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DNA Dynamics in Nanofluidic Devices
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In dilute polymer solutions, the shape, motion, dynamic response,
and solvent-interaction (HI) of single polymer molecules change
when geometric constraints reach the length scales of the equi-
librium polymer conformation. Our study seeks to understand
these changes using double-stranded DNA as a model polymer
and to utilize these confinement effects to tune the dynamic re-
sponse of single molecules. This ability is useful in processes that
rely on controlling the conformation of a biomolecule for analysis
[1] or in the manipulation of molecules for separations and/or
reactions

Our experiments [2-3] use thermally-bonded pyrex channels
with heights ranging from 75 to 500 nm and widths of 150 pm.
The Brownian motion of stained DNA molecules is observed us-
ing epi-fluorescence microscopy. By following the time evolution

of the center-of-mass and orientation of single molecules, we can
obtain the diffusion coefficient (D) and longest relaxation time (T,)
of the polymer independently. We find that scalings with molecu-
lar weight of both D and 7, agree with a free-draining polymer
model, indicating that, in contrast to bulk solution, HI is not im-
portant in slit confinement at length scales comparable to the size
of the molecule. We find that the relaxation time of the polymer
increases with confinement, which promises easier manipulation
of DNA conformations. Our results in well-defined nanofluidic
devices may also provide insight into polymer behavior in the less-
controlled confinement that occurs in concentrated polymer solu-
tions. We are currently working to stretch DNA in confinement
and to study the effects of confinement far from the equilibrium
conformation of the polymer
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A Figure 1: (a) An SEM micrograph of a 100-nm-tall channel. (b)
Time-series images of a single 97-kbp DNA molecule undergoing

Brownian motion in a 500-nm-tall channel.
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A Figure 2: Variables D and t; normalized by their bulk
values versus a measure of confinement (equilibrium
radius divided by gap height) for DNA molecules of varying
molecular weight.
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