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We are walking and standing with
parts of our bodies which could have
been used for thinking had they
developed in another part of the
embryo.

Hans Spemann, 1943

Reading from
Chapter 3 - types of cell specification
Chapter 6 - cell-cell signaling (molecules, pathways)
Chapter 10 - amphibian axis formation

2nd Hourly Exam - Friday, October 31
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Figure 3.8  Autonomous Specification in the Early Tunicate Embryo

Figure 3.15  Driesch’s Demonstration of Regulative Development

Figure 3.12  In the Early Developmental Stages of Many Vertebrates, the
Separation of the Embryonic Cells Can Create Twins

Future
identical
quadruplets
from a
single
blastodisc
in the
nine-banded
armadillo
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Hans Spemann & Ross Harrison

Figure 10.18  Spemann’s Demonstration of Nuclear Equivalence in Newt Cleavage

Figure 7.33  Reorganization of Cytoplasm in the Newly Fertilized Frog Egg
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Figure 10.19  Asymmetry in the Amphibian Egg

Figure 10.20  Determination of Ectoderm During Newt Gastrulation
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Figure 10.21(1)  Organization of a Secondary Axis by Dorsal Blastopore Lip Tissue

The Spemann &
Mangold Experiment

Dark
donor

Light
Host

Figure 10.12 Graft of Cells From Dorsal Marginal Zone of a Salamander Embryo
Sinks into a Layer of Endodermal Cells and forms a Blastopore-like Groove

The Spemann &
Mangold Experiment

Figure 10.21(2)  Organization of a Secondary Axis by Dorsal Blastopore Lip Tissue

The Spemann &
Mangold Experiment
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tissue
also
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Figure 11.20(1)  Induction of a New Embryo by Transplantation of Hensen’s Node

Hensen’s node acts similarly to dorsal blastopore lip

Researchers found that many tissues and substances, natural and artificial,
could cause ectoderm to form nervous system (“primary induction”).

The field of “Chemical Embryology” was
premature and therefore a dismal failure

Discovery of the “Organizer” set in motion a search for the substances that
caused “primary induction.” (Ross Harrison - “…the new Yukon  to which
eager miners were now rushing to dig for gold around the blastopore”)

Some ‘inducers’ of neural ectoderm:

The discovery of organizer molecules could only come with the advent of powerful
molecular biological and protein biochemistry techniques of the last 15-20 years.

fixed dorsal lip fireplace ash boiled guinea pig liver

turpentinemethylene blue dye ground glass

Figure 10.22(1)  Summary of Experiments by Nieuwkoop and by Nakamura and
Takasaki, Showing Mesodermal Induction by Vegetal Endoderm
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Figure 10.23  The Regional Specificity of Mesoderm Iinduction Can Be
Demonstrated by Recombining Blastomeres of 32-Cell Xenopus Embryos

Figure 10.11(1)  Experiments on 64-cell Amphibian Embryos (Simplified)

“Belly piece” has
ventral mesoderm, no
dorsal structures

Figure 10.11(1)  Experiments on 64-cell Amphibian Embryos (Simplified)

Dorsal vegetal
blastomere from
normal embryo “Normal”

 tadpole

This side
becomes
dorsal
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Figure 10.11(1)  Transplantation Experiments on 64-cell Amphibian Embryos

Figure 10.11(A)
as it appears in
the text

Figure 10.11(2)  Transplantation Experiments on 64-cell Amphibian Embryos

Extra dorsal
vegetal
blastomere from
normal embryo
into future ventral

The Animal Cap Assay used to identify Mesoderm Inducing Factors

+ Mesoderm Inducing
Factors (MIFs):
TGFβ proteins, etc.

The Animal Cap Assay
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Animal Cap Assay

Fig. 3.19  Activin (Or a Closely Related Protein) Is
Thought to Be Responsible for Converting Animal
Hemisphere Cells into Mesoderm

Figure 10.22(2)  Summary of Experiments by Nieuwkoop and by Nakamura and
Takasaki, Showing Mesodermal Induction by Vegetal Endoderm

Figure 10.25(2)  Model of the Mechanism by which the Disheveled Protein
Stabilizes β-catenin in the Dorsal Portion of the Amphibian Egg
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Figure 10.25(2)  Model of the Mechanism by which the Disheveled Protein
Stabilizes β-catenin in the Dorsal Portion of the Amphibian Egg

Fig. 10.24  The Role of Wnt Pathway Proteins in Dorsal-Ventral Axis Specification

Beta-catenin (orange)at future dorsal β-catenin localized to nuclei at future dorsal Ventral of same embryo

Axis duplication is caused
by blocking β-catenin 
degradation in the ventral 
(by blocking GSK-3).

Wnt Signaling Pathway Variations (simplified)
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Figure 6.24  Wnt Signaling Pathway (simplified)

Without Wnt activity,
GSK-3 phosphorylates
β-catenin, targeting it
for degradation.

If GSK-3 is inhibited
by Dsh, β-catenin
accumulates and
enters nucleus to act
as a TF.

β−catenin is both a cell junction protein & transcription factor

Figure 10.27  Mesoderm Induction and Organizer Formation by the Interaction of
 β-catenin And TGF-β Proteins
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Figure 3.20(1)  A Gradient of Activin Causes Different Gene Expression in
Xenopus Animal Cap Cells

Figure 10.28  Ability of goosecoid mRNA to Induce a New Axis

control goosecoid
mRNA
injected into
ventral
blastomere

Top: embryos
with 2° axis

Bottom:
control
embryos

“Twinned”
embryo that
got ventral
goosecoid
mRNA
injection

Fig. 10.29  Neural Structures induced in Presumptive Ectoderm by Newt
Dorsal Lip Tissue, Separated From the Ectoderm by a Nucleopore Filter

Dorsal lip secretes molecules that promote nervous system
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Figure 10.33 Model for action of the organizer

Ventralizing
Signal:
BMP4

Inhibitors of BMP4 dorsalize

Figure 6.14  TGF-β Superfamily Relationships

Activins

BMPs

BMP4
Vg1

Figure 10.30  Rescue of Dorsal Structures by Noggin Protein

UV-treated embryo:
“Belly piece” 

Increasing dosage 
of noggin mRNA
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Figure 10.32  Localization of Chordin mRNA

Just prior to 
gastrulation 

Early gastrulation -
expressed throughout
dorsal lip of blastopore

Later gastrulation -
expressed throughout
organizer and chorda-
mesoderm

Figure 10.36  Xwnt8 Is Capable of Ventralizing the Mesoderm and Preventing
Anterior Head Formation in the Ectoderm

(Frizzled) 


