thus, with the 
9-hydroperoxide of hnoleic acid under the conditions 
used, there was a 22.5 ?,, loss of the 234 nm chromophore 
with a concomitant production of cis-3-nonenal. equlva- 
lent to cleavage of 25”,, of the hydroperoxide substrate. 
When 13-hydroperoxide was used as substrate, 3Oj’, 
disappeared in 10 min. with a cleavage of 40:‘,, of the 
substrate, measured as hexanal produced. Thus, we 
assumed that the chromophore activity was indeed due 
to the same hydroperoxide cleavage system as that in the 
flesh. 

Electron microscopy 

Membrane material sedimenting at the interfaces after 
discontinuous gradient centrifugation was negatively 
stained using uranyl acetate. Little information was 

gained from the electron micrographs after negative 
staining, save that the fraction from the 26/34”,; sucrose 
interface was different in appearance from those at the 
34/37 “, and 37i40 9,; interfaces. It was also noticeable that 
the vesicles from the latter fraction were larger than from 
the 34137”; interface. However, electron microscopy of 
fixed stained sections from the sucrose interfaces was 
more informative and showed the 3 fractions mentioned 
above to be in the form of membrane vesicles, devoid of 
other cellular contaminants (Fig. 3) with the dense fraction 
from the 37/40”, interface containing a few flattened 
membranes. The fraction collected at the 40/48’, 
interface was mainly composed of mitochondria. It has 
been observed [ll] that the size of vesicles increased 
with increasing density and this was confirmed. The 
same workers were critical of the phosphotungstic acid 
chromic acid (PTACrO,) stain. whereas others [12] 
showed clear evidence that the plasma membranes were 
selectively stained. The micrographs in Fig. 3 demonstrate 
clearly that the endoplasmic reticulum does not stain 
with PTAiCrO,, whereas some membranes in the 37;40 “<, 
interface stain heavily. Other membranes present in the 
same fraction that do not stain so readily may be from 
the tonoplast. The results of the fraction from the 34137 :,, 
interface are not clear cut. They do not stain as heavily 
as the plasma membranes but they have stained to 
some degree. 

Cassagne et al. [13] reported that each type of mem- 
brane had a constant thickness and that it was easy to 
see these variations in the membrane vesicles of the pellet. 
We observed variations of thickness between the endo- 
plasmic reticulum (6 nm) and the Golgi and plasma mem- 
branes (8 nm) but could not identify tonoplast membranes 
by this method. Staming by PTAKrO, appeared to 
increase the size of the plasma membranes. 

DISCUSSION c c 

Hydroperoxide cleavage activity, from the cucumber 
flesh. has been located in 3 separate membranes. plasma 
Golgi and endoplasmic reticulum. They hale beensepara- 
ted by linear and discontmuous sucrose gradients and 
identified by marker enzymes and electron microscopy. 
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However, the present work has illustrated the problems 
of positive identification of subcellular membranes in 
non-meristematic tissue. 

Recent work has been published on the isolation and 
identification of plasma membrane fractions in higher 
plant tissues which include corn roots [6], kidney bean 

abscission zone [ 121 and leek epidermal cells [ 131. These 
are meristematic tissues and plasma membranes were 
identified in these tissues at an isopycnic density around 
1.16-1.17 g/cm3, by the use of a marker enzyme, K+- 
stimulated ATPase, in the presence of Mg2’, at a pH of 
6.5. The association between ATPase (K+-stimulated) 
and the plasma membrane has been based largely on 
the use of PTA/CrO, stain. Work on ATPase activity 
in a membrane fraction from soybean callus and 
root cells [14] located the plasma membranes between 
1.13 -1.155 g/cm3 density. but other research [I 11, using 
shoots from Suaeda mar&ha, found the plasma mem- 
branes not easily identifiable. 

IDPase activity is considered to be associated with 
Golgi body membranes and is latent (i.e. activity increases 
with storage at + 1”). Work with pea seedlings [S, 15. 
161 showed a single peak of IDPase activity at 1.15 g/cm3, 

whereas in soybean root and suspension cultures [14, 
171 peak activity occurred at a lower density of 1.12 g/cm3. 
Other workers on mung bean root tissue, onion stem 
and corn and oat roots [S, 9, 6, 181 found two IDPase 
peaks, one around 1.09-1.12 g/cm3 and the other at 
1.15 g/cm3. IDPase has also been reported in the plasma 
membrane fraction at 1.65 g/cm3 and was not latent [ 121 
and in all gradient fractions from the shoots of S. maritima 

[ll] with the highest activity at 1.15 g/cm3. This was 
the only fraction to increase on storage. 

Cytochemical studies showed ATPase activity associa- 
ted with a number of membranes in S. maritima [19]. 

especially plasma membrane and tonoplast. IDPase 
activity was also located in both these membranes by 
the same workers and in plasma, Golgi and endoplasmic 
reticulum from onion root tips [20]. 

From our results on the activity of ATPase and IDPase 
we would agree that these enzymes could well be present 
in a number of membranes. However, it appears that a 
high percentage increase of (a) IDPase activity during 
storage and (b) ATPase activity due to K+, is a valid 
test for the presence of Golgi and plasma membranes 
respectively. especially when backed up by other enzyme 
tests and EM evidence. 

Glucan synthetase, at the low substrate level, is reported 
to be a marker for G’olgi body membranes [5. 14-16,211 
and our results are in agreement with this. At the high 
level of substrate the enzyme is reported to be associated 
with the plasma membrane [8. 14, 211 and the synthesis 
of glucan increases markedly when the substrate con- 
centration is raised. Our results, however, showed that 
the incorporation of radioactivity was only slightly 
enhanced at the 1 mM substrate level and the most 
active of the 4 fractions were the endoplasmic reticulum 
and Golgi body membranes. 

UDPG : sterol glucosyltransferase has been described 
as a valuable marker enzyme for Golgi body membranes 
[22], but other workers have associated it with plasma 
membranes [23], chloroplasts, mitochondria [24] and 
microsomes [25]. Our results showed most of the activity 
was associated with the Golgi body membranes and 
endoplasmic reticulum. 

The material used in this work contains large vacuoles 

and it is possible that cleavage activity is also localized 
in the tonoplast. ATPase activity is thought to be 
associated with the vacuole membrane and tonoplast 
vesicles will equilibrate in the sucrose gradients at 
densities very near to that of the plasma membrane [6]. 
The K+-stimulated ATPase activity located at 1.15 gjcm3, 
in the same peak as the Golgi membranes. could well be 
present in tonoplast vesicles. The membrane fraction 
rich in plasma membranes contained large vesicles which 
did not stain heavily with PTA/CrO,. These may well 
be from the tonoplast which, on the same electron 
micrograph evidence, could also be present in the Golgi- 
rich fraction. We cannot be positive until a specific 
marker is developed. 

The cleavage activity found in the peel of cucumbers is 
localized in a different organelle from that observed from 
the flesh tissue. A 0-4000g pellet prepared from peel 
has the majority of enzyme associated with the chloro- 
plasts, whereas the plastids, present in the same fraction 
from the flesh, contain very little activity. 

Other workers [26] have described an enzyme, hydro- 
peroxide lyase from watermelon seedlings, which cata- 
lyzes the conversion of 13 hydroperoxide to 12-0x0- 
trans-IO-deodecenoic acid and hexanal. On the basis 
of recent results [27] we believe that the cleavage enzyme 
(lyase) from water melon is the same as that from cucumber 
described in this paper. 

EXPERIMENTAL 

PInnt nlateri&. Cucumber fruits (Cucumis satious), cv Fern 
Dam, were grown at the Institute. or purchased locally and used 
when mature. 

Tissue extraction. The grinding medium contained 0.25M 
sucrose, 0.1 M HEPES buffer, pH 7.6. 0.5”; BSA and 1 mM 
EDTk 1 mM MgCl, was added to the extraction and suspension 
buffers when Mg*+ Ions were used in gradients. With the full 
medium, activity was maintained for several days. Lack of 
EDTA made a slight difference but. tiithout BSA in the extraction 
buffer. 509< activity was lost in 24 hr. Pieces from the flesh 
(peel and seeds removed) of cucumber frmt were cut into small 
cubes and homogenized in a blender for two 5 set bursts. Peel 
was treated in a similar manner, but was shredded with a razor 
prior to homogenization. All operations were carried out at 
O-2”. The homogenate was then filtered through several layers 
of muslin and centrifuged at the stated 9. The crude particulate 
pellet was resuspended m a few ml of the original medium, 
but not containing BSA. BSA was added to an sliquot for the 
glucan synthetase assay. Particulates were used directly or 
layered on to linear or discontinuous sucrose gradients. 

Density gmdients. These were w/w sucrose solns made up to 
100% with 0.1 M HEPES buffer. pH 7.6 and 1 mM EDTA. 
Linear gradients, for the study of flesh tissue. were composed of 
3 ml of a 56”~ sucrose soln. followed by 40 ml of a lmear gradient 
from 5616 YO. with a final 5 ml of 16 7;. Discontinuous gradients 
were composed of 5 ml of 48 “/, followed by 9 ml 40 “{,, 10 ml 
of 37 Y0 and 12 ml each of 34 and 26 “/& The particulate fraction 
(3-4 ml) was layered on the top of these gradlents. Linear 
gradients for brief centrifugatlons were formed from 42 ml of 
34-60 7; sucrose and 5 ml of 34 “/,. 1 mh4 MgCI, was added where 
appropriate. AU linear gradients were prepared 24 hr in advance 
to allow for equihbration The tubes were then placed m a 
SW 25-2 rotor in a Beckman Spinco L2 ultracentrifuge and 
centrifuged at 1” for 5 hr at 25 000 rpm (75 500 8). or 15 min at 
15 000 rpm (27000 8). Other details were as previously described 
[ 11. With discontinuous gradients_ where the bands of material 
were clearly visible. the entire band was collected. This fraction 
was then coned by initially diluting with buffer, followed by 
centrifuging at 50000 9 for 30 min. The pellet was resuspended as 
previously described. 
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Enzyme assays. Catalase, trtose-phosphate isomerase. phos- 
phatase. cytochrome c oxidase, NADH-cytochrome c reductase 
(in the presence of antimycin A) and chlorophyll were assayed as 
described previously [l, 21. Latent IDPase was assayed mitially 
and after 3 days storage at &2”. by the method of ref. [IS]. 
ATPasc was assayed at 37’ with and without K’ ions. The reac- 
tion contamed 3 mM ATP. 0.1 M HEPES buffer, pH 6.5. 3 mM 
MgSO, and 50 mM KC1 where appropriate. With both ATPase 
and IDPase the final vol. was 1.3 ml excluding 0.2 ml of 30 “* 
TCA used to stop the reaction after 30 min Inorganic P, was 
measured from a 0.5 ml sample. containing less than 1 pmol 
of ATP or IDP, by the method ofref [28] and activitiesexpressed. 
after the removal of enzyme blanks. as ug of phosphate. Hydro- 
peroxide cleavage was assayed by the disappearance of 9 or 
13-hydroperoxy-octadecadienoic acids in a recording spectro- 
photometer at 234 nm [3]. The 13 hydroperoxide was prepared 
from hnoleic acid by the method of ref. [29] using sodium 
borate buffer, pH 10.5 at 0”. The reaction mixture for assaying 
cleavage acttvity contained 33 pg of substrate in 0.1 M Pi buffer, 
pH 6.5. in a total vol. of 3 ml. UDPG: sterol glucosyltransferase 
assay was a modification of the method of ref. [22]. The reaction 
mixture contained 0.3 ml of 0.1 M Trts ~HCl buffer. pH 7.5. 
0.1 ml of 0.5 mM DTE. 0.1 ml of 0.5 mM fl sitosterol. 4 u1 of 
UDP [U-“Cl glucose ammomum salt (306 mCi/mmol) and 
0.1 ml of enzyme prepn. The sterol was prepared as an emulsion 
(0.5 mM sterol, 1 mM lecithin and 2 mg;ml Triton X 100) after 
sonication. The reaction was run for 15 min at 30’. subsequent 
extraction of the incorporated labelled glucose was by the 
method of ref. [30]. The CHCI, layer (I ml) was evapd to dryness 
and 1Oml of scintillation fluid added, 0.4”; 2,5_diphenyloxa- 
zole (PPO) m toluene. Triton X-100 and HZ0 (6:3: 1) and the 
radioactivity counted. Glucan synthetase was assayed in the 
presence of high and low substrate concns, in a total vol. of 0.1 ml. 
The reaction contained 10 pl of UDP glucose at 1OmM or 
10 PM. 2 pl UDP [U-14C] glucose, 20 p1 of 0.25 M Tris,‘acetate 
pH 8. containing 0.1 M MgCI,. 20 fl of 0.1 M cellobtose and 50 u1 
of particulate enzyme fraction. The reaction was carrted out at 
25 for 45 min and was stopped by additton of 1 ml of 75”,, 
EtOH. The msoluble products containing the labelled glucose 
were extracted by filtering under vacuum through a millipore 
membrane filter (Type HA 0.45 pm). The membrane was 
thoroughly washed with 10 ml of 75 9, EtOH. drted and dissolved 
in 1 ml of 2-methoxyethanol. A further Y ml of scintillation 
fluid (6 : 3. toluene : Trtton X- 100) was added and the radioactivity 
counted as previously described. Volatile carbonyl productswere 
analysed as described previously [3]. 25g skin or flesh were 
extracted wtth 20 ml (skin), 12 ml (flesh) of 0.05 M Tris-HCI 
buffer. pH 7. 2 mM DTT. 1 mM EDTA and 0.1”~: Triton X-100. 
The incubation mixture contained 50 ug hydroperoxtde in 5 ml 
buffer + 200 ul enzyme for 10 mm. 

EIecrrou microscopy. Samples from the dtscontinuous gradient 
were treated as in ref. [l] The PTACrO, stam for plasma 
membranes were prepared by the method of ref [31]. Sections 
were cut with a diamond knife and stained by the PTACrO, 
or uranyhlead acetate method. Negative stains were prepared 
by placing fractions from the discontinuous density gradient on 
carbon coated copper grids after fixation with glutaraldehyde. 
removal of sucrose by the method of ref. [32] and then stammg 
with uranyl acetate 
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