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CONVERSION 

Normal PrP Rogue PrP 

Do abnormal protein deposits cause neurodegeneration? 

Protein deposits 

AGGREGATION 

Neurodegeneration 

Proteinopathies: protein misfolding + aggregation à neuronal death + disease 

??? 

Ross & Poirier 2004 



-Neurodegeneration caused by prions requires the presence of normal PrPC 
-PrPSc deposits are not necessarily the main neurotoxic species 
 
-What are the cellular and molecular roles of PrPC? 
-How can PrPC influence the life and death of neurons? 

Is neurodegeneration caused by abnormal behavior of PrP? 



What is the role of PrP in healthy individuals? 

-In vitro data: Copper metabolism, cell signaling, cell adhesion, cell survival… 
 
-Biochemical data: many interaction partners identified, but confusing and 
ambiguous results 
 
-Loss-of-function experiments à knockout mice 

 -Without PrP, animals are resistant to prion disease but develop normally! 
 
Thus: 
 
-Is PrP an unimportant, dispensable protein? 
-Is it important but other proteins can compensate for its loss? 
-Can the role of PrP be studied in other model organisms? 



The zebrafish 

-A tropical freshwater fish from India, Pakistan, Nepal and Bangladesh 
 
-Reaches 6 cm in length, lifespan 2-3 years, easy and inexpensive to keep, very popular 
among aquarists 



The zebrafish as a model 
organism 

 
-Transparent embryos 
-External development 
-Amenable to chemical and genetic 
manipulation 
-Large offspring size 
 
Generation time similar to mice (3 months) 
BUT: 
 
-Major organs appear within 36 hpf 
-Hatching after 2-3 days 
-Swimming and feeding after 4-5 days 



Málaga-Trillo et al, 2010 



PrP-1, a cellular glue 

Málaga-Trillo et al, 2009 



PrPs help cells to communicate 

(Src, Fyn, Yes) 

Málaga-Trillo & Sempou 2009 

E-cadherin 



PrP-1 stabilizes other adhesive proteins at the cell surface 

Sempou et al, in prep 



Arrested embryos 

Normal embryos 

PrP-1 acts via Fyn and Yes kinases 

Sempou et al, in prep 



Rescue of PrP knockdown embryos with chemicals that protect 
target proteins 

Arrested embryos 

Normal embryos 

Control PrP-1 MO PrP-1 MO 
+DMSO 

PrP-1 MO 
+ 10 µM 
 MG132 

PrP-1 MO 
+50 mM 
NH4Cl 

PrP-1 MO 
+ 100 µM  

Chlq 

Sempou et al, in prep 



PrP supports the proliferation of neuronal precursors and axonal growth 
Málaga-Trillo et al, in prep 

Embryonic neurons need PrP-2 to develop normally 



Málaga-Trillo et al, in prep 

PrP-2 acts on motor neurons and associated their muscles 
Control PrP-2 MO 



Control 

PrP-2 MO 

PrP-2 MO 
+ Chloroquine 

PrP-2 MO 
+ MG132 

normal embryos 
abnormal embryos 

PrP-2 controls the development and function of motor neurons 



Using zebrafish to study neurotoxic PrP mutants of mice 

GPI 

PrPC 

GPI 

PrP ΔCR (Δ105-125) 

GPI 

PrP Δ23-31 

*      * Q           Q 

SP OR HD 

GPI 
PrP Δ23-31/ΔCR 

Exogenously added PrP 
(gain-of-function) 

Mouse PrP 
variants 



PrP overexpression phenotype as a functional assay 



Using zebrafish to study a neurotoxic PrP mutant of mice/humans 

mouse PrP 

PrP PG14  

ZF PrP-1 

(9x octarepeat insertion) 

Could PrP aggregation have a physiological context? 



Further perspectives 
 
 

-Establishment of transgenic zebrafish models of prion replication, 
infectivity, and neurodegeneration 
 
-Characterization of molecular mechanisms of neurodegeneration 
 
-Identification of therapeutic targets 
 
-High-throughput, embryo-based screening for anti-prion compounds 
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