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Introduction

The field of single molecule biophysics has rapidly grown in
diverse directions. Enabled by improved microscopes and cameras,
the temporal and spatial resolution of molecular detection has
reached sub-nanometer and microsecond levels. An exciting new
trend involves developing combination of fluorescence and force
microscopy. Such tools allow for maneuvering and capturing extre-
mely fine movement and rotation of molecules simultaneously. On
the other hand, DNA curtain method offers a unique opportunity to
study processes on dimensions more relevant to genomic length
scale. Another area of growth is the suite of new technology put
forth for probing cellular content in its native context. Single mole-
cule pull-down assays developed in several laboratories have
established a reliable way of isolating single proteins and protein
complexes directly from cell lysate without going through purifica-
tion procedure [1–3]. Super resolution microscopy technique [4–7]
has matured over the past decade and has become a main cell
imaging tool in many laboratories. Another exciting area in single
molecule research is the DNA sequencing through nanopores,
which has led to manufacturing of sequencing chips that enable
high throughput single molecule sequencing in a small volume.
This review chapter presents recent progresses in all the topics
mentioned above (see References below).
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Summary

Two articles presented study of RNA binding proteins by com-
bining single molecule fluorescence and pull-down technique.
Fareh et al. demonstrates how to determine function and stoi-
chiometry of proteins (Drosha, Dicer and TUT4) which are involved
in RNA silencing pathway. Unlike many other single molecule pull-
down applications focusing on stoichiometry determination, they
investigated the protein functions using the platform. In particular,
they introduce in vivo biotinylation of protein complexes and
immobilization on a surface via biotin-streptavidin conjugation,
which has not been reported in previous single-molecule pull-
down method. Koh et al. provides a comprehensive guide on mea-
suring diffusion activity of double strand (ds) RNA binding proteins
which are pulled down from mammalian cell lysate. The ATP-inde-
pendent sliding of dsRNA binding proteins are visualized by one-
color assay termed protein induced fluorescence enhancement
(PIFE) developed in the lab, two- and three-color FRET detection
method. The same sliding activity is observed in vitro and by
pull-down protein, strongly suggesting such mobility as cellular
activity.

Hodeib et al. presents a detailed mechanical study of helicases
on DNA and RNA using a high resolution magnetic tweezers. In
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particular, they focus on two configurations referred to as unpeel-
ing and hairpin assays which enable study of helicase induced
unwinding from a nick or a fork construct. Such platform led them
to discover some unexpected behavior of strand switching and ran-
dom migration of DNA junctions. Seol et al. also provides a guide-
line on the usage of magnetic tweezers for DNA helicase activity.
They describe an algorithm based on Student’s t-test by which sin-
gle molecule trajectories can be analyzed for not only discrete
changes but also for continuous transitions. Such automation facil-
itates data acquisition in varying conditions of salt, ATP and
temperature.

By integrating magnetic tweezers and single molecule FRET,
Long et al. provides a step by step procedure for assembly of the
hybrid instrumentation, preparation of DNA construct which
requires digestion, ligation and attachment to two chemically dis-
tinct beads and manipulating nanoscale structural transitions of
DNA over a wide range of forces. This system allows study of many
biologically important secondary structures that form in nucleic
acid such as G-quadruplex, trinucleotide repeats, DNA-RNA hybrid
and stalled replication forks. Koeber et al. presents a high-through-
put, high-force magnetic tweezers for the study of DNA-protein
interactions. In particular, they describe a DNA assembly method
that emerges from refinement and improvement of the preexisting
protocol for designing and producing a wide variety of DNA con-
structs. Using such DNA substrates, they demonstrate a high-
throughput assay on a protein (Tus) binding to DNA hairpin and
an enzymatic unwinding activity of a helicase (LTag) on dsDNA.

DNA curtain has enabled studies of genomic processes that
occur in kilo bases of DNA. Qi et al. presents thorough stepwise
protocol for a recently developed single stranded (ss) DNA curtain.
Unlike the dsDNA curtain used in most previous studies, the ssDNA
curtain provides a platform to capture molecular event that occurs
when the duplex DNA is unwound. Such was showcased by their
study of the Rad51 presynaptic complexes in homologous recom-
bination. Remarkably, the study revealed DNA sampling, capture
and microhomology domain search process performed by Rad51
presynaptic complexes. Laszlo et al. describes the single molecule
picometer resolution nanopore tweezers (SPRNT) which enables
detecting the motion of nucleic acid through molecular motors
with 40 pm and sub-millisecond resolution. The signal output
reports on an exact location of the protein with respect to DNA
sequence. This striking sensitivity provides the capability to per-
form single molecule DNA sequencing. Many exciting future appli-
cations await.

Despite the rigidity, dsDNA displays a propensity to form a loop.
Jeong et al. utilizes single molecule FRET to study DNA looping and
performs an extensive theoretical calculations to reexamine the J
factor between experimental and theoretical settings. In addition,
they demonstrate an interesting case of DNA looping assisted pro-
tein diffusion mechanism, termed intersegmental transfer using
the one color PIFE assay aforementioned. Also taking advantage
of dsDNA looping, Duboc et al. presents a combination of magnetic
trap and fluorescence microscope to image proteins acting on DNA.
Interestingly, they used this tool to calibrate the evanescent field
used for total internal reflection (TIR) microscope. They demon-
strate how the TIR field depth can be mapped as a function of
the angle of incident beam.

The Acoustic Force Spectroscopy (ASF) is a newly improved high
throughput single molecule method designed for examining struc-
tural and mechano-chemical properties of biomolecules. Kamsma
et al. describes detailed steps involved in modeling, optimization
and experimental validations of the ASF. The new generation ASF
provides an innovative solution by implementing a transparent
piezo, high numerical aperture objectives and optimizing force
profile with a MATLAB modeling. Last but not least, Cattoni et al.
presents a protocol for two color single molecule localization
microscopy (SMLM) which essentially combines PALM and STORM.
The main advantage of SMLM is that two or multiple components
labeled with distinct colors can be imaged simultaneously.
Detailed protocol on sample preparation, cell fixation, antibody
labeling, data acquisition and software data processing is covered
in the article.

As demonstrated clearly in this issue, the field of single mole-
cule biophysics has far exceeded the stage of proof of concept mea-
surement and moved deeply into probing molecules in
physiologically relevant regime. It is truly exciting to witness the
harmonious balance between the development of new tools and
the application to new biology. Looking into the future, it will be
critically important to maintain this balance while engaging into
more biological and potentially biomedical problems.
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