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Abstract

Protocadherin-15 (Pcdh15) is a component of the tip-links, the extracellular filaments that gate hair cell
mechanoc-electrical transduction channels in the inner ear. There are three Pcdh15 splice isoforms (CD1, CD2
and CD3), which only differ by their cytoplasmic domains; they are thought to function redundantly in mechano-
electrical transduction during hair-bundle development, but whether any of these isoforms composes the tip-
link in mature hair cells remains unknown. By immunolabelling and both morphological and
electrophysiological analyses of post-natal hair cell-specific conditional knockout mice (Pcdh15ex38-fl/ex38-fl
Myo15-cre+/-) that lose only this isoform after normal hair-bundle development, we show that Pcdh15-CD2 is an
essential component of tip-links in mature auditory hair cells. The finding, in the homozygous or compound
heterozygous state, of a PCDH15 frameshift mutation (p.P1515Tfs*4) that affects only Pcdh15-CD2, in
profoundly deaf children from two unrelated families, extends this conclusion to humans. These results provide
key information for identification of new components of the mature auditory mechano-electrical transduction
machinery. This will also serve as a basis for the development of gene therapy for deafness caused by PCDH15
defects.
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A novel mutation in the potassium channel gene KVLQT1 causes the Jervell and Lange-Mielsen cardioauditory syndrome.
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Abstract

Protocadherin-15 (Pcdh15) is a component of the tip-links, the extracellular filaments that gate hair cell
mechano-electrical transduction channels in the inner ear. There are three Pcdh15 splice isoforms (CD1, CD2
and CD3), which only differ by their cytoplasmic domains; they are thought to function redundantly in mechano-
electrical transduction during hair-bundle development, but whether any of these isoforms composes the tip-
link in mature hair cells remains unknown. By immunolabelling and both morphological and
electrophysiological analyses of post-natal hair cell-specific conditional knockout mice (Pcdh15ex38-fl/ex38-fl
Myo15-cre+/-) that lose only this isoform after normal hair-bundle development, we show that Pcdh15-CD2 is an
essential component of tip-links in mature auditory hair cells. The finding, in the homozygous or compound
heterozygous state, of a PCDH15 frarmeshift mutation (p.P1515Tfs*4) that affects only Pcdh15-CD2, in
profoundly deaf children from two unrelated families, extends this conclusion to humans. These results provide
key information for identification of new components of the mature auditory mechano-electrical transduction
machinery. This will also serve as a basis for the development of gene therapy for deafness caused by PCDH15
defects.
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What is it about?

Protocadherin-15 (Pedh15) is a component of the tip-links, the extracellular filaments that gate hair cell
mechanao-electrical transduction channels in the inner ear. There are three Pcdh15 splice isoforms (CD1,
CD2 and CD3), which enly differ by their cytoplasmic domains; they are thought to function redundantly in
mechano-electrical transduction during hair-bundle development, but whether any of these isoforms
composes the tip-link in mature hair cells remains unknown. By immunolabelling and both morphological
and electrophysiological analyses of post-natal hair cell-specific conditional knockout mice (Pcdh 15238
firex38-f Myo15-cre™™) that lose only this isoform after normal hair-bundle development, we show that
Pcdh15-CD2 is an essential component of tip-links in mature auditory hair cells. The finding, in the
homozygous or compound heterozygous state, of a PCOHT5 frameshift mutation (p.P1515Tfs*4) that
affects only Pcdh15-CD2, in profoundly deaf children from two unrelated families, extends this conclusion
to humans. These results provide key information for identification of new components of the mature
auditory mechano-electrical transduction machinery. This will also serve as a basis for the development of

gene therapy for deafness caused by PCDH15 defects.

To probe the role of Pedh15-CD2 in mature hair bundles, a post-natal hair cell-specific conditional knockout
mouse model, Pedh158x38-1/ex38fy015 cre®/~ mice, was generated. Conditional post-natal deletion of
exon 38, specific to the Pedh15-CD2 isoform, circumvented the early morphogenetic defects caused by the
absence of this isoform during hair-bundle development (Webb et af, 2011; see Methods and
Supplementary Fig S4). The auditery function of these mutant mice was probed by in vivo audiometric tests,
which explore the activities of IHCs and OHCs. At the onset of hearing, on P15, auditory function, measured
as auditory brainstem responses (ABRs), was identical in Pcdh15*"38'""’"33'ﬂMy015-cre” “mice (referred to
as conditional Pedh15A'CD2 mice) and their Pcdh158%38-/ex38- ittermate controls. By P17, ABR thresholds
in the mutants started to increase, and by P30, they were above 90 dB SPL across the frequency spectrum
tested (5-40 kHz). By P45, the conditional Pcdh15A'CD2 mice lacked any identifiable ABR response to loud
sound stimulation (115 dB SPL), indicating cormnplete hearing loss and fully defective IHCs. Distortion-
product otoacoustic emissions (DPOAEs), which involve OHC MET channel function (Avan et af, 2013),
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LPS biosynthesis loci obtained from sequenced genomes of L. pneumophila Sg1

strains
Strain mAb subgroub Accession no. Reference
Alcoy 2300/98  Knoxville GenBank: NC_014125.1 |28]
Corby Knoxville GenBank: NC_009494.2 J29] supplementary Data
L10/23 (UIm)"  Knoxville EMBL: HF545881 fis study Siipplementary Data
. . Files in this Data Supplement:
Uppsala 3 Knoxville EMBL: HES80445 his study
' ‘ ) o Supplementary Data - Supplementary Data
Paris Philadelphia | GenBank: NC_006368.1 |30] o Supplementary Data - Supplementary Data

o Supplementary Data - Supplementary Data

@do Iﬂnd@

Single-nucleotide polymorphisms (SNPs) most significantly associated in GWAS meta-analysis of PC1, PC2
and PC3 are shown in Tables 2, 3 and 4, respectively. After quality control (described in Supplementary
Material, Table 51) and imputation, >2.3 million SNPs were examined. The complete set of GWAS meta-
analyses results can be accessed under following link: http:/www.twinsuk.ac.uk/wp-content/uploads
/TUK G-EAR_GWAS hearing.zip, last accessed on 7 July 2014. There was a single genome-wide significant
SNP (P < 5 x 1078) on chromosome 11 associated with PC2, the PC representing the slope for higher
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Meta-analysis

Single-nucleotide polymorphisms (SNPs) most significantly associated in GWAS meta-analysis of PC1, PC2 Show annotations in this article
: 2.3 4 vely. X o .

and PC3 are shown in Tables 2, 3 and 4, respectively. After quality control (described in Supplementary 2 e T e

Material, Table S1) and imputation, >2.3 million SNPs were examined. The complete set of GWAS meta- rs681524 (1/11)

analyses results can be accessed under following link: http://www.twinsuk.ac.uk/wp-content/uploads 12687481 (1)

/TUK G-EAR GWAS hearing.zip, last accessed on 7 July 2014. There was a single genome-wide significant rS589636 (1)

SNP (P < 5 x 1078) on chromosome 11 associated with PC2, the PC representing the slope for higher

frequencies of the audiogram (Fig. 1, locus zoom of SNP +400 kb). A forest plot of the results for this SNP
rs681524 is shown in Figure 2 with corresponding data in Table 5. This plot shows the estimated effect sizes
[beta and 95% confidence interval (Cl)] of the C allele at rs681524 for different samples and a combined
meta-analysis effect (total beta = —0.24). The SNP was:fennhmn_ri in TwinslIK and imnuted inthe aother

samples but was not available in the sample from Tal: . =
Accession Numbers I
- n
rs681524 (7 RefSNP o ~
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Time-course global proteome analyses reveal an inverse correlation
between AB burden and immunoglobulin M levels in the APPNL-F
mouse model of Alzheimer disease
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Accession Number
S-EPMC5568403

Title

Time-course global proteome analyses reveal an inverse correlation between AB burden and immunoglobulin
M levels in the APPNL-F mouse model of Alzheimer disease.

Abstract

Alzheimer disease (AD) stands out amongst highly prevalent diseases because there is no effective treatment
nor can the disease be reliably diagnosed at an early stage. A hallmark of AD is the accumulation of
aggregation-prone amyloid B peptides (AB), the main constituent of amyloid plaques. To identify AB-dependent
changes to the global proteome we used the recently introduced APPNL-F mouse model of AD, which
faithfully recapitulates the AB pathology of the disease, and a workflow that interrogated the brain proteome of
these mice by quantitative mass spectrometry at three different ages. The elevated AB burden in these mice
was observed to cause almost no changes to steady-state protein levels of the most abundant >2,500 brain
proteins, including 12 proteins encoded by well-confirmed AD risk loci. The notable exception was a striking
reduction in immunoglobulin heavy mu chain (IGHM) protein levels in homozygote APPNL-F/NL-F mice,
relative to APPNL-F/wt littermates. Follow-up experiments revealed that IGHM levels generally increase with
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O Visualization of transient protein-protein interactions that promote or inhibit

amyloid assembly.
(PMID:24981172 PMCID:PMC4104025)
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Karamanos TK', Kalverda AP’, Thompson GS', Radford SE° @ =

Abstract

In the early stages of amyloid formation, heterogeneous populations of oligomeric species are generated, the
affinity, specificity, and nature of which may promote, inhibit, or define the course of assembly. Despite the
importance of the intermolecular interactions that initiate amyloid assembly, our understanding of these events
remains poor. Here, using amyloidogenic and nonamyloidogenic variants of B2-microglobulin, we identify the
interactions that inhibit or promote fibril formation in atomic detail. The results reveal that different outcomes
of assembly result from biomolecular interactions involving similar surfaces. Specifically, inhibition occurs via
rigid body docking of monomers in a head-to-head orientation to form kinetically trapped dimers. By contrast,
the promotion of fibrillation involves relatively weak protein association in a similar orientation, which results in
conformational changes in the initially nonfibrillogenic partner. The results highlight the complexity of
interactions early in amyloid assembly and reveal atomic-level information about species barriers in amyloid
formation.
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Amyloid fibril cytotoxicity: new insights from novel approaches

Prof SE Radford, University Of Leeds
& View author profile @ ORCID: 0000-0002-3079-803%

Abstract

Despite the discovery of amyloidosis more than a century ago, the molecular and cellular mechanisms of these
devastating human disorders remain obscure. In addition to their involvernent in disease, amyloid fibrils perform
physiological functions, whilst others have potentials as biomaterials. To realise their use in nanotechnology and
to enable the development of amyloid therapies, there is an urgent need to understand the molecular pathways of
amyloid assembly and to determine how amyloid fibrils interact with cells and cellular components. The
challenges lie in the transient nature and low population of aggregating species and the panoply of amyloid fibril
structures. This molecular complexity renders identification of the culprits of amyloid disease impossible to
achieve using traditional methods. Here | propose a series of exciting experiments that aim to cast new light on
the molecular and cellular mechanisms of amyloidosis by exploiting approaches capable of imaging individual
protein molecules or single protein fibrils in vitro and in living cells. The proposal builds on new data from our
laboratory that have shown that amyloid fibrils (disease-associated, functional and created from de novo designed
sequences) kill cells by a mechanism that depends on fibril length and on cellular uptake. Specifically, | will (i) use
single molecule fluorescence and non-covalent mass spectrometry and to determine why short fibril samples
disrupt biological membranes more than their longer counterparts and electron tomography to determine, for the
first time, the structural properties of cytotoxic fibril ends; (i) develop single molecule force spectroscopy to probe
the interactions between amyloid precursors, fibrils and cellular membranes; and (iii) develop cell biological assays
to discover the biological mechanism(s) of amyloid-induced cell death and high resoluticn imaging and electron
tomography to visualise amyloid fibrils in the act of killing living cells.
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Amyloid fibril cytotoxicity: new insights from novel approaches

Prof SE Radford, University Of Leeds
& View author profile @ ORCID: 0000-0002-3079-8039

Abstract

Despite the discovery of amyloidosis more than a century ago, the molecular and cellular mechanisms of these
devastating human disorders remain obscure. In addition to their invalvement in disease, amyloid fibrils perform
physiological functions, whilst others have potentials as biomaterials. To realise their use in nanotechnology and
to enable the development of amyloid therapies, there is an urgent need to understand the molecular pathways of
amyloid assembly and to determine how amyloid fibrils interact with cells and cellular components. The
challenges lie in the transient nature and low population of aggregating species and the panoply of amylaid fibril
structures. This molecular complexity renders identification of the culprits of amyloid disease impossible to
achieve using traditional methods. Here | propose a series of exciting experiments that aim to cast new light on
the molecular and cellular mechanisms of amyloidosis by exploiting approaches capable of imaging individual
protein molecules or single protein fibrils in vitro and in living cells. The proposal builds on new data from our
laboratory that have shown that amyloid fibrils (disease-associated, functional and created from de novo designed
sequences) kill cells by a mechanism that depends on fibril length and on cellular uptake. Specifically, | will (i) use
single molecule fluorescence and nen-covalent mass spectrometry and to determine why short fibril samples
disrupt biological membranes more than their longer counterparts and electron tomography to determine, for the
first time, the structural properties of cytotoxic fibril ends; (ii) develop single molecule force spectroscopy to probe
the interactions between amyloid precursors, fibrils and cellular membranes; and (iii) develop cell biclogical assays
to discover the biological mechanismis) of amyloid-induced cell death and high resolution imaging and electron
tomography to visualise amyloid fibrils in the act of killing living cells.
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