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Abstract

Background: Patterns of mouse DNA hydrolysis with restriction enzymes are coincided with
calculated diagrams of genomic DNA digestion in silico, except presence of additional bright bands,
which correspond to monomer and dimer of y-satellite DNA. Only small portion of mouse y-
satellite DNA sequences are presented in databases. Methyl-directed endonuclease Glal cleaves
mouse DNA and may be useful for a detailed study of primary structure and CG dinucleotides
methylation in y-satellite DNA.

Results: We have constructed a physical map and produced experimental patterns of mouse y-
satellite DNA hydrolysis with unique site-specific methyl-directed endonuclease Glal and several
restriction endonucleases. Fifty two DNA fragments of y-satellite DNA have been cloned and
sequenced. We have not observed any mutations of CG dinucleotide in position 208 of monomeric
y-satellite DNA and confirmed 50% methylation of this CG dinucleoitide. A comparison of
consensus sequences of arrayed y-satellite DNA and small blocks of satellite DNA (140 monomers
and less) has shown a higher level of mutations and an absence of conserved CG dinucleotide in
last ones. A replacement of CG dinucleotide by CA-dinucleotide in positions 178 and 17 in
chromosomes 9 and 3, respectively, has been observed in blocks of monomers.

Conclusion: Arrayed y-satellite DNA from mouse has at least one conservative CG-dinucleotide.
Consensus sequences of this DNA and y-satellite DNA in small blocks of monomers are differing.
The last one displays a higher level of CG dinucleotides mutations and an absence of conservative
CG-dinucleotide. Presence of conservative and half-methylated CG-dinucleotide supports an idea
of importance of this CG dinucleotide methylation/demethylation in arrayed y-satellite DNA

functioning.
Background nucleases, which cleave recognition sites with 5-methylcy-
Site-specific methyl-directed DNA endonuclease Glal is  tosines and don't cut unmodified DNA [1-4]. Glal
the most interesting enzyme among new bacterial endo-  substrates have been studied in details and include meth-
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ylated DNA sequences 5'-Pu(5mC)GPy-3'/3'-PyG
(5mC)Pu-5'and 5'-G(5mC)Pu(5mC)-3'/3'-(5mC)GPyG-
5'[5,6].

Previously, we studied a cleavage of total mouse DNA
with restriction endonucleases [7]. We compared the
experimental patterns of DNA hydrolysis with calculated
diagrams of genomic DNA fragments distribution, which
had been obtained by computer analysis, and found a
good correspondence [7]. We showed that patterns of
mouse DNA hydrolysis were formed mainly by products
of LINE1 repeats and y-satellite DNA cleavage. Because of
high proportion of y-satellite DNA in a total mouse DNA
preparation the bands, which correspond to products of y-
satellite DNA cleavage, were seen much better in electro-
phoresis gels [7]. We cut mouse DNA with site-specific
methyl-directed DNA endonucleases and observed DNA
hydrolysis with Glal only [7].

In this work we have undertaken a detailed study of
mouse DNA cleavage with Glal and analyzed a primary
structure of y-satellite DNA and methylation status of
ACGT sites within it.

Results

»Satellite DNA digestion with Glal

Earlier we carried out a hydrolysis of total mouse DNA by
restriction endonucleases and site-specific methyl-
directed DNA endonucleases with subsequent separation
of the reaction products by gel-electrophoresis [7]. A the-
oretical analysis of mouse genomic DNA digestion at rec-
ognition sequences of corresponding restriction
endonucleases with subsequent construction of DNA frag-
ments distribution diagrams has been performed and has
shown a presence of peaks, which correspond mainly to
products of LINE1 repeats cleavage [7]. A comparison of
observed experimental results and calculation data has
demonstrated a good coincidence, except presence of
additional bright bands in the experimental cleavage pat-
terns. These bands correspond to monomer and dimer of
y-satellite DNA 234 bp and 468 bp in length, respectively
[7]. A proportion of y-satellite DNA in a total mouse DNA
preparation is about 8% [8] and higher than in total DNA
preparations from rat and human [7]. This peculiarity
allows us to use a total mouse DNA preparation in
the experiments on study of mouse y-satellite DNA
hydrolysis.

To analyze products of mouse y-satellite DNA cleavage we
have used gel-electrophoresis in PAAG and low melting
point agarose. Figure 1 shows patterns of total mouse
DNA cleavage with restriction enzymes Sse91, Fatl, Bst2UI
and methyl-directed site-specific DNA endonuclease Glal.
In accordance with earlier published data [9,10] DNA
hydrolysis with restriction enzymes results in formation
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Mouse genomic DNA cleavage with enzymes Glal,
Sse9l, Fatl, Bst2UL. [,8% low melting point agarose, Tris-
acetate buffer. M — DNA marker pUC19/Mspl (the lengths of
the fragments are shown at right).

of the bands, which correspond to DNA fragments 234 bp
and 468 bp and represent monomer and dimer of mouse
y-satellite DNA [11]. Glal digestion pattern also contains
a monomeric y-satellite DNA fragment. However, unlike
other enzyme, Glal produces a number of shorter frag-
ments, clearly visible in the gel photograph, and this pic-
ture is not changed after additional Glal treatment (data
not shown). Comparing to DNA ladder, the lengths of
DNA fragments in pattern of Glal cleavage have been esti-
mated 60, 85, 150, 180 and 234 bp, where the last one is
a length of monomeric y-satellite DNA. In our previous
work on mouse DNA hydrolysis with restriction endonu-
cleases we have shown that DNA fragments less than 240
bp are mostly the products of y-satellite DNA cleavage
(except BstX2I and Rsal digestions) [7]. Data on Figure 1
show that an intensity of 234 bp fragment in Glal pattern
is weaker and 468 bp band is missing if compared to other
runs. This result corresponds to formation of short frag-
ments in pattern of Glal digestion from y-satellite DNA.

Location of Glal digestion fragments
To confirm the origin of DNA fragments in pattern of Glal
digestion and to determine their primary structure all five
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DNA bands have been eluted from gel and cloned into
pUC19. DNA insertions of 50 plasmids have been
sequenced. Primary structures of 39 insertions correspond
to DNA sequence of consensus monomeric y-satellite
DNA [11], which is given in Figure 2.

According to this consensus sequence, the recognition
sites of restriction enzymes Bst2UI (CCWGG), Fatl
(CATG) and Sse9I (AATT) are located in positions 4, 150
and 98 of y-satellite DNA, respectively. In a course of y-sat-
ellite DNA hydrolysis with these enzymes monomer and
multimers are formed (Figure 1). Analysis of consensus
DNA sequence (Figure 2) with methylated CG dinucle-
otides has shown that only three Glal recognition sites
with nucleotide sequence ACGT are present in the main
monomeric y-satellite DNA in positions 61, 121 and 207.

In Figure 3 we have presented a diagram with location of
all 39 sequenced fragments in monomeric y-satellite DNA
based on their primary structure and positions of Glal rec-
ognition sites. Thus, we have determined DNA sequence
of six insertions from lower 60 bp band (positions on y-
satellite DNA 61-121), fourteen insertions of 85 bp band
(including four 86 bp fragments 121-207 and ten 88 bp
fragments 207-61), six 150 bp insertions (including three
146 bp fragments 61-207 and three 148 bp fragments
207-121), seven 174 bp insertions (121-61) from 180 bp
band and six 234 bp fragments. This set includes all pos-
sible DNA fragments with a length of 234 bp and less,
which are produced in the course of limited Glal hydroly-
sis of y-satellite DNA at positions 61, 121 and 207, except
a monomer 207-207. A primary structure of all 39
sequenced fragments and their alignment are presented in
Additional file 1 (top 39 sequences of the multiple align-
ment). Data in Additional file 1 show that in all cases Glal
cleaves only ACGT sites in position 61, 121 and 207. So,
we haven't observed any non-specific hydrolysis of y-sat-
ellite DNA with Glal.

Incomplete hydrolysis of ACGT sites in y-satellite DNA

As can be seen from a map in Figure 3, a complete hydrol-
ysis of fully methylated y-satellite DNA should produce
only three DNA fragments: 60 bp, 86 bp and 88 bp. These

1 GGACCTGGAATATGGCGAGAAAACTGAAAATCACGGAAAATGAGAAATAC
51 ACACTTTAGGYJELGAAATATGGCGAGGAAAACTGAAAAAGGTGGAAAAT
101 TTAGAAATGTCCACTGTAGGLEHGGAATATGGCAAGARAACTGAAAATC
151 ATGGAARATGAGAAACATCCACTTGACGACTTGAAAAATGACGAAATCAC
201 TAAAAANIEGAAAAATGAGAAATGCACACTGAA 234

Figure 2

Consensus sequence of mouse y-satellite DNA mono-
mer. CG sites are underlined, ACGT sites (Glal recognition
sites) are shown by inverted color.

http://www.biomedcentral.com/1471-2164/10/322

fragments correspond to the bottom bands 60 bp and 85
bp in Figure 1, taking into account a double intensity of
the last one.

However, experimental pattern of Glal hydrolysis (Figure
1) includes three additional bands 150 bp, 180 bp and
234 bp, which are a result of partial hydrolysis of y-satel-
lite DNA because of mutations [7,11,12] and undermeth-
ylation [11,12] of ACGT sites. A ratio of molar intensities
of DNA bands obtained in Glal cleavage pattern (234 bp,
180 bp, 150 bp, 85 bp and 60 bp) has been determined as
02:03:03:1.5:1.

According to sequencing data of the cloned insertions,
174 bp DNA fragment corresponds to 180 bp band, 146
bp and 148 bp DNA fragments are presented in 150 bp
band and 234 bp is a monomeric y-satellite DNA.

In Table 1 we have summarized data on DNA fragments,
which contain unmethylated and mutated Glal recogni-
tion sequence(s). There are approximately 24%, 30% and
2% mutated sites in positions 61, 121 and 207, respec-
tively. Additionally, 3%, 7% and 50% of unmethylated
sites have been found in the same positions. The last data
correspond to earlier published results on 50% methyla-
tion of CG dinucleotide in position 208, whereas other
CG dinucleotides (underlined on Figure 2) are extensively
methylated [11,12]. In total, 27%, 37% and 52% of tetra-
nucleotides at positions 61, 121 and 207, respectively, are
resistant against Glal hydrolysis and corresponding prob-
abilities of these positions cleavage are 73%, 63% and
48%. Based on the probability data we have calculated a
ratio of molar intensities of DNA bands obtained in Glal
cleavage (234 bp, 174 bp, 146 bp + 148 bp, 86 bp + 88 bp
and 60 bp) as 0.37:0.52:0.45:1.41: 1. A comparison of
these calculations and molar intensities of DNA bands in
experiment has shown a similarity of both ratios.

Figure 4 demonstrates patterns of total mouse DNA
hydrolysis with restriction endonucleases HpyCH4l1V,
which recognizes unmethylated site ACGT, and Sspl (rec-
ognition sequence 5'-AATATT-3'). We can see a weak
hydrolysis of genomic DNA and similar patterns of
incomplete cleavage of y-satellite DNA with HpyCH41V
and Sspl.

A double digestion of mouse jy-satellite DNA with Glal and
restriction enzymes

We have carried out the experiments on double digestion
of mouse DNA with Glal and some restriction endonucle-
ases, which have a unique recognition site in y-satellite
DNA. These restriction endonucleases are Bst2UI (recog-
nition site CCWGG at position 4), Acsl (RAATTY, 97), Fatl
(CATG, 150) and BstF51 (GGATG, 166). The photos of
double digestions experiments are provided in Figure 5A.
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148 bp, 3 fragments

| 234 bp, 2 fragments

86 bp, 4 fragments

234 bp, 4 fragments

146 bp, 3 fragments

61 121

Figure 3

234/0 +61 +121

Correspondence of the sequenced Glal DNA fragments to the mouse y-satellite consensus sequence. Mono-
meric y-satellite DNA is shown in grey, sequenced Glal-fragments — in black. Vertical lines show ACGT sites (positions are

indicated at bottom).

A restriction map of mouse y-satellite DNA monomer
from position 61 to +61 is provided in Figure 5B. This
map includes positions of DNA cleavage with Glal and
restriction endonucleases with indication of the obtained
fragments and their calculated lengths. As can be seen
from Figure 5A, double digestions result in a disappear-
ance of those fragments, which contain restriction
enzymes' sites. A treatment of Glal digestion products
with Acsl (Figure 5C) results in hydrolysis of 60 bp, 146
bp and 234 bp DNA fragments. A new fragment 37 bp is
a result of 60 bp DNA fragment cleavage. A double diges-
tion with Fatl (Figure 5D) destroys all upper fragment of
Glal cleavage pattern but leads to formation of 89 bp and
145 bp DNA fragments. The appearance of 89 bp and 145
bp fragments restores an original picture of 80 bp and 150
bp bands in DNA cleavage pattern and we can see a new
57 bp fragment, which is cut off 86 bp fragment. A similar
picture with hydrolysis of all upper fragments of Glal
cleavage pattern is observed with BstF51 double digestion
(Figure 5E). A new fragments 129 bp, 105 bp, 45 bp and
41 bp are appeared in digestion products and clearly seen
in gel photo. A double digestion of y-satellite DNA with
Glal and Bst2UI (Figure 5F) results in digestion of 88 bp
fragment with formation of two small fragments 33 bp
and 55 bp. So, the experimental data on double digestion
of y-satellite DNA with Glal and restriction endonucleases
are coincided with calculated positions of cleavage sites in
a physical map.

Primary structure of j-satellite DNA
To study a primary structure of y-satellite DNA in detail,
we have cloned additionally 234 bp fragments of AspS91

and Sse9l digestions of mouse y-satellite DNA [7]. 10
insertions of each digestion have been sequenced. Six
Sse9l fragments and seven AspS9I fragments share homol-
ogy with mouse y-satellite DNA. These 13 sequences have
been aligned with a consensus sequence of monomeric y-
satellite DNA and are presented in Additional file 1, along
with primary structures of Glal hydrolysis fragments. In
total, sequencing data of 52 fragments of y-satellite DNA
are provided in Additional file 1. A primary structure of
consensus monomeric y-satellite DNA is given beneath all
sequences (see Additional file 1). We haven't observed a
mutation of CG dinucleotide in position 208 in all 47
analyzed fragments, whereas we have 7 (from 38 analyzed
fragments) mutations of CG dinucleotide in position 62
and 12 (from 47 analyzed fragments) - in position 122.

Earlier, Vissel and Choo cleaved a mouse y-satellite DNA
with Mnll, cloned 30 obtained fragments of monomeric y-
satellite DNA and sequenced insertions of the correspond-
ing plasmids [13]. We have aligned these sequences and
provided a consensus primary structure in Additional
file 2.

A search for monomeric y-satellite DNA in the reference
mouse genome sequence (NCBI Build 37, [14]) has been
made and two small blocks of y-satellite DNA monomers
have been revealed in chromosome 3 and 9. Locations
and a primary structure of 30 sequences from the mono-
mers block in chromosome 3 and 140 sequences from the
monomers block in chromosome 9 are presented in Addi-
tional files 3 and 4, respectively. We have determined con-
sensus sequences of y-satellite DNA monomers for both
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Table I: DNA fragments with mutated or uncleaved ACGT sites

Fragment Length, bp Positions of fragment in consensus Sequence of non-hydrolysed site at position
121 207 61
GI150-5N 148 207 — +121 - - ACGT
GI50-IN 147 207 — +121 - - ACGA
G150-12N 148 207 — +121 - - ATGT
GI150-29N 148 207 — +121 - - ATGT
G150-33N 148 207 — +121 - - ACAT
G234-4 234 121 —+121 - ACGT TCGT
G234-8N 234 121 —+121 - ACGT ACTT
G180-1 174 121 — +61 - ACGT -
G180-3 174 121 — +61 - ACGT -
G180-6 174 121 — +61 - ACGT -
G180-2N 174 121 - +61 - ACGT -
G180-3N 173 121 — +61 - ACGT -
G180-4N 174 121 — +61 - ACGT -
G180-6N 173 121 — +61 - ACGT -
G234-3 234 6l —+6l ACGT ACGT -
G234-13 234 6l —+6l ACGT ACGT -
G234-6d 234 6l —+61 ACAT ACGT -
G234-9N 234 61 —+61 ACAT ACGT -
G150-4-2 146 61 —207 AGGT - -
G150-6 146 61 —207 TCGT - -
GI150-6N 145 61 —207 GCAT - -
GI150-2IN 146 61 —207 ACGA - -
G150-22N2 146 61 —207 AAGT - -
G150-24N 146 61 —207 ACAT - -
$234-3 235 98 — +98 ACAT CCGT ACGT
$234-15N 233 98 — +98 ACTA ACGT ACGT
A234-3N 232 4-+4 ACAT ACGT ACGT
Page 5 of 10
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Table I: DNA fragments with mutated or uncleaved ACGT sites (Continued)

A234-4b 234 4-+4 ACAT ACGT ACGT
A234-3 233 4-+4 ACAT ACGT ACAT
$234-13N 234 98 — +98 ACAT ACGT ACAT
S234-1 234 98 — +98 ACGT ACGT ACAT
Number of fragments with non-hydrolyzed ACGT and their percentage 2/29 13726 1/34
6,9% 50% 3,3%
Number of mutated ACGT sites 14/47 1/46 9/38
29,8% 2,2% 23,7%

blocks and placed them in Additional files 3 and 4 as well.
In Table 2 we have summarized data on mutations of CG
dinucleotide in all 8 positions in a) 52 fragments of y-sat-
ellite DNA from Additional file 1, b) 30 monomers of y-
satellite DNA from Additional file 2), c) 140 monomers in
chromosome 9 from Additional file 3 and d) 40 mono-
mers in chromosome 3 from Additional file 4.

. HpyCH41V
Sspl

=
. l Glal

Figure 4
Mouse genomic DNA cleavage with enzymes Glal,
HpyCHA4IV and Sspl. M — DNA marker SE | kbp.

Discussion

According to a primary structure of consensus sequence of
y-satellite DNA [11], there are three Glal recognition sites
5-A(5mC)GT-3'/3-TG(5mC)A-3' within monomeric
DNA in positions 61, 121 and 207. Patterns of a total
DNA hydrolysis with AspS91 and BstSCI have shown that
products of y-satellite DNA digestion have a molar con-
centration at least 20 times more than a concentration of
LINE1 repeats digestions [7]. Because of such difference in
DNA concentration we have used a total mouse DNA
preparation in study of y-satellite DNA cleavage with Glal.
The obtained cleavage pattern corresponds to a limited
hydrolysis of y-satellite DNA with Glal due to mutations
of ACGT sites and undermethylation of CG dinucleotides.

Results of double digestion of y-satellite DNA with Glal
and restriction endonucleases Acsl, Bst2UI, BstF5I and
Fatl have confirmed positions of enzymes' recognition
sites and locations of small (60 bp, 86 bp and 88 bp) and
intermediate (146 bp, 148 bp and 174 bp) Glal digestion
fragments in monomeric y-satellite DNA.

Hydrolysis of y-satellite DNA with HpyCH4IV and Sspl
has provided similar patterns of evenly distributed DNA
fragments, which are monomers, dimers, trimers, etc.
(Figure 4). However, the reasons of such specific digestion
of y-satellite DNA with these restriction enzymes are dif-
ferent. Incomplete hydrolysis of y-satellite DNA with Sspl
is explained by mutation of the enzyme recognition
sequence [7], whereas HpyCH4IV cleaves y-satellite DNA
due to undermethylation of ACGT site in position 207
(Table 1).

Consensus sequences of y-satellite DNA fragments
obtained in our work (Additional file 1) and published
earlier [11] are coinciding. Surprisingly, a consensus
sequence, which has been determined for 30 monomeric
y-satellite DNA fragments sequenced in the work of Vissel
and Choo (Additional file 2), differs in two positions
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Figure 5

A physical map of mouse y-satellite DNA. A — gel photo of mouse genomic DNA cleavage with restriction enzymes (dou-
ble digestions). Lanes: 4 — intact DNA; 1, 3, 5, 7, 9 — Glal added; I, 2 — Acsl added; 5, 6 — Fatl added; 7, 8 — BstF51 added; 9, 10
— Bst2Ul added; M — DNA marker pUC|19/Mspl. B-F — physical maps of mouse y-satellite DNA with indication of experimen-
tally obtained DNA fragments and theoretically predicted ones. B — Glal; C — double digestion with Glal and Acsl; D — double
digestion with Glal and Fatl; E — double digestion with Glal and BstF5I; F — double digestion with Glal and Bst2UI. Experimental
patterns of mouse DNA hydrolysis and DNA ladders are shown on a left side of each figure. Positions of cleavage sites are
shown in brackets at the top. Intact Glal fragments are shown in black, cleaved Glal fragments are shown in grey, double diges-
tion products are shown in brown. Horizontal dotted lines show a correspondence of predicted fragments (arrows) to those

observed on gel photos.

from a known one [11] (missed A nucleotides in positions
68 and 188).

Vissel and Choo cleaved y-satellite DNA with Mnll and
determined a primary structure of obtained monomers
[13]. Earlier Horz and Altenburger [11] studied Mnll
digestion of y-satellite DNA and showed that methylation
of CG dinucleotide in position 74 blocks DNA hydrolysis.

So, Vissel and Choo isolated only those DNA monomers,
which were unmethylated in position 74 in two neigh-
bouring MnlI sites. Besides a distinct consensus sequence,
a detailed analysis of these monomers alignment (Addi-
tional file 2) has revealed a different distribution of CG
dinucleotide mutations in several positions of y-satellite
DNA (see Table 2).
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Table 2: Mutations of CG-dinucleotide in mouse y-satellite DNA
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Position 16 34 62 74 122 177 192 208
% of mutated CG DNA fragments (this work) 10/37  6/37 7/38 6/38 12/47 4/35 7/35 0/46
dinucleotides
27.0% 16.2% 18.4% 15.8% 25.5% 11.4% 20.0% 0%
30 Mnll- fragments (Vissel and 10/30  5/30 3/30 0/30 8/30 1/30 2/30 6/30
Choo [14])

33.3% 16.7% 10.0% 0% 26.7% 3.3% 6.7%  20%

140 fragments from 54/140 46/140 63/140 25/140 128/140 108/140 68/140 13/140
chromosome 9*
38.6% 32.9% 45.0% 17.9% 91.4% 77.1% 48.6% 9.3%
40 fragments from chromosome  28/40 14/40 20/40 13/40  38/40 21/40 10/40  16/40
kLS
70% 35% 50% 32.5% 95% 52.5%  25% 40%

* — region 3000003—-3038419 from chromosome 9 http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgilval=NT 03947 1.7&from=3&to=38419

** — from chromosome 3 regions:

3000002—-3004438 http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgilval=NT 078380.6&from=2&to=4438

3010698-3015403 http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NT_078380.6&from=10698&to=15403

3016887—-3018046 http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgilval=NT 078380.6&from=16887&to=18046

In our study we have observed 18,4%, 25,5% and 0%
mutations of CG dinucleotide in positions 62, 122 and
208, respectively (Table 2). Data of Vissel and Choo show
that all 30 sequenced fragments don't have mutations in
position 74 and have only one mutation of CG dinucle-
otide in position 177. On the other hand, there are 20%
mutations of CG dinucleotide in position 208. An
absence of CG dinucleotide mutations in position 74 may
be explained, at least partially, by overlapping position 75
of this dinucleotide with MnlI recognition sequence. A
discrepancy of CG dinucleotides mutations in position
208 in two works is a consequence of either a very special
selection of DNA fragments in a work of Vissel and Choo
(see above) or different sources of DNA (a mouse liver in
our work and a cell line in the work of Vissel and Choo).
Nevertheless, both works demonstrate maximum CG
dinucleotides mutations in position 16 (around 30%)
and in position 122 (about 26%). Moreover, there is a
similar distribution of mutations in these CG dinucle-
otides: mostly mutated G in position 123 and roughly
equal mutated C and G in positions 16 and 17.

In this work we have confirmed data on large proportion
of y-satellite DNA in a total mouse DNA preparation [7].
Vissel and Choo isolated y-satellite DNA from a total DNA
and studied its structure. According to their data y-satellite
DNA is organized into long uninterrupted arrays of
between 1,000 monomers and greater than 8,000 mono-
mers, likely, located near chromosome centromers [13].

So, y-satellite DNA is a prolonged DNA and constitutes a
significant part of total DNA. However, we could not find

peaks of 234 bp and 468 bp in diagrams of genomic DNA
digestion with restriction enzymes, which have one recog-
nition site in y-satellite DNA monomer [7]. In fact, the
most of y-satellite DNA is not presented in the known
databases [7]. Nevertheless, in genomic database there are
small blocks of sequenced y-satellite DNA, which contain
10-140 monomers [14]. DNA sequences of y-satellite
monomers from two such blocks, which are located in
chromosomes 3 and 9, have been aligned in this work
(Additional files 3 and 4, respectively). Consensus
sequences of y-satellite DNA of these two blocks are
almost identical and differ in nucleotides in positions 18
and 179. However, both of them have three identical dif-
ferences from consensus sequence of arrayed y-satellite
DNA [[11] and this work]: A instead of G in positions 123
and 202, T instead of A in position 233. Besides, CG dinu-
cleotide in position 178 and in position 17 has become
CA dinucleotide in consensus sequences of y-satellite
DNA in chromosomes 9 and 3, respectively. A change of
G for A in position 123 destroys one of three ACGT sites
and consensus sequence of y-satellite DNA in both blocks
of monomers contains only two Glal recognition sites in
positions 61 and 207.

A comparison of Table 2 data between rows 1, 2 and 3, 4
shows a significant difference of CG dinucleotide muta-
tions in y-satellite DNA from arrays and in small blocks of
monomers. We can see more mutation in all 8 positions
of CG dinucleotides in the case of blocks of y-satellite
DNA monomers if compare to CG dinucleotides in
arrayed y-satellite DNA. Table 2 shows that in arrayed y-
satellite DNA there is at least one conservative CG dinu-
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cleotide, whereas y-satellite DNA from blocks of mono-
mers doesn't have a conservative CG dinucleotide in any
positions.

Absence of mutations [this work] and 50% methylation
[[11,12] and this work] of CG dinucleotide in position
208 allow to say about important role of this CG dinucle-
otide methylation/demethylation in function of arrayed
y-satellite DNA from mouse liver.

Conclusion

Hydrolysis of total DNA from mouse liver with new site-
specific methyl-directed endonuclease Glal provides a
clear digestion pattern, which corresponds to a partial
cleavage of y-satellite DNA at methylated ACGT sites in
positions 61, 121 and 207. Determination of primary
structure of 39 obtained DNA fragment has confirmed
data on extensive modification of CG dinucleoitide in
positions 62 and 122 but only 50% modification in posi-
tion 208. Study of 52 sequenced fragments of y-satellite
DNA has shown that CG dinucleotide in position 208 is
highly conservative and its methylation/demethylation is,
likely, important for function of y-satellite DNA arrays.

Consensus sequence of arrayed y-satellite DNA is coin-
cided with earlier published one and differs from a con-
sensus sequence of y-satellite DNA in small (140 and less)
monomers blocks.

Methods

DNA fragments cloning and sequencing

Male A/He mice aged 5-6 months (Breeding Laboratory
of Experimental Animals, Institute of Cytology and Genet-
ics, Novosibirsk) have been used in the experiments.
Genomic DNA from the animal liver was isolated as
described previously [15]. DNA was digested with endo-
nucleases according to manufacturer's recommendations.

DNA fragments, which formed visible bands, were
extracted from PAAG as described earlier [16]. The
obtained DNA fragments were ligated with pUC19 linear-
ized with Smal, and E. coli XL10-Gold competent cells
were transformed with the obtained ligation mixture
according to [16]. The obtained plasmids were isolated
with NucleoSpin Plasmid Kit (Macherey-Nagel, Ger-
many). The sequences of insertions were determined
using ABI Prism 310 Genetic Analyzer ("Applied Biosys-
tems").

Hydrolysis of chromosomal DNA and electrophresis

The following restriction endonucleases manufactured by
SibEnzyme Ltd. were used in the work (the recognition
site of respective restriction enzyme is given in the brack-
ets): Glal (5'-R(5mC)GY-3'), Bst2UI (5-CCWGG-3'), Fatl

http://www.biomedcentral.com/1471-2164/10/322

(5'-CATG-3'), Sse9l (5'-AATT-3'), Acsl (5'-RAATTY-3"),
BstF51 (5'-GGATG-3' and 5'-CATCC-3"), Sspl (5'-AATATT-
3"). HpyCHA4IV restriction enzyme (recognition site 5'-
ACGT-3') was purchased from New England Biolabs.

Hydrolysis reactions were performed in 40 pl of the reac-
tion mixture containing 6 pg of DNA, SE-buffers recom-
mended by the manufacturer and 3 pl of restriction
enzyme at optimal temperatures for 3 h.

Electrophoresis in 8%-10% polyacrylamide gel was used
to separate DNA fragments from 40 to 500 bp (6 ug of
hydrolyzed DNA was applied on gel in each run). Electro-
phoresis in 1.8% of low melting point agarose ("Sigma",
USA) was used to separate DNA fragments in the range of
200-2000 bp. Electrophoresis in 1% agarose "Type I-A,
Low EEO" ("Sigma", USA) was used to separate DNA frag-
ments in the range of 500-20000 bp. 3 pg of hydrolyzed
DNA was applied on agarose gel in each run. Tris-acetate
buffer was used for electrophoresis in all the cases. After
electrophoresis DNA bands were stained with ethidium
bromide and photographed in UV light.

The following DNA preparations were used as DNA frag-
ment length markers: 1 kbp DNA ladder and pUC19/Mspl
DNA ladder (SibEnzyme Ltd., Russia).

Sequence analysis

BioEdit 7.09 software was used to obtain and refine mul-
tiple alignments of all mouse y-satellite DNA fragments
[17]. The blocks of y-satellite DNA in the sequenced
mouse genome were derived from Entrez Genomes View
site by searching for "GSAT_MM" keyword [14].
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Alignment of the sequenced Glal, Sse9I and AspS9I fragments. Num-
bering is given according to consensus sequence [11]. ACGT sites are
given with yellow background. Nucleotides which differ from those in con-
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S) and AspS9I fragments (names start with A) are indicated in green.
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Additional file 2

Alignment of 30 y-satellite Mnll DNA fragments (Vissell and Choo,
[13]). Numbering is given according to consensus sequence [11]. ACGT
sites are given with yellow background. CG dinucleotides are in blue. Con-
sensus sequence obtained from this alignment is given at the bottom (grey
background) and positions which differ from those in a known consensus
[11] are indicated by blue background.
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Alignment of 140 y-satellite DNA monomers from chromosome 9.
Explanations are the same as for Additional file 2.
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Alignment of 40 y-satellite DNA fragments from chromosome 3.
Explanations are the same as for Additional file 2.

Click here for file
|http://www.biomedcentral.com/content/supplementary/1471-
2164-10-322-54.pdf]

Acknowledgements

The authors thank Dr. V. |. Kaledin and Dr. G. V. Vasilyev for the assistance
in a work with animals and DNA purification. We are grateful to Dr. Robert
Rayner for language revision of the manuscript.

References
I. Chmuzh EV, Kashirina |G, Tomilova JE, Mezentzeva NV, Dedkov VS,
Gonchar DA, Abdurashitov MA, Degtyarev SK: Restriction endo-

nuclease Bisl from Bacillus subtilis T30 recognizes methyl-
ated sequence 5'-G(5mC){NGC-3'.

zyme.com/article8_article 7 |.phtml]. [Rus]

2. Chernukhin VA, Tomilova JE, Chmuzh EV, Sokolova OO, Dedkov VS,
Degtyarev SK: Site-specific endonuclease Blsl recognizes DNA
sequence 5'-G(5mC)NAGC-3' and cleaves it producing 3'

sticky ends. Ovchinnikov bulletin of biotechnology and physical and

chemical biology 2007, 3(128-33 [http://science.sibenzyme.com/

Russian Journal of
Biotechnology (Biotekhnologiya) 2005, 3:22-26 [http://science.siben

article8 article 25 |.phtml]. [Rus]
3. Chernukhin VA, Chmuzh EV, Tomilova JE, Nayakshina TN, Gonchar

DA, Dedkov VS, Degtyarev SK: A novel site-specific endonucle-
ase Glul recognizes methylated DNA sequence 5'-

G(5mC)ANG(5mC)-3"/3"-(5mC)GNA(SmC)G. Ovchinnikov bul-

letin of biotechnology and physical and chemical biology 2007, 3(213-17
[http://science.sibenzyme.com/article8 article 24 |.phtml]. [Rus]

4.  Chernukhin VA, Nayakshina TN, Abdurashitov MA, Tomilova JE,
Mezentseva NV, Dedkov VS, Mikhnenkova NA, Gonchar DA, Degt-
yarev SK: A novel restriction endonuclease Glal recognizes
methylated sequence 5'-G(5mC)AGC-3'. Russian Journal of Bio-

technology  (Biotekhnologiya) 2006, 4:31-35 [http://science.siben

zyme.com/article8 article |1 _|.phtml]. [Rus]

5. Tomilova JE, Chernukhin VA, Degtyarev SK: Dependence of site-
specific endonuclease Glal activity on quantity and location
of methylcytosines in the recognition sequence 5-GCGC-3'".
Ovchinnikov bulletin of biotechnology and physical and chemical biology
2006, 2(130-39 [http://science.sibenzyme.com/
articlel0_article 22 1.phtml]. [Rus]

6.  Tarasova GV, Nayakshina TN, Degtyarev SK: Substrate specificity
of new methyl-directed DNA endonuclease Glal. BMC Molec-
ular Biology 2008, 9:7.

http://www.biomedcentral.com/1471-2164/10/322

7. Chernukhin VA, Abdurashitov MA, Tomilov VN, Gonchar DA, Degt-

yarev SK: Comparative analysis of mouse chromosomal DNA
digestion with restriction endonucleases in vitro and in silico.
Ovchinnikov bulletin of biotechnology and physical and chemical biology

2007, 3(419-27 [http://science.sibenzyme.com/
article|4 article 46 |.phtml]. [Rus]

8. Zardi L, Siri A, Santi L: Heterogeneity of mouse satellite DNA

on silver-cesium sulphate density gradient. FEBS Lett 1977,
79:188-90.

9. Southern EM: Long range periodicities in mouse satellite

DNA. | Mol Biol 1975, 94:51-69.

10. Ho6rz W, Zachau HG: Characterization of distinct segments in

mouse satellite DNA by restriction nucleases. Eur | Biochem
1977, 73:383-392.

Il. Hoérz W, Altenburger W: Nucleotide sequence of mouse satel-

lite DNA. Nucleic Acids Res 1981, 9:683-696.

12. Manuelidis L: Consensus sequence of mouse satellite DNA

indicates it is derived from tandem 116 basepair repeats.
FEBS Lett 1981, 129:25-28.

13. Vissel B, Choo KH: Mouse major (gamma) satellite DNA is

highly conserved and organized into extremely long tandem
arrays: implications for recombination between nonhomolo-
gous chromosomes. Genomics 1989, 5:407-14.

14. Entrez Genome view: Mus musculus (laboratory mouse)

[http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?taxid=10090]

15.  Chernukhin VA, Abdurashitov MA, Tomilov VN, Gonchar DA, Degt-

yarev SK: Comparative restriction analysis of rat chromo-
somal DNA in vitro and in silico. Ovchinnikov bulletin of
biotechnology and physical and chemical biology 2006, 2(339-46 [http://
science.sibenzyme.com/article|4 article 28 |.phtml]. [Rus]

16.  Sambrook J, Fritsch EF, Maniatis T: Molecular cloning: A laboratory man-

ual 2nd edition. New York: Cold Spring Harbor Laboratory Press;
1989.

17. BioEdit Sequence Alignment Editor for Windows 95/98/NT/

XP [http://www.mbio.ncsu.edu/BioEdit/BioEdit.html]

Publish with Bio Med Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and published immediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here:

O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 10 of 10

(page number not for citation purposes)


http://www.biomedcentral.com/content/supplementary/1471-2164-10-322-S2.pdf
http://www.biomedcentral.com/content/supplementary/1471-2164-10-322-S3.pdf
http://www.biomedcentral.com/content/supplementary/1471-2164-10-322-S4.pdf
http://science.sibenzyme.com/article8_article_7_1.phtml
http://science.sibenzyme.com/article8_article_7_1.phtml
http://science.sibenzyme.com/article8_article_25_1.phtml
http://science.sibenzyme.com/article8_article_25_1.phtml
http://science.sibenzyme.com/article8_article_24_1.phtml
http://science.sibenzyme.com/article8_article_11_1.phtml
http://science.sibenzyme.com/article8_article_11_1.phtml
http://science.sibenzyme.com/article10_article_22_1.phtml
http://science.sibenzyme.com/article10_article_22_1.phtml
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18194583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18194583
http://science.sibenzyme.com/article14_article_46_1.phtml
http://science.sibenzyme.com/article14_article_46_1.phtml
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=891925
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=891925
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1142436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1142436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=321221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=321221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6261227
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6261227
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7274465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7274465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2613229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2613229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2613229
http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?taxid=10090
http://science.sibenzyme.com/article14_article_28_1.phtml
http://science.sibenzyme.com/article14_article_28_1.phtml
http://www.mbio.ncsu.edu/BioEdit/BioEdit.html
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Results
	Conclusion

	Background
	Results
	g-Satellite DNA digestion with GlaI
	Location of GlaI digestion fragments
	Incomplete hydrolysis of ACGT sites in g-satellite DNA
	A double digestion of mouse g-satellite DNA with GlaI and restriction enzymes
	Primary structure of g-satellite DNA

	Discussion
	Conclusion
	Methods
	DNA fragments cloning and sequencing
	Hydrolysis of chromosomal DNA and electrophresis
	Sequence analysis

	Authors' contributions
	Additional material
	Acknowledgements
	References

