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Letter to the Editor
Single Molecule Elasticity Measurements: A Biophysical Approach to
Bacterial Nucleoid Organization
Single molecule experiments have added a new dimension to
the exploration of complex biochemical behavior (Bustamante et al., 2003). By observing reactions at their singular
constituent level, new windows into microscopic behavior
were opened, that heretofore were unavailable with standard
bulk techniques due to their inherent ensemble averaging.
Elegant works include the characterization of various
molecular motors such as kinesin (Visscher et al., 1999),
RNA polymerase (Wang et al., 1998), DNA polymerase
(Maier et al., 2000; Wuite et al., 2000), and F1-ATPase
(Yasuda et al., 1998). Other works concentrated on the
observation of structural effects induced by proteins on DNA
such as formation of loops (Finzi and Gelles, 1995; Lia et al.,
2003) and nucleosomes’ disruption (Brower-Toland et al.,
2002). During the last few years our lab has utilized single
molecule elasticity measurements to characterize the sequence nonspecific interaction of three nucleoid-associated
proteins IHF, H-NS, and HU with DNA (Ali et al., 2001;
Amit et al., 2003; B. Schnurr, R. Amit, A. B. Oppenheim,
and J. Stavans, unpublished). We gained new insight into
both the microscopic interaction mechanism and large-scale
elastic effects induced by the binding of many such proteins
on a single molecule of l-DNA, with important implications
for nucleoid architecture and function.
In a recent letter (Dame and Wuite, 2003) question the
validity of single molecule methodology as compared with
more standard bulk techniques by alleging a purported
‘‘single molecule effect.’’ Specifically, they bring to question
results obtained in our study on the interaction of H-NS with
DNA (Amit et al., 2003). In our work, we provided evidence
for H-NS polymerization on DNA, resulting in a complex of
higher bending rigidity than bare DNA. H-NS polymerization
is consistent with its functions in silencing (Falconi et al.,
1998), and its response to changing ionic conditions
(Williams and Rimsky, 1997) and temperature (McLeod
and Johnson, 2001). In addition, polymerization has been
observed directly by electron microscopy (Tupper et al.,
1994). However, the H-NS polymerization mechanism
appears inconsistent with 1), previous notions that implicate
H-NS in the compaction of the nucleoid (Spassky et al., 1984)
and 2), with recent experiments by Dame et al. (2000, 2001)
and Schneider et al. (2001) in which H-NS bridging between
distal DNA segments has been observed.

Submitted January 5, 2004, and accepted for publication April 5, 2004.
Address reprint requests to Joel Stavans, Dept. of Physics of Complex
Systems, The Weizmann Institute, Rehovot 76100, Israel. Tel.: 972-8-9342615; Fax: 972-8-934-4109; E-mail: joel.stavans@weizmann.ac.il.
Ó 2004 by the Biophysical Society
0006-3495/04/08/1392/02 $2.00

Dame and Wuite asserted that single molecule experiments miss certain regimes of behavior due to the large
excess of protein over binding sites on DNA (Dame and
Wuite, 2003). Note that standard bulk DNA binding assays
are normally carried out in solution conditions that contain
a 100–1000-fold excess of ligand to substrate (Liu-Johnson
and Gartenberg, 1986). For the case of the DNA-H-NS
complexes observed in our study, Dame and Wuite claimed
that the large excess of H-NS over DNA places our system in
saturating or near-saturating conditions, thereby precluding
any observation of H-NS-induced compaction.
In this Letter we claim that within the range of change of
protein concentrations used in our experiments, we span the
full behavior between that of bare DNA to that which is
characteristic of near-saturation conditions. We plot in Fig. 1
the degree of saturation n as a function of total protein
concentration Ptot, for parameters relevant to our experiment
(KD ; 1 mM and total DNA Dtot ¼ 1011 M). Previous
measurements of the dissociation constant of H-NS to
nonspecific sites lie within the range 0.5–1.0 mM (Rimsky
et al., 2001; Umanski et al., 2002). This curve has been
computed using the same equation for the fractional
occupancy n employed by Dame and Wuite to compute
the curves of Fig. 2 in their Letter, and corresponds to the
height of the plateau in their curves as Ptot is varied for fixed
KD and Dtot:
n[

½PD
½P
½Ptot 
¼

:
½Dtot  KD 1 ½P KD 1 ½Ptot 

The near equality applies very well under the condition
[Ptot][Dtot], which is true in our experiments. Fig. 1 shows
that n changes from negligible values to values near 1, as Ptot
changes from 107 to 105 M. Note that the two-decade
range of Ptot brackets KD. Consistently with this, our experimental results indeed exhibit a smooth variation in
DNA end-to-end extension within the same range of Ptot, and
not an abrupt change to near-saturation behavior. Our results
together with those of others suggest that H-NS may have
pleiotropic effects in vivo. H-NS can both bridge between
distal DNA segments and polymerize along double-stranded
DNA tracts.
Single molecule methodology has proven itself over the
last decade to be extremely beneficial for the elucidation of
complex biochemical behavior providing startling insights,
consistent with bulk biochemical experiments. In this respect, the exploration of the architecture of both the bacterial nucleoid and eukaryotic chromatin has taken a major
step forward due to the introduction of single molecule
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FIGURE 1 Fractional occupancy n as function of total protein concentration Ptot, for KD ¼ 106 M and a total DNA concentration of 1011 M.

biophysical techniques. Specifically, the characterization of
elastic characteristics induced by sequence-nonspecific interactions of proteins with DNA at the single molecule level has
proved to be a tool that sheds important new light on structural
and organizational problems that heretofore have gone largely
unexplored. The wealth of new information is indeed
providing a comprehensive new understanding to key, albeit
old, problems.
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