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Nucleosome assembling: quick-time reconstitution protocol
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Abstract — In cells, a DNA molecule is compacted in
chromatin, and the first level of compaction is nucleosomal.
Nucleosome core particles, NCPs, consists of eight core proteins
— histones, around which 147 nucleotide pairs of DNA are
wound (McGinty R. K. et al 2015, Chemical Reviews).
Traditionally, for studies used to nucleosomes reconstituted ir
vitro from histones and DNA structures with a specific sequences
that provide a clear positioning of the DNA molecule relative to
the histone octamer. Such DNA structures were obtained and
characterized by J. Widom and colleagues (Lowary P.T. et al
1998, Journal of molecular biology). The same group of
scientists developed a method for reconstitution of NCP in vitro
in the NaCl gradient using dialysis cells (Thastrom A. et al 2004,
Methods). However, the method have a several drawbacks:
firstly, it requires large consumption of chemical reagents;
secondly, the used dialysis buffers are applied repeatedly;
thirdly, during the dialysis process high osmotic pressure is
created, which can lead to damage to the dialysis cell with
subsequent loss of reaction products. That's why the main
objective of the presented research was to create a universal
method of nucleosome assembly in vitro.
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Motivation and Aim

Motivation

The in vitro nucleosome reconstitution method used by J.
Widom and colleagues [1] requires a large number of
biochemical reagents. It's well known that to NCP
reconstitution the equimolar ratio of DNA to histone octamers
is needed. However, different degrees of samples purity can
affect the accuracy of determining the concentration of DNA
and histones. In turn, this can lead to the formation of high
molecular weight complexes during the reconstitution process
or to a residual amount of DNA in the final reaction mixture.
To resolve this problem a method should be developed that
would allow determining the molar ratio of DNA to histone
octamers before carrying out the nucleosome reconstitution
process. In addition, the method should require relatively low
reagent consumption for the buffer systems. It is necessary to
improve the method for carrying out nucleosome
reconstitution in the gradient of NaCl.

Aim
The aim of this study was to optimize the procedure for
reconstitution of NCP from purified histone octamers and
various types of synthesized model DNA.
Methods

Nucleosome assembling: quick-time reconstitution. In this
approach either radioactive- or fluorescent-labelled DNA
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should be used. The DNA in final concentration of 0.1 uM
was mixed with histones in different concentrations in low-
salted buffer (0.2 mM EDTA, 5 mM beta mercaptoethanol,
0.1 % NP-40, 10 mM Tris-HCI pH 7.5 with 10 mM NaCl),
incubated for 15 min at 37°C and analyzed by 4 % PAGE
under non-denaturing conditions. The minimal DNA:histone
ratio corresponding to the mixture with the absence of naked
DNA should be used for preparative reconstitution.

Preparative reconstitution. The DNA and histones should
be taken in the concentrations determined under previous
procedure, mixed with high-salted buffer with 2 M NaCl, and
dialyzed against the buffer with gradient of NaCl from 2 M to
250 mM during 6 hours at 4°C with gentle stirring. Gradient
dilution of NaCl was carried out by means of a peristaltic
pump with an addition of a non-salted buffer. Then the probes
were dialyzed against low-salted buffer with 10 mM NaCl
overnight at 4°C with gentle stirring.

Analysis of nucleosome reconstitution using Eva-Green
dye. The samples of 10 pl containing 10 mM NaCl, 10 mM
DTT, 50 mM Tris-HCI pH 8.0, 50 nM nucleosome (the
concentration was defined by nucleic acid component) and
0.5x Eva-Green (Biotium) were placed to the 384-well round
bottom microplate to estimate the fluorescence intensity. The
measurement was performed in microplate reader
CLARIOstar (BMG Labtech) at 520 nm. The average value of
five independent measurements was normalized to fluorescent
level of naked dsDNA and analyzed using MARS Data
Analysis Software (BMG Labtech).

Results

The design of DNA substrates was based on nucleotide
sequences named clone 603 that were constructed and
published by Lowary and Widom [2]. The length of this DNA
duplex is 147 nucleotides, which is exactly corresponds to the
“core” part of nucleosomes in vivo. The feature of this
sequence consists in the precise positioning of the histone
octamer on DNA during the formation of NCP.

The plasmid DNA encoding the 603 sequence was
amplified by PCR. The PCR primers were chemically
synthesized to obtain the final DNA containing or not the
discriminant mark in the 5'-end of the DNA duplex. Such
approach permits to produce the target DNA constructs with
the specific damage at the defined position or special label at
the 5'-end of the resulting DNA.

First of all, to assemble the nucleosomes correctly it
should be pay attention on the molar ratio of the DNA and
histone octamer samples. Due to highly basic nature of the
histones it is impossible to determine the precise protein
concentration in the samples using standard Bradford



protocol. Therefore, the absorbance measurements at 230 nm
are commonly used. However, the most part of small
molecules absorb at this wavelength. Thus, it is difficult to
detect of the protein concentration in the mixture for each
sample. We proposed the fast assembling of NCPs in low-
salted nucleosome buffer under titration of the DNA-histone
ratio. The analysis in non-denaturing 4 % PAAG allows
selection of the nucleic acid to protein proportion providing
the correct assembling of NCP. Then, the octamers were
initially mixed with DNA in the buffer containing 2 M NaCl
and subjected to a gradient dialysis at +4°C for about 6 hours
to decrease the salt concentration to 250 mM. Finally, the NCP
solution was dialyzed overnight against the buffer with 10
mM NacCl at +4°C. The efficiency of nucleosome assembling
was analyzed by classical method with an electrophoretic
separation in 4 % PAAG under non-denaturing conditions.

This approach has an obvious disadvantage as far as it
doesn't allow the estimation of percent of out-nucleosome
DNA directly in the solution under equilibrium conditions.
This problem could be solved by utilizing an external
fluorescent dye in the solution after the assembling procedure.
Accordingly, we suggested an alternative approach for
analyzing the efficiency of nucleosome assembling in solution
using the Eva-Green dye [3]. It should be mentioned that this
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method are in full agreement with the data obtained by
electrophoretic analysis under non-denaturing conditions.

Using this method and the method described in the article
[1] we obtained NCPs with DNA containing uracil in out-
warded conformation. Uracil has been introduced in DNA
during amplification with plasmid DNA "603" by PCR with
U-containing primer. The efficiency of the enzymes UDG and
APE1 on both types of substrates didn't differ to each other
and corresponde to published data.
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