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TECHNIQUE

A bright idea

The intrinsic brightness of green fluo-
rescent protein (GFP) and the fact that
it can be used to make fusion-protein
constructs make it an invaluable tool
for studying biological processes in
vivo. However, its value would be sig-
nificantly greater if it could be used to
selectively mark proteins through
photoactivation — a goal that has now
been achieved thanks to work pub-
lished by Patterson and Lippincott-
Schwartz in Science. These authors had
the bright idea of making a GFP that
remains ‘off” until it’s switched ‘on’
GFP normally exists in two forms
— a ‘neutral’ and an ‘anionic’ form,
which produce major and minor
absorbance peaks, respectively. Intense
illumination with ~400-nm light con-
verts GFP mainly to the anionic form,
which results in an increase in minor
peak absorbance, as well as a subse-
quent threefold increase in fluores-
cence after excitation at 488 nm.
Patterson and Lippincott-Schwartz
therefore decided to search for a GFP
variant with a reduced minor
absorbance peak. They hoped that if
they could find such a variant, it would
mean that photoconversion with ~400-
nm light would produce a larger
increase in minor peak absorbance, and
therefore a more marked increase in
fluorescence after 488-nm excitation.
Because a previously reported GFP
mutation at threonine 203 resulted in
reduced absorbance at 488 nm with-
out affecting the major absorbance
peak, the authors studied various sub-
stitutions at this position and found
what they were looking for in the form

of a histidine substitution. They called
this stable GFP variant photoactivat-
able GFP (PA-GFP), because they
found that it had virtually unde-
tectable absorbance at the minor peak
and that irradiation with ~400-nm
light resulted in a large increase in
minor peak absorbance. They also
found that 488-nm excitation of pho-
toconverted PA-GFP produced an
~100-fold increase in fluorescence.

So, how useful is PA-GFP for stud-
ies in living cells? When the authors
studied cells expressing PA-GFP, they
found that, in contrast to cells
expressing wild-type GFP, 488-nm
excitation produced very little fluo-
rescence before photoconversion.
Furthermore, after photoconversion
with ~400-nm light, they saw that
488-nm excitation produced a more
than 60-fold increase in fluorescence
for PA-GFP-expressing cells, compared

with only an ~2.6-fold increase for
wild-type-GFP-expressing cells.
Patterson and Lippincott-Schwartz
concluded their report by highlighting
some of the biological applications of
PA-GFP. They showed that it can be
used both as a free protein to study
protein dynamics (they looked at pro-
tein diffusion across the nuclear enve-
lope) and as a chimeric construct to
study membrane dynamics (they used
it to monitor interlysosomal mem-
brane exchange). All in all, the stability
and optical contrast of PA-GFP, com-
bined with the fact that signals can be
obtained from it rapidly and specifi-
cally, mean that searching for PA-GFP
was a very bright idea indeed.
Rachel Smallridge
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