Class 3

Finish gene regulation
Cell-cell signaling

Problem solving session locations
Thursday 3:30-4:30 A150
Thursday 5-6 B121

Friday 2-3 B121



Myostatin: a negative regulator of muscle development
Mice with the mutation (below right) have muscle
hypertrophy: Mighty Mouse!
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The mutation that causes this phenotype is a G 2A
missense, in an intron.



Myostatin is a negative regulator of muscle growth
Mutation is in an intron, results in a new splice site

(A) Wild type Mutant
Termination codon Termination codon
within intron within intron
Exon 1 i Exon 2 Exon 3 Exon 1 ¢ Exon 2 Exon 3
DNA () ) ) ) ) ) () ) ) ]
GTAAGT l GTAAAT l
Normal muscle overgrowth

What is the result of this mutation on the mRNA and
protein?
a. Mature mRNA is truncated at the termination codon;
protein is truncated
b. Mature mRNA is longer, and includes the termination
codon; protein is truncated
c. Mature mRNA is the same size, but the protein gets
truncated at the site of the mutation
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Control over RNA and protein expression
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Mammary cells are given radioactive RNA precursors for a short time, then
washed and given non-radioactive precursors. Cells were exposed to prolactin
during this time (purple line) or not (blue line). Casein mMRNA was then isolated

at different times following the OchaseO of non-radioctive precursors.

The graph shows a time courses of measuring the amount of labeled casein
present over time (At time 0, no more labeled casein is being produced)
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Proteins can bind to the 30 UTR of mRNAs and
prevent degradation: this affects the amount of time
an mMRNA lasts (stability), which of course affects

the amount of protein made



Translational control:

Micro RNAS:

Small RNAs that are
processed and then
packaged with an RNA-
Induced-silencing-complex
(RISC)

* RISChindto3 "UTR
suppressing translation

* OR binds to target RNA
and targets it for
destruction

Andy Fire, Craig Mello

(C. elegans): Nobel Prize, 2006
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Signaling Learning Goals

1. Describe in general the process by which
developmental signals are sent from one cell and
received by other cells, and what happens in the
receiving cells as a resullt.

2. Compare and contrast the major developmental
signaling pathways (RTK,TGF g, Wnt, Hedgehoqg).

3. Explain how a mutant component of a signaling
pathway can cause a cell to fail in its normal
developmental program.



What do you need to know about the
signaling pathways we discuss?

How they are similar and different (generalities, not
specifics)

How they are changed when a component in mutated
- As we learn about development, we will constantly

revisit these pathwaysNby the end, you ‘Il know which
pathways are involved in which events



This allows
cells to do
different things
depending on
what signals
they received

Sometimes the
changes shown
at right are
accomplished
through
cytoplasmic
localization of
MRNAs and
proteins rather
than signaling

During embryonic development, cells
communicate with each other
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Three classes of receptors
.>» ions

3
-ligand
(A) ION-CHANNEL-LINKED RECEPTOR # —_—
\

(B) G-PROTEIN-LINKED RECEPTOR

G protein activated activated
enzyme or G protein enzyme or
ion channel ion channel
ligand
(C) ENZYME-LINKED RECEPTOR —_—
3
S
inactive active
catalytic catalytic
domain domain

A3 15-14



There are three general types of intercellular

signaling: juxtacrine, paracrine and autocrine
1 2 3

Secretory cell Adjacent target cell Signaling cell Adjacent target cell

Which is which?

a. Juxtacrine :1; paracrine:3, autocrine :1
b. juxtacrine 2: paracrine : 3; auocrine: 1
C. juxtacrine :2; paracrine:1; autocrine :3
d. juxtacrine:3; paracrine : 2; autocrine : 1
e. juxtacrine:3; paracrine : 1; autocrine : 2



Types of signaling pathways

The vast majority of all developmental signaling
events are due to 5 pathways:

- FGF . _
variations on a similar theme

- TGFB

- Wnt

- Hedgehog

- Notch/Delta (juxtacrine)

The end result in each case is activation or
suppression of transcription of cell-specific genes
that will ultimately help individual cells take on
particular fates and roles within the developing
animal.



Cell signaling is one of the foundations of
development:
Induction

Information from one cell influences the
development of another



Eye and nose development
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The ectoderm differentiates into the lens
Does it require a signal?

optic vesicle surface ectoderm lens ?
Absent Present no
Present Absent no

Present Present yes



In Pax-6 mutants, neither the eye nor the nose
can develop

(A) (B)
Optic vesicle
3 ] Lens pit
brain’ ’
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Medial nasal prominance
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The optic vesicle (future retina) and the surface ectoderm which will
become the lens are next to each other during early development. In
the following experiment, tissues from pax-6 -/- and normal mice were
combined in culture.  Lens development must require:

Lens

Optic vesicles Surface ectoderm  Lens induction

a. Pax-6 in the optic

Wild-type Wild-type Yes
vesicle
b. Pax-6 in the
Pax-/Paxs— Wikd-pe e surface ectoderm
c. Pax-6 in both
Wild-type s Pt No tissues
d. There s not
enough information
Pax6—/Pax6— Pax6—/Pax6— No

to decide

Is pax-6 the signal or a transcription factor?



Lens

Optic vesicles Surface ectoderm  Lens induction
Wild-type Wild-type Yes
Fgf'/Fgf' Wild-type No
Wild-type F gf-/ Fgf- Yes
Pax6=/Pax6~ Pax6=/Pax6— No

DEVELOPMENTAL BIOLOGY, Eighth Edition, Figure 6.3 © 2006 Sinauer Associates, Inc.

These data suggest:
A. Fgf could be the
signal

B. Fgf could not be
the signal

C. not enough
information



Fibroblast growth factor is known to be one of
the signaling molecules, released by optic
vesicle that activates expression of pax-6,
required for the differentiation of the lens.

Differentiation of one tissue depends on signal
from another



Overview of paracrine signaling pathways

Variations on a theme: the receptor structure is changed
after binding to the ligand

Generalized Receptor Tyrosine Kinase (RTK) pathway
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The RAS pathway (typical receptor tyrosine kinase)

(Growth factor)

Typical ligands:
growth factors:
FGFs, EGFs,
PDGFs, stem cell
factor
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Exercise:

Defects in signaling have
developmental consequences

What kinds of mutations can
predispose a cell to become
cancerous?

(front side of handout)
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Another v ariation on the RTK theme: TGFp Pathway
(transforming growth factor)

Cell division, apoptosis, cell migration

(A) ’I.‘(]F-B-like (B) Activin or BMP ligand
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Note: direct phosphorylation of target transcription factors
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Feet, TGF f signhaling, and cell death

&

Interdigital cell death is triggered by activation
of the TGF pathway

duck




Frizzled
protein AR 6 Extracellular
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The Wnt pathway
B-catenin

(named for Drosophila mutants J degradatlon When Wnt is

Ilwingless z+ antegrated z= wnt) absent,
p-catenin is

degraded

GSK-3 degrades -
catenin

Cell polarity
Axis formation

Note the presence of
inhibitors in this pathway LEF/TCF—

8 Nucleusxl
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Combinatorial control of transcription
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Exercise:
Drawing signaling pathways
(back side of handout)

Diagram the Wnt signaling pathway below, starting with the
Whnt ligand on the left, by filling in the correct arrows (= or
--| ) to indicate whether the components normally inhibit or

activate each other.

Now consider the activation state of each protein when the
pathway has been activated by Wnt ligand binding (present)
or when the Wnt ligand is absent. Under each component of
the pathway, write whether it is ION z(active) or

|IOFF z(inactive) when Wnt is present and when Wnt is
absent.



