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Optogenetics and its drawbacks 

• Technically complex 
• Expensive 
• Invasive 
• Not suitable for non-excitable cells 
• Not suitable for long-term study 
• Too local for some applications 
…… 

 

 



G protein coupled receptor signaling 



Early chemogenetics technologies base on  
G-protein coupled recptors 

 
• Pharmacological activities of the 

cognate ligands 
• High levels of constitutive 

activity 

(Receptor Activated Solely by Synthetic Ligand) 

 



Clozapine N-oxide as a good candidate ligand 

• CNO is highly bioavailable and 
safe in rodents and humans 

• CNO is a pharmacologically inert 
molecule lacking appreciable 
affinity for endogenous 
receptors 

• its parent compound, clozapine, 
has high affinity to muscarinic 
receptors 
 

 



 Evolving the lock to fit the key (molecular evolution of 
muscarinic receptors) 

Blaine N. Armbruster, Xiang Li and Bryan L. Roth et al., 2007, PNAS 

hM3Dq 

DREADDs (Designer Receptors Exclusively Activated by a Designer Drug) 



Neural basis of feeding  

Central nervous system control of food intake, 2000, Nature 
 
Michael W. Schwartz, Stephen C. Woods, Daniel Porte, Randy J. 
Seeley & Denis G. Baskin 

Arcuate nucleus 



Modulation of behaviors by DREADDs in living animals 

Michael J. Krashes, and Bradford B. Lowell et al., 2011, J Clin Invest.  



Similar results of optogenetics and chemogenetics 

Daniel J. Urban and Bryan L. Roth, 2015, Annual Review of Pharmacology and Toxicology 



DREADDs work in non-neuronal cells 

Shalini Jain and Jürgen Wess et al., 2013, J Clin Invest 

Cendra Agulhon and Ken D. McCarthy et al., 2013, J Physiology 

STZ: Streptozotocin 



New DREADDs enables activating and inhibiting of cell 
activities in the same context 

Gi-coupled DREADD using the kappa-opioid 
receptor as a template (KORD) 

Eyal Vardy, J. Elliott Robinson, Chia Li, Michael J. Krashes and 
Bryan L. Roth et al., 2015, Neuron 



Summary of DREADDs technology 

Hu Zhu and Bryan Roth, 2014, International Journal of Neuropsychopharmacology 



Chemogenetics using ion channels (PSAM and PSEM) 

Christopher J. Magnus, Peter H. Lee, Deniz Atasoy and 
Scott M. Sternson et al., 2011, Science 

PSAM  
(Pharmacologically Selective Actuator Module) 
 
PSEM 
(Pharmacologically Selective Effector Molecules) 





Luminopsins: converging optogenetics and chemogenetics 

(Luciferase) 

(Coelenterazine) 



Ken Berglund and Ute Hochgeschwendera et al., 2015, PNAS 



Ken Berglund and Ute Hochgeschwendera et al., 2015, PNAS 
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