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Chapter 16
Cell Communication

General Principal of Cell Signaling

Signals that pass between cells are far simpler than the sorts of massages that 
humans ordinarily exchange. 

In a typical communication between cells, the signaling 
cell produces a particular type of signal molecule that is detected by the target cell. 

The target cell posses receptor proteins that recognize and respond specifically to the 
signal molecule

Signal transduction is the process where one type of signal is converted to another. A 
telephone receiver converts an electrical signal to an sound signal.

A target cell converts an extracellular signal (molecule A) into an intracellular signal 
(molecule B)

Animal cells can signal to one another in various ways.

(A) Hormones produced in endocrine glands are secreted into the bloodstream and 
are often distributed widely throughout the body. (B) Paracrine signals are released 
by cells into the extracellular fluid in their neighborhood and act locally. (C) Neuronal 
signals are transmitted along axons to remote target cells. (D) Cells that maintain an 
intimate membrane-to-membrane interface can engage in contact-dependent 
signaling. Many of the same types of signal molecules are used for endocrine, 
paracrine, and neuronal signaling. The crucial differences lie in the speed and 
selectivity with which the signals are delivered to their targets.

Many of the signal 
molecules that 
regulate 
inflammation at 
the site of an 
infection

Insulin is a 
hormone and 
regulates glucose 
uptake in the 
body
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stimulates metabolism of many cell typesderivative of the amino 
acid tyrosine

thyroid glandThyroid 
hormone

induces and maintains secondary male 
sexual characteristics

steroid (derivative of 
cholesterol)

testisTestosterone

stimulates glucose uptake, protein 
synthesis, and lipid synthesis in, e.g., 
liver cells

proteinbeta cells of pancreasInsulin

stimulates glucose synthesis, glycogen 
breakdown, and lipid breakdown in, e.g., 
liver and fat cells

peptidealpha cells of pancreasGlucagon

induces and maintains secondary female 
sexual characteristics

steroid (derivative of 
cholesterol)

ovaryEstradiol

affects metabolism of proteins, 
carbohydrates, and lipids in most tissues

steroid (derivative of 
cholesterol)

adrenal glandCortisol

increases blood pressure, heart rate, and
metabolism

derivative of the amino 
acid tyrosine

adrenal glandAdrenaline

Hormones

Some ActionsChemical NatureSignal Molecule Site of Origin

causes smooth muscle cells to 
relax; regulates nerve cell 
activity

dissolved gasnerve cells; endothelial cells 
lining blood vessels

Nitric oxide (NO)

causes blood vessels to dilate 
and become leaky, helping to 
cause inflammation

derivative of the 
amino acid histidine

mast cellsHistamine

promotes survival of certain 
classes of neurons; promotes 
growth of their axons

proteinvarious innervated tissuesNerve growth factor 
(NGF)

stimulates many cell types to 
proliferate

proteinvarious cells, including blood 
platelets

Platelet-derived growth 
factor (PDGF)

stimulates epidermal and 
many other cell types to 
proliferate

proteinvarious cellsEpidermal growth factor 
(EGF)

Local Mediators

inhibits neighboring cells from 
becoming specialized in same way as 
signaling cell

transmembrane proteinprospectice neurons; various 
other embryonic cell types

Delta

Contact-dependent Signaling Molecules

excitatory neurotransmitter at many 
nerve-muscle synapses and in central
nervous system

derivative of cholinenerve terminalsAcetylcholine

Neurotransmitters

Each Cell Responds to a Limited Set of Signals

A typical cell in a multicullar organism is exposed to hundreds of different signal 
molecules in its environment. These may be free in the extracellular fluid, embedded 
in the extracellular matrix in which cell rest, or bound to the surface of the neighboring ce

Each cell must respond selectively to this mixture of signal, disregarding some and 
reacting to others, according to the cell specialized function. 

Whether a cell responds 
to a signal molecule depends on first of all on whether it possesses a receptor for that 
signal. Limited range of signals can still be used to control the behavior of cell in 
complex ways.  The complexity is of two sorts.
1. Binding to one type of receptor protein, can cause a multitude of effects in the target 
cell: it can alter the cell’s shape, movement, metabolism, and gene expression.

2. The second kind of complexity arises because of a typical cell possesses a 
collection of different receptors. Such a variety makes the cell simultaneously be sensitive
to many extracellular signals. 
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The same signal molecule can cause different responses in different target cells.

An animal cell depends on multiple extracellular signals

Receptors Relay Signals via Intracellular Signaling Pathways

Signal reception begins at the point where a signal originating outside the target cell 
encounters a target molecule belonging to the cell itself. In virtually every case, the 
target molecule is a receptor protein, and each receptor is usually activated by only 
one type of signal.  The receptor protein performs the primary transduction step: it 
receives an external  signals and generates a new intracellular signal in response.  

Extracellular signals alter the activity of a variety of cell proteins to change the 
behavior of the cell.

In this case, the signal molecule binds to a cell-surface receptor protein. The receptor 
protein activates an intracellular signaling pathway that is mediated by a series of 
intracellular signaling proteins. Some of these signaling proteins interact with target 
proteins, altering them to change the behavior of the cell. 
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Signaling cascades of intracellular signaling molecules have several crucial functions.

•They transform the signal into a molecular form suitable for passing the signal along or 
stimulating a response.

•They relay the signal from the point in the cell at which it is received to the point at 
which the response is produced.

•Signaling cascades amplify the signals

•The signaling cascades can also distribute the signal so as to influence several 
processes in parallel.

•Each step in this signaling cascade is open to modulation by other factors.

Cellular signaling cascades can follow a complex path

Extracellular signal molecules generally fall into two classes: The first and the largest 
class of signals consist of molecules that are too large or too hydrophilic to cross the 
plasma membrane of the target cell. 

They rely on the receptors on the surface of the target cell 
to relay their massage across the membrane.  

The second class of signals consists of 
molecules that are small enough or hydrophobic enough to slip easily through the 
plasma membrane.  Once inside, these signal molecules either activate intracellular 
enzymes or bind to intracellular receptors proteins that regulate gene expression. 

Extracellular signalling molecules bind either to cell-surface receptors or to intracellular 
enzymes or receptors
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Nitric oxide (NO) triggers smooth muscle relaxation in a blood-vessel wall

(A) Drawing shows a nerve contacting a blood vessel. (B) Sequence of events leading 
to dilation of the blood vessel. Acetylcholine released by nerve terminals in the 
blood-vessel wall stimulates endothelial cells lining the blood vessel to make and 
release NO. The NO diffuses out of the endothelial cells and into adjacent smooth 
muscle cells, causing the muscle cells to relax. Note that NO gas is highly toxic when 
inhaled and should not be confused with nitrous oxide (N2O), also known as laughing 
gas. 

Some Hormones Cross the Plasma Membrane and Bind to Intracellular Receptor

Gasses such as NO are not only signal molecules that can cross the plasma membrane
Hydrophobic signal molecules such as the steroid hormones including cortisol, 
esterodial, and testosterone and the thyroid hormones such as thyroxine all passes 
through plasma membrane of the target cell. 

When a hormone binds, the receptor protein undergoes a large conformational change 
that activates the protein, allowing it to promote or inhibit the transcription of selected 
genes. Each hormone binds a different receptor protein, and each receptor acts at 
different set of regulatory sites in DNA.  
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Cell Surface Receptors fall into Three Main Classes

In contrast to NO and the steroid and thyroid hormones, the vast majority of signal 
molecules are too large or too hydrophilic to cross the plasma membrane of the target 
cell. Most cell surface receptor proteins belong to on of three large families: 
Ion channel-linked receptors, 
G-protein-linked receptors, or 
enzyme-linked receptors.  

These families differ in the nature of the intracellular signal that they generate when
extracellular signal molecules binds to them.

•For ion-channel-linked receptors, the resulting signal is a flow of ions across the 
membrane, which produces electrical current.

•G-protein-linked receptors activate a class of membrane bound proteins.

•Enzyme-linked receptors act as an enzyme or are associated with enzymes
inside the cell. 

Ion-channel-linked Receptors Convert Chemical Signals Into Electrical Ones

Of all the cell-surface types, ion channel-linked receptors function in the simplest and 
direct way.  

These receptors are responsible for the rapid transmissions of signals 
across synapses in the nervous system.  

They transduce a chemical signals in the form of a pulse of neurotransmitter 
delivered to the outside of the target cell.  

When neurotransmitter binds, this type of receptor alters its conformation so as to 
open or close channel for the flow of specific types of ions (such as Na+, K+, Ca2+)

Many Intracellular Signaling Proteins Act as Molecular Switches

Signals received via G-protein-linked or enzyme-linked receptors are transmitted to 
elaborate relay systems formed from cascades of intracellular signaling molecules.  

Apart from a few small molecules like cyclic GMP, cyclic AMP, and Ca2+, these 
intracellular molecules are proteins.  

Some serves as chemical transducer and in 
response to one type of chemical signal they generate another. 

Others serve as 
messengers, receiving a signal in one part of the cell and moving to another to exert 
an affect see figure in below.  
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Many intracellular signalling proteins act as molecular switches

G-Protein-Linked Receptors

G-protein-linked receptors form the largest family of cell-surface receptors, with hundreds
of members already identified in mammalian cells. 

They mediate response to an 
enormous diversity of extracellular signal molecules, including hormones, local 
mediators, and neurotransmitters. 

These signal molecules are as varied in structure 
as they are in function: they can be proteins, small peptides, or derivatives of amino 
acids or fatty acids, and for each one of them there is a different receptor.  

Despite the 
diversity of signal molecules that bind to them, all G-protein-linked receptors that have 
been analyzed possess a similar structure: each made of a single polypeptide chain 
threads back and forth cross the lipid bilayer seven times. 

All G-protein linked receptors possess a similar structure

Stimulation of G-Protein-linked Receptors Activates G-Protein Subunits

When extracellular signal molecule binds to a seven-pass transmembrane receptor, 
the receptor protein undergoes a conformational change that enables it to activate a 
G protein located on the underside of the plasma membrane. There are several 
varieties of G proteins. Each is specific for a particular set of receptors and particular 
set of downstream target proteins. 
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The G-protein α-subunit switches itself off by hydrolyzing its bound GTP

When an activated α-subunit encounters and binds its target, it turns on its protein
partner (or in some cases inactivates it, not shown) for as long as the two remain in 
touch. Within seconds, the GTP on the α subunit is hydrolyzed to GDP by the α
subunit’s intrinsic GTPase activity. This loss of GTP inactivates the α subunit, which 
dissociates from its target protein and reassociates with a βγ complex to re- form an 
inactive G protein. The G protein is now ready to couple to another receptor. Both the 
activated a subunit and the free big complex can regulate target proteins. 

Some G Proteins Regulate Ion Channels

oThe target proteins for G-protein subunits are either ion channels or membrane bound 
enzymes. 

oDifferent targets are affected by different types of G proteins, and these 
various G-proteins are themselves activated by different classes of cell surface receptors.

oIn this way, binding of an extracellular signal molecule to a G-protein-linked receptor 
leads to effects on a particular subset of the possible target proteins, eliciting a response 
that is appropriate for that signal and that type of cell. 

G proteins couple receptor activation to the opening of K+ channels in the plasma 
membrane of heart muscle cells.

(A) Binding of the neurotransmitter acetylcholine to its G- protein–linked receptor on 
heart muscle cells results in the dissociation of the G protein into an activated  
complex and an activated α subunit. (B) The activated γβ complex binds to 
and opens a K+ channel in the heart cell plasma membrane. 
(C) Inactivation of the α subunit by 
hydrolysis of bound GTP causes it to re-associate with the βγ complex to form an 
inactive G protein, allowing the K+ channel to close. 

Some G-proteins Activate Membrane-bound Enzymes

The most frequent target enzymes for G proteins are adenyl cylase, the enzyme 
responsible for production of the small intracellular signal molecule cyclic AMP, and 
phospholipase C, the enzyme responsible for production of the small intracellular 
signaling molecules inositoltriphosphate and diacylglycerol. 
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A rise in intracellular cyclic AMP can activate gene transcription

Binding of a signal molecule to its G-protein–linked receptor can lead to the activation 
of adenylyl cyclase and a rise in the concentration of intracellular cyclic AMP. In the 
cytosol, cyclic AMP activates PKA, which then moves into the nucleus and 
phosphorylates specific gene regulatory proteins. Once phosphorylated, these proteins 
stimulate the transcription of a whole set of target genes. This type of signaling 
pathway controls many processes in cells, ranging from hormone synthesis in 
endocrine cells to the production of proteins involved in long-term memory in the brain. 
Activated PKA can also phosphorylate and thereby regulate other proteins and 
enzymes in the cytosol

Stimulation of G-Protein-linked Receptors Activates G-Protein Subunits

When extracellular signal molecule binds to a seven-pass transmembrane receptor, 
the receptor protein undergoes a conformational change that enables it to activate a 
G protein located on the underside of the plasma membrane. There are several 
varieties of G proteins. Each is specific for a particular set of receptors and particular 
set of downstream target proteins. 
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The G-protein a subunit switches itself off by hydrolyzing its bound GTP

When an activated a subunit encounters and binds its target, it turns on its protein 
partner (or in some cases inactivates it, not shown) for as long as the two remain in 
touch. Within seconds, the GTP on the a subunit is hydrolyzed to GDP by the a 
subunit’s intrinsic GTPase activity. This loss of GTP inactivates the a subunit, which 
dissociates from its target protein and reassociates with a bg complex to re- form an 
inactive G protein. The G protein is now ready to couple to another receptor. Both the 
activated a subunit and the free big complex can regulate target proteins. 

Some G Proteins Regulate Ion Channels

The target proteins for G-protein subunits are either ion channels or membrane bound 
enzymes. Different targets are affected by different types of G proteins, and these 
various G-proteins are themselves activated by different classes of cell surface receptor.  
In this way, binding of an extracellular signal molecule to a G-protein-linked receptors 
leads to effects on a particular subset of the possible target proteins, eliciting a response 
that is appropriate for that signal and that type of cell. 
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G proteins couple receptor activation to the opening of K+ channels in the plasma 
membrane of heart muscle cells.

(A) Binding of the neurotransmitter acetylcholine to its G- protein–linked receptor on 
heart muscle cells results in the dissociation of the G protein into an activated by 
complex and an activated a subunit. (B) The activated alphabeata complex binds to 
and opens a K+ channel in the heart cell plasma membrane. (C) Inactivation of the a 
subunit by 
hydrolysis of bound GTP causes it to reassociate with the by complex to form an 
inactive G protein, allowing the K+ channel to close. 

Some G-proteins Activate Membrane-bound Enzymes

The most frequent target enzymes for G proteins are adenyl cylase, the enzyme 
responsible for production of the small intracellular signal molecule cyclic AMP, and 
phospholipase C, the enzyme responsible for production of the small intracellular 
signaling molecules inositoltriphosphate and diacylglycerol. 
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The Cyclic AMP Pathway Can Activate Enzymes and Turn On Genes

Many extracellullar signals acting via G-protein-linked receptors affect the activity of 
adenylyl cyclase and thus alter the concentration of the messenger molecule cAMP
inside the cell.  The activated G-protein alpha subunit switches on the adneylyl
cyclase, causing a dramatic and sudden increase in the synthesis of cAMP from 
ATPthis G protein is called Gs.  To help eliminate the signal, a second enzyme 
called cAMP phosphodiesterase, rapidly converts cAMP to ordinary AMP. 

A rise in intracellular cyclic AMP can activate gene transcription

Binding of a signal molecule to its G-protein–linked receptor can lead to the activation 
of adenylyl cyclase and a rise in the concentration of intracellular cyclic AMP. In the 
cytosol, cyclic AMP activates PKA, which then moves into the nucleus and 
phosphorylates specific gene regulatory proteins. Once phosphorylated, these proteins 
stimulate the transcription of a whole set of target genes. This type of signaling 
pathway controls many processes in cells, ranging from hormone synthesis in 
endocrine cells to the production of proteins involved in long-term memory in the brain. 
Activated PKA can also phosphorylate and thereby regulate other proteins and 
enzymes in the cytosol
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cAMP exerts these various effects mainly activating the enzyme cyclic-AMP-dependent 
protein kinase (PKA).  This enzyme is normally held inactive in a complex with another 
protein.  The binding of cAMP forces a conformational change that unleashes the active 
kinase. Activated PKA then catalyzes the phopshorylation of particular serines and 
threonines on certain intracellular proteins, thus altering their activity.  

The Inositol Phospholipids Pathway Triggers a Rise in Intracellular Ca2+

Some extracellular signal molecules exert their effects via a type of G-protein that 
activates the membrane-bound enzyme phospholipase C instead of adenylyl cyclase.  
Some cell responses mediated by phospholipase C activation can be seen in below. 
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Mechanism of signal transduction mediated by phospholipase C 

A Ca2+ Triggers Many Biological Processes

Ca2+ has such an important and widespread role as an intracellular messenger.  
The effects of Ca2+ in the cytosol are largely indirect; they are mediated through the 
interaction of Ca2+ with various transducer proteins known as Ca2+-binding proteins.  
The most widespread and common of these is the Ca2+-responsive protein called 
calmodulin.

ENZYME-LINKED RECEPTORS

Enzyme-linked receptors are membrane bound proteins that display their ligand
binding domains on the outer surface of the plasma membrane. Instead of associating 
with a G protein, however, the cytoplasmic domain of the receptor acts as an enzyme 
or forms a complex with another protein that acts as an enzyme. Enzyme-linked 
receptors play major role in cell differentiation growth and cell survival. They are also 
mediate direct, rapid reconfigurations of the cytoskeleton, controlling the way a cell 
moves and changes its shape.
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Activated Receptor Tyrosine Kinase Assemble a Complex of Intracellular 
Signaling Proteins

To do its job as a signal transducer, an enzyme-linked receptor has to switch on the 
enzyme activity of its intracellular domain when external signal molecule binds its 
extracellular domain.  Enzyme-linked receptors usually have one transmembrane
domain.  Basic mechanism of enzyme linked receptor is outlined in figure below.

Example 1: Receptor tyrosine kinases activate the GTP-binding protein RAS.
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Not all enzyme-linked receptors trigger complex signaling cascades that require the 
cooperation of  sequence of protein kinases to carry a massage to the nucleus


