A yeast functional screen predicts new ALS disease genes @
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Introduction YEP TDP-43 FUS .
Project
A e that

LS is a devastating adult-onset neurodegenerative diseas

attacks upper and lower motor neurons (1). Symptoms of this dis- TDP-43 and FUS both contain RNA recognition motif (RRM) (3) and we found that RRMgene 1 RRM gene 2

ease are a progressive and fatal muscle paralysis, causing death they both formed cytoplasmic aggregates and were toxic when expressed in yeast Human RRM gene

within 2 to 5 years of disease onset. (Fig. 1 and (7, 8)). yeast expression
Including FUS and TDP-43, there are at least 226 RRM-containing proteins (PFAM ID SONR library

Mutations in several genes have been linked to both sporadic or fa- PF00076) present in the human proteome. Are there other human RRM-containing R gene131) (o POOVR

milial forms of ALS, including SOD1, TARDBP, FUS/TLS and others proteins with similar properties as TDP-43 and FUS (e.g. aggregation-prone and toxic Jene

(2). Two of these genes, TARDBP (TDP-43) and FUS/TLS (FUS) in yeast)?

both encode similar types of RNA-binding proteins (3) and have If so, might these be potential ALS disease genes?

been identified as components of pathological inclusions in neurons

of ALS patients (4-6). An emerging concept suggested by the dis- TDP-43 We therefore designed a simple yeast functional screen to identify such genes (Fig. i
coveries of FUS and TDP-43 in ALS is that defects in RNA metabo- 2). We cloned 133 different human RRM-containing open reading frames (ORFs) into Q *
lism might contribute to the pathogenesis. o Colactose yeast expression vectors as YFP fusions, under the control of a galactose-inducible o
ucose alactose . . . ]
(TDP-43 or FUS “off’)  (TDP-43 or FUS “on’) promoter, and individually transformed them into yeast cells. Fluorescence micros- Cytoplasm diffuse  Nucleus diffuse ~ Cytoplasm aggregates
Could other human RNA-binding proteins with similar properties as Figure 1. Yeast functional screen identifies human RNA binding pro- copy and spotting assays were used to determine respectively the localization of each Figure 2. Yeast functional screen designed to identify additional human RNA-binding proteins that ag-
TDP-43 and FUS also contribute to ALS? teins with similar properties as FUS and TDP-43. When expressed in protein and to assess toxicity. gregate and are toxic in yeast. A library of 133 different human ORFs encoding RNA-binding proteins as
yeast cells TDP-43 and FUS form multiple cytoplasmic aggregates YFP fusions was individually transformed into yeast cells.
(top) and both are also toxic when expressed in yeast (bottom).
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| XIClly of humar P ' e grown or alignment of amino acids 505 to 564 of EWSR1, 358 to 416 of TAF15 . ) . o ! Figure 7. Immunohistochemistry to visualize localization of EWSR1 (A-D) and nucleus or cytoplasm of neurons, with rare neurites containing EWSR1. The ALS-linked mutant forms
synthetic media containing either glucose (control, RNA-binding protein “off”) d 463 to 483 of TAF15 from di tebrat ies indicates that | | EWSR1 and TAF15 oligomers formed during aggregation reactions. D) o . . . g o U . .
. . . ! e . an o 0 rom diverse veriebrale species indicates tha - : - TAF15 (E-H) in spinal cord of control or ALS patients. In control spinal cord neu- of EWSR1 showed increased mislocalization into the neurites, including dendrites and axons. (C)
or galactose (to induce expression of candidate ORFs, RNA-binding protein th tated residues in TAF15 are hiahl d ALS-linked TAF15 variants (G391E, R408C) displayed accelerated ag- : : o . R ! i .
i , : ’ , € mutated residues in are hignly conserved. : C oA : : rons EWSR1 (A) and TAF15 (E) are localized predominantly to the nucleus. In Quantitation of mislocalization of transfected WT or mutant TAF15 or EWSR1. Variants found in ALS
on”). Some proteins were very toxic when overexpressed, like FUS and gregation Kkinetics than variant also found in controls (R388H). Error : . ) ) S
TDP-43 while others were moderately toxic or not toxic bars = mean + S.E.M. (N=3) ALS spinal cord neurons, EWSR1 was present in cytoplasmic punctate granular cases (TAF15: M368T, G391E, R408C, G473E ; EWSR1: G511A, P552L) showed mislocalization

structures (B-C, arrows) or in a diffuse pattern throughout the cytoplasm (D). In whereas variants found in both cases and controls (TAF15: R388H, EWSR1: G584S) behaved like
puncta (F-H). mean = S.E.M. /

addition to nuclear localization (arrows) TAF15 accumulated in cytoplasmic {.*,P < 0.01 (localization of TAF15 variants compared to WT, Student’s t test). Error bars =
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