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single-molecule FRET history
• Taekjip Ha: first experiments in 1996
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single-molecule FRET history
• Taekjip Ha: first experiments
• Tetramethylrhodamine TMR
• TexasRed TR
• DNA oligomer as spacer 
10mer EFRET=0.65
20mer EFRET=0.32

• anisotropy r (TMR) = 0.17
r (TR) = 0.16

• immobilized on glass, moving the sample for scanning 
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single-molecule FRET history
• Nearfield Scanning Optical Microscope :
5 nm distance between tip and sample

514.5 nm: 5 to 40 nW at the sample
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single-molecule FRET history
• NSOM
5 nm distance
between tip
and sample
• 514.5 nm:
5 to 40 nW
at the sample

• interference
filters: 50nm

• 2 APDs for
FRET donor
(green) and FRET acceptor (red), false colored EFRET
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single-molecule FRET history
• Taekjip Ha: first expriments 

FRET-labelled 20mer (a) and 10mer (b)

spectra of individual single-labelled DNA molecules
TMR: λmax = 566.4 ± 9.1 nm, TR : λmax = 601.6 ± 12.2 nm
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single-molecule FRET history
• Taekjip Ha: first expriments

• dynamics:  photobleaching
of the acceptor after 3.5 min

• time resolution:

10 ms / pixel with APDs for
single-molecule FRET imaging,
1 sec / spectrum with liquid nitrogen cooled CCD  
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methods for 
single-molecule detection

in solution

on surfaces

FCS flow cell microdroplets

confocal microscope
widefield or TIRF
plus CCD camera near field microscope
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single-molecule FRET history
• Taekjip Ha: enzyme dynamics in 1999

• staphylococcal nuclease immobilized on glass 
• hydrolysis of DNA or RNA
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single-molecule FRET history
• Taekjip Ha: enzyme dynamics in 1999

staphylococcal nuclease immobilized on glass, 
with two labels (TMR and Cy5), 
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single-molecule FRET history
• Taekjip Ha: dynamics in enzymes 1999

• dwell time analyis of different states, 
• inhibition with pTp on the active site
• 5 ms binning
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methods for 
single-molecule detection

in solution

on surfaces

FCS flow cell microdroplets
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single-molecule FRET history
• Claus seidel: dynamic experiments in 2004 (PNAS)
conformational dynamics of synthaxin

• intramolecular FRET between pairs of labelled cysteines 
• Alexa488 and Alexa594, statistically labelled, 



16

single-molecule FRET history
• Claus seidel: dynamic experiments in 2004 (PNAS)
conformational dynamics of synthaxin

• submillisecond time resolution with 
intensity-based FRET analysis
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single-molecule FRET history
• Claus Seidel (2004)
conformational dynamics
of synthaxin

• Helmut Grubmüller
simulations of fluorophore
dynamics for FRET
'wobble in cone' model

• conformational (protein)
dynamics impaired by 
ligands or other proteins
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single-molecule FRET: ε-subunit
rotation in F0F1-ATP synthase

FRET donor tetramethylrhodamine @ ε (rotating)
FRET acceptor cyanine-5 @ b (static)

→ detecting rotation by cyclic distance changes 

M

L

0 100 200 300
0

40

80
0.0

0.5

1.0

 

I D
, I

A
 (k

H
z)

Time (ms)

 

 

E FR
ET

L - M -H - L    -  M- H

H

B. Zimmermann
et al.

=
+

6
0

FRET 6 6
0

E R
R r



19

single-molecule FRET:
local news

• F0F1-ATP synthase trapped with AMPPNP
• ε56 labelled with Alexa546, b64 with bis-Cy5
• lifetime traces: laser@532nm with 50 ps, 40 MHz, PicoTA 
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single-molecule FRET news
• F0F1-ATP synthase with AMPPNP : Donor only burst 
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single-molecule FRET news
• F0F1-ATP synthase with AMPPNP : Donor-only burst 

burst-integrated lifetime calculation
with monoexponential tail fit
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single-molecule FRET news
• F0F1-ATP synthase with AMPPNP: the low FRET state 
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single-molecule FRET news
• F0F1-ATP synthase with AMPPNP: the low FRET state 
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single-molecule FRET news
• F0F1-ATP synthase with AMPPNP: low FRET state 
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single-molecule FRET news
• F0F1-ATP synthase with AMPPNP: the medium FRET state 
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single-molecule FRET news
• F0F1-ATP synthase with AMPPNP: the medium FRET state 
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single-molecule FRET news
• F0F1-ATP synthase with AMPPNP: the medium FRET state 
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single-molecule FRET news
• F0F1-ATP synthase with AMPPNP: the high FRET state 
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single-molecule FRET news
• F0F1-ATP synthase with AMPPNP: the high FRET state 
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single-molecule FRET news
• F0F1-ATP synthase with AMPPNP: the high FRET state 
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single-molecule FRET news
• F0F1-ATP synthase with AMPPNP (18-11-2004)
• ε56 labelled with Alexa546, b64 with Cy5bis
• Donor only: τDO = 3.53 ns within a single photon burst
• low FRET : τlow = 2.26 ns
• medium FRET τlow = 1.57 ns
• high FRET τlow = 0.37 ns

• similar results (ε56-TMR, b64-Cy5bis) in press :
N. Zarrabi, B. Zimmermann, M. Diez, P. Gräber, J. Wrachtrup 
& M. Börsch., Proc. SPIE, invited paper 5699A-25 (2005)
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