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Previous studies: microarray analysis of extracelluar serum miRNAs in ALS
extracellular miRNAs:

fALS patients

preclinical mutation carrier

(Freischmidt et al., Brain, 2014)

~60% of sALS patients
(Turchinovich et al., Trends Biochem Sci, 2012)

Found in all body fluids / exeptionally stable
Majority bound by proteins (95-99%),
minority membrane enclosed
unknown origin and function
(likely byproduct of cellular activity)
Disease/physiological conditions reflected in
extracellular miRNAs

(Freischmidt et al., Neurobiol Aging, 2015)

Hypothesis:
Common deregulated
RNA-binding protein in ALS?

?

Identification of proteins associated with the GDCGG-motif
Discovery experiment: RNA pull-down assays:

Mass spectrometric identification and quantification of pulled down proteins (n = 3-4)

37 proteins
closely associated
with the GDCGG motif
ranked by affinity

Gene Ontology analysis
of 37 candidate proteins

GO: term

p-value

RNA binding

7.9E-11

RNA polymerase III transcription factor
activity

2.1E-4

RNA splicing factor activity

1.3E-3

snoRNA binding

1.3E-2

nucleotide binding

5.1E-2

Identification of proteins associated with the GDCGG-motif
Binding-profiles of Top 3 candidate proteins:

relative amount of pulled down protein

MRPS26

mitochondrial
ribosomal protein

FXR2
Fragile-X-related proteins

FXR1

2x
no motif GACGG GGCGG

2x
2x
GCCGG GAAAG

Fragile-X-Mental retardation protein

Validation of candidate proteins: FXR1 directly interacts with GDCGG-miRNAs
principle of band shift assays:
native agarosegelelectrophoresis
synthetic miRNA

band shift assays:

protein:
1 2 3 4 5 6

recombinant
protein

*

miRNA bound
by protein
„free“ miRNA

Purification of recombinant proteins from E.coli:

*

GGCGG
*

GACGG
FXR2-C: no expression in E.coli

Validation of candidate proteins: FXR1 directly interacts with GDCGG-miRNAs
principle of competetive qRT-PCR enrichment assays:

equimolar mix of
synthetic miRNAs

protein coupled to
Ni-NTA beads

recombinant proteins from E.coli:
FXR1-C:

recombinant proteins from E.coli:
Full-length FXR1:

incubate
+
wash beads

quantify miRNAs
copurifying with the
beads by qRT-PCR

FXR1, FXR2 and FMR1 directly bind to GDCGG-miRNAs via its RGG/RG-motifs

FXR1
RGG
RGG
RG2

FXR2

FMR1

recombinant proteins from E.coli:

band shift assay:

39-3p:
no motif
4745-5p: GACGG

FXR1 may be the most important player in ALS
recombinant proteins
from E.coli:
LMW RNA of
HEK293 cells

incubate
+
wash beads

analyze copurifying
miRNAs by
miRNA microarray

FXR1 has the highest affinity for RNA/miRNA:
total RNA

miRNA

miRNAs copurifying with
FXR1/FXR2/FMR1
largely overlap:

determination of
RNA yield copurifying
with FXR1/FXR2/FMR1:

FXR1 and FMR1 show similar specificity for miRNAs with the GDCGG motif:
miRNAs with motif significantly enriched?
(p-value Fisher’s exact test)
FMR1

3.83E-9

FXR1

5.09E-9

FXR2

5.38E-6

hierarchical cluster analysis of miRNAs enriched by all 3 proteins:

Summary and outlook

observation in
ALS patients and
preclinical mutation carrier

deregulated
serum miRNAs

consensus nucleotide motif
in downregulated miRNAs

identification and validation
of specific binding proteins
(FMR1/FXR1/FXR2)

?
• Expression analysis of FMR1/FXR1/FXR2 in ALS post mortem tissue
• Neuropathological staining of FMR1/FXR1/FXR2
• Lacalization studies of FMR1/FXR1/FXR2 in iPSC derived motor neurons carrying ALS mutations
• does downregulation/mislocalization of FXR-proteins cause the extracellular ALS-related miRNA profiles?
• connection of FXR-proteins and serum miRNAs (e.g. transport or secretion)?
• connection of FXR-proteins and ALS-related proteins?
• biological function of miRNA-binding by FXR-proteins?
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FXR1 and FXR2 expressed in human cell lines also bind to GDCGG-miRNAs
miRNA pulldown in lysates of HEK293 cells:

overexpression of FXR1 or FXR2 in HEK293 cells

interaction with endogenous FXR1 and FXR2

long
short

input

isolation of fractions
enriched in FXR1 or FXR2
coupeled to Ni-NTA beads
92a-3p: no motif
638:
2x GGCGG
Ponceau S

competetive qRT-PCR enrichment assays

*

*
FXR1 antibody
detects very high
levels of FXR2

