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To study whether changes in methylation of DNA are related to the structural and functional changes that

chromatin undergoes throughout rooster spermatogenenis, we analyzed, by high-performance liquid chro-

matography, the S-methylcytosine content of DNA purified from rooster testis cell nuclei at successive

stages of the cell differentiation process. The DNA of meiotic and postmeiotic cells appears partially under-

methylated, containing approximately 30% less methylcytosines than the DNA obtained from premeiotic
and somatic cells.

DNA methylation

1. INTRODUCTION

In mammals and birds, approximately 50-70%
of the dinucleotides 5’ -CpG of DNA are modified
by enzymatic transfer of the methyl group of §-
adenosyl-methionine to the cytosine residue. Other
cytosines are rarely methylated [1-5]. A number of
observations have suggested an inverse relation-
ship between gene expression and gene methylation
[6]. Other results indicate a direct correlation bet-
ween gene expression and the extent of methyla-
tion [7]. An important area of current study in-
volves the elucidation of the role of hypomethyla-
tion in cell transformation and cell differentiation.
Substantial hypomethylation was found in genes
of cancer cells compared with their normal
counterparts [8]. Hypomethylation in cancer cells
may be widespread, as the genes studied are
localized in three different chromosomes [9].
Hypomethylation of oncogenes in primary human
cancer has also been detected [10}. Hypomethyla-
tion can suppress the expression of class I antigens
and thus lead to malignant transformation [7]. In
addition, chemical carcinogens inhibit DNA
methylation in vitro providing a mechanism for
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alteration of the state of cell differentiation
[11-13].

Changes in the methylcytosine content of DNA
during cell differentiation in several models aver-
age less than 10% [14]. However, the sperm DNA
of several species contains only 50% of the methyl-
cytosines found in somatic cells [15]. Chromatin
undergoes dramatic changes in composition, struc-
ture and function during spermatogenesis [16-20],
and offers an excellent model to investigate the
role of DNA methylation in the structural and
functional changes of chromatin throughout the
differentiation process. Partially deficient methyl-
ation of cytosine stimulates genetic recombination
of bacteriophage lambda [21]. It has been sug-
gested [15] that hypomethylated DNA might be in-
volved in pairing of chromosomes and recombina-
tion events which normally take place at meiosis.
Here we show that the undermethylated pattern of
sperm DNA is already present in meiotic and
postmeiotic rooster testis cells.

2. MATERIALS AND METHODS

Hubbard White Mountain roosters (25-30 weeks
old) and sexually immature chickens (8 weeks old)
were used throughout this study. Nuclei were
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isolated from fresh rooster testes or liver in citric
acid and separated by sedimentation at unit gravity
as in [16]. DNA was prepared from the isolated
nuclei as in [23]. DNA samples were quantitatively
hydrolyzed with DNase I, nuclease P1 and bacter-
ial alkaline phosphatase [24]. The resulting deox-
yribonucleosides were directly separated by re-
versed-phase high-performance liquid chromato-
graphy (RP-HPLC) using a modification of the
method in [24], as indicated in fig.1.

3. RESULTS

We have determined the extent to which cytosine
residues in the DNA are methylated at different
stages of rooster spermatogenesis. A typical
chromatographic analysis illustrating the separa-
tion of a hydrolysate of rooster testis DNA is
shown in fig.1. The percentage of dG + dC content
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Fig.1. Reversed-phase high-performance liquid chro-
matographic determination of deoxyribonucleosides of
rooster testis DNA. The separation was performed on
one gzBondapak C;s 300x4 mm column. Complete
separation of the deoxyribonucleosides was achieved in
37 min at 15°C using a methanol gradient (---). A
flow of 1.0 ml/min was maintained for 13 min and then
increased to 1.5 ml/min. Elution times: deoxycytidine
(dC), 12.02 min; 5-methyldeoxycytidine (m’dC), 22.31
min; deoxythymidine (dT), 25.50 min; deoxyguanosine
(dG), 26.85 min; and deoxyadenosine (dA), 36.76 min.
IS, internal standard.
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(40.59+0.54) of the DNA isolated from rooster
testis cell nuclei at successive stages of sper-
matogenesis agrees with published values of
chicken DNA [25].

The various stages of differentiating rooster
testis cell nuclei based on their sedimentation
velocity [16] were designated as: DN (diploid
nuclei, s = 1.7 mm/h), TN (tetraploid meotic
nuclei, s = 2 mm/h), HN, (haploid nuclei of
round spermatids, s = 0.8 mm/h), and NH,
(haploid nuclei of elongated spermatids, s = 0.5
mm/h).

The methylcytosine content of DNA was max-
imal in the fraction of diploid nuclei (DN) contain-
ing nuclei of premeiotic gonial cells (fig.2) and also
in diploid nuclei, with the same sedimentation
velocity, obtained from immature testis enriched in
spermatogonia (table 1). Similar levels of methyl-
cytosine were detected in DNA from somatic
nuclei of chicken liver (table 1). The amount of
methylcytosine decreased by approximately 30%
in DNA obtained from meiotic and postmeiotic
nuclei (fig.2, table 1). The undermethylated pat-
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Fig.2. Mean methylcytosine levels in DNA obtained

from rooster testis cell nuclei at successive stages of

rooster spermatogenesis. DN, diploid nuclei; TN,

tetraploid meiotic nuclei; HN,, haploid nuclei of round

spermatids; and NH,, haploid nuclei of elongated sper-
matids.
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Table 1

Methylcytosine content of DNA obtained from rooster
germinal cells and liver

m’C
————— x 100
m’C + C
Spermatozoa from the vas
deferens 2.97 £ 0.09
Mature testis 3.43 + 0.21
Immature testis 4,37 + 0.17
Liver 4.05 + 0.08

Analysis was by HPLC at the deoxynucleoside level.
Determinations were made on at least 3 different batches
of nuclei

tern of chicken sperm DNA was thus already pre-
sent in meiotic and postmeiotic cells.

4. DISCUSSION

The experiments described here show that
rooster sperm DNA contains approximately 30%
less methylcytosines than DNA obtained from
liver, immature testis or a fraction containing
premeiotic rooster testis cell nuclei. The results
also show that the undermethylated pattern of
sperm DNA is already established in meiotic and
postmeiotic cells.

DNA isolated from sperms of different species is
undermethylated in relation to the S-methylcyto-
sine content of DNA isolated from the correspon-
ding somatic tissues [15]. The methylcytosine con-
tent of different avian tissues has been reported
[26]. These data are similar to the values we found
in the liver and immature testis of chicken. Unfor-
tunately, the published results did not detail the
characteristics of the avian germinal tissue used as
a source of DNA.

An important question to be solved is which
DNA sequences are undermethylated in meiotic
and postmeiotic cells. Certain chicken genes, such
as ribosomal RNA genes or the 5'-end of the a(2)
I collagen gene are hypomethylated in expressing
tissues and also in genetically inactive sperm DNA
[27]. Other chicken genes such as ovalbumin, con-
albumin, «- and #-globin are undermethylated in
expressing tissues and heavily methylated in sperm
[28-30]. Meiosis does not appear to be a critical
event involved in the establishment of methylation
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patterns of unique sequence genes [22].

The major cause of the undermethylation of
bovine sperm DNA (2.5% of cytosines are methyl-
ated in sperm compared with 5.4% in calf thymus
DNA) may be the presence of methyl-deficient
satellite DNA. In somatic cells satellite DNA is
highly methylated [15]. The ratio of methylcytos-
ine content of the highly repeated human EcoRI
family of DNA sequences from brain and sperm
was 2.0:1.0 [31]. At an Hhal site in this repeated
family, sperm DNA was 5-10-fold less methylated
than somatic DNAs [31]. Undermethylation of
mouse satellite DNA, examined by digestion with
the restriction enzymes Mspl and Hpall, has been
detected in meiotic and postmeiotic cells as well as
in spermatozoa [32,33]. Undermethylation of germ
cell satellite DNA must occur very early in the
germ cell lineage, because it is already present in
immature mouse testis [32,33].

It has been suggested that satellite DNA could be
involved in specifying interchromosomal recogni-
tion during pairing, or could affect the frequency
of crossing-over or the distribution of chiasmata
[34]. Partially deficient methylation of cytosine in
DNA at CC%GC sites has been shown to stimulate
genetic recombination of bacteriophage lambda
[21]. The methylcytosine content of certain DNA
sequences might control the extent of the recom-
bination reactions that occur in meiotic and
somatic cells.

If major changes in the methylcytosine content
of highly repetitive DNA sequences are responsible
for the undermethylated pattern observed in
meiotic and postmeiotic cells, and these sequences
are localized in constitutive heterochromatin,
undermethylation might cause structural changes
in these particular domains of chromatin during
the differentiation of the germinal cell line. A
drastic reduction in the number of constitutive
heterochromatin blocks per cell nucleus has been
detected during the transition from diploid rooster
spermatogonia (20.9 heterochromatin blocks) to
haploid late spermatids (3.2 heterochromatin
blocks) [35].

Further studies will show if undermethylation in
germinal cells affects DNA domains implicated in
chromosomal pairing and genetic recombination
during meiosis [36,37] and if it is responsible for
major changes in the organization of DNA
throughout spermatogenesis.
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