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Cell to Cell Communication
• You have learned how a cell is capable of 

generating and maintaining an electric signal.
– It is amazing how it is generated in our brain and sent 

to a finger to control its movement
• This part of the course will be focused on how 

this signal is propagated across cells, tissues 
and organs.
– Threfore mostly we will talk about excitable tissues

• Special consideration will be taken on how this 
communication can be modulated.
– More intercellular communication biophysical bases



Communication in biological systems
• 1) Cell to cell

– Paracrine (signals like hormoes or growth factors)
– Direct GJ
– Direct Desmosomes and tight junctions
– Direct Glycocalix on membrane proteins

• 2) Tissue/Organ to tissue/organ
– Neuromuscular Junctions
– Oxigen receptors to brain
– Blood glucose to pancreas

• 4) Individual to individual
– Senses
– Sweat and hormones

• 5) Communities to communities
– Duck and fish synchrony
– Fire Flies

– ALL OF THEM GO BACK TO CELL-CELL communicaiton and most of the times 
the Membrane is highly involved.



Bioelectricity
• As a resource for generating a communicating 

signals
– Mostly all sensing organs
– Defense signals (electric eel)
– Plants Fly trap and mimosa pudica

• Which tissues use electrical signals in 
BIOLOGICAL systems
– Reviewed mostly excitable tissues

• Synapses
– In general chemical synapses have higher control and 

directionality. 
• As a tool to quantify physiological activity

– (to be filled by the students 2Ex). Examples on 
impedance, EKG’s and phototransduction like in 
voltage dependent dyes and Optogenetics



Synapses

• Chemical 
– Not direct and need of a transmitter.
– Mechanisms of release, cleft and receptors.

• Electrical
– Mostly gap junctions

• Mixed
– Fish neurons as an example



Mauthner Cells

Korn and Faber, Neuron: 47 (2005)



Physiological Relevance and 
Diseases.

Gap junctions allow the propagation of action 

potentials through the heart and neurons.

• In physiological conditions, permits the 
musculature from different regions of the 
heart to respond in a synchronous manner.

• In nervous tissue, coordination of electrical 
signals through gap junctions is necessary to 
generate brain circuits and rhythms.  



Cell to cell communication through 
gap junctions (quick overview)

•Occurs when the cytoplasm of cells are in direct contact.

•The structures involved are intercellular channels.

•Molecules and ions of different size and charge can cross.

•Max. molecular weight of particles that rapidly cross ~ 1200 
Da

•Selectivity and gating depend on the constituent isoform.  

•Signaling molecules can cross from one cell to another and 
can also regulate the  communication between cells.



Gap junctions communicate directly the 
cytoplasms of adjacent cells



Distribution
Gap junctions are present in almost all adult and embryonic 
tissues in vertebrates and invertebrates.
Important exceptions in mammals are the adult striated 
voluntary musculature and the blood free cells.

Some connexins are expressed preferentially
in certain tissues

Brain Neurons Cx36
Glia Cx43, Cx32, Cx26

Heart Cx40, Cx43, Cx45
Liver Cx32, Cx26
Skin Cx26
Smooth muscle Cx43, Cx37
Eye lens Cx46, Cx50



Homotypic, heterotypic and multi-
heteromeric channels in the brain.



Genetic diseases where 
connexins are involved 

Cx26 Nonsyndromic deafness

Cx31 Aut. dominant Erythrokeratodermia

Cx32 Peripheral Neuropathy (CMTX)

Cx40 Aut. Heart conduction disorder

Cx43 Viceroatrial Heterotaxia

Cx46/50 Cataracts





II. Molecular organization of a gap junction channel

•Connexins are a family of 
homologous proteins that 
conform the intracellular 
channels.

•Currently >30 different 
connexins have been cloned 
from mammalian tissues. We 
know that there are only 22 
in the human genome.

•Twelve subunits are 
necessary to form a complete 
channel.



Yeager et al, Science 283, 1999

Gap junction channel ultra-structure







Connexin channels are not alone



Regulation of intercellular 
communication

• It is simple
Electrically we evaluate gj or junction 

conductance

gj= n * j* Po

n = number of channels
j = unitary conductance

Po = open probability



Double 
whole cell 

voltage 
clamp and 
gating of 

gap junction 
channels



Unitary conductances of connexins



Permeance and selectivity
The perm-selectivity of molecules 

across gap junction channels is a 
complex phenomenon.

Various factors determine if a 
particle permeates across a gap 
junction channel:

1) The size of the particle
2) The electric charge of the particle
3) Structure and isoform 

composition of the channel
4) Particle-channel interaction and 

binding



Fluorescent 
molecular 

probes that 
help to test
permeance



Molecular flux

Homotypic Cx43-Cx43

Homotypic Cx45-Cx45

Current traces observed during the 
formation of a whole cell patch



Molecular flux quantification



Intercellular communication  is 
detected using fluorescent dyes



Lucifer yellow permeance in  
control murine atria



Lucifer 
yellow 

permeance 
in murine 

atria.



Gating of gap junction channels

• Gating by voltage
– Trans-junctional and Trans-membrane

• Gating by intracellular pH

• Gating by protein phosphorylation



IV. Structure function relationship

Docking

Voltage gating 
polarity

1. pH gating
2. Fast voltage gating
3. Phosphorylation



Transjunctional voltage 
dependence



Gating by 
transmembrane 

voltage

Evaluation of changes in 
total conductance due to 

synchronous stimulation in 
both cells



Gating by pH

M. Delmar et al. Current Topics in Membranes (2000)

The reduction of intracellular 
pH causes a reduction in the 
conductance of the junction 
(Gj/Gmax). 

When the COOH tail is 
removed, there is no gating 
by pH.

If the COOH tail is co-
expressed, the gating by pH 
is re-established.



Connexins also gate for 
intracellular alkalosis



Gating through second 
messengers



Gap Junction
Channels
Multiple 

Configurations



Multiple expression of connexins in a tissue
Connexins in the heart

Example of the co-expression of connexins

Cx30.2



Remodeling (long term ischemia or heart failure)



Connexins in the normal and 
infarcted heart



Arrhythmias

•Action potential

•Refractory period

•Membrane channel 
regulation



How to increase heart tissue 
conduction with uncoupling

Rohr et al, Science:275, 1997 


