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INTRODUCTION




Components of DNA

DNA is a polymer. The monomer units of DNA are nucleotides, and
the polymer is known as a “polynucleotide.” Each nucleotide consists of a 5-
carbon sugar (deoxyribose), a nitrogen containing base attached to the sugar,
and a phosphate group. There are four different types of nucleotides found in
DNA, differing only in the nitrogenous base. The four nucleotides are given
one letter abbreviations as shorthand for the four bases.

Purine Bases
- A'is for adenine
- G is for guanine
Pyrimidine Bases
- C is for cytosine
- T is for thymine
A fifth base could be added the 5 methylcytosine.

Figure 1 : Structure of DNA polynucleotide
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This bases are the primary constituents of genes, these
one are transcript in RNA in order to give the protein.

The histone proteins H2A, H2B, H3, and H4 form octamers
that constitute the nucleosome core particles in all eukaryotes. The
histone H1 constitute the “linker” (figure 2).
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Definition of epigenetic

The epigenetic phenomena are chemical modifications of
the components of chromatin that are transmissible through mitoses
and meiosis. All the components can be modified, by adding
something for example by DNA methylation, or by acetylation or
phosphorylation of the histones.

The primary structure of the DNA molecule is not modified

The N-terminal tails of histones are subject to post-translational
modifications such as  acetylation, phosphorylation, methylation,
ubiquitination, glycosylation, and ADP ribosylation.

- Acetylation : acetyl group added by acetyl transferase on Lysine

- Phosphorylation : phosphate group added by Kinase on
Serine/Tyrosine

- Methylation : methyl added by “Histone Methyl Transferase” on
Lysine and Arginine.

In spermatozoa the histones have been replaced by protamines, but
some of them remain (about 15 to 20% in human spermatozoa). These
histones could constitute a part of the genome memory.




One change in chromatin structure that often precedes the
activation of tissue-specific gene expression is DNA methylation.

DNA methylation is implied in various processes such as :

- parental imprinting,
- genome expression,
- X chromosome inactivation,
- differential gene expression.

This presentation will focus on the establishment of global
sperm DNA methylation.




PATTERN

Definition of CpG sites

CpG sites are regions of DNA where a cytosine nucleotide occurs next
to a guanine nucleotide in the linear sequence of bases along its length.

"CpG" stands for cytosine and guanine separated by a phosphate, which links
the two nucleosides together in DNA. The "CpG" notation is used to distinguish
a cytosine followed by guanine from a cytosine base paired to a guanine.

Definition of CpG islands

There are regions of the DNA that have a higher concentration of
CpG sites, known as CpG islands.

Many genes in mammalian genomes have CpG islands associated
with their promotor. Because of this, the presence of a CpG islands is
helpful for the prediction of gene behavior.




PATTERN

The methylation takes place on CpG dinucleotids:

approximately 70% are methylated.

The CpG dinuclelotids are grouped in the regulating areas
of genes and are implied in their expression.

The hypomethylation of a gene allows its expression
because chromatin is not compacted (euchromatine) and allows the

transcription.

The hypermethylation compacts chromatin
(heterochromatine) and prevents the transcription.
Pattern of 5 methylcytosine (5mc)
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Immunostaining of 5 methylcytosine
on spermatids, pachytene cells of
fragment of rat testis (DAB
revelation, x 400).
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Immunostaining of 5 methylcytosine on
human spermatozoa (DAB revelation, x
1000).

The methylation is gradually set up at the time of the

spermatogenesis. However DNA methylation modifications also occur in the
epididymal tract, so epigenetic modifications could occur very late in sperm
maturation. (figure 3).
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Figure 3 : DNA global methylation evolution during mice spermatogenesis
(from Narayan et al, 1995).




Studies examining spermatogenesis-specific genes have
shown that the acquisition of the appropriate pattern of DNA
methylation by the sperm genome may represent a critical facet of

sperm maturation.

This DNA methylation occurs during spermatogenesis but also
during epididymal transit. Indeed, mammalian sperm DNA is reported
to have a 5-methylcytosine (5mc) content lower than that in somatic
cells from the same species, but higher than that in premeiotic germ

cells.

During gametogenesis :

1. : the DNA methylation is deleted (spermatogonia)
2. : De novo methylation

3. : Even during the epididymal transit the methylation pattern could

be modified (table 1).

Genes Gonie A GonieB  Pachytene Round cell Epidim. Authors
Site-5" Site-5' Site-5" Site-5' Site-5'& 3

pgk2 | - - . - e Ariel et al, 1991
MTP1 - 4 - oo +H Trasler et al, 1990
MP1 et e . ot bt Trasleret al, 1990
MP2 et oo - ++ +H+ Trasler et al, 1990
oct34 | - - . . e Ariel et al, 1994
ApoAl | - - - - o Ariel et al, 1994
B-Actine| - - - Trasler et al, 1990

Table 1 : some examples of DNA methylation evolution.

REGULATION




This DNA  methylation s
supported by the adjunction of a
methyl group from the S
adenolsyl-1methionine on the 5
carbon of the cytosine by the
action of a DNA Methyl
Transferase (DNMTs) to obtain
the 5 methylcytosine residue
(5mc) in CpG dinucleotide (figure
4).
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Figure 4 : the obtention of 5 methylcytosine

During spermatogenesis, changes occur in DNA methylation level, two

important modifications could be pointed :

(1) A DNA demethylation during the first meiosis, after DNA

replication (pachytene stage).

(2) An active methylation during epididymary transit.

INHERITANCE




Any type of cells have their own methylation pattern so
that a unique set of proteins may be expressed to perform specific
functions.

Thus, during cell division, the methylation pattern should
also pass over daughter cell.

This is achieved by specific enzymes called maintenance
methylase. This enzyme only methylate CG sequence paired with
methylated CG.

Methylation reprogramming during gametogenesis involves the
erasure and reestablishment of methylation of imprinted genes and other
nonimprinted genes.

This process allows :

-to ensure that both gametes acquire the appropriate sex-specific
epigenetic states and establish the epigenetic states required for early
embryonic development and toti- or pluripotency

- the erasure of epimutations that adult germ cells may have inherited or
developed during their lifetime.

The DNA methylation is carried out on carbon 5 of cytosine base
by DNA methyl transferase (DNMTSs), which transfers a methyl group
from S-adenosyl-1-methionine to carbon 5 of cytosine base.

The family of DNMTs is composed of 5 known members:
DNMT1, DNMT2, DNMT3A, DNMT3B, DNMT3L.

Only DNMT1, DNMT3A and DNMT3B showed their catalytic activity.

- DNMT1 is known to be responsible for the maintenance of the DNA
methylation in the somatic cells.

- DNMT3A and DNMT3B is involved in the de novo methylation which
establishes the new models of methylation of the embryonic cells.




DNMT 1

DNMT1 is the most abundant DNA methyltransferase in mammalian cells, and
considered to be the key maintenance methyltransferase in mammals. It
predominantly methylates hemimethylated CpG di-nucleotides in the
mammalian genome. This enzyme is 7-20 fold more active on hemimethylated
DNA as compared with unmethylated substrate in vitro, but it is still more
active at de novo methylation than other DNMTs.

DNMT1 has several isoforms, the somatic DNMT1, a splice variant
(DNMT1b) and an oocyte specific isoform (DNMT1o). DNMT1o is
synthesized and stored in the cytoplasm of the oocyte and translocated to the
cell nucleus during early embryonic development, while the somatic DNMT1
is always found in the nucleus of somatic tissue.

DNMT 2

Although DNMT2 has strong sequence similarities with 5-
methylcytosine methyltransferases of both prokaryotes and eukaryotes, the
enzyme was shown to methylate position 38 in Aspartic acid transfer RNA
and does not methylate DNA.

To reflect this different function, the name for this
methyltransferase has been changed to TRDMT1 (tRNA aspartic acid
methyltransferase 1) to better reflect its biological function. TRDMT1 is
the first RNA cytosine methyltransferase to be identified in a vertebrate.

DNMT 3

DNMT3 is a family of DNA methyltransferases that could methylate
hemimethylated and unmethylated CpG at the same rate. There are three
known members of the DNMT3 family: DNMT3a, 3b and 3L.

DNMT3a and DNMT3b can mediate methylation-independent gene
repression. DNMT3a can interact with DNMT1, which might be a co-
operative event during DNA methylation. DNMT3a methylates CpG sites
at a rate much slower than DNMT1, but greater than DNMT3b.

DNMT3L contains DNA methyltransferase motifs and is required for
establishing maternal genomic imprints, despite being catalytically inactive.
DNMTS3L is expressed during gametogenesis when genomic imprinting
takes place. The loss of DNMT3L lead to bi-allelic expression of genes
normally not expressed by the maternal allele. DNMT3L interacts with
DNMT3a and DNMT3b and co-localized in the nucleus. Though DNMT3L
appears incapable of methylation, it may participate in transcriptional
repression.




CLINICAL APPLICATION

A prospective study was undertaken, ejaculates were
obtained from men (n=63) undergoing an ART procedure.

The 5mc is quantified in the same sperm used for IVF :
spermatozoids were selected with a discontinuous gradient.

The 5mc was immunostained with a polyclonal antibody
and revealed by FITC.

The DNA methylation level was then quantified by flow
cytometry.
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Our data show that the global status of sperm DNA methylation :

- does not influence the fertilisation rate

- influences embryo development (impaired, if global DNA methylation
level is below a cut-off value).

CONCLUSION




- Sperm DNA methylation could be used as a sperm maturation
parameter.

- Is there any relationship between sperm DNA methylation and
sperm maturation (as protamine ratio, DNA fragmentation...) ?

- Sperm DNA methylation defect could influence the sperm
fertilizing capacity and/or the embryos development.
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