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Amphibian egg
Amphibian eggs are mesolecithal (contain moderate
amount of yolk) and telolecithal (yolk is concentrated
at one end). The region of egg that contains a large
nucleus with excess cytoplasm is called animal
hemisphere, while the region that contains a large
amount of yolk with less cytoplasm is termed as vegetal
hemisphere. In the mid-oogenesis, the former region
becomes dark due to an accumulation of pigment
molecules, while later region remains light colored. In
frogs, the outer cortical cytoplasm of the AH is deep
black, while inner cytoplasm is diffuse black (gray).

Fertilization
Fertilization is either external (anurans such as
frog) or internal (urodeles such as salamanders). It
occurs anywhere in the animal hemisphere of the
amphibian oocyte and it is important for
determination of dorso-ventral axis specification
of the embryo. The point of the sperm entry will
mark the future ventral side of the embryo, while
the site 180° opposite the point of sperm entry will
mark the dorsal side.

Cortical rotation
The sperm enter AH and initiates a cytoplasmic rearrangement
called cortical rotation. This is a rotation of the cortical
cytoplasm that is associated with the transient appearance of an
oriented array of microtubules in the VH. The cortical cytoplasm
rotates 30° with respect to the internal cytoplasm and causes a
reduction in the pigmentation of the AH on the prospective
dorsal side. In some eggs (except Xenopus laevis), the cortical
rotation exposes a band of inner gray cytoplasm in the marginal
region of 1-cell embryo, directly opposite site of the sperm entry
point. This region is called gray crescent where gastrulation will
begin.

Morulation
Cleavage in most frog and salamander embryos is radially
symmetrical, holoblastic and unequal. The 1st cleavage plane is
meridional that begins at AP and slowly extends toward VP,
resulting 2 equal blastomeres. The 2nd cleavage is also meridional
but at right angle to the 1st one and results in 4 equal blastomeres.
The 3rd cleavage is equatorial but occurs slightly above equator
(toward the AP), results in 4 micromeres and 4 macromeres. The 4th
cleavage is meridional and double, resulting in 8 macromeres and 8
micromeres. The 5th cleavage is latitudinal and double, one furrow
bisects micromeres in AH and another furrow cuts macromeres in
AH, thus producing 16 micromeres and 16 macromeres. The
blastomeres continue to divide at the same rate until 12th cell
cycle. As the cleavage progresses, the AP becomes packed with
numerous small cells, while the VP contains relatively small number
of large yolk-laden large cells. An amphibian embryo containing 1664 cells is commonly known as morula.

Blastulation
At 128-cell stage, the blastocoel (segmentation cavity) becomes
apparent and the embryo is called a blastula. The blastula of frog
is called coeloblastula as it is a hollow sphere. Numerous CAMs
including EP-cadherin keep the dividing blastomeres together. If
this cadherin molecules are destroyed, then the adhesion between
blastomeres is dramatically reduced, resulting in the obliteration of
the blastocoel. The blastocoel serves two major functions:
 It permits cell migration during gastrulation.
 It prevents cells beneath it from interacting prematurely with
cells above it. Particularly, the blastocoel prevents the contact of
the vegetal cells destined to become endoderm with those cells in
animals cells destined to become ectoderm.

Mid blastula transition
Cleavage continues rapidly for 12 division cycles, after
which an important transition occurs which is known
as mid-blastula transition (MBT). After this transition,
the rate of cleavage slows down, cell cycle aquires gap
phases, the synchrony of cell divisions is lost and
significant expression of the zygotic genes
commences. The MBT is associated with the
chromatin modification. The promoters of the genes
that are destined to be activated at MBT undergo
demethylation.

Gastrulation
Gastrulation in frog embryo acts to position the mesodermal cells (that were placed on
the marginal zone, around the equator of the blastula) between the outer ectoderm and
inner endoderm. This movement is initiated on the future dorsal site of the embryo, just
below the equator (merzinal region), in the region of the gray crescent. Here, cells
invaginate to form a slit-like blastopore. These cells change their shape dramatically. The
main body of each cell is displaced toward the inside of the embryo while maintaining
contact with the outside surface by an way of slender neck. These bottle cells line the
archenteron (primitive gut) of the embryo. The further cell movements during
gastrulation includes………………..
Involution of the prechordal plate (precursor of head mesoderm), chordamesoderm
(precursor of notochord) through dorsal lip, respectively.
Convergent extension of heart, kidney and ventral mesodermal precursor cells through
dorsolateral, lateral and ventral lips.
Epiboly of the animal cap and non-involuting marginal zone cells (prospective
ectoderm).
With the formation of the ventral lip, the blastopore has formed a ring around
the large endodermal cells that remain exposed on the vegetal surface. This remaining
patch of endoderm is called the yolk plug (immobile) and it is eventually internalized. At
that point, all endodermal precursors have been brought into the interior of the embryo,
the ectoderm has encircled the surface and the mesoderm has been brought between
them.

Germinal layer specification of unfertilized egg

The unfertilized amphibian egg has a polarity along the dorsalventral axis. Three germ layers can be mapped even on
unfertilized egg. The animal cells will become the cells of the
ectoderm (skin and nerves), the vegetal cells will become the cells
of the endoderm (gut and associated organs) and the marginal
cells become the cells of the mesoderm (muscles). This general
fate is imposed by the vegetal cells that have two major roles :
 they becomes the endodermal cells
 they induce the marginal zone cells immediately above them to
become mesodermal cells. In Xenopus oocyte, a TF called VegT is
anchored to the vegetal cortex of the oocyte and becomes
distributed among vegetal cells during cleavage.

Primary embryonic induction

While animal-vegetal polarity gives an indication as to which
cells form each germ layer, this information does not tell us
which cell will become anterior, which posterior, which back and
which belly. Rather, the AP, DV and LR axes are specified by the
events triggered at fertilization and realized during gastrulation.
In amphibians, the specification of AP-axis is inextricably linked
to the specification of the DV-axis. Once the dorsal portion of
the embryo is established, the movement of the involuting
mesoderm establishes the AP-axis. The specification of the CNS
through interaction between the ecoderm and the underlying
mesoderm is called primary embryonic induction.

Genomic equivalence of early newt blastomeres
Hans Spemann in 1903 demonstrated that early newt
blastomeres have identical nuclei, each capable of producing an
entire larva. He partially constricted the recently fertilized egg
with a baby hair along the 1st plane of cleavage. As a results, all
nuclear divisions remained on one side of the constriction.
However, at 16-cell stage, a nucleus would escape across the
constriction into the non-nucleated side of the embryo. Cleavage
then began on this side too, whereupon Spemann tightened the
constriction until the two halves were completely separated. Twin
larvae developed, one slightly more advanced than the other.
Spemann concluded that early amphibian nuclei were genetically
identical that each cell was capable of giving rise to an entire
organism.

One possibility of such different results was due to the different
distributional patterns of some cytoplasmic substance during the
experiments. In the 1st experiment, the constriction was exactly through
the plane of the first cleavage. So, the gray crescent was equally split
between two halves of the embryo. In the 2nd experiment, the
constriction was displaced toward the future ventral side of the embryo.
As a result, gray crescent was unequally distributed between two halves
(one acquires whole gray crescent, while another acquires nothing).
Thus, the experiments of Spemann revealed that when two blastomeres
are separated such that only one of the two cells contains the crescent,
only blastomere that contain gray crescent develops normally.
In other words, the experiments of Spemann revealed that there were
something in the region of the gray crescent that are essential for proper
embryonic development.

Modes of cell types specification in gastrula
He exchanged tissues between the gastrulae of two species of newt whose
embryos were differently pigmented…….the darkly pigmented Triturus
taeniatus and non-pigmented Triturus cristatus. When a region of prospective
epidermal cells (donar cells) from an early gastrula of one species were
transplanted into an area of early gastrula of other species and placed in a
region of prospective neural tissue (host cells), the epidermal cells gave rise to
neural tissue. When prospective neural tissue (donar cells) from early gastrula
of one species were transplanted to a region of the prospective epidermal
tissue (host cells), the neural tissue is converted into epidermal structures.
Thus, the cells of the early gastrula exhibit conditional development as their
ultimate fate depends on their location in the embryo.
However, when the same interspecies transplantation experiments were
performed on the late gastrula, Spemann obtained completely different results.
Rather than differentiating in accordance with their new location in host newt,
the transplanted cells (from donar) acquire their determined fate as in donar
newt. Thus, the cells of late gastrula exhibit autonomous development.

Experiments that lead to organizer concept
The most spectacular transplantation experiments were published by Spemann and
Mangold in 1924. They showed that among all tissues in early gastrula, only one has
autonomously determined fate. This self-determined tissue is the dorsal lip of
blastopore……the tissue derived from the gray crescent cytoplasm. When this tissue
was transplanted into the presumptive belly skin region of another gastrula, it not
only continued to be dorsal blastopore lip but also initiated gastrulation and
embryogenesis in the surrounding tissue.
In their experiments, Spemann and Mangold removed a portion of dorsal
blastopore lip from early gastrula of T. taeniatus and transplanted into the region of
early gastrula of T. cristatus fated to become ventral epidermis (belly skin), the
dorsal lip tissue is invaginated and initiates further cells movements that are
normally seen in gastrulation. Eventually, a second embryo formed, conjoined face
to face with its host.
Spemann referred to the dorsal lip cells and their derivatives (notochord and head
endomesoderm) as the organizer because…….
They induce host ventral tissues to change their fate to form dorsal structures such
as neural tube.

Nieuwkoop center concept
Nakamura and Takasaki (1970) showed that the organizer arises
from dorsal marginal cells (mesoderm) at the border between the
animal and vegetal poles. They demonstrated that the property of
mesodermal organizer is induced by the vegetal cells underlying
them. The ventral and lateral vegetal cells induce ventral (blood
and mesenchyme) mesoderm, while dorsal vegetal cells induce
dorsal mesoderm (somites and notochord). These dorsal most
vegetal cells of the blastula which are capable of inducing organizer
have been called the Nieuwkoop center. If these dorsal most
vegetal cells were transplanted from one blastula into the ventral
side of another blastula, two embryonic axes formed. The dorsal
vegetal cells induce animal cells to become dorsal mesodermal
tissue including organizer.

Molecular biology of Nieuwkoop center

The main protein that is responsible for the functioning of the
Nieuwkoop center is β-catenine that acts as nuclear TF. This
protein is initially synthesized throughout the entire embryo from
maternal mRNA and begins to accumulate in the dorsal region of
the fertilized egg during cortical rotation and continues to
accumulate preferentially at the dorsal site throughout early
cleavage. This accumulation is seen in nuclei of the dorsal cells of
both the Nieuwkoop center and the organizer.

Continue...............

Another protein that is also important for the
functioning of the Nieuwkoop center is TGF-β family
of paracrine factors. These proteins in the dorsal
most vegetal cells induce the cells in the dorsal
marginal zone above them to express Smad2/4 TFs,
which then bind to the promoter of the organizer
genes and cooperate with Twin and Siamois to
activate them.

Continue..............

Two maternal RNAs tethered to the vegetal cortex
appears to be crucial for the ability of the vegetal cells
to induce animal pole cells to become mesodermal.
One of these RNA encode Vg1, a member of the TGF-β
superfamily. Another mRNA encodes VegT, a TF that
instructs the endoderm to synthesize and secrete TGFβ family members activin, Derriere and several Nodal
proteins. These proteins have overlapping functions.

Continue..................
During late blastula stage, several Nodal-related proteins
(including Xnr1-6) are expressed in a gradient throughout the
endoderm with a low concentration ventrally and a high
concentration dorsally by the synergistic action of VegT with βcatenine. The endoderm region with little Nodal-related
proteins induce marginal cells above them to become ventral
mesoderm, the endoderm region with moderate Nodal-related
proteins induce the cells above them to become lateral
mesoderm and endoderm with highest amount of Nodalrelated proteins induces the cells above them to become
dorsal mesoderm (organizer).

