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Complicated choreography at the start of life

At the beginning of life, organisms should have the correct number of chromosomes and only
one cell nucleus. Nevertheless, errors happen again and again. Judith Reichmann from the
European Molecular Biology Laboratory (EMBL) in Heidelberg has discovered a protein that
holds the chromosomes together in the gamete and identified the role of a second spindle during
the first cell division after fertilisation in mice. She found that mistakes in this process lead to
errors in the number of chromosomes and their distribution to the nuclei.

Before new life is created, gametes with a single set of chromosomes must form. The number
of chromosomes would otherwise double with each generation, which would be incompatible
with life. The double set of chromosomes is reduced through what is known as meiosis or
reduction division.

In human oocytes, meiosis begins during embryonic development in the womb and stops four
days after birth. It only resumes and is completed with the onset of ovulation in puberty.
Women’s ovaries thus store hundreds of thousands of oocytes whose meiosis was interrupted
and which have to faithfully maintain this state for decades to come. An added difficulty is the
fact that this interruption occurs at the very point where the chromosomes have paired and
chromosome segments are exchanged. This exchange leads to a mixing of the genetic material;
along with the halving of the chromosome set, this recombination is one of the most important
outcomes of meiosis. The longer this intermediate state continues, that is, the older the oocytes
are and thus also the woman is, the more the chromosomes tend to drift apart because the
stabilising proteins gradually fail to do their job. As a result, errors occur in the ensuing
reduction division. That is why the risk of pregnancies with an irregular number of
chromosomes increases as women age, as is the case with Down syndrome.
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Since reproduction in mice is robust, and meiosis is interrupted for several months, Judith
Reichmann has studied how these animals solve the problem of failing reductive division, in
the hope of learning something about human reproduction. She was able to show that mice
produce a protein called Tex19.1, which indirectly stabilises chromosome pairing until meiosis
is completed. If this protein is missing in the oocyte, there are many embryos among the
offspring with too many or too few chromosomes. Tex19.1 thus makes sure that the offspring
have the correct number of chromosomes even though meiosis was interrupted over a long
period.

The protein is, however, capable of doing even more. It is also part of a system that guarantees
the genetic stability of the sperm that develop out of the respective stem cells with the onset of
sexual maturity. When sperm form, epigenetic marks are removed, making the genome
totipotent again. As a consequence, however, the genome is defenceless in this situation and
can be altered by retrotransposons present in the genome. Retrotransposons are mobile
remnants of previous viral infections whose epigenetic packaging is normally so efficient that
they cannot spread indiscriminately throughout the genome. However, if this tight constraint is
lifted during meiosis, this can very well occur. Tex19.1 prevents this undesired effect and thus
ensures that the sperm genome remains stable during meiosis. The protein is also responsible
for a similar task in the placenta.

Two spindles instead of one

Reichmann is also interested in what happens during the first cell divisions in mouse embryos
and has made a remarkable discovery. She was able to show that the paternal and maternal
chromosomes do not merge in the fertilised egg; rather, this happens only in the two-cell
embryo. The two sets of chromosomes thus remain separate after fertilisation and during the
first cell division.

The reason for this is that — in the fertilised egg — the two sets of chromosomes are connected
to two separate spindles after the paternal and the maternal pronuclei have dissolved, and not
to just one as previously assumed. During a normal cell division, the chromosomes are arranged
via a single spindle of tubes and filaments in the centre of the cell and then pulled towards the
poles, at which point the cell then divides into two daughter cells. In the fertilised egg of the
mouse, the paternal and maternal chromosomes are grouped separately via two spindles in the
centre of the cell and then distributed to the poles. In the nucleus of the two-cell embryo too,
the two sets of chromosomes initially remain in different hemispheres before they mix more
and more with each further cell division. The two chromosome sets also appear to remain
separate in human oocytes. However, whether this is also due to the formation of two spindles
or another mechanism currently remains unclear.

Reichmann’s results are noteworthy in several respects. They provide a possible explanation
why the chromosome sets are still arranged in different hemispheres after the first cell division.
It had long been assumed that this had something to do with the embryo’s further development.
This is evidently not the case because the arrangement of the chromosomes can be traced back
solely and exclusively to the two spindles. If two separate spindles also formed in the fertilised
egg in humans, Reichmann’s findings might explain why so many human embryos have two
haploid cell nuclei instead of one diploid nucleus at the two-cell stage. If the chromosome sets
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in the two spindles are not positioned exactly next to each other, the chromosomes are not drawn
to the poles in a straight path but at an angle. This leads to an increasing distance between the
two sets of chromosomes, which then no longer find each other in the two-cell embryo and
form two haploid cell nuclei instead of one diploid cell nucleus.

A question for Germany’s Embryo Protection Act

Reichmann’s results are also notable with regard to Germany’s Embryo Protection Act. If the
paternal and maternal chromosome sets in humans also unite only in the two-cell embryo, this
would have important ramifications for the stipulations in the Embryo Protection Act.
According to this legislation, human life begins when maternal and paternal genetic material
unite, and this was until now thought to take place in the fertilised egg and not in the two-cell
embryo. Reichmann’s research thus has implications that call for re-assessment of the factual
basis for this legislation.

To visualise the two spindles, Reichmann used a method known as light-sheet microscopy, a
technique further developed by Jan Ellenberg and Lars Hufnagel at EMBL, which she adapted
to the study of mouse embryos. Conventional microscopy was not suitable for this purpose
because embryos are very light-sensitive and do not tolerate continuous exposure. This would
have an adverse effect on their development. Light-sheet microscopy has the advantage that
only the plane actually observed is illuminated and not the rest of the embryo, reducing the
amount of light damage associated with this process. Only in this way were the experiments
possible at all. Next, Reichmann wants to find out what happens during later cell divisions in
the early mouse embryo. Far fewer errors occur from the 8- and 16-cell stages onwards. Up
until then, cell divisions are still prone to errors.

Further information

All press documents and photographs of Dr Judith Reichmann are available from www.paul-ehrlich-stiftung.de.
Publication is free of charge. A detailed vita, selected publications and a list of publications can be obtained from
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