
melatonin 

Appetite control and the AgRP neuronal system in zebrafish 



• Photoreception 
• Circadian clock 
• Melatonin synthesis 

Alon et al., 2009 

 



Zebrafish AgRPs: 

AgRP1 AgRP2 



Pineal enhanced 
AgRP2 

Hypothalamic  specific 
AgRP1 



Whole genome duplication is a rare evolutionary event that has played a 
dramatic role in diversification by providing material for evolution of new 
gene functions. A duplicated gene provides a greater, less-constrained 
chance for natural selection to shape a novel function  



Whole genome duplication: What could be the 
consequence and why is this a consideration? 



Pineal enhanced 
AgRP2 

Hypothalamic  specific 
AgRP1 

Shainer et al., 2017 



Quantitative real-time PCR analysis. Under food deprivation conditions, AgRP1 
(mRNA expression levels are elevated (p-value=0.0015)).  

Zebrafish’s AgRP1 increases in response to 
food deprivation 



AgRP1 BAC transgenesis 

Gal4 

AgRP1 translation 
initiation site 

BAC clone ~120 kb 

Shainer et al., 2017 





agrp1 



The agrp1 transgenic line 

Shainer et al., 2017 



TgBAC(agrp1:Gal4-VP16), 6dpf dorsal view 

Preoptic area 

Anterior commissure 

Ventral periventricular 
hypothalamus 

post-optic commissure 

Ventral tegmental commissure 

Shainer et al., 2017 



Neuronal ablation 

Metronidazole 

Cell death Nitroreducdase 
(nfsB gene) 

agrp1 



Shainer et al., 2019 
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Shainer et al., 2019 






After ablation Before ablation 

Food consumption assay 

Shainer et al., 2019 



AgRP1 neuron ablation reduces food consumption 
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Shainer et al., 2019 



Shainer et al., 2019 

AgRP1 gene knockout reduces food consumption 



Pineal enhanced 
AgRP2 

Hypothalamic  specific 
AgRP1 

Shainer et al., 2017 



AgRP2 BAC transgenesis 

Gal4 

AgRP2 translation 
initiation site 

BAC clone ~120 kb 

Shainer et al., 2017 



Shainer et al., 2017 



Shainer et al., 2017 



agrp2 



Shainer et al., 2017 



Shainer et al., 2017 



Shainer et al., 2019 



 

Shainer et al., 2019 
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Neurosecretory cells 
of the hypothalamus 

Portal vessels 

Endocrine cells of 
the anterior pituitary 
Anterior pituitary 
hormones 

Hypothalamic 
releasing and 
inhibiting 
hormones 

Posterior 
pituitary 

HORMONE 

TARGET 

FSH and LH 

Testes or 
ovaries 

Thyroid Adrenal 
cortex 

Mammary 
glands 

Melanocytes Liver, bones, 
other tissues 

TSH ACTH Prolactin MSH GH 



 

AgRP2 gene knockout reduces pituitary gland 
POMC expression 

Shainer et al., 2019 



Pituitary 

Hypothalamus 
and hair follicle 

(POMC) 



CRH – corticotropin releasing hormone 

ACTH – corticotropin; adrenocorticortrophic hormone 

Glucocorticoids, cortisol or corticosterone  

POMC 



High cortisol levels in agrp2 KO fish 

Shainer et al., 2019 



Shainer et al., 2019 



AgRP2 

Inbal Shainer 





Bangol et al. 1999 

Median eminence 

Hypothalamic 
neurosecretory  

cells  

AgRP neurons in mice also innervate the pituitary 



Pineal enhanced 
AgRP2 

Hypothalamic  specific 
AgRP1 



Photoreceptors 
Tg(aanat2:EGFP) 

Projection neurons 
Tg(foxd3:EGFP) 

Tg(agrp2:mCherry) 

Pineal AgRP2 cells are not photoreeptors nor neurons. 
 Newly characterized neuropeptide-expressing pineal cells? 

 

Tg(agrp2:mCherry) 

Shainer et al., 2017 



At later stage of development the signal  
extends beyond the pineal gland 

Dorsal view, 21dpf 

pineal 

Tg(agrp2:EGFP) 

Shainer et al., 2019 



Sequencing 

Data analysis 

Pineal dissections Single-cell barcoding and 
library prep 

Single-cell sequencing of the zebrafish pineal gland 

Shainer et al., 2019 



Single-cell sequence analysis of zebrafish pineal gland 
2D visualization of cell clustering 

Shainer et al., 2019 



AgRP2 is expressed in Retinal Pigment 
Epithelium (RPE)-like cells. 
 
RPE-like cells express genes that suggest involvement in the 
retinoid cycle in the pineal gland: 
 
rbp5 (retinol binding protein 5)  
rgra (retinal G-protein coupled receptor) 
stra6 (stimulated by retinoic acid 6) 
rdh5 (retinol dehydrogenase 5) 
rpe65 (retinal pigment epithelium-specific 65 kDa protein) 
 
CD63 (exosome protein)  
 



Pineal signals 
• The melatonin signal 
• Neuronal signal 
• AgRP2? 
• Exosomal signal? 

 
• What are their targets? 
• What are their roles? 



AgRP 

Hyp. AgRP1 

Pin. AgRP2 
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