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Abstract

We report on novel magnetic tweezers that can apply stresses
ranging from 0.01 to 100 pN to single DNA molecules in the
horizontal plane, allowing us to explore the functional
mechanisms of DNA compacting proteins. We calibrated our
instrument to the overstretching transition. We also performed
calibration by comparing the measured bead motion to a model
of Brownian motion in a harmonic potential well. We obtained
estimates of the probe drag coefficient (α) and stiffness of the
system (κ) using Allan variance (AV), power spectral density
(PSD) methods, and compared those data to the calibration
based on the equipartition method. We report data from single-
molecule studies on the interaction between single DNA
molecules and core histones. Furthermore, we performed
micromanipulation experiments with post translationally
modified nucleosomes. We will compare the data from
experiments probing the binding of native and post-
translationally modified histones to DNA and their force induced
unbinding, which will help to quantify the relative affinities of
histone-DNA interactions in nucleosomes.

The Basic Principle of the Experiment

 We use end functionalized 𝜆-DNA with a contour length of 16.4 𝜇m.
 The magnetic bead diameters are ~2.8 𝜇m.
 We manipulate the force by moving magnet towards or away from 

the suspended bead.
 Permanent magnet dimension are 3 mm × 2 mm × 1 mm.

Instrument design

Results

A B

 (A) Schematic of the Horizontal magnetic tweezers.
 (B) Schematic of the sample cell. The overall dimensions of the sample cell are 60 mm × 40 mm
× 1 mm; however, the enclosed region is 6 mm × 4 mm × 1 mm yielding a sample cell volume of
~100 𝜇L. We perform our experiments at room temperature.

Image analysis

 (A) A screen shot from a DNA-pulling
experiment. The magnet is located near
the bottom of the screen and is not
visible in the field of view.

 (B) Using MATLAB algorithms, the
centroids of the two beads are
determined. The forces are calculated
using the equipartition relation.
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DNA-Core histone interactions

 We calibrate the forces using Allan variance (AV) and Power spectral density (PSD) methods and compare
the results with force calculations using the equipartition theorem.

 AV and PSD charts that have been fitted using maximum likelihood estimation (MLE).
 All of the calibration charts incorporate force data from the AV, PSD, and equipartition theorem, as well

as theoretical predictions from the WLC and reference data.

Force calibrationAllan Variance Power Spectral Density 

~ 10 pN ~ 14 pN

DNA−Hyper-acetylated histone interactions

 (A) and (B) present Extension vs.
Time data for histone-bound DNA
tethers held at 10 pN and 14 pN
respectively.

 (C) Snap shots from a constant-
force experiment on histone-
bound DNA tethers.

 (D) and (E) are taken from (A) and
(B) respectively and show step-like
de-compaction events.

 Candidate DNA tethers are identified and verified to be single tethers.
 Next, we introduce core histones with NAP1 (nucleosome assembly proteins) into the sample cell.
 Proteins are introduced when the suspended bead is ~15-17 microns from the magnet.
 Once we visually observe compaction, we move the magnet towards the tethered bead to facilitate

unbinding events.

 We use the same protocol as above except histones are hyper-acetylated.
 Which we accomplish by treating cells with reagent trichostatin (TSA), which modifies the balance

between histone acetyltransferases and HDACs resulting in histone hyper-acetylation.
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- Most of the steps found in the 
range of 25 nm to 70 nm 

- Average peak lie ~ 50 nm, 
equivalent to the length of DNA 
wrapped around a nucleosome 

 (a) A complete experiment: (A-B) DNA compaction, (B- C) DNA extension with histone unbinding   
events and (C-D) DNA overstretching transition.  

 (b) Expanded view of region (B-C)  in figure (a). Inset shows several jumps of integral multiples of    
~ 50  nm – equivalent to the length of DNA wrapped around a nucleosome -.

 (c) Steps histogram for the entire de-compacting region, which is between (B-C) in (a). In our 
preliminary analysis we found that most events lie between 25 nm to 70 nm, and are
centered around ~ 50 nm. 
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