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T he fate of molecules in cells is fre-
quently determined by attached flu-
orophores. This technique is not al-

ways reliable, as the fluorophore itself may
interfere with the metabolism or localization
of the molecule of interest. For proteins,
however, the fusion to a fluorescent protein
or the introduction of a small molecule flu-
orophore seems only in some cases to have
undesired effects on protein behavior. In
particular, the addition of �-barrel-shaped
fluorescent proteins is often without effect
on protein performance other than de-
creased proteolytic cleavage. Despite easy-
to-apply labeling strategies, fluorescent pro-
teins have their limitations. Especially,
sharp long wavelength excitation fluores-
cent proteins are hard to come by. For these
and other cases, alternative labeling meth-
ods that permit the introduction of small flu-
orophores are very helpful. The most com-
mon technique in this respect to date is the
tagging by the self-alkylating SNAP-tag fu-
sion proteins, pioneered by the group of Kai
Johnsson (1). In an article in this issue of
ACS Chemical Biology, this group now intro-
duced a photoswitchable variety of the
SNAP technique (2). For this purpose, a flu-
orophore and a quencher molecule are in-
troduced that exhibit almost complete fluo-
rescence resonance energy transfer (FRET).
In the linker region between the two fluoro-
phores, a photocleavable nitroveratryl-type
unit permits the separation of the two dyes
and hence the complete loss of FRET. This
leads to large unquenching of the donor
fluorescence and to a substantial increase

in fluorescence. In cases where the
quencher is also a fluorophore as described
for the FRET pair Cy3-Cy5, photocleavage lit-
erately results in a change from dark red to
orange fluorescence (Figure 1). Thus the
new probes complement the now common
photosensitive fluorescent proteins such as
photoactivatable mCherry (3), photoconvert-
ible Dendra (4), or photoswitchable Dronpa
(5), to name just a few examples.

The preparation of these tools required
significant efforts in preparative organic
chemistry. The SNAP tag design was based
on the substrate properties for the alkyl gua-
nine transferase (AGT) fusion protein. There-
fore, an O6-alkylated guanine was linked to
a fluorophore-taggable lysine unit via a stan-
dard linker. The side chain amino group of
the lysine was used to attach the photoacti-
vatable nitroveratryl-like group by a carbam-
ate group. The quencher was attached in
the last step by employing an azido alkyl
group on the exocyclic benzyl carbon and
click chemistry. As donor fluorophores, the
green fluorescent dye fluorescein and the
orange dye Cy3 were used, and as quench-
ers the diaminoxanthene dye QSY7 or the
red Cy5 was used. All dyes are charged and
hence impermeant to cell membranes.
Therefore, the constructs were most useful
for applications on cell surfaces, for in-
stance, to label GPI-anchored proteins. How-
ever, the authors used an interesting strat-
egy to mechanically treat cell membranes in
a way that permitted construct entry. The
method is called bead-loading and was orig-
inally developed by McNeil and Warder (6).
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ABSTRACT The tool set for intracellular label-
ing has received its newest addition. It is now pos-
sible to attach a fluorescent molecule to proteins
inside living cells and to change the fluorescent
properties at some point in time by a flash of light.
Hence the labeled protein is easily and unambigu-
ously trackable against a background of nonillu-
minated proteins from different locations.
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It involves a temporary rupture of the
plasma membrane by mechanical impact
and is therefore an invasive method that re-
quires a recovery phase for the cells under
investigation. During this time the authors
speculate that the excess of free dye is re-
leased from the cell. Indeed, little back-
ground was detectable, demonstrating that
the method worked reliably in and on cells.
Double labeling of two cell compartments
with a SNAP-tag and a CLIP-tag, the latter
using an O2-benzylcytosine derivative (7),
was successfully shown, as was the appli-
cation in fluorescence recovery after photo-
bleaching (FRAP) experiments to deter-
mine plasma membrane protein diffusion
coefficients.

In conclusion, the use of photocleavable
tools to switch on fluorescence or change
emission wavelengths is a wonderful addi-
tion for looking into cell activity in real time
and with spatial resolution. Compared to
simple SNAP-tag labeling, probe prepara-
tion is much more extensive. Therefore,

while the strategy provided by
Johnsson and co-workers has
promise to be generally appli-
cable, the required tailoring of
each new tool requires a lot of
chemistry. The availability of
the reagents will be crucial for
the method to reach wide distri-
bution. Furthermore, it will be
interesting to have membrane-
permeant constructs, for in-
stance, with uncharged dyes or
with dye derivatives equipped
with bioactivatable protecting
groups. In the future, photo-
cleavable tools for cell biology
will become more common as
these methods permit the local
manipulation of molecules in-
cluding their localization and
activity. The field would gener-
ally benefit from new photoacti-
vatable groups, especially with
longer excitation wavelengths

or those that can be cleaved by two-photon
excitation (8, 9). Apart from improved bio-
compatibility, these would potentially per-
mit the intracellular manipulation of two or-
thogonal events, an important prerequisite
for interfering with complex structures such
as signaling networks.
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Figure 1. Mode of action of photoconvertible protein tags
such as Cy3-Cy5. After selective protein labeling via SNAP
tag, the cleavage of a photosensitive nitroveratryl unit by
UV light releases the FRET acceptor from the donor leading
to a strong increase in donor fluorescence and a de-
crease in acceptor fluorescence. In the case of Cy3-Cy5, the
emission of both dyes can be recorded ratiometrically be-
fore and after photocleavage. Cy3 is an orange and Cy5 a
red fluorescent cyanine dye. Alternatively, nonfluorescent
dyes may be used as FRET acceptors leading to photoacti-
vatable probes that increase fluorescence after acceptor
release.
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