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ABSTRACT This posthumous review of early embryonic inductions concludes: 1) the amphibian

egg has only two distinct components, animal and vegetal. Interactions at their mutual boundary

forms meso-endoderm. This is “meso-endoderm induction”, not just “mesoderm induction”. 2) The

dorso-ventral polarity of the yolk mass implies a dorsally situated inducing centre. 3) Accumulation

of cells into one, two, three or many cell masses [problastopores] along the circumference of the

meso-endoderm results in as many axes, implying a self-organizing capacity of meso-endoderm. 4)

Induction of the meso-endoderm is slow, spreading cell to cell through the animal moiety from the

boundary of the vegetal yolk mass towards the animal pole. 5) Interaction between mesoderm and

ectoderm is a separate step leading to cranio-caudal differentiation of the archenteron roof. 6) The

initial invaginating endoderm and mesoderm, representing the future pharynx endoderm and

prechordal plate mesoderm, first contacts the most posterior presumptive neurectoderm after

having passed the still uninvaginated trunk mesoderm. At that moment an antero-posterior level

neural induction actually starts. 7) The ectoderm contraction wave coincides spatially and temporally

with the induced neural plate. 8) Two successive homoiogenetic waves of inductive activity pass

through the presumptive neurectoderm in the anterior direction, the first one, “activation”, giving

rise to neural differentiation and ultimately forebrain, the second one, “transformation”, to more

caudal CNS structures. These are separate, successive steps in CNS regional induction. 9) The

midbrain represents a secondary formation in the neural plate. 10) The observed changes in

morphogenesis may depend upon separate, successive binary decisions via [cell and] nuclear state

splitters [involving differentiation waves].
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The morphogenetic interactions preceding the neural
induction process

From isolation experiments of successive animal-vegetal zones of
the urodele blastula it could be concluded that the upper, animal
half of the blastula forms only atypical ectoderm and the vegetal
yolk mass only atypical endoderm, whereas the intermediate,
subequatorial zone forms ecto-, meso- and endodermal struc-
tures. Recombination of the animal cap and the vegetal yolk mass
leads again to the development of a complete embryo with all

ectoneuro-, meso- and endodermal structures. These experi-
ments demonstrate that the urodele blastula consists primarily of
only two components, an animal, ectodermal moiety in the form of
the animal ectodermal cap and a vegetal endodermal one in the
form of the massive vegetal yolk mass. Interaction at its mutual
boundary leads to meso-endoderm formation (Nieuwkoop, 1969a).
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This interaction of the two moieties is restricted to the peripheral
region of the blastula, the blastocoelic cavity preventing contact
between the moieties in the central region of the blastula (see Fig.
1).

The urodele as well as anuran fertilised egg –and likewise the
full grown oocyte– shows a visible subdivision in a pigmented
animal half and an unpigmented or lightly pigmented vegetal half.
The animal half is relatively rich in cytoplasmic organelles and
relatively poor in yolk granules, whereas the vegetal half is rich in
yolk granules and relatively poor in cytoplasm. Studying the
membrane properties of the amphibian egg with freeze-fracture
techniques, Bluemink and Tertoolen (1978) found a statistically
significant difference in IMP [intramembrane particle] sizes be-
tween animal and vegetal halves of the fertilised egg with more
small IMP’s in the animal half. Dictus et al. (1984), studying the
membrane fluidity of the fertilised egg, found that the animal half
has a rigid membrane, whereas the vegetal half has a much more
fluid membrane with a higher particle mobility, the two different
moieties showing a sharp mutual boundary at the equator of the
egg. The amphibian egg therefore starts development from a
minimum of the spatial heterogeneity, consisting essentially of only
two different components, an animal and a vegetal one. These
differ both in cytoplasmic composition and in outer membrane
properties, thus confirming the conclusion taken from the above-
cited isolation and recombination experiments.

As already mentioned, recombination of animal caps and veg-
etal yolk masses leads to normal embryo formation due to the
induction of the meso-endoderm in the animal moiety under an
inductive influence exerted by the vegetal yolk mass (Nieuwkoop,
1969a). This conclusion is further corroborated by quantitative
measurements of the recombinate blastula components, using the
anuran Xenopus laevis (Sudarwati and Nieuwkoop, 1971) as well
as by a qualitative analysis of the resulting larvae, using different
urodele species with different embryonic pigmentation and yolk
granule size (Nieuwkoop and Ubbels, 1972). The latter experi-

ments were supplemented with recombinates of 3H-thymidine
marked and unmarked ectodermal caps and vegetal yolk masses.
These recombination experiments show that not only the entire
mesoderm, but also the dorsal pharyngeal endoderm and the most
dorsal intestinal endoderm are being induced in the totipotent
animal “ectodermal” moiety by an inducing influence exerted by the
vegetal yolk mass (Nieuwkoop and Ubbels, 1972). In the urodele
gastrula these presumptive endodermal components are localized
outside the blastoporal groove formed at the periphery of the
vegetal yolk mass (see Fig. 2). It is therefore more correct to speak
of “meso-endoderm induction” than the widely used term “meso-
derm induction”.

Recombination experiments with animal caps and vegetal yolk
masses, recombined in different mutual orientation (d/d [dorsal/
dorsal], d/l [dorsal/lateral] and d/v [dorsal/ventral]), demonstrated
that the d/v polarity of the resulting larva depends upon an invisible
d/v polarity of the vegetal yolk mass and not, or at least no longer,
upon the apparent visible polarity of the animal moiety, which often
shows a lighter pigmentation at its dorsal side due to the location
of the grey crescent (Nieuwkoop, 1969b). Without going into detail
about the origin of the d/v polarisation in the amphibian egg, it is
evident that the grey crescent, which forms opposite the sperm-
entrance point in the monosperm anuran egg, represents the
visible manifestation of the d/v polarisation of the animal half of the
fertilised amphibian egg (see among others Ubbels et al. [1979,
1983]). The transfer of the d/v polarity from the animal to the vegetal
half of the egg is still unknown.

Fig. 1. Diagram of the subdivision of the amphibian blastula into two

functionally different moieties and three successive regions, viz.

animal, ectodermal hemisphere (I), subequatorial zone (II) and veg-

etal yolk mass (III). A.P., animal pole; D., dorsal; V., ventral; V.P., vegetal
pole.” (From Fig. 2.1, p. 11 in Nieuwkoop and Sutasurya, 1979, with
permission of Cambridge University Press.)

Fig. 2. Fate map of endo- and mesodermal organ anlagen in very early

urodele gastrula, seen from vegetal side. b., Initial blastoporal groove;
end., endodermal yolk mass; l.pl., lateral plate mesoderm; n., notochord;
ph., pharyngeal endoderm; s., somitic mesoderm; t.m., tail mesoderm:
Stippled area represents induced endoderm (after Nieuwkoop and Ubbels,
1972, and Koebke, 1977). (From Fig. 11, p. 103 in Nieuwkoop, Johnen and
Albers, 1985, with permission of Cambridge University Press.)
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Using separate dorsal, lateral and ventral portions of the vegetal
yolk mass as meso-endoderm inducer acting upon animal ectoder-
mal caps, it could be demonstrated that the d/v polarity of the yolk
mass is chiefly due to the presence of a dorsally situated inducing
centre. Whereas lateral and ventral yolk mass portions induce only
ventral meso-endodermal structures, the dorsal yolk mass induces
chiefly axial meso-endodermal structures in competent late blastula/
early gastrula ectoderm (Boterenbrood and Nieuwkoop, 1973).

I am very skeptical about the possible identification of natural
inducers, since fully competent “ectoderm” needs only a trigger to
switch from its primary, epidermal, pathway into that for meso-
endodermal or for neural development. The specificity of the
reaction depends for the far greater part on the specific properties
of the reacting ectoderm, its competence, than on the specificity of
the inducing factor. We know from 50 years of research that many,
chemically quite different and even foreign substances can trigger
the same induction process. There is, however, reason to assume
that the natural inducer for the meso-endoderm pathway differs
from that of the neural pathway.

At present, a large number of institutes are working on the
mesodermal inducer. It may either be a single graded factor, or a
number of different, possibly related, factors (see Melton 1991, [for
a] review). They are at present sought among the FGF and the
TGFβ growth factor families. It is evident that signal transduction
pathways play an important role in the passage of the signal from
the cell exterior to the cell interior, thus traversing the cell mem-
brane for [before] ultimately reaching the nucleus.

There is a general feature of the induced meso-endoderm which
is of great importance for embryonic axial system formation, viz.
the tendency of mesodermal cells to accumulate –in normal
development at the dorsal side by means of dorsal convergence
during gastrulation– and to organise themselves into a complete
axial system with notochord and somites as well as prechordal
mesoderm by means of self-organisation. This could be demon-
strated in des- [disaggregation] and reaggregation experiments
performed by Nieuwkoop in the seventies, but only recently pub-
lished in extenso (Nieuwkoop, 1992). He used separate cell
suspensions of animal caps and vegetal yolk mass obtained by
treatment with Ca-free culture medium. The two cell suspensions,
after being separately thoroughly stirred, were subsequently trans-
ferred to a semi-spherical depression in the agar bottom of an
operation dish containing a Ca-enriched culture medium. This
transfer was done in such a way, so that the endodermal cells were
at the bottom and the ectodermal cells on top, thus creating a
“normal” animal-vegetal polarity. The two cell suspensions re-
aggregated and formed a normal-looking blastula, but without d/v
polarity. Nevertheless, the blastulae subsequently started to gas-
trulate, ultimately forming a properly organised embryo. These
embryos either showed a single dorsal axis system, like in the
normal embryo, or formed double, triple or even multiple axis
systems. This presumably occurs by accumulation of the majority
of the initially evenly induced meso-endodermal cells into either a
single cell mass, into two cell masses usually opposing each other
or into triple or multiple cell masses forming along the circumfer-
ence of the induced meso-endoderm (see Fig. 3). This behaviour
can only be explained by assuming an intrinsic self-organising
capacity of the induced meso-endoderm. By increasing the inten-
sity of the meso-endoderm inducing capacity of the yolk mass –
using dorsal instead of whole yolk mass and two instead of a single

dorsal yolk mass– a more complex nature of the resulting embryos
is obtained, viz. in the form of more complete axial structures and
of more complex axial systems (double, triple or multiple ones)
(Nieuwkoop, 1992).

Induction of the meso-endoderm is a slow process, spreading
from cell to cell through the animal moiety from the boundary of the
vegetal yolk mass in the direction of the animal pole. Induction
starts around the 64 cell stage (Nakamura and Takasaki, 1970)
and extends till about the mid-gastrula stage when the mesodermal
competence of the reacting “ectoderm” falls off rapidly. Kanéda
and Hama (1979), studying the origin of the trunk organizer in the
posterior half of the marginal zone, found that at the early gastrula
stage the meso-endodermalisation of the animal, “ectodermal”
moiety has only progressed over the future anterior half of the
marginal zone. (The marginal zone represents the ring-shaped
zone of the blastula/early gastrula which gives rise to all the future
meso-endodermal structures of the embryo: see Vogt, 1929.) This
means that at the early gastrula stage only the anterior half of the
future archenteron roof (see Nieuwkoop, 1973, 1974 [the latter
citation could not be identified]) shows meso-endodermal differen-
tiation tendencies upon isolation, whereas the future posterior half
of the archenteron roof, the later trunk organizer, does not yet
differentiate into meso-endoderm upon isolation.

The cranio-caudal differentiation of the invaginating dorsal,
axial meso-endoderm evidently depends upon a further inductive
interaction. Whereas the fully invaginated archenteron roof differ-
entiates into the anterior prechordal plate meso-endoderm and the
more posterior chorda-mesoderm of trunk and tail, the correspond-
ing zones of the archenteron roof do not show the same differen-
tiation tendencies before and after invagination. At the early
gastrula stage the presumptive prechordal plate meso-endoderm,

Fig. 3. Formation of the mesoderm in the wake of the mesoendoderm

expansion wave and appearance of the problastopores. Stage 9.5+ (24
h at 20oC). As the animal cap expansion wave enters the mesoendoderm
we rename it the mesoendoderm expansion wave. Here it leaves in its
wake the mesoderm. Note that the mesoderm is formed in what will be the
dorsal hemisphere first, perhaps explaining the mesoderm’s dorso-ventral
polarity. Meanwhile, along what was the launching circle of the vegetal yolk
mass contraction wave, apparently at random, problastopores appear and
vanish. (From Fig. 9, p. 394 in Gordon, Björklund and Nieuwkoop, 1994,
with permission of Academic Press. The first draft was written with Pieter
D. Nieuwkoop starting May 26, 1992.) [The following relates this figure to
Nieuwkoop’s text, if one substitutes “axis” for “head”: “Head duplications
could be explicable as due to two problastopores (Gordon, Björklund and
Nieuwkoop, 1994) persisting and forming separate blastopores, which are
differentiation waves.... Even three heads are sometimes found:...
Nieuwkoop (1973)....”: Gordon, 1999.]
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located directly above the dorsal blastoporal groove, does not
differentiate into prechordal plate meso-endoderm upon isolation,
but forms notochord and somites, presenting the character of a
trunk organizer. Directly after passing the dorsal blastoporal lip the
same material begins to form prechordal plate meso-endoderm
besides chorda-mesoderm. This transformation process is com-
pleted at about stage 10 3/4 when topographical contact is estab-
lished between the anterior archenteron roof and the overlying
ectoderm, the future trunk organizer, which has not yet developed
axial differentiation tendencies at that stage. This interaction
causes both a change in differentiation tendencies of the most
anterior portion of the archenteron roof, viz. from trunk into head
organizer, as well as the appearance of chordamesodermal differ-
entiation tendencies in the future trunk organizer (Hoessels, 1957;
Kanéda and Hama, 1979).

These changes are due to a perpendicular interaction between
the anterior archenteron roof and the overlying posterior uninduced
“ectoderm” (Kanéda, 1980) as well as to a further tangential
spreading of the meso-endoderm inducing action around the
dorsal blastoporal lip (Kanéda, 1981) (see Fig. 3). This interaction
between the meso- and ectoderm forms a separate step in the
formation of the meso-endoderm leading to the characteristic
cranio-caudal differentiation of the mesodermal archenteron roof
as necessary preparation for the subsequent regional neural
induction process.

The induced meso-endoderm comprises the endodermal pha-
ryngeal and dorsal intestinal anlagen and the entire dorsal, lateral
and ventral mesodermal anlagen. The dorsal pharyngeal endo-
derm as well as the dorsalmost intestinal endoderm directly bor-
ders the vegetal yolk mass endoderm, while the dorsal, lateral and
ventral mesoderm is formed at some distance from the yolk mass
endoderm. Hama et al. (1985) actually consider the pharyngeal
endoderm as the initiator of the dorsal axial mesoderm, Spemann’s
well known amphibian “organizer” or “organization centre”. (see
Fig. 2).[For further comments by Nieuwkoop on Hama et al. (1985)
in personal correspondence, see p. 90-91 in Gordon (1999).]

The gastrulation process starts with blastoporal groove forma-
tion, due to flask cell formation at the periphery of the yolk mass
endoderm. This flask cell formation leads to an inward extension of
the peripheral yolk mass cells and a reduction of its outer surface
of the yolk mass, enabling the epiboly of the animal cap to proceed
further towards the blastopore. In the double-layered anuran
gastrula, with Xenopus laevis as the most extreme example, the
rolling-in of the fully internally situated mesoderm –internal mar-
ginal zone– actually starts independent of the invagination of the
archenteron, for which flask cell formation in the external layer is an
essential prerequisite. In the single-layered urodele gastrula the
induced endo- and mesoderm invaginates together around the
blastoporal lip, segregating only later into the endodermal and
mesodermal components during endodermal tube formation in the
trunk and during the ultimate segregation of the prechordal meso-
and endoderm (Vogt, 1929). The rolling-in of the mesoderm,
responsible for the formation of the mesodermal archenteron roof,
which is going to underlie the future neural plate, is an active
process in which the anterior edge of the mesodermal sheet plays
a leading role, pulling the mesoderm towards the animal pole along
the inner surface of the ectoderm (Nakatsuji 1984; Nakatsuji and
Johnson, 1984).

When the entire yolk mass endoderm is isolated at successive
stages of development its behaviour is different. Whereas the yolk
mass endoderm of stage 7 2/3 does not show any flask cell
formation at its periphery, flask cells begin to form at the dorsal side
of the isolated yolk mass endoderm taken from stage 8. The older
the isolated yolk mass the more extensive flask cell formation at the
dorsal side and the further the process spreads along the lateral
and ventral periphery of the yolk mass endoderm. The full autono-
mous programming of the yolk mass around its entire periphery is
only reached at a late blastula stage (Doucet-de Bruïne, 1973, see
also Nieuwkoop, 1973). This behaviour of the yolk mass endoderm
strongly suggests a flask cell inducing action by the adjacent
marginal zone meso-endoderm. Although [the] dorsal marginal
zone favours flask cell formation in the yolk mass endoderm, a
direct correlation between marginal zone formation and flask cell
formation could not be demonstrated (Doucet-de Bruïne, 1973), so
that a more autonomous process of flask cell formation was
suggested. This outcome may, however, be partially due to opera-
tional difficulties in these recombination experiments.

Fig. 4. Diagrammatic sketch of cross-section through normal neural

plate of host and longitudinal section through elongated implant,

showing equivalent extension of activating principle in a horizontal

direction through neural plate of host and in a vertical direction

through implant. Arrows indicate directions of morphogenetic move-
ments which lead to the closure of the neural tube and to the later shape
of the activated part of the implant. (From Fig. 13, p. 21 in Nieuwkoop et
al., 1952a, with permission of John Wiley and Sons.)

Fig. 5. Diagrammatic sketch of spreading of activating principle

through prospective neural and mes-ectodermal areas of host and

vertical implant. Early neurula stage. (From Fig. 14, p. 26 in Nieuwkoop et
al., 1952a, with permission of John Wiley and Sons.)
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The neural induction process and the regional forma-
tion of the CNS [central nervous system]

After formation of the dorsal blastoporal lip and the beginning
invagination of the dorsal meso-endoderm a constriction [surface
contraction] wave apparently appears in the overlying ectoderm,
indicating the initiation and spatial extension of the neural induction
process (Brodland et al., 1991 [an early draft of Brodland et al.,
1994]). The [ectoderm contraction] wave front initially [actually, 4
h after launching: Fig. 17 in Gordon, Björklund and Nieuwkoop,
1994] covers a semi-circular area at some distance in front of the
dorsal blastopore. The wave moves outwards and forwards in the
direction of the animal pole and becomes ellipsoid in shape. The
wave front finally disappears near the anterior boundary of the
future neural plate. The first visible feature of the future neural
anlage appears around stage 12 by the formation of a dorso-
median groove, extending from the neighbourhood of the blasto-
pore to the centre of the future neural plate anlage. The plate itself
is subsequently outlined by a flattening of the antero-dorsal surface
in the nearly spherical embryo. The median groove corresponds
with the position of the underlying notochordal anlage and repre-
sents the area of firm attachment of archenteron roof and overlying
neurectoderm (stage 13). Slightly later, the outer boundary of the
neural plate becomes visible by the elevation of its outer boundary,
formed by the neural folds (stage 14). The neural anlage gradually
changes its form from an initial horse-shoe-shape into a key-hole-
shape by means of the considerable lengthening of its posterior
half (Burnside and Jacobson, 1968). The anterior portion of the
neural plate shows its maximal width at stage 15, at which stage the
neural folds begin to protrude markedly. Subsequently, the CNS
anlage steadily shrinks in medio-lateral direction when the lateral
neural folds begin to approach each other while the anterior neural
fold curves caudalwards. Simultaneously, the caudal half of the
neural anlage forms a deep groove flanked with protruding neural
folds (stage 16/17). The lateral folds first make contact with each
other in the future hindbrain region. The closure of the neural tube

subsequently spreads both in anterior and in posterior direction.
The anterior neural pore closes finally over the caudal boundary of
the forebrain. The complete closure of the neural tube is only
achieved at an early tail bud stage around stage 20/21 when the
epidermis of L [left] and R [right] sides of the neural anlage have
fused.

For a proper understanding of the neural induction process in
the amphibian embryo it is essential to realise that an interaction
occurs between the invaginating and upwards moving archenteron
roof and the simultaneously downwards moving epibolic spreading
of the ectodermal moiety during the gastrulation process. (M.
Jacobson, who suggested a clonal development of the CNS from
predetermined cells (Jacobson, 1982, 1984; Jacobson and Hirose,
1981), questioning the existence of a neural induction process,
had, however, to recant his statements (Jacobson, M.,
...).[Nieuwkoop did not specify the citation here. Our reading of
Jacobson, (1985) and Sheard and Jacobson, (1987, 1990) does
not suggest “recanting”.]) The first invaginating endo- and meso-
derm, representing the future pharynx endoderm and the pre-
chordal plate mesoderm, comes first into contact with the most
posterior presumptive neurectoderm after having passed the still
uninvaginated trunk mesoderm. At that moment and at that antero-
posterior level the neural induction process actually starts. The
archenteron roof subsequently shifts anteriorwards and comes
into contact with ever more anterior presumptive neurectoderm. In
the urodeles the two oppositely directed movements finally come
to a standstill when the prechordal mesoderm reaches the original
animal pole region, so that the future antero-posterior axis spatially
coincides with the original animal-vegetal axis. (In the anuran
embryo the invagination process stops at about 30o from the animal
pole, so that in the anurans the antero-posterior axis of the embryo
does not coincide with the original animal-vegetal axis of the egg.)
As soon as this definitive position is reached, the two layers firmly
attach to each other in the dorsal midline forming the functional

Fig. 6. Cross-section through hind-brain region of Ambystoma

mexicanum 20, tail bud stage, showing unilateral folding up of

proximal portion of implant. Enlargement ±67X.” (From Fig. 11, p. 18 in
Nieuwkoop et al., 1952a, with permission of John Wiley and Sons.)

Fig. 7. Cross-section through fore-brain region of Ambystoma

mexicanum 185, tail bud stage, showing bilateral folding up of

proximal portion of implant. Enlargement ±67X.” (From Fig. 12, p. 19 in
Nieuwkoop et al., 1952a, with permission of John Wiley and Sons.)
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mesodermal prechordal plate/notochordal and neural notoplate
complex.

Eyal-Giladi (1954) isolated consecutive cranio-caudal regions
of the presumptive neurectoderm at successive stages of develop-
ment and reared them in a neutral environment (without mesoder-
mal substrate) of host embryos. She could show that two succes-
sive waves of inductive activity pass through the presumptive
neurectoderm in anterior direction, the first one, called “activation”
giving rise to neural differentiation and ultimately leading to fore-
brain formation, and the second one, called “transformation”, to the
partial transformation of these forebrain differentiation tendencies
into those for more caudal structures of the CNS (Nieuwkoop et al.,
1952 [three articles: Nieuwkoop, 1952; Nieuwkoop et al., 1952a,b]).

These experiments formed an excellent confirmation of the
conclusions made from earlier fold-implantation experiments by
Nieuwkoop et al. (1952) [Nieuwkoop, 1952; Nieuwkoop et al.,
1952a,b], in which longitudinal strips of double-layered competent
gastrula ectoderm were attached at one end to the midline of a host
neural plate or to the corresponding area of the presumptive
neurectoderm at an earlier developmental stage. This procedure
leads to neuralisation of the attached ectodermal fold over a length
(see Figs. 4,5) equivalent with half the width of the host neural plate
at the level of implantation.

These experiments demonstrate that neural induction is a
homoiogenetic induction process, spreading from cell to cell in
proximo-distal direction in the attached fold and, very likely in a
similar manner in medio-lateral and anterior directions in the
normal neural plate. Implantation of folds in the forebrain region of

the host neural plate only gives rise to forebrain structures in the
fold. Implantation in the hind brain region, however, leads to
complex brain formations with proximally situated hind-brain and
more distally fore-brain structures (see Figs. 6,7). Implantation in
the anterior spinal cord region of the host neural plate leads to
smaller neural structures with proximally spinal cord and more
distally hind-brain character, while implantation in the posterior
spinal cord region causes only the formation of small spinal cord
structures in the fold.

These results can only be explained by assuming the presence
of two successive inductive actions, viz. an initial one, called
activation, evoking neural differentiation tendencies, and ultimately
leading to fore-brain formation, and a secondary inductive action,
called transformation, and being superimposed upon the first one,
transforming the initially evoked fore-brain differentiation tenden-
cies into those for more posterior structures of the CNS. The two
inductive actions show a different cranio-caudal distribution in the
archenteron roof and subsequently in the overlying neural plate:
viz. a strong activating activity is found in the prechordal mesoderm
and in the anteriormost chordamesoderm, reducing in caudal
direction, whereas a high transforming activity is present in the
most posterior portion of the archenteron roof, tapering off in
anterior direction to a nearly complete absence in the prechordal
plate mesoderm. (Sala, 1955) (see Fig. 8).

The two inductive actions correspond with different periods of
competence of the reacting ecto- and neurectoderm. The ecto-
derm is competent for the activating influence from an early
blastula (stage 8) (Chuang, 1955) up to the mid-gastrula stage
(stage 11/12) when the archenteron roof has reached its definitive
position near the original animal pole (see Fig. 9). In the anuran
amphibia where the invaginating archenteron roof stops at about
30o short of the animal pole, the ventral ectoderm has moreover a
lower neural competence than the dorsal ectoderm, due a.o.
[account of] to the presence of different isozymes active in signal
transduction (Otte et al., 1990). Competence for the transforming

Fig. 8. Diagrammatic sketch of primary activation and subsequent

counteraction by transforming mesodermal influences in folds of

competent ectoderm attached to prospective prosencephalic,

rhombencephalic and spino-caudal regions of a host embryo. Subdi-
vision of folds into a proximal neural (continuous line), an intermediate
mesectodermal (interrupted line and slightly hatched) and a distal ectoder-
mal region (pointed line) by the penetration of a primary activating principle
which liberates prosencephalic differentiation tendencies in the activated
regions. Subsequent counteraction between prosencephalic differentia-
tion tendencies (tapering continuous lines) and the transforming influences
from the mesodermal substrate which penetrates into the proximal portion
of the attached folds (indicated by small crosses). Dorsal mesodermal
substrate: darkly hatched, prechordal substrate: white. (From Fig. 1, p. 88
in Nieuwkoop, 1952, with permission of John Wiley and Sons.)

Fig. 9. The notochord starts forming in the wake of the presumptive

notochord contraction wave and the center of gravity starts shifting.
Stage 11 (38 h at 20oC)....Sagittal section. The presumptive notochord is
indicated here by light shading. The presumptive notochord contraction
wave starts at the dorsal lip of the blastopore.... the whole embryo... begins
rotating due to a change in center of gravity caused by invagination of the
yolk mass endoderm. (From Fig. 13B, p. 399 in Gordon, Björklund and
Nieuwkoop, 1994, with permission of Academic Press.) [The “original
animal pole” is at the top until rotation begins. The water filled blastocoele
and archenteron chambers are on the left and right, respectively.]
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action arises in the activated neurectoderm at about stage 11/12 and
lasts till the late neural plate stage (stage 15/16) (Nieuwkoop and
Albers, 1990). The two inductive actions therefore form separate,
successive steps in the regional induction process of the CNS.

The nature of the natural neural inducer is even more question-
able than that of the mesodermal inducer, since very atypical
stimuli, like e.g. high or low pH or Ca-free culture medium, are able
to release neural differentiation in the highly competent gastrula
ectoderm. This makes it much more difficult to analyse the nature
of the natural inducing signal.

It is evident from Otte et al’s (1988, 1989, 1990) work, that both
the PKC and the cAMP signal transduction pathways play an
important role in the transfer of the signal over the cell membrane.
Otte and Moon (1992b) demonstrated that the different degrees of
competence of dorsal and ventral ectoderm in the anuran, Xeno-
pus laevis, gastrula is based upon different PKC isozymes. Whereas
the PKCβ is uniformly distributed, the PKCα is predominantly
localised in the more competent dorsal ectoderm. The level of
PKCα seems to be crucial for the level of neural competence, while
the PKCβ is involved in mediating neural induction as such.

Very recent work, of Otte and Moon (1992a), showed that injection
of Xwnt-8 RNA in ventral vegetal blastomeres, of the 32-cell embryo,
did not only lead to the formation of a second meso-endoderm
inducting centre in the vegetal blastomeres, giving rise to a second
axial mesoderm formation, but also to the elevation of the neural
competence of the ventral ectoderm to the level of the dorsal
ectoderm. They concluded that the presence of dorsal mesoderm is
a prerequisite for establishing the differences in neural competence
between dorsal and ventral ectoderm. This means that another fast-
spreading signal must have first spread in front of the signal for dorsal
meso-endoderm induction through the animal ectoderm of the
blastula. The question now arises why no differences in competence
between dorsal and ventral gastrula ectoderm have ever been found
in urodele ectoderm, in which meso-endoderm and neural induction
have been so extensively studied.

Activated neurectoderm, formed under the natural inductive
influence of the prechordal mesoderm or obtained by artificial
exposure of its inner surface to the saline solution (Holtfreter, 1944,
in Ambystoma and Nieuwkoop, 1963, in Rana pipiens and Am-
bystoma) develops autonomously into a well-organised forebrain
with telencephalon and olfactory placodes and diencephalon with
eye structures. After des- [disaggregation] and reaggregation of
presumptive forebrain and adjacent ectoderm the resulting re-
aggregate gives again rise to forebrain formations, the complexity
of which depends upon the state of sorting-out of the ecto- and
neurodermal cells (Townes and Holtfreter, 1955) at the beginning
of forebrain segregation by means of self-organisation.

The transformed part of the neural plate compromises the mid-
brain, hindbrain and spinal cord as well as the tail somite region.
Hindbrain and spinal cord, both underlain by notochord and somites,
form nearly identical segmental structures, whereas the midbrain
differs markedly from the forebrain as well as from the hindbrain in
spatial organisation. It turns out that transformation actually directly
leads to hindbrain/spinal cord formation, while the midbrain repre-
sents a secondary formation due to the spatial overlap of the
forebrain and hindbrain/spinal cord domains in the neural plate
(Nieuwkoop, 1991).

The somites of the tail develop out of the most posterior portion
of the neural plate (Bijtel, 1931, 1936, 1958; Nakamura, 1942,

1952) under a special inductive influence exerted by the underly-
ing section of the archenteron roof (Spofford, 1945, 1948, 1959
[probably 1953]). Niazi (1969), when working at the Hubrecht
Laboratory, could show that the presumptive tail somite material
still differentiates into spinal cord when isolated at stage 13/14,
but into tail somites when isolated at stage 16/17 with a partial
transformation around stage 15. This means that the presumptive
tail somite material goes first through the neural activation pro-
cess and subsequently through a gradual, possibly stepwise
transformation process via rhombencephalon, spinal cord and
finally into tail somites. It must be assumed that a separate,
secondary competence for somitic mesoderm formation arises in
the transforming neurectoderm, since the primary mesodermal
competence is already abolished at an early to mid-gastrula stage
(see Fig. 10).

As already suggested by the fold implantation experiments,
mentioned earlier, neural induction represents a homoiogenetic

Fig. 10. Semi-schematic drawings of Harrison’s stage 13, 14 1/2 and

17 embryos of Ambystoma mexicanum. The outlines were drawn by
camera lucida at x25 magnification. The central part of an ocular grid is
superimposed at the same magnification to indicate the orientation of
embryos and the parts isolated during operation. TS, Presumptive tail
somite; SC, spinal-cord regions of the neural plate; NC, tail notochord.
(From Fig. 1, p. 3 in Niazi, 1969, with permission of the Company of
Biologists.)
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induction process. This conclusion is further supported by the
demonstration of the markedly different inductive capacity of
median and more lateral regions of the archenteron roof, the
inductive capacity falling off rapidly from the dorsal midline in [the]
lateral direction (Leussink, 1970). Albers (1987) could recently
demonstrate that the formation of the outer boundary of the neural
plate does not depend upon a presumed threshold value of a
medio-lateral diffusion gradient as suggested by many authors
(a.o. Wolpert, 1985), but upon the loss of competence of the
reacting ectoderm during the slow lateral homoiogenetic propaga-
tion of the inductive action. Loss of competence for transformation
plays likewise a dominating role in the regional segregation of the
hindbrain/spinal cord region of the CNS (Nieuwkoop and Albers,
1990) and probably also in the segregation of the neural crest along
the periphery of the mid/hindbrain spinal cord region of the CNS
(Nieuwkoop, 1992).

The development of special structures in the successive brain
segments depends upon local inductive interactions between the
different regions of the neural plate and the corresponding regions
of the underlying archenteron roof. E.g., the segregation of the
telencephalon into separate left and right hemispheres as well as
the bilateral development of the eyes in the diencephalon are due
to a suppressive action of the median prechordal plate mesoderm
(Adelman, 1932, 1936; Boterenbrood, 1962). The formation in the
infundibulum in the ventral diencephalon is likewise due to an
interaction with the underlying substrate. The formation of the
complex eye depends upon a series of inductive interactions
between the evaginating primary eye vesicle and the overlying
epidermis (lens induction and secondary eye cap formation) and
surrounding head mesenchyme (tapetum versus retina differentia-
tion) (Hoperskaya and Golubeva, 1982). The formation of the
regional segments of the hindbrain and spinal cord are likewise
based upon regional interactions between the neurectoderm and
the underlying archenteron roof, in particular by the segmented
somites and migrating neural crest.

The cephalic placodes –the olfactory placodes bordering the
telencephalon, the lens placode of the eye anlage, the ear placode
bordering the hindbrain as well as the placodes of the cephalic
ganglia and lateral line placodes– develop out of the so-called
placodal ectoderm which directly surrounds the neural plate an-
lage. Placodal ectoderm formation actually represents a separate
step in the development of the competence of the ectoderm for
respectively neural, placodal and epidermal differentiation
(Nieuwkoop, 1963). The various placodes develop locally under
the simultaneous or sequential influences of adjacent meso-,
endo- and neurodermal anlagen (Jacobson, 1963a,b,c).

Although a whole scala of influences seem to be at work at
particular stages of development in the organisation of the CNS,
the observed changes in morphogenesis may depend upon sepa-
rate, successive binary decisions, as assumed by Gordon in his
[cell and] nuclear state splitter hypothesis [Gordon and Brodland,
1987; Björklund and Gordon, 1993].
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