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Energy transfer between 
several fluorophores

Examples

1. three color FRET

Schwille group, Ha group, Deniz group

2. photonic wires

Sauer group
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Energy transfer between
three fluorophores

1. two donors / one acceptor:
excitating both donors with
one laser

2. two-step FRET: middle-
energy fluorophors acts as
a bridge 

3. one donor / two acceptors:
donor is quenched by either
of the acceptor dyes

or: expanding the FRET distance (by two-step FRET)
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Energy transfer between
three fluorophores1. ensemble
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Energy transfer between
three fluorophores

two-step FRET: increase in FRET efficiency at 100 Å about 30 %,
results in an increased R0 ~ 35 Å
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Energy transfer between
three fluorophores

addition of the central TMR in
the 'bridge' increases Cy5 in-
tensity through FRET
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Energy transfer between
three fluorophores

2. single molecules in solution

c-e: two fluorophores only
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Energy transfer between
three fluorophores

E13 from PC2 values of two-
label constructs
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Energy transfer between
three fluorophores

E13 from PC2 values of two-
label constructs

• with constant D-A2, the different intermediary 
A1 positions can be discriminated 
(9-7-24,  9-14-24, 9-19-27) 

• with constant D-A1, the different A2 positions
can be discriminated 
(with limitations: 9-19-24 = 9-19-27)
• distance measurements in triple-FRET with
5 Å resolution (as stated in the paper)

• subpopulation analysis in 2D-plot (500000 points)

• improvements :
cyclic multicolor excitation, fluorescence lifetimes 
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Energy transfer between
three fluorophores

3. time trajectories of single molcules (Taekjip Ha group)
one donor / two acceptors for Holliday junction dynamics, 
question: correlated / noncorrelated switching, intermediate ?
→ exploring the position of a third point
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Energy transfer between
three fluorophores

confocal 3-APD setup

surface immobolized
Holliday junctions,
only 5% with 3 labels

(slow) surface scanning
integration times 6-20 ms 
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Energy transfer between
(three) fluorophores

evaluation 1: one donor, two identical acceptors
different dwell times after photobleaching of one acceptor



13

Energy transfer between
(three) fluorophores

X3R5

red-blue parallel

X3B5.5

cy3: green
cy5: red
cy5.5: blue

evaluation 2: one donor, one acceptor
cross-talk determination
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Energy transfer between
three fluorophores

red-blue intensity traces antiparallel,
nearly constant green intensity (Cy3)
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Energy transfer between
three fluorophores

Cy5-Cy5.5:
~ 8.7 nm 

calc: 7.9 nm
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Energy transfer between
several fluorophores

directed electronic
excitation transfer:

b) strong coupling

c) weak coupling
with stepwise EET 

d) energy hopping
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Energy transfer between
several fluorophores

directed electronic
excitation transfer:

strong coupling: poly-perylene, coherent energy transfer  

artificial light harvesting complexes with perylene
and porphyrine
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Energy transfer between
several fluorophores

Ex @ 488 nm
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Energy transfer between
several fluorophores
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Energy transfer between
several fluorophores

temporal FRET efficiency fluctuations (false colored) 
in single photonic wires revealed during scanning
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Energy transfer between
several fluorophores

• overal EFRET up ~ 0.9
• across 13.4 nm
• ~ 200 nm spectral shift

emission pattern ot the 4 FRET 
acceptors and FRET donor R6G
in 4 detection channels
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Energy transfer between
several fluorophores

• overal EFRET up to ~ 0.9 for 10% of the photonic wires
• across 13.4 nm
• ~ 200 nm spectral shift

• complex behaviour due to competing EET processes
• nonfluorescent energy traps  

photonic wires



23

to be continued:

single-molecule
FRET

imaging
methods 
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