Trapping and Replicating DNA
by Constant Heating
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Using Dye Molecules as Thermometer

Temperature -> pH of TRIS -> pH Probe
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Imaging Temperature
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Thermophoresis
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Exponential Dependence on
Length and Temperature ?
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Origin of Thermophoresis?

Phenomenological approach
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Interfacial Free Energy argument for ionic
thermophoresis (Piazza 2002, Ruckenstein 1981)
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Relative DNA Concentration

Scaling with Salt Concentration
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Thermophoresis in Microfluidics:
Flow turns depletion into accumulation
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Thermophoretic Trapping by Convection
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Thermophoretic Trapping by Convection
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PRL 89:188103 (2002)
Physics Today Feb. 2003



DNA Concent. [c/c]
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Thermophoretic Trapping by Convection

5000bp DNA



Polymerase Chain Reaction (PCR)
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PCR by Convection
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PCR by Convection




PCR by Convection

Amplification 100.000x
in 25 Minutes

Fom 100bp out
- of A-DNA




Quantitative PCR by Convection
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Standard PCR by Convection

Chamber size 10x0.5mm (before: 5x1mm)

350bp of B-Actin 1100bp out
out of human DNA of A-DNA



Localized Heating

Depletion is highly IR heating compatible
length dependent with microfluidics

With Convection leads Laminar Convection
to strong accumulation can drive PCR fast




Archaea “The unseen majority”
' (Whitman, PNAS, 95:6578, 1998)

Table 5. Number of prokaryotes in the world

No. of
prokarvyotic cells,
Environment X 1028
Aquatic habitats 12
Oceanic subsurface 355
Soil 26
Terrestrial subsurface 25-250
Total 415-640

“There is plenty of room at the bottom”



Peptide Synthesis from quenched Heating
Koichiro Matsuno et.al. Science 283:831 (1999)
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Temperature Gradients

Accumulate DNA

Induce DNA Replication
Synthesize Peptides (?)

=> A convective Protocell ?



Origin of Life in pores
near Hydrothermal Vents?
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