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On-site (point-of-care) analytics:

• fast results
• simple and robust assays
• clear results
• low equipment cost

Motivation
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Nanoparticles

DNA

Parallel preparation of integrated nanoscale functional elements 
based on DNA/Nanoparticles/Chips
for applications in bioanalytics, nanophotonics, nanoelectronics

Chip

Vision
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gold nanoparticle (d=30 nm) thiol-modified DNA

Mirkin, C. A., et al. (1996). Nature 382: 607
Alivisatos, A. P., et al. (1996). Nature 382: 609

DNA-modified nanoparticles

Standard: Fluorescence Dyes

- sensitive, established, qualitative
but
- comparison difficult
- signal variations
- complicate detection
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therefore:
search for alternatives: gold nanoparticle
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AFM
Anal. Chemistry 72 (24) 2000, 6025

Nanoparticles for DNA-Chip-Detection

optical: Reflection       Transmission

1 µm 50 µm 50 µm
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Hacker (1989) in Colloidal Gold p. 297, Academic Press.
Taton et al. Science 2000, 289, 1757-60.

Signal Enhancement

Nanolocal metal deposition:

+ 2 Ag CH3COO                                                 + 2 Ag + 2 CH3COOH

(auto) catalytic reduction of silver salts, e.g.:

500 nm 500 nm 500 nm
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+ metal deposition

Simple detection
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Langmuir 17 (18) 2001, 5425

Electrical detection
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Nanoparticles...

material/

composition 

size 

shape 
Yguerabide/Yguerabide 1998 Anal Biochem
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Optical resolution
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Single Nanoparticle Plasmonics

Richard Zsigmondy
1865-1929

Henry Siedentopf
1872-1940

1907
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Nanoparticles...

material/

composition 

size 

shape 
Yguerabide/Yguerabide 1998 Anal Biochem
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Interaction of Ag/Au Nanoparticles with Light

LSPR - localized surface plasmon 
resonance

ensemble single nanoparticle

Mie 1908 Ann Phys
Kreibig/Vollmer 1995 Optical Properties of Metal Clusters Vol. 25. Springer, Heidelberg
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darkfield aperture

scattered light

direct light

immersion oil

condensor

sample

immersion objective

lightsource

NP solution 

experimental setup

→ correlative single nanostructure analysis with AFM, dark-field 
microscopy 

and micro spectroscopy
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500 nm

3

height: 105 
nm

+ BSA + anti-BSA

Schneider et al. (in 
preparation)

nanoparticles
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3562 nm → 569 nm  → 581nm

500 nm

height: 105 
nm

+ BSA + anti-BSAnanoparticles

Schneider et al. (in 
preparation)
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Optical Properties of Particles

Silver (40 nm) Gold (15 nm)
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Thermography

(droplets with 
nanparticle solution 
after laser irradiation)
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Sequence-spezific coupling of particles
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Single Molecule 3 (2002) 275
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Ag

PMMA on glass
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Optically-induced nanolocal damages 

Medical Laser Application 20 (2005) 201, Nano Letters 7 (2007) 247-253

Human Metaphase-Chromosomes

2 µm

1 µm 1 µm

Frank Garwe, Karsten König (JenLab GmbH)
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YOYO fluorescence: λ-DNA

darkfield: Ag nanoparticlesprinciple of receding meniscus
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Single DNA-Particle-Hybrid-Structures

Small 1 (2005) 619
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Kretschmer & Fritzsche, Langmuir 20 (2004), 11797-11801
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Addition of
analyte (thiol alkane)

Washing
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Wolff, Leiterer et al., Frontiers in Bioscience 2008 
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Conclusion and Outlook

Nanoparticles

DNA

Combination of Top-Down with Bottom-Up by Nanobiotechnology
allows a parallel preparation of integrated nanoscale functional elements 
based on DNA/Nanoparticles/Chips
for applications in bioanalytics & nanophotonics

Chip
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Focus plane changes      Focus plane Exposure time

Shift in x-direction      
Far left
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Center
Right
Far right
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