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Cell Communication Systems

Signal Generation/Transmission/Detection/Processing

Cell communication systems 
in tissue morphogenesis

Many of the molecular players have been identified…..Add a 
pinch of BMP, sprinkle some Hedgehog, a touch of Wnt, and 
a handful of FGF and you can pattern an embryo, a limb, or 
an organ.

(B.Z. Shilo, Cell, 2001)
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STAT1 dimer bound to DNA
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Ronson & Horvath, 2002. 
Science 296:1653-1655.

GAS= IFN-γ activation 
sequence

GRR= γ-response region

ISRE= Interferon-stimulated 
response element
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SDS (sodium dodecyl sulfate) is a detergent (soap) that can dissolve hydrophobic molecules but also 
has a negative charge (sulfATE) attached to it. Therefore, if a cell is incubated with SDS, the membranes will 
be dissolved, all the proteins will be solubilized by the detergent, plus all the proteins will be covered with 
many negative charges. The end result has two important features: 1) all proteins retain only their primary 
structure and 2) all proteins have a large negative charge which means they will all migrate towards the
positve pole when placed in an electric field. 
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polyacrylamide gel 
electrophoresis (PAGE)

Top view of an SDS PAGE after the current has 
been on for a while (positive pole at the bottom) and 
then turned off. The gel (gray box) has five 
numbered lanes where five different samples of 
proteins (many copies of each kind of protein) were 
applied to the gel. (Lane 1, molecular weight 
standards of known sizes; Lane 2, a mixture of three 
proteins of different sizes with a being the largest 
and c being the smallest protein; Lane 3, protein a
by itself; Lane 4, protein b by itself; Lane 5 protein c
by itself.) Notice that each group of the three 
proteins migrated the same distance in the gel 
whether they were with other proteins (lane 2) or not 
(lanes 3-5). The molecular weight standards are used 
to measure the relative sizes of the unknow proteins 
(a, b, and c).
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Western Blot Procedure
Western blots allow investigators to determine the 

molecular weight of a protein and to measure 
relative amounts of the protein present in 
different samples. 

1) Proteins are separated by gel electrophoresis, 
usually SDS-PAGE.

2) The proteins are transfered to a sheet of special 
blotting paper called nitrocellulose, though 
other types of paper, or membranes, can be 
used. The proteins retain the same pattern of 
separation they had on the gel.

3) The blot is incubated with a generic protein 
(such as milk proteins) to bind to any remaining 
sticky places on the nitrocellulose. An antibody 
is then added to the solution which is able to 
bind to its specific protein. The antibody has an 
enzyme (e.g. alkaline phosphatase or 
horseradish peroxidase) or dye attached to it 
which cannot be seen at this time.

4) The location of the antibody is revealed by 
incubating it with a colorless substrate that the 
attached enzyme converts to a colored product 
that can be seen and photographed.
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Time courses of unobserved individual STAT5 populations: Depicted is the predicted quantitative 
behavior of unphosphorylated STAT5 (blue line), tyrosine phosphorylated STAT5 monomers 
(black line) and dimers (green line) in the cytoplasm, and cycling activated STAT5 molecules in the 
nucleus (red line).
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Wnt signaling
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Response to perturbation in protein synthesis in different backgrounds

(A) Simulated timecourses of β-catenin degradation. In vitro conditions are simulated by switching off
synthesis of β-catenin and axin (ν12 = 0, ν14 = 0 for t 0). Curve a: reference case (no addition of further 
compounds); curve b: addition of 0.2 nM axin; curve c: addition of 1 µM activated Dsh (deactivation of
Dsh was neglected, k2 = 0); curve d: inhibition of GSK3β (simulated by setting k4 = 0, k9 = 0); curve e: 
addition of 1µM TCF. Addition of compounds (axin, Dsh, TCF) and inhibition of GSK3β was performed 
at t = 0.
(B) Experimental timecourse of β-catenin degradation in Xenopus egg extracts in the presence of buffer 
(curve a′), axin (curve b′: 10 nM), Dsh (curve c′: 1 µM), Li+ (curve d′: 25 mM), or Tcf3 (curve e′: 1 µM).
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Timecourse of β-Catenin and Axin
Concentrations Following a Transient Wnt 
Stimulation

Transient activation of the pathway is modeled 
assuming a Wnt stimulus that decays 
exponentially (Equation [6] with τW = 1/λ = 20 
min) starting at t0 = 0. 

The various curves for β-catenin and for axin
differ in the turnover rate of axin determined 
by the parameters ν14 and k15 (curves a: 
reference values of these parameters; curves b: 
increase by a factor of 5; curves c: reduction 
by a factor of 5). 

Effects of Increasing Axin
Concentration on β-Catenin
Degradation 

(A) Effect of axin concentration on 
β-catenin half-life. Curve a: 
reference case (K18, K19 > 1
nM, ordered mechanism); 
curve b: K18 = 1 nM, K19 > 1
nM; curve c: K18 > 1 nM, K19 = 
1 nM; curve d: K18 = 1 nM. 

(B) High concentration of axin
inhibits β-catenin degradation 
in Xenopus egg extracts. 
Labeled β-catenin was 
incubated in Xenopus extracts 
in the absence (0 nM) or 
presence of moderate (10 nM) 
and high (300 nM) 
concentrations of axin. 
Moderate concentrations of
axin greatly accelerate, 
whereas high concentrations 
inhibit β-catenin degradation.
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Control coefficient: jCat
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Wnt-induced gene expression

Notice the time scale of transcriptional response
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AS WITH THE EPO RECEPTOR, 
LIGAND BINDING INDUCES A 
CONFORMATIONAL CHANGE 
THAT PROMOTES OR STABILIZES 
RECEPTOR DIMERS.

THE KINASE ACTIVITY OF EACH 
SUBUNIT OF THE DIMERIC 
RECEPTOR INITIALLY 
PHOSPHORYLATES TYROSINE 
RESIDUES NEAR THE CATALYTIC 
SITE IN THE OTHER SUBUNIT, 
CAUSING ITS ACTIVATION. 

SUBSEQUENTLY, TYROSINE 
RESIDUES IN OTHER PARTS OF THE 
CYTOSOLIC DOMAIN BECOME 
PHOSPHORYLATED AND SERVE 
AS DOCKING SITES FOR SH2 
DOMAINS OF SIGNALING PROTEINS

GENERAL STRUCTURE AND 
ACTIVATION OF RECEPTOR 
TYROSINE KINASES (RTKS)

Steps in the activation of Ras by RTKs.  Fig. 15.24

Ras-GEF

Raf

Raf is a PK that triggers MAP-K pathway

SH2 binds RTK, SH3 binds SOS

c-fos, c-jun
Cell proliferation
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Kinase cascade 
that transmits 

signals 
downstream 

from activated 
Ras protein

Ligand-binding initiates a 
cascade of events
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MAPK activity can be followed 

• In time
• And space

Main tool: phosphorylation state-specific antibodies –
recognize phosphorylated amino acids in the context of 
a specific surrounding aminoacid sequence

Experimental analysis 
of MAPK dynamics (1)

Asthagiri AR, Horwitz AF, Lauffenburger DA. A rapid and sensitive quantitative kinase activity assay 
using a convenient 96-well format. Anal Biochem. 1999 May 1;269(2):342-7.
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Experimental analysis 
of MAPK dynamics (2)

Spatially resolved pattern of 
MAPK phosphorylation (1)

Figure 3. Intercellular spread of ERK/MAPK activation can cross a 
wide cell-free barrier. A cell-free barrier (400-800 m wide) was 
created by making a central vertical lesion in the monolayer 24 h 
prior to the experimental lesion (dashed double line). 

Mandell JW, Gocan NC, Vandenberg SR.
Mechanical trauma induces rapid astroglial activation of ERK/MAP kinase: 
Evidence for a paracrine signal.
Glia. 2001 Jun;34(4):283-95.
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Spatially resolved pattern of 
MAPK phosphorylation (2)

immunohistochemistry

Gabay L, Seger R, Shilo BZ. MAP kinase in situ activation 
atlas during Drosophila embryogenesis. Development. 
1997 Sep;124(18):3535-41.

MAP kinase (ERK) is activated by dual 
phosphorylation 
of threonine and tyrosine residues by MEK (1). 
A monoclonal antibody, termed 
diphospho-ERK (dp-ERK), 
was raised against a dually phosphorylated 
11-amino acid peptide that constitutes the 
vertebrate ERK activation loop (11-13). 
All 11 residues are conserved in the single 
Drosophila ERK homolog Rolled (14), 
raising the possibility of cross-reactivity. 

Positive staining with a dp-ERK
antibody is not itself indicative of 
functional activation 

Pharmacological Inhibitors of MAPK signaling

English JM, Cobb MH.
Pharmacological inhibitors of MAPK pathways. Trends Pharmacol Sci. 2002 Jan;23(1):40-5. Review

Small molecules, 
noncompetitive 
inhibitors of MEK
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control

MEK inhibitor

Day 0          1                 2                 3            4

Kling DE, Lorenzo HK, Trbovich AM, Kinane TB, Donahoe PK, Schnitzer JJ.
MEK-1/2 inhibition reduces branching morphogenesis and causes mesenchymal cell apoptosis in fetal rat lungs.
Am J Physiol Lung Cell Mol Physiol. 2002 Mar;282(3):L370-8.

control
inhibitor

control
inhibitor

Quantitative analysis of MAPK 
cascades

• Steady states (switch-like behavior)
• Dynamics (specificity in signaling)
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• 10 reactions
• 18 rate equations
• Loots of parameters
• loooots of typos in the paper too
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