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FORSTER RESONANCE ENERGY TRANSFER (FRET)

Non-radiative resonant energy transfer
from an excited donor molecule (D) to a ground-state acceptor molecule (A)
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Strong distance dependence (1/rf)
over ca. 1to 20 nm

Biomolecular detection and characterization in complex environments.
Analysis of structures and networks.

FRET extra-cellular
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[FORSTER RADIUS OR [FORSTER DISTANCE

Donor-acceptor distance r=R, ——> FRET efficiency n.z.7=50 %

R,’ =8.79- 107 n*®,x” [ F,(Ae(A) A dA (in A)

FRET
efficiency

o
oo

o
o

o
N

6
. R
FRET ~—
R +7°

FRET efficiency

o
N

norm. luminescence int.

exctinction coefficients

o
o

05R, R, 15R 2R

0 0

D to A distance wavelength

LUMINESCENCE

quantum  decaytime intensity
yield

k (), T i
FRET o ey = 2 pa __Toa _q_1oa

efficiency FrET T kD + kD—NR (I)D Ty I,

www.nanofret.com A % niko.hildebrandt@u-psud.fr « R E/L}g?ls slide 4




TR-FRET DONORS
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TR-FRET DONOR-ACCEPTOR COMBINATIONS

Tbhb-complexes
(5x magn. )
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CLINICAL DiacNosTICS — HIGH SENSITIVITY

HOMOGENEOUS LIQUID-PHASE LUMINESCENCE ASSAYS
FOR FAST AND BACKGROUND-FREE MEASUREMENTS

zero background!

time-gating
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CLINICAL DiacNosTICS - MULIPLEXING

e Simultaneous
measurement of
several different
biomarkers in one
single sample.

More qualitative
information per
measurement

(which disease)

assay without tumor markers addition of tumor markers

10 - - 3

-2 More quantitative
- information per
measurement
(which state of the
disease)
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D. Geildler et al., J. Am. Chem. Soc. 2013, 135, 1102-1109
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SPECTRAL OVERLAP AND FORSTER DISTANCES

10-fold
lower

LTC to dye (or FP)  thanap LTC to QD
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Forster distances Forster distances

1/6
4nm < R, < 6nm R - 9(In10)K P, J 6nm < R, < 11nm
1287°N ,n*

0 =
N. Hildebrandt et al. Coordination Chemistry Reviews 2014, 273-274, 125-138.
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LUMINESCENCE SPECTRA AND MULTIPLEXING

LTC to dye (or FP) LTC to QD
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filter transmission (%)
filter transmission (%)

Spectral crosstalk Very few spectral crosstalk

requires correction no correction required

N. Hildebrandt et al. Coordination Chemistry Reviews 2014, 273-274, 125-138.
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APPLICATION IN REAL-LIFE DIAGNOSTICS

Diagnostic
applications
require specific
biological
recognition

1. 1gG antibodies

2. VyH antibodies

3. Aptamers

4. F(ab) and F(ab’), antibodies
5. Peptides

6. Oligonucleotides
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TB-T0-QD FRET IMMUNOASSAYS

¢ Many
Tb donors

Different

E biomarkers

180 kDa

www.nanofret.com

Versatile
<— QD-antibody
conjugates

Wegner et al.: ACS Nano 2013, 7 (8), 7411-7419.
Wegner et al.: Small 2014, 10 (4), 734-740.
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TR-FLUORESCENCE PLATE READER

Homogeneous assay format KRYPTOR compact plus
50 pL serum samples

5 s per read

Wavelength separation by dichroic mirrors and
bandpass filters:

Parallel detection in 2 channels
(Tb-donor - ChD and QD-acceptor — ChA)

Time-gated detection of luminescence intensities:

I(ChA) and /(ChD) measured in a time window
from 0.1 ms to 0.9 ms after excitation pulse

window

Intensity ratio:

R = I(ChA)
I(ChD)

rel. luminescence int.

1_
1 1
014 g '.
ce2aNNE B R-A-H-M
70 1 2 3

Parts of ThermoFisher Scientific
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FRET RELAYS FOR BIOSENSING AND MOLECULAR LOGIC DEVICES

Multiplexed TR-FRET relays

FRET, FRET,
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FRET RELAYS (QDS AS SIMULTANEOUS DONOR AND ACCEPTOR)

FRET, %
o
Time Gate
(55 us) ¥
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Time Gate
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MULTIPLEXED ENZYME KINETICS

Peptide
pg i pp -

Sub zp(Th) (O-GST|R|TDEGNQGGTSSPPPPPPPSHHHHHH
Sub, (A647) ©-CSAY AATDEGNQGTSPPPPPPPSHHHHHH

s ) NM TRP:
1.0 ~ 40 nM ChT
w3 NM TRP:
0.8 = 20 nM ChT
0.6 & = 16nMTRP:
10 nM ChT
0.4 32nM TRP;
0.2 5nM ChT
* e 63 NM TRP:
0.0 3 nM ChT

T ’ I e 126 NM TRP:
0 2 4 6 8 10 0 2 4 6 8 0 nM ChT
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Algar et al., Anal.Chem. 2012, 84 (22), 10136—10146.
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TR-FRET MOLECULAR LOGIC GATES

ITJAPPLIED MATERIALS

Nanoscale & INTERFACES

Volume S | Number 24 | 21 Decomber 2013 | Pages 11983-12680

D . =
Complex logi > -

qua}ntuQ %ﬂ:}g‘-ic circuits
Wetting<induced cence of
nanoliter drops as microreactors

‘ Radiometric fluorescence probe for
cysteine detection in living cells

BN 2001364
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J. C. Claussen et al.: Nanoscale 2013, 5, 12156-12170 and ACS Applied Materials & Interfaces 2014, 6, 3771-3778.
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TR-FRET LOGIC GATES

Dye-Peptide Inputs == Photoluminescence Output== ResultantLogic
Terbium (Th),

Input A WW‘

Dye A647,,
Input B WWQ

Quantum Dot (QD)
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Combination of peptide self-assembly and time-gated FRET,/FRET,
allows for single-output boolean logic and set-reset function.
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THANK YOU FOR YOUR ATTENTION

EEETEEEE  ALL ABOUT FRET

Igor Medintz and Niko Hildebrandt

FRET — Comprehensive book about
Esreter Resonance FRET in theory and application!

Energy Transfer ISBN 978-3-527-32816-1 - Wiley-VCH, Weinheim

From Theory to Applications

Nano Bio Photonics
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