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Advantages of keeping steady levels of energy sources. 
Not less, not more. 



Forced feeding 



 





The  lipostatic hypothesis. Body weight and fat mass 

stays constant by hypothalamic control. The hypothalamus 

senses to the concentration of a metabolites in the 

circulation and regulates the amount of energy surplus. 

Kennedy, 1953 

VMH lesion Normal 





J Hered (1950) 

The ob mutant is characterized by massive obesity, marked 

hyperphagia and mild diabetes 



Clinical photographs of child B before 

and 24 months after Leptin therapy 

Leptin deficiency  

J Clin Invest. 2002;110(8):1093-1103 







N Engl J Med 1996; 334:292-295 

Blood Leptin concentration correlates with body weight  







Krude et al., 1998 
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POMC functions in stress response, pigmentation 

and food consumption  
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Raffan et al. 2016 Cell Metabolism 
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α-MSH = satiety signal 



Agouti related protein 
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Both AgRP and POMC are localized in the arcuate nucleus (AN) of the hypothalamus. 



Daily food intake after chronic 

administration of 1 nmol/day 

AgRP (83-132) for 7 days. 

+, AgRP ad libitum fed group 

▴, saline control group.  

○, AgRP pair-fed group 



Ollmann et al., 1997 



Luque et al. 2005 



Activation of AgRP neurons leads to binge eating 

Aponte et al., 2011 



Transcripts that are highly 

expressed in the pineal 

gland 

• Photoreception 

• Circadian clock 

• Melatonin synthesis 

Alon et al. 2009 



The unknown gene is a homologue of AgRP 

Pineal AgRP2 Hypothalamic AgRP1 

Shainer et al. 2017 
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Gene of interest 
(agrp1, agrp2, etc.) 

TALEN domains bind to a gene of interest and 
FOKI nucleases induce a double-stranded break. 

TALEN-mediated Gene Knockout 
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TALEN domains bind to a gene of interest and 
FOKI nucleases induce a double-stranded break. 

TALEN-mediated Gene Knockout 



TALEN-mediated Gene Knockout 

Non-

homologous 

end joining 

Non-

homologous 

end joining 

Non-homologous end joining (NHEJ) repair system 
introduces indels (insertions and/or deletion) into the gene 

sequence. 



Mutated (inherited) gene 
sequence (agrp1, agrp2, etc.) 

Non-homologous end joining (NHEJ) repair system 
introduces indels (insertions and/or deletion) into the gene 

sequence. 

TALEN-mediated Gene Knockout 



 

Shainer et al. 2017 



The GAL4-UAS system 



The GAL4-UAS system 



agrp1 transgenic fish agrp2 transgenic fish 

Shainer et al. 2017 



The agrp1 transgenic line 

Shainer et al. 2017 



Neuronal ablation 

Metronidazole 

Cell death Nitroreducdase 

(nfsB gene) 





Pineal photoreceptor cells vs. projection neurons 

Photoreceptors
(aanat2) 

Projection neurons 
(foxd3) 

Shainer et al. 2017 



A third subset of pineal cells: AgRP2 cells 

Photoreceptors
(aanat2) 

Projection neurons 
(foxd3) 

AgRP2 AgRP2 

Shainer et al. 2017 
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Shainer et al. 2017 



Synaptic plasticity 



Shainer et al. 2017 



Shainer et al. 2017 



Seeing neurons in action, using Ca++ sensor 

https://www.youtube.com/watch?v=1Q-g1uCvYOA 

https://www.youtube.com/watch?v=1Q-g1uCvYOA
https://www.youtube.com/watch?v=1Q-g1uCvYOA
https://www.youtube.com/watch?v=1Q-g1uCvYOA
https://www.youtube.com/watch?v=1Q-g1uCvYOA
https://www.youtube.com/watch?v=1Q-g1uCvYOA
https://www.youtube.com/watch?v=1Q-g1uCvYOA
https://www.youtube.com/watch?v=1Q-g1uCvYOA
https://www.youtube.com/watch?v=1Q-g1uCvYOA
https://www.youtube.com/watch?v=1Q-g1uCvYOA
https://www.youtube.com/watch?v=1Q-g1uCvYOA
https://www.youtube.com/watch?v=1Q-g1uCvYOA


Optogenetically activating neurons 


