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The Principle of Signal Transduction

Berg, Tymoczko, Stryer: Biochemistry,

Some cellular responses:

Differentiation
Proliferation
Migration
Apoptosis



Hormones

Neurotransmitters
Prostaglandines
Growth factors

Growth factor signaling
particularly characteristic
of tumor cells

Transmembrane proteins

Lodish et al. Molecular Biology of the Cell 



Cellular Receptors

Membrane receptors (left) 
typically have an extracellular 
domain, the ligand binding site, a 
transmembrane-segment, and a 
cytosolic domain, that transduces 
the signal to intracellular signaling 
pathways. 

Intracellular receptors (right) are 
located in the cytosol; following 
ligand binding they are tranferred 
to the nucleus, where they control 
gene transcription.



Defining a Receptor

In order for a protein to be classified as a receptor (rather than just a binding 
protein) several criteria must be fulfilled:

Specificity – a receptor must be able to distinguish between often closely‐related 
signals

High affinity – signals are often present in low concentrations – effective receptors 
can often detect nM to pM concentrations

Saturability – a cell has a finite number of receptors and, thus there is a limit to the 
number of ligand molecules a cell can bind

Reversibility – ligand‐receptor association is not covalent – as the ligand 
concentration drops the complex can dissociate

Coupling – the receptor transfers a signal from ligand to cell

It is this last feature, more than any other that distinguishes a receptor from a 
binding protein 



Focus on 2 classes of cell-surface receptors

Lodish et al. Molecular Biology of the Cell 

Prostaglandines
Sphingosine 1‐phosphate

(Growth factors)



The elements of G protein-coupled receptor systems

•a receptor that contains 7 membrane-spanning domains
•a coupled trimeric G protein which functions as a switch  
•a membrane-bound effector protein
•second messengers: amplifier of signal
•protein kinases and phosphatases: propagation of signal

•feedback regulation and desensitization of the signalling pathway
Lodish et al. Molecular Biology of the Cell 



General structure of G-protein coupled receptors

Lodish et al. Molecular Biology of the Cell 



Berg, Tymoczko, Stryer: Biochemistry,



Switching mechanism for G proteins

Lodish et al. Molecular Biology of the Cell 
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Exchange of bound 
GDP for GTP

Active  subunit can 
interact with and 

activate the next step 
in the signalling 

pathway

 subunit dissociates 
from 

 subunit 
GTPase activity 
GTP > GDP+Pi

 subunit 
reassociates with 

Regulation of the GTPase switch in trimeric G-proteins



Berg, Tymoczko, Stryer: Biochemistry



Signal transduction from GPCRs to effector proteins 

Lodish et al. Molecular Biology of the Cell 



Effector proteins generate intracellular second messengers



cAMP activates Protein Kinase A

Phosphorylation/Dephosphorylation
highly conserved ON/OFF switch 

Berg, Tymoczko, Stryer: Biochemistry,



Berg, Tymoczko, Stryer: Biochemistry, 2002



Lodish et al. Molecular Biology of the Cell 



Estimation of the amplification  of a hormon-indudced signal

Nelson, Cox: Lehninger Biochemistry, 2005

Probably gross underestimation



Hormon‐induzierte cAMP vermittelte Signalübertragungskaskade

Berg, Tymoczko, Stryer: Biochemistry,



Lodish et al. Molecular Biology of the Cell 

Hormone-induced activation and inhibition of adenylyl cyclase in adipocytes

The same effector protein is differently modulated 
by receptors coupled to different G-proteins



Berg, Tymoczko, Stryer: Biochemistry



Some bacterial toxins irreversibly modify G proteins

Nelson, Cox: Lehninger Biochemistry,



CREB links cAMP signals to transcription

Lodish et al. Molecular Biology of the Cell 



Termination/desensitization of the signal transduction process

3. Phosphodiesterase (PDE) catalyses hydrolysis of cAMP (calcium‐dependent)
4. GTP‐hydrolysis

Berg, Tymoczko, Stryer: Biochemistry

Phosphorylation



Role of -arrestin in desensitization and signal transduction

Lodish et al. Molecular Biology of the Cell 


