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!
• Usher protein complexes preassemble at the ER 

!
• Usher mutations cause ER stress and cell death 

!
• Treating ER stress to save cells from death 



Usher proteins form a multimolecular complex 
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(Pan & Zhang, 2012)
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2. Principle of in situ PLA

Typical starting materials are adherent cells, cytospin preparations or tissue sec tions 
on a glass slide, fixed, pre-treated and blocked with a blocking reagent according to the 
requirements of the primary antibodies used.

Fig 1. Assay principle.

A. The samples are incubated with the directly conjugated primary 
antibodies, PLA probes, which bind to the protein(s) to be 
detected.

B. The Ligation solution, consisting of two oligonucleotides 
(illustrated as red bands) and Ligase, is added and the 
oligonucleotides will hybridize to the two PLA probes and join to 
a closed circle if they are in close proximity.

C. During the Amplification step the oligonucleotide arm of one of 
the PLA probes acts as a primer for a rolling-circle amplification 
(RCA), where a polymerase uses the ligated circle as the 
template, generating a concatemeric (repeated sequence) 
product. Fluorescently or HRP labeled oligonucleotides hybridize 
to the RCA product. The signal is easily visible as a distinct spot 
and analyzed by fluorescence or brightfield microscopy.
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Detection of protein complexes in vivo



Usher proteins form complexes in vivo 

(Bernardo Blanco)

Cdh23 - Ush1c

Cdh23 - Ush1c in ush1c-/-
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Membrane proteins are trafficked from 
the ER in COPII vesicles
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Cdh23-Sec23 Ush1C-Sec23 Myo7aa-Sec23

(Bernardo Blanco-Sánchez)

Usher protein complex preassembles in the ER

ush1c-/-cdh23-/- myo7aa-/-



Usher protein complex is trafficked via microtubules

Ush1C



Usher proteins are retained in the ER in mutants

(Bernardo Blanco-Sánchez)

Dfnb31b



ER stress

Ush1C

UPR

 Usher mutations block complex formation and  
Usher proteins accumulate in the ER

apoptosis



Usher mutations trigger the  
unfolded protein response

(Aurélie Clément)



ER stress
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 Usher mutations block complex formation, 
proteins accumulate in the ER and 

trigger the unfolded protein response

apoptosis



Usher mutations induce ER stress

(Aurélie Clément)
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 Usher mutations block complex formation, 
trigger the unfolded protein response,  

and lead to ER stress

apoptosis



Usher mutations cause cell death

(Bernardo Blanco-Sánchez)



(Kang et al., Nature Cell Biol. 2012)

Cdk5 mediates cell death due to ER stress



ER stress causes cell death

(Bernardo Blanco-Sánchez)



ER stress

Ush1C

UPR
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trigger the unfolded protein response,  
 and lead to ER stress and cell death
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UV photoconversion

day 5

Kaede photoconversion to 
track cell death
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A screen for compounds 
that reduce cell death

(Bernardo Blanco-Sánchez)



A screen for compounds 
that reduce cell death

UV photoconversion
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