Figure 5: DNA molecules in dilute solutions (left) and stretched by an ambient flow (right). During the last
decade there has been a growing interest in the properties of biopolymers supported by both federal agencies
(NSF and NIH) and major bioengineering companies. DNA is probably the most studied biopolymer, a
flexible molecule with an diameter of a few nm only.
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x 2 tTH define an effective, time-dependent friction
me t given by
d 2
4kB T
x tTH ,

dt
me t

(1)

in two dimensions. (More accurately, one should use
a memory kernel friction in the context of the generalized Langevin equation [22].) For Brownian diffusion
this yields the simple Newtonian viscosity, while subdiffusion in thermal equilibrium with a non-Newtonian environment, as performed by the granules in the cells or
by embedded tracer particles in in vitro networks, implies time-dependent friction. The t 34 scaling therefore
yields me t  t 14 . Since the driven velocity is yt 
Fme t, one finds that under the action of a force randomly distributed between positive and negative values
with variance F 2  and a vanishing mean, the MSD in the
driven system, x 2 tF , becomes
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