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Human Usher syndrome (USH)

- USH is the most common form of
combined hereditary deaf-blindness.

~ 1:10,000 to 1:6,000
- Hearing impairment
- Vestibular dysfunction
- Vision loss - RP

- USH is a complex disease:
- 3 clinical types (USH1, USH2, USH3):

- > 12 genetic subtypes.

+ 10 USH causing genes are identified, so far.

- USH proteins belong to diverse protein families
molecular motors, cell adhesion
& trans membrane molecules,
scaffold proteins ...




USH protein expression
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USH protein expression: synapse

photoreceptor cells hair cells

human mouse -
BT s ¢
N7 - — m Il SC
i : = ,
¢ :

 4) s

h
'\_>~'

VLGR1 (USH2C)

— ]
“ BEEECDNEN

Harmonin (USH1C) binding regulates Ca?* channel function (Gregory et al., 2013).
Whirlin (USH12D) may also contribute (Kersten et al., 2010).

Wolfrum (2011)
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USH protein expression: cilium

photoreceptor cells

human mouse - A —

VLGR1/GPR98 (USH2C)

Most USH1 and USH2 proteins are associated with the
photoreceptor cilium.
Wolfrum (2011) Wolfrum & Schmitt (2000)



USH protein expression: calycal processes

photoreceptor cells
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Sahly et al. 2012, JCB
Wolfrum 2010, ARVO

USH1 and USH2 proteins are associated with the calycal processes in

human photoreceptor cells, not present in rodents.
Wolfrum (2011) Nagel-Wolfrum et al., submitted
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Evolutionary conservation of USH proteins in calycal

processes of photoreceptors
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Human Usher syndrome (USH)

- USH is the most common form of

combined hereditary deaf-blindness. USH protein network
~ 1:10,000 to 1:6,000

o . . SANS
- Hearing impairment USH1G |-
- Vestibular dysfunction
o o myosin Vlla
- Vision loss - RP /s
* USH is a complex disease: / || [srinrrss]
- 3 clinical types (USH1, USH2, USH3) 1~ |L.2EH2C [~ [ ramonn
- s . USH2D |\ CIB2 USH1C
12 genetic subtypes. JSH1)
»+ 10 USH causing genes are identified, so far. PCDHT5
USH1F
* USH proteins belong to diverse protein families e
molecular motors, cell adhesion USH1D |/
& trans membrane molecules, —
scaffold proteins ... USH2A |~

All USH1 and USH2 proteins are integrated into protein
networks - the USH interactome.



Periciliary USH protein complex
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Periciliary USH protein complex

VLGR1b (USH2C)
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USH protein complexes: ciliary cargo transport
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USH protein complexes: ciliary cargo transport
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USH protein complexes: ciliary cargo transport

USH protein association with transport vesicles:
Overlack et al. 2011; Zallocchi ... Cosgrove 2010,

: > 2012; Papal et al. 2013; BauB et al. 2014
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Identification of SANS binding partners

SANS

CENT

-~ SAM - COOH

MAGI2

membrane-associated guanylate kinase inverted-2

461 aa, ~ 52 kD

Yeast-2-Hybrid Screen
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prey aa 1039-1112

Valitation by 6ST-pull down

input 5% cell lysate input 5% cell lysate
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kDa kDa
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SANS interactors (SAMPBM domain) n function

whirlin (USH2D)

33 scaffold protein

MAGI2 (membrane-associated guanylate 3 scaffold protein
kinase inverted-2)

PDZRN4 (PDZ domain containig Ring 2 ubiquitin

finger protein 4)

protein ligase

Maerker et al. (2008), Overlack et al. (2011); BauB et al. (2014)



Summary SANS-MAGI2 complex
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- SANS-SAM domain binds MAGI2-PDZ5.

- POW predicts internal PDZ binding motif: SDLDL motif aa422-426)*.
- CK2 mediates phosphorylation of SANS S422.
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aa 949 - 1112

- MAGI2 = S-SCAM (synaptic scaffolding molecule)
- assembly of post-synaptic protein complexes

) Katharina BauB
- endocytosis of AMPA receptor

*POW: PDZ domain-peptide interaction prediction website BauB et al., Hum Mol Gen, 2014



Transferrin (Tf647) up-take/endocytosis assays
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Endocytosis at the base of primary cilia
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Dynasore treatment
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SANS depletion causes multiple phenotypes
primary cilia

control no cilia

long cilia multiple cilia
shRNA-GFP + ac.Tub.

BauB et al., Hum Mol Gen, 2014
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In situ localization of MAGI2/SANS and CK2/SANS

complexes in photorecep‘ror cells

PLA: proximity ligation
assay

1. Protein detection |
nucleotide fused |~ ¥
secondary antibodies A /((

primary antibody \’\

protein1 protein2

SCe
2. Signal amplification 3. signal MAGI2/SANS \ }
and labeling detection
via IF

. PLA

CK2/SANS
BauB et al., Hum Mol Gen, 2014

modified from http://www.olink.com



Sucellular localization of SANS and MAGIZ2 in the

periciliary compartment of rods
SANS MAGI2
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MAGI2 mediates endocytosis from the ciliary pocket'(Cp).

BauB et al. (2014) Hum Mol Gen



Putative SANS-MAGIZ2 complex function
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Ciliopathy disease protein interaction network
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>
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Usher syndrome

) Syscilia

modified from van Reeuwijk et al. (2011) Hum Mol Genet


http://syscilia.org/index.shtml
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Network functions
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