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A B S T R A C T

The majority of mutations identified in patients with amelogenesis imperfecta have been mapped to FAM83H. As
FAM83H expression is not limited to the enamel, how FAM83H contributes to amelogenesis is still largely
unknown. We previously reported that members of the FAM83 family of proteins interact with and regulate the
subcellular distribution of the promiscuous serine-threonine protein kinase CK1 family, through their shared N-
terminal DUF1669 domains. FAM83H co-localises with CK1 isoforms to speckle-like structures in both the cy-
toplasm and nucleus. In this report, we show FAM83H, unlike other FAM83 proteins, interacts and colocalises
with NCK1/2 tyrosine kinase adaptor proteins. This interaction is mediated by proline-rich motifs within the C-
terminus of FAM83H, specifically interacting with the second and third SH3 domains of NCK1/2. Moreover,
FAM83H pathogenic AI mutant proteins, which trigger C-terminal truncations of FAM83H, retain their inter-
actions with CK1 isoforms but lose interaction with NCK1/2. These AI mutant FAM83H proteins acquire a
nuclear localisation, and recruit CK1 isoforms to the nucleus where CK1 retains its kinase activity. As under-
standing the constituents of the FAM83H-localised speckles may hold the key to unravelling potential substrates
of FAM83H-associated CK1 substrates, we employed a TurboID-based proximity labelling approach and un-
covered several proteins including Iporin and BAG3 as potential constituents of the speckles.

1. Introduction

FAM83H is a member of the FAMily with sequence similarity 83
(FAM83) protein family, which comprises eight family members de-
signated FAM83A-H. FAM83 proteins are related by a common N-
terminal domain of unknown function called DUF1669. The function of
this protein family is mostly uncharacterised, however we have recently
identified that FAM83 proteins act as scaffolding proteins for protein
kinase CK1 isoforms α, δ and ε, where FAM83 proteins serve to direct
CK1 isoforms to distinct subcellular compartments. The FAM83:CK1
interaction is mediated through the DUF1669 domain, which we re-
named Protein Anchor of CK1 (PACK1) [1,2].

Outside of the PACK1 domain, the FAM83 proteins are unique and

share no sequence similarity or homology. Consistent with this, we
have found that different FAM83 members have unique interacting
partners and cellular roles [2–6]. By employing a proteomics approach,
we identified FAM83G, also known as Protein Associated with SMAD1
(PAWS1), as a novel interactor of SMAD1 and a novel component of the
BMP signaling pathway [3]. Moreover, through its association with
CK1α, PAWS1 can activate the Wnt signaling pathway [5] and muta-
tions in PAWS1 that are implicated in palmoplantar keratoderma, lose
interaction with CK1α and consequently have attenuated Wnt signaling
[7]. Interestingly, we found that the interaction between FAM83D and
CK1α was essential for proper positioning of mitotic spindles, and in the
process uncovered CK1α as a novel mitotic kinase with important
functions in cell division [6].
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Abbreviations: ADHCAI, autosomal dominant hypocalcified amelogenesis imperfecta; aGFP6M, anti-GFP nanobody with six destabilising mutations [45]; AI,
amelogenesis imperfecta; AP4, Adapter Protein Complex 4; BAG3, BAG family molecular chaperone regulator 3; BMP, bone morphogenetic protein; CD2AP, CD2
associated protein; CK1, Protein kinase CK1; DUF1669, domain of unknown function 1669; EGFP, enhanced green fluorescent protein; FAM83, FAMily with sequence
similarity 83; HA, homology arm; IB, immunoblot; IP, immunoprecipitate; Iporin, Interacting protein of Rab1; LC-MS/MS, Liquid Chromatography tandem mass
spectrometry; PACK1, Protein Anchor of CK1; PAWS1, Protein associated with SMAD1; RUSC2, RUN and SH3 domain containing protein 2; NESCA, New molecule
containing SH3 at the carboxy-terminus; SMAD1, Mothers against decapentaplegic homolog 1; UNC45A, Uncoordinated 45 homolog A
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