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Here, initial investigations on the interaction of benzo[b]fluorenone (BF) with the
human telomeric forming oligonucleotide HT4 using circular dichroism (CD),
thermal melting and steady-state fluorescence are reported. CD studies suggest
that BF exhibits binding selectivity for G-quadruplex over model double-stranded
DNA structures. BF binds to hybrid-mixed type quadruplex structures in the pres-
ence of physiological concentrations of K* ions (100mM). However, even in the
absence of salt, BF can induce an anti-parallel type quadruplex conformation.
Thermal melting studies on quadruplex HT4 in the presence and absence of salt
show BF has little effect on the melting temperature, suggesting that BF may as-
sociate with the G-quadruplex structure through a non-intercalating mode. As BF
is known to be a solvatochromic fluorophore, steady state fluorescence emission
spectra were taken for BF titrated with the HT4 quadruplex formed at 100mM K™,
to explore the ability of BF to act as a potential probe of the environment of its
binding site. Based on the red shift of BF emission, BF/quadruplex association ap-
pears to involve a relatively polar and hydrogen-bonded environment. This work
was supported by NIH SCORE Grant S06 GM 060654.
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Which comes first, the deformation or the binding?

High specificity of protein-DNA interaction is often related with specific defor-
mation of the binding site. B-Z transition is the most dramatic structural change
induced by protein-DNA interaction, where some segment of DNA abruptly
changes from the right-handed B-DNA to the left-handed Z-DNA by the
help of specific proteins.

Here, we report single-molecule FRET studies on protein-induced Z-DNA for-
mation. DNA duplexes with six CG-repeats were prepared. To monitor the con-
formational dynamics of the CG-repeat, we labeled Cy3 and Cy5 at each end of
the CG-repeat. Surface-immobilized DNA molecules did not show any struc-
tural dynamics in normal physiological conditions. When a Z-DNA inducing
protein, Za., was added to the buffer solution, however, fluorescence intensity
increased abruptly without any accompanying FRET change. Abrupt FRET
change occurred with time delay (~10 minute at 25°C on average). When the
proteins were washed out, molecules didn’t recover the original FRET value
for more than 3 hours, but molecules without the FRET change readily recov-
ered their original fluorescence intensity. From these result, we conclude that
Zo. protein weakly interact with B-DNA, but the interaction becomes extremely
strong once Z-DNA is formed.

Next, we prepared a DNA duplex with methylated cytosine in the CG repeat.
With millimolar Ni>* in the buffer solution, we observed the intrinsic B-Z tran-
sition dynamics, and Z-DNA stabilization by Zo proteins. The transition time
from B-DNA to Z-DNA, however, was not affected by the presence of Za pro-
teins, which strongly support that Za. protein induces Z-DNA by passively trap-
ping Z-DNA structure transiently formed by the intrinsic B-Z transition dynam-
ics. Even though we cannot directly observe Z-DNA, Z-DNA’s are actually
waiting there inside the cell to play their biological roles on time.
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Structural DNA nanotechnology deals with building DNA molecules with par-
ticular geometrical features; creating nanoscale shapes and patterns using long
DNA scaffolds, as in DNA origami, or changing DNA shape in a controlled
way and in response to an external stimulus, as in molecular switches. Such nano-
machines can perform computation, actuation and diagnostic tasks.

We took advantage of a biomolecular structure comprising a four-way DNA (Hol-
liday) junction which belongs to a molecular machines group capable of moving
between distinct states. This particular molecular switch exists in either an open
(extended) or closed (coaxially stacked) conformation and it is proposed to be
used as a principle for sequence-specific nucleic acid recognition. In this study
we used the quartz crystal microbalance with energy dissipation (QCM-D) to
study the applicability of this structure
to detect DNA hybridization on a de-
vice surface and test its potential to
act as a controllable switch.
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and RNA Four-Way Junctions
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Using a confocal fluorescence microscope multiparameter fluorescence detec-
tion (MFD) enables us to simultaneously collect all fluorescence information
such as intensity, lifetime, anisotropy in several spectral ranges) from picosec-
onds to seconds. MFD and fluorescence correlation spectroscopy is applied to
perform single-molecule FRET studies with an ultimate level of precision in de-
termining separations with FRET of 1% of the Forster radius [J.Phys.Chem.B
110, 6970 (2006), J.Phys.Chem.B 112, 8361 (2008)]. In addition we can unam-
biguously distinguish between stochastic processes and broadening due to static
or dynamic heterogeneity. In this way we measured bends and kinks in dsDNA.
The high accuracy allowed us the detection of sequence-dependent DNA bend-
ing by 16° [PNAS 105, 18773 (2008)]. Moreover we studied the Mg-dependent
structural dynamics of a four-way DNA (Holliday-) junction in order to find out
whether the postulated extended square structure accumulates indeed as an inter-
mediate or whether it should be considered more as a very short lived transition
state. We found a complex Mg dependent kinetics, which must be described by
a four species model with only two distinct FRET and two kinetic levels. The
species with the same FRET value differ in their conformational flexibility:
one is quasi-static, the other is dynamic. Our FRET data are clearly inconsistent
with an accumulation of a single extended square junction structure at very low
Mg concentrations. Finally we compare the structure and dynamics of DNA- and
RNA four-way junctions. Thereby the structure of RNA four-way junction was
characterized by 24 FRET distances, which allowed us to prove the existence of 3
of the 4 possible stacking conformers. These studies show that sm FRET studies
are valuable tool to complement the structural and dynamic information obtained
by X-ray crystallography or NMR spectroscopy.
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The nuclear factor kappa B (NF-kB) family of transcription factors is involved
in inter- and intracellular signaling, cellular stress response, growth, survival,
and apoptosis. Specific inhibitors of NF-kB transcription including IkBa,
IkBB, and IkBe, block the transcriptional activity of p65 and c-Rel-containing
NF-kB dimers. DNA binding by NF-kB is inhibited by the ankyrin repeat pro-
tein kappa B (IkBa), which sequesters NF-kB to the cytosol. The mechanism
and kinetics of DNA binding inhibition by IkBa are still unknown, but we re-
cently demonstrated that NF-kB can be “stripped” off DNA by IkBa. We are
investigating the effect of IkBa on the association and dissociation rates of
NF-kB/DNA complex formation using titration measurements, stop flow fluo-
rescence and ITC. We are using pyrene labeled DNA or IkBa or NF-kB to
study the fluorescence changes occurring during the NF-kB “stripping”. Our
results show that IkBo increases the dissociation rate of the DNA from the
NF-kB complex in a concentration-dependent manner and with high efficiency.
We are studying also IkBf which appears to stabilize the NF-kB/DNA interac-
tion. This could suggest the formation of a ternary complex DNA/NF-kB/IkBf.
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Aptamers are short single strands of DNA or RNA that bind to proteins, pep-
tides, and small molecules. They are likely to fold into different structures
when free in solution than when they are bound to a molecular target. The
free structures are difficult to determine experimentally, though they can be
modeled by calculating the minimum thermodynamic states. We test the valid-
ity of the thermodynamic models of a prion aptamer using single molecule pair
Forster resonance energy transfer (spFRET) as a structural reporter. The FRET
states of the unbound aptamers, the hybridized aptamers and the aptamers
bound to PrP peptides are characterized. The DNA aptamers to PrP has
a pair of thermodynamic states of roughly the same energy at 25 oC. Their pres-
ence in solution is characterized by comparing the single stranded aptamers to
its hybridized configuration, thereby removing any internal structure of the ap-
tamers. We demonstrate the existence of both unbound thermodynamic states
as well as different interactions between the aptamer and each PrP peptide
from static data measuring spFRET in solution.
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