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Comment on ‘‘Insulating Behavior of �-DNA on the
Micron Scale’’

In a recent Letter [1], Zhang et al. report insulating
behavior for �-DNA over length scales of several microns.
This work comes after a long series of inconclusive
attempts to measure the intrinsic electrical conductivity
of DNA. In this Comment, we argue that there are reasons
for being cautious about extrapolating the behavior ob-
served in [1] at micron scales down to the nanometer
scales probed by some of the previous work.

Consider a length L of DNA that is subject to events
that break the conductivity. In solution, one would con-
sider dynamic events such as ‘‘breather’’ modes [2,3], but
in [1], the DNA is stuck against a gold-quartz substrate
(‘‘quenched’’ disorder), and the events are static. One can
then easily show that, in the experiment of Zhang et al.,
their conditions are such that random defects limiting the
conductivity need to be spaced at least 300 nm. In other
words, the burden is on the authors to rule out all events
that can break the conductivity and that occur at typical
separations of 300 nm or less. We emphasize that by
‘‘break’’ or ‘‘event’’ we do not necessarily mean a physi-
cal break to the molecule but rather anything that can
interrupt the conductivity.

What events can break the conductivity? Faulty con-
tacts are one possibility that Zhang et al. took some pains
to rule out, but there are many others. For example,
consider substrate roughness. A crucial feature in [1] is
the use of a 10 mM MgSO4/40 mM Tris-HCl (pH 8)
buffer that coats the substrate with Mg2� ions that stick
the negatively charged DNA to the gold-quartz surface. A
step in the surface profile can then lead to local stretching
of the DNA. (Bumps, of course, can be thought of as two
steps.) Note that this mechanism is local and does not
require the entire molecule to be overstretched. Two
things can then happen. First, forces in the range of 10–
60 pN will stretch the B form of DNA enough to signifi-
cantly reduce the overlap of � orbitals and dramatically
reduce conductivity [4]. Second, above 65 pN, DNA
undergoes a first-order transition to a mostly unwound S
state [5]. Although its structure is still controversial, one
again expects reduced or minimal �-orbital overlap.
Thus, we imagine that a step (or two high points) can
bind the DNA with enough stretching to induce a local
transition that breaks the conductivity of the entire strand.

How rough are the substrates used in [1]? It would be
interesting to see atomic-force microscopy (AFM) mea-
surements of the surface profile. There are several worri-
some points: first, the substrate was aggressively cleaned
in fuming HNO3 and then in a mixture of ammonium
hydroxide and hydrogen peroxide, which may cause pit-
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ting on the substrate. Second, the edges of the gold
electrodes make a large step whose height equals the
gold film thickness (not specified in [1]). Third, the gold
surfaces are probably significantly rougher than the
quartz substrate below. Fourth, fluctuations in the spac-
ings of the Mg2� ions on the substrate can lead to stretch-
ing even on a smooth surface. Any of these effects can
lead to enough stretching to give a null result, whatever
the intrinsic conductivity of DNA.

In conclusion, measuring the conductivity of long, one-
dimensional objects is problematic because many differ-
ent kinds of events can conspire to produce breaks that
would imply apparently insulating behavior. Here, we
have raised several troubling scenarios, and there are no
doubt others. [Indeed, while this manuscript was under
consideration we became aware that the reduced DNA
height ( � 1 nm, vs 2 nm native) in the AFM images
(Fig. 1 of Ref. [6]) has been correlated with reduced
conductivity [7,8].] A truly convincing result would re-
quire data on a series of lengths that are short enough to
allow tunneling measurements of conductivity.
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H. Bouchiat, Appl. Phys. Lett. 84, 1007 (2004).
 2004 The American Physical Society


