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en and where proteins
associate with each other in
living cells is a key question

to learn about their function. To
address that question in conventional
fluorescence microscopy proteins are
labeled with different fluorophores
(e.g. with the help of antibodies).
However, the optical resolution of
light microscopes limits the detection
of protein proximities to about

0.2 pm. A higher resolution is
necessary to study the physical
interaction of protein partners.

FRET using fluorescent proteins

Fluorescence resonance energy transfer
(FRET) is a technique to resolve the
proximity of proteins beyond the optical
limit of light microscopes (in the range of
1-10 nm). It can be used to reveal inter-
actions between proteins or structural
changes within a molecule. FRET imag-
ing measures the non-radiative transfer
of photon energy from an excited fluo-
rophore (the donor) to another fluo-
rophore (the acceptor). It is very sensi-
tive to the distance between the
fluorophores and, thus, can serve as an
indicator for close proximity (Fig. 1).
There are only certain pairs of fluo-
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rophores suitable for FRET experiments
since besides other prerequisites the
donor emission spectrum has to overlap
the excitation spectrum of the acceptor.

Fluorescent proteins (FPs) like the
green-fluorescent-protein (GFP) are very
attractive for FRET experiments. They
can be genetically fused to proteins of in-
terest and expressed in cells making
them an excellent reporter system for
gene expression and protein localization
in living cells. Several enhanced FP vari-
ants with different spectral properties
are available. The cyan-colored CFP as
donor and the yellow YFP as acceptor
are best suited for FRET experiments in
living cells.

The LSM 510 — an analytical instrument
for FRET

Conventional three dimensional FRET
imaging can be probably done with dif-

ferent confocal laser-scanning micro-
scopes. The LSM 510 from Carl Zeiss (see
journal cover), however, is designed not
just as an imaging machine but as a ver-
satile and extendable analytical instru-
ment. It is equipped with several unique
software and hardware functions that
are advantageous for FRET studies. Ex-
amples are the build-in MULTITRACK-
ING technology (patent pending), pixel-
precise illumination and bleaching
procedures, the REUSE function for re-
producing experimental setups, on-line
ratiometric analysis during image acqui-
sition, all kinds of mathematical image
operation and data export functions.
There are LSM 510 configurations avail-
able equipped not only with the basic
458 nm laser line for CFP excitation but
with an additional 413 nm laser that is
ideal for cross-talk free FRET analysis.
Finally, the instrument can be extended
with new software and hardware options
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Fig. 1: The principle of FRET



to an analytical system specifically set up
for the spectral analysis of FRET signals
or for detecting FRET using fluorescence
lifetime imaging (FLIM).

Confocal FRET imaging

FRET imaging usually starts with the visu-
alization of YFP, CFP and the energy trans-
fer signal. Due to their physical properties,
the spectra of the FPs partly overlap. Their
simultaneous excitation and detection in a
co-expressing cell can lead to significant
cross-talk. With MULTITRACKING Carl
Zeiss has introduced a technology to effec-
tively tackle the cross-talk problem. In ad-
dition, MULTITRACKING is ideal for the
easy setup and modification of entire ex-
perimental FRET configurations. In a
MULTITRACK configuration for FRET first
YFP is excited and detected, then CFP and
finally a signal is recorded under the exci-
tation conditions for CFP and the detection
conditions for YFP — the FRET signal (Fig.
2). If the fluorophores are more than 10
nm distant from each other only YFP and
CFP signals should be detectable but the
FRET channel should not show any signal.
If, however, both fluorophores are located
within a few nanometers to each other, the
YFP signal should be the same, but the
CFP signal should decrease since energy is
transferred to YFP leading to a signal in
the FRET channel. The latter indicates
that the labeled protein partners are po-
tentially interacting.

The acceptor bleach method

An elegant and easy-to-use approach for
FRET detection is the acceptor bleach
method. Pixel-precise illumination in re-
gions of interest (ROIs) of any shape with
automatic bleach control (e.g. in complex
time-series) is a key feature for this
method. In an acceptor bleach experi-
ment, YFP and CFP signals are visualized
before and after YFP has been bleached
in a region of the cell. If CFP and YFP are
in close proximity, the donor (CFP) fluo-
rescence should increase in the ROI
where the acceptor (YFP) has been
bleached. Prior to the bleaching event
energy from the donor is not resulting in
fluorescence signal but is transferred to
the acceptor via FRET. After depletion of
the acceptor, however, the full energy is
available for fluorescence of the donor.
Consequently, the CFP signal increases in
the bleached regions (Fig. 3).

The LSM 510 is equipped with all
functions to easily perform acceptor
bleach experiments and also with exten-
sive measurement and export tools to
quantify the changes in fluorescence in-
tensities and to transfer the results to
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Fig. 2: MULTITRACKING setup for FRET experiments
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Fig. 3: The acceptor bleach
method. CFP/YFP expressing cell
before and after YFP (acceptor)
bleach. As an indication of FRET
the intensity of CFP (donor) signal
is increased in the bleached re-
gion (red box). (B. Giese, G.
Miiller-Newen, Institute for Bio-
chemistry, RWTH-Aachen, Ger-
many)

Fig. 4: Spectral emission analysis
with the LSM 510 equipped with
MCS. Spectra of CFP, YFP and a
CFP/YFP co-expressing sample un-
der FRET conditions.



Fig. 5: FRET measurement via FLIM. Color-coded
intensity-lifetime image of the donor (CFP) in a
CFP/YFP expressing cell. Note that in position A
the CFP-lifetime is shorter than in position B in-
dicating FRET in position A.

statistics programs for fur-
ther processing.

FRET analysis with the
multi-channel-spectrometer

The LSM 510 fiber-out-cou-
pling device allows the analy-
sis of the optical signal with
any kind of external detector.
By connecting a multi-chan-
nel-spectrometer (MCS) from
Carl Zeiss the emission signal
of any user-defined ROI can be
spectrally recorded. The z-di-
mension of this ROI is defined
via the opening of an individ-
ual motorized confocal pin-
hole (multiple pinhole con-
cept). Since the MCS employs
a simultaneously illuminated
diode array for spectral detec-
tion, the acquisition is fast and
the spectral patterns are not
distorted by bleaching arti-
facts. This is a prerequisite for
quantitative analysis. Spectral
analysis with automatic peak
detection, integration, and
normalization can be done
with the Aspect Plus software
that is part of the MCS pack-
age for the LSM 510.

Spectral emission analysis
represents an excellent tool
not only to characterize the
spectral properties of differ-
ent fluorophores but also for
the quantification of the spec-
tral changes that occur in
FRET experiments (Fig. 4).

FRET analysis with FLIM

Fluorescence lifetime imag-
ing (FLIM) is a new high-end

application that can
be adapted to the
multi-photon-system
from Carl Zeiss — the
LSM 510 NLO
equipped with a
femtosecond laser
and the FLIM add-on
from Becker & Hickl
GmbH.

FLIM measures the
time a fluorophore
stays in the excited
state. The fluores-
cence lifetime (1) is
concentration inde-
pendent and charac-
teristic for different
fluorophores. Typical
lifetimes range be-
tween 1 and 5 ns. In the case
of FRET, the excited state en-
ergy of the donor (CFP) is
transferred to the acceptor
(YFP) primarily via dipole-di-
pole interaction. This process
shortens the lifetime of donor
(CFP) fluorescence and can be
used as an indicator for FRET
(Fig. 5). Thus, FLIM represents
yet another method to visual-
ize and quantify FRET in living
cells with the LSM 510.

Conclusion

The application oriented con-
cept of the LSM 510 allows to
carry out FRET experiments at
different levels of complexity
and to verify the results by dif-
ferent approaches for FRET
measurements. Several func-
tions predestine the LSM 510
for FRET analysis with FPs like
CFP and YFP. Even with a
basic  configuration FRET
imaging and acceptor bleach
experiments can be easily per-
formed. New software and
hardware options for spectral
emission analysis or FLIM
measurements make the LSM
510 from Carl Zeiss to a versa-
tile imaging and fluorescence
analysis center.
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Compact
and Versatile

Consummate perfection

Is flexibility or first-class technology your prime
concern? The LSM 510 Laser-Scan Microscope has it all:
Innovative high-end technology. Unparalleled ease of
operation thanks to advanced software. Compact,
quick-fitting scanning module... Perfection through-
out.

Innovative scanning flexibility
Unique scanning strategies open up undreamt-of
capabilities. Significant specimen characteristics no
longer remain hidden. 3D presentation, spot meter-
ing, interactive XY scanning, ... the works! Whatever
you have always wanted of a microscope, now you
can have it.

Images of a new quality

Four simultaneous fluorescence channels, each with
computer-controlled pinhole. Scanning fields up to
2048 x 2048 pixels, plus 4x 12 bit resolution. Integration,
oversampling, quasi-photon counting: Carl Zeiss has
thought of everything — for your benefit.
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