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Summary

A new method of obtaining chloroplasts retaining their outer membranes
is described. It is shown that the use of low cation media enhances the separa-
tion of intact and broken chloroplasts.

It is now quite clear that in order to gain a full description of both the
light and dark reactions of photosynthesis it is necessary to understand the
role of the chloroplast outer membranes, often called the envelope, in con-
trolling the composition of the stroma [1,2]. The chloroplast envelope acts
as a barrier to the free diffusion of enzymes, metabolites, nucleic acids and
inorganic ions [1—5] as well as possessing specific translocators [4]. When
isolated as an intact organelle, the chloroplast can reduce CO, at rates com-
parable to those observed with intact leaves and algae [5] and shows other
photophysical phenomena seen with leaves but not normally seen with iso-
lated chloroplasts which have lost their outer membranes. Clearly studies with
isolated chloroplasts retaining their outer membranes are of considerable
importance for relating both stromal and thylakoid associated phenomena
with the normal photosynthetic activity of an intact system.

Over the years, a number of procedures have been developed for isolating
intact chioroplasts from a variety of materials [6]. The criterion for the
percentage intactness has been a comperison of the uncoupled rate of ferri-
cyanide reduction before and after subjecting the prepasation to an osmotic
shock [7,8]. Since the chloroplest envelope is impermeable to ferricyanide,
only the broken chloropiasts in a suspension will be able to reduce this
electron acceptor. This test has revesled that most preparations always con-
tain mixed populations of broken and intact chloroplasts [9] with a yield of
intactness very rarely exceeding 80% and usually somewhat lower. The exis-
tence of mixed populations of chloroplasts in the experimental suspension
has distinct disadvantages for many types of studies. In this communication
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we report a new isolation procedure which regularly yields close to 100%
intact chloroplasts as judged by the ferricyanide test.

We have used pea leaves (Feltham First) germinated and grown in vermicu-
lite for about a week on a 12-h light-dark cycle and also used market spinach.
The leaves were harvested and macerated in an ice-cold slurry of buffered
sorbitol using a Polytron (type PT 35 0D) with the standard attachment
(PT 35/2 0D) and speed setting of 5.5. A ratio of 35 g of leaves per 100 ml of
buffer was routinely used and the buffer consisted of 0.33 M sorbitol, 0.2
mM MgCl, , 20 mM MES (2(N-morpholino)ethane sulphonic acid) brought to
pH 6.5 with tris(hydroxymethyl)aminomethane. The resulting slurry was
filtered through 10 layers of muslin with the first two layers of muslin
separated by a thin layer of cotton wool. The filtrate was then centrifuged in
an MSE bench top centrifuge at 2200 X g for 30 s and the total time allowed
for reaching the maximum speed and for hand braking being less than 90 s.
The supernatant was discarded and most of the soft pellet was removed with
the supernatant. The remaining pellet was routinely found to consist of 756%
or more of chloroplasts retaining their outer membranes. However, if this
pellet was resuspended in a cation free medium, then after centrifugation
there was a regular and significant increase in the percentage intactness of the
preparation. The procedure was to suspend the pellet in 0.33 M sorbitol
brought to pH 7.5 with Tris base (approximately 0.5 mM) and centrifuged at
2200 X g for 20 s with the total time allowed for reaching maximum speed
and for hand braking being about 60 s, The supernatant was aspirated, and
the soft portion of the pellet was carefully removed and discarded before
finally suspending the pellet in a small volume of the cation free medium.
Fig. 1 shows typical traces of oxygen evolution measured in the presence of
ferricyanide before and after osmotic shock. With this preparation the intact-
ness corresponded essentially to 100%. Regularly preparations of 90% or
greater intactness were obtained by this method. The supernatant which was
normally discarded was often found to contain 50% intact chloroplasts and
again if these mixed chloroplasts were resuspended in the cation free medium
then after centrifugation a pellet could be obtained corresponding to approxi-
mately 85% intactness. We have studied CO, and phosphoglycerate-dependent
O, evolution with chloroplasts isolated by the above procedure and obtained
rates greater than 200 umol O,/mg chlorophyll per h. This would indicate
that these preparations do not contain a significant amount of chloroplasts
with resealed envelopes [10].

Although the success of the above method for consistently producing
chloroplast preparations of high percentage intactness does depend on the
maceration, filtration and centrifugation procedures, as also found by others,
the use of a cation free medium is of prime importance. When the salt con-
tent of the medium is raised, a greater proportion of the pellet contains
broken chloroplasts. It seems that with low cation media there is a better
centrifugal separation of intact and broken chloroplast which almost certainly
reflects differences in the surface charges on the envelope and exposed
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Fig. 1. Ferricyanide-dependent O, evolution by intact (A) and envelope-free (B) chloroplasts. 2.5 mM
NH,Cl was added during the dark period. Assay medium contained 0.83 M sorbitol, 1 mM MgCl,,
50 mM HEPES/KOH, pH 7.6, 2 mM EDTA, 20 ug chlorophyll/ml and 1.0 mM potassium ferricyanide.

thylakoid membranes of the broken chloroplasts. It is these charges which

control changes in membrane adhesion or stacking processes under different
ionic conditions [11].
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