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STELLINGEN

De oorsprong van PGCs van cyprinide vissen suggereert dat de "fate map" van
deze vissen beter vergeleken kan worden met die van urodelen dan met die van
anuren.

(Delarue et al., Developmeny 114, 135-146, 1992; Kimmel et al., Development 108,
581-594, 1990; dit proefschrift).

De YSL speelt met grote waarschijnlijkheid een belangrijke (determinerende) rol
tijdens de gastrulatie van vissen.
{Dit proefschrift).

In tegenstelling tot de visie van Ballard (1966; 1973) vindt ook tijdens de
gastrulatie van vissen involutie van cellen plaats.

(Ballard, J. Exp. Zool 161, 201-220, 1966; Ballard, J. Exp. Zool. 184, 2748, 1973;
Wood en Timmermans, Development 102, 575-585, 1988; dit proefschrifi).

Vis-mutanten voor het Cdx [Zf-cadl] homeobox-gen zouden een belangrijke
bijdrage kunnen leveren aan het ontrafelen van het mechanisme van de

gastrulatie.
{Joly et al., Differentiation 50, 75-87, 1992).

De term hypoblast, zoals gebruikt bij verschillende groepen vertebraten,
suggereert ten onrechte dat het gaat om ontwikkelingsbiologisch homologe
strukturen.

De ontwikkelingsbiologische basisbegrippen, in het verleden gedefinieerd vanuit
een Kklassieke achtergrond, kunnen bij gebruik in een modemne context leiden tot
onnodige diskussie en spragkverwarring.

Het beeld van de evolutie als "een rivier die tegen de berg op stroomt” kent
behalve “draaikolken” en "stroomversnellingen" mogelijk ook “watervalien”.
{"De rivier die tegen de berg op stroomi" door W. Calvin, 1990).

Het is onterecht dat de visals proefdier een betere weticlijke bescherming geniet
dan wanneer deze dient als consumptievis.

("Inventarisatie-onderzoek naar de methodes waarop palingen, meervallen en forellen
in de prakiijk worden gedood"” door ir. P. Lievense, 1992, Dierenbescherming).

Het patenteren van DNA fragmenten is een vorm van plagiaat.
De trend van tijdelijke aanstellingen, gekombineerd met een beoordeling op basis

van het aantal publikaties, leidt tot een kwaliteitsvermindering van de individuele
publikatie.



11.  Aftekeningen aan de benen van het modeme rijpaard zouden mogelijk het gevolg
kunnen zijn van een ontwikkelingsbiologisch interessante mutatie,

12. De waarde van de officicle erkenning van bet beroep “dierfysiotherapeut” (Wet
op de Uitoefening van de Diergeneeskunde) zal aanmerkelijk verhoogd worden
wanneer dierenartsen goed voorgelicht worden over de (on)mogelijkheden van de
fysiotherapie.

13.  Bij het vestigen van internationale rekords in de sport speelt het gebmik van de
meest geperfektioneerde uitrusting een relatief (te) grote rol ten opzichte van
daadwerkelijke verhoging van het biologisch prestatievermogen.

14. Probiotica kunnen werken als anti-biotica.

P. Gevers

Cell fate establishment during early development of cyprinid fishes, with special emphasis
on the formation of the primordizl germ cells
Wageningen, 14 oktober 1992
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ABBREVIATIONS

h: hours

a.f.: after fertilization

PGC: primordial germ cell

EVL: enveloping layer cells

YSL: yolk syncytial layer

DC: deep cells

ULC: upper layer cell

LLC: lower layer cell

LLM: lower layer marginal cell

LLN: lower layer non-marginal cell

LY: lucifer yellow

LY-D: lucifer yellow - dextran

R-D: rhodamin B isothiocyanate - dextran
FC: fluorescein complexon

ECM: extracellular matrix

FN: fibronectin

EM: electron microscope

XTC-MIF: Xenopus tissue culture - mesoderm inducing factor
FGF: fibroblast growth factor

TGF 8: transforming growth factor 8



DEFINITIONS OF DEVELOPMENTAL BIOLOGICAL TERMS
Fate: Prospective feature(s) of the progeny of a cell or cell group.
Commitment: Restriction of cell fates, either reversible or irreversible.

Determination: Sequence of events, resulting in an irreversible restriction
of cell fates.

Induction: Transfer of signal(s) from one cell or cell group to another,
resulting in determination.

Epigenesis: Development of great diversification of structures or cell
types, from eggs with homogeneously distributed cytoplasmic
determinants.

Preformation: Cell fate establishment by segregation of ooplasmic
determinants before and during early cleavage stages.

Differentiation: Sequence of events, following determination, resulting in
cells with a specialized phenotype.
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GENERAL INTRODUCTION
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GENERAL INTRODUCTION

In this thesis it is studied whether cells, especially the primordial
germ cells (PGCs), are already committed to their fate during early
cleavage stages of fish embryos. As no evidence for early commitment
could be obtained, it was studied during which later stage commitment
occurs and which processes may be involved in the establishment of cell
fate. This chapter will deal with the following subjects: animals,
embryonic development, cell fate, morphogenetic movements, cell
interactions, primordial germ cells and the aim of the present
investigations.

Animals

The present study is carried out mainly on the rosy barb (Barbus
conchonius) and partly on the common carp (Cyprinus carpio, Chapter 5).
Both are fresh water fishes, belonging to the family of Cyprinidae (order
Cypriniformes), in which also the zebrafish (Brachydanio rerio) is
classified. Cyprinids have a single dorsal fin and cycloid scales. Their jaws
are toothless. Instead, under the gill cover, behind the gill arches,
pharyngeal grinding teeth are present. Cyprinids can be found in nearly
every part of the world, being absent only from Madagascar, Australia,
New Zealand, South America, southern central America, northern
Canada and Alaska, Greenland and Iceland. About 1450 species are
known, which vary enormously in their outward appearance. Most species
of the genus Barbus are non-migratory and confined to one watershed.
The original undomesticated rosy barb specifically lives in the fresh
waters of about 22°C of Northern India and Bangladesh (see Sterba,
1973).

It is only recently that the teleost fish has attracted attention of
developmental biologists and geneticists as a useful model for vertebrate
development, due to a number of distinct advantages. Among fishes,
much research is performed on the zebrafish. This fish, and the narrowly
related Barbus conchonius, used in the present study, are inexpensive,
relatively easy to rear and breed in laboratory aquaria, and, under
optimal conditions, will produce rather large numbers of transparent
eggs. Spawning can occur all year round on the morning following
reintroduction of the male after a one month separation. Furthermore,
the transparency of the embryos and the usually strictly alternating
orientation of the cleavage planes form attractive characteristics for cell
lineage studies. Another advantage for embryological studies is that the
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developmental period until hatching is relatively short (i.e. for B.
conchonius only 27 hours at 25°C). Thus, developmental processes can be
studied within a relatively short period.

Embryonic development

The following descriptions will refer to early development of
cyprinids, especially reported by Hisaoka and Battle (zebrafish; 1958),
Neudecker (carp; 1976) and Timmermans (rosy barb, 1987). Fig. 1 and 2
are schematical representations of early cleavage stages and several
developmental stages until hatching, respectively. Immediately after
spawning the outer chorionic membrane will be formed and after
fertilization cytoplasm streams towards one side (the animal pole),
forming a yolk-poor cytoplasm on top of the yolk. Cell divisions are
restricted to the yolk poor cytoplasm, leaving the yolk uncleaved
(meroblastic cleavage). Early cleavages are regular in time and occur
about every 20 minutes. The first five cleavages are all in a vertical plane,
but each one at right angles to the previous one. As demonstrated in
zebrafish, all cells form a kind of syncytium until this stage since a
membrane between yolk and cleavage cells is absent (Kimmel and Law,
1985a). The 6th cleavage, leading to the 64 cell stage, is the first
horizontal division, and, thus, results in two cell layers (Kimmel and Law,
1985a). After this stage cleavage is not perfectly synchronized anymore,
but still cleavages follow each other within a relatively short time.
Concerning the relationship between the early planes of first cleavage
and the plane of bilateral symmetry of the embryo, inconsistency is

Fig. 1. Schematical drawings of
S quadrants of cleavage stage embryos of
)

Barbus conchonius (upper view). They
pus represent the 8 cell (1), the 16 cell (II),
Lun L2221 '
L1202 L1022 ;1 2212 | [ 2202
R? Rl o S A
BRED)
LR ez \L2r2| L2l

the 32 cell (III) and the 64 cell (IV)
stage. The arrowhead points 1o the
plane of first cleavage. The blastomeres
are numbered according to their
lineage, diagonally opposed quadrant

-2 LnoJ| R ) Ruz]R2 | R2iZ pairs are labeled R and L, respectively.
L2z vz ||re | Riza | rez [ oz The 64 cell stage embryo consisis of
y two layers of 32 cells, indicated with
I m the standard letter type (upper layer

cells} and the italic letter type (lower
layer cells). See also Chapter 3.




reported for the zebrafish (Kimmel and Law, 1985c). This is different in
Xenopus, where the first cleavage furrow demarcates the dorsal-ventral
axis (Klein, 1987),

As described by Kimmel and Law (1985b), after the 9th/10th
cleavage a yolk syncytial layer (YSL) is formed by collapse of a subset of
descendants of the early marginal blastomeres into the yolk cell. Before
formation of the YSL marginal blastomeres appear to be connected with
the yolk by cytoplasmic bridges. It is observed in zebrafish that,
thereafter, gap junctions represent the connection between marginal
blastomeres and yolk via the YSL, which can from now on be considered
as the cytoplasmic part of the yolk cell. Kimmel (1989) compared this
stage with the midblastula transition of the Xenopus embryo since from
this developmental stage onwards the cleavage time of cells is prolonged,
cells begin to migrate and a number of other morphogenetic processes
start (see below).

In addition to the formation of the YSL during the early blastula
stage, just before the onset of epiboly, peripheral blastomeres become
organized as a one cell thick epithelium, covering the mass of the deeper
blastomeres. The space between this enveloping layer (EVL) and the
YSL is occupied by the deep cells (DCs), which exclusively will form the
embryo proper. According to Bouvet (1976), early EVL cells of Salmo
trutta fario are capable of delamination by spindle orientation at right
angles to the blastoderm surface for a certain period. This results in
addition of one daughter cell to the subjacent mass of DCs and a
superficial daughter cell to the EVL. Since between the EVL cells of
Salmo gairdneri junctions of the zonula adherens type have been observed
(Lentz and Trinkaus, 1971; Betchaku and Trinkaus, 1978), these outer
cells may have a protective function.

In the following period cellular movements start in the embryo and
the YSL and overlying EVL undergo epiboly (spreading) to surround the
uncleaved yolk mass (Betchaku and Trinkaus, 1978). These authors
suggest that epibolic spread is passive for EVL and DCs, occurring in
response to pull exerted by the independently expanding YSL. During
the first part of epiboly (0%-50% epiboly) DCs are present between YSL
and EVL all around the circumference of the embryo. The second part of
epiboly starts with gastrulation (50% epiboly). Three directions of cell
movement (see Fig. 3) finally result during this second part of epiboly in
the presence of germ layers and an embryonic axis (Warga and Kimmel,
1990; see Morphogenetic movements).

When epiboly is completed, gastrulation movements cease and all
DCs have migrated dorsally towards the position of the embryo proper
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(Warga and Kimmel, 1990). Also the notochord has been formed and
somitogenesis will start shortly afterwards. The head will be formed at
the side of the animal pole, and the tail at the side of the vegetal pole, at
the location of the yolk plug. In Barbus conchonius at 15 h a.f. the optic
cups and the neural tube are clearly visible. During the next hours the
tail becomes gradually separated from the yolk sac. At 27 h a.f. the
Barbus conchonius embryos leave the chorion (hatching) and arrive at the
larval stage. At this stage the eye lens, otic vesicles, mesonephric tubules,
heart, blood vessels and myotomes are present.

Fig. 2. Embryonic development of Barbus conchonius during the first day. (a)-{e), (2)-():
lateral views. (f): dorsal view. Note that from (e) onwards the dorsal and veniral sides
are changed. an, anus, b, blastoderm, e, eye; h, head; o, otic vesicle; t, tail; 5, somite;
¥, yolk (After Timmermans and Taverne, 1989).

Cell fate

During development of a number of invertebrate groups
(nematodes, ascidians) early patterns of cell divisions generate cell
lineages that make invariant contributions to the differentiated tissues of
the body (Sulston er al. 1983; Jeffery, 1985). An isolated blastomere from
these types of embryos will generate progeny, following the same
developmental pathway as it should have done in the intact embryo.
Ablation of blastomeres of such embryos results in individuals, lacking
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the tissue which should have been derived from the removed cell. These
phenomena are the result of a coordinated and ordered segregation of
ooplasmic determinants among different blastomeres prior to or during
early cleavage. A striking example of cytoplasmic segregation is the
localization of the germ granules of Caenorhabditis elegans in the
posterior pole of the zygote, from which part the germ cell line originates
(Schierenberg, 1988). Because cell lineage is important in specifying cell
fate, consistent lincage relationships must occur among the cell types.
Thus, if cell interactions occur, they are highly reproducible. This type of
development is determinative.

In vertebrates cell determination occurs predominantly according to
cell position within the embryo. In the mouse embryo, for instance, inner
cells will form the ICM and outer cells form the trophoblast, whereas the
inner or outer position is not neccessarily related to a cell’s history.
Isolated blastomeres from an early cleavage stage can generate a
complete new individual (Rossant and Pederson, 1986). Cell lineage
apparently is not the primary factor to establish the fates of blastomeres,
arising during early cleavage. Instead, interactions between cells play a
key role in cell determination, in addition to the history of the cell. This
type of development is regulative. Cells are involved in those interactions
(inductions) at different developmental stages and at different locations,
which makes it necessary to study the migration paths of cells.

Cell lineages must be studied in order to distinguish between a
determinative or a regulative type of development. In embryos, exhibiting
a regulative type of development, also some determinative elements may
be present, and vice versa. Cell lineage studies in vertebrates, using
fluorescent probes as markers of individual cells, have been performed
especially on Xenopus embryos (Dale and Slack, 1987; Moody, 1987) and
mouse embryos (Winkel and Pederson, 1988). With respect to teleosts,
zebrafish cell lineages have been extensively studied by Kimmel and co-
workers (1985a, b, c, 1986, 1987a,b, 1988, 1989, 1990) and Warga and
Kimmel (1990).

In general, it is possible that cleavage yields cells that are
indistinguishable from each other with respect to potency, and not
determined to prospective fate, which may be related to an unpredictable
migration path of individual cells. In mouse embryos cell lineage does not
restrict the fate of the progeny of cells of the inner cell mass, due to
extensive cell mixing (Winkel and Pederson, 1988). Genetic marking of
single embryonic mouse cells has demonstrated that such cells frequently
contribute to a number of somatic tissues. In Xenopus too, cell lineage is
not the sole determining factor in the establishment of a cell’s fate.
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Nevertheless, experiments with these embryos revealed that prospective
fates of blastomeres could be roughly mapped at early cleavage stages,
generally based on the position within the embryo. However, regional
subdivisions can not be mapped to unique non-overlapping regions in the
early gastrula, indicating the indeterminate fate of the progeny of at least
part of the embryonic cells. As Moody (1987) and Wetts and Fraser
(1989) described, this may be due to the limited cell mixing in the
Xenopus embryo (producing a partly consistent fate map), if compared
with mammalian embryos. According to Klein and Jacobson (1990), a
relatively low rate of cell mixing in Xenopus seemed to be correlated with
a reduction in the rate of cell division. If this is true for the mouse
embryo, it may be hypothesized that in mouse embryos the rate of cell
division is relatively high during the specific stage of cell mixing.
Kimme] and Warga (1987a) described for zebrafish embryos an
extensive cell mixing, starting at the onset of epiboly. During the course
of embryonic development, cells become allocated in separate lineages
that express a stereotyped set of cell fates. It seems likely that in fish
embryos clonal restrictions are not present before the late blastula/early
gastrula stage because the movements that take place in the late blastula
occur without respect for clonal boundaries (Kimmel and Law, 1985a;
Kimmel and Warga, 1986, 1987a,b, 1988; Kimmel ef al. 1988, 1990).
Although regular trends in cell lineages of zebrafish exist, single
blastomeres can generate quite different cell types, populating various
types of tissues at diverse regions of the developing embryo. Thus,
blastomeres, identical in cell lineage, can generate progeny of different
tissue, located among different positions along the body axis.
Vertebrates apparently exhibit a regulative type of development:
their cells have unpredictable fates, until at a specific developmental
stage commitment occurs, according to the position of a cell. This
conclusion, based on cell tracer experiments, was previously drawn with
respect to early fish development by experiments with vital dye marking
or movement of chalk particles (Pasteels, 1936; Oppenheimer, 1938;
Ballard, 1966a,b, 1973a,b). Since cell lineage is not the sole determining
factor, cell interactions must play an important role. Thus, cells must be
able to communicate with other cells, both to registrate their own
position within an embryonic field and to be involved in induction
processes. Therefore, communication mechanisms need to be present.
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Morphogenetic movements

Directional mass cell migration, morphogenetic movements, play a
key role during early embryogenesis. The migration paths establish the
position of a cell, and, especially during the regulative type of
development, the cells require position dependent cell interactions, giving
them a commitment. There are a number of poorly understood aspects of
directional cell movements, such as what starts them, what keeps them
going, what gives them directionality, and finally, what let the cells stop
their migration movement and establish the definitive position within the
differentiating tissue. The mechanism of these morphogenetic movements
and the nature of the processes that control and coordinate them, is one
of the key problems associated with the establishment of cell fate.
According to Kimmel and Law (1985c) morphogenetic movements in the
zebrafish start at the onset of epiboly. For the Xenopus embryo Newport
and Kirschner (1982) reported that morphogenetic cell movements
appear to start as the cells have reached a critical ratio of
nucleus/cytoplasm.

At some moment during morphogenesis cells must become
gradually restricted in fate. In this respect, one of the most important and
widely studied cell fate restricting morphogenetic movement is
gastrulation, leading to the formation of germ layers. In fish embryos
controversy has arisen about the origin of the hypoblast, and the
migration path of individual cells during the formation of this cell layer.
Pasteels (1936) and Oppenheimer (1938) already studied gastrulation in
Salmo gairdneri by means of vital staining. Ballard (1966a, b, c, 1973a, b)
conducted an extensive series of marking experiments with chalk particles
using different teleost species. As a result of his studies Ballard
concluded that no involution occurred at the rim of the fish blastodisc,
and that the hypoblast arises by delamination and outward migration of
centrally placed DCs. Furthermore, he proposed a three dimensional fate
map of the fish blastula, accounting for boundary overlap. However, the
use of time-lapse filming of living embryos during gastrulation of Barbus
conchonius revealed that an involution movement (inward migration) of
individual cells occurs at the germ ring from 50% epiboly onwards (Wood
and Timmermans, 1988). This result is confirmed by Warga and Kimmel
(1990) for the zebrafish by cell labelings experiments. They observed that,
in addition to gastrulation, convergence movements occur, leading to the
formation of the embryonic axis (see also Trinkaus et al. 1992). As
summarized by Warga and Kimme! (1990) three different directions of
cell movements cooperate in order to form the final, dorsally located,
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embryo proper with the three different germ layers (Fig. 3): epiboly
(vegetally directed mass cell migration), gastrulation (involution) and
embryonic shield formation (convergence).

Fig. 3. Schematical drawing of a 60%
epiboly stage of a Barbus conchonius
embryo, showing three different
directions of cell movement: vegetally
directed mass cell movement (epiboly),
gastrulation finvolution) and dorsally
directed cell movement (convergence),
Sinally resulring in the formation of the
embryo proper on the dorsal side. V,
vertral side; D, dorsal side.

Cell interactions

Morphogenesis and differentiation are thought to be mediated by
interactions between cells or cell groups during early regulative
development. In order to reveal the developmental importance of such
interactions, it is first necessary to establish their pattern and timing.
Developmental information may be transferred via direct cell to cell
communication pathways, such as gap junctions and cytoplasmic bridges,
or through ligand-receptor mechanisms at the cell surface.

A specific type of direct cell to cell interaction is the gap junction,
which might be involved in the transfer of small molecules (MW below
1200 D; Stewart, 1978). The appearance of these channels has been
investigated using the transfer of low molecular weight fluorescent dyes.
Gap junctionally coupled cell populations can be considered as partial
syncytia (communication compartments) in that they share a common
pool of ions, metabolites and small molecules. Junctional communication
is thought to be involved in developmental signalling (see Bennett and
Spray, 1985): cells require positional information, which may be provided
by a gradient of molecules, possibly transferred through gap junctions.
Indeed, it was found that in insects groups of gap junctionally
communicating cells, communication compartments, were coincident with
developmental compartments, identified in cell lineage studies (Weir and
Lo, 1982; Blennerhassett and Caveney, 1984). Also in molluscs this
appears to be the case (Serras er al. 1989, 1990). Thus, restriction in
developmental potential may coincide with reduction in gap junctional
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communication. In vertebrates the relationship between communication
compartments and developmental compartments appears to be less strict
(Lo and Gilula, 1979).

Morphogenesis and determination in vertebrates may also be
mediated by receptor-ligand interactions, resulting in induction.
Mesoderm formation of the Xenopus embryo, for instance, is a result of
induction of the ectoderm by endodermal cells: XTC-MIF, FGF and TGF
B (activin B) all appear to exhibit mesoderm inducing capacity (for
review, see New er al. 1991; McClay, 1991). The mesodermal cells, on
their turn, can induce the neural tissue, which results in activation of the
phosphoinositol pathway in induced cells (Otte et al. 1990).

Another type of receptor-ligand interactions, involved in cell
migration and morphogenesis, is mediated by the extracellular matrix
(ECM). A large number of studies have demonstrated the importance of
ECM in morphogenesis in embryos of several species (see for reviews
Hay, 1981a, 1984; Bard, 1990; Trelstad, 1984). Its involvement in a variety
of cell processes has been reported, i.e. cell to cell and cell to substrate
adhesion, cell migration and cell positioning and modulation of cell
shape. The matrix of the ECM is formed by collagens and proteoglycans,
which contain a core protein with covalently bound glycosaminoglycan
chains and oligosaccharides. Developmentally important molecules of the
ECM are collagen, hyaluronic acid (glycosaminoglycan) and the
glycoproteins fibronectin and laminin (see Hay, 1981). Some types of
collagen are involved in the guidance of cell migration, cell shape and
cell polarity (Hay, 1981b). The presence of hyaluronic acid also plays a
role in cell migration: it causes a high degree of hydration at the time of
onset of cell movement, providing opening of pathways for cell migration.
Fibronectin (FN) has generally been found to promote cell-cell adhesion,
cell-substrate adhesion, cell migration and cell morphology, and with
respect to development, it may mediate cell differentiation processes
(Yamada, 1981; Yamada ez al. 1984). Laminin seems to exhibit a
comparable but weaker function and is especially present in basement
membranes.

An important number of studies on the developmental role of the
ECM is concentrated on FN, which can be studied both ir vivo and in
vitro. FN is found in a wide variety of species throughout the animal
kingdom (Yamada et al. 1984), possibly indicating an important role. FN
consists of a series of functional domains, that are specific for particular
biological activities: collagen binding domain, heparin binding domain,
hyaluronic acid binding domain and a cell binding domain. The existence
of separate binding sites suggests that FN may be a central molecule in
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the organization and binding of a variety of extracellular or membrane-
linked molecules. The cell binding domain of the FN molecule contains a
tripeptide sequence Arg-Gly-Asp (RGD; Ruoslahti and Pierschbacher,
1986), which interacts via the integrin cell surface receptor (Buck and
Horwitz, 1987; Hynes, 1987) with cytoskeletal elements as actin (Tamkun
et al. 1986) within the cell.

With respect to vertebrates, in chick and amphibia FN is shown to
be involved in the gastrulation process: immunolabeling studies
demonstrated that the fibrils covering the inner surface of the blastocoel
roof of amphibians and the basal surface of the epiblast of chick embryos
contained FN (Boucaut and Darribére, 1983a, b; Harrisson ef al. 1988).
Furthermore, mesodermal cell migration is inhibited by using either anti-
FN antibodies, anti-integrin antibodies or the synthetic peptide of the cell
binding site of FN, which interferes with the binding of FN to the
integrin receptor (Boucaut et al. 1984a, b; Boucaut ef al. 1985; Brown and
Sanders, 1991; Darribere et al. 1988; Smith ez al. 1990).

Primordial germ cells

An interesting cell type for the study on cell lineages and
determination is the primordial germ cell (PGC), since this type of cells
may differ from somatic cells with respect to their way of determination.
PGCs will be defined as all early developmental stages of germ cells until
female and male gonads can be distinguished from each other. Weismann
(1892) first proposed the idea that part of the embryo formed the
reproductive material (preformation) and the rest formed the individual.
Subsequently he stated that rather than continuity of the germ cells there
was a continuity of a substance transferred from parent germ cells to the
germ cells of the new individual. He termed this substance "Keimplasma”
and proposed that it was responsible for heredity, being uninfluenced by
the individual itself (see Eddy, 1975; Nieuwkoop and Sutasurya, 1979).
Indeed, in insects and nematodes the unfertilized egg already possesses
vegetal pole plasm, which will later be distributed over the pole cells or
vegetative cells, giving rise to the germ cell lineage (Nieuwkoop and
Sutasurya, 1979). Also in anuran amphibians germinal plasm is present,
and will be distributed over four germ cell precursors (Dixon, 1981).
Nieuwkoop first reported that Weismann’s generalisation was not true:
embryos of urodelan amphibians did not show a continnity between germ
cells of succeeding generations (preformation), but PGCs arise
epigenetically from the mesoderm via induction processes by the
endoderm, relatively late during development (see Nieuwkoop and
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Sutasurya, 1979). In birds and mammals PGCs also arise epigenetically,
and until recently they were first recognized in the embryonic ectoderm
(Eyal-Giladi et al. 1981; Copp et al. 1986). Ginsburg ef al (1990),
however, suggested a mesodermal origin of mouse PGCs. Thus, striking
differences seem to exist between a number of species with respect to
their germ cell origin and the moment of obtaining germ cell
characteristics. Until now the debate is going on which are the
characteristics of PGCs and at which developmental stage do they
appear.

In all species studied so far the PGCs contain an electron dense
material, nuage, from a specific stage onwards (Nieuwkoop and
Sutasurya, 1979). Satoh (1974) and Eddy (1975) described nuage as
electron dense bodies or granules, not bound by a membrane, often
found in close association with the nuclear membrane or clusters of
mitochondria. As reported for the Oryzias latipes embryo
(Cyprinidontidae), the location and ultrastructure of the nuage may
depend on the developmental stage of the PGCs (Hamaguchi, 1985).
Furthermore, avian and mammalian PGCs are characterized by their high
alkaline phosphatase activity or their high glycogen content, respectively.

In fish embryos the origin of the PGCs is as yet unclear because
they can not be recognized by alkaline phosphatase activity or glycogen as
avian and mammalian PGCs (Timmermans and Taverne, 1989). Although
PGCs of carp can be selectively stained with monoclonal antibodies,
raised against carp spermatozoa, this occurs only from hatching onwards
and not during embryogenesis (Parmentier and Timmermans, 1985).
However, according to morphological studies of Timmermans and
Taverne (1989) PGCs of Barbus conchonius can be light-microscopically
recognized at 12 h a.f. by their large size and their location between
mesoderm and YSL. At the ultrastructural level nuage was observed by
these authors in PGCs of 5 day old larvae. Following of specific cell
lineages during embryonic development and identification of nuage-
containing cells may give more clarity about the formation and
determination of the germ cell line of fish embryos.

Aim of the present investigations

In the present study cell lineages of the teleost fish Barbus
conchonius have been described, with special emphasis on the origin of
the germ cell line.

Chapter 2 describes a morphogenetic study on the different
locations of PGCs during early developmental stages. Evidence for their
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PGC-identity is given by the presence of nuage, i.e. electron-dense
material near the nuclear pores, which is generally known to be specific
for germ cells. The location of nuage-containing cells was correlated with
their contacts with surrounding somatic cells.

In Chapter 3 cell lineages, especially the germ cell line, are studied
by means of microinjection of fluorescent tracers into blastomeres of
garly cleavage stages. The progeny of the injected cell was followed until
12 h a.f.,at which stage the PGCs can be recognized with certainty. The
results suggest that cell lineages remain undeterminate during a relatively
long period. Since development always results in an ordered arrangement
of cells and tissues, there must be a moment in its course at which
indeterminate cells become committed to a specific fate.

In Chapter 4 we studied from what stage onwards general cell fate
restrictions may occur, since this stage may also be important for the
determination of the PGCs. Therefore, the formation of a compartment
of a group of dye-coupled cells, indicating a group of gap junctionally
communicating cells, was studied, since changes in communication
properties between cells or cell groups may be correlated with differences
in developmental pathways of cell groups. During gastrulation,
developmental pathways between different cell groups may gradually
disperse. Knowledge of the control on the uncoordinated migration of
individual cells during blastula stages and the directional mass cell
migration during gastrula stages may be important for the study on cell
fate establishment.

In Chapter 5 we described the involvement of fibronectin in epiboly
and gastrulation in another cyprinid fish, Cyprinus carpio. Fibronectin is a
glycoprotein of the extracellular matrix, generally known to be involved in
migration processes and differentiation. It may be involved in the
guidance of the migratory hypoblast cells during gastrulation.
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ORIGIN OF PRIMORDIAL GERM CELLS, AS CHARACTERIZED
BY THE PRESENCE OF NUAGE, IN EMBRYOS OF THE TELEOST

FISH, BARBUS CONCHONIUS

Summary

The presence, location and morphology of cells containing nuage, an
ultrastructural characteristic of primordial germ cells (PGCs), is described from the
moment of first morphological recognition of PGC-like cells (around 100% epiboly)
in embryos of the teleost fish Barbus conchonius. Thus characterized cells were
studied in relation to their cellular contacts with somatic germ layer cells, possibly
involved in the determination of PGCs.

The results show that from the very moment that cells, likely to be PGCs, can
be lightmicroscopically identified with morphological and positional criteria (from 10
h after fertilization onwards), they contain nuage near the nuclear envelope, which is
a strong indication of their PGC-identity. During the studied period (9 - 12 h and 24
h a.f.) nvage-containing cells seem to translocate from the mesoderm towards the yolk
syncytial layer (YSL). These PGCs usuvally appear not to be directly connected with
the YSL but to remain separated from the YSL by one or more endodermal
extensions, at least up to 12 h a.f. Also at 24 h a.f. somatic cells separate the PGCs
from the YSL.

Key words: embryonic development, primordial gern cell, nuage, ultrastructure, fish.
Introduction

The study on cell fates is of crucial importance for developmental
biology. Cell fates can be established either by predetermination or by
epigenesis. Induction processes are necessary for the epigenetic
commitment of embryonic cells. In several phyla, mainly invertebrates,
primordial germ cells (PGCs) become determined during very early
development (for review, see Nieuwkoop and Sutasurya, 1979, 1981;
McLaren and Wylie, 1983; Eddy, 1984). Due to the presence of germ
plasm, an early germ cell determinant, the germ cell origin can even be
traced back to the vegetal region of the egg. In vertebrates, however,
germ plasm is only observed in eggs and embryos of anuran amphibians.
In urodelan embryos the PGCs arise epigenetically from the ventral
mesoderm (Nieuwkoop and Sutasurya, 1976; Dixon, 1981; Eddy, 1984,
Nieuwkoop, 1991). In birds (Eyal-Giladi ef al. 1981) and mammals (Copp
et al. 1986) PGCs were long supposed to arise epigenetically from
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embryonic ectoderm (for review, McLaren, 1983; Nieuwkoop, 1991).
Ginsburg et al. (1990), however, recently suggested a mesodermal origin
for mouse PGCs.

A number of studies have been performed on the origin of fish
PGCs, but the results are not conclusive (for review, see Johnston, 1951).
Both mesodermal and endodermal origins have been reported for fish
PGCs. Recently, Hamaguchi (1982) suggested for PGCs of Oryzias latipes
(Cyprinodontidae) an endodermal origin. The present report describes
the origin of PGC-like cells of the cyprinid fish Barbus conchonius.

Recently, cell lineage experiments of Gevers et al. (1992) suggested
an epigenetic origin of all Barbus conchonius cell types, including PGCs.
Cell labeling experiments indicated that epigenetic commitment of cells
may not occur before the onset of gastrulation (Gevers and Timmermans,
1991).

Avian and mammalian PGCs can be distinguished from somatic
cells during early development by their high glycogen content and their
high alcaline phosphatase activity, respectively (Eddy, 1984). Fish PGCs
have never been shown to possess these characteristics during early
development (Timmermans and Taverne, 1989), These authors reported
for B. conchonius that at 12 h after fertilization (a.f.) 18-19 single cells,
probably PGCs, have arrived at the mitotically resting stage until
proliferation starts at the age of about three weeks. These cells were
lightmicroscopically recognized by their size and location between the
syncytial layer of the yolk cell (YSL) and the mesoderm, to the left and
right of the notochord. Their *H-thymidine experiments suggested that
the mitotically resting stage was probably already reached between mid-
epiboly and the early somite stage. At 5 days a.f. a specific germ cell
determinant, "nuage”, was found to be present in PGCs of Barbus
conchonius. In a number of species, ranging from Hydra to mammals, this
electron dense material appears to be highly specific for germ line cells
(Noda and Kanai, 1977; Spiegelman and Bennett, 1973; Eddy, 1975; for
review, see Nieuwkoop and Sutasurya, 1979; Eddy, 1984). Hogan (1978)
and Satoh (1974) described the presence of "germinal dense bodies"
("nuage") in fish PGCs. Hamaguchi (1982, 1985) reported for Oryzias
latipes that nuage was present during early gonad formation.

The present report describes an attempt to obtain more
information on the origin of PGCs of Barbus conchonius using the
presence of nuage as a criterion in addition to lightmicroscopic
morphological criteria (used in earlier studies), in order to identify PGCs
with more certainty. The lightmicroscopical (location, size, staining
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intensity of the cells) and ultrastructural (the presence of nuage)
parameters were correlated to contacts of the possible PGCs with cells of
different germ layers, possibly involved in the determination of the PGCs.
The observed characteristics of PGC-like cells until 12 h a.f. were
compared with those at the time of hatching (24 h a.f).

Material and methods

Natural matings between adult specimens were used in order to
obtain embryos. Embryos were collected and dechorionated in 0.2%
protease (type XIV, Sigma) in Steinberg’s medium (see Gevers and
Timmermans 1991) and cultured in Steinberg’s medium until mentioned
stages. Fixation occurred in groups of five at 9 h, 10 h, 11 h, 12 h and 24
h a.f. in Karnovsky’s fixative (4% paraformaldehyde, 5% glutaraldehyde
in 0.2 M phosphate buffer; pH=7.2; 30 min, room temperature), followed
by orientation in 1% agarose (type VII, Sigma), postfixation in 1%
osmiumtetroxide (30 min, 0° C), dehydration in a graded series of ethanol
and embedding in epon 812. Embryos were staged according to the time
of development and the number of somites. Localization of possible
PGCs occurred in toluidin blue stained semithin sections, made
perpendicular to the rostrocaudal axis. Subsequently ultrathin sections
were made using a Reichert Ultracut ultramicrotome. If possible, per
stage at least 4 PGC-like cells in at least 2 embryos were ultrathin
sectioned. In all stages also endodermal cells were ultrathin sectioned in
order to confirm that nuage was not present in these cells. Photographs
were made with a Nikon standard lightmicroscope, using a Kodak 100
ASA film or with a Philips EM 201 microscope, using an Eastman KS
1870 film.

Due to the difficulties in recognizing PGC-like cells in the early
stages, embryos of 9 h a.f. were fixed in Bouin’s fluid, orientated in
agarose (type VII, Sigma), dehydrated in a graded series of ethanol,
embedded in Paraplast, sectioned at 5 um and stained with
haemalum/eosin. In these sections the presence of PGC-like cells was
studied too.

Results
Cells, which had a large size, stained dark with toluidin blue, and
located between endodermal and/or mesodermal cells, were identified as

PGC-like cells. As determined in the epon sections, the size of the PGCs
of all studied stages varied between 16 pgm and 24 um, which is especially
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in the later stages larger than most somatic cells. Furthermore, at the
earliest stages the different staining quality between PGC-like cells and
somatic cells was less clear. PGC-like cells could be distinguished from
endodermal cells because the latter were always in close contact to the
YSL, in contrast to the former. Nuage was only found in cells determined
as PGC-like cells with these lightmicroscopical criteria. Except the
presence of nuage, the ultrastructure of the PGCs did not differ from the
somatic cells (see legend fig. 2B).

Since PGC-like cells are easier recognized in elder stages, we
started our study at 24 h a.f. (28-34 somites). At that stage PGCs were
located between the mesonephric tubules and the YSL, in close
connection with surrounding somatic cells (Fig. 1A, B, D). Nuage was
present near the nuclear envelope with mitochondria in close vicinity
(Fig. 1C). In some cases the nucleus was extremely lobular.

At 12 h a.f. (7-10 somites) the PGCs were located in between the
endodermal cells, while in three cases only very thin extensions of
endodermal cells separated them from the YSL (Fig. 2A, B, D). In one
case direct contact between the PGC and YSL was observed, while in
another single case a PGC and the YSL were separated by a complete
layer of endodermal cells. Dorsally, the PGCs contacted the mesoderm.
The distance between the notochord and the PGC-like cells varies within
one embryo and between the embryos. At the ultrastructural level nuage
was observed around the nuclear envelope (Fig. 2C), indicating the
identity of these cells.

At 11 h a.f. 2-4 somites) PGC-like cells were located alike 12 h
a.f., although the endodermal extensions (one or two), separating the
PGC from the YSL, were distinctly thicker (Fig. 3A, B, D, E). In only 1
embryo (4 somites) a small tip of a PGC was directly connected to the
YSL. In all cases nuage was present near the nuclear envelope (Fig. 3C).

At 10 h a.f. (O somites) only three recognizable PGC-like cells
could be identified and ultrathin sectioned, although one embryo was
- semithin sectioned completely. These cells contained nuage and were
located relatively laterally within the mesodermal cell layer, contacting
endodermal cells only ventrally (Fig. 4A, B, C, D).

In all stages as a control endodermal cells, in close contact with the
YSL, were studied ultrastructurally. Some of these cells, especially those
at 10 h a.f.,had only slight characteristics of PGC-like cells. In none of
them nuage was observed (not shown).

We also sectioned at 11 h and 10 h a.f. three laterally located PGC-
like cells (comparable staining, size and morphology as previously
described cells) showing cell division. However, nuage could not be
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