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Trigger: Nucleic Acid ;  Response: Light

DNA-driven
light switch

Yurke, Nature 2000

Molecular
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DNA2

 

·PNA triplex
 

Grossmann, Röglin, Seitz,
Angew. Chem. Int. Ed. 2007,
46, 5223

Modular system:

one dual labeled oligonucleotide

tuning of restoring force through
unlabeled stem forming strand



High fidelity probes 

Aim:
 

Improve
 

target
 

specificity

1)
 

improve
 

hybridization
 

selectivity
 

of probes

2)
 

add
 

another
 

sequence
 

discriminating
 

event



FIT probes 

match

mismatch
FIT probe

target

Forced
 

intercalation
 

(FIT): fluorescent
 

dye
 

serves
 

as base
 

surrogate

responds
 

to perturbations



Temperature dependence of fluorescence increase

Dilip Jarikote
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Detection of Her2-neu

FIT probe:
 

AcNHgtactg Orn(TO) aagcct-GlyCONH2
target DNA :

 
3’-CATGAC   T     TTCGGA- 5’

FIT probe SYBR-Gold

Linear range:  7 orders

 

of magnitude
Sensitivity:

 

102

 

copies
Linear range:  5 orders

 

of magnitude
Sensitivity:

 

105

 

copies

Improved
 

sensitivity
 

compared
 

to DNA-stain

Socher, Jarikote, Knoll, Röglin, Burmeister, Seitz, Anal. Biochem. 2008, 375, 2, 318-330
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Single base mutation analysis with wildtype
 

background

Probe:
 

AcgccgtaTOatagccg; target:
 

3‘---CGGCATTT/AATCGGC---5‘

FIT Probes: High sequence
 

specifity
(Fma

 

-F0

 

)/(Fmi

 

–F0

 

) ≤
 

10
 

at non-stringent
 

conditions
(Fma

 

-F0

 

)/(Fmi

 

–F0

 

) ≤
 

200
 

at stringent conditions

High dynamic
 

range
 

of fluorescence
 

signaling
Fma

 

/F0

 

≤
 

30



Next
 

generation: Low
 

noise
 

stem-less
 

PNA beacons

Socher, Bethge, Knoll, Jungnick, Herrmann, Seitz, Angew. Chem. Int. Ed. 2008, 47, 9555-9559



Next
 

generation: Low
 

noise
 

stem-less
 

PNA beacons

low
 

→ twisting, FRET, contact
high

low
 

→ contact
high → FRET

Fluorescence

Single strand:
Double strand:

Socher, Bethge, Knoll, Jungnick, Herrmann, Seitz, Angew. Chem. Int. Ed. 2008, 47, 9555-9559



Next
 

generation: Low
 

noise
 

stem-less
 

PNA beacons

detection
 

modes
donor

 

fluorescence
acceptor

 

fluorescence
FRET

detection
 

modes
donor

 

fluorescence



Stem-less
 

PNA beacons
 

provide
 

for
 

high sensitivity

5´-CGGCTATTTAGGC-3´
C-gccgataOatgccg-NIR
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RNA Detection

Compared to FIT-probe

Short synthetic RNA

In vitro transcribed 650 nt RNA

• 1µM probes and 2µM RNA

N
O

N

S

N
O

N

O

TO YO

• 30 nM

 

probes and 300 nM

 

RNA



DNA-catalyzed transfer

FAM TAMRA

Dabcyl

Großmann, Seitz, J. Am. Chem. Soc. 2006, 128, 15596-15597



The chemistry

Transfer: 3 3Entropy

TM

 

= 38°CAffinity TM

 

= 38°C ?
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Grossmann, Seitz, J. Am. Chem. Soc. 2006, 128, 15596-15597



DNA-catalyzed transfer

no DNA

37 °C, pH

 

7.0, 0.2 µM probes,
10 mM

 

PO4

 

, 200 mM

 

NaCl,
0.2 mM

 

TCEP, 0.1 mg/mL RBR

1 eq. DNA

0.1 eq. DNA

65 TO (3.5)

215 TO

402 TO

Grossmann, Seitz, J. Am. Chem. Soc. 2006, 128, 15596-15597



Amplified detection of DNA and RNA

Grossmann, Röglin, Seitz, Angew.Chem. Int. Ed. 2008,  47, 7119



Amplified detection of DNA and RNA

after

 

addition

 

of 1M H2

 

SO4

 

:

no RNA

50 fmol RNA

Grossmann, Röglin, Seitz, Angew.Chem. Int. Ed. 2008,  47, 7119
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Thurley, Röglin, Seitz, J. Am. Chem. Soc. 2007, 129, 12693-12695



Target: SH2 domain of Src
 

kinase

Src-SH2 binds

 

peptide

 

in 
extended

 

conformation

Pro
Glu Pro

Ile
Glu

GluTyr
Gln

PO3
2

t a
t a
g c
g c

Lys Lys

O

=design,
synthesis

Thurley, Röglin, Seitz, J. Am. Chem. Soc. 2007, 129, 12693-12695
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Target: active site of protease renin

Renin

 

binds
peptide

 

in
extended

 

conformation N N

 NIR-664

N N C
O

N

Dabcyl
O

O3S

His
Pro Ile

Val
Stat

HisPhe
Pro

g c
g c
t a
t a

Lys Lys-GlyCONH2Ac

=

=

Stat
 

=
NH

OH O

Reversible binding, not

 

cleaved

 

⇒ increase

 

and decrease

 

of protein

 

activity

 

can

 

be

 

measured

Thurley, Röglin, Seitz, J. Am. Chem. Soc. 2007, 129, 12693-12695



Switching with nucleic acid hybridization

Response

→ Light
→ Light
→ Protein activity

DNA/RNA
Protein
DNA/RNA

Who
 

pushs
the

 
button?



Crosslinking
 

signal
 

transduction
 

pathways

mRNA

transducer



Bioactive
 

peptide
 

conformation
 

of SH2 ligands

Src
 

SH2 binds
extended conformation

Ala-Gln-pTyr-Glu-Glu-Ile-Pro-Gly-Tyr-Leu

Wakesman et al, Cell 1993, 72, 779

inactive

active

Pawson et al, TICB 2001, 11, 504



Intermolecular
 

hybridization

PNA PNAPeptide

RNA
DNA

PNA



Hybridization
 

triggers
 

inhibition

no inhibition

96% inhibition

Conditions:
1.25 µM 1, complexed with 2 µM 5a in buffer
containing 20 nM 6 and 700 nM GST-Src-SH2,
addition of 10 µM 4g after 2.25 minutes.

L. Röglin, R.M. Ahmadian, O. Seitz,

 

Angew. Chem. 2007, 2759-2763

IC50

 

= 6.9

 

μM IC50

 

= 0.5

 

μM



Repeated
 

switching

A G C G C A T A T G A C T A G G T T A T G CG C
T C G C G T A T A C T G A T C C A A T A C GC C

T C G C G T A T A C T G A T C C A A T A C GC C

A G C G C A T A T G A C T A G G T T A T G CG C

Lars Röglin



RNA-induced
 

activation
 

of Src-kinase
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Overview

Nucleic
 

acid
 

detection

Protein/nucleotide
 

chemistry

COOH
COOHHS X Y H2NCONH2H2N

S
H3COH

HN

H2N
NHN

N
H OH

Bergmann et al.Angew. Chem. 1999, 111, 
Mende et al. Angew. Chem. 2007, 119, 4661,
Haase et al. Angew. Chem. 2008, 120, 1575,
Haase et al. Angew. Chem. 2008, 120, 6912
Hainke

 

et al. J. Org. Chem. 2007, 72, 8811

Seitz Angew. Chem. 2000, 112, 3389,
Mattes et al. Angew. Chem. 2001, 113, 3277,
Dose et al. Angew. Chem. 2006, 118, 5495,
Grossmann et al. Angew. Chem. 2007, 119, 5315,
Grossmann et al. Angew. Chem. 2008, 120, 7228,
Socher

 

et al, Angew. Chem. 2008, 120, 9697
Köhler et al. ChemBioChem 2005, 6, 69,
Ficht et al. J. Am. Chem. Soc. 2004, 126, 9970,
Grossmann et al. J. Am. Chem. Soc. 2006, 128, 15596.

Protein-protein/DNA interactions

Beuck

 

et al. Angew. Chem. 2003, 115, 4088,
Röglin

 

et al. Angew. Chem. 2007, 119, 2759,
Thurley

 

et al. J. Am. Chem. Soc. 2007, 129, 12693.
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