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the enzyme lead to the belief that this enzyme possesses some unique
motifs. However, in the absence of atomic level structural information clear
structure/function correlations are lacking. We are currently working towards
obtaining a high-resolution structure of PaeLigD-PE using solution NMR
methods.
Reference:
1) Zhu, H., and Shuman, S. (2006) J. Biol. Chem. 281, 13873-13881.
2) Zhu, H., and Shuman, S. (2008) J. Biol. Chem. 283, 8331-8339.
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Zero-Mode Waveguides for Real-Time Observation of Single Nucleotide
Incorporation
Zhuangxiong Huang, Serge Donkers, Jacob W.J. Kerssemakers,
Nynke H. Dekker.
Delft University of Technology, Delft, Netherlands.
Single-molecule fluorescence studies on the incorporation of fluorescently la-
beled nucleotides by DNA polymerizing enzymes typically operate at nucleo-
tide concentrations well below their Km values. While this is inevitable given
the femtoliter observation volumes accessed via conventional fluorescence
microscopy, the biological relevance of the insights gained into enzymatic ki-
netics may be compromised. Zero-mode waveguides (ZMWs), sub-wavelength
holes in a thin metal film, provide an excellent solution to this problem by
greatly reducing the observation volume [M. J. Levene, et al., 2003, Science
299, 682-686].
We have successfully designed and fabricated ZMWs of about 100 nm in
width. In addition we have developed a surface treatment protocol based on
PEG functionalization to make the ZMWs biocompatible, and to facilitate
the controlled tethering of biomolecules [A. Crut, et al., Nanotechnology, in
press (2008)]. In these structures, we have observed the real-time observation
of single nucleotide incorporation at biologically-relevant concentrations in
ZMWs, The latest scientific results will be presented.
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Formation Of RecA Filament During The Mechanical Unzipping Of
dsDNA To ssDNA: Competition With SSB Differentially Controls RecA
Mediated SOS Response And Replication Repair
Carlo Zambonelli, Claudia Danilowicz, Nancy Kleckner, Mara Prentiss.
Harvard University, Cambridge, MA, USA.
RecA and its eukaryotic homologs Rad51 and Dmc1 carry out many DNA
transactions: recombinational DNA damage repair, genome integration of in-
coming DNA, programmed recombination during meiosis, and stalled DNA
replication forks processing, all reactions initiated forming a RecA ssDNA nu-
cleoprotein filament. ssDNA/RecA interactions activate the ‘‘SOS’’ response
through RecA co-protease activation, raising RecA concentration. RecA/
ssDNA binding must be regulated such that it only occurs in specific situations:
a feature involved in modulating specificity is competitive binding of SSB and
RecA to ssDNA. We studied this competition using a magnetic tweezers assay
system in which we follow the formation of RecA filaments, in the presence
and absence of SSB, on a single ssDNA molecule obtained by mechanical un-
zipping of dsDNA. We examined various buffer conditions and the effects of
several relevant nucleotides. When RecA and SSB tetramer are equimolar,
SSB wins the competition and no stable RecA filament is observed; when
RecA is in a 20-fold molar excess, stable RecA filament forms. At intermediate
molar ratios mixed situations are observed. These results provide information
on the competition dynamics between RecA and SSB at the single DNA mol-
ecule level. Our results confirm previous ensemble studies: RecA and SSB af-
finities for ssDNA provide an intrinsic differential control for RecA mediated
DNA repair and recombination functions, independently by a RecA loading
machinery. SOS response increases RecA concentration giving a molar ratio
of RecA:SSB of ~30:1 outcompeting SSB without need for loading factors.
These studies show that a ssDNA/RecA filament is stable for much longer
than any ssDNA/SSB complex examined. This could imply that the free energy
for bound RecA is much lower than that for SSB.
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Control of DNA Replication by Anomalous Reaction-Diffusion Kinetics
Michel G. Gauthier, John Bechhoefer.
Simon Fraser University, Burnaby, BC, Canada.
DNA replication requires two distinct processes: the initiation of pre-licensed
replication origins and the propagation of replication forks away from the fired
origins. Experiments indicate that these origins are triggered over the whole ge-
nome at a rate I(t) (the number of initiations per unreplicated length per time)
that increases throughout most of the synthesis (S) phase, before rapidly de-
creasing to zero at the end of the replication process. We propose a simple
model for the control of DNA replication in which the rate of initiation of rep-
lication origins is controlled by the interaction with a population of rate-limit-
ing proteins. We find the time set by reaction-diffusion kinetics for such pro-
teins to find, bind to, and trigger a potential origin. The replication itself is
modeled using a formalism resembling that used to study the kinetics of
first-order phase transitions. Analyzing data from Xenopus frog embryos, we
find that the initiation rate is reaction limited until nearly the end of replication,
when it becomes diffusion limited. Initiation of origins and hence I(t) is sup-
pressed when the diffusion-limited search time dominates. We find that, in or-
der to fit the experimental data, the interaction between DNA and the rate-lim-
iting protein must be subdiffusive. We also find that using a constant nuclear
import of the limiting proteins leads to a more accurate description of the
experimental data.
Protein-Nucleic Acid Interactions I
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Single-molecule Study of Site-specific DNA Recombination by gd Resol-
vase
Mingxuan Sun1, Hua Bai2, Nigel D. Grindley3, John F. Marko1.
1Northwestern University, Evanston, IL, USA, 2University of Illinois at
Chicago, Chicago, IL, USA, 3Yale University, New Haven, CT, USA.
gd resolvase is a serine recombinase coded by gd transposon, which catalyzes
DNA recombination between two res sites (114 bp) on a negatively super-
coiled circular DNA, resulting in two catenated DNA circles. Each res site
contains 3 different resolvase binding sites - site I, II and III, and each binds
to a resolvase dimer. We have developed a single-DNA based system whereby
synapsis and recombination should lead to torsional relaxation of a single
supercoiled DNA. DNA relaxation catalyzed by gd resolvase occurs at
much higher rate on DNA substrate containing 2 res sites than those contain-
ing 1 or 0 res site. Furthermore, reactions on a 2-res-site substrate show a char-
acteristic ~200 nm relaxation consistent with the þ4 DLk observed to be as-
sociated with the recombination reaction in bulk experiments. We also have
observed topoisomerase activity of gd resolvase on the non-specific (0 res)
DNA substrate.
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Thermodynamics of Interactions between Histone-like Proteins from
Escherichia coli (HU and IHF) and Intact Duplex DNA
Junseock Koh, Ruth M. Saecker, M. Thomas Record Jr.
Universiy of Wisconsin, Madison, WI, USA.
The structural homologs HUab and IHF are major nucleoid associated proteins
(NAPs) of Escherichia coli, which organize chromosomal DNA and facilitate
numerous DNA transactions. Using isothermal titration calorimetry (ITC),
fluorescence resonance energy transfer (FRET) and a series of DNA duplex
lengths (8, 15, 34, 38 and 160 base pairs) we establish three different nonspe-
cific binding modes for both HUab (Koh et al., 2008) and IHF. Both the
NAP:DNA mole ratio ([NAP]/[DNA]) and DNA length dictate the dominant
NAP binding mode. On sufficiently long DNA, at low [NAP]/[DNA], both
HU and IHF populate a noncooperative 34 bp binding mode with a binding con-
stant of ~ 107 M�1 at 0.082 M Naþ. With increasing [NAP]/[DNA], both HU
and IHF bound in the noncooperative 34 bp mode progressively convert to two
moderately cooperative modes with site sizes of 10 bp and 6 bp and smaller
binding constants. As DNA length increases at low [NAP]/[DNA], fractional
population of the 34 bp mode increases. The 34 bp mode of IHF exhibits a large
negative DCp,obs

� and an exothermic DHobs
� (15 - 25�C), similar to previous

observations for the specific complex of IHF and wrapped H’-DNA, whereas
a small positive DCp,obs

� and an endothermic DHobs
� were observed for the

34 bp mode of HU. From these and parallel studies at various salt concentra-
tions we propose that DNA is wrapped on the body of IHF in the nonspecific
34 bp mode like the specific complex of IHF and H’-DNA, whereas DNA is
bent but not wrapped in the 34 bp nonspecific HU-DNA complex. Other struc-
tural features of the binding modes of HU and IHF deduced from these studies
are also discussed.
This work was supported by NIH grant GM 23467.
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Novel Techniques for Study of the Nucleosome Core Particle Ionic Atmo-
sphere and Its Role in Electrostatically-Driven DNA Packing
Kurt Andresen.
Colgate University, Hamilton, NY, USA.
The nucleosome core particle (NCP) is the primary mechanism for DNA com-
paction. While the wrapping of the DNA around the histone core is thought to
be at least partially sequence dependent, the packing of the nucleosome core is
believed to be almost entirely electrostatic in nature. Using novel techniques to
probe the ionic atmosphere, we hope to elucidate details of this compaction and
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provide a quantitative description of the positive and negative ions that sur-
round the nucleosome. Results of these experiments will be presented. This
work should have implications for nucleosome compaction, chromatin remod-
eling, and more generally electrostatics of highly charged biomolecules.
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Stress-Activated Sliding Motion: A Coupled-Potential Model
Caroline J. Ritz-Gold.
Center for Biomolec. Studies, Fremont, CA, USA.
In a notable study by Julicher & Bruinsma (BPJ 74, 1998), a model was presented
describing the motion of an RNAP molecule during an elongation cycle. First,
stepping motion of a catalytic (C)-site takes place. This generates stress in the
molecule between this (C)-site and a front (F)-site. This stress activates forward
sliding of the (F)-site by lowering the activation barrier hindering its motion.
Here we look at this RNAP model in terms of a coupled-potential paradigm,
taken from an inchworm-like model of a polymer chain. This model describes
how stress produced by forward motion of a (C)-like site in the polymer leads to
activated sliding of an (F)-like site (Joseph, J Polymer Sci 16, 1978). The (F)-
like site has two positions - (1) and (2) - and so possesses a double-well poten-
tial. This site is coupled in series to a linear spring - with a single-well harmonic
potential. A (C)-like site occupies the spring free end.
We find that coupling (adding) these two potentials yields a net potential with
the (F)-like site occupying position (1). Also, there is a large activation barrier
hindering movement to position (2). However, when the (C)-like site at the
spring free end is pulled forward, the stretching of the spring causes the equi-
librium position of the harmonic potential minimum to be shifted forward.
Coupling of this shifted potential reduces the net potential barrier, and this
reduction activates forward sliding motion of the (F)-like site.
We conclude that this type of coupled-potential inchworm model yields insight
into how stress can activate sliding motion during the RNAP elongation cycle.
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High Resolution Surface Plasmon Microscopy: From Nano-colloids To
Single Nucleosome Imaging
Thibault Roland1, Lotfi Berguiga1, Audrey Fahys1, Zofia Haftek2,
Pascale Milani1, Nicolas Hugo1, Philippe Bouvet2, Juan Elezgaray3,
Françoise Argoul1.
1Laboratoire Joliot-Curie USR3010, Laboratoire de Physique UMR5672,
CNRS - Ecole Normale Supérieure de Lyon - Université de Lyon, Lyon,
France, 2Laboratoire Joliot-Curie USR3010, Laboratoire de Biologie
Moléculaire de la Cellule UMR5239, CNRS - Ecole Normale Supérieure de
Lyon - Université de Lyon, Lyon, France, 3UMR 5248, CNRS - Université
Bordeaux 1-ENITAB, IECB, Pessac, France.
Surface plasmon resonance (SPR) has been widely recognized as a highly sen-
sitive and non intrusive method for probing modifications of adsorbed layers,
and in particular for its application to characterize biomolecular specific inter-
actions such as antigen-antibody recognition.
We apply SPR to study nucleosomes, first level of DNA compaction around an
octamer of proteins called histones. To maintain the DNA helix accessible to
the transcription and replication machineries during the cell cycle, this complex
is highly dynamical (formation, disassembly, or sliding of the nucleosome),
leading to rapid modifications of the whole chromatin structure in vivo. We
aim at understanding how the DNA sequence influences the structure and dy-
namics of the nucleosomes in chromosomes.
The scanning surface plasmon microscope (SSPM) set-up relies on the use of
a high numerical aperture objective that confines the surface plasmon polari-
tons (SPPs) to an area of the interface much smaller (up to a few hundreds
of nanometers) than their typical propagation length (few microns). Similarly
to the Kretschmann configuration, SPPs are excited at the resonance angle
qP. As an objective is used to focus the purely P-polarized (radial) light, the
SPPs converge to the center of the illuminated area, leading to the creation
of SPPs interferences that will reradiate in symmetrical rays and go through
the objective to be detected. The presence of non-marked biological samples
at the interface modifies the propagation conditions (i.e. the interferences) of
the SPPs, leading to a change in the image contrast. The SSPM point spread
function is about 150 nm in aqueous medium, providing high resolution images
of biological samples in vitro.
We will present the SSPM study of the optical response of gold and latex nano-
particles and then the first images of non-marked single nucleosomes in liquid
medium.
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Ion Exchange in the Nonspecific Bimolecular Association and the Unimo-
lecular DNA Bending in Specific Binding of IHF to DNA
Paula Vivas, Serguei V. Kuznetsov, Anjum Ansari.
University of Illinois at Chicago, Chicago, IL, USA.
Protein-DNA interactions are strongly modulated by salt. Previous studies on
the equilibrium binding of a cognate DNA sequence H0 to integration host fac-
tor (IHF), an architectural protein from E. coli that bends its cognate site by
nearly 180�, have shown that the slope SKD of ~8 on a log(KD) versus
log([KCl]) plot depends on the anion type, suggesting that both release of coun-
terions from the DNA and the uptake and release of ions from the protein must
be playing a role. Here, we probe the effect of [KCl] on the bimolecular asso-
ciation/dissociation as well as the unimolecular bending/unbending rates, by
monitoring the relaxation kinetics of the complex between IHF and ~35-bp
long H’ substrate end-labeled with a FRET pair, in response to a laser temper-
ature-jump. Our results and analysis reveal two notable results. First, that the
unimolecular bending step is nearly independent of [KCl]. Second, that the
bulk of the salt-dependence appears in the nonspecific association/dissociation
step, with the equilibrium constant for that step accounting for more than half of
the total SKD observed. The latter result is in contrast to what one might expect
if counterion release from the DNA was the dominant contribution to the salt-
dependence, since the extent to which the H’ substrate makes contact with the
protein in the fully wrapped specific complex is significantly greater than in
the nonspecific complex. One possible scenario is that counterion release is
the dominant term in the formation of the nonspecific complex, whereas in
the transition from the nonspecific to the specific complex, the extent of the
counterion release is masked by the uptake and release of ions by the protein,
as a result of conformational rearrangements in the protein.
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Analysis of RPA70N Involvement in RPA ssDNA Binding Activity
Amalchi Castillo.
University of Puerto Rico, Mayaguez Campus, Mayaguez, Puerto Rico.
RPA is the primary single-stranded DNA (ssDNA) binding protein in eukary-
otes. It plays a central role in chromosomal DNA replication, repair and re-
combination pathways, protecting ssDNA from degradation by nucleases.
RPA also mediates interactions with specific proteins active in these various
DNA processing events. RPA has three subunits, each named after its molec-
ular weight: RPA70 (domains N, A, B and C), RPA32 (domains N, D and C)
and RPA14 (single domain). The N-terminal domain of RPA70 (70N) is flex-
ibly linked by an 80 amino acid linker to the rest of RPA 70. It has long been
established that RPA binds ssDNA with nM affinity through the action of do-
mains 70A, 70B, 70C and 32D using 3 modes of binding. The first mode in-
volves 70A and 70B spanning 8 nucleotides, the second mode adds 70C and
spans 18 to 20 nucleotides, and the third mode adds 32D and spans 28-30 nu-
cleotides. Tandem DNA binding by domains 70A and 70B is required for high
affinity. Recently, a proposal has been made that 70N contributes to DNA
binding function. However, 70N binding affinity is more than 1000-fold
weaker than RPA70AB and all evidence shows 70N is primarily a protein-
protein interaction domain targeting transcription factors and checkpoint pro-
teins. This study aims to resolve this controversy by analyzing the effect of
70N on the ssDNA binding activity of the high affinity RPA DNA binding
domains, 70A and 70B. We propose the use of size exclusion chromatography
and isothermal titration calorimetry (ITC) to do a systematic comparison of
the DNA binding properties of 70AB versus the 70NAB construct. We expect
to show that 70AB DNA binding affinity is the same as 70NAB. This will pro-
vide conclusive evidence that the 70N domain is not involved in binding
ssDNA.
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The Role of DNA ‘‘Bendability’’ in the Indirect Read-Out Mechanism of
Protein-DNA Interactions
Paula Vivas, Velmurugu Yogambigai, Serguei V. Kuznetsov,
Anjum Ansari.
UIC, Chicago, IL, USA.
Integration host factor (IHF) from E. coli is a DNA-bending protein that recog-
nizes and binds to its specific sites primarily by the indirect read-out mecha-
nism, in which sequence-dependent DNA dynamics and flexibility play an im-
portant role. The crystal structure of IHF bound to a 35-bp long cognate site H’
indicates that the DNA is kinked at two sites separated by ~9 bp, resulting in
a ‘‘U-turn’’ bend of the DNA. We use laser temperature-jump to perturb the
IHF-DNA complex, and time-resolved FRET on end-labeled DNA substrates
to monitor the bending/unbending dynamics. In our previous studies, we sug-
gested that spontaneous DNA bending from transient disruption of base-pairing
and/or stacking interactions at the site of the kinks may be the rate-limiting step
in the transition from the nonspecific to the specific complex. Here, we inves-
tigate DNA bending kinetics for substrates with mismatched pairs introduced at
the site of the kinks. These internal ‘‘loops’’ are expected to decrease the ener-
getic cost of bending the DNA, which is reflected in the >10-fold increase in
the binding affinity. Kinetics measurements on IHF bound to such DNA reveal
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