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How does the brain organizes behaviors?
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…evolution of human behaviors…

Darwin was the first to argue that since man had 
evolved from lower animals, human behaviors must 

have parallels in the behaviors of lower forms. 



"The anti-neuronists began almost all of 
their studies in man where the nests reach 
great complexity, … making it difficult ... 
for their analysis. If, instead of it, they 
would have started their investigations 
in birds or rodents, passing afterwards 
to the carnivores, and undertaking finally 
the problem of human cerebellum, they 
would have avoid many doubts, 
confusions and contradictions."

Santiago Ramon y Cajal 



A brief history of how we got where we are…

1873.      The discovery of the ‘black reaction’ (la reazione nera) by C. Golgi | Reticular Theory  
* Camillo Golgi

1936.      Nobel Prize for Loewi and Dale for their discoveries on chemical neurotransmission.

1888.      First evidence the nervous system is not continuous | Neuron Doctrine 
* Santiago Ramón y Cajal

1950s.    Anatomical structure of synapses is revealed by electron microscopy. 
* George Palade, Eduardo de Robertis and George Bennett

1839.      Cell theory or ‘Cell doctrine’ | All living things are composed of cells and cell products.  
* Schwann, Theodor (1839). Microscopic Investigations on the Accordance in the Structure and Growth of 

Plants and Animals. Berlin.

1921.      Nobel Prize for Sir Charles S. Sherrington for his discoveries on neural reflexes and 
  the prediction of inhibitory and excitatory synapses. 



…a method by  which  all  neurons  of  just 
one type could be inactivated, leaving the 
others more or less unaltered [is needed].



A technique to control neuronal activity…



1. Spatial Resolution
2. Temporal Resolution
3. Directional Control
4. Non-invasiveness



Toolbox for neuronal control

Lesion Mechanic or electrolytic

Electric stimulation Recording electrodes

Optogenetics Light (via optic fibers)

Chemogenetics Chemicals

Magnetogenetics Magnetic field

Sonogenetics Ultrasound



Chemogenetic tools

A tool to alter neuron signaling using small-molecule-
mediated activation of engineered proteins. 

Based on G Protein-coupled receptors

Based on ion channel receptors

Others
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Chemogenetic control via TRPV1 channels



First experimental 
evidence of ON and 
OFF kinetics of 
neuronal activity 
using genetically 
encoded tools 

Chemogenetic control via TRPV1 channels
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Chemogenetic control via TRPV1 channels



- Short-lasting 
- Minimal or no brain lesion 
- High throughput 
- High penetrance 
- Low variability 
- Short latency

* Cell 2014; Cell 2015.
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Agrp-Trpv1 mouse

injected with vehicle

Agrp-Trpv1 mouse

injected with capsaicin

Latency to start eating = 1m55s
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Chemogenetic control via TRPV1 channels

Using these tools to 
study neuronal 
control of physiology. 



Ontogeny of Agrp neuron mediated behavior control

P15 P18 P21 } solid food ingestion
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Infrared (IR) light
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Chemogenetic control via TRPV1 channels

It also allows the study of behavior and physiology during 
development. 



Positive or neutral:

Good temporal resolution

Negative:

Minimal or no brain lesion

High throughput

Low variability

Reversible

Need to use Trpv1 KO background 
to avoid side effects of the agonist

High doses of capsaicin can kill 
neurons

No directional control - mutant 
Trpv1 channels might have 
inhibitory properties

Chemogenetic control via TRPV1 channels

Allows developmental studies



Q & A
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Chemogenetic control via G protein-coupled receptors



New inhibitory tools
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Positive or neutral: Negative:

Minimal or no brain lesion

It can be used coupled to a variety of 
mouse models (no need to use on a 
KO background)

Reversible

Variable latency

Temporal resolution is not good:

Theoretically, allows developmental 
studies

Chemogenetic control via G protein-coupled receptors

Lasts several hours

Can be multiplexed

Can be used to study specific 
signaling modalities in different cell 
populations (not only excitable cells)

CNO cannot be used in models 
that can metabolize to clozapine

DREADDs impact cell signaling and 
might have broad implications for cell 
physiology beyond changes in activity 
(e.g., arrestin signaling)

Cheap



Beyond chemogenetic tools



Beyond chemogenetic tools



Beyond chemogenetic tools



Beyond chemogenetic tools



Magnetogenetics



Conclusions

Together with optogenetics, chemogenetic tools provide the 
investigator with a toolbox to manipulate neuronal function and 
study physiology and behavior.

All tools have pros and cons;  controls are important to add 
biological validity to experimental data. 

With all tools now available, there is a fertile soil for 
conceptually novel ideas to change our view on how the brain 
works.
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