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ABSTRACT In this article, we describe the history (between the XIX century and World War Il) of
embryological research conducted at Warsaw University, together with current research activi-
ties being carried out at the Department of Embryology. During the partition of Poland, the
Imperial (Russian) Warsaw University conducted research on avian embryology (and to a smaller
extent, onreptilian embryology). When Poland regainedindependence in 1918, these studies were
continued under the Chair of Comparative Anatomy headed by Professor Jan Tur. A new
Department of Embryology created in 1954 was first headed by Professor Stanislaw Bilewicz and
since 1964 by Professor Andrzej Tarkowski, who in 2003 was succeeded by Dr. Marek Maleszewski
D.Sc. During the last 45 years, embryological research at Warsaw University has concentrated
mainly on mammalian development with special emphasis on the regulative capabilities of early
embryos and also on experimental chimaeras, nucleo-cytoplasmic interactions in oogenesis and
early embryogenesis (including regulation of DNA replication and transcription), experimental

parthenogenesis and fertilization.
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The beginnings: XIX century — 1939

Poland lost independence in the XVIII century after she was
partitioned between Russia, Prussia and Austria from 1772 to
1795. In the times that followed, many Polish scientists studied
and often lived abroad, and many foreigners came to work in
Polish academic institutions. In 1816 Alexander I, the Emperor of
Russia and the usurper King of Poland, granted permission for the
establishment of Warsaw University. The University followed the
tradition of three earlier institutions of higher education: Col-
legium Nobilium, opened in 1766, the School of Law (founded in
1808) and the School of Medicine (founded in 1809). The Univer-
sity still bears the emblem described as “an ancient Polish eagle
with a crown, with spread wings, a palm frond in its left claws and
laurel branch in its right, the symbols of patient diligence and
honour, surrounded by five stars representing its five academic
faculties”. These faculties were theology, law, medicine, philoso-
phy, and the liberal arts. After the fall of the November 1830
uprising, in which a majority of students had participated, the
University was closed in 1831. In 1857 there was a brief period of

liberalization that resulted in the opening of the Main School
(Szkola Glowna) with the departments of medical-surgical, law
and administration, philological-historical, and mathematics-phys-
ics. The Main School was closed in 1869, on the wave of
increasing oppression and russification after the fall of the sec-
ond, the January 1863 uprising. However, in the short period of
the existence of the Main School as many as three thousand
students graduated and the School had great impact on the
development of Polish science and culture. In 1870, the Russian
Imperial University was opened in Warsaw. The majority of faculty
teachers were Russians and the official (teaching) language was
Russian. Steadily the University expanded: new buildings were
constructed; academic potential increased and precious zoologi-
cal and botanical collections were created.

The Department of Comparative Anatomy was founded in
1870. It was headed by Russian scientists: Mitrofan Ganin (1870-
84), Mitrofan Uljanin (1884-1888) and Pawel Mitrofanow
(Mitrophanow) (1888-1914). Mitrofanow (Fig. 1) was an out-
standing avian embryologist working mainly on early embryos; in
papers published in 1895 and 1899, he presented evidence that
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Fig. 1. Pawel Mitrofanow and his students and collaborators, Warsaw (1904).
Standing, from the left: A. Chainski and Justow (Russians), Kazimierz Stolyhwo,
Mieczyslaw Konopacki, Stanislaw Minkiewicz and Kazimierz Bialaszewicz, sitting,
from the left: Jozef Eismond, Pawel Mitrofanow and Jan Tur.

the endoderm in birds derives from the epiblast. His studies were
often quoted inthe ‘opus magnum’of avian embryology, ‘The Avian
Embryo’, by A.L. Romanoff (1960). He was also an excellent
teacher who had educated many Polish students, including some
who later became well known professors - Jan Tur, Jozef Eismond,
Mieczyslaw Konopacki.

Another prominent scientist that held the title of professor of
histology, embryology and comparative anatomy was Henryk
Fryderyk Hoyer (1834-1907), known mostly for histological studies
on arterio-venular anastomoses (which were often named after
him) and as an author of the first textbook of histology in Polish,
published in 1862. After receiving Ph.D. degree at the University of
Berlin he came to Warsaw and worked at School of Medicine
(1860-61), Main School (1862-68) and the Imperial Warsaw Uni-
versity (1870-94). Among his most eminent students was Waclaw
Mayzel (1847-1916)) who in 1875, concurrently with other scien-
tists (but independently of them) described mitosis in animal cells.
He studied also fertilization and cleavage in nematodes and
molluscs and early stages of embryonic development in plants.
One of the most outstanding students of the University was Jozef
Nusbaum—Hilarowicz (1859-1917) who studied at the Chair of
Comparative Anatomy between 1878-81, but received his first
degree in zoology and comparative anatomy from the University of
Odessa in 1886, where his advisors were two famous Russian
biologists, A.O. Kowalewskijand I.J. Miecznikow. Jozef Nusbaum-—
Hilarowicz returned to Warsaw University to receive his Ph.D.
degree, but because of the anti-Jewish law imposed by Russians,
the University was not permitted to employ him. Nusbaum-Hilarowicz
moved to Lwow in Austrian partition, where he became professor
and head of the Chair of Zoology and Comparative Anatomy at
Lwow University. In 1887 he published the first Polish textbook of
embryology entitled ‘General principles of animal development’,
and was an enthusiast and promoter of the ideas of Darwin.

The Imperial Warsaw University ceased to exist with the out-
burst of the First World War (1914) and retreat of Russians from
Warsaw. In 1915 the German authorities reopened the University

which in 1918 - when Poland regained independence -
became one of the first legally functioning Polish na-
tional institutions. Soon, many distinguished specialists
and professors of Polish nationality had moved from
Russia, the former Austrian Empire, Germany, and
from other parts of the world to join Warsaw University.

Jan Tur (1875-1942) (Fig. 2) became the head of the
Department of Comparative Anatomy in 1916 and
remained at this post until 1939, when the World War Il
began and the University was closed. He published
about 120 original papers on teratology, descriptive
embryology and comparative anatomy. Tur and his
collaborators analysed in detail the development of
spontaneous twin and multiple avian embryos (Fig. 3).
At that time there were many speculations concerning
the origin of identical twins and ‘double monsters’. For
example, Gustaw Dehnel (later he used the first name
August), a student and collaborator of Tur, studied early
development of the freshwater turtle. His observation of
the presence in the individual female of binucleate and
multinucleate ovarian oocytes and blastoderms with
two embryos was the basis for his, as we now know
incorrect hypothesis, that at least in reptiles and birds,
twin embryos develop from binucleate oocytes (Dehnel, 1929a). At
that time Dehnel also started to experiment on chick embryos.
However, Tur was not an enthusiast of experimental approach
(such as —for example - splitting of the blastoderm) to the problem
of the origin of twins and his preferable approach was to study
naturally occurring abnormalities. Consequently, he did not appre-
ciate Dehnel’s experiments of bisecting, previously incubated for a
short time, chick blastoderm with a weak direct electric current
what resulted in duplication of some embryonic structures (as we
know now only the non-incubated avian blastoderm has full regu-
lative potential). This ‘methodological’ disagreement between Tur
and Dehnel had negative impact on Dehnel’s publication record: he
published only a preliminary report of his experiments in French
and a full text in Polish (Dehnel, 1929b, 1933) and eventually left
the Department.

Tur was also interested in the teratogenic effects of radium
radiation on embryos, and between 1904 and 1916 he published
several papers on the development of irradiated embryos of the
chick, duck, shark (Scyllium canicula) and two species of clams (his
1904 paper was one of the first two on this subject; Tur, 1904).

Tur had educated many students, and some of them became
later, after World War Il, professors or lecturers at Warsaw Univer-
sity (Stanislaw Bilewicz, Zygmunt Kraczkiewicz, Wladyslaw
Szaniawski), at University of Maria Curie—Sklodowska in Lublin
and in Polish Academy of Sciences (August Dehnel), and at
University of Geneva (Jerzy Gallera). Department of Comparative
Anatomy with its quarters, equipment and scientific materials and
documentation was devastated during the Second World War, and
when the Warsaw University began functioning again in 1945, the
Department did not recover and in 1948/1949 it was officially
closed. However, the tradition of embryological research survived.

From 1954 to the present times

In 1954 a new Department of Embryology was created with
Stanislaw Bilewicz (1903-1962) as an associate professor and



head. Initially only two young assistants were employed (Danuta
Wozniak and Waclaw Ozdzenski). Inthe firstyears of the existence
of the laboratory the main task of the staff was to acquire the
equipment necessary for research (microscopes, incubators etc)
and teaching — a certain number of histological samples and
embryological wax models ‘survived’ the war in the university
buildings appropriated by the German police, but the majority of
teaching aids had to be prepared from scratch. The number of
students doing M.Sc. degree in embryology started to grow and by
1960 eight students had graduated with M.Sc. thesis on the
reproduction of mouse, bream, fruit fly and frog.

In 1962 professor Bilewicz died, and the department was
supervised by professor Kraczkiewicz (see Kloc, 2008 in this
issue, pp. 115-119) as a curator until 1964, when Dr. Andrzej K.
Tarkowski (employed atthattime as an adjunctin the neighbouring
Department of Zoology) received his D.Sc. degree and was
appointed head of the laboratory as an associate professor
(docent) (Fig. 4). Tarkowski re-oriented the programme of the
laboratory along his research interest, which was the experimen-
tal embryology of the mouse, and particularly the regulative
capabilities of preimplantation mouse embryos and experimen-
tally produced chimaeric mice. His first students received their
M.Sc. degrees in 1964; among them was Joanna Wroblewska
whose thesis contributed substantially to further experimental

Fig. 2. Prof. Jan Tur in Warsaw (1926). Professor Tur headed the Chair
of Comparative Anatomy at Warsaw University since 1916 until World
War Il, when the University was closed by Germans. He was interested
mostly in descriptive avian embryology and teratology, and has educated
many scientists who became professors after WW II.
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Fig. 3. An example of a rare case of a spontaneous triple chick
embryo. Figure printed from an original glass photographic plate; pho-
tograph taken by Wiadyslaw Szaniawski, sometime between 1922 and
1939. Szaniawski received his PhD in 1922 (as one of the first —if not the
first - in the re-opened Warsaw University), and Jan Tur was his PhD
advisor.

studies on early mouse development.
With the retirement of Professor Tarkowskiin 2003 (Fig. 6), Dr.
Marek Maleszewski, D.Sc., became the Head of the Department.

Regulative capacities of early mammalian embryos: devel-
opmental potential and fate of single embryonic cells

The question of the developmental potential of single mouse
blastomeres was first approached by Tarkowski in 1959
(Tarkowski, 1959a,b) when he showed that one of the first two
blastomeres is totipotent, i.e. is able to develop into an animal.
Although this study did not establish whether both first blas-
tomeres have the same developmental potential, other laborato-
ries showed later that occasionally both blastomeres could de-
velop into twins. Similar attempts to produce mice from single
blastomeres of a 4-cell embryo failed (Rossant, 1976) and it was
concluded that this developmental failure was due to inadequate
number of cells in the inner cell mass (ICM) (or even lack of this
structure) in experimental blastocysts (ICM provides cells for the
embryo proper whereas the outside layer of cells, the trophecto-
derm, forms extra-embryonic structures). There have been vari-
ous attempts to overcome this problem by supporting the devel-
opment of single blastomeres with other cells, diploid or polyploid,
in hope that this would help the progeny of the tested blastomere
to become preferentially allocated into the embryo proper. We
have used tetraploid rather than diploid blastomeres as the
supporting cells. The advantage of using 4n blastomers consisted
in that they were progressively eliminated from the embryonic
derivatives of ICM, and only occasionally traces of 4n cells
persisted until an adulthood (Tarkowski et al., 2001a). Using this
experimental system we showed that at least two out of four sister
blastomeres and three out of eight sister blastomeres can develop
into adult fertile animals (Tarkowski, et al., 2001a, 2005a). These
experiments leave open the question whether all blastomeres of
the 4- and 8-cell embryo have similar developmental potential, i.e.
are capable to develop into an animal. In fact two pieces of
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Fig. 4. Professor Zygmunt Kraczkiewicz (right) and associate profes-
sor Andrzej K. Tarkowski at Tarkowski’s name day party in 1970 at
Warsaw University. /n Poland, name day is celebrated more often than
birthday. Tarkowski wears an ‘Order of the Mouse Garter’ offered to him
by his collaborators (see Fig. 5).

evidence appear to contradict such a possibility. First — when
individual mouse blastomeres obtained from 4-cell embryos dif-
fering in pigmentation are aggregated in 1:3 and 2:2 ratio, the
observed ratio of chimaeric to non-chimaeric animals supports
the hypothesis that three blastomeres contribute to the animal’s
body (Tarkowski et al., 2001b). Second — in the case of a certain
specific pattern of cleavage, which occurs in some embryos, one
blastomer differs from the remaining three in its developmental
potential: chimaeric embryos made by aggregation of such blas-
tomeres do not develop normally (Piotrowska-Nitsche et al.,
2005).

Interesting as they are, the attempts to produce animals from
single blastomeres originating from the consecutive cleavage
stages have not answered the question when and why the
blastomeres become different from each other, i.e. some gener-
ate ICM cells and other form the trophectoderm cells. One of the
possible approaches to address this question is to compare the
development of all isolated sister blastomeres in vitro. This type
of experiment was first carried out in our laboratory over 40 years
ago. The study of Tarkowski and Wroblewska (1967) was a basis
for the 'inside-outside’ hypothesis according to which the decision
of whether a blastomere will contribute to ICM or trophectoderm
is epigenetic and depends on its position (outside versus inside)
within the multicellular morula. It is still unknown what is the
molecular nature of this vague “positional” signal causing the
cleaving cells to diverge in their fate.

In the recent decade the interest in an early mouse embryo
increased again mainly due to the studies carried out in Cam-
bridge by our colleague and former member of the staff of our
Department, Magdalena Zernicka-Goetz. She has postulated the

existence in the mouse egg of a certain pre-pattern that normally
(i.e. when the embryo is not disturbed by experimentation) is
followed by the developing embryo and may predispose early
blastomeres to different fates (reviewed by Zernicka-Goetz, 2002,
2005, 2006). In contrast, experimental data from our laboratory
indicate that at least the first two blastomeres are not pre-
patterned in their fate, and neither of them is predisposed to form
ICM or trophectoderm (Chroscicka et al., 2004; Waksmundzka et
al., 2006).

Experimental chimaerism

Studies on experimental mouse chimaeras started by Tarkowski
in the Department of Zoology at the University of North Wales in
Bangor (Tarkowski, 1961), were continued in Warsaw with crucial
contribution of Dr Ewa Mystkowska. Dr Mystkowska graduated in
Zoology at Warsaw University and obtained Ph.D. in comparative
anatomy. In 1965 she started to work in the Institute of Mother and
Child Health, and later in the Hospital of Obstetrics and
Gynaecology headed by Professor Ireneusz Roszkowski, who
assigned her with a task of organizing the Laboratory of Experi-
mental Embryology and sent her for training in our department.
During this training she did an excellent job by making bi-coloured
chimaeras and by providing karyological evidence of the sex
chromosome chimaerism of true hermaphrodites and of those
fertile males that sired progeny of one genetic type only (these
males produce spermatozoa only from germ cells derived from
the male component of a chimaera) (Mystkowska and Tarkowski,
1968, 1970). These studies also showed that in contrast to lower
vertebrates the genetically female germ cells were unable to
complete spermatogenesis and to form spermatozoa. Although
this conclusion could have been probably deduced on the basis
of the knowledge of mammalian genetics already available at that
time, it was still an open question, and its experimental confirma-
tion was needed and valuable. During 1970ties Dr Mystkowska
continued to collaborate with our laboratory, mainly with Dr
Waclaw Ozdzenski. They studied preimplantation development
ofthe bankvole (Mystkowska, 1975a; Ozdzenskiand Mystkowska,
1976a,b), mouse chimaeras (Mystkowska et al., 1979) and inter-
specific mouse<->bank vole chimaeras (Mystkowska, 1975b).
Two of our former Ph.D. students, Dr. Aldona Komar and Dr. Anna
Niemierko, joined Mystkowska'’s laboratory, which was closed in
1979, and all three of them had transferred to the Department of
Histology and Embryology in the Medical School in Warsaw.

Our interest in the phenomenon of chimaerism has continued.
Recently, Suwinska et al. (2005) described a successful attempt to
generate diploid<->triploid chimaeras in the mouse. Using tradi-
tional technique of embryo aggregation we have produced several
foetuses and adult animals, whose chimaerism has been con-
firmed by pigmentation and GPI isozymes markers. In contrast to
diploid/tetraploid chimaeras, in which 4n cells are totally eliminated
during embryogenesis, or remain in adult animals only in vestigial
numbers, in 2n<->3n chimaeras the triploid cells survive in many
tissues, sometimes in substantial numbers, and without visible
adverse effect on the viability of animals.

We have also shown that mouse chimaeras can be produced
from such an advanced embryos as blastocysts. However, to
achieve this effect it is first necessary to induce local fusion of the
trophectoderm of the two blastocysts by Sendai virus or electric
impulses. Depending on the mutual position of the ICMs of the



aggregated embryos, the resulting single chimaeric blastocyst
can have two separate ICMs or single ICM (Tarkowski and
Wojewodzka, 1982; Tarkowski et al., 2005b). After implantation,
the blastocysts with two separate ICMs form two separate egg-
cylinders, but only some of them develop into dizygotic twin
foetuses (Ozdzenski etal., 1997). The blastocysts with single ICM
develop into single chimaeric foetuses and animals. These ex-
periments indicate that by the stage of medium sized/early ex-
panded blastocyst, the spatial organisation (including the axis of
bilateral symmetry) of ICM still remains labile (Tarkowski et al.,
2005b).

Primordial germ cells in the mouse

Observations of the fate of germ cells in chimaeras stimulated
our interest in the origin and migration of primordial germ cells
(PGCs) in the mouse embryo. In 1967 Ozdzenski showed that
PGCs are present in the rudiment of allantois and in the posterior
region of the primitive streak as early as at the presomite stage.
Although the presence of PGCs in the hind region of the embryo
was already known at that time, it was not clear what is their
primary location in the embryo.

Later, Ozdzenski studied the fate of PGCs trapped in the
excised hindgut and transplanted to an ectopic site, the anterior
chamber of the eye (Ozdzenski, 1969). The final fate of these
PGC'’s remains unknown because the positive reaction for the
PGGs marker, the alkaline phosphatase, lasted only for a couple
of days. The parallel studies on bird PGCs carried out in this
laboratory resulted in an interesting combinatorial experiment in
which the excised hind gut of a mouse embryo containing migrat-
ing PGCs was transplanted into the coelomic cavity of the young
chickembryo (Rogulska etal., 1971). These experiments showed
that mouse PGCs in the graft tended to accumulate in the close
vicinity of the chick gonadal rudiment. These observations were
among the first suggesting that the factor attracting migrating
germ cells in vertebrates is not species (or even class) specific.

We also focused our attention on the initiation of meiosis by
PGC'’s. Mystkowska and Tarkowski (1968, 1970) observed thatin
gonads of some chimaeric newborns there were regions in which
early oocytes co-existed with pre-spermatogonia typical for testes
of late foetuses and early neonatal young. This observation led to
the question whether the route of gametogenesis in the gonads of
sex-chimaeras depends on their genetic sex or on the external
stimuli exerted locally by the surrounding somatic cells? This
question led inevitably to the next, more fundamental question: is
the initiation and course of gametogenesis programmed by intrin-
sic factors or is it under external control of the somatic tissue of the
gonad. All earlier studies on lower vertebrates pointed to the
second alternative. Unfortunately, we could not answer this
question because we were unable to determine the genetic sex of
the cells in question. We looked, therefore, for a simpler model.
Ozdzenski (1972) transplanted the genital ridges to an ectopic
site, the surface of the kidney of adult hosts. Although the
histological differentiation of the genetically male genital ridges
was rather poor, some of the germ cells — and in this case all of
them were certainly genetically male — entered into meiosis. The
same situation was observed when early testes were trans-
planted (Ozdzenski and Presz, 1984). Moreover, the initiation of
meiosis in the transplanted male gonads coincided with the re-
initiation of meiosis in control embryonic ovaries. This observation
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together with observations from other laboratories (for example
on the development of early oocytes from ectopic PGCs in the
adrenals of male foetuses (Upadhyay and Zamboni, 1982), sug-
gested that initiation of meiosis, in the ovary and ectopically,
occurs by default, i.e. does not require any definite, inducing
stimulus. In contrast, the inhibition of mitotic divisions and impedi-
ment of meiosis observed normally in foetal testes requires
specific signal from the surrounding somatic tissue. This interpre-
tation does not explain, however, why in tissues other than the
testicular tissue meiosis is initiated at a definite stage of embry-
onic development. This question still remains unanswered.

Avian embryology

In the middle sixties, Teresa Rogulska initiated embryological
studies in birds in our Department. First she studied the regulative
capacities of early duck blastoderm. Studying the effect of transec-
tion of the non-incubated blastoderm on the orientation of em-
bryos (either twins or single embryo developed despite the
cutting) she confirmed earlier studies pointing to the regulative
capacities of duck blastoderm and found that the embryonic axis
ofthe non-incubated blastodermis notirrevocably fixed (Rogulska,
1968a). Using the same experimental approach Rogulska found
also that each half of the blastoderm is able to form both the
embryo and the PGCs (Rogulska, 1968b). Later she continued to
work on chick and Japanese quail embryos studying the natural,
spontaneous and transient feminization of the left embryonic qualil
testis with the emphasis on the timing of meiotic prophase in the
cortical region (Rogulska and Zajac, 1986-87). Rogulska also
studied the determination of testicular asymmetry using interspe-
cific transplantation of embryonic testes (Rogulska et al., 1992).
Later, using chick and quail embryos she studied intravascular
migration of PGCs and colonization of gonadal rudiments (Kuwana
and Rogulska, 1999).

Fig. 5. An ‘Order of the Mouse Garter’ under magnification (the
mouse’s panties have faded over 37 years!). See also Fig. 4.
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Developmental effects of polyploidy and haploidy on mouse
embryogenesis

Incidental observation of abnormal triploid postimplantation
mouse embryo stimulated us to undertake systematic search for
triploid embryos in pregnant CBA females crossed with CBA-
T6T6 males carrying marker chromosomes. Wroblewska (1971)
found that: (1) in this genetic background triploidy inhibited mostly
the development of the embryonic part of the egg-cylinder, and
temporarily did not affect the foetal membranes, and (2) all
observed cases of spontaneous triploidy were due to digyny, i.e.
retention of two maternal sets of chromosomes (as shown by the
presence of only one T6 marker chromosome). This study stimu-
lated us later to induce triploidy experimentally: in 1975 Niemierko
described a simple and reliable method of cytochalasin B sup-
pression (soon after sperm penetration) of the second polar body
extrusion. Among other anomalies, the triploid embryos were also
produced by subjecting zygotes to short hypotonic (distilled
water) treatment (Opas, 1977).

Cytochalasin B proved also very useful in producing tetraploid
embryos and diploid<->tetraploid mosaic embryos by suppres-
sion of the second cleavage division in both or in one blastomere
respectively (Tarkowski et al., 1977). Independently, similar ex-
periments were carried out in Great Britain by Snow (1973). While
our tetraploid embryos consistently displayed severe abnormali-
ties in the embryonic part of the egg-cylinder (more severe than
those observed in triploid embryos) and invariably died at the
beginning of the second half of pregnancy, Snow produced
several foetuses that survived until birth but died soon afterwards.
As this observation has never been repeated, the reasons of
success of Snow’s experiment remain unexplained. Our studies
on 4n and 2n<->4n embryos also showed that in postimplantation
development of diploid<->tetraploid mosaics the tetraploid cells
are eliminated from the embryo proper but survive and function in
the extra-embryonic membranes. This observation stimulated us
(and probably others) to use tetraploid embryos or blastomeres as
carrier cells in producing mice from ES cells (first application:
Nagy et al.,, 1990) or from single blastomeres of 4- and 8-cell
embryos (Tarkowski, et al., 2001a, 2005a).

Attempts to produce haploid embryos were undertaken in a
hope that such embryos might become a source of haploid cell
lines that, in turn, could be used in studies on the expression of
recessive alleles. This aim has not been achieved so far, but
haploid embryos produced by sophisticated microsurgery
(Modlinski, 1975), bisection of zygotes (Tarkowski and Rossant,
1976; Tarkowski, 1977), or simply by artificial activation (see
below: parthenogenesis) have proved very useful in a variety of
embryological experiments.

Experimental parthenogenesis and gynogenesis

For one of us (AKT), and perhaps for other scientists as well,
the motivation to produce mammalian parthenogenetic embryos
and adults was not only a scientific curiosity but also a general
human curiosity about the possibility of parthenogenesis in our
own species (if it is possible in the mouse, the rabbit...then????).
After the initial promising reports by Pincus in the thirties/forties
and less encouraging findings by Chang and Thibault in the
fortiesf/fifties (for references see Tarkowski et al., 1970), in the late
sixties — when we started the experiments — this subject was not
in vogue any more. Shortly, however, it became very trendy. The

article by Tarkowski et al. (1970) was published in Nature concur-
rently with the article describing the results of similar studies
conducted by Christopher F. Graham in Oxford (Graham, 1970),
and itwas followed by two detailed studies by Witkowska (1973a,b).
Further studies concentrated on testing new activation stimuli,
such as heat shock (Komar, 1973) and on the attempt to routinely
produce diploid parthenogenetic embryos (for example: combina-
tion of heat shock technique with cytochalasin, Balakier and
Tarkowski, 1976). The most important finding of our studies was
that parthenogenetic embryos could develop as far asto the stage
of early organogenesis (our most advanced embryo was at the 8-
somite stage). The intriguing issue was also what are the causes
of the very high postimplntation mortality of embryos, which could
not have been explained simply by haploidy, because many of our
embryos were diploid. Later, many different laboratories con-
firmed the existence of such developmental barrier for diploid
parthenogenotes and Kaufman et al. (1977) was able to increase
the survival of diploid parthenogenote to the 35-somite stage.
One of the possible explanations was that parthenogenotes die
because of the lack of a hypothetical extra-nuclear factor intro-
duced normally by sperm. Although this hypothesis did not seem
very probable, we decided to test it, and Borsuk (1982) produced
gynogenetic blastocysts from fertilized eggs in which the second
polar body was first suppressed and then the male pronucleus
was microsurgically removed. Unfortunately we did not follow up
on these interesting findings. The decisive step was made soon
by Surani etal. (1984) and Mc Grath and Solter (1984) who proved
beyond any doubt that gynogenetic embryos, which like parthe-
nogenetic embryos contain two maternal haploid genomes, were
unable to survive beyond the stage of early organogenesis. In
addition, McGrath and Solter (1984) showed that the same is true
for embryos with two paternally derived genomes. These were
very important contributions to the discovery of the phenomenon
of gametic imprinting.

Nucleo-cytoplasmic interactions in oocyte maturation and
early development

The application of the techniques of cell fusion (Sendai virus,
polytethelene glycol and electric impulses) and microsurgery to
mammalian oocytes and early embryos allowed us to study the
nucleo-cytoplasmic interactions in oocyte maturation and early
development. Cell fusion techniques permitted us to repeat ex-
periments performed by Masui and Markert (1971) on frog oo-
cytes, without microsurgical injection of cytoplasm, which is
difficult to perform in small mammalian eggs and early embryonic
cells. Masui and Markert (1971) proposed that during oocyte
maturation the condensation of chromosomes is induced by
‘maturation promoting factor’ (MPF), a hypothetical cytoplasmic
factor (currently itis known that MPF is a protein kinase composed
of two subunits — catalytic — CDK1 and regulatory cyclin B). Soon
it was proposed that similar factor operates during mitosis in
somatic cells, and a term M-phase promoting factor was intro-
duced. We proved that similar system functions during maturation
of mouse oocytes and in cleavage divisions. Using the method of
cell fusion, Balakier and Czolowska (1977) and Balakier (1978)
showed that the premature condensation of chromosomes in GV
mouse oocytes can be induced by a cytoplasmic factor presentin
mitotic blastomeres, and vice versa, the premature chromosome
condensation in interphase blastomeres can be induced by the



cytoplasm of maturing oocytes. Moreover, using the combination
of two species — mouse and bank vole - Balakier found that this
factor is not species specific (Balakier, 1979). Today, when the
molecular basis of both meiotic and mitotic cell cycle is precisely
known, it sounds unbelievable that thirty years ago these basic
cellular events were explained only in terms of a hypothetical and
enigmatic cytoplasmic factor.

Combination of techniques of cell fusion and microsurgery
permitted us to show that the activity of MPF in ovulated oocytes
decreases with their postovulatory age, and that it is localized
mainly in the spindle of metaphase Il and/or in the surrounding
cytoplasm. These conclusions were based on the results of
experiments in which nucleate and anucleate oocyte fragments of
various size were fused with interphase blastomeres from 2- and
8-cell embryos (Czolowska et al., 1986). We also demonstrated
that the exposure of zygote’s pronuclei to MPF of metaphase Il
oocyte leads to differential condensation of the male and female
pronuclei (Ciemerych and Czolowska, 1993), the phenomenon
that, as we presently know, can be explained by asymmetric
organisation of the two genomes in the mouse zygote (reviewed
by Reik et al., 2003).

Studies by Masui and Markert (1971) postulated the presence
in the mature frog oocyte of another cytoplasmic factor, the
cytostatic factor (CSF), i.e. the activity responsible for arresting
the ovulated oocyte in the metaphase of second meiotic division
(metaphase II). In 1993 Kubiak and his colleagues confirmed the
existence of a similar cytoplasmic activity in metaphase Il mouse
oocytes. Later, the mechanism of chromosome condensation
during oocyte maturation, and the molecular background of the
meiotic and early embryonic mitotic cell cycles have been exten-
sively studied by Ciemerych and Kubiak (Ciemerych and
Czolowska, 1993; Ciemerych, 1995; Ciemerych, 1998; Ciemerych
etal., 1998; Ciemerych and Kubiak, 1998, 1999; Ciemerych et al.,
1999; Kubiak and Ciemerych, 2001). Searching for mouse CSF
Kubiak (working at that time in Bernard Maro’s laboratory in Paris)
fused metaphase Il arrested oocytes with one-cell haploid parthe-
nogenetic embryos at the G2 stage of the cell cycle. MPF present
in the cytoplasm of metaphase Il oocyte induced premature
chromosome condensation (PCC) of the chromatin of G2 nucleus.
Importantly, the resulting hybrids remained permanently arrested
in M-phase proving that CSF is active also in mouse oocytes
(Kubiak et al., 1993). The choice between parthenogenetic em-
bryos and zygotes obtained after fertilization was - quite unwit-
tingly - crucial for the result of this experiment. Kubiak and his
colleagues did not foretell the differences existing between both
types of one-cell embryos. In 1995, Zernicka-Goetz and col-
leagues showed that in contrast to hybrids studied by Kubiak,
those produced from metaphase Il oocytes and zygotes never
arrested in M-phase but underwent activation and progressed
into interphase. The reason of such differences was attributed to
the calcium oscillations that persist in the cytoplasm of fertilized
but not parthenogenetically activated oocytes and trigger the
signaling pathway leading to the inactivation of both MPF and
CSF (Kono et al., 1995; Zernicka-Goetz et al., 1995). The dynam-
ics of CSF activation and inactivation was further studied by
Ciemerych and Kubiak. First, using oocytes of the LT/Sv strain of
mice, that are characterized by the prolonged metaphase I, they
discovered that under the conditions preventing the onset of
anaphase, the cytostatic activity develops earlier thenin metaphase
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Il (Ciemerych and Kubiak, 1998). Second, they described the
dynamics of CSF disappearance after oocyte activation and
showed for the first time that CSF is inactivated in the biphasic
manner (Ciemerych and Kubiak, 1999). Concurrently, Ciemerych
has been studying the peculiarities of the first mitotic cycles in the
mouse embryo (Ciemerych, 1995; Ciemerych et al., 1998, 1999;
Sikora-Polaczek et al., 2006). The first of these experiments was
based on the observation of Waksmundzka and collaborators
who studied cortical activity in one-cell mouse embryos
(Waksmundzka et al., 1984). This phenomenon was first de-
scribed as periodic surface contraction waves appearing prior to
the first cleavage divisions in amphibian and then documented in
other species including sea urchin, starfish and mouse (Hara et
al., 1980; Yoneda et al., 1982; Waksmundzka et al., 1984).
Experiments in which one-cell mouse embryos were cut into
nucleate and anucleate halves revealed that surface deformation
that preceded first mitosis was autonomous of nuclear control and
limited only to the first but not the following embryonic mitoses
(Waksmundzka et al., 1984; Ciemerych, 1995; Ciemerych et al.,
1998). MPF activity was also shown to be independent of cell
nucleus butonlyinthefirstcell cycle (Ciemerych, 1995; Ciemerych
et al.,, 1998). Further studies revealed more differences in the
regulation of the two first embryonic mitoses (Ciemerych et al.,
1999; Kubiak and Ciemerych, 2001; see also review by Kubiak et
al., 2008, pp. 201-219 this issue). We showed that first mitosis
was twice as long as the second and the third one. Observed
prolongation did not depend on the activity of the spindle assem-
bly checkpoint (Ciemerych et al., 1999; Sikora-Polaczek et al.,
2006; see also review by Kubiak et al., 2008, pp. 201-219 this
issue). We also proved that spindle assembly checkpoint is not
involved in the CSF activity of metaphase Il arrested oocytes.
Thus we hypothesized that the prolongation of the first mitosis
might rely on other factors, possibly the remnants of CSF activity
(Sikora-Polaczek et al., 2006; see also review by Kubiak et al.,
2008, pp. 201-219 this issue).

Apart from studying the cytoplasmic control of nuclear matura-
tion during oogenesis and the first embryonic cell cycles, in other
studies we tested the developmental performance of the dictyate
nucleus of a primordial (resting) oocytes. We showed that when
such nucleus is introduced into a fully-grown oocyte undergoing
maturation, it completes normally the first meiotic division
(Czolowska and Tarkowski, 1996). Inthe next study Waksmundzka
et al. (1997) showed that such dictyate nucleus can be forced to
proceed through two meiotic divisions and that thus formed
haploid genome can substitute for the female pronucleus in
preimplantation mouse development. This study was partly out-
paced by a publication of Kono et al. (1996) who showed that
diploid maternal genome of a non-growing oocyte that had under-
gone first meiotic division can support parthenogenetic develop-
ment up to 13.5 day, i.e. for about 3 days longer than the genome
of a fully grown oocyte.

Cloning

Our research of cloning proceeded along two pathways. All our
studies on nucleo-cytoplasmic interactions confirmed earlier stud-
ies on non-mammalian species showing the crucial role of the
cytoplasm in controlling the activity of the nucleus. Consequently,
we concentrated on finding the optimal cytoplasmic conditions for
remodeling of the embryonic and somatic nuclei placed in the egg
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cell. Nuclear transplantation experiments in amphibians conclu-
sively showed that morphological remodelling precedes or coin-
cides with functional remodelling, which leads to genetic reactiva-
tion of nuclei. In our experiments we introduced nuclei of blas-
tomeres, foetal red blood cells, and somatic cells (thymocytes and
follicle cells) to non-activated and activated oocytes and exam-
ined their behaviour at the light microscope level, and later, in
collaboration with Dan and Maryna Szollosi, at the ultrastructural
level. The most important lessons learned from these studies
were that remodelling requires short (even very short) loss of the
nuclear membrane and exposure to the cytoplasm of oocyte that
had earlier undergone GVBD, and that in the activated oocyte the
conditions that allow the denudation of the foreign nucleus disap-
pear very quickly (Tarkowski and Balakier, 1980; Szollosi et al.,
1986, 1988, 1998; Czolowska et al., 1984, 1992). Later studies
were concentrated on the functional aspects of remodelling:
transcription and DNA replication (Borsuk et al., 1996; Szollosi et
al., 1998; Borsuk and Maleszewski, 2002).

The second route of our studies was aimed at testing the
developmental potential of transplanted nuclei. Modlinski trans-
planted nuclei taken from mouse morulae into zygotes and found
that resulting blastocysts were tetraploid and contained the ge-
nome derived from the transplanted nuclei (Modlinski, 1978).
Undoubtedly, at that time this was a very important step forward.
The serious weakness of this experiment, however, was that the
zygote genome had not been removed. Although Modlinski devel-
oped earlier a microsurgical technique of enucleation of zygotes
(Modlinski, 1975), he found that they could not survive double
operation. In later studies, performed in collaboration with Smorag
from Department of Animal Reproduction Biotechnology in Balice,
(Modlinski and Smorag, 1991), they found that in the rabbit the
nuclei taken from 8- and 16-cell embryos and transplanted to
enucleated oocytes and zygotes are able to promote develop-
ment to the blastocysts stage. Although better results were
obtained using oocytes as recipient cells, successful develop-
ment of enucleated zygotes carrying blastomere nucleus was
striking.

In addition, we have also contributed to the success of cloning
experiments in other laboratories by adapting the electrofusion
method to mammalian embryos (Kubiak and Tarkowski, 1984).
This method was used also by lan Wilmut and his collaborators to
produce Dolly, the first mammal cloned from the nucleus of a
differentiated somatic cell (Wilmut et al., 1997).

Hybrid rodent embryos

During the last 25 years we have repeatedly tried to produce
hybrid rodentembryos, either by cross-fertilisation or by microsur-
gery and cell fusion. We have used four species: mouse, rat,
Syrian hamster and bank vole. Cross-fertilisation is often impos-
sible or hampered because of the non-permeability of the zona
pellucida for foreign sperm or because of our inability to provide
optimal conditions for sperm capacitation and fertilisation in vitro.
Although removal of the zona pellucida usually permits cross-
fertilization, lack of this envelope precludes transfer of zygotes to
the oviduct. If the technique of in vitro culturing one-cell embryos
of a given species is not available, the experiment s limited to this
particular stage. This dilemmais wellillustrated by the experiment
carried out by Witkowska (1982). She showed that fertilisation of
zona-free rat eggs by mouse spermatozoa was possible, but a

vice versa attempt was unsuccessful. The hybrid zygotes devel-
oped only to the 2-cell stage, either due to the nucleo-cytoplasmic
incompatibility or inadequate culture conditions, or — and most
likely — because of both reasons. To overcome these obstacles
two experimental approaches were devised. In the first experi-
ment Waksmundzka (1994) produced hybrid embryos by trans-
ferring a karyoplast containing rat spindle with metaphase Il
chromosomes or a karyoplast containing rat pronucleus under the
zona pellucida of mouse oocytes, and fusing the two cells. If
recipient mouse oocytes were in metaphase Il they were either
immediately activated in the presence of cytochalasin B to pro-
duce tetraploid hybrid parthenogenones, or were activated after
removal of the mouse metaphase Il in order to obtain diploid
nucleo-cytoplasmic hybrids. Since the operated embryos had the
zona pellucida, they could be transplanted to the mouse oviduct
and, thus, developed in optimal conditions. The results were very
disappointing: the majority of embryos stopped at 1- or 2-cell
stage, and only a few cleaved up to 5-8 blastomeres
(Waksmundzka, 1994). In the second experiment hybrids be-
tween the Syrian hamster and the mouse were produced by
intracytoplasmic sperm injection (ICSI) of hamster spermatozoa
into mouse eggs. In these hybrid zygotes both pronuclei repli-
cated DNA and in G2 phase of the 15t cell cycle both started
transcription, and in the 2" cell cycle the hybrid nuclei replicated
and transcribed. Nonetheless, the hybrid embryos invariably
stopped to develop at the 2-cell stage (Krukowska, Borsuk and
Tarkowski, unpublished results). Since our present culture condi-
tions permit normal development of mouse zygotes, developmen-
tal failure of these hybrid embryos must have been due to an
unidentified nucleo-cytoplasmic incompatibility. In view of the
failure of the above-described experiments, Wroblewska, Zernicka-
Goetz and Tarkowski in a series of experiments (unpublished
results) have tried to produce hybrid embryos by fusion of blas-
tomeres taken from 2- and 8-cell mouse, rat and bank vole
embryos. The rationale of this experiment —naive and erroneous
asitturned out—was that functioning of the foreign genome would
proceed more normally in the hybrid cytoplasm that in the cyto-
plasm of the foreign species. This presumption was not confirmed
by experiments: development of all hybrid blastomeres stopped
at the stage at which fusion was performed, or after one cell
division. The only conclusion that can be drawn from these
experiments is that the differences between the species used in
these experiments involve very subtle molecular mechanisms
essential for correct nucleo-cytoplasmic interactions, right from
the beginning of the cleavage. Taking into account that in other
animals lethality of hybrids does not occur before the initiation of
transcription, and in mammals transcription starts from the very
beginning of development, our results may not be as surprising as
they look at the first sight.

Regulation of transcription and DNA replication

Mouse ovarian oocytes, as well as the one-cell embryos, are
unigue objects to study the mechanisms involved in the regulation
of RNA and DNA synthesis. Mouse primary oocytes are arrested
atthe G2 phase of the cell cycle. The last round of DNA replication
occurs during the foetal life of the female, long before the oocytes
enter the first meiotic division followed by the ovulation. Because
during the entire period of oogenesis (including oocyte growth
and maturation of fully-grown oocytes) replication would be an



Fig. 6. Tarkowski in the laboratory at the Department of Embryol-
ogy, a year before his retirement in 2003.

undesirable event, the oocytes developed powerful and reliable
anti-replication mechanism. Such a mechanism, not allowing the
new round of DNA replication before the cell passed through
mitosis, is operating in somatic and embryonic G2 cells. However,
we showed that the nuclei of growing mouse oocytes, obtained
from sexually immature females, do not behave as nuclei in G2
(Czolowska and Borsuk, 2000). In hybrids formed between one-
cell parthenogenetic embryos and growing oocytes, DNA synthe-
sis has been triggered in the nuclei of the latter and this reaction
was not preceded by the nuclear envelope breakdown. This result
suggested that the nuclei of growing oocytes are in a physiological
state that is equivalent to replication-competent G1, and not G2
nuclei. Next, we have studied the presence and localization of
proteins belonging to minichromosome maintenance complex
(MCM) family, which are involved in the regulation of DNA
synthesis. In somatic cells, these proteins are sequentially bound
to chromatin during formation of pre-replicative complexes in G1
nuclei. After initiation of replication they gradually detach from
chromatin and in G2 nuclei they are present only in the chromatin-
unbound form. This protects cells against undesirable DNA syn-
thesis. To our surprise, we have discovered that the chromatin-
bound form of Mcm2 and Mcm7 are present in the nuclei of
growing oocytes (Swiech et al., 2007). This observation con-
firmed the peculiarity of the nucleus of growing oocyte and
suggests the existence of a unique mechanism protecting the
genome of primary oocytes from the re-replication, which is
different from the mechanism operating in somatic cells. We are
still working on this subject, trying to find the key-regulator of
repression of DNA synthesis in growing oocytes.

Another fascinating and still unsolved issue, is the regulation of
the termination of transcription in fully-grown oocytes and its re-
initiation in S/G2 one-cell embryos. RNA synthesis, activated in
primordial oocytes simultaneously with the beginning of their
growth, is maintained at a very high level until the oocyte achieves
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its final size. In fully-grown oocytes transcription is terminated
many hours before initiation of maturation and condensation of
bivalents. This unique phenomenon is accompanied by the con-
densation of chromatin and its accumulation around the nucleo-
lus. The mechanism(s) that controls these two events remains
unknown. It is still unclear whether the prolonged, transcription-
ally repressive state of fully-grown oocytes is maintained actively
by unknown cytoplasmic factor(s), or is the manifestation of
inability of the nucleus to continue RNA synthesis. Using the cell
fusion system, we have shown that the cytoplasm of fully-grown,
transcriptionally inactive mouse oocytes, has the ability to silence
RNA synthesis in the blastomere nuclei (Borsuk and Milik, 2005)
and to delay significantly the onset of transcription in the female
pronucleus (Zientarski and Borsuk, in preparation). In this latter
case, we showed that accumulation of active form of RNA poly-
merase Il in the pronucleus was also delayed.

RNA synthesis, which is silenced in fully-grown oocytes, is not
initiated in one-cell embryos until S/G2 phase of the first cell cycle.
The reasons for such a delay remain unclear. It has been
postulated that the cytoplasm of one-cell mouse embryo at G1 is
transcriptionally non-permissive and contains factors protecting
the genome against premature onset of transcription. Our results
showing that the cytoplasm of G1 parthenogenetic one-cell em-
bryo has the ability to support the RNA synthesis in the foreign
nucleus, introduced by the means of cell fusion, contradict this
theory. Nuclei of transcribing somatic cells (murine erytroblastoma
cells, MEL) continue transcription and those, which were tran-
scriptionally inactive (thymocyte nuclei), restart it, and remain
active until the end of the cell cycle (Borsuk et al., 1996; Borsuk
and Maleszewski, 2002). These results suggest, that the cyto-
plasm of the early parthenogenetic one-cell embryo is transcrip-
tionally permissive, but its genome is not ready for the initiation of
RNA synthesis.

Fertilisation

Remodelling of the sperm nucleus and pronuclear growth. In
1980 we began studies on cytoplasmic control of the transforma-
tion of sperm nucleus into a male pronucleus in the mouse. At that
time the method of bisection, which was originally developed for
the cutting of one-cell embryos (Tarkowski and Rossant, 1976),
was used to obtain nucleate and anucleate fragments of oocytes,
at different stages of oogenesis. Next, these fragments were
fertilised by sperm. We found that sperm nuclei underwent trans-
formation into male pronuclei in both nucleate and anucleate
halves of ovulated metaphase Il (MIl) oocyte (Tarkowski, 1980).
Similar experiment was also performed with immature oocytes,
which were bisected into nucleate and anucleate fragments
before or after GVBD. Pairs of sister fragments were cultured until
the nucleate fragments extruded the first polar body, and then the
fragments were inseminated. In nucleate fragments the sperm
nuclei underwent transformation into large pronuclei. In contrast,
the behaviour of sperm nuclei in anucleate fragments depended
on whether the fragments were isolated before or after GVBD. In
the first case the sperm nuclei underwent only slight
decondensation, whereas in fragments obtained after GVBD they
transformed into large pronuclei (Balakier and Tarkowski, 1980).
At that time our interpretation was that the content of the GV was
essential for complete transformation of the sperm nucleus. Next,
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in experiments in which intact and bisected MIl oocytes were
fertilised in the presence of the antitubulin drug colcemide, we
showed that the high level of the activity of MPF kinase was
required for sperm decondensation. However, subsequent exit
from the M phase was necessary for successive formation of the
male pronucleus (Borsuk and Manka, 1988).

In mouse, the transformation of the nucleus of a fertilising
spermatozoon into a male pronucleus takes approximately 3
hours and occurs in dynamically changing cytoplasm of the
activated oocyte. Fertilisation in vitro of zona-free oocytes, which
were parthenogenetically activated is a convenient method to
study the relationship between the phase of the mitotic cell cycle
of the oocyte and the ability of its cytoplasm to transform the
sperm nucleus. This approach makes possible to induce experi-
mentally the asynchrony between oocyte activation and sperm
penetration. Aldona Komar showed in her Ph.D thesis that artifi-
cially activated mouse oocytes do not develop the membrane
block to polyspermy. These oocytes can be penetrated by sper-
matozoa even several hours after activation, and spermatozoa
which entered these preactivated oocytes undergo at least partial
transformation (Komar, 1979,1982). Later we demonstrated that
the ability of the cytoplasm of artificially activated oocyte to
decondense sperm chromatin disappears gradually during the
first cell cycle of the parthenogenetic embryo (Borsuk and
Tarkowski, 1989) and reappears during the first mitotic division
(Maleszewski, 1992; 1995). However, the decondensastion of
sperm chromatin does not necessarily indicate that this chromatin
can undergo transformation into male pronucleus. In collabora-
tion with Dan and Maryna Szollosi, we have demonstrated that the
breakdown of the spermatozoon’s nuclear envelope is a prereq-
uisite for the transformation of the sperm nucleus into functional
pronucleus (Borsuk and Tarkowski, 1989; Maleszewski 1990,
1992, Szollosi et al., 1990, Borsuk, 1991). However, Szollosi et al.
(1994) showed that the decondensation of sperm chromatin is not
fully preventable by the lack of sperm nuclear envelope break-
down. In the subsequent study we demonstrated that when the
interval between oocyte activation and sperm incorporation does
not exceed 1.5 — 2 hr, the spermatozoa transform into normal
pronuclei, and the resulting embryos can develop to term. In
contrast, when sperm nuclei are introduced into parthenogenotes
3 hr or more after activation, their transformation into pronuclei is
significantly impaired (Maleszewski et al., 1999).

In normal mammalian development, maternal and paternal
haploid genomes form separate pronuclei. The question is whether
this physical separation of the two genomes throughout the first
cell cycle has developmental importance. Recently, we observed
in some oocytes subjected to the procedure of intracytoplasmic
sperm injection (ICSI) that maternal and paternal chromatin were
surrounded by a common nuclear envelope and formed one
diploid pronucleus. These ‘monopronucleate’ zygotes were able
to develop in vitro into blastocysts, and after transfer to the
pseudopregnant recipients developed until term (Krukowska and
Tarkowski, 2005).

Oolemma block to sperm penetration

In normal mouse fertilisation cortical-granule-mediated reac-
tion of zona pellucida seems to be a major mechanism preventing
polyspermy (Wassarman, 1990). Evidence for the presence of a
functional block to polyspermy at the level of the oocyte plasma

membrane remains inconclusive. However, Maluchnik and Borsuk
(1994) observed that when normally fertilised oocytes are freed
from zonae pellucidae and reinseminated, additional spermato-
zoa are able to enter the oocytes if the second insemination
occurs within 1h. This confirmed earlier observation of Wolf
(1978) who showed that in mouse a block to polyspermy can
develop in fertilised, zona-free oocytes. The mechanism of the
oolemma block to sperm penetration remains obscure, but it
seemsto be independent of oocyte activation, since the oolemmae
of parthenogenetically activated oocytes remain fusible with sper-
matozoa much longer than those of fertilised oocytes (Komar,
1979,1982; Borsuk and Tarkowski, 1989; Maleszewski, 1992).
Several observations suggest that this block against sperm pen-
etration is induced by sperm-oocyte fusion (Maleszewski and
Bielak, 1993; Maleszewski et al., 1996; Pyrzynska et al., 1996),
and can be induced in any cell that does not posses such a block
(GV oocyte, MIl oocyte, parthenogenetic embryo) by fusion with
a cell that has already developed the block (zygote) (Krukowska
et al.,, 1998). Oolemma block to sperm penetration probably
prevents sperm fusion and has no effect on sperm binding
(Maluchnik and Borsuk, 1994). The consequences of this block
are similar to the fertilisation defects in mice oocytes, which are
deficient in CD9 protein that is essential for the fusion of gametes
(Kaji et al., 2000; Miyado et al., 2000). We investigated whether
the loss of oolemma fusibility in mouse zygotes is linked to the
changes of CD9 protein in the egg plasma membrane and
demonstrated that CD9 protein is not directly involved in the
formation of the oolemma block to sperm penetration (Komorowski
et al., 2003). On the other hand, the ability of growing oocytes to
fuse with spermatozoa seems to be related directly to the appear-
ance of CD9 protein on oocyte surface (Komorowski et al., 2006).

Activation of the oocyte

Our interest in mechanisms of oocyte activation dates back to
the experiments on artificial activation of mouse oocytes (Tarkowski
et al.,, 1970). However, these studies were mostly aimed at
evaluation of the developmental potential of parthenogenetic
embryos, and not at the understanding of the mechanisms of
activation itself (see above). Our first study on the control of
oocyte activation during fertilisation, was performed by Kubiak
(1989), who showed that after ovulation the MIl oocytes gradually
develop the ability for activation. Soon after reaching Mll stage (13
h after the administration of hCG) oocytes could be activated by
the sperm, but not by the parthenogenetic agent (ethanol). Some
of these young oocytes completed the 2" meiotic division and
extruded the 2" polar body after stimulation with ethanol, but the
chromosomes remained condensed and built a new spindle
(metaphase IlI). These oocytes — when again activated — could
enter interphase with a hypohaploid pronuclesus. However, the
MIl oocytes, which were isolated 16 — 17.5 h after hCG, could be
activated with equal efficiency by spermatozoa and by partheno-
genetic factor.

Currently we know, that sperm specific isoform of phospholi-
pase C, named phospholipase C { (PLC () is a sperm-derived
oocyte activating factor (Saunders et al., 2002). PLC ( is intro-
duced into the oocyte during fusion of the gametes, and induces
activation of the oocyte. After the exit of the oocyte from the
meiotic M phase, the activity of PLC ( is downregulated by its
sequestration into the pronuclei (Larman et al., 2004; Yoda et al.,



2004). However, the first indication of the possibility that the
sperm factor is maintained in the activated, fertilised oocyte came
from the experiments performed in our department in collabora-
tion with the group headed by dr. Bernard Maro from the Institute
of Jacques Monod, CNRS, France (Zernicka-Goetz et al. (1995).
These researchers have demonstrated, that when MIl oocyte is
fused with a zygote it undergoes activation. Such reaction is not
observed after fusion of MIl oocyte with parthenogenetic egg (see
chapter Nucleo-cytoplasmic interactions in oocyte maturation
and early development in this article for further details).

In our more recent experiments, we studied the mechanism
responsible for the ability of the oocyte to be activated by a
fertilising spermatozoon during meiotic maturation. Clarke and
Masui (1986) showed that maturing murine oocytes, which had
been penetrated by spermatozoa, were able to complete meiotic
maturation, but did not undergo subsequent activation. Using the
technique of cell fusion, we have demonstrated that sperm
derived oocyte activating ability becomes inactivated in oocytes,
whichwere fertilised prematurely, during meiotic maturation (Ajduk
and Maleszewski, 2004). We also studied the calcium response
of the oocytes, which were fertilised prematurely by ICSI soon
after GVBD, and were refertilised after the completion of matura-
tion. We demonstrated that in mouse oocytes the Ca?* signalling
pathway that is responsible for generation of [Ca2+]i oscillations
during fertilisation and for activation of the oocyte, is not com-
pletely inactivated after premature penetration by spermatozoon.
Thus, we have shown that in mouse oocyte, the molecular
mechanism, which is involved in oscillatory Ca?* response to
fertilisation, can be switched on more than once (Jedrusik et al.,
2007).

Concluding remarks

From 1954 when the Department of Embryology was estab-
lished more than one hundred twenty students received here
M.Sc. degree and more than twenty received Ph.D. degree. The
first members of the academic staff have already retired, but
fortunately they still continue to be active in science. Some
research topics studied in those remote times are being continued
(regulative capabilities of early embryos, chimaerism) and some
simple experimental techniques are being continuously used
(embryo culture in vitro and transfer, bisection of oocytes and
early embryonic cells, cell fusion). At the same time, a number of
new research topics have been introduced (mechanism of egg
activation, regulation of transcription and replication in oogenesis
and early development) and new cytological, immunohistochemi-
cal and molecular techniques have widened our methodological
repertoire. We have experienced better and worse times, and
have had ups and downs in our research activity but we have
never lost our fascination with mammalian oocytes and embryos.
Hopefully, the ontogenesis of our Department will continue to
proceed smoothly without ‘harmful mutations and developmental
defects’.
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