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A method is described for rapid isolation of
intact chloroplasts from spinach leaves ca-
pable of high rates of complete photosyn-
thesis with CO

2
. Not previously possible, the

rates with isolated chloroplasts now resem-
bled those of the intact leaf, [The SCI® in-
dicates that this paper has been cited in
over 485 publications since 1966.)
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“After finishing my graduate re-
search in 1965 at the C.F. Kettering Re-
search Laboratory, Ohio, I went to the
biodynamics laboratory on the Univer-
sity of California, Berkeley campus,
under Melvin Calvin and his group to
continue my studies on photosynthesis.
Calvin had received the Nobel prize in
1961 for his elucidation of tl~epath of
carbon in photosynthesis. I elected to
work with ).A. Bassham who was direct-
ing the research on photosynthetic car-
bon assimilation. Starting with the
isolation procedures of D.A. Walker’
with pea chloroplasts, we optimized
the conditions for isolation of chioro-
plasts from spinach which retained
their ability to do complete photosyn-
thesis with CO2. It was apparent that
Tris buffer was inhibitory so we used
one of the then new N.E. Good zwitter-
ion buffers. Rapid isolation and the use
of fresh spinach also increased the rates

of light dependent CO2 uptake. Al-
though not sustained for more than ten
to 15 minutes, the rates were greater
than half of the rate of CO2 uptake by
the intact leaves and did not’ require
added metabolites. The products la-
beled with 14C were those expected for
the Calvin cycle.

“At that time, the rate of CO2 fixa-
tion with isolated chioroplasts was less
than five percent compared to the in-
tact leaf. Our vigorous rates of CO2 fix-
ation in the absence of any added me-
tabolites gave us confidence that our
observations were more like those ex-
pected of chloroplasts in the intact
leaf. We later published observations
on the effects of added cofactors and
intermediates, the diffusion of labeled
photosynthetic intermediates out of
the chloroplast, and the apparent ef-
fect of light on the carboxylation reac-
tion.24 An overview of the biochemis-
try of the chioroplast has recently ap-
peared.~

“At that exciting time our improve-
ment was considered a breakthrough
because it was the first demonstration
that the entire process of photosyn-
thesis from 02 evolution to CO2 fixa-
tion could operate at significant rates
outside of the intact plant cell. Since
then, each laboratory has added their
particular improvements to the isola-
tion with the elucidation of many im-
portant mechanisms pertaining to the
regulation of photosynthesis. The ex-
citement continues today as many in
this field visualize the eminent poten-
tial for optimization of this key life pro-
cess for increasing plant production.”
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