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Abstract

The vigilin proteins represent a family of RNA-binding proteins that are characterized by their high
degree of conservation. These proteins possess a unique feature, namely the presence of up to 15 KH
domains, which is a distinctive attribute among RNA-binding proteins. The vigilin proteins have been
associated with numerous cellular processes in various organisms, including translation regulation,

ploidy maintenance, mRNA localization and stabilization, ribosome association, and numerous others.

The present study was motivated by the observation that Scp160 exerts a substantial influence on the
polyglutamine aggregation and re-use of t-RNA. The central objective of this study was to investigate
the impact of KH domains on the scope of their influence on RNA, on interacting proteins and finally
on each other. To address these questions, KH domains were deleted using a CRISPR/Cas9 approach
and the impact of KH domain absence was subsequently examined. The strains lacking specific KH
domains were analyzed for the localization of Scp160 in the cell. Scp160, which normally localizes at
the ER, showed delocalization for deletion of specific KH domains. This result suggests an impairment
in the protein's function. For further investigation, analysis of the ploidy profiles was performed,
displaying a change in ploidy for certain KH deletions. Furthermore, an investigation was conducted
to ascertain the emulsifying properties of Scp160 in the absence of specific KH domains. The strains
that developed an emulsifying effect and also showed changes in their ploidy and localization, of
Scp160 were further analyzed. Mass spectrometry revealed a relatively minor impact of KH domain
deletion on the pattern of proteins that interact with Scp160. To further investigate the impact of
deletion of KH domains on RNA interaction, RNA sequencing and CRAC were performed, which
indicated that RNA binding is severely impacted by the absence of certain KH domains but not for
other deletions with an equivalent numbers of KH domains. This result suggests that there is a
difference in the importance of KH domains within Scp160. The loss of the middle KH domains (KH
domains four and five) resulted in the forementioned phenotypes, including a severe loss of RNA
binding. In contrast, the deletion of the first two KH domains did not alter the function of Scp160 and

therefore didn’t exhibit any phenotype.

The findings of this study have demonstrated that both the position and the number of KH domains
are of significant importance for the functionality and localization of Scp160. Consequently, future
research on this protein should concentrate on analyzing the function of individual KH domains and

their interaction with RNA, proteins and each other.



Zusammenfassung

Die Vigilin-Proteine stellen eine Familie RNA-bindender Proteine dar, die sich durch einen hohen
Konservierungsgrad auszeichnen. Diese Proteine besitzen ein einzigartiges Merkmal: sie bestehen aus
bis zu 15 KH-Doméanen, welche ein charakteristisches Merkmal von RNA-bindenden Proteinen
darstellen. Die Vigilin-Proteine wurden mit zahlreichen zellularen Prozessen in verschiedenen
Organismen in Verbindung gebracht, darunter Stressgranulatbildung, Translationsregulation,
Aufrechterhaltung der Ploidie, Pheromonerkennung, Telomer-,Silencing”, mRNA-Lokalisierung und -

Stabilisierung, P-Koérper-Lokalisierung, Ribosomenassoziation und zahlreiche andere.

Die vorliegende Studie entstand durch die Beobachtung, dass Scp160 einen erheblichen Einfluss auf
die Wiederverwendung von t-RNA und auf die Aggregation von Polyglutamin austibt. Das zentrale Ziel
dieser Studie bestand darin, den Einfluss von KH-Domanen auf RNA und interagierende Proteine sowie
ihren Einfluss untereinander zu untersuchen. Um diese Fragen zu beantworten, wurden KH-Domaéanen
mit Hilfe von CRISPR/Cas9 deletiert und anschlieBend die Auswirkung der fehlenden KH-Domanen
untersucht. Die Stamme, denen spezifische KH-Domanen fehlen, wurden auf die Lokalisierung von
Scpl60 in der Zelle untersucht. Scp160, welches normalerweise am ER lokalisiert ist, zeigte eine
Delokalisierung im Falle der Deletion spezifischer KH-Domanen. Dieses Ergebnis deutet auf eine
Beeintrachtigung der Funktion des Proteins hin. Zur weiteren Untersuchung wurde eine Analyse des
Ploidiegrades durchgefiihrt, welche eine Anderung der Ploidie fiir bestimmte KH-Deletionen zeigte.
Darliber hinaus wurde ein Experiment durchgefiihrt, um die emulgierenden Eigenschaften von Scp160
in Abwesenheit spezifischer KH-Domanen zu ermitteln. Die Stamme, welche eine emulgierende
Wirkung entwickelten und auch Veranderungen in ihrer Ploidie und Lokalisierung zum ER zeigten,
wurden weitergehend untersucht. Massenspektrometrie ergab einen geringen Einfluss der KH-
Domadnen-Deletion auf die Protein-Protein-Interaktion von Scp160. Um den Einfluss der Deletion von
KH-Domanen auf die RNA-Interaktion weiter zu untersuchen, wurden RNA-Sequenzierung und CRAC
durchgefiihrt. Die Ergebnisse deuteten darauf hin, dass die RNA-Bindung durch das Fehlen bestimmter
KH-Domanen stark beeintrachtigt wird, bei anderen Deletionen mit einer dquivalenten Anzahl von KH-
Domaénen jedoch nicht. Dies legt nahe, dass es einen Unterschied in der Bedeutung von KH-Domanen

innerhalb von Scp160 gibt.

Die Ergebnisse dieser Studie haben gezeigt, dass sowohl die Position als auch die Anzahl der KH-
Domaénen von entscheidender Bedeutung fir die Funktionalitdt und Lokalisierung von Scp160 sind.
Daher sollte sich die zukiinftige Forschung zu diesem Protein auf die Analyse der Funktion einzelner

KH-Domanen und ihrer Interaktion mit RNA, Proteinen und untereinander konzentrieren.



Introduction

Translation provides the basis for protein synthesis

As two of the most fundamental processes in any living organism, transcription and translation are
universal steps in the production of all required proteins in a cell. The importance of translation can
be measured by its high energy consumption. With a 50:1 ratio of RNA to DNA, divided into 80% rRNA
(representing ~60% of the total transcription in the cell), 15% tRNA and 5% mRNA and an estimated
200,000 ribosomes per yeast cell, a high level of energy must be used to maintain the process of
translation. To sustain the high level of ribosomes alone, the yeast cell must produce 2,000 new
ribosomes per minute (Warner, 1999). A highly regulated translation machinery is therefore essential.
Translation regulation is critical for the ability of cells to adapt to stress situations, cell development
and differentiation. These regulatory elements have been found in almost every step of the eukaryotic
translation machinery but are most concentrated in the initiation step (Jackson et al., 2010).
Inactivation of eukaryotic initiation factors (elFs) reduces translation for most mRNAs under stress
conditions such as starvation (Sonenberg and Hinnebusch, 2009). Localized translation allows specific
changes in cell morphology through spatially restricted protein synthesis, for example during early
stages of embryogenesis (Cho et al., 2005). In general, translation regulation can be divided into two
control domains: global control of protein synthesis and mRNA-specific translation regulation. Global
control includes RNA-independent levels of regulation during normal growth as well as under stress
conditions. In order to adjust to changes in their environment, yeast cells have a wide range of possible
gene expression adaptations. This may be in response to self-generated problems such as nutrient
deprivation due to growth (Paz and Choder, 2001; Svitkin et al., 2005) or in response to external

factors, which include a wide range of different stresses (Smirnova et al., 2005).

The process of translation consists of several steps

Translation can be divided into three distinct phases: initiation, elongation and termination (Figure 1).

Initiation: First, the PIC (pre-initiation complex) is formed. The 40S small subunit of the ribosome binds
to the eukaryotic initiation factors elF1, -1A, -3, -5 and the TC (ternary complex), which consists of
elF2-GTP and initiator tRNA. The pre-initiation complex then recognizes the polyadenylated mRNA,
which has been preactivated by elF4F. Propelled by elF5, the PIC begins to search for the 5' UTR of the



mMRNA for the anticodon of the initiator tRNA (Met). Upon detection of the start codon, the 60S

ribosomal subunit is recruited by elF5B, resulting in the functional 80S ribosome (Hinnebusch, 2014).

Elongation: GTP hydrolysis and eukaryotic elongation factors (eEF1A, eEF2, etc.) allow the ribosome
to move along the mRNA. The movement is codon-based, where a codon consists of a specific
nucleotide triplet. Of the 64 possible codon combinations, 61 code for canonical amino acids. The
codons of the mRNAs bind complementary anticodons of the charged tRNAs. These transfer RNAs are
charged with an amino acid corresponding to the mRNA codon, resulting in the growing peptide chain.
Codon anticodon binding occurs at the A site of the large subunit of the ribosome. The amino acid is
attached to the growing peptide chain after the tRNA moves to the P site. The uncharged tRNA then

moves to the E site. Here it is released from the ribosome.

Termination: This process continues until the ribosome encounters a stop codon. At this point, the
eukaryotic release factor rEF1 is bound to the A site along with other release factors. The nascent
protein chain is released for further processing. The ribosome is then dissociated and recycled into

40S and 60S units by Rlil in Saccharomyces cerevisiae (Schuller and Green 2018).

A notable problem of common translation elongation is ribosome stalling. This translation interruption
can have several causes: slow kinetics in peptidyl transfer, poor A-site occupancy due to insufficiently
expressed tRNAs or poor tRNA aminoacylation, a queue of successive tRNA codon pairs that is
suboptimal relative to synonymous subsequent pairs, and mRNA secondary structures such as stem

loops or pseudoknot (Schuller and Green, 2018).
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ER localized translation is dependent on different factors

Apart from differences in early translation at the mechanistic level (see below), the differences
between cytosolic and ER translation are minor. There is evidence that ER translation is more efficient
than its cytosolic counterpart. The steady-state mRNA load of ribosomes at the ER is higher than that
of cytosolic ribosomes (Reid and Nicchitta, 2012). Another difference is the translation of specific
mMRNAs in relation to cytosolic and ER-bound ribosomes: mRNAs for cytosolic proteins could be found
to be translated at the ER, but not vice versa (Reid and Nicchitta, 2012). Further investigation into the
intricacies of translation revealed discrepancies in the regulation of translation in the cytosol and at
the ER. A reporter mRNA was shown to be translated by a higher number of ribosomes at the ER
compared to the cytosol, indicating either slower elongation or faster translation initiation (Voigt et

al., 2017).

Another ongoing investigation suggests that the ribosome composition in terms of different sets of
components may lead to specialized ribosomes. These specialized ribosomes can focus on functional
aspects, like translation initiation, elongation speed, fidelity and selectivity of mRNA or they can be
separated by their localization ribosomes (Genuth and Barna, 2018). A difference in cytosolic and ER-
localized ribosomes was found in mouse embryonic stem cells (mESCs) were the ribosome associated
proteins (RAP) PKM2, a glycolytic enzyme, was found for the ER localized ribosomes but not for
cytosolic ribosomes (Genuth and Barna, 2018). Another example for heterogeneity of ribosomes was
in the case of the ribosomal RNA extension segment ES27L. Cryo-electron tomography shows a
conformational difference for ER-bound and cytosolic, suggesting a structural adaptation for

ribosomes depending on their location (Pfeffer et al., 2012).

While the cytosol contains a largely soluble fraction of proteins, mRNAs translated at the endoplasmic
reticulum encode among other proteins that are integrated into membranes. The ER-Golgi pathway is
particularly important for membrane-targeted proteins such as transmembrane and peripheral
membrane proteins, including receptor proteins, channel proteins and pumps, but also for soluble
proteins destined for secretion (Viotti et al., 2016). Protein secretion and protein integration into
membranes are presumably catalyzed by the same ER machinery (Figure 2) (Caro and Palade, 1964;
Rapoport, 2007; Reid and Nicchitta, 2015; Walter and Blobel, 1981). The synthesis of a targeting signal
initiates the secretory pathway. The signal recognition particle (SRP) can then bind to the nascent
peptide chain, resulting in the RNC-SRP complex (Walter and Blobel, 1981). Under certain
circumstances, elongation can be modified by factors such as SRP. In 1980, the composition of the SRP

or signal recognition particle was identified as consisting of SRP RNA and six proteins, which were



named SRP9, SRP14, SRP19, SRP54, SRP68, SRP72 according to their size of 72,000, 68,000, 54,000,
19,000, 14,000 and 9,000 daltons (Mutka and Walter, 2001; Walter and Blobel, 1981).

SRP binds ribosomes independently of the presence of a signal sequence. However, the presence of
this signal, which is an N-terminal hydrophobic sequence of a specific newly synthesized protein,
positively influences the binding affinity of SRP. The region for the SRP 5' Alu domain overlaps with
the binding site of the elongation factor between the two ribosomal subunits. This allows SRPs to
modulate translational elongation after binding the nascent chains of membrane/secretory proteins.
Translation is halted to allow transport of the newly formed SRP-RNC to the ER (Egea et al., 2005; Halic
and Beckmann, 2005). The complex can then be translocated to the ER membrane (Zhang and Shan,
2014). It should be noted that targeting of RNCs to the ER in general can occasionally occur without
the SRP (Neuhof et al.,, 1998). In yeast, SRP-independent pathways are known. Besides the
homologous yeast guided entry of tail-anchored proteins (GET) another pathway constitutes of the
SND proteins. Deletion of these proteins depleted the localization of proteins with more downstream
transmembrane domain (TMDs). This pathway is known as SRP-independent targeting, or SND for
short. The shifting of the TMD seems to alter the dependency of the different pathway which directs
substrates to the to the endoplasmic reticulum (Aviram et al., 2016). Targeting of mRNAs to the ER is
still not fully understood. There have been numerous publications investigating mRNA localization,
indicating multiple ER localization mechanisms, but the full extent of mRNA localization pathways is

still unknown (Costa et al., 2018; Lakkaraju et al., 2007; Mutka and Walter, 2001).
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initiation can occur right on the ER; mRNAs encoding cytosolic proteins also can be translated at the ER (How this association
comes to pass is unknown), hence a major part of the proteome can be translated at the ER; ER: endoplasmic reticulum; SRP:
signal recognition particle; illustration modified from “Diversity and selectivity in mRNA translation on the endoplasmic
reticulum; figure 1” (Reid and Nicchitta, 2015).

The mRNAs encoding the secretory proteins are targeted to the ER via an N-terminal signal peptide
that mediates SRP binding. However, there are numerous other regulatory elements that influence
the ER targeting of mRNAs. A characteristic feature of ER-targeted mRNAs is their increased uracil
content in the coding region (Prilusky and Bibi 2009). In addition, the adenine content in the signal
sequence coding regions (SSCRs) is reduced. Taking together, these findings suggest that mRNAs of
secreted/membrane proteins (mMSMPs) can be distinguished from other mRNAs by their nucleobase
composition (Palazzo et al., 2007). More recently, a cis-acting sequence motif in RNAs (SECReTE;
secretion-enhancing cis regulatory targeting element) has been found to enhance mSMP localization
to the ER (Cohen-Zontag et al., 2019). In addition to localization, it appears to enhance RNA stability
and secretome protein synthesis/secretion. SECReTE consists of approximately ten nucleotide triplet
repeats with an enrichment of pyrimidines (C or U) at every third base. Interestingly, in an unbiased
attempt to find the motif in cell wall proteins using the motif search tool MEME, a general U/C
enrichment was found not only for the third base (Cohen-Zontag et al., 2019). Similarly, codons with

U in the second position correspond to hydrophobic amino acids (Koonin and Novozhilov, 2009). Taken



together, the C/U rich motifs of RNAs often result in hydrophobic proteins, implying their association

with the cell wall and membrane.

Protein levels in subcellular compartments are regulated by localized translation

For a significant number of proteins, the site of translation affects the localization of the functional
protein. In Drosophila oocytes, almost 10% of RNAs are localized. These RNAs include important
examples of localized RNAs such as bicoid, oskar and gurken. Localization can also be restricted to
specific cell organelles. In addition to the ER, localized translation have also been shown in
mitochondria. The mitochondrial TOM complex, localized at the outer membrane, represents a
translation platform. In yeast, the mRNA was able to interact directly with the mitochondrial-
associated Puf3. Together with the nascent polypeptide-associated complex (NAC) and OM14, a
mitochondrial receptor for cytosolic ribosomes, sufficient anchoring is achieved for translation and

subsequent import of the protein by the TOM complex.

Zipcodes are another motif associated with mRNA targeting. In this case, it's not a conserved sequence
but a structural element whose secondary structure leads to a similar kind of stem loop. These are
then recognized by specific RNA binding proteins (RBPs). An example of this type of mRNA targeting
is the ASH1 mRNA. The RBP She2 is able to recognize the four zipcode elements of the ASH1 RNA and

facilitates smooth mRNA targeting (Olivier et al., 2005).

In addition to the RNA sequence-based localization markers, the RBPs mentioned above are the most
important mechanisms associated with mRNA targeting. A vast localization network regulating mRNA-
protein interactions has been identified. This network controls the spatial distribution of RNA
expression within cells (Hogan et al., 2008; Oeffinger et al., 2007). Therefore, the mRNA localization
of ER-bound RNAs is most likely to be by active transport rather than passive diffusion (Brangwynne

et al., 2009).



RNA binding Proteins contain various structural motifs

RNA binding proteins (RBPs) are a group of proteins responsible for post-translational regulation
throughout the RNA life cycle. The association of RBPs with nascent RNA results in the formation of
ribonucleoprotein (RNP) complexes. The binding of RBPs to RNAs is often, but not always, dependent
on structurally conserved binding domains such as RNA recognition motif (RRM), double-stranded
RNA binding (dsRBD), DEAD-box helicase domains (Linder 1989) and KH domains (Siomi et al., 1993).

In the following, | will briefly characterize these major RNA-binding domains.

RRM: The RRM is the best studied and most abundant binding domain in this list. Estimated to be
present in 1% of all human proteins (Cléry and Allain, 2012), the RRM contains approximately 90 amino
acids arranged in a B1lal1p2B3a2p4 composition. Between B1 and B3, the two a-helices form the RNA-
binding motif RNP1 and RNP2 against an antiparallel B-sheet (Cléry and Allain, 2012). Binding to RNA
occurs for single-stranded RNA (ssRNA) through subsequent stacking interactions and hydrogen

bonding with the RNP motif (Auweter et al., 2006).

dsRBD: As the name suggests, the dsRBD only binds double-stranded RNA (dsRNA) and consists of
approximately 65-70 amino acids (Masliah et al., 2013). dsRNAs are found in proteins responsible for
RNAI, viral protection and cellular transport. The dsRBD is often found in tandem repeats or together
with other RNA binding domains (Cléry and Allain, 2012; Ranji et al., 2011). The dsRBD is composed as
alB1B2PB3a2, with the two a-helices flanking the antiparallel B-sheets (Cléry and Allain, 2012; Masliah
et al., 2013). The A-formed RNA recognition helix is specifically recognized by the dsRBD with low
affinity (Cléry and Allain, 2012).

Helicase domains: The unwinding of polynucleotides is contingent upon the binding of both DNA and
dsRNA. In comparison to the other RNA-binding domains, which typically comprise around 100 amino
acids, the helicase domains are relatively large, comprising approximately 350-400 amino acids (Gai
et al., 2004). These are once more organized into two "recombinase A (RecA)-like" subdomains, which
both include an ATP-catalytic core, a nucleic acid-binding region, and smaller subdomains responsible
for coordination (Gai et al., 2004; Kainov et al., 2008). The binding of RNA is surrounded by the recA-
like domains, or, in the case of multimeric helicases, pulled through the center of the ring (Jankowsky,
2011; Kainov et al., 2008; Linder and Jankowsky, 2011). The helicase domain interacts with multiple
nucleotides simultaneously. DEAD-box helicases have the capacity to cover at least five single-
stranded or base-paired nucleotides simultaneously (Jiang et al., 2011; Linder and Jankowsky, 2011;

Weir et al., 2010).
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Heterogeneous nuclear ribonucleoprotein particle (hnRNP) K homologue domains
represent the RNA binding domain of vigilin proteins

In addition to the RRM and dsRBD, the heterogeneous nuclear ribonucleoprotein particle (hnRNP) K
homologue domain (KH domain) is one of the most prevalent RNA recognition domains utilized for
interactions with RNAs (Corley et al., 2020). The designation "KH domain" is derived from the
eukaryotic heterogeneous nuclear ribonucleoprotein K, which is involved in pre-mRNA processing in
the nucleus. KH domains are present in all three domains of life (Archaea, Bacteria, and Eukarya)
(Siomi et al., 1993), suggesting that they may have originated early in the evolutionary process
(Grishin, 2001). Examples of bacterial or archaeal KH domain-containing proteins include the
phosphate-dependent exonuclease PNP in Escherichia coli (E. coli) and the archaeal ribosomal protein
S3 (Siomi et al., 1993). KH domains can be classified into two main subgroups, Type | and Type Il. Both
subgroups share a common structural motif comprising two beta sheets separated by two alpha
helices (Baap), with an additional a3 component located at the N- or C-terminus, depending on the
subgroup. In both subgroups, the antiparallel beta sheets are arranged in opposition to the alpha
helices (Figure 3). The organization of the type | subgroup is of a Bia;a2B,Bsascomposition while the
type Il consists of an ;" B1 B10aa2P2 structure (Grishin, 2001). A conserved glycine-X-X-glycine segment
is located between the a-helices (A and B). This segment is only absent in a few known KH-domain-
containing proteins, including KH domains 1, 3-7, and 13 of the yeast vigilin protein Scp160 (M. A.
Brykailo et al., 2007). It has been proposed that these GXXG motifs are responsible for binding RNA
and ssDNA with a relatively low affinity (Liu et al., 2001; Valverde et al., 2008). The absence of the
GXXG motif has been observed in KH-domain-containing proteins, including vigilin proteins. In
contrast to the classical GXXG motifs, these are referred to as "diverged." The number and position of
diverged and classical KH domains exhibit variation between the vigilin proteins of different organism
(Figure 4 a+b). The significance of diverged KH domains was assessed. The ability of Scp160 variants,
in which the final two KH domains were replaced with alternative KH domains, to rescue a lethal
scp1604/eaplA double deletion was evaluated. The results demonstrated that all of the swapped KH
domains were capable of partially saving the double deletion mutant. This result indicates that both
diverged and conserved motifs are necessary for the proper functionality of the protein (M. A. Brykailo

et al., 2007; Li, 2003).

The number of KH domains present in a protein can vary considerably, from a single domain (as
observed in PNP) to three domains in hnRNP K (Siomi et al., 1993) and up to 15 domains in human
HDLBP (Xia et al., 1993). These individual KH domains can serve distinct functional roles (Vollbrandt et

al., 2004). An illustrative example of this particular function of individual KH domains can be observed
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in KH domains 13 and 14 of the yeast vigilin homologue Scp160. These have been demonstrated to be
involved in RNA binding and polysome binding (Baum et al., 2004; Gelin-Licht et al., 20123;
Hirschmann et al., 2014; Vollbrandt et al., 2004).

Figure 3: AlphaFold2 prediction of the second KH-domain of Saccharomyces cerevisiae vigilin protein Scp160; a: alpha-helices;
B: beta-sheets; upper- and lower-case a-c: enumeration of alpha helices and beta sheets.

Vigilin proteins are a family of multi-KH domain RNA-binding proteins

As previously stated, the vigilin protein family is a member of the KH-domain-containing group of RNA-
binding proteins. The human family member was identified as a high-density lipoprotein (HDL) binding
protein, which led to the designation of the human vigilin protein as "HDLBP," or HDL binding protein
(McKnight et al., 1992). The first vigilin protein to be identified was that of the chicken, which was
discovered in 1987. The protein was subsequently named "vigilin" in 1993, following the identification
of its N-terminal conserved valine-isoleucine-glycine motif (Graham und Oram, 1987; Siomi et al.,

1993).

In addition to the previously mentioned human and chicken proteins, several other vigilin homologs
have been identified (Figure 4 a)). The namesake of HDLBP in Mus musculus (Graham und Oram, 1987),
Vigilin in Gallus gallus (Schmidt et al., 1992), hdlbp from Xenopus laevis (Dodson and Shapiro, 1997),
DDP1 in Drosophila melanogaster (Cortes, 1999), and vgIn-1 in Caenorhabditis elegans (Weber et al.,
1997), hdlbp was identified in Danio rerio (Chen et al., 2003), and in 2010, vgll was identified in
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Schizosaccharomyces pombe (Wen et al., 2010). Additionally, Scp160 was identified in Saccharomyces

cerevisiae (Weber et al., 1997).

The functionality of these proteins exhibits a high degree of diversity across different organisms.
Human HDLBP has been linked to several processes, including the binding of HDL (McKnight et al.,
1992), shuttling of tRNA from the nucleus to the cytoplasm (Kruse et al., 1998), ribosome binding
(Kruse et al., 1996), the regulation of heterochromatin (Graham und Oram, 1987), gene imprinting
(Batlle et al., 2011; Marsellach et al., 2006), and translation regulation (Cannarozzi et al., 2010). The
number of known functions of HDLBP continues to expand. The depletion of HDLBP resulted in a
reduction of secretion, thereby substantiating the importance of the protein (Zinnall et al., 2022).
Additionally, the binding of HDLBP to C/U-rich motifs was linked, further substantiating the hypothesis
that HDLBP exhibits a preference for binding to C/U-rich motifs. Additionally, recent findings indicate
that in addition to gene silencing, HDLBP plays a role in maintaining genome stability and may
contribute to the pathogenesis of autism spectrum disorders (Mushtaq et al., 2023). In addition to
autism, HDLBP has been linked to a number of other health-relevant topics, including viral infection,
lipid metabolism, and cancer (Feicht, 2024). The proto-oncogene c-fms is a direct target of HDLBP. A
69-nucleotide-long element in the 3'-UTR of c-fms plays a pivotal role in its regulation. This element
contains five "CUU" triplets, which represent the binding motif of HDLBP. Furthermore, this binding
motif is also bound by the RNA-binding protein HuR (Brennan et al., 2001). HuR functions to stabilize
mRNA, whereas HDLBP promotes mRNA decay and downregulates c-fms translation. In this case,
HDLBP has been demonstrated to function as a tumor repressor (Woo et al., 2011). Additionally,
studies have shown that hdlbp (X. /aevis) is capable of stabilizing vitellogenin mRNA (Dodson and
Shapiro, 2002). Vitellogenin is a precursor of egg yolk. Similarly, as observed in the human vigilin
HDLBP, DPP1 has been demonstrated to regulate heterochromatin and chromosome segregation

(Cortes, 1999; Huertas et al., 2004).
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Figure 4: Evolutionary relationship and KH domain arrangement of viglin proteins; a) Phylogenetic tree of vigilin proteins
(Information of was obtained by PhyloT V2 and phylogenetic tree was designed accordingly in GIMP V2.10.38) b) Overview
of KH domains status of vigilin proteins: classical (orange) and diverged (red) domains; protein size and KH-domain size were
not taken into aspect.

Vigilin proteins are typically located in the cytoplasm, however they frequently accumulate in close
proximity to the ER or the cytoplasmic face of the outer nuclear membrane (Batlle et al., 2011; Klinger
and Kruse, 1996; Wen et al., 2010). Additionally, metazoan homologues have been observed in the
nucleus, whereas Scp160 of S. cerevisiae is exclusively present in the cytoplasm (Brykailo et al., 2007;
Klinger and Kruse, 1996; Kruse et al., 2000; Zhou et al., 2008). In the nucleus, vigilin appears to be
involved in the transport of tRNA and translation factor EF-1a within two complexes, designated VCCN
and VCCC (vigilin-containing complexes). Furthermore, the complex VCCN contains the nuclear export
receptor exportin-t, which suggests a role in the export of tRNA into the cytoplasm. The presence of a
functional nuclear localization signal (NLS) in vigilin also implies a shuttling role for the RBP (Kruse et
al., 2000, 1998). It should be noted that the binding of tRNA is not a universal phenomenon among
metazoan vigilin homologues. It has been demonstrated that human vigilin and Xenopus vigilin exhibit

differential binding preferences for distinct RNA species (Kanamori et al., 1998; Kruse et al., 1998).
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Vigilin proteins also play a role in maintaining chromosomal integrity, which is essential for ensuring
the unobstructed segregation of chromosomes during cell division. The deletion of Scp160 has been
observed to result in an increase in the ploidy of the affected cells (Wintersberger et al., 1995). Ploidy
is defined as the set number of chromosomes in a cell. While no direct association between vigilin and
chromatin has been reported for S. cerevisiae, there is evidence for an interaction between the protein
and the chromatin in metazoans. In the case of D. melanogaster vigilin, binding to a repetitive DNA
sequence in the vicinity of the centromeres has been proven. It has been demonstrated that the
protein binds exclusively to the C-rich strand of the dodeca satellite, which is a telomere-like
centromeric satellite DNA. Conversely, no binding was observed for the complementary G-rich strand
(Cortes, 1999). A comparable binding phenomenon was observed for human vigilin, wherein a high
degree of affinity was demonstrated for a- and B-satellites (Wang et al., 2005). Satellite DNA is a type
of tandem repeating, non-coding DNA that constitutes the core component of centromeres (Lohe et
al., 1993). a-satellites are present in all chromosomes, whereas B-satellites are exclusively found in
the centromeres of the following chromosomes: As reported by Altemose et al. (2022), the
aforementioned satellite DNA is present in the following chromosomes: 1, 9, 13, 14, 15, 21, 22, and

the Y chromosome.

It is noteworthy that both binding sequences exhibit attributes that are characteristic of the RNA
targets that are most preferred by vigilin. These preferences include G-poor, single-stranded, and
unstructured targets. Furthermore, the similarities in sequence preferences have been demonstrated
in other species, including Xenopus laevis, Saccharomyces cerevisiae, Mus musculus, and Homo

sapiens (Hogan et al., 2008; Mobin et al., 2016; Wang et al., 2005; Zinnall et al., 2022).

The reported functions of vigilins in the cytoplasm are starkly divergent from those observed in the
nucleus (Figure 5 and Table 1). In mice, vigilin has been demonstrated to positively affect the
translation of secreted liver proteins, which in turn modulate the blood plasma profile (Mobin et al.,
2016). Scp160 is exclusively present in the cytoplasm, and its precise full function remains unknown.
An overview of the localization and function of vigilin proteins can be found here (Cheng and Jansen,

2017).
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Figure 5: Vigilin functions in lower eucaryotes (a) and higher eukaryotes (b); vigilin-associated complexes are indicated by
roman (lower eucaryotes) and arabic (higher eucaryotes) numbers: I: stress granules, Il: P-bodies, Ill: translation complexes,
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to either lower or higher eukaryotes are listed under the respective cell; Illustration modified from “A jack of all trades: the
RNA-binding protein vigilin; figure 3” (Cheng and Jansen, 2017).
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Table 1: Summary of Vigilin protein function and localization.

Organism gene name function ref. localization
Schizosaccharomyces pombe vgll stress granule Wen ER, cytoplasm
translation regulation Sezen
ploidy maintenance Wintersberger
polysome association Weidner
Saccharomyces cerevisiae SCP160 pheromone sensing Gelin-Licht ER, cytoplasm
Telomeric silencing Marsellach
mRNA localization Irie, Bohl
p-body localization Weidner
Caenorhabditis elegans vgin-1 translation regulation Zabinsky cytoplasm
centromeric silencing
Drosophila melanogaster DDP1 Huertas ER, cytoplasm
heterochromatin regulation
Danio rerio hdlbpa (lipid metabolism) Bruneau ?
Xenopus laevis hdlbp mMRNA stabilization Dodson ?
Gallus gallus Vigilin ? ?
Mus musculus Hdlbp translation regulation Mobin ?
Neu-Yilik, Baum,
translation regulation
Klinger, Lang
lipid metabolism McKnight
tRNA shuttling Hirschmann
Homo sapiens HDLBP ER, nucleus, cytoplasm
ribosome association Vollbrandt
heterochromatin regulation Klinger
gene imprinting LiuQ
mMRNA stabilization McKnight

Scp160 is characterized by its role in ploidy control

In 1995, the budding yeast protein vigilin, designated Scp160 or S. cerevisiae protein controlling the

ploidy, was first described. The designation was selected based on the protein's molecular weight

(approximately 160 kDa) and its distinctive phenotype, characterized by a loss of ploidy maintenance.
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The proteinin S. cerevisiae that controls ploidy was first identified by Wintersberger et al. (1995). Two
years after its initial characterization, it was identified as a member of the vigilin protein family (Weber
et al., 1997). Scp160 is comprised of 14 KH domains. Seven KH domains (domains KH2, KH8-12, and
KH14) contain conserved GXXG motifs and thus represent classical KH domains. No GXXG motif is
present in KH domains 1 and 3, while those in 4-7 and 13 exhibit incomplete GXXG motifs. Incomplete
GXXG motifs, which lack one of the glycine residues, result in either an incomplete GXXX or XXXG
motif. The absence of a GXXG motif, as well as the presence of an incomplete GXXG motif, can be
classified as a diverged KH domain (Weber et al., 1997). The most C-terminal KH domains have been
demonstrated to be indispensable for the protein's functionality. Specific functions and interactions
have been identified for KH domains 13 and 14. The results of photo-cross-linking experiments
demonstrated that there was an accumulation of RNA binding to the C-terminus of Scp160 (Kramer et
al., 2014). The deletion of the last two KH domains resulted in the abolishment of ribosome association
and a loss of specific mRNAs, including those encoding POL factors (mRNAs involved in polarity and
secretion) and several mRNAs encoding cell wall and cell membrane components (Baum et al., 2004,
Gelin-Licht et al., 2012a, 2012b). Similar observations were made in the case of the human vigilin,
where the 14th KH domain was deleted, resulting in a loss of ribosome interaction (Kruse et al., 2000;

Vollbrandt et al., 2004).

The sequence of the SCP160 gene also indicates the presence of a NES and NLS in the N-terminus of
the protein. However, mutation of the NES did not result in nuclear accumulation of Scp160, and a
mutation of the NLS sequence showed no detectable effect. Therefore, both the NES and NLS appear
to be non-functional with regard to the general protein localization, which encompasses nuclear
envelopment and the rough ER (Wintersberger et al., 1995). These findings align with the identified
mRNA binding partners of Scp160, which encode cell wall and secreted proteins. These classes of

mRNAs are typically translated at the rough endoplasmic reticulum.
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The yeast vigilin “Scp160” displays a variety of functions

The scope of action of Scp160 is outside the nucleus

The functions of Scpl60 appear to be numerous and diverse. This chapter will provide a concise
overview of the diverse functions of the yeast vigilin protein. Chromosome duplication and
segregation are essential processes for all living organisms. It is therefore essential to ensure that this
process is subject to rigorous and precise control, as any errors could prove lethal for the dividing cell.
However, for S. cerevisiae, an uneven distribution of chromosomes is not necessarily fatal
(Wintersberger et al., 1995). The genetic elements and mechanisms, as well as the interplay between
the segregation apparatus, have been well characterized (Newlon 1988, Marston 2014). In the
budding yeast, chromosome segregation is an intranuclear process, as the nuclear envelope does not
break down during mitosis (Marston, 2014). Nevertheless, there is no evidence that Scp160 is located
in the nucleus, and thus it is unlikely that it interferes physically with this process. However, Scp160 is
localized at the ER membrane and thus at the nuclear envelope, which suggests the possibility of
interference (Wintersberger et al., 1995). The outer nuclear membrane is continuous with the ER, and
it has been suggested that both membranes accommodate a similar set of membrane proteins (Gerace
and Burke 1988; Newport and Forbes 1987). It is therefore reasonable to posit that Scp160 may be in

contact with the nuclear envelope.
Polysome associated Scp160 is localized at the ER

In cell fractionation experiments, the distribution of cytosolic and membrane-bound associated
Scpl160 to polysomes was analyzed (Frey et al., 2001). Furthermore, it was demonstrated that this
interaction is dependent on mRNA (Frey et al., 2001). The use of S1 nuclease at a low concentration
to degrade mRNA but not rRNA resulted in a loss of co-localization of Scp160 and the membrane-
bound ribosomes. This indicates that mRNA, which is being translated, is the crucial factor in ER
localization. It was demonstrated that co-localization to the ER was dependent not only on mRNA, but
also on ribosomes. The release of membrane-bound ribosomes triggered by EDTA exhibited a lack of
Scp160 signal at the ER, indicating that Scp160 is associated with polysomes at the ER in an mRNA-
dependent manner. Subsequently, this association was found to be linked to microtubules. It was
demonstrated that the absence of microtubules resulted in the delocalization of Scp160 from the ER.
The transport of mMRNAs in yeast is dependent on actin and microtubules. Therefore, the delocalization
of Scp160 is a logical consequence of this dependency (Heym and Niessing, 2012). The hypothesis was
put forth that the Scp160-mRNA-ribosome complexes are transported from the cytosol to the ER as

their final destination (Frey et al., 2001). The binding of Scp160 to polysomes is dependent on the
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presence of the two proteins, Ascl and Bfrl. The loss of either of these two proteins results in the
separation of Scp160 and the ribosomes. Ascl is a core component of the 40S subunit of eukaryotic
ribosomes. Bfrl is directly associated with Scp160 in a mRNA-dependent manner and is known to be

a nonessential RNA-binding protein (Baum et al., 2004; Lang, 2001).
The C-terminus of Scp160 plays a significant role in its functionality

The most C-terminal KH domains appear to be indispensable for Scp160-polysome association (Li et
al., 2004). This discovery is consistent with the identification of the vigilin protein in humans, where it
was demonstrated that the C-terminal domain is essential for ribosome binding (Vollbrandt et al.,
2004). The last two KH domains of Scp160 were subjected to comprehensive investigation with regard
to their impact on the functionality of Scp160 and vigilin (Baum et al., 2004; Melissa A. Brykailo et al.,
2007; Gelin-Licht et al., 2008). However, subsequent findings indicated that the loss of KH domains 13
and 14 does not inevitably result in Scp160 delocalization from the ER (Schreck, 2010). Nevertheless,
mutants lacking KH domains 13 and 14 exhibit a number of phenotypes. Initially, the overall fitness of
the cells was observed to decline. An increased sensitivity to hygromycin B and cycloheximide was
observed (Baum et al., 2004). Cycloheximide has been demonstrated to impede protein synthesis by
interfering with the translocation process (Siegel and Sisler, 1963). Hygromycin B, on the other hand,
has been shown to inhibit protein synthesis by retaining tRNA at the ribosomal A-site (Gonzélez et al.,
1978). Both processes result in further impairment of translation. If the increased delocalization of
Scp160 from the ER is considered, the additional translation deficiency aligns with the increased
sensitivity. Growth at elevated temperatures (37°C) was more severely inhibited compared to even
the complete deletion of SCP160. The additional deletion of KH domain 11 and KH domain 12 further

exacerbated the present phenotypes (Baum et al., 2004).
The presence of SCP160 is necessary for the maintenance of consistent ploidy

Initial experiments demonstrated that the deletion of the SCP160 gene resulted in alterations to the
ploidy of the deletion strains. The haploid cells displayed a pseudo-diploid FACS profile following the
truncation of the C-terminal KH domains (Frey, 2002). In the complete deletion of SCP160, the
observation was made that pseudo-diploid and subsequently even pseudo-tetraploid cells could be
identified. This imbalance in chromosome number is not the result of an error in chromosome
duplication; rather, it is caused by mis segregation of chromosomes. This conclusion was reached
based on the observation that in mother-daughter cell pairs resulting from cell division, one of the
cells lacked any nuclear material (Wintersberger et al., 1995). One potential explanation for the
absence of nuclear material is the disruption of the yeast microtubule organizing center, the spindle

pole body (Sezen et al., 2009). A potential additional phenotype of scp160A cells is an increase in size.

20



This change in size can be attributed to an increase in DNA content and/or cell size resulting from

stress (Tibayrenc et al., 2010; Wintersberger et al., 1995).
Scp160 is part of the SESA complex

The defect in chromosome segregation observed in cells lacking functional Scpl160 has been
postulated to originate from Scp160's involvement in the SESA (Smy2, Eapl, Scp160, Ascl) complex
(Sezen et al., 2009). The complex is composed of Smy2, Eap1, Scp160, Ascl, Bfrl, and Dhh1, with some
members serving as direct interactors of Scp160. Smy2, which was discovered and named after its
ability to compensate for the temperature sensitivity of myo2 mutants, contains a glycine-tyrosine-
phenylalanine (GYF) domain that is capable of binding to polyproline domains, which are found, for
example, in Eap1l. Thus far, no direct interaction between Scp160 and Smy2 has been observed (Lillie
und Brown 1994; Kofler et al. 2005). Eap1l is an elF4E-binding protein that interacts with Smy2 and
Dhh1 (Chial et al., 2000; Gingras et al., 1999). Asc1 and Bfrl have been demonstrated to bind Scp160
directly, as previously described (Sezen et al., 2009). Dhh1, a DExD-box ATPase and mRNA de-capping
factor, has also been identified as an interaction partner of Scp160 (Carroll et al., 2011). The SESA
complex has been demonstrated to bind the mRNA of the nuclear pore complex (NPC) protein Pom34.
This protein plays a role in the process of spindle pole body duplication. The binding of the POM34
MRNA may represent a potential mechanism for quality control in chromosome segregation. It is
postulated that the SESA complex functions to impede the initiation of translation of POM34 mRNA,

thereby reducing Pom34 protein levels (Sezen et al., 2009).

The impact of Scp160 on bound RNAs is diverse. As observed in the case of POM34, the presence of
Scp160 has been demonstrated to result in the suppression of mRNA (Sezen et al., 2009). Together
with its presumptive partner Bfrl, Scp160 has been demonstrated to be essential for the formation of
proper P-bodies. The P-bodies affect the turnover of RNA (Teixeira et al., 2005). In this context, Scp160
appears to maintain the P-body components in a state of readiness, preventing mRNA decay under

non-stress conditions (Weidner et al., 2014)

It seems reasonable to posit that the function of the SESA complex is not solely focused on spindle
body control. Other known bound mRNAs include CCW14, which encodes a cell wall glycoprotein;
AGA1, which codes for a subunit a-agglutinin in the cell wall; PRY3, a glycosyl-phosphatidyl-inositol
(GPI)-anchored cell wall protein; and MSB2, which encodes an integral plasma membrane mucin
protein linked to osmosensing (Hirschmann et al., 2014). It is established that Scp160 exerts an
influence on the composition of the cell wall, although the precise nature of this effect remains

unclear. The deletion of the SCP160 gene has been observed to result in a pronounced emulsifying

21



capacity of yeast cells (Nerome et al., 2020), a property that has been linked to alterations in the cell

wall composition of the affected yeast strains.
Scp160 is binding different types of RNA

In addition to its role in mRNA binding, Scp160 has been observed to interact with a range of other
nucleic acids, including ssDNA, dsDNA, rRNA, and tRNA (Weber et al., 1997; Hirschmann et al., 2014).
In the initial attempt to assign specific mRNAs to Scpl60, a relatively incoherent set of mRNAs was
identified. This includes genes that code for microtubule-associated proteins, sporulation-promoting
proteins, meiosis-specific DNA helicase, and other proteins (Li et al., 2003). Subsequent studies
revealed that Scp160 binds to a vast array of mRNAs, particularly those encoding cell wall proteins,
membrane proteins, and secreted proteins (Sezen et al., 2009). It is noteworthy that RNA processing
and ribosome biogenesis, which are localized at the nucleolus, may also represent a potential target
for Scp160 (Hogan et al., 2008). These findings can be corroborated. Two microarray-based studies
have identified a specific set of mMRNAs that bind to the protein. As previously observed, the majority
of these mRNAs were found to encode proteins with established links to the cell wall or plasma
membrane (Hirschmann et al., 2014). An analysis conducted using the MIPS Functional Catalogue
Database revealed an enrichment of mRNA coding for extracellular, cell wall proteins and proteins

involved in ER-Golgi transport (Hirschmann et al., 2014; Ruepp, 2004).
Scp160 is involved in tRNA recycling and autocorrelation

Furthermore, a function of Scp160 regarding tRNA recycling was put forth. tRNA was observed to form
a complex with the human vigilin protein HDLBP and eEF1A. A general interaction between tRNA and
vigilin proteins was proposed as a potential explanation (Kruse et al., 1996; Kruse et al., 1998; Baum
et al., 2004). Subsequently, it was postulated that Scp160 inhibits the dissociation of tRNA from the
ribosome, thereby ensuring a robust association of the ribosome, tRNA, and the corresponding
aminoacyl-tRNA synthetase (Hirschmann et al., 2014). The hypothesis posited that Scp160 retained
empty t-RNAs in the vicinity of the translation ribosomes, while its interaction partner Ascl recruited
aminoacyl-tRNA synthetases (Hirschmann et al., 2014). Therefor It is conceivable that both proteins
function collectively to facilitate the reloading of tRNAs with the corresponding amino acids via nearby
aminoacyl-tRNA synthetases resulting in an improvement of translation elongation. The binding of
tRNA may be linked to autocorrelation, which refers to the reuse of tRNAs by different synonymous
codons (Hirschmann et al.,, 2014). The group of mRNAs that exhibited a decrease upon SCP160
knockout exhibited a common characteristic: all were significantly above average in terms of

autocorrelation (Hirschmann et al., 2014).
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The potential function of increasing translation elongation efficiency of Scp160 was analyzed with
reporter proteins derived from the first exon of the huntingtin protein (mHtt). The translation of
autocorrelated and non-autocorrelated codons was further investigated using different polyglutamine
containing reporters (Cheng et al., 2018). A polyQ-containing reporter protein allows not only for the
analysis of translation in a region with synonymous codons but also permits the investigation of the
impact of this well-studied low complexity region (LCR) on protein folding, as it tends to form large
aggregates. The aggregation patterns of various polyQ reporters in SCP160 mutant strains were
assessed, and it was demonstrated that the absence of Scp160 affects the aggregation and toxicity of
the reporters, as well as the aggregation of two additional proteins, namely Nab3 and Cyc8, that

naturally contain LCRs (Cheng et al., 2018).
rRNA binding has yet to be proven for Scp160

The binding of rRNA has been proposed, but thus far has not been demonstrated in vivo. In vitro
experiments have demonstrated the ability of Scpl160 to bind to rRNA (Weber et al.,, 1997).
Additionally, it is conceivable that Scp160 may bind rRNA indirectly through its interaction with Ascl.
The human Ascl homologue, Rackl has been demonstrated to bind rRNA, thereby rendering the

assumption of Asc1 binding rRNA a probable outcome (Coyle et al., 2009).

Scp160 is involved in pheromone sensing and chemotropism

Scp160 was identified as a Gpal binding partner (Guo et al., 2003). Gpal, the a-subunit of protein G,
has been demonstrated to play a pivotal role in the pheromone response. This finding has
subsequently led to the identification of Scp160 as a constituent of the mating response pathway.
Scp160 is indispensable for the localization of Sro7 mRNA to the apex of budding yeast, in conjunction
with another RBP, She2, and a motor protein, Myo4p (Gelin-Licht et al., 2012a). During the mating
process, the presence of Scp160 is crucial, whereas She2 is not necessary for the transportation of
RNA to the polarization site, the shmoo tip. During the formation of the shmoo tip, Scp160 was
observed to bind to Myo4, which subsequently localized to the cortical endoplasmic reticulum. The
binding of mMRNA is enhanced by the activation of Gpal and the addition of mating factors. It is
remarkable that this mRNA plays a pivotal role in regulating cell polarity. In light of these findings, it
appears that Scp160 plays a role in the binding and transport of polarity and secretion factor (POL)
mRNAs towards the region of active growth and reproduction. Furthermore, it was demonstrated that
the deletion of the C-terminal KH domain alone can result in a phenotype similar to that observed in
a full knockout (Gelin-Licht et al., 2012). Subsequently, it was demonstrated that Ascl interacts with

Scp160 for pheromone sensing and Gpal activation. The mitogen-activated protein kinase (MAPK)
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pathways involved in filamentous growth and mating exhibit a shared dependence on Scp160/Ascl.
Ascl binding is facilitated by pheromone-activated Scp160, which regulates the two pathways at the
translational level. The interaction of both proteins results in the dispersion of mating signals, which
consequently leads to a reduction in filamentous growth and nutrient sensing signals (Gelin-Licht et

al., 2020).
Scp160 affects telomeric silencing

The deletion of Scp160 resulted in the relaxation of telomer silencing and the mating type locus (HMR).
The telomere position effect is associated with the inhibition of the silencing protein Sir3 at the
telomeres. While Sir3 is essential for HMR, telomere formation, and heterochromatin formation, it is
not required at the ribosomal locus (rDNA) (Marsellach et al., 2006). It is postulated that its function
may originate from its localization at the endoplasmic reticulum, which is also the cytoplasmic face of
the nuclear envelope. Telomere clustering is known to occur at this precise location, specifically at the

nuclear face of the envelope (Cortes, 1999; Marsellach et al., 2006).
The cell wall composition is affected by Scp160 deletion

As previously stated, Scp160 has been demonstrated to interact with mRNAs for proteins involved in
the formation of the cell membrane and the cell wall. In a recent study, 5076 strains were screened
for an emulsifying phenotype, which is defined as the ability to mix two liquids that are typically
immiscible. The deletion of Scp160 was identified as one of eight proteins that resulted in the desired
outcome. It is of note that Ascl was another of the eight findings (Nerome et al., 2020). The alteration
in their emulsifying capacity was attributed to modifications in their cell wall structure. It is established
that Ascl deletion results in a defective synthesis of the chitin synthase Chs2, which consequently
affects the chitin fraction of the cell wall. A protein with a more extensive history of study within the
same phenotypic category, exhibiting enhanced emulsifying properties, is Mcd4. The deletion of Mcd4
has been observed to yield a similar outcome to that of Scp160, namely, a defective synthesis of GPI
anchors. In the absence of these anchors, the linkage of mannoproteins and B-glycans is disrupted.
The reduction in the mannose-to-glucose ratio observed in scp160A could not be demonstrated. The
precise alterations induced by the deletion of Scp160 in the cell wall remain to be elucidated (Nerome

et al., 2020).
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Closing remarks

As previously stated, vigilins are composed of either 14 or 15 KH domains, as illustrated in Figure 4 b.
It should be noted that the KH domains in question are not identical. These domains can be classified
into two main categories: classical and divergent KH domains. Divergent KH domains can be identified
by the absence of the GXXG motif, as observed by Weber et al. (1997). However, this alteration does
not necessarily indicate a loss of function, as it has been demonstrated that diverged domains can
functionally replace conserved KH domains (Brykailo et al., 2007a). The arrangement of classical and
divergent domains varies among different vigilin homologues. The vigilin proteins of S. cerevisiae, S.
pombe, and A. gossypii exhibit a comparable pattern in their 14 KH domains to that observed in the
homologues of H. sapiens, X. laevis, G. gallus, C. elegans, D. rerio, and D. melanogaster in their 15 KH
domains. HDLBP has only three diverged KH domains, in contrast to the eight observed in Scp160
(Currie and Brown, 1999; Weber et al.,, 1997). To date, the C-terminal KH domains have been
demonstrated to be of the utmost importance for vigilin function. The binding of RNA and polysomes
is impaired following the truncation of KH domains 13-14 (Baum et al., 2004; Gelin-Licht et al., 20123;
Hirschmann et al., 2014; Vollbrandt et al., 2004).
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Aim of this thesis

It has been demonstrated that the KH domains of vigilins, including Scp160, are indispensable
structural and functional components. Thus far, the predominant focus of analysis has been on the C-
terminal KH domains, which have been postulated to be of paramount importance for Scp160 function
(Baum et al., 2004; Brykailo et al., 2007; Gelin-Licht et al., 2012b; Hirschmann et al., 2014).
Furthermore, it is important to note that evidence exists demonstrating the significance of both
classical and divergent KH domains. In contrast, aside from the interchanging of KH domains (Brykailo
et al., 2007), there is currently a dearth of data concerning the role of the vast majority of N-terminal
and central KH domains of Scp160. The objective of this thesis was to draw attention to the N-terminal
KH domains of Scpl160 that have not been previously investigated. We sought to identify specific
regions of interest, whether single KH domains or KH domain clusters, and, if possible, to ascribe

distinctive properties, functions, and interaction partners to them.
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Material and Methods

Methods

Standard Cloning procedure

Restriction and Ligation of plasmids and PCR-products were performed according to the manuals of
the enzymes used for the corresponding cloning experiment. This normally includes a 1h restriction
digestion on 37°C with either heat inactivation or purifying of the product and a subsequent ligation

overnight. Plasmid used are displayed in Table 2. Primer used in this thesis are displayed in Table 3.

Standard methods
Many of the used molecular biological methods are based on standard techniques (Ausubel, 2000;

Sambrook, 2001) and were used accordingly.

Yeast culture

All yeast strains used or generated during this work are listed in Table 4. Yeast Peptone Adenine
Dextrose (YPAD) was used as full medium for yeast cultivation. Full medium contains 10g yeast extract,
20g peptone, 20g dextrose and 0.4g/| adenine sulfate. Synthetic complete media (SC-medium) was
used for selective cultivation. SC-medium consists of 6.7g/| yeast nitrogen base, and a particular

mixture of amino acids shown in Table 5.

Yeast cell lysis for protein extracts

20 ODeqo units (equivalent to approx. 4 x 108 cells) were harvested in a 2 ml Eppendorf tube. The cell
pellet was dissolved in 300ul of lysis buffer (25mM Tris-HCI pH 7.5, 50mM KCI, 10mM MgCl,,
1mM EDTA, 5% glycerol, 0.5% Triton X-100), 200 to 250mg glass beads (0.25-0.5 mm) were added,
and the mix vortexed on a BV1005 Benchmixer™ (Benchmark) for 10min at 4°C. The glass beads and
the cell debris were spun down for 1min at 1.000g at 4°C. The supernatant was transferred to a new

Safe-Seal® Eppendorf tube and stored at -20°C until use.

SDS PAGE and western blotting

The SDS-PAGE gel electrophoresis procedure was conducted using the Bio-Rad MP system in
accordance with the following methodology. The separating gel (Table 6) was casted in adequate glass
frames and overlayed with 200ul isopropanol. After polymerization the isopropanol was discarded

and a stacking gel (Table 6) was prepared with desirable combs. Protein concentration in the cell lysate
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was measured by a Bradford assay. 20ug protein were loaded per lane The SDS-PAGE was conducted
in accordance with the methodology outlined by Laemmli (1970). The proteins were subsequently
transferred onto a PVDF membrane (Amersham Hybind P 0.45um, GE Healthcare) (Amersham Hybind
P 0.45um, GE Healthcare) via a BioRad tank blotting system (350mA for 60-90min at 4°C). The
membrane was blocked in 1x PBS+5% dried milk for 20min at room temperature, followed by probing
the membrane with a primary antibody in PBS-T over night at 4°C. The antibody concentration was
determined in accordance with the recommended values provided by the corresponding
manufacturer. The membrane was washed with PBS-T three times for 10min and incubated with a
suitable secondary antibody coupled to a HRP conjugate for 1h at room temperature. The membrane
was again washed three times with PBS-T and afterwards incubated for 1min with ECL substrate.

Immunofluorescence was detected with a ChemiDoc MP Imaging System (BioRad).

PCR
PCR was performed according to the Agilent Inc. Herculase Il Fusion DNA Polymerases protocol (see
official user manual). High efficiency PCR was performed according to (Janke et al., 2004); (hot start

was not performed).

Transformation in Yeast

High efficiency transformation was adapted from the original protocol according to Gietz and Schiestl
(2007).

Single colonies are inoculated in 5ml YAPD medium and are grown overnight. A 50ml of YAPD were
inoculated with the overnight culture to an end ODgg of 0.25. The suspension was allowed to grow
for approximately four hours, reaching an ODggo of 1. 10 ODgqo are harvested and washed twice with
20ml of sterile water. Cell pellets were dissolved in 360ul of the previously prepared transformation
mixture. The transformation mix is composed of 240ul PEG3350 (50%(w/v), 35ul 1M lithium acetate,
50ul salmon sperm DNA (2mg ml?), 34l of diluted plasmid DNA (1-5ug) in sterile water. After heavy
mixing, the transformation mix is incubated at 42°C for 30min. After incubation of the tubes are
pelleted for 30s at 13.000g. Supernatant is discarded and pellets are dissolved in 1ml sterile water.
The cell suspension was plated in volumes between 20-200ul on corresponding selective agar plates.
Colonies appear after around two to seven days.

High efficiency transformation was used for CRISPR/Cas9, genomic tagging and genomic deletion
experiments.

One step transformation was performed according Chen et al. (1992). For plasmid transformation,

freshly grown yeast cells were scratched with an inoculation loop from an agar plate and resuspended
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in 100ul one-step-buffer (0.2 M lithium acetate, 40% (w/v) PEG 3350, 100 mM DTT). 50ug salmon
sperm DNA and 10-5000ng plasmid DNA were added to the cell suspension and incubated at 45°C for
30min. The cells were pelleted for 10s at 10.000g and plated on selective plates. Colonies appear after

around two days.

CRISPR/Cas9 for yeast genome editing

For the deletion of specific KH domains of SCP160, a CRISPR/Cas9 approach was used. Suitable guide
RNAs for cuts 3’and 5° of each KH domain were determined by the online tool ChopChop (Labun et
al., 2019). For integration in the backbone of the Cas9-plasmids a CTTT-overhang for the forward and
an AAAC-overhang for reverse primer was added. The guide RNA sequences to be included into the
CRISPR/Cas9-plasmid were ordered as complementary DNA-primers and annealed by heating to 95°C
and an increment of -1°C per minute. The reaction took place in a reaction mixture of 1ul reverse, 1ul
forward primer (100uM) and 18ul of water. The 3’gRNAs were cloned into pCAS-HIS3-Bsal and the
5'gRNAs likewise in pCAS-URA3-Bsal, provided by Rapaport group (Ryan et al. 2014). For a scarless
deletion, a repair template was designed, containing 50bp of homology to each side of the deletion.
The transformation protocol used for the successful truncations/deletions of SCP160 was the one for
high efficiency (see above), but with due to a much lower transformation rate. Positive clones were

screened by PCR using primers in Table 3.

Tagging and knock out of yeast genes

Tagging or knock out cassettes were planed using public domain  ApE
(https://jorgensen.biology.utah.edu/wayned/Ape/) or commercial SnapGene software (GSL Biotech
LLC, Boston) and the corresponding PCR products generated using high efficiency PCR and primers
listed in Table 3. The cassettes consist of a desired tag and a selection marker for a tagging cassette or
a selection marker only for deletion cassettes (Janke et al., 2004; Knop et al., 1999; Gauss et al.,
2005). Either is flanked with 40bp of homologue sequences C-terminal and N-terminal of the to
delete/tag area of interest.

Tagging or knock out cassettes were transformed using the high efficiency transformation protocol.

Transformation in E. coli
For multiplying of plasmids they were transformed in E. coli TOP10 cells. Here for 100ug of plasmid
were mixed with TOP10 cells and incubated for 10min at 4°C. The cells were heat-shocked at 42°C for

1 min and immediately plated onto a LB-plate with the corresponding antibiotic (usually ampicillin or
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kanamycin). After 24h at 37°C the colonies were screened for positive clones: Plasmids were isolated

and tested via PCR for required sequence. New plasmids were sent for sequencing (GATC Biotech).

Ploidy analysis: propidium iodide staining and flow cytometry

An overnight culture of the yeast strains of interest was inoculated in YPAD. The overnight culture was
expanded with a starting ODgoo of 0.25/ml. The culture was then harvested at an ODgpo<1/ml. 2 ODggo
units (equivalent to 4x107 cells) of logarithmic growing cells were harvested and washed twice with
50mM Tris-HCI pH 8.0. The cells were resuspended in 1mL 50mM Tris-HCl pH 8.0 containing
70% Ethanol and incubated at 4°C overnight in an overhead shaker for fixation. The samples were
vortexed and 150 to 250ul of fixed cells are spun down at full speed. The cells were again washed
twice with 1mL 50mM Tris-HCI pH 8.0, resuspended in 0.5ml 50mM Tris-HCI pH 8.0 containing
20ug/mL heat-treated RNase A, and incubated for 2h at 50°C. Afterward 20 pl of 20mg/mL Proteinase
K was added and incubated for another hour at 50°C. For staining, the cells were pelleted, washed
twice with 1ml FACS buffer (Table 7), resuspend in 500ul FACS-PI solution (Table 8), and incubated for
2h in the dark at room temperature. Before measuring, the samples were again vortexed for 5 to 10s.
The acquisition was made on a Beckman Coulter CytoFLEX S flow cytometer. Fluorescence signal was
measured by excitation with a 638nm laser and a bandpass 610/20 mCherry filter, with a gain of
163nm. 30,000 events were recorded per sample. For exclusion of cell debris an FSC (forward scatter)
vs SSC (side scatter) density plot was gated (population P1). Aggregated cells and doublets were
excluded from analysis by gating P1 population using an ECD-Width (x-axis) vs ECD-Area (y-axis)

density plot (population P2).

Water-kerosene emulsion assays

Emulsion assays were basically performed according to Nerome et al. (Nerome et. al. 2020). Yeast
strains were grown in YPAD medium for 48h at 30°C. The cells were harvested by centrifugation at
3000g for 5min. The ODgoo Was adjusted to 0.7 in PBS supplemented with 0.6M sorbitol (PBSS). 5ml
suspension was centrifuged and resuspended in 5ml PBS and 1ml of Kerosene was added. The solution
was vortexed for 30s and incubated for 48h. The emulsified phases were documented by photography

after 1h, 24h and 48h.

Yeast genomic DNA (gDNA) extraction
A colony of interest was resuspended in 100ul of a solution of 200mM LiAc and 1% SDS. The solution
was incubated for 15min at 70°C. 300l of 96-100% ethanol was added and vortexed. The DNA and

cell debris was spun down at 15.000g for 3min. The pellet was washed 400ul of 70% ethanol and again
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spun down at 15.000g for 1min. Any remaining ethanol was evaporated at 60-70°C. After dissolving

the pellet in 100ul ddH,0 the cell debris was spun down a last time for 15s at 15.000g.

Fluorescence Microscopy

Fluorescence microscopy was performed with a Zeiss CellObserver microscopy controlled by Axiovison
ZEN 2.6 (blue edition) software. Yeast cultures were grown with a starting ODeoo of 0.25 in the
corresponding medium. 2 ODggo of the culture was then harvested at an ODgoo < 1,2. The cells were
resuspended in ~40-50ul of reflow. 3.5ul of the cell suspension was transferred onto a glass slide and
sealed with a cover slip. The signal of the Scp160-GFP fusion protein was detected with a 475nm

LED/filter and that of the reporter-mCherry fusion protein with a 590nm LED/filter.

Immunoprecipitation

Overnight cultures were again re-inoculated in an overnight culture. The main cultures were
inoculated in YAPD with a start ODggo of 0.25. 50 ODeoo of cells were harvested in their logarithmic
phase for immunoprecipitation. Lysis was performed in lysisbuffer Il (Table 10) with 200ul 0.25mm-
0.5mm glass beads in a 2ml Eppendorf tube. Tubes were vortexed on a BV1005 Benchmixer™
(Benchmark) at 4°C for three times 4min. After centrifugation at 4°C for 3 minutes at 1000g the lysates
were transferred to new tubes and cleared at 20.000g for 30min at 4°C. Lysates were mixed 2:3 with
dilution buffer (Table 11) and incubated with 25ul of GFP-Trap® Magnetic Particles (MP) M-270 at 4°C
for 1h. Beads were afterwards washed with washing buffer (Table 12) four times. Finally, MP M-270
were diluted with 2x Laemmli buffer and boiled for 10min. MP M-270 were removed and the
supernatants were used for normalization via westernblot. Here for the band intensity was measured

via FlJl and samples were diluted accordingly. Normalized samples were used for mass spectrometry.

Mass spectrometry

Mass  spectrometry samples were sent to the Proteome Center Tuebingen
(Contact person: Dr. Mirita Franz).

In-gel digestion of proteins:

Proteins were loaded on a NUPAGE 12% Bis-Tris Gel (Thermo Fisher Scientific) for a short SDS based
gel electrophoresis and stained with colloidal Coomassie using the ReadyBlue Protein Gel Stain
(Merck Millipore). Gel sections containing proteins were excised and cut into smaller parts. For in-gel
digestion of proteins, gel pieces were destained by washing three times with 5mM ammonium
bicarbonate (ABC) in acetonitrile (ACN) (1:1, v/v) for 20min. After a dehydration step with 100% ACN
for 10min, disulfide bonds were reduced with 10mM dithiothreitol (DTT) in 20mM ABC for 45min at
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56°C, and thiol groups of cysteine residues were prevented from reoxidation by
carbamidomethylation with 55mM iodoacetamide (IAA) in 20mM ABC for 45min in the dark. Gel
pieces were then washed two times with 5 mM ABC in ACN (1:1, v/v) for 20min and dehydrated with
100% ACN for 15min. After evaporation of the liquid in a vacuum centrifuge for 10min, gel pieces were
soaked in a solution of 12.5ng/ul sequencing grade trypsin (Promega) in 20mM ABC, pH 8.0 for 10min
at room temperature (RT), and then covered with 20mM ABC. After in-gel digestion of proteins at 37°C
overnight, peptides were extracted in three consecutive steps with different extraction buffers for
30min: first 3% (v/v) trifluoroacetic acid (TFA) in 30% (v/v) ACN was added, followed by 0.5% (v/v)
formic acid (FA) in 80% (v/v) ACN, and finally by 100% ACN. ACN was evaporated from pooled
supernatants by vacuum centrifugation. In the course of the digestion protocol all incubation steps

were carried out under shaking.

LC MS/MS:

Peptides were desalted with Cis StageTips (Rappsilber et al. 2007) and analyzed on an EASY-nLC 1200
UHPLC coupled to a Q Exactive HF mass spectrometer (both Thermo Fisher Scientific) as described
previously (Semanjski et al. 2018) with little modification: peptides were separated on the analytical
column using a 46min segmented gradient of 10-33-50% of HPLC solvent B (80% acetonitrile in 0.1%
formic acid) at a flow rate of 200n|/min.

In the mass spectrometer, MS and MS/MS spectra were generated at resolution 60k. Full MS target
value and maximum IT were set to 3x10° and 25ms, respectively. In each scan cycle, the 7 most intense
precursor ions were picked up. The MS/MS target value was set to 10° charges with a maximum IT of

220ms.

MS data processing:

MS data were searched against a target-decoy (Elias, Gygi 2007) database of Saccharomyces cerevisiae
(6,089 entries, downloaded on 16™ of December 2022), the sequence of the yeGFP fragment starting
at position 16, and commonly observed contaminants using the Andromeda search engine integrated
into the MaxQuant software (v1.6.14.0) (Cox et al. 2008, Cox et al. 2011). Search parameters were
kept to default. In addition, the iBAQ (Intensity Based Absolute Quantification) and LFQ (Label-Free
Quantification) algorithms were enabled, as was the “match between runs” option (Schwanh&usser

et al. 2011, Luber et al. 2010).

Resulting data was processed by the QbiC (Zentrum fiir Quantitative Biologie)

(Contact person: Francesca Barletta):
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Bioinformatic Analysis:

In order to determine the impact of mutations at the N-terminal KH domains on the binding behavior
of Scp160 in S. cerevisiae, the six mutations: 1) AKH1-2yeGFP, 2) AKH1-5yeGFP, 3) AKH4-5yeGFP, 4)
AKH5yeGFP, 5) AKH13-14yeGFP (positive control/change of interactome) and 6) SCPp-yeGFP-SCPt
(negative control/GFP under promotor and terminator); were compared against the WT Scp160yeGFP
(N-terminal KH domains full-length).

Downstream statistical analysis of proteomics was performed in R (version 4.2.2). The R package
proteus (version 0.2.16) was used to analyze MaxQuant’s Proteomics output file “proteinGroups.txt”.
As part of the analysis with proteus, data was quantile normalized to account for variation of intensity
between samples followed by log2 transformation. Differential expression (DE) analysis was
performed with the R package Limma (version 3.46.0) outside of the package Proteus. As cut-off for
statistical significance a multiple adjusted p value (adj. P. Val) < 0.05 was chosen, which is corrected
for multiple testing to control the false discovery rate (FDR).

In order to identify differentially expressed proteins a linear model was then fitted to each protein as
follows: exp =~ condition with “exp” representing expression of a protein and condition representing
type of culture with the seven levels: WT, Scpl160AKH1-2, Scpl60AKH1-5, Scpl60AKHA4-5,
Scp160AKH5, Scp160AKH13-14 and the negative control Scp160p-yeGFP-Scp160t (Scp160p: Scpl60
promotor and Scp160t: Scp160 terminator). For graphical visualization heatmaps and a volcano plots
showing statistical significance -log10(p-value) versus log2 FC were produced.

Contributed Figures: 30-38; Supplementary Figures: 3-7 (Figures have been adapted accordingly).

CRAC experiments

Cross-linking and analysis of cDNAs (CRAC) is a powerful technique used to study RNA-protein
interactions at high resolution (Granneman et al. 2009). By using ultraviolet (UV) light, RNA is
covalently cross-linked to its interacting proteins in living cells, preserving their native interactions.
This allows for precise mapping of RNA-binding sites without the usage of antibodies and provides
insights into the function of RNA-binding proteins. The method combines affinity purification,
enzymatic processing, and high-throughput sequencing to generate comprehensive RNA-protein
interaction profiles. CRAC is widely used in molecular biology to investigate RNA processing, stability,
and regulation (Granneman et al. 2009, Bohnsack et al. 2012).

In the preliminary stage, the proteins of interest were tagged with a TAP-tag for tandem affinity
purification. To induce covalent bonds between RNA and associated proteins, preserving their
interactions, the samples were exposed to ultraviolet (UV) light for crosslinking. Subsequent to cell

lysis, a mild RNase digestion was performed to facilitate downstream processing. The denaturing
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affinity-purification on nickel beads ensured that only RNAs covalently linked to proteins were
purified. Subsequent to adapter ligation and radioactive labeling, the samples were resolved on an
SDS-PAGE and transferred to a nitrocellulose membrane. RNA was detected by autoradiography and
isolated. The isolated RNA was reverse-transcribed and amplified by PCR, and the PCR products were
sequenced and analyzed (Bohnsack et al. 2012).

The strains Scp160 wildtype, Scp160AKH1-2, Scp160AKH4-5, Scp160AKHS5 and Scp160AKH13-14 were
sent to the Dept. of Molecular Biology at the University Medical Center Gottingen in collaboration with
Dr. Kathrine Bohnsack and Dr. Gustavo Nicolas Lemus Diaz.

Contributed Figures: 39-51; Supplementary Figure: 8 (Figures have been adapted accordingly).

Additional materials

Lists of used Enzymes, antibodies, chemicals, consumables and lab equipment can be found in

Table 13-Table 17.
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Material

Table 2: Plasmids used in this thesis.

Plasmid

Name genotype RIP#
pRS316 URA3, CEN6 148
pYM25 hphNT1, yeGFP 1226
pYM26 kITRP1, yeGFP 1227
pYM29 HIS3MX6, yeGFP 1243
SEC63-RFP-URA3 SEC63-RFP, 2 plasmid, URA 1398
pFA6a-mCherry-kanMX6 KNOP, for RFP Tagging 1422
pFA6a-mCherry-natMX6 KNOP, for RFP Tagging 1423
pFA6a-mCherry-URA3 KNOP, for RFP Tagging 2344
pFA6a-DSred-URA3 KNOP, for RFP Tagging 2342
pCas-URA3-Bsal gRNA insertion between two Bsal restriction sites 2222
pCas-HIS3-Bsal gRNA insertion between two Bsal restriction sites 2223
pFA6a-TRP1 KNOP, For gene deletion with TRP1 2242
pCas-URA3-KH1/5 -Bsal CRISPR cut at KH domain 1 (5 prime terminus) 2368
pCas-URA3-KH2/5"-Bsal CRISPR cut at KH domain 2 (5 prime terminus) 2369
pCas-URA3-KH3/5"-Bsal CRISPR cut at KH domain 3 (5 prime terminus) 2370
pCas-URA3-KH4/5"-Bsal CRISPR cut at KH domain 4 (5 prime terminus) 2371
pCas-URA3-KH5/5"-Bsal CRISPR cut at KH domain 5 (5 prime terminus) 2372
pCas-URA3-KH6/5"-Bsal CRISPR cut at KH domain 6 (5 prime terminus) 2373
pCas-HIS3-KH1/3Bsal CRISPR cut at KH domain 1 (3 prime terminus) 2375
pCas-HIS3-KH2/3Bsal CRISPR cut at KH domain 2 (3 prime terminus) 2376
pCas-HIS3-KH3/3Bsal CRISPR cut at KH domain 3 (3 prime terminus) 2377
pCas-HIS3-KH4/3Bsal CRISPR cut at KH domain 4 (3 prime terminus) 2378
pCas-HIS3-KH5/3 Bsal CRISPR cut at KH domain 5 (3 prime terminus) 2379
pCas-HIS3-KH6/3 Bsal CRISPR cut at KH domain 6 (3 prime terminus) 2380
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Table 3: Primers used in this thesis.

Primer
name sequence RJO#
scp160_check GAACGTCTAAGTACACAACAGC 2356
TAAAATATACTTCCCACACCCCCTCCTTCCATTATAACTGCAcgtacg
scpl160_ko_HIS3MX6 fw S1 2509
ctgcaggtcgac
GCCAAAATCTATATTGAAAAAAATTGGTTTCAAAGAGCTTGTatcg
scp160_ko HIS3MX6 rev S2 2510
atgaattcgagctc
SCP160 3"-UTR rev GTTCGTGTTACTTCAACTTCA 2511
AAGCTGGTGTCGAAAAGGCCGGTGAAATGGTTTTGAAATCCTTA
SCP160_HAtag_oligol 2566
AGAAGAcgtacgctgcaggtcga
GTAAAAGCCAAAATCTATATTGAAAAAAATTGGTTTCAAAGAGCT
SCP160_HAtag oligo2 2567
TGTatcgatgaattcgagctcg
Scpl160_select_2 CTCGCTGTTTCGTCGTCTTCT 2579
Scpl60_seqd AGGTGGCCTTCTTGTTCAG 2668
Scpl60_seqg5 AGATTTTTGGCATGGGTCAG 2671
Scpl60_seq7 TCACGAATAGTTCTACCACCTG 2673
SCP160F1 GAAGCTCTCGATACTGCTGTTA 2863
Scp160deltakH13/14_Knop | AATGTCGAGAAAGCTGAGAAGAAAATCTTGAATGAAATAATCAG
3342
_S3 GGAAcgtacgctgcaggtcgac
N-term mCherry rev GTCTGGGTGCCCTCGTAG 4927
In EGFP Seq primer CACATGGTCCTGCTGGAGTTCGTG 5623
yeGFP-Det-R ATCACCTTCACCTTCACCGGAG 6736
GGTGTCGAAAAGGCCGGTGAAATGGTTTTGAAATCCTTAAGAAG
scpl60tag_fwd 7108
Acgtacgctgcaggtcgac
AAAGCCAAAATCTATATTGAAAAAAATTGGTTTCAAAGAGCTTGT
scpl60tag_rev 7109
atcgatgaattcgagctc
SCP160_KH1 GGCTTTCACTTTGGACCTGC 7164
SCP160_KH2 CCCATCCAAATGTAAAGCCAG 7165
SCP160_KH3 GATGTTTCCGAGTTTGCCTCC 7166
SCP160_KH4 GGTCAAGATTCCATCCAAGTTC 7167
SCP160_KH5 GGTCTTGAAGAATCTCATCC 7168
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BamHI_P_Scp160_1 CGCAAAGGATCCCATTGATCCTTCTTTCTCATTCC 7187
Scp160_T_HindlIll_2 CGCAAAaagcttAGTTATGCTTTTCACCGCC 7188
scp_tag_dupl_fwd GCTGGTGTCGAAAAGGCC 7232
scp_tag_dupl_rev GCTGTTTCGTCGTCTTCTCC 7233
AAAGCCAAAATCTATATTGAAAAAAATTGGTTTCAAAGAGCTTGT
scp_KNOP_alt_rev 7251
tcatcgatgaattcgagctcg
GGTGTCGAAAAGGCCGGTGAAATGGTTTTGAAATCCTTAAGAAG
SCP160-HTP fwd Acaccatcaccatcaccatga 7668
AAAGCCAAAATCTATATTGAAAAAAATTGGTTTCAAAGAGCTTGT
SCP160-HTP rev tacgactcactatagggcga 7669
CATTCCAGTGCCAATGGTAGACACCCTCAACCATCAATCACCTTG
CDC33-mAID fwd CGTACGCTGCAGgtcgac 7670
TTTTGATTAAAATAACAATTATCTTAAGAAAAATTCAGACTATCAT
CDC33-mAID rev CGATGAATTCGAGCTCG 7671
HISx6 fwd tttaaaCCCGGGCACCATCACCATCACCATGAATTCtttaaa 7672
HISx6 rev tttaaaGAATTCATGGTGATGGTGATGGTGCCCGGGtttaaa 7673
TACACTTACTCCAGATTTGACTATTTGACAAGAAAAAATGCGTTG
cbkltag fwd2 cgtacgctgcaggtcga 7675
CCATAGATAAATACTTGAATAAAGAGGAATGTCCTTAACGCGTCC
cbkltag_rev2 atcgatgaattcgagctcg 7676
KH1 frw 5" bRAG6 GCGTTCAAAGAACATCCAAGGTTTT 7677
KH1 rev 5" bRA66 CTTGGATGTTCTTTGAACGCGATCA 7678
KH2 frw 3" bRAG6 TAAAATCTTGGCCATTGTTAGTTTT 7679
KH2 rev 3" bRA66 TAACAATGGCCAAGATTTTAGATCA 7680
TTGGAAAATGAGGTTGCCAGATTAAAGAAATTAGTTGGCGAACG
AID-GCN4_fwd Ccggatccccgggttaattaa 7681
TACACGAGAATGAAATAAAAAATATAAAATAAAAGGTAAATGAA
AID-GCN4_rev Agaattcgagctcgtttaaac 7682
CATTCCAGTGCCAATGGTAGACACCCTCAACCATCAATCACCTTGC
AID-CDC33_fwd ggatccccgggttaattaa 7683
ATTTTGATTAAAATAACAATTATCTTAAGAAAAATTCAGACTATCg
AID-CDC33_rev aattcgagctcgtttaaac 7684
GCN4_contr_fwd ACCGTTACGGAAACATCTTG 7685
GCN4_contr_rev AATACCAGAACATACGGCAG 7686

37



myc_Xmal_fwd ccggGAAGCTTATTTCTGAAGAAGACTTGTAA 7687
myc_Xhol_rev tcgaTTACAAGTCTTCTTCAGAAATAAGCTTC 7688
Trm2_BamHI_fwd CGCAAAGGATCCATGTACGAACAGTTTGAATT 7689
Trm2_Pstl_rev CGCAAACTGCAGTTAGATTCTCTTCATTATACACAC 7690

Table 4: Strains created/used in this thesis.

background deletion RIY# origin Scp160-tag
BY4741 KH1-2 5842 2049
BY4741 KH1-2 5807 2049
BY4741 KH1-2 5808 2049
BY4741 KH1-3 5843 2049
BY4741 KH1-3 5957 2049
BY4741 KH1-3 5958 2049
BY4741 KH1-4 5844 2049
BY4741 KH1-4 5959 2049
BY4741 KH1-4 5960 2049
BY4741 KH1-5 5845 2049
BY4741 KH1-5 5962 2049
BY4741 KH1-5 5963 2049
BY4741 KH2-3 6061 2049
BY4741 KH2-3 6062 2049
BY4741 KH2-3 6063 2049
BY4741 KH3-4 5846 2049
BY4741 KH3-4 6073 2049
BY4741 KH3-4 6074 2049
BY4741 KH4-5 5847 2049
BY4741 KH4-5 5980 2049
BY4741 KH4-5 5981 2049
BY4741 KH5-6 5848 2049
BY4741 KH5-6 5982 2049

38




BY4741 KH5-6 5983 2049

BY4741 KH3-5 5849 2049

BY4741 KH3-5 6071 2049

BY4741 KH3-5 6072 2049

BY4741 KH2 6065 2049

BY4741 KH2 6066 2049

BY4741 KH2 6067 2049

BY4741 KH5 6064 2049

BY4741 KH5 5978 2049

BY4741 KH5 5979 2049

BY4741 KH6 6068 2049

BY4741 KH6 6069 2049

BY4741 KH6 6070 2049

BY4741 5850 2049 yeGFP
BY4741 KH13-14 5851 2049 yeGFP
BY4741 KH1-2 5852 5842 yeGFP
BY4741 KH1-3 5853 5843 yeGFP
BY4741 KH1-4 5854 5844 yeGFP
BY4741 KH1-5 5855 5845 yeGFP
BY4741 KH2-3 5987 6061 yeGFP
BY4741 KH3-4 5856 5846 yeGFP
BY4741 KH4-5 5857 5847 yeGFP
BY4741 KH5-6 5858 5848 yeGFP
BY4741 KH3-5 5859 5849 yeGFP
BY4741 KH2 6075 6065 yeGFP
BY4741 KH5 6076 6066 yeGFP
BY4741 KH6 6077 6067 yeGFP
BY4741 5906 2049 HTP
BY4741 KH1-2 5907 5842 HTP
BY4741 KH4-5 5912 5847 HTP
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BY4741 KH5 6078 6064 HTP
BY4741 KH13-14 5915 2049 HTP
Table 5: List of amino acids used in this thesis.

Amino Acids per 600ml|

Adenine hemisufate 20mg

Arginine HCI 20mg

Histidin HCI* 20mg

Isoleucine 20mg

Leucine 40mg

Lysine HCI 40mg

Methionine* 40mg

Phenylalanine 40mg

Serine 40mg

Threonine 40mg

Tryptophan* 30mg

Tyrosine 30mg

Uracil* 30mg

Valine 12mg
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Table 6: Recipe of polyacrylamide gels used in this thesis.

# of gels Unit
Seperating gel:
1 2 3 4
© miliQ-H,0 3,25 |6,5 [9,75 |13 ml
.f 1,5MTRISpH 8,8 |1,75 |3,5 525 |7 ml
% 10% SDS 70 140 |210 |280 |ul
% 30% Acrylamide 1,88 |3,76 |5,64 (7,52 |ml
u% 10% APS 70 140 |210 |280 |ul
% TEMED 7 14 21 28 ul
# of gels Unit
Stacking gel:
1 2 3 4
o miliQ-H,0 2,65 |53 7,95 |10,6 |ml
X [05MTRISPH6,8 |1,25 |25 [3,75 |5 |mi
g_ 10% SDS 50 100 |150 |[200 |u/
5— 30% Acrylamide |1 2 3 4 ml
0% 10% APS 50 100 |150 |[200 |u/
% TEMED 5 10 15 20 ul
Table 7: Recipe of FACS buffer.
Tris pH 7,5 200mM
FACS buffer NaCl 211mM
MgCl, 78mM
Table 8: Recipe of FACS-PI buffer.
TrispH 7,5 180mM
NaCl 190mM
FACS-PI
MgCl, 70mM
propidium iodide 100ug/ml
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Table 9: Recipe of Laemmli buffer (5x).

Tris-HCl pH 6.8 250mM
Glycerol 25%
Laemmli 5x | SDS 10%
bromophenol blue 0.25%
DTT 0.5M
Table 10: Recipe of lysis buffer II.
Tris pH 7,5 50mM
NaCl 100mM
Lysis buffer Il | MgCl, 1,5mM
NP40 0,15%
DTT 1mM
Table 11: Recipe of Dilution buffer.
Tris pH 7,5 10mM
Dilution buffer | NaCl 150mM
EDTA 0,5mM
Table 12: Recipe of wash buffer.
TrispH 7,5 10mM
NaCl 150mM
Wash buffer
EDTA 0,5mM
NP40 0,05%
Table 13: List of Enzymes used in this thesis.
Enzyme Company
Herculase® Il Fusion DNA Polymerase | Agilent
RNase A Roche
T4 DNA Ligase Thermo
Restriction endonucleases NEB/Thermo
RQ1 DNasel Quiagen
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Table 14: List of antibodies used in this thesis.

Antibody organism | Dilution | Company
Scpl60 rabbit 1:3.000 |gift from Matthias Seedorf
HIS mouse 1:3.000 |Qiagen/Sigma
GFP chicken [1:5.000 |Abcam

GFP (1gG1k) mouse 1:1.000 |Fisher Scientific
anti-mouse-IgG-HRP |sheep 1:5.000 |Dianova Jackson
anti-rabbit-lgG-HRP goat 1:5.000 |Millipore/Amersham
anti-chicken-IgG-HRP | goat 1:5.000 |Abcam

Table 15: List of chemicals used in this thesis.

Chemicals Company
2-mercaptoethanol Roth

Acetic acid Roth

Agarose Roth

Bromophenol blue Roth

BSA Roche

CHX Roth

DNA ladder Fermentas

DTT Merck

EDTA Merck

Ethanol Merck

Gel red Merck

Glycerin Roth

Glycine Merck

HCI Merck

Isopropanol Merck

KCl Merck

KH2PO4 Roth

LiAc Roth

MgCl, Roth

Milk powder Roth

Na;HPO4 Roth
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NaCl Merck
NP40 Applichem
PEG 4000 Roth
Propidium iodide Merck

SDS Merck
ssDNA Biomol
TEMED PanReacApplich
TRIS Roth
Triton X-100 Roth
Table 16: List of consumables used in this thesis.

Consumables Company
Pipette tips 1-10ul Sarstedt
Pipette tips 2-200ul Sarstedt
Pipette tips 100-1000ul Sarstedt
Pipette tips 1-10ul (filter tip) Nerbe plus
Pipette tips 2-200ul (filter tip) Nerbe plus
Pipette tips 100-1000ul (filter tip) Nerbe plus

PCR tubes Nerbe plus/Quiagen
1,5ml microcentrifuge cups Sarstedt

2 ml microcentrifuge cups Sarstedt
1,5ml microcentrifuge cups (safeseal) |Sarstedt

2 ml microcentrifuge cups (safeseal) Sarstedt
15ml falcons Greiner
50ml falcons Sarstedt
Glass beads 0,25-0,5mm Roth
PageRuler Pre-Stained Protein Ladder | Li-Cor
PVDF membranes Cytiva
Plastic cuvettes Sarstedt
Whatman papers Roth
GFP-Trap® Magnetic Agarose ChromoTek
Inoculation loops Sarstedt

Gel and PCR clean up kit

Macherey-Nagel/Quiagen
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Table 17: List of equipment used in this thesis.

Equipment Company
1-10pl pipette Eppendorf
20-200pl pipette Eppendorf
100-1000ul pipette Eppendorf
Centrifuge 5415 R Eppendorf
Pipetboy acu IBS

Cell density meter model 40

Fisher Scientific

Mini PROTEANT Tetra Cell BioRad
Shaker gyro rocker SSL3 Stuart

Photometer Genesys 10 Bio Thermo
ChemiDoc MP BioRad

Nanodrop one

Thermo scientific

PCR cycler Bio-Center/BioRad
Decon DeVision DBOX gel documentation | Decon

Gel electrophoresis chamber Peqglab

Tube roller RS-TRO5 Phoenix

Power supply BioRad

Vortex mixer Benchmark

pH meter Mettler Toledo
Heat mixing block Bioer

Kimble Kimax media bottle Merck

Micro Balance Sartorius
Balance PLS 2100-2 Kern
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Results

Establishing a set of yeast strains expressing truncated or deletion variants of
Scpl60

The manipulation or deletion of the KH domains in vigilin to analyze the proteins' function is a long-
established method (Baum et al., 2004; Brykailo et al., 2007; Hirschmann et al., 2014; Zhou et al.,,
2008). However, the majority of the KH domains utilized in these experiments were located at the C-
terminal domains, with minimal inclusion of the N-terminal KH domains. It should be noted that not
all experiments concerning KH domain deletion were conducted under optimal conditions. In some
cases, vigilin proteins were expressed in the genome under the endogenous promoter (Zhou et al.,
2008). The objective of subsequent experiments was to express all modified proteins in the
endogenous locus and under the endogenous promoter. To analyze the N-terminal KH domains of
Scp160, new strains lacking specific KH domains were created (Table 18). The deletion of central KH
domains has historically been a challenging undertaking due to the lack of suitable methodologies.
The advent of the CRISPR/Cas9 system as a means of freely and easily modifying a gene sequence has
opened the possibility of generating new kinds of Scp160 deletions and truncations. Plasmids for
CRISPR/Cas9 editing were cloned to enable the truncation/deletion of all necessary combinations, as
detailed in the Material and Methods section. To ensure efficient genome editing, two plasmids were
created for each truncation/deletion: one plasmid for 5' cuts and one plasmid for 3' cuts of the target
deletion area. Yeast strains expressing Scpl60 versions lacking KH domains were tested for
phenotypes previously associated with loss of Scp160, including ploidy change (Cheng et al., 2018;
Wintersberger et al., 1995). As observed by various researchers, the effects of KH domain deletion
include alterations in cell size (Li, 2004; Wintersberger et al., 1995), changes in cell wall properties
(Nerome et al., 2020), and localization at the endoplasmic reticulum (Baum et al., 2004; Li, 2004;
Wintersberger et al., 1995). The strategy employed to identify the functionally important KH domains
was as follows: initially, truncations were made, commencing with the first two and concluding with
the deletion of the first KH domains. These truncations were employed primarily to indicate areas of
interest. Subsequently, the deletion areas were reduced to smaller regions, thereby facilitating the
identification of more specific areas of interest. For further analysis, the strains were tagged with
yeGFP for microscopy and His6-TEV-Protein A (HTP) for studies on RNA binding. C-terminal tagging of
Scp160 with GFP has been performed on numerous occasions over the past few decades, thereby
proving the functionality of the tagged protein (Brykailo et al., 2007; Frey et al., 2001; Gelin-Licht et

al., 2012; Li, 2004; Weidner et al., 2014). The tagged Scp160 variants were subsequently employed in
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a series of further experiments, including ploidy analysis, the localization of mutant proteins, emulsion

assays, pulldown assays to analyze protein-protein interaction (PPI), and protein-RNA interaction.

Table 18: Overview of relevant strains; column one: Scp160 lacking specific KH domains; column two: Yeast strains expressing
Scp160 variants in the yeast background BY4741; column three and four: tagged versions of the corresponding strain with
yeast enhanced GFP (yeGFP) and His6-TEV-Protein A (HTP) tag, if available.

strain expression | Variant with yeGFP tag Variant with HTP tag

Scp160AKH1-2 v v v

Scpl160AKH1-3

Scpl60AKH1-4

AN NN

Scpl160AKH1-5

Scpl160AKH2-3

Scpl160AKH3-4

Scp160AKH4-5

Scpl160AKH5-6

DN N N N

Scp160AKH3-5

Scp160AKH2

Scp160AKH5

Scpl60AKH6

SSTN]TSNTNNINTN N N NN
D N T N 1 N 1 O 1 N A N N N (N I N N BN

Scp160AKH13-14

All strains listed were produced using a duo-plasmid CRISPR/Cas9 system, as detailed in the Materials
and Methods section. The efficacy of successful genomic modification exhibited variability contingent
on the utilized gRNAs. In theory, a single CRISPR/Cas9 plasmid could have been sufficient to achieve
the required deletion of a specific DNA area. The decision to utilize two plasmids was driven by the
limited availability of suitable gRNAs for specific KH domains. In the case of certain domains, such as
KH domains 3 and 4, the efficacy of the available gRNAs was found to be relatively low, resulting in
suboptimal outcomes with regard to successful deletion events. The combination of two plasmids
containing two different gRNAs has been demonstrated to enhance the efficiency of the system for

the majority of plasmid pairings. In a few cases, the efficiency of the gRNAs was inadequate for
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successful deletion. Even with two plasmids, the required KH domain deletion was rarely achieved or

not possible at all. The KH domains three and four proved particularly problematic in this regard.

The success of truncations or deletions was initially validated through the extraction of genomic DNA
and PCR analysis, employing primers that spanned the targeted deletion region. Furthermore, a
second PCR was conducted with one primer within and one primer outside the area to be deleted

(Figure 6).
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Figure 6: Verification of successful deletion; a) and b) DNA fragments of interest; Short ssDNA fragments: Primer; red: N-
terminal flanking area and primer binding in this domain, +/-: primer used for both positive control and success control;
yellow: area to be deleted and primer binding in this domain, -: complementary primer used for success control; green C-
terminal flanking area and primer binding in this domain,+: complementary primer used for positive control; c) and d) band
pattern of PCR: M: marker, +: band for successful truncation/deletion event; -: band for unsuccessful truncation/deletion
event; c) example of band pattern for wildtype/unsuccessful truncation/deletion; d) example of band pattern for successful
truncation/deletion; e) Agarose gel of exemplary truncations/deletions; dashed line: green: band height belonging to
successful truncation/deletion event; dashed line: red: band height belonging to unsuccessful truncation/deletion event 1 and
2: Scp160AKH1-2; line 1: band corresponding to an successful truncation/deletion runs at approx. 1500bp; wildtype allele
runs at approx. 2000bp, line 2: control with primer annealing in the deleted area which would result in an approx. 750bp
fragment. Line 3 and 4: Scp160AKH1-5, line 3: band corresponding to a successful truncation/deletion runs at approx. 800bp;
wildtype allele runs at approx. 2000bp, line 4: control with primer annealing in the deleted area which would result in an
approx. 750bp fragment. DNA bands were stained by GelRed©.

To ascertain whether truncation or deletion of KH domains would result in increased protein
degradation or loss of translation, the expression of mutant proteins was analyzed by western blot
analysis (Figure 7). All strains created in this thesis express either the full-length or a variant of Scp160

lacking specific KH domains. The expression of all truncated/KH-domain deleted proteins was
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observed to occur at a similar rate as that of the full-length Scp160p. The discrepancies in the observed
molecular weight shifts are indicative of the loss of KH domains in the corresponding protein.
Subsequently, strains expressing Scp160 variants with KH domain deletions were tagged with either a
yeast green fluorescent protein (yeGFP) tag for fluorescence microscopy or an HTP tag for RNA-protein
crosslinking analysis. The tagging was confirmed via genomic DNA extraction and PCR. Subsequently,

the yeGFP-tagged colonies were examined under a microscope to ascertain the presence of a GFP

signal.
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Figure 7: Western blot of Scp160 and KH domain deleted Scp160 proteins (total cell lysate); upper part was incubated with a-
Scp160 antibody, lower part was incubated with a-Pgk1 antibody; (see material and methods).

KH domain truncation/deletion in Scp160 affects the ploidy profiles in a nonlinear
manner

It is established that yeast cells lacking SCP160 exhibit a known phenotype, namely an aberration of
DNA content or ploidy. (Wintersberger et al., 1995). Following the loss of SCP160, a population of
scpl160A cells exhibit an increasing accumulation of (pseudo-)diploid or polyploid cells (Cheng et al.,
2018; Hirschmann et al., 2014; Weber et al., 1997; Wintersberger et al., 1995). As DNA content or
ploidy can be readily analyzed by fluorescence-activated cell sorting (FACS), it serves as an optimal
initial analytical tool for evaluating the loss of function of the generated truncation/deletion mutants.
The initial objective was to identify KH domains of interest. These areas would be distinguished by a
change in their ploidy profile, which would reflect that observed in the deletion of the entire SCP160
gene. The initial strains subjected to analysis were KH domain truncations with progressively
increasing accumulating deletions in the genetic background of W303

(https://www.yeastgenome.org/strain/w303). As previously described, the impairment of Scp160 can

50



result in ploidy changes, leading to the formation of aneuploid cells (Chial et al., 1999; Mendelsohn,
2003; Wintersberger et al., 1995). Accordingly, the term "pseudo" is employed for the purpose of
describing ploidy changes. However, inconsistencies were observed in the ploidy changes exhibited
by individual mutants. For example, while certain clones of a mutant expressing Scpl160AKH5-6
exhibited a pseudo-tetraploid genome, others displayed a (pseudo-) diploid phenotype
(Supplementary Figure 1). In other instances, the resulting ploidy of a mutant exhibited temporal
alterations, as observed in cells expressing Scp160AKH1-3. Given the potential influence of the W303
genetic background on the observed instability, a switch to the BY4741 genetic background
(Brachmann et al., 1998) was undertaken. The BY4741 strains expressing truncated/KH domain
deleted versions of Scp160 demonstrated a stable ploidy profile, with no observable changes over
time. To ensure the reliability of the FACS results, a haploid wild-type, a diploid wild-type, and the

scpl60A strains were employed as controls. All strains were analyzed in triplicate.

In the series of Scp160 variants lacking KH domains, the deletion of the first two (Scp160AKH1-2), two
to three (Scp160AKH2-3) KH domains, as well as KH domain two alone (Scp160AKH2) resulted in no
alteration of the originally observed haploid phenotype (Supplementary Figure 1). The deletion of the
first three KH domains (Scp160AKH1-3) resulted in the emergence of a (pseudo-)diploid phenotype
(Supplementary Figure 1). The same observation was made with the deletion of KH domains one to
four (Scp160AKH1-4), three to four (Scp160AKH3-4), and KH domain six (Scp160AKH6) alone. The third
observed ploidy change, designated as (pseudo-)tetraploid, was observed in strains lacking the KH
domains 1-5 (Scp160AKH1-5), 3-5 (Scp160AKH3-5), and 4-5 (Scp160AKHA4-5), as well as in the complete

deletion of SCP160 (Supplementary Figure 1).

Two strains exhibited a ploidy profile that underwent alterations over time or between individual
clones. The strains expressing a Scp160 lacking the KH domains five to six (Scp160AKH5-6) and five
(Scp160AKHS5) both exhibited a ploidy profile comprising two (pseudo-)tetraploid and one (pseudo-)
diploid profiles (Supplementary Figure 1).
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Figure 8: Example for profiles assigned to specific ploidy; blue line: haploid peak, yellow: diploid peak, green: tetraploid peak;
violet: octoploid; (H): haploid, (D): diploid, (T): tetraploid; cells were fixed while in exponential growth (in mitosis) therefor
chromosome amount is doubled.

For the sake of convenience, the ploidy has heretofore been designated as pseudo-haploid, -diploid,
or -tetraploid. However, it was not always possible to assign the ploidy profiles to a specific ploidy
type, such as diploid or tetraploid. The deletion of the KH domains one to five (Scp160AKH1-5) resulted
in a change of the ploidy profile from haploid to a phenotype that is definitively higher than diploid

but does not reflect the complete tetraploid phenotype of scp160A (Figure 9).

52



WT (D) Ascp160 (T) Scp160AKH1-5

300
.
600
PR

500
|
200
L
400
A

Count
Count
Count

100
P
200

L

—— —
0 200 400 0 400

400
ECD-A (x10%) ECD-A (x10%) ECD-A (x10%)

Figure 9: Example for profile not attributed to specific ploidy; blue line: haploid peak, yellow: diploid peak, green: tetraploid
peak; violet: octoploid; cells were fixed while in exponential growth (in mitosis) therefor chromosome amount is doubled.

Thus far, | have demonstrated that ploidy changes occur upon deletion of N-terminal KH domains,
thereby confirming the validity of this method for a preliminary screening of the generated strains. In
the W303 background, shifts from a haploid to a pseudo-diploid phenotype were observed
(Supplementary Figure 2).

Alteration of KH domain composition affects the localization of Scp160 proteins at
the endoplasmic reticulum

As previously described in Frey et al. (2001), Gelin-Licht et al. (2012b), Lang (2001), Weber et al. (1997),
and Wintersberger et al. (1995), Scp160 is localized at the ER. The localization of Scp160 to the ER has
been proposed to be dependent on the presence of mRNA (Lang, 2001) and microtubules (Frey et al.,
2001). The deletion of the C-terminal KH domains 13 and 14 has been demonstrated to abolish the
localization to polysomes, including both ER-bound and cytosolic ones (Baum et al., 2004; Brykailo et
al., 2007). Furthermore, the loss of KH domain 14 alone has been shown to result in delocalization of
the protein (Li, 2004). A similar outcome was observed in an N-terminal truncation where the initial
74 amino acids were absent (Li, 2004). The 74 amino acids in question contain a proposed NES and are
located before the first KH domain. This prompted me to investigate the impact of the KH deletion
and truncation mutants | had generated on ER localization. To this end, the Scp160 variants lacking KH
domains were tagged at the C-terminus with the fluorescent reporter protein yeast enhanced green
fluorescent protein (yeGFP). Each strain carrying a tagged deletion/truncation variant of Scp160 was
analyzed by fluorescence microscopy, employing a mCherry-tagged Sec63 or Elo3 protein as an ER
marker (David et al., 1998; Young, 2001). The localization patterns of the Scp160 mutant proteins could
be classified into three groups. The first group comprises those proteins for which the localization of

Scp160 to the ER is unquestionably visible (Figure 10 a). In the second group there was no discernible
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localization of Scp160 to the ER (Figure 10 b)), and in the third group the frequency of localization to

the ER was low.

Mutant proteins that fall into group 1 and share the same localization pattern as the wildtype protein
(Figure 11) include Scpl160AKH1-2  (Figure 12), Scpl60AKH1-3  (Figure 13) and
Scp160AKH2-3 (Figure 16).

Strains showing a group 2 pattern (cytosolic localization) are Scpl160AKH1-4 (Figure 14),
Scp160AKH1-5 (Figure 15), Scp160AKH4-5 (Figure 18) and Scp160AKH3-5 (Figure 20).

The strains with a low frequency of ER localization (group 3), in comparison to the wildtype, are
Scp160AKH3-4 (Figure 17), Scp160AKH5-6 (Figure 19), Scp160AKHS (Figure 23), and Scp160AKH13-14
(Figure 21). It should be noted that the frequency observed in the four Scp160 variants is not uniform.
The Scp160AKH3-4 variant exhibited a localization rate of approximately 30%. The removal of the KH
domains 5 and 6 resulted in the delocalization of the protein in approximately 90% of the cells that
were counted. The Scpl160AKH5 variant exhibited an even lower localization rate, with only ~5% of
the cells displaying this behavior. The Scp160 variant of Scp160AKH13-14 exhibited a localization rate

of approximately 18%.

The subsequent figures (Figure 11-Figure 24) illustrate representative fluorescence images of yeast

cells expressing various Scp160p variants.

yeGFP mCherry brightfield

Figure 10: Exemplary microscopy images of Scp160yeGFP protein showing ER (a); group 1 pattern) or cytosolic (b); group 2
pattern) localization; green: GFP channel, red: mCherry channel, grey: brightfield.
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The localization pattern for full-length Scp160yeGFP proteins display the typical ring-shaped
distribution at the endoplasmic reticulum. This distribution is regarded as the standard against which

all Scp160 variants lacking KH domains are evaluated.

Scpl160yeGFP

yeGFP mCherry brightfield

Figure 11: Microscopy images of full-length Scp160yeGFP; green: GFP channel, red: mCherry channel, grey: brightfield.
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The ER localization of the truncated Scp160AKH1-2yeGFP was not affected (Figure 12). The truncated

protein was observed to be localized at the endoplasmic reticulum.

Scp160AKH1-2yeGFP

yeGFP mCherry brightfield

Figure 12: Microscopy images of Scp160yeGFP lacking KH domains one and two; green: GFP channel, red: mCherry channel,
grey: brightfield.
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The localization of the truncated Scp160AKH1-3yeGFP to the endoplasmic reticulum was incomplete
(Figure 13). Anincrease in cytoplasmic staining was observed. Nevertheless, the truncated protein has

been demonstrated to be capable of localizing at the ER.

Scp160AKH1-3yeGFP

yeGFP mCherry brightfield

Figure 13: Microscopy images of Scp160yeGFP lacking KH domains one to three; green: GFP channel, red: mCherry channel,
grey: brightfield.

57



The truncation of Scp160AKH1-4yeGFP resulted in the mislocalization of Scp160 to the cytosol

(Figure 14). The GFP signal was observed to be distributed throughout the cytosol.

Scp160AKH1-4yeGFP

yeGFP mCherry brightfield

Figure 14: Microscopy images of Scp160yeGFP lacking KH domains one to four; green: GFP channel, red: mCherry channel,
grey: brightfield.
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The Scpl60AKH1-5yeGFP mutant protein was observed to lack ER localization (Figure 15). The
truncated protein was found to be incapable of localizing to the endoplasmic reticulum. The GFP signal

was distributed throughout the cytosol.

Scp160AKH1-5yeGFP

mCherry brightfield

5 um !
!

Figure 15: Microscopy images of Scp160yeGFP lacking KH domains one to five; green: GFP channel, red: mCherry channel,
grey: brightfield.
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As illustrated in Figure 16, ER localization was observed for the Scp160AKH2-3yeGFP protein.

Scp160AKH2-3yeGFP

yeGFP mCherry brightfield

Figure 16: Microscopy images of Scp160yeGFP lacking KH domains two to three; green: GFP channel, red: mCherry channel,
grey: brightfield.
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Scp160AKH3-4yeGFP has been observed to localize to the endoplasmic reticulum (Figure 17).

Scp160AKH3-4yeGFP

yeGFP mCherry brightfield

Sum

Figure 17: Microscopy images of Scp160yeGFP lacking KH domains three to four; green: GFP channel, red: mCherry channel,
grey: brightfield.
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Localization of Scp160AKH4-5yeGFP was abolished (Figure 18). The protein lacking KH domain four
and five has been found not to be able to localize at the endoplasmic reticulum. The GFP signal was

distributed in the cytosol.

Scp160AKH4-5yeGFP

yeGFP mCherry brightfield

Figure 18: Microscopy images of Scp160yeGFP lacking KH domains four to five; green: GFP channel, red: mCherry channel,
grey: brightfield.
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As with the Scp160AKH4-5yeGFP construct, the GFP fusion of Scp160AKH5-6yeGFP was unable to
localize to the ER in the majority of cells (Figure 19). However, in a small number of cases, there was

evidence of potential ER localization. The GFP signal was primarily distributed throughout the cytosol.

Scp160AKH5-6yeGFP

mCherry brightfield

Scp160AKH5-6yeGFP localized

mCherry brightfield

Figure 19: Microscopy images of Scp160yeGFP lacking KH domains five to six; green: GFP channel, red: mCherry channel,
grey: brightfield.
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The results demonstrated that Scpl60AKH3-5yeGFP was unable to localize at the endoplasmic

reticulum (Figure 20). Instead, the GFP signal was distributed throughout the cytosol.

Scp160AKH3-5yeGFP

mCherry brightfield

Figure 20: Microscopy images of Scp160yeGFP lacking KH domains three to five; green: GFP channel, red: mCherry channel,
grey: brightfield.
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The truncated Scpl60AKH13-14yeGFP protein exhibited incomplete ER localization (Figure 21). An
increase in cytoplasmic staining was observed. The truncated protein has been demonstrated to

localize at the endoplasmic reticulum, albeit to a lesser degree compared to the wildtype. Additionally,

the GFP signal was highly distributed in the cytosol.

Scp160AKH13-14yeGFP

yeGFP mCherry brightfield

Figure 21: Microscopy images of Scp160yeGFP lacking KH domains 13 to 14; green: GFP channel, red: mCherry channel, grey:
brightfield.
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The ER localization of Scp160AKH2yeGFP was not affected (Figure 22). The protein only lacking KH

domain two has been demonstrated to localize at the endoplasmic reticulum.

Scp160AKH2yeGFP

mCherry brightfield

Figure 22: Microscopy images of Scp160yeGFP lacking KH domain two,; green: GFP channel, red: mCherry channel, grey:
brightfield.
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Scpl160AKH5yeGFP has been observed to be absent from the endoplasmic reticulum (Figure 23).

However, in a limited number of instances, evidence suggests the potential for localization at this site.

The GFP signal was predominantly distributed throughout the cytosol.

Scp160AKH5yeGFP

yeGFP mCherry brightfield

Scp160AKH5yeGFP localized

yeGFP mCherry brightfield

Figure 23: Microscopy images of Scp160yeGFP lacking KH domain five; green: GFP channel, red: mCherry channel, grey:

brightfield.
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An attempt was made to quantify the ER localization using the FlJI tool "peak finder". In this method,
the intensity peaks along a drawn line are represented as a vertex graph, which could, in theory, be
guantified. However, the cytosolic signal, the vacuole(s), and the general fluctuation of signal
distribution resulted in inconsistent and frequently erroneous positive results. As a result, the
guantitative analysis of ER localization in different strains expressing Scp160 variants lacking KH
domains was deemed to be unsuitable for further investigation. The analysis of single plane images
was hindered by the inability to represent the entirety of the protein signal, a consequence of the
three-dimensional nature of the ER (Figure 24). It was not possible to identify general Z-stack settings
that would illustrate all localization events due to the presence of varying cell sizes per culture and
between strains. If a sufficient number of stacks was used in general, the resulting overlay signal was
often saturated. Another ongoing issue was the movement of cells during imaging, which prevented
the overlay of a series of pictures in all three channels. Despite employing a range of immobilization
techniques, the cells remained mobile, preventing the desired outcome. The addition of glycerol to
the immobilization buffer resulted in the rapid delocalization of Scp160. One promising approach was
the use of agarose to coat microscopy glass slides. However, minor issues persisted due to
irregularities in the agarose coating and light scattering. These included cells outside the general focus
level (Figure 24) and light contamination, which impaired the fluorescence signal. The localization of
Scp160 at the ER was a particularly challenging aspect. Even under optimal conditions with regard to
growth time, nutrient availability, and temperature, the quality of the sample remained unpredictable.
This manifested as the potential presence of enlarged vacuoles, which could result in cell enlargement

and/or rapid delocalization of Scp160 from the ER.
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Scp160AKH1-2yeGFP

yeGFP mCherry brightfield

Figure 24: Signal intensity vary in different focus levels. Microscopy images of Scp160yeGFP lacking KH domains one and two,
shown in two different focus levels; green: GFP channel, red: mCherry channel, grey: brightfield.

In conclusion, the deletion of N-terminal KH domains has been demonstrated to influence the
localization of the protein to the ER (Table 19). The extent of delocalization varies, ranging from
complete delocalization, as observed in Scpl60AKH1-5, to partial delocalization, as seen in

Scp160AKH5-6, and finally, to the absence of delocalization, as evidenced in Scp160AKH1-2.

Table 19: Summary of likelihood of Scp160 variants lacking N-terminal KH domains to localize at the ER.

(partial) ER localization

Scpl160AKH1-2 yes
Scpl160AKH1-3 yes
Scpl160AKH1-4 no
Scpl160AKH1-5 no
Scp160AKH2-3 yes
Scp160AKH3-4 yes
Scp160AKH4-5 no
Scp160AKH5-6 yes
Scp160AKH3-5 no

Scp160AKH2 yes

Scp160AKHS yes
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The deletion of KH domains has been observed to induce alterations in cell size and
morphology

It has been demonstrated that the removal of SCP160 leads to an increase in cellular size
(Wintersberger et al., 1995). To ascertain whether the deletion of distinct KH domains gives rise to
analogous alterations or modifications in cell morphology, yeast cells expressing the
truncation/deletion variants were examined using bright-field microscopy. The cells were analyzed
under conditions that optimized their growth and viability. The cells were cultivated in YPD
+2% glucose until an ODgyp of 1/mL was reached, after which samples were examined with the
assistance of a Beckman Coulter CytoFLEX S flow cytometer. Brightfield images of yeast were obtained,
and the individual cell area was mapped for 100 cells per strain using the Fiji software. The resulting
measurements are presented in Table 20-Table 22 and Figure 25. Given the correlation between cell
size and DNA content in wild-type yeast, it was anticipated that a similar correlation would be
observed in relation to changes in size depending on the ploidy type. However, the results do not
consistently demonstrate a correlation for the various KH truncation/deletion mutants. For instance,
the cell size of a haploid Scp160AKH1-3 strain is more akin to that of the diploid wildtype than the
haploid wildtype. Similarly, cells expressing Scp160AKH5 or Scpl160AKH6 have a similar size as the
tetraploid scp160A mutant, despite exhibiting a pseudo-diploid phenotype. It should be noted that
the DNA content of the different strains lacking KH domains, and thus the observed increase in cell
size, is not limited to the defined ploidy types of haploid, diploid, and tetraploid. Consequently, it was
not feasible to assign a ploidy type to a specific cell size. The diameter of the numerous Scp160 KH-
domain deletion strains associated with a specific ploidy overlapped with the diameter of other ploidy
types. For example, the diameter of the pseudo-diploid Scp160AKH6 strain is within the pseudo-

tetraploid range.
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(pseudo-)Haploid:

Table 20: Average area of 100 cells per strain.

Average in cm? | size in comparison to Scp160 (H)
WT (H) 17,1 -
Scpl60AKH1-2 17,7 +3,5%
Scpl60AKH2-3 20,0 +16,9%
Scpl160AKH2 19,6 +14,6%

(pseudo-)Diploid:

Table 21: Average area of 100 cells per strain.

Average in cm? size in comparison to Scp160 (D)
WT (D) 24,2 -
Scp160AKH1-3 26,0 +6,5%
Scpl160AKH1-4 23,9 -2,0%
Scpl60AKH3-4 28,4 +16,4%
Scp160AKHS 43,7 +42,2%
Scp160AKH6 39,0 +59,8%

(pseudo-)Tetraploid:

Table 22: Average area of 100 cells per strain.

Average in cm? | size in comparison to scp160A (T)
Scpl160A(T) 38,7 -
Scp160AKH1-5 38,3 -1,0%
Scpl160AKH4-5 40,0 +3,4%
Scpl160AKH5-6 32,3 -16,5%
Scp160AKH3-5 42,2 +9,0%
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Figure 25: Size comparison between different cells expressing Scp160 and Scp160 lacking specific KH domains; a); area of 100
cells illustrated in boxplot assays x-axis: Scp160 strains, y-axis: area in um; b) corresponding images of Scp160 variants lacking
KH domains; Scp160 in WT (D) equates to Scp160 in WT (H).
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The alterations in cell wall characteristics that arise from KH domain deletions are
associated with changes in emulsification

In a recent publication (Nerome et al., 2020), a new phenotype of scp160A was identified. In an effort
to identify yeast strains with altered cell wall composition that could be utilized as food emulsifiers, a
yeast knockout collection was screened for potential candidates. The search was conducted on strains
that exhibited an increase in their emulsifying properties. The wild-type BY4741 strain, which was used
in this screening process, did not exhibit any observable emulsifying effects. Of the 5,076 gene deletion
strains tested, the deletion of SCP160 was identified as one of eight hits for the desired phenotype. It
is noteworthy that the deletion of the gene encoding the Scp160-interacting Bfrl protein also resulted
in an increase in the emulsifying effect (Nerome et al.,, 2020). The precise nature of the factor
responsible for the emulsifying effect observed in cells depleted of Scp160 remains unclear. Given that
the proteinin question is linked to the secretory pathway, there are a number of potential connections
to be considered, including alterations in cell wall properties that may result in emulsifying effects.
Such alterations may be the consequence of the loss of an enzyme involved in cell wall biosynthesis.
To ascertain whether the generated truncation/deletion mutants exert an influence on the emulsion
properties of the corresponding yeast strain, emulsification assays were conducted in accordance with
the methodology outlined by Nerome et al. (2020). In summary, the assay entails the preparation of
a logarithmic yeast culture with defined parameters, which is then mixed with a non-polar solution
(kerosene). The mixture is then vortexed, and if the yeast strain exhibits an emulsifying effect, the
kerosene will form a foamy phase (Figure 26). Of the tested strains expressing Scp160 variants lacking
KH domains, three (Scp160AKH1-5, Scp160AKH3-5, and Scp160AKH4-5) exhibited a similar emulsifying
effect as the full deletion of SCP160 (Figures 27-29). No other tested strain exhibited an emulsifying

effect. The deletion of the KH domain 5 alone did not result in an emulsifying effect.
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Figure 26: Comparison of emulsifying properties of the scp160A mutant in comparison to the wildtype strain; lower phase:
water with 10 ODggp yeast cells; upper phase: kerosene.

Scp160AKH1-5 scpl60A

'3

Figure 27: Emulsion properties of Scp160AKH1-5 in comparison to the scp160A control.
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Scpl160AKH3-5 scpl160A

Figure 28: Emulsion properties of Scp160AKH3-5 in comparison to the scp160A control.

Scpl160AKH4-5 scp160A

Figure 29: Emulsion properties of Scp160AKH4-5 in comparison to the scp160A control.

Summary of phenotypes observed for Scp160 truncations or deletions

The presented data collectively indicate the existence of a number of promising KH domain
truncation/deletion strains, including Scp160AKH5, Scp160AKH4-5, Scp160AKH3-5, and Scp160AKH1-
5. The four strains exhibit discernible phenotypes in ploidy change, cell size, localization, and
emulsifying properties. A unifying characteristic of these strains is the loss of the fifth KH domain.
These strains display phenotypes similar to those observed in the complete deletion of SCP160, which

suggests that KH domain 5 or KH domains 3-5 play a crucial role. Given the limitations in available
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resources and time frame, it was necessary to reduce the number of strains to be tested in further
experiments regarding proteomic and transcriptomic analysis. Accordingly, the following strains were
selected for further investigation: The strains under consideration are Scp160AKH1-5, Scp160AKH4-5,
and Scp160AKH5. The Scp160AKH4-5 strain was selected for analysis due to the observation that the
deletion of KH domains four and five resulted in comparable severe phenotypes to those observed in
the Scp160AKH1-5 strain, albeit with a lesser impact on the overall primary structure of the protein.
Although it exhibited a relatively weaker phenotype thus far, the strain Scp160AKH5 was selected as
the final sample since it represents the sole strain with a single KH domain deletion within the
identified region that demonstrated a phenotype in my assays. Consequently, | proceeded to conduct

further molecular analysis, focusing on alterations in protein-protein and protein-RNA interactions.

The loss of KH domains and its implication for protein-protein interaction

The phenotypes described above are likely the result of a loss of protein function or a loss of
interaction with partner proteins, including ribosomes. A number of partners have been identified in
recent years, including Bfrl (Lang, 2000), Ascl (Baum et al., 2004), and Pab1 (Lang, 2000). In light of
the observation that the loss of specific protein-protein interactions in the case of C-terminal KH
domains, such as Ascl, has been documented (Baum et al., 2004), it is imperative to determine
whether N-terminal deletions also result in the loss of interaction. Finally, it would be beneficial to
ascertain whether the deletion of KH domains affects protein-protein interactions and RNA binding in
a comparable manner or if there is no correlation between the two. To identify potential alterations
in the protein-protein interactions of Scp160 variants on a global scale, the protein interactome of
Scp160 in selected strains with KH domain truncations or deletions was compared to that of wild-type
cells. Furthermore, it was my intention to ascertain whether the observed phenotypes have their
origin in the absence of interacting proteins resulting from the loss of binding domains in the form of
KH domains, or alternatively, from structural alterations to the protein. It is also possible that the
deletion process has indirectly impaired interactions with other proteins. Consequently, alterations in
protein-protein interactions were examined. The strains Scp160AKH1-2, Scp160AKH1-5, Scp160AKH4-
5, Scp160AKH5, and Scp160AKH13-14 were selected as candidates for screening for changes in
interaction partners for the initial attempt. To monitor changes in the interactome of Scp160, co-
immunoprecipitation assays were employed. Immunoprecipitation was conducted with ChromoTek

GFP-Trap® Magnetic Agarose beads, with all strains tagged with yeGFP.

Scp160AKH1-2 was selected as a representative example of a truncated protein for which no

discernible mutant phenotype could be identified. To illustrate the opposite end of the spectrum of
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mutant phenotypes, the strain with the most severe truncated sequence, Scp160AKH1-5, was selected
as an example. The two strains, Scp160AKH4-5 and Scp160AKH5, which carry relatively small deletions
of KH domain regions and display similar phenotypes, were selected based on the relatively strong
defects observed in previous experiments. As a control for the experimental procedure,
Scp160AKH13-14 was selected. Previous research has demonstrated that this strain exhibits
alterations in mRNA binding (Gelin-Licht et al., 2012), ribosome localization (Li et al., 2004), and
protein-protein interactions when compared to the wild-type strain (Baum et al., 2004). Furthermore,
yeGFP was expressed under the control of the Scp160 promoter and transcriptional terminator to
serve as a control for nonspecific binding to the GFP tag. Co-immunoprecipitation was performed in
triplicates, yielding a total of 21 samples. The protein samples were subjected to analysis by a label-
free mass spectrometry experiment, which was conducted at the Interfaculty Institute for Cell Biology
(IFIZ) in TUbingen by Mirita Franz. Data analysis was conducted by Francesca Barletta at the University

of Tibingen's Center for Quantitative Biology (QBIC) core facility.
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The overall variation between the interactome datasets is illustrated in Figure 30. The principal
component analysis (PCA) plot demonstrates a low to very low divergence between the triplicates,
indicating a high degree of comparability for the triplicates. The only outlier is found in the strain
expressing Scpl60AKH4-5yeGFP, specifically sample #3 (green x). Upon examination of the raw data
for this sample, it was determined that neither technical irregularity nor flawed sample was indicated.
This is evidenced by the similar clustering of the triplicates, as seen in Figure 31. Therefore, it was

assumed that the observed variance was biological in nature and thus not included for further analysis.

PCAZ (27,3%)
o
:

+ +

-4 4

3 0 3
PCA1 (55,2%)

AKH1-2yeGFP AKH1-5yeGFP  + AKH13-14yeGFP  * AKH4-5yeGFP  AKHS5yeGFP SCP160yeGFP = yeGFP

Figure 30: Principal component analysis (PCA) of the yeast strains expressing Scp160 variants lacking KH domains and control
triplicates; orange circle: Scp160AKH1-2-yeGFP; bright blue triangle: Scp160AKH1-5-yeGFP; dark blue plus: Scp160AKH13-14-
yeGFP; green x: Scp160AKH4-5-yeGFP; yellow square: Scpl160AKH5-yeGFP; pink triangle: Scp160-yeGFP; orange square
(crossed): yeGFP under Scp160 promoter and terminator.
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Figure 31 presents a heatmap that offers a comprehensive overview of the identified interaction
partners of Scp160, the KH domain deleted versions of Scp160, and yeGFP in each sample. As can be
observed from the distribution, the three replicates from each strain exhibit highly similar interaction
patterns, thereby indicating the low degree of variation between the replicates. The heatmap
indicates a strikingly similar pattern of Scpl60-interacting proteins in the KH deletion strains
Scp160AKH1-2, Scpl60AKH1-5, Scpl60AKH4-5, and Scpl60AKH5, with only minor variations
discernible when comparing these strains to the wildtype. The controls for Scp160AKH13-14 and
yeGFP both exhibit a similar pattern, yet do not display a markedly different picture in comparison to
the other samples. For samples exhibiting a higher enrichment level (dark blue), the corresponding
enrichment levels of the other strains often also display an elevated enrichment level (light to medium
blue). However, a few strains display slight discrepancies in their binding patterns when compared to
the other samples. One illustrative example is the protein-protein interaction pattern (a) in Figure 31.
Such discrepancies could also be attributed to inherent variabilities in the samples. Irregularities are
exemplified by some of the triplicates, as evidenced by the protein-protein interaction patterns (b)
and (c) (Figure 31). The controls of Scp160AKH13-14 and yeGFP exhibit a slightly different cluster
pattern, which demonstrates the distinctions between the deletion of N-terminal KH domains and that
of C-terminal KH domains. To provide a more detailed view of the common and different interactors
of the various Scp160 truncation/deletion variants, a second heatmap was generated (Figure 32).
Additionally, quantitative assessment of enrichment or depletion of specific interacting proteins in the
various strains expressing Scp160 variants lacking KH domains is presented in volcano plots (Figure

33-Figure 38).
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Figure 31: Heatmap showing the comparison of found Scp160 and Scp160 variant interactors in between all chosen strains
expressing versions of Scp160 lacking KH domains, full-length Scp160 and yeGFP. Color scale: orange to red: depletion of
interacting proteins; light to dark blue: enrichment of interacting proteins; (a)-(c): areas of interest: see text above.
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Figure 32 depicts the identified interaction partners of the full-length Scp160, the KH domain deleted
versions of Scp160, and the negative control yeGFP, with a particular emphasis on the Scp160AKH4-5
variant. A total of 629 significant interactors were identified across the 21 samples. Of the 629
samples, 96 exhibited significant enrichment or depletion in abundance when compared across all
samples (Scp160, Scp160AKH1-2, Scp160AKH1-5, Scp160AKH4-5, Scp160AKHS5, and Scp160AKH13-14,

as well as yeGFP).

In comparison to the full-length Scp160, the negative control yeGFP did not interact with the same
proteins shown in columns 10 to 12 (yeGFP). This is in contrast to the interaction profile observed for
the full-length Scp160 in columns 19 to 21. As an illustration, the known Scp160 interaction partner
Bfrl (first row) is absent in yeGFP and enriched for Scp160. Of the 96 significant interactors, 63 (out
of 79 total) are ribosomal proteins of both the small and large subunit. This indicates that the binding
of ribosomal proteins represents the largest group of interacting proteins, with a frequency of
approximately 66%. This finding aligns with the description of Scp160 as a polyribosome-binding
protein (Frey et al., 2001). For this triplicate, 86 out of the 96 proteins are represented. The remaining
ten proteins are represented in the other six heatmaps (Supplementary Figure 3-7). The strains
Scp160AKH1-5, Scpl60AKH4-5, and Scpl60AKH5, which are shown in the heatmap focusing on
Scp160AKH4-5 (Figure 32), exhibit a similar clustering for the 86 shown interactors. The control strains
Scp160AKH13-14 and yeGFP also exhibit comparable characteristics. In the case of the wildtype, the
pattern is comparable to that observed in the strain Scp160AKH1-2, exhibiting similar patterns of
enrichment and decline in protein-protein interactions. The Scpl60AKH1-2 strain exhibits
characteristics analogous to those observed in the Scp160AKH1-5, Scp160AKH4-5, and Scp160AKH5

strains.
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Figure 32: Heatmap of the differentially enriched interaction partners (‘DE genes’, top): Comparison of Scp160AKH4-5 to WT;
Color scale: orange to red: depletion of interacting proteins; light to dark blue: enrichment of interacting proteins; gene name
of the interactors (rows) depicted on the right side of the heatmap.
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The negative control of yeGFP under the SCP160 promoter/terminator exhibits Scp160 as the highest
reduced-associated protein in comparison to Scp160. It should be noted that the plot illustrates a loss

of interaction with proteins on the left side (Figure 33).
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Figure 33: Volcano plot showing proteins significantly enriched or depleted in an immunoprecipitation of yeGFP under Scp160
promoter and terminator compared to a control (unaltered BY4741 wildtype); blue: reduced associated proteins, red:
increased associated proteins; black: no significant change in interaction.

In the case of the KH domain deletion mutants, these are the more significant, and thus the
presentation of the data has been chosen in this manner because in the subsequent plots, the strains
of interest are plotted against the full-length protein. This approach ensures a rigorous and consistent
evaluation of the results. The adjusted p-value for Scp160 is so high that it is not possible to map it in

Figure 33.

Another protein with a reduced detection rate in these samples is Pabl. Given that Pabl is a known
interaction partner, the presence of Pab1l in the higher-up reduced associated proteins also indicates
that the control is functioning as intended. It should be noted that another direct interaction partner
frequently observed in conjunction with Scp160, Bfrl, was not identified in this control. In addition to
the ribosomal proteins Rpl4A, Rpl17A, and Rps18B/A, the Inosine monophosphate dehydrogenase

Imd3 is among the proteins with decreased association with the negative control.

The increased associated proteins exhibit partial overlap with the findings observed in the samples of
interest. If this is due to unspecific findings, the specific reasons will be described in the discussion
section. Proteins identified as being associated with the negative control include highly abundant
proteins such as actin (Act1) and enolase (Eno2/1), as well as Ssal, Cdc19, Tdh3, Yef3, and Pdc1 (Figure

33). It is necessary to consider these as unspecific binding in the subsequent graphs.
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The deletion of the initial two KH domains results in a change of the protein-protein interaction in

comparison to the full-length protein (Figure 34).
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Figure 34: Volcano plot showing protein-protein interaction comparison of Scp160AKH1-2 to full-length Scp160; blue:
reduced associated proteins, red: increased associated proteins; black: no significant change in interaction.

Three proteins are significantly depleted: the ribosomal proteins Rpl3 and Rps20, and Tdh3. Tdh3, a
glyceraldehyde-3-phosphate dehydrogenase (GAPDH), has been observed in the cytoplasm and cell
wall (Delgado et al., 2003, 2001; Silva et al., 2011). It was unexpected that a known interaction partner
of Scp160, Pabl, was found to be more associated with Scp160 in the deletion mutant lacking KH
domains 1 and 2. Pab1 binds to Scp160 in an mRNA-dependent manner (Lang, 2000). Additionally,
both proteins were found to associate with Bfrl in a polyribosome-associated manner (Lang, 2001).
Additionally, the association of other proteins was found to be increased, including Misl
(mitochondrial tetrahydrofolate synthase), Ura2 (bifunctional carbamoylphosphate

synthetase/aspartate transcarbamylase), Cdc19 (pyruvate kinase), and Ssal (heat shock protein).
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The deletion of the KH domains one to five results in a change of the protein-protein interaction in

comparison to the full-length protein (Figure 35).
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Figure 35: Volcano plot showing protein-protein interaction comparison of Scp160AKH1-5 to full-length Scp160; blue:
reduced associated proteins, red: increased associated proteins; black: no significant change in interaction.

Two proteins that interact with the full-length Scp160 exhibited a notable reduction in this mutant.
The ribosomal protein Rpl3, which was already found to be reduced in Scp160AKH1-2, and, more
interestingly, the known Scp160 interactor Bfrl. Furthermore, the increased associated proteins Mis1,
Ssal, and Cdc19 were also identified in Scp160AKH1-2 (Figure 34). Likewise, the ribosomal proteins

Rpl9A, Rrp2B, and Yef3, an elongation factor, were identified among the enriched proteins.
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A comparison of the interactome of Scp160AKH4-5 with that of the full-length Scp160 (Figure 36)

revealed a significant reduction in the association of only one protein, namely Bfr1.
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Figure 36: Volcano plot showing protein-protein interaction comparison of Scp160AKH4-5 to full-length Scp160; blue:
reduced associated proteins, red: increased associated proteins; black: no significant change in interaction.

This protein has also been identified in the truncation mutant lacking the first five KH domains (Figure
35). The proteins that demonstrate an elevated level of association with the Scp160AKH4-5 protein

exhibit a pattern that is consistent with that observed in Scp160KHA1-5 (Figure 35).

The loss or gain of associated proteins in a Scp160 mutant, which lacks the KH domain five (Figure 37),

reflects the pattern observed in the previous two mutants (Figure 35 and Figure 36).
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The levels of three proteins were significantly reduced in comparison to the full-length. In addition to
Bfrl, two more ribosomal proteins, including Rpl3, exhibited a reduction in association compared to
the wildtype. Moreover, the proteins that were increased in association were analogous to those

identified in the preceding Scp160 variants. An additional heat shock protein, Ssal, was identified

(Figure 37).
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Figure 37: Volcano plot showing protein-protein interaction comparison of Scp160AKH5 to full-length Scp160; blue: reduced
associated proteins, red: increased associated proteins; black: no significant change in interaction.

In conclusion, the alterations in protein-protein interactions in terms of loss of interaction partners
thus far appear to be relatively mild. It is noteworthy that the number of increased interactions
significantly exceeds that of reduced associations. Of the few significant protein-protein interaction
changes, there are numerous instances of overlap, such as those observed with Mis1 or Bfr1, which

indicate that the effects of N-terminal KH deletion are similar.
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It has been demonstrated that the removal of the final two KH domains (Figure 38) results in a
reduction in the protein's capacity to bind to polyribosomes (Lang, 2000). The results of my analysis

of the Co-IP for this mutant are consistent with this finding.
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Figure 38: Volcano plot showing protein-protein interaction comparison of Scp160AKH13-14 to full-length Scp160; blue:
reduced associated proteins, red: increased associated proteins; black: no significant change in interaction.

The levels of Bfrl, Pabl, and ribosomal proteins are markedly diminished in comparison to the
wildtype, suggesting that the entire series of IP experiments has yielded meaningful outcomes. The
highest increased-associated proteins for this truncation have already been identified in previous

Scpl60 variants.

A summary of the observed increases and decreases in associated proteins is provided in Table 23.
The data are presented in descending order, corresponding to the ranks of the proteins associated
with Scp160 variants lacking KH domains. The rank represents the position of the protein in terms of
total abundance in the corresponding dataset and, as such, can be interpreted as an indirect indicator
of binding preference. In the case of the red numbers, the higher the rank, the more abundant the
corresponding protein was in the strain expressing the KH domain-deleted Scp160 protein in
comparison to the full-length Scp160 protein. In contrast, the opposite is true for blue numbers. The
grey rows indicate data that should be disregarded due to the presence of similar values in the

negative control.
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Table 23: Summary in increased and decreased protein association in comparison to the wildtype Scp160; red: protein has a
higher association to the Scp160 variants in comparison to the wildtype Scp160; blue: protein has a lower association to the
Scp160 variants lacking KH domains in comparison to the wildtype Scp160; ranked positions sorted in terms of higher/lower

association with Scp160.

Scpl160-

AKH1-2 AKH1-5 AKH4-5 | AKH5 | AKH13-14 yeGFP
protein Ranking position sorted in terms of higher/lower association with Scp160
Bfrl 1 1 3 6
Dbp2 9 7 29 47
Imd3 10 22 18 31 5
Mis1 3 1 7 15
Pabl 1 1 2
Scpl60 1
Tdh3 1
Tefl 31 7
Ura2 4 20 2 6 3

59 80

Rpl20A/B 22 18 50 53 4
Rpl25 21 17 38 30 10
Rpl3 2 2 2
Rpl4A 13
Rpl6A 15 10 24 24
Rpl6B 31 32 82 68 9
Rpl7A 7
Rpl8B 16 8 62 3
RplI9A 2 5 15 23 15
RppO 17 9
Rpp2B 8 6 10 20
Rps16A/B 40 62 59 59 8

81
Rps20 3 47

30
Rps4A/B 1
Rps5 4 85
Rps7B 75 64
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An analysis of the unique protein-protein interactions exhibited by the Scp160 variants lacking KH
domains reveals the presence of a number of additional proteins not found in the full-length Scp160
(Table 24). The sole exception to this observation is Scp160AKH13-14, wherein the full-length Scp160

exhibits a higher number of PPlIs.

The categorization of these unique PPls was undertaken to facilitate the identification of their
potential functional domains. The categorization of RNA is based on three overarching classifications:
"molecular binding", "cellular components" and "biological processes" and was summarized in Table
24. The classification was achieved using g:profiler (Kolberg et al., 2023). The lowest number of unique
PPIs is assigned to Scp160AKH1-2, where only 32 unique interactions were found. These interactions
do not appear to stem from distinct classifications or functions. In contrast, Scp160 lacking the first
five KH domains exhibits 76 unique PPlIs, although only a limited number can be ascribed to specific
functions. A small number of these can be attributed to RNA binding, ribosome biogenesis and
membraneless organelles. Furthermore, Scp160AKH5 has been observed to bind an additional 111
proteins in comparison to the wildtype Scp160. A significant proportion of these proteins are involved
in binding to other proteins and to the cytoplasm. The highest number of unique PPIs is exhibited by
Scp160 lacking KH domain number four and five, with a total of 192. These interactions are

attributable to the binding of diverse RNA species, ribosomal proteins, proteins localized to the

nucleus and cytoplasm, and numerous additional factors.

The C-terminal truncation variant, lacking KH domain 13 and 14, differs from the other KH deleted
variants (Table 24). In this case, the full-length protein displays a higher number of unique PPIs in
comparison to Scp160AKH13-14. These unique proteins can be attributed, among other factors, to

RNA binding, ribosomes and membraneless organelles.
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Table 24: Number of unique protein protein interactions found for each Scp160 variant lacking KH domains in comparison
to the full-length Scp160; categorization of RNA in regard to metabolic components, cellular components and biological
processes; used program: g:profiler; only relevant categories were displayed in this table, thus not all unique PPl were
assigned to a relevant category.

Scp160AKH1-2
Scpl160
Scpl60AKH1-5
Scpl160
Scp160AKH4-5
Scp160
Scp160AKH5
Scp160

Scp160

w/| Scpl60AKH13-14

w
N
o
N
o0
N
[y
(L}

total number of unique PPIs 2| 0 |111

w

structural constituent of

. 29 17
ribosome
Protein binding 122 61
(7]
S RNA binding 13 64 16
g —
2 mRNA binding 7 27 6
(8]
S tRNA binding 4
£
€ rRNA binding 14
snoRNA binding 11
ATP binding 27
ribosome biogenesis 10 54 18 13
(7]
g gene expression 119 22
Q
(8}
o translation 52 19
o
.g) RNA processing 47
<)
g nuclear transport 22
RNA biosynthetic process 67
ribosome 7 34 18
(%]
§ membraneless organelle 17 109 44 22
c
o
g— nucleus 101
o
; nucleolus 40 7
E
< cytoplasm 159 84
o
cytosol 65 33 18
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Deletion of N-terminal KH domains impact the RNA interaction of Scp160

Detection of Scp160p-bound RNAs via Cross-Linking Analysis of cDNAs (CRAC)

Scp160 has been classified as an RNA-binding protein with multiple target RNAs (Hogan et al., 2008).
It is thought to act as a nonessential factor of the translational machinery (Baum et al., 2004). The
mechanism with which Scp160 binds RNA is not yet understood. A deletion of individual KH domains
could potentially impact the RNA-binding behavior of the protein. In collaboration with the Bohnsack
laboratory of the Department of Molecular Biology at Gottingen University, CRAC experiments were
conducted (Granneman et al., 2009). In these experiments, protein-RNA crosslinks are introduced by
ultraviolet light, the corresponding RNA-protein complexes are purified under denaturing conditions,
and the RNAs are subsequently released and identified via high-throughput sequencing. In order to
conduct the experiment, the strains were tagged with an His6-TEV-Protein A (HTP) tag. This tag was
utilized in the development of the method to ensure that only RNAs that were covalently linked to the
bait proteins were purified. In order to analyze the interaction between RNA and the protein in
guestion (Scp160), a strain expressing the full-length Scp160 was compared with four different strains
in which the protein has been truncated or KH domains have been deleted. The changes in RNA types
binding to Scp160 and its KH deleted variants is displayed in Figure 39. The RNAs found to interact
with the full-length Scp160 correspond to the previously described types of Scp160 binding RNAs
(Figure 40): A significant proportion of mRNAs were found to be associated with components of the
secretory pathway, ER-Golgi, and cell wall (Hirschmann et al., 2014; Sezen et al., 2009). Furthermore,
the presence of the current ribosomal RNAs is not unexpected, given the close proximity of Scp160
and ribosomes. Prior experiments have demonstrated the binding of Scp160 to rRNA in vitro (Weber
et al., 1997). Furthermore, smaller RNA clusters of vacuolar, granule, peptidase, and mitochondrial
RNAs were identified. The involvement of vigilin in the translation of secreted proteins was not only
assigned to the yeast vigilin Scp160 but also to human HDLBP (Zinnall et al., 2022). Additionally, a weak
binding to mitochondrial RNAs was observed (Figure 40). For the wildtype Scp160, a high number of
mRNAs were identified, with a lower number of ncRNA, snoRNA, and transposable elements (Figure

39).

The overall binding of Scp160 and its KH deletion versions exhibits notable discrepancies in the
quantity of detected RNA, as illustrated in (Figure 39). The full-length Scp160 yielded approximately
30,000 identified RNA sequences encoding proteins (Figure 39; orange bars). The deletion of the KH
domain 1 and 2 results in a slight decrease in protein-coding RNAs. However, in comparison to the
other samples, the number of protein-coding RNAs in Scp160AKH1-2 is comparable to that of full-

length. The number of protein-coding RNAs identified in the KH domain deletion 13-14 was reduced
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by approximately one-third. Furthermore, Scp160AKH4-5 and Scpl60AKHS exhibited even greater
impairment in this regard. The number of protein-coding RNAs bound to the protein was reduced by
approximately one-third in comparison to the wild-type Scp160 protein. In the case of the full-length
Scp160, the mMRNAs constitute the most prevalent RNA type, albeit in low numbers (Figure 39).
Additionally, ncRNA, snoRNA, and transposable elements have also been identified as being bound by
the protein. It is noteworthy that the Scp160 protein lacking KH domains one and two exhibited a
higher number of ncRNA, rRNA, snoRNA, snRNAs, transposable elements, and tRNAs. It is evident from
the CRAC data that the level of rRNA is elevated to a greater extent in the Scp160AKH1-2 sample than
in the other Scp160 variants (Figure 39). The Scp160AKH13-14 protein displays a higher number of
snRNAs and tRNAs, as does the Scp160AKH5 protein. The highest number of small nucleolar RNAs
(snoRNAs) was identified in the Scp160AKH4-5 sample (Figure 39).

The results of the CRAC experiments are presented in the accompanying Figure 40-44, which depicts
cell component cluster analysis. Cell component clusters demonstrate the alteration or loss of RNAs
encoding proteins that are associated with a particular cellular compartment or perform analogous
functions. These clusters comprise RNAs that encode specific components of compartments and
complexes, which interact with Scp160. Furthermore, these clusters can be linked to other clusters to
form superclusters. The super-clusters collectively constitute the RNA interactome of Scp160. In
general, the Scp160AKH1-2 strain exhibited minimal to no functional deficits relative to the wild-type
strain, which aligns with the initial observation that this truncation appears to have a limited impact
on the overall functionality of the protein. The deletion strains Scp160AKH4-5 and Scp160AKH5 were
selected for analysis due to their phenotypic similarities to the full deletion of Scp160. The
Scp160AKH13-14 was selected as a control, given its reported impact on the protein's function (Li et
al., 2004; Baum et al., 2004; Zhou et al., 2008; Gelin-Licht, 2012). All Scp160 mutants were previously
examined for alterations in protein-protein interactions, thus enabling a comparison between changes
in RNA- and protein interactions. The CRAC experiments were conducted in duplicate. The second
attempt yielded results that were of lesser quality than those of the first experiment, resulting in a

decline in the number of identified RNAs.
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Figure 39: Biotype fractions of RNAs for Scp160-HTP and the KH domain truncated/deleted Scp160 proteins; RNAs were
identified in CRAC attempt I; Y-axis: number of found RNAs; X-axis: HTP tagged Scp160 and KH truncated/deleted Scp160
variants analyzed.

In order to establish a baseline for comparison, a CRAC experiment was conducted initially on the full-
length Scp160. In accordance with prior findings (Hirschmann et al., 2014; Nerome et al., 2020), an
examination of the results indicated that mRNAs encoding proteins of the secretory pathway
constituted the most prominent cluster (Figure 40, supercluster a). This encompasses mRNAs that
code for proteins of the endoplasmic reticulum and the Golgi apparatus. Subsequently, mRNAs
encoding vacuolar proteins (supercluster k; seven RNA clusters identified) were identified. Moreover,
a cluster of mRNAs encoding components of the pre-initiation complex, including pre-ribosomes and
polysome-associated proteins, was identified (superclusters d, h, and g) (Cheng et al.,, 2018).
Furthermore, the association to RNAs connected to stress granule formation, was also observed

(superclusters j). The binding of mMRNAs encoding mitochondrial proteins (supercluster b) and
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members of small nucleolar RNAs (supercluster d) was already observed in hepatic mouse vigilin

(Mobin et al., 2016).

It has been demonstrated that vigilin interacts with signal peptide peptidases (SPPs) in the context of
the proteasome (Lu et al., 2012). In the yeast organism, these peptidases are found within a complex
designated the Signal Peptidase Complex (SPC). The complex is composed of four proteins: Spc1, Spc2,
Spc3, and Sec11 (Bohni et al., 1988; YaDeau et al., 1991). The RNA of Spcl was not identified in the
CRAC analysis. It should be noted that the interaction between vigilin and the SPP has only been

demonstrated at the protein-protein interaction level.

In the second CRAC experiment, the number of identified clusters for the full-length Scp160 was
reduced (49 versus 77 in experiment #1), yet the cluster distribution remained comparable. However,
due to the inferior quality compared to the first experiment, not only are cluster sizes smaller, but
whole clusters are lost, including proteasome, lipid droplets, and chaperones. The most notable
contribution of the second cluster list is the addition of a cell wall cluster present only in the

Scp160AKH13-14 dataset (Figure 44).
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Figure 40: RNA interactome of full-length Scp160; Each circle represents an RNA cluster (RNA with related function or similar
location). Connected clusters form a supercluster. All superclusters form the total RNA interactome. Circle size displays the
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An overview of identified RNA clusters in the full-length Scp160 (for both CRAC experiments) is

summarized in Table 25.

Table 25: Clustered RNAs for the full-length Scp160 as seen in Figure 40; Comparison between both CRAC attempts in terms

of found RNA clusters.

CRACI | CRACII
RNA cluster cluster count

a) |Endoplasmic reticulum and Golgi network 37 26
b) | mitochondrial 5 1
c¢) |Membrane 2 2
d) |nuclear region 10 2
e) |Proteasome 8 0
f) |lipid droplet 1 0
g) |Ribosome 1 1
h) |translation initiation 2 1
i) | Chaperone 1 0
j) | stress granule 3 3
k) |Vacuole 7 7
cell wall 0 6

The cluster distribution of mMRNAs crosslinked to Scp160AKH1-2 is comparable to that of the wildtype,

although not identical (Figure 41). Three notable discrepancies are evident: The loss of lipid droplet

clusters (Figure 40, f) and the presence of a specific set of mRNAs encoding components of the ATPase

complex (Figure 41, f) are notable observations. As evidenced by the second replica, several clusters

are also lost, including those encoding mitochondrial, nuclear region, proteasome, ATPase complex,

ribosome, translation initiation, chaperone, and different kinds of granules (cytoplasmic stress

granule, ribonucleoprotein granule, and cytoplasmic granule ribonucleoprotein). However, the list

also includes three new clusters: actin cytoskeleton, mannosyltransferase, and the extracellular

region. The mannosyltransferase is typically included within the cluster of the endoplasmic reticulum

and the Golgi apparatus.

97



memt

endoplasmic retic| 'um
nuclear outer mem ne.

integral
intrinsic component of

integral component of organelle membrane-
int

e mm}%ﬁ& |l
ratus

ne raft

membrane mi ain /
i e ‘/

cro
t endop(nm!.. giegempanerdellva sy N COPI-coated vesicle
lum membrane Golgi appggus— # iated vesicle k)
\\ Gt}lgi membrane coated vesicle

d)

[ ]
perinuclear region of cytoplasm

/
/

h)

eukaryotic 48S preinitiation complex

integral nt of plasma membrane / proteasome accsswely comple;
‘{muawm regulatory pnmcln
particie, lid T \ ;
o el complex
— intrinsic component of plasma membrane T
. —
\\\ e) /4\ proton-transporting two-sector, ‘TPan complex, catalytic domaik yd
o ] ) ~
~_ - _ /
~ T ¥
— I / cytoplasmic stress gral e
b) i el nuciecid . / cytoplasmic ribonuclecprotein granul \\\
ﬂ e ~Je” ribonucleoprotein granu T~
nuckeoid T T T~
- — chapergne complex
/ — ° wﬁ
T T
T embi —
o membrane px '" "{l‘“ T ytic vacuole me tocage vacuole
| ewlmlum membrane coated megbrans _ |) vacuolar membfa
endoplasmic inZcontaini T
2 - crgenate 3y " o coat lunoal -type vacuole membran
membran
ted vesicle mambaa

network
nelleccoatedwesiclemembrane-iated

ral com) t-of Golgi membrane

partment  COP|l-coated E%lo Golgi transport vesicle \
\_\ \

S

\
Golgi

trans-Golgi network

Golgi cis cisterna
sferase complex
L]

mannosyll

endoplasmic w%ulum lumen

a)

number of genes
O s0
O 100
QO 150
p.adjust
0.04
0.03
0.02
0.01

Figure 41: RNA interactome of Scp160AKH1-2; single circle represents an RNA cluster. Connected clusters form a supercluster.
All superclusters form the total RNA interactome. Circle size displays the number of genes in the cluster. Color reflects the
adjusted p-value of the cluster: from red 0.01 to blue 0.04. RNA-Interactome displayed here only includes CRAC experiment

#1.

98



An overview of identified RNA clusters in the Scp160 variant lacking KH domains one and two (for both

CRAC experiments) is summarized in Table 26.

Table 26: Interacting RNAs with Scp160AKH1-2 as seen in Figure 41; Comparison between both CRAC attempts in terms of
found RNA clusters.

CRACI | CRACII
RNA cluster cluster count

a) |Endoplasmic reticulum and Golgi network 32 16
b) | mitochondrial 2 0
c) | Membrane 5 2
d) |nuclear region 2 0
e) |Proteasome 7 0
f) | ATPase complex 1 0
g) |Ribosome 5 0
h) |translation initiation 2 0
i) | Chaperone 1 0
j) | Granule 3 0
k) |Vacuole 7 7
actin cytoskeleton 0 1
Mannosyltransferase 0 1
extra cellular region 0 2

In comparison to the full-length Scp160 and the Scp160AKH1-2 strains, the number of clusters and the
cluster sizes identified in the Scp160AKH4-5 strain are markedly diminished (Figure 42). The clusters
pertaining to the endoplasmic reticulum/Golgi network, membrane, nuclear region, translation
initiation, chaperone, and vacuole are all absent. The overall cluster number of 15, in comparison to
the 77 clusters observed in Scp160 and 67 in Scp160AKH1-2, clearly demonstrates that this mutant
Scp160 has lost a significant portion of its originally bound mRNAs. The complete absence of the
largest interconnected cluster of the ER and Golgi network is particularly remarkable, given that this
network represents almost half of all interacting mRNAs in Scp160 and Scp160AKH1-2 in the first CRAC
attempt (Table 25 and Table 26). It is noteworthy that the ER and Golgi network cluster was present
in the second CRAC experiment, as well as a new ribosomal protein mRNA cluster. In the second CRAC
experiment the ER and Golgi network -/ ribosome clusters replace all clusters from the previous

attempt (Table 27).
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Figure 42: RNA interactome of Scp160AKH4-5; display of interacting RNAs with the Scp160AKH4-5 protein. Single circle
represents an RNA cluster. Connected clusters form a supercluster. All superclusters form the total RNA interactome. Circle
size displays the number of genes in the cluster. Color reflects the adjusted p-value of the cluster: from red 0.01 to blue 0.04.

RNA-Interactome displayed here only includes CRAC experiment #1.
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An overview of identified RNA clusters in the Scp160 variant lacking KH domains four and five (for both

CRAC experiments) is summarized in Table 27.

Table 27: Interacting RNAs with Scp160AKH4-5 as seen in Figure 42; Comparison between both CRAC attempts in terms of
found RNA clusters.

CRACI | CRACII
RNA cluster cluster count

a) |Ribosome 6 0
b) | Mitochondrial 2 0
c) |Proteasome 4 0
d) |Granule 2 0
e) |ATPase complex 1 0
Endoplasmic reticulum and Golgi network 0 7
Ribosome 0 2

The number and distribution of clusters in the strain expressing the Scp160 protein lacking the KH
domain number five (Figure 43) can be visualized as an intermediate between the Scp160AKH4-5
mutant and Scp160AKH1-2/wildtype. The ER/Golgi network clusters are not absent, but they are
smaller in size and lack a number of mRNAs. The CRAC data for Scp160AKH5 also demonstrate a loss
of the translation initiation cluster, and the clusters associated with the nuclear domains.
Furthermore, a transport vesicle membrane cluster (d) is observed. In the CRAC experiments
conducted with the strain expressing full-length Scp160, the supercluster of the ER/Golgi network was
included, but due to the loss of connecting clusters, it was isolated in Scp160AKH5 (Figure 43). In
addition, the CRAC experiment #2 yielded a considerably shorter list of clusters, exhibiting a reduction
in both the number and diversity of clusters. Six clusters are absent (ubiquitin ligase, transport vesicle
membrane, proteasome, ATPase complex, nucleoid, and chaperone), yet three new clusters
(translation initiation, extracellular region, and mitochondrial) are present in other cluster sets,

offering a degree of compensation.
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Figure 43: RNA interactome of Scp160AKH5; display of interacting RNAs with the Scp160AKH5 protein. Single circle represents
an RNA cluster. Connected clusters form a supercluster. All superclusters form the total RNA interactome. Circle size displays
the number of genes in the cluster. Color reflects adjusted p-value of the cluster: from red 0.01 to blue 0.04. RNA-Interactome
displayed here only includes CRAC experiment #1.

102



An overview of identified RNA clusters in the Scp160 variant lacking KH domain five (for both CRAC

experiments) is summarized in Table 28.

Table 28: Interacting RNAs with Scp160AKHS5 as seen in Figure 43; Comparison between both CRAC attempts in terms of
found RNA clusters.

CRACI | CRACII
RNA cluster cluster count

a) |Endoplasmic reticulum and Golgi network 18 7
b) | ubiquitin ligase 2 0
c) |Membrane 2 1
d) |transport vesicle membrane 1 0
e) |Proteasome 4 0
f) |Vacuole 7 7
g) | Ribosomal 7 2
h) | ATPase complex 4 0
i) | Nucleoid 2 0
i) | Chaperone 1 0
k) | (stress) granule 3 3
translation initiation 0 2
extracellular region 0 1
Mitochondrial 0 1

In conclusion, it can be stated that the removal of particular KH domains affects the RNA binding
behavior of Scp160. The influence is not contingent on the number of KH domains deleted, but rather
on their position. For example the deletion of two KH domains does not harbor the same impact: To
illustrate this, the deletion of KH domains one and two (Figure 41) does not have the same effect as

the deletion of KH domains four and five (Figure 42).

It was unexpected that the CRAC of the Scp160AKH13-14 mutant (Figure 44) exhibited no significant
differences compared to the full-length protein. Notably, the majority of ER-Golgi clusters remained
intact, despite previous research in yeast indicating that the deletion of KH13-14 led to a disruption in
vigilin capability of RNA binding (Brykailo et al., 2007; Hirschmann et al., 2014). Additionally, the
mitochondrial cluster, along with the nuclear region and proteasome clusters, were absent. However,

in the case of Scp160AKH13-14, two distinctive RNA clusters were identified: cell wall and cell septum.
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Figure 44: RNA interactome of Scp160AKH13-14; display of interacting RNAs with the Scp160AKH13-14 protein. Single circle
represents an RNA cluster. Connected clusters form a supercluster. All superclusters form the total RNA interactome. Circle
size displays the number of genes in the cluster. Color reflects the adjusted p-value of the cluster: from red 0.01 to blue 0.04.
RNA-Interactome displayed here only includes CRAC experiment #1.
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An overview of identified RNA clusters in the Scp160 variant lacking KH domains 13 and 14 (for both

CRAC experiments) is summarized in Table 29.

Table 29: Interacting RNAs with Scp160AKH13-14 as seen in Figure 44; Comparison between both CRAC attempts in terms

of found RNA clusters.

CRACI | CRAC

RNA cluster

cluster count

a) |Endoplasmic reticulum and Golgi network 31 19
b) |Vacuole 7 7
c) | Membrane 6 4
d) |cell wall 6 6
e) |cell septum 1 0
f) | ubiquitin ligase 4 0
g) | nucleoid/perinuclear 5 1
h) | ATPase complex 4 2
i) |Ribosome 8 0
j) | translation initiation 2 0
k) |Chaperone 1 0
[) |stressgranule 3 0

Mitochondrial 0 1

The results from the various Scp160 proteins were summarized in Table 30, displaying a rather

irregular pattern of RNA binding.
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Table 30: RNA clusters identified in the used strains expressing the KH truncated/deleted versions of Scp160 and the wildtype
Scp160 for both CRAC experiments; CRAC experiments are labeled as | and Il accordingly.

Scp160 Scp160-
AKH1-2 AKH4-5 AKH5 AKH13-14

I Il I Il I Il I Il I Il
ER/Golgi network ° ° ° ° ° ° ° ° °
mitochondrial ° ° ° ° ° ° °
membrane ° ° ° ° ° ° ° °
nuclear region ° ° ° °
proteasome ° ° ° °
lipid droplet °
ATPase complex ° ° ° ° °
ribosome ° ° ° ° ° ° °
translation initiation ° ° ° ° °
chaperone ° ° ° °
granule ° ° ° ° ° ° °
vacuole ° ° ° o o | o ° °
ubiquitin ligase ° °
cell septum ° °
cell wall ° ° ° °
transport vesicle membrane .
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The deletion of KH domains 4 and 5 has a discernible impact on the RNA binding capability (Figure 42).
Thus, | was intrigued by the specific alterations in bound RNA in comparison to other Scp160 variants
lacking KH domains. An UpSet plot is a visual representation of the intersections between the data
sets of Scp160 and the four Scp160 variants lacking KH domains (Figure 45). This allows for the analysis
of shared RNA binding events among the different mutants. A total of 232 unique genes were
identified as being specific to the Scp160AKH4-5 strain (i.e., RNAs that were only found to associate
with Scp160 in this mutant), 160 unique genes for Scp160AKH5, 72 unique genes for Scp160AKH13-
14, 116 unique genes for Scp160AKH1-2, and 206 unique genes for the wild-type SCP160 strain
(Figure 45). The overlap between the Scp160AKH4-5 and Scp160AKH5 variants is not as extensive as
anticipated, given that both exhibited comparable phenotypes in the preliminary experiments. A total
of 51 genes were identified as being present in both datasets. In comparison, the overlap between the
Scp160AKH1-2 and wildtype datasets is as high as 242. In order to ascertain the impact of the deletion
of Scpl160AKHA4-5, it is necessary to compare the overlaps between the strain lacking these two
domains or Scp160AKH5 and the other three strains used in this experiment. The number of RNAs that
are common in the full-length Scp160, as well as the variant lacking KH1-2 and the variant lacking KH
domains 13-14, is 182. The addition of the strain Scp160AKH5 results in an RNA overlap value of 141,
which remains relatively high. Inclusion of Scp160AKH4-5 instead of Scp160AKHS5 results in a reduction
of the value to 76. The deletion of KH domain five clearly impairs the RNA binding of the mutant, but
the deletion of KH domains four and five has an even more pronounced effect. The number of deleted
KH domains is not a critical factor in this example; however, the deletion of specific KH domains clearly

affects RNA binding in a distinctive manner.
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Figure 45: UpSet plot: Comparison of strains expressing KH domain truncated/deleted versions of Scp160 in terms of unique
or overlapping found RNAs; upper part represent number of RNAs only found in the specific intersection,; lower part depict
the set size (all found RNAs in the sample) of the used data sets (left) and the intersecting data sets (Right) according to the
intersecting size.

The objective of this study was to ascertain the number of lost RNAs in the Scpl160AKH5 and
SCP160AKHA4-5 mutants relative to the full-length Scp160. A total of 1,241 RNAs were identified in the
full-length Scp160. The Scp160AKHS5 strain has 726 interactors with 317 unique RNAs, which is 409
RNA interactors in common with Scp160. In total, 681 RNA interactors were identified in Scp160AKH4-
5, indicating a reduction in interactors compared to Scp160AKHS5. Of these 681 interacting RNAs, 361
are unique to Scp160AKH4-5.

The ploidy profile of strains expressing KH deleted proteins and its implications in regard on total
RNA changes by RNA-sequencing

As already mentioned (p.50 onwards), the mutants analyzed in the CRAC experiments have been
observed to alter the ploidy of the cell. Given the prior observation of ploidy-dependent alterations in
gene expression in yeast (Galitski et al., 1999), | sought to ascertain whether the disparate binding
patterns of RNAs observed in the Scp160 mutants are attributable to fluctuations in the abundance of

these RNAs. To this end, RNA sequencing was conducted by our collaborators at the University of

108



Gottingen. The same five strains utilized for CRAC analysis were selected for this experiment (Scp160,

Scp160AKH1-2, Scp160AKHS, Scp160AKH4-5, Scp160AKH13-14).

The RNA-seq data were subjected to differential expression analysis using the DESeq2 program (Love
et al., 2014). The adjusted p-value was employed for the evaluation and visualization of the data. For
each gene, a statistical test was performed to determine the significance of differential expressions
between the different samples. However, the aforementioned raw p-values do not account for false
positive hits. The occurrence of false positives can be attributed to the simultaneous execution of
numerous tests. A Benjamini-Hochberg procedure (Benjamini and Hochberg, 1995), a multiple testing
correction method, was employed to control the false discovery rate (FDR), resulting in the adjusted
p-value. The strains expressing the deletion variants were tested against the wildtype using the
adjusted p-value, which implies greater statistical significance. With regard to the raw p-value, the
Scpl160AKH1-2 strain was found to exhibit only one negatively correlated hit in comparison to the
wildtype. With respect to the adjusted p-value, no significant change could be discerned (Figure 46).
In the Scp160AKHS5 strain, five negatively correlated RNAs were identified, with only two remaining in
the adjusted graph (Figure 47). A comparable pattern was observed in the Scp160AKH4-5 strain, with
four hits identified for the raw p-value and two for the adjusted p-value. The control strain,
Scp160AKH13-14, exhibited five negatively correlated RNAs for both the raw and adjusted p-values,

as well as one positively correlated RNA for both p-values.

Volcano plots display the most significant hits, utilizing the adjusted p-value for the multicomparison
correction. The significance level was determined in accordance with the decision to focus on a
stringent hit filtering (Supplementary Figure 8). Significance level was chosen as follows: FC > 2 and p-

value < 0.05.
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There is no significant difference between the wildtype Scp160 and Scp160AKH1-2 in terms of binding
RNA (Figure 46).

Scpl160AKH1-2 versus Scp160
© NS Log,FC © p-value

i |
6 - i |
o | |
S 4 | |
oo | I
o) I I
- | |
21 |
_________ L ag————pmmm ol ___
I - ]
0 - | i |
-2 0 2 4
Log,fold change

Figure 46: Volcano plot exhibiting the differences in RNA abundance between Scp160AKH1-2 and Scp160; blue dots: hits with
FC < 2 and p-value < 0.05; green dots: hits with FC > 2 and p-value > 0.05; red dots: Significant hits with FC > 2 and p-value <
0.05; negative fold change (left) displays decreased RNA abundance in Scp160AKH1-2.
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With only two relevant differences between the full-length Scp160 and Scpl60AKHS5, this Scp160
variant exhibits a remarkable small impact on RNA binding (Figure 47). The less bound RNAs, Dad4
(YDR320C-A) and Gim4 (YELOO3W), also exhibit no striking difference in RNA binding between this
strain and the full-length. Dad4 is a crucial component of the Dam1 complex, also referred to as the
DASH complex. This complex plays a crucial role in the binding of microtubules to the kinetochore. It
connects the kinetochores to the force generated by MT depolymerization, thereby facilitating
chromosome segregation (Li et al., 2002). Gim4 is a subunit of the hetero-hexameric cochaperone
prefoldin complex, which binds to cytosolic chaperonin and subsequently transfers target proteins to

it (Geissler et al., 1998).
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Figure 47: Volcano plot exhibiting the RNA abundance differences between Scp160AKH5 and Scp160; blue dots: hits with
FC < 2 and p-value < 0.05; green dots: hits with FC > 2 and p-value > 0.05; red dots: Significant hits with FC > 2 and p-value <
0.05; negative fold change (left) displays decreased RNA abundance in Scp160AKH5.
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Similarly, Scp160AKH4-5 (Figure 48) has two RNAs less bound by the full-length Scp160, analogous to
the two observed in Scp160AKH5. The initial 21S rRNA (Q0158) is a mitochondrial 21S rRNA. The intron
encodes the I-Scel DNA endonuclease (Jacquier and Dujon, 1985). The second is HMRA2 (YCR096C),
which is a silenced copy of a2 at the mating-type cassette HMR. It displays a resemblance to Alpha2
and is indispensable when coupled with alp for the purpose of impeding the HO endonuclease in a/a

HO/HO diploid cells that possess an active mating-type interconversion system (Jensen et al., 1983).
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Figure 48: Volcano plot exhibiting the RNA abundance differences between Scp160AKH4-5 and Scp160; blue dots: hits with
FC < 2 and p-value < 0.05; green dots: hits with FC > 2 and p-value > 0.05; red dots: Significant hits with FC > 2 and
p-value < 0.05; negative fold change (left) displays decreased RNA abundance in Scp160AKH4-5.
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strain exhibiting the most notable alterations in individual RNA levels is Scp160AKH13-14. Despite the
reduction in the amount of five RNAs (YDR320C-A, YOL126C, YKL216W, YDR0O31W, YNCB0019C) and
the increase in the amount of one RNA (YBRO89W) in comparison to the full-length Scp160 protein,
this strain does not exhibit an overall distinct RNA binding pattern. It is noteworthy that the number
of significantly altered RNAs is identical for raw and adjusted p-values. However, the lists of RNAs are
not entirely concordant when compared to each other. The RNAs that exhibited a decreased quantity
were Dad4 (YDR320C-A), Mdh2 (YOL126C), Ural (YKL216W), Lsrl (YNCB0019C), and Tsc3 (YBRO58C-
A). The protein Dad4 has already been mentioned (Figure 46). Mdh2 is a cytoplasmic malate
dehydrogenase. The enzyme catalyzes the interconversion of malate to oxaloacetate and vice versa
(Minard and McAlister, 1991). The dihydroorotate dehydrogenase Ural catalyzes the conversion of
dihydroorotic acid into orotic acid. This reaction represents the fourth step in the de novo biosynthesis
of pyrimidines (Lacroute, 1968). Lsrl is a component of the spliceosome, specifically a U2 small nuclear
RNA (snRNA) (Maniatis and Reed, 1987). Tsc3 has been demonstrated to enhance the activity of
serine-C-palmitoyltransferase and is implicated in the biosynthesis of sphingolipids (Gable et al.,
2000). In contrast, for the adjusted p-value, Tsc3 is replaced by Mix14 (YDR0O31W), a mitochondrial
intermembrane space protein of unknown function (Longen et al., 2009). It is notable that Mix14
contains twin Cx9C (cysteine-x9-cysteine) motifs. For RNAs with an increase in their quantity, both raw
and adjusted p-value, YBRO89W was identified. YBRO89W is designated as a potential open reading

frame that is unlikely to encode a functional protein (Fisk et al., 2006).
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Figure 49: Volcano plot exhibiting the RNA abundance differences between Scp160AKH13-14 and Scp160; blue dots: hits with
FC < 2 and p-value < 0.05; green dots: hits with FC > 2 and p-value > 0.05; red dots: Significant hits with FC > 2 and p-value <
0.05; negative fold change (left) displays decreased RNA abundance in Scp160AKH13-14.
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The low number of altered RNA levels suggests that RNA expression is consistent and independent of

changes in ploidy. To facilitate comparison, the results were summarized in Table 31.

Table 31: Summary of most significant enriched and decreased RNA bound by the corresponding Scp160 variants in
comparison to the wildtype; Arabic number reduced associated RNA; Greek number: increased associated RNA.

condition 1 2 3 : :
Scp160AKH1-2

vs Scp160

Scp160AKH4-5 Q0158

hs Sep160 /YNCQOOOEW YCR096C

Scp160AKH5 YDR320C-A YELOO3W

vs Scp160

Scpigﬁﬁgg'm YDR320C-A YOL126C | YKL216W | YNCB0OO19C | YDRO31W | YBRO89W

When considered collectively, the potential for significant transcriptome alterations resulting from KH
domain deletion and the resulting increase in ploidy, appears to be either inconsequential or
nonexistent. It can be concluded that the alterations in protein-protein interactions (PPls) and RNA
binding are not a consequence of changes in RNA abundance. Rather, they are more likely to be
attributed to a deficiency in specific KH domains. The results of the CRAC and mass spectrometry

experiments were therefor validated by this experiment.

Comparison of RNA sequencing and CRAC results

To ascertain the relationship between the RNAs bound by Scp160 or its truncation/deletion mutants
and the expression levels of these RNAs in the corresponding strains, the RNA-seq data and the CRAC
data were subjected to visualization in heatmaps (Figure 50 and Figure 51). In these maps, cells with
similar colors reveal that the values representing expression rates are similar to each other. The band
pattern in Figure 50 indicates that the RNAs recovered from CRAC samples are not symmetrical. This
suggests that the RNA-binding behavior of Scp160 proteins lacking specific KH domains is divergent.
The abundance of some CRAC-recovered mRNAs is subject to fluctuations, while the presence of
others is entirely absent. The observed differences in clustering indicate that Scp160 and the strains
lacking KH domains exhibit distinctive binding behaviors. The loss of specific KH domains, therefore,
results in the loss of binding to specific RNAs. For instance, in column one/area I/Figure 50
(Scp160AKH5-HTP), there is a distinctive enrichment of RNAs that are not present in the other

samples. The same is true for column four/area Il (Scp160AKH4-5-HTP). This observation is only
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meaningful if the overall RNA expression between the tested strains is similar to each other, as will be

demonstrated in the following pages (Figure 51).
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Figure 50: Heatmap of CRAC recovered mRNA; Y-axis: RNA clustered due to similarity; X-axis: RNAs recovered from binding
with Scpl160 protein and its KH domain lacking mutants after IP; 1: Scpl60AKH5-HTP , 2: Scpl60AKH1-2-HTP,
3: Scp160AKH13-14-HTP, 4: Scpl60AKH4-5-HTP and 5: Scpl60-HTP color-code: yellow: low presence; dark blue: high
presence; I:  Example for similar clustered RNA in Scpl60AKH5-HTP; II: Example for similar clustered RNA in
Scp160AKH4-5-HTP.
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To compare the RNA binding to the Scp160 proteins and the overall abundance of these proteins in
these strains, the amount of RNA identified in the RNA-seq samples was analyzed. Figure 51 illustrates
the transcripts identified by CRAC within the RNA-seq data set. The band patterns are notably
consistent across the various strains, suggesting a comparable expression rate of the analyzed mRNAs

across all strains. Given the uniform distribution of RNA across the samples, it can be reasonably

inferred that the data presented here, derived from CRAC analysis, are robust.

Figure 51: Heatmap of total recovered mRNA of the RNA-Seq approach; Y-axis: RNA clustered due to similarity; X-axis:
recovered mRNA of the RNA-Seq approach; 1: Scpl60-HTP, 2: Scpl60AKH1-2-HTP, 3: Scpl60AKH13-14-HTP,
4: Scp160AKH5-HTP and 5: Scp160AKH4-5-HTP; color-code: yellow: low presence; dark blue: high presence.
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KH domain deletion results in a gain and loss of specific RNAs

As demonstrated in the preceding figures (Figure 50), there are discrepancies in RNA binding.
However, it would be worthwhile to ascertain whether complete loss of specific RNAs occur in the
event of KH domain deletion. A comparison of the bound RNAs found in the first CRAC attempt
between the full-length Scp160 and the KH domain-deleted variants revealed the presence and
subsequent absence of unique RNAs for either protein. The most significant findings are outlined in
the following passages. The categorization of RNA is based on three overarching classifications:
"molecular binding", "cellular components" and "biological processes". Classification was achieved

using g:profiler (Kolberg et al., 2023). This approach is adopted to highlight the distinctions in question.

Molecular binding

The RNAs assigned to molecular binding showed no significant differences for Scp160 and
Scp160AKH1-2. This is consistent with the previous findings. A small number of unique RNAs of
structural constituent of ribosomes were identified for all tested strains except the full-length Scp160.
Furthermore, unique RNAs for RNA binding were identified for the full-length Scp160 in comparison
to Scp160AKH4-5, Scp160AKH5 and Scpl60AKH13-14. Similar findings were made regarding ATP
dependent activity for Scp160 variants lacking KH domain five. Notably, Scp160AKH5 exhibited a high

number of unique RNAs associated with protein binding.

Table 32: Number of unique RNAs found for each Scp160 variant lacking KH domains in comparison to the full-length Scp160;
categorization of RNA in regard to molecular functions; used program: g:profiler; only relevant categories were displayed in
this table, thus not all unique RNA were assigned to a relevant category.
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total of unique RNAs 269 | 337 | 361 | 922 | 317 | 832 | 180 | 141
structural constituent of ribosome 21 41 40 26
RNA binding 52 119 48 113 29
MRNA binding 58 49 17
Protein binding 157 79
ATP dependent activity 72 68
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Cellular components

In comparison to the RNAs assigned to molecular binding, which demonstrated no significant
differences for Scp160 and Scpl160AKH1-2, a considerable number of RNAs assigned to cellular
components were found to be unique to Scp160AKH1-2 throughout all categories. It is evident that
both Scp160AKH4-5 and Scpl60AKH5 exhibit a conspicuous reduction of unique RNA species
associated with the ER membrane and the Golgi apparatus, a feature that is exclusive to the full-length
Scp160. Concurrently, both Scp160 variants contain unique RNAs associated with the cytosol and
cytosolic ribosomes, while the full-length Scp160 exhibits a high number of unique RNAs connected
to the cytoplasm. In general, all the Scp160 variants examined in this study exhibited distinctive RNAs
that were associated with the cytoplasm. Scp160AKH13-14 exhibited binding of unique RNA species

to the endoplasmic reticulum as well as to those located within the cytosol.

Table 33: Number of unique RNAs found for each Scp160 variant lacking KH domains in comparison to the full-length Scp160;
categorization of RNA in regard to cellular components; used program: g:profiler; only relevant categories were displayed in
this table, thus not all unique RNA were assigned to a relevant category.
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total of unique RNAs 269 | 337 | 361 | 922 | 317 | 832 | 180 | 141
ER 54 | 71 345 | 65 | 209 | 51
ER membrane 35 48 155 46 124 33
Golgi 29 108 96
Golgi membrane 20 59 22 58
cytoplasm 207 | 283 | 259 | 777 | 265 | 701 | 145 | 116
cytosol 89 90
ribosome 27 48 49 30
cytosolic ribosome
20 38 41 26
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Biological processes

As was the case with the RNAs assigned to molecular binding, the RNAs assigned to biological
processes showed no significant differences for Scp160 and Scp160AKH1-2, except of a small number
of RNAs assigned to cytoplasmic translation. The Scp160 truncation, deficient in KH domains 13 and
14, also exhibited only minimal loss of function with respect to the RNAs assigned to biological
processes. However, it has been observed to bind a limited number of unique RNAs, which are
responsible for translation and glycosylation. As observed in the previous two passages, the Scp160
variants lacking KH domain five (Scp160AKH4-5 and Scpl60AKH5) both exhibited a reduction in a
number of RNAs compared to the full-length protein. Nevertheless, both also gain a small number of

unique RNAs for cytoplasmic translation and translation, as was seen for Scp160AKH13-14.

Table 34: Number of unique RNAs found for each Scp160 variant lacking KH domains in comparison to the full-length Scp160;
categorization of RNA in regard to biological processes; used program: g:profiler; only relevant categories were displayed in
this table, thus not all unique RNA were assigned to a relevant category.
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total of unique RNAs 269 | 337 | 361 | 922 | 317 | 832 | 180 | 141
cytoplasmic translation 24 38 43 24
translation 55 61 34
glycosylation 14 29 12
rRNA processing 73 67
GPI anchored protein biosynthesis 15 13
ribosome assembly 15 28
ribosome biogenesis 98 88
intracellular transport 122 132
protein localization 59 161
protein transport 118 108
Golgi vesicle transport 53 50
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The conclusion regarding alterations in RNA binding consequent to the loss of KH domains is subject

to variation when viewed from different standpoints.

With regard to molecular binding, the full-length Scp160 demonstrates the highest number of unique
RNAs, with a few exceptions. In terms to cellular components, full-length Scp160 again displays the
highest number of unique RNAs, but the variants lacking specific KH domains also have a high number
of unique RNAs for specific cellular components. Finally, when the focus shifts to biological processes,
full-length  Scpl60 once again demonstrates a high number of unique RNAs.
Taken together, the full-length Scp160 exceeds in number of unique RNAs compared to all analyzed
Scp160 variants lacking KH domains, with exception to Scp160AKH13-14. The deletion of the last two
KH domains resulted in a number of unique RNAs that was slightly higher than the full-length Scp160.
Since the deleted regions are RNA binding domains, the fact that full-length Scp160 outnumbers the
KH domain-deleted variants in terms of unique RNAs is expected. Why Scp160AKH13-14 displays a

higher number of unique RNAs is yet to be analyzed.

Protein structure prediction of Scp160 lacking specific KH domains using
AlphaFold2

It is plausible that the alterations in protein-protein interaction (PPI) and ribonucleic acid (RNA)
interaction observed in mutants lacking KH domains are attributable to comprehensive changes in
protein structure, including a potential collapse of the protein. The mean length of a KH domain in
Scp160 is 73 amino acids. The executed deletion of one or more KH domains, which represent
approximately 6% (one KH domain) or 29% (five KH domains) of the protein's overall size, respectively,
can undoubtedly impact the protein's structure. Without access to experimentally determined protein
structures, an attempt was made to gain insight into the structural changes of Scp160 caused by KH
domain truncation or deletion. To this end, the protein structure prediction program AlphaFold2 was
employed (Jumper et al., 2021). Of particular interest was the concept of two or more KH domains
cooperatively binding to RNAs. While the existence of these kinds of RNA binding cannot be
definitively proven without the presence of co-structures of the relevant RNAs, a significant disruption
of the overall KH domain conformation would be evident. These findings provide a foundation for
further experimentation. Accordingly, a structure of Scpl60 was generated and compared with
predictions of Scp160 variants lacking specific KH domains. With the exception of the unstructured N-
and C-termini, the protein structures demonstrate a high degree of accuracy in their prediction,

exhibiting only a few areas with a prediction quality below 70%.
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The predicted structure of Scp160 is illustrated in Figure 52. The KH domains four and five, which were
the focus of previous chapters, are situated in the initial lobe, which is formed by the KH domains four
to six. This configuration brings KH domains two and nine into close proximity. The protein assumes a
curved structure with KH domains ten to twelve, while KH domains 13 and 14 constitute a discrete

unit.
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Figure 52: AlphaFold2 predicted structure of Scp160 illustrated in ChimeraX; rank 1 prediction; 180° horizontal rotation; KH
domain position indicated by arrow symbol; N: N-terminus; C: C-terminus.

The removal of the first two KH domains (Scp160AKH1-2) does not result in significant alterations to

the overall protein structure (Figure 53).
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Figure 53: AlphaFold2 predicted structure of Scp160AKH1-2 illustrated in ChimeraX; rank 1 prediction; 180° horizontal
rotation; KH domain position indicated by arrow symbol; N: N-terminus; C: C-terminus.
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The removal of the KH domain five (Figure 54) has a more pronounced effect on the predicted
structure than the removal of the first KH domains. The original structure's lobe remains intact,
retaining KH domains four, six, and seven. However, the curved structure formed by KH domains
10-12 has undergone significant disruption. Additionally, the positioning of the KH domains relative to
one another has undergone a significant alteration. In the untruncated protein, KH domain one is
observed to be in close proximity to KH domains ten and eleven. KH domain two is in close proximity
to KH domain ten, whereas it is originally situated in the vicinity of KH domain nine. The position of
KH domain three relative to KH domain eight is no longer aligned. In conclusion, the formation of a

potential new binding cluster may be facilitated by the novel protein structure.
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Figure 54: AlphaFold2 predicted structure of Scp160AKHS5 illustrated in ChimeraX; rank 1; prediction; 180° horizontal rotation;
KH domain position indicated by arrow symbol; N: N-terminus; C: C-terminus.
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The deletion of the KH domains 4 and 5 (Figure 55) results in a protein conformation that is analogous

to that observed in Scp160KHAS.
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Figure 55: AlphaFold2 predicted structure of Scp160AKH4-5 illustrated in ChimeraX; rank 1; prediction; 180° horizontal
rotation; KH domain position indicated by arrow symbol; N: N-terminus; C: C-terminus.

As anticipated based on the initial hypothesis, the removal of the final two KH domains

(Scp160AKH13-14) did not lead to significant alterations in the overall protein structure (Figure 56).
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Figure 56: AlphaFold2 predicted structure of Scp160AKH13-14 with a C-terminal HIS-tag illustrated in ChimeraX; rank 1
prediction; 180° horizontal rotation; KH domain position indicated by arrow symbol; N: N-terminus; C: C-terminus.
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The predicted AlphaFold structure of the KH domain truncated Scp160 variants indicates potential
alterations in KH domain conformations. This includes the positioning of these elements in relation to
one another and the potential formation of novel binding clusters. These alterations appear to have a
relatively limited impact on PPI, as the overall changes in protein binding are unremarkable. It is
possible that the conformational changes may influence the RNA binding behavior. It is not yet clear
whether the changes in RNA binding observed in the CRAC and RNA-Seq experiments are due to the
absence of particular KH domains or to altered protein structure. Further analysis and debate are

required to elucidate this point.
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Discussion

Fundamental thoughts

Over the past decade, the RNA-binding protein Scp160 has been the subject of extensive investigation
with regard to its role in the translational process. In order to ascertain the specific areas of functional
importance, the protein was frequently modified. In this regard, the C-terminal KH domains appeared
to be of paramount importance. The deletion of KH domains 13 and/or 14 is a frequently observed
modification in previous publications examining the functionality and role of KH domains. In order to
determine the localization status and overall fitness of the protein, Baum et al. (2004) deleted the C-
terminal KH domains 13-14 and 11-14. It was thus concluded that the C-terminal KH domains 13 and
14 are essential for fitness and ribosome association, as well as ploidy maintenance. In a similar
attempt, KH domain 13 and the KH domain 14 were deleted or replaced in different combinations with
diverged and conserved KH domains to examine the impact of these alterations on the functionality
of the altered Scp160 protein (Brykailo et al., 2007). The results of these experiments indicated that
diverged KH domains are crucial for the protein's functionality, even in the absence or disruption of
the GXXG motif. The reintroduction of diverged KH domains may potentially restore the anticipated
mRNP formation function to a certain extent. The paper presents the intriguing hypothesis that
neither the overall protein size nor the total number of KH domains is a determining factor in the
function of Scp160. In 2013, Hirschmann et al. analyzed the RNA-binding behavior of Scp160 in the
context of KH domain loss (Hirschmann et al., 2013). The deletion of KH domains 13 and 14 resulted

in a reduction in RNA binding to a number of specific mRNAs.

The collective evidence demonstrated that the C-terminal KH domains are crucial for the function of
Scpl60. It would be reasonable to postulate that the N-terminal KH domains may also play a role in
the functionality of the protein. In accordance with the principle of parsimony, it can be posited that
a protein comprising 14 KH domains will not exhibit its functionality based on a mere subset of these
KH domains. The use of C-terminal truncation of Scpl160 as a method of comprehending the
implications of KH domain deletion was a logical choice at that time due to the limitations of efficient
methods to delete interior areas of a protein. The deletion of C-terminal KH domains was also more
likely to result in a significant phenotype than the N-terminal domains. This is due to the fact that the
latter lack conserved KH domains, whereas the former consist, with the exception of KH domain 13,
solely of conserved KH domains. The advent of CRISPR/Cas9 heralded the emerge of a novel approach
to protein modification. This allowed for the deletion of any desired KH domain and the subsequent

analysis of the resulting phenotype.
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In the case of vigilin proteins, it is of the utmost importance to exercise caution when interpreting any
kind of results, ensuring that they are contextualized correctly and presented in an accurate manner.
As previously (Figure 4 b) discussed, vigilin proteins can exhibit diversity in their primary structure. For
instance, the yeast vigilin Scp160 contains 14 KH domains, while the human vigilin HDLBP contains 15,
with only a small overlap in the positioning of diverged/classical KH domains. Nonetheless, the number
of KH domains, as well as the arrangement of conserved and diverged KH domains of vigilin proteins
across especially closer related species, are to a certain extent comparable (Figure 4 b). It is important
to note that these apparent discrepancies are not the only factors that require consideration. A
number of phenotypes have been documented for the yeast vigilin protein Scp160. It would be
erroneous to question the increase in ploidy resulting from the deletion of SCP160. However, it
became evident that even within a single species, the observed phenotypes can vary due to inherent
differences in the genetic background. This is a well-known issue that has been evaluated and
determined that this issue occurs in 18.5% of experiments in which a phenotype is tested between
two Saccharomyces strains (Galardini et al. 2019). For example, the deletion of Saccharomyces
cerevisiae SCP160 has been observed to result in an increase in ploidy, but it should be noted that this
increase is not always constant. In the genetic background of W303, only shifts from haploid to
pseudo-diploid phenotypes could be discerned. In contrast, the BY4741 scp160A strain displays a
pseudo-tetraploid phenotype. This finding indicates that the genetic background is an additional
variable that must be taken into account during the experimental planning phase and the subsequent

evaluation of experimental results.

The deletion of specific KH domains in this study resulted in pseudo-diploid to pseudo-tetraploid
phenotypes and ploidies that fall between these two extremes. The observed fluctuation in this,
arguably the most prominent phenotype of the vigilin protein, underscores the necessity for rigorous
scrutiny of any other observed phenotype and conclusions derived from experiments, both past and
present. This is because any subsequent observation could be a secondary effect of an increase in

chromosomes.

The selected yeast strains may influence the intertwining and significance of Scp160 in its function.
The W303 background is a widely utilized strain with an uncertain origin. With 74 to 85% consistency
to S288C, a notable distinction between W303 and S288C is the absence of a functional SSD1 gene
(Novacic¢ et al., 2021). The lack of Ssd1 apparently does not affect most cellular processes and does
not impair the viability of the strain. However, it does appear to bind similar RNA targets as Scp160
which are regulating the fungal cell walls (Hall and Wallace, 2022). Therefor it maybe affects the
phenotype of Scp160 deletion mutants due to redundant RNA targets. Ssd1 plays a role in maintaining

cell wall integrity (Kaeberlein and Guarente 2002, Reinke 2004), auto-diploidization (Tung et al. 2021),

126



and translation repression (Hu et al. 2018). It is established that it binds to the 5' untranslated regions
of mMRNAs encoding cell wall proteins (Bayne et al. 2022). It is noteworthy that it has a functional
interplay with the DEAD-box helicase Dhh1 (Moriya and Isono 1999, Jansen et al. 2009). As a direct
potential interaction partner (Carroll et al., 2011) of Scp160, it may serve as a possible link to Ssd1.
The influence of alterations to single members of a functional chain may be enhanced or diminished

by the presence of overlapping functions and redundant processes amongst certain genes.

The final decision regarding the genetic background to be utilized for the study of KH domain deletions
was made in favor of the BY4741 background, since the observed changes in ploidy were found to be

more stable in comparison to those observed in the W303 background.

The deletion of N-terminal KH domains is opening a new avenue for understanding
the functional importance of Scp160

There are only a few documented instances of N-terminal editing of Scp160 (Li et al., 2004). The
presence of a visible phenotype indicated the harboring potential of N-terminal truncation. Given that
the N-terminus consists exclusively of diverged KH domains, which do not possess a classical GXXG
motif, the potential for the manifestation of minuscule phenotypes was a plausible consideration.
Nevertheless, the documented functionality of diverged KH domains (Brykailo et al. 2007) and the fact
that it was an uncharted territory at the time led to the conclusion that the topic merited further
investigation. It was expected that the deletion of multiple KH domains increases the probability of
observing substantial phenotypes. However, as the number of KH domains deleted increases, so does
the risk of phenotypes emerging not from the loss of specific (sets of) KH domains, but from resulting
structural changes of the entire protein. Accordingly, my objective was to maintain the deletions as
minimally as feasible. However, very small editing approaches like the introduction of point mutations
instead of the deletion of entire KH domains, were not pursued due to the absence of clear functional

motifs, such as GXXG in several KH domains of Scp160.

Ploidy alterations in Saccharomyces cerevisiae differ on the deletion of specific N-
terminal KH domains

Given that the most conspicuous phenotype of the yeast vigilin deletion is a change in the DNA
content, as indicated by its designation "Scp160" (S. cerevisiae protein controlling the ploidy) an

examination of this aspect in the newly strains lacking specific KH domains was a logical next step. In
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1995, the ploidy impairment resulting from the Scp160 deletion was confirmed (Wintersberger et al.,
1995). The precise cause of this phenotype remains unclear. Nevertheless, it represents an invaluable
starting point for the analysis of new Scp160 mutant strains. The initial investigation in this regard was
conducted using basic microscopy techniques to examine the DNA content of scp160A cells after
staining with DAPI. This experiment demonstrated that daughter cells lacking DNA content were
produced (Wintersberger et al.,, 1995). Therefore, the mother cells that are unable to distribute
surplus chromosomes must retain additional DNA. The hypothesis that the absence of functional
chromosome segregation results in the formation of empty daughter cells and diploid mother cells
cannot be supported by the ploidy profiles of the Scp160 variants lacking KH domains produced in this
study. Firstly, if this event were to occur in every budding cell, it would result in an increase in ploidy
for every generation. If a threshold of maximal ploidy existed, all strains would ultimately reach this
upper limit of chromosomes. The existence of pseudo-diploid and pseudo-tetraploid strains, however,
suggests that this is not the case. Furthermore, the ploidy profiles of several strains cannot be assigned
to a single ploidy type, such as diploid or tetraploid. Instead, they appear to fall somewhere between

these two extremes (Figure 8 and Supplementary Figure 1).

A number of potential theories have been put forth to explain the phenomenon of ploidy increase,
resulting from the deletion of Scp160. An early, though not particularly advanced, theory posits the
interaction of Bfrl with the protein Bbp1, which plays an essential role in the spindle pole body in
yeast. The deletion of Scp160 and the consequent change in the binding partner Bfrl could result in
an alteration of the spindle pole apparatus as a secondary effect (Lang, 2000). This theory was further
developed with the addition of placing Bbp1 into a broader context. Its interaction with the protein
Mps2, a membrane protein essential for the insertion of the spindle pole body formation into the
nuclear envelope, provides a broader foundation for considering the impact of Scp160 in the context
of ploidy control. Similarly, the interaction of Scp160 with Eapl can be considered. The deletion of
both genes is a synthetically lethal event (Mendelsohn, 2003), indicating that the two proteins play a

vital role when present together.

In a separate experiment, EAP1 was identified in a synthetic lethal screen with ndc1-1 (Chial et al.,
1999). ndcl-1 is an allele of NDC1, which is a subunit of the transmembrane ring of the nuclear pore
complex (NPC). It plays a role in NPC biogenesis and spindle pole body duplication (Thomas and
Botstein, 1986). In RT-PCR experiments employing NDC1-specific primers, it was demonstrated that
NDC1 mRNA is markedly enriched in Scp160p-associated complexes (Mendelsohn, 2003). It is possible
that Scpl60p is necessary to ensure an appropriate level of NDC1 RNA. These findings are worth

mentioning given that NDCI was observed to interact with the full-length Scp160 and the
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Scp160AKH1-2 variant, but not with the other KH domain deletion strains tested in the CRAC and RNA-

Seq experiments. Scp160AKH1-2, as the full-length Scp160, maintains a haploid phenotype.

The unequal distribution of chromosomes is not solely dependent on Scp160, but rather on the
disruption of a protein complex that governs the proper segregation of chromosomes. This complex
appears to comprise Smy2, Eap1, Scp160, and Ascl, and was thus designated “SESA” (Sezen et al.,
2009). Subsequently, Dhh1 was put forth as an additional member of the SESA complex (Ergiden,
2019). It is postulated that the SESA complex exerts control over chromosome segregation at the level
of spindle pole body (SPB) maintenance. The model proposes that the proteins Pom34, Pom152, and
Ndcl form a complex during the biogenesis of the NPC. Furthermore, Ndc1 is involved in the SPB
duplication process along with Mps2, Bbp1, and Nbpl. The incapacitation of POM34, POM152, or
NDC1 results in the rescue of SPB duplication defects, indicating an inhibitory effect of these genes. In
the event of SPB duplication defects, the SESA complex downregulates POM34, thereby facilitating
SPB duplication (Sezen et al., 2009). It was postulated that Scp160 is the binding element of POM34.
This hypothesis was not substantiated in the present study. As neither the Scp160 protein nor its KH-
deleted variants were observed to bind POM34 RNA, it is plausible that the binding of POM34 RNA is
facilitated by Scp160, but that it is not a sufficient condition for binding. The binding of NDC1 RNA,
however, could be assigned to Scp160. NDCI1 RNA is binding to Scp160 and Scp160AKH1-2, which
both do not show a change in ploidy. In contrast, for the other tested KH deleted Scp160 variants
(Scp160AKH5 and Scpl60AKH4-5) lacking NDC1 binding, a change in ploidy could be observed
(Supplementary Figure 1). The alteration of NDC1 dosage has been demonstrated to result in
aneuploidy and polyploidy, thereby confirming the potential of this RNA to affect ploidy in Scp160-

impaired strains.

The localization of Scp160 is dependent on the presence of specific KH domains

It has been established that Scp160 is located at the ER. However, the factors that must be altered to
disrupt this association remain to be elucidated. The localization of Scp160 from the ER to the cytosol
may be attributed to alterations in its interactions with other proteins (Baum et al., 2004), upon
osmotic stress (Baum et al., 2004), or alterations in its RNA-binding behavior (Frey et al., 2001). RNase
treatment has been demonstrated to result in a separation between ribosomes and Scp160 and
therefor the localization of Scp160 at the ER (Frey et al., 2001). Nevertheless, the question of the
mechanism by which Scp160 is bound to the ER remains unresolved. Given its status as an RNA-binding

protein, it is plausible that Scp160 forms a bond with ribosomes via a simultaneous mRNA/rRNA
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connection. An additional possibility is that ribosomal proteins such as Ascl may be involved, as
proposed in Baum et al., 2004. Ascl is the ortholog of human RACK1, which has been demonstrated
to interact with the human vigilin protein Hdlbp (Brugier et al., 2022). Alternatively, a combination of
RNA and protein binding may be responsible. The cysteine at position 1067 of Scp160 is capable of
forming a crosslink with Ascl and eEF1A, indicating that Scp160 is situated at the ribosome at a

distance of approximately 8 A from Asc1/eEF1A (Baum et al., 2004).

With regard to ER localization, the Scp160 interactors Pabl and Bfrl (Lang, 2000) are worthwhile
consideration. Pabl is a polyadenylate-binding protein that interacts with Scpl160 in messenger
ribonucleoprotein particles (MRNPs). Together with Bfr1, it colocalizes with Scp160 at the ER (Lang,
2001). It is thus not implausible that Scp160 requires these proteins to bind polysomes at the ER. A
comparison of the fold change of these proteins (Asc1, Bfrl, and Pabl) in the KH domain deleted
Scp160 variants reveals a reduction in the amount of Bfrl bound in those variants that are impaired
in their ability to localize to the ER (Figure 57). This reduction is not observed in the case of the KH
domain deleted Scp160 variants, which still localizes to the ER. It is not possible to make a statement
about Ascl, as it was not identified for Scp160AKH1-2, Scp160AKH1-5, Scp160AKH13-14, or the
negative control. It is not possible to determine whether this is due to a lack of binding or flaws in the
experiment. The fold change for Pab1 was elevated by a factor of three for Scp160AKH1-2 and reduced
by a factor of five for Scp160AKH13-14.
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Figure 57: Corresponing column chart for the fold change of known protein interactors of Scp160 variants lacking KH domains
compared to the full-length Scp160; blue: Asc1; purple: Bfr1; green: Pabl; FC: Fold change; NA: not annotated.
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In addition to the three previously identified interaction partners of Scp160, it was observed to
interact with 47 small ribosomal subunit proteins (RPS) and 80 large ribosomal subunit proteins (RPL).
This phenomenon is likely attributable to co-precipitation rather than direct interaction. Notably,
Scp160AKH1-5, the variant with the greatest number of deleted KH domains, did not exhibit the
highest number of proteins with altered fold change; rather, this was observed in Scp160AKH4-5. This
is detectible not only for ribosomal proteins but the entirety of the identified proteins. This may be
interpreted as an indicator of a higher binding capacity of Scp160AKH4-5 to ribosomes, which would
be limited to cytosolic ribosomes, given the compromised ER localization of Scp160AKH4-5. A
comparison of the RNA clusters found in Scp160AKH4-5 and the other tested Scp160 proteins reveals
that this variant has the fewest RNA clusters connected to the secretory pathway (Table 27).
Scp160AKH1-5 and Scpl60AKHS are also delocalized from the ER and exhibit elevated binding to
RPL/RPS proteins (44 ribosomal proteins), although to a lesser extent than Scpl60AKH4-5
(57 ribosomal proteins). Furthermore, the increase in binding of Ascl in Scpl160AKH5 is also
comparatively increased in Scp160AKH4-5 (Figure 57). The number of mRNA clusters for Scp160AKH5
is also decreased by approximately 50% in the initial CRAC experiment and 27% in the subsequent
attempt (Figure 43). Unfortunately, no data are available for Scp160AKH1-5, as the sample number
was limited and the Scp160 variants shown in Figure 41-44 were given priority. The findings suggest
that the binding of Scp160 to ribosomes is not hindered by the deletion of KH domains. However, the
impact of KH domain deletion on RNA binding is significant, especially including the deletion of KH
domain number five. The absence of specific KH domains can therefore result in the relocation of

Scpl60 via the loss of specific RNAs.

The Scp160 dependent emulsifying properties of yeast can be achieved by simple
KH domain deletion

Emulsification is a procedure that is frequently employed in the food and cosmetics industries. The
increased accessibility of naturally derived emulsifiers would reduce the dependence on chemically
synthesized ones. The emulsifying properties of yeast cells have therefor been a subject of scientific
inquiry for a considerable period of time. The potential of yeast as a food supplement has been the
subject of investigation since the 1980s (Cameron et al., 1988). Nevertheless, the knowledge of
emulsifying properties associated with the expression of Scp160 is relatively recent (Nerome, 2022).
Consequently, the available data regarding this particular phenotype is limited. The initial insights into
the origin of yeast's emulsifying properties identified mannoproteins as a key driver (Cameron et al.,

1988). However, the concentration of mannoproteins is unlikely to be the sole essential factor. mcd4A
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cells exhibit a markedly enhanced emulsifying property while displaying a reduced mannose-to-
glucose ratio in comparison to wild-type cells (Nerome, 2020). The deletion of MCD4 results in a
significant reduction in cell wall mannan, which is defective in the synthesis of GPl anchors. These are
essential for fixing mannoproteins to B-glucans. This evidence indicates that not only mannoproteins,
but also other components of the cell wall, may be involved in the alteration of emulsifying properties.
It was demonstrated that the washing of yeast cells with Milli-Q grade water could diminish the
emulsifying effect, whereas the washing water utilized in the experiment exhibited a notable
enhancement in its emulsifying properties (Moreira et al.,, 2016). These results indicate that the
emulsifying properties are, to some extent, dependent on secretion (Moreira et al., 2016). Given that
Scp160 is likely to be involved in the translation of secreted proteins, the observed phenotype may be
caused by a change in cell wall properties or a change in the composition of secreted proteins. The
cluster analysis of RNA changes (Figures 40-44) demonstrated the presence of ER-Golgi network RNAs
in the full-length Scp160, Scp160AKH1-2, Scpl160AKH5, and Scp160AKH13-14. However, no tested
Scp160 variant displayed binding of mRNAs encoding cell wall proteins in the first CRAC attempt. The
sole exception is the Scp160KH13-14 truncation (Figure 44). In the second experiment, RNAs encoding
proteins related to cell wall function were identified in the full-length Scp160, Scp160AKH1-2, and
Scp160AKH13-14. The RNA-seq data indicated a relatively uniform expression rate of mRNAs
(Figure 51). Regarding the protein-protein interaction of cell wall components and Scp160, there was
no discernible increase in the number of cell wall proteins involved in the identified interactions. The
alteration in cell wall proteins interaction would have been an explanation for the arise of an
emulsifying effect after deletion of KH domains one to five, three to five and four to five. These findings
consequently diminish the potential of cell wall components as a catalyst of changes in emulsifying

properties for KH domain-deleted variants of Scp160.

The deletion of KH domains exerts a mild effect on the protein-protein interactions
of Scp160

The removal of KH domains may result in alterations to the proteins structure, potentially leading to
a disruption in PPI. It is reasonable to hypothesize that the observed phenotypes in previous
experiments are caused by secondary effects and not by deleting different KH domains. Alternatively,
there is a possibility that specific KH domains bind with a particular subset of interaction partners.
Regarding alterations in protein-protein interactions, all Scp160 variants with a reduced number of N-
terminal KH domains exhibited a notable number of proteins increased in binding, rather than a

reduction in protein-protein interactions, in comparison to the full-length protein (Table 23). The
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negative control of yeGFP and the C-terminal truncation Scp160AKH13-14 exhibit comparable
alterations in protein-protein interactions to each other (Table 23). Following the normalization of the
datasets to the wildtype, a comparison was made between the Scp160AKH13-14 PPl and the negative
control (SCPp-yeGFP-SCPt). This analysis revealed a high degree of overlap between significantly
changed proteins. Therefore, it was determined that these identified proteins are considered

background and must be excluded (Table 23; grey coloring).

Scp160 interacts with ribosomal proteins

One readily apparent feature of the identified interacting proteins is the considerable number of
ribosomal proteins that interact with Scp160 and its KH domain deleted variants. Of the total 1,568
protein-protein interactions identified, 115 were with ribosomal proteins. Additionally, 61 were
mitochondrial ribosomal proteins and 29 were proteins involved in ribosomal biogenesis, ribosome
assembly, and ribosomal quality control. The list of proteins displaying changes in binding due to Kh
domain deletion includes a considerable number of ribosomal proteins. Scpl60 has been
demonstrated to interact with Ascl, a well-established ribosomal protein interactor of Scp160 (Baum
et al.,, 2004). The elevated quantity of ribosomal proteins can be attributed to the co-
immunoprecipitation of the complete ribosome rather than to their direct interaction with Scp160.
Nonetheless, the presence of ribosomal proteins or proteins involved in ribosome regulation
interacting with Scp160 is not a novel observation when compared to other data sets. A comparison
of my and published data sets revealed an overlap of 57 out of 167 interactions (Delaveau et al., 2016),
21 out of 21 (total verified PPI) (Rossler et al., 2019), and 9 out of 14 (Gavin et al., 2006) ribosomal

proteins and proteins of ribosome regulation.

With regard to the observed alterations in protein abundance, the ribosomal proteins merit particular
attention. Rpl3 exhibited a substantial loss in Scp160AKH1-2, Scp160AKH1-5 and Scp160AKHS5. In all
three strains Rpl3 ranked second in terms of loss in association to Scp160 (Table 23). Furthermore,
Rps20 and Rps5 were identified as being amongst the top five proteins for Scp160AKH1-2 to bind less
in comparison to the full-length Scp160 (Table 23). In Scp160AKH5, the most significant protein to be
reduced is the ribosomal protein Rps4A/B (Table 23). While these findings suggest a potential direct
interaction between these ribosomal proteins and Scp160, further investigation is necessary to
substantiate this hypothesis. However, the overall pattern of increased and decreased fold changes
for ribosomal proteins is rather inconclusive, exhibiting numerous inconsistent patterns. For instance,
no observed decrease in the fold change of Scp160AKH4-5 for Rpl3 is evident. The marked reduction
in the binding affinity of Scp160AKH1-5 and Scp160AKHS5 for this protein would suggest that a similar
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effect may be observed in the case of a KH domain deletion between these two numbers of deleted
KH domains. Another unexpected pattern observed in the data is the similarity of Scp160AKH1-2, a
Scp160 variant with unremarkable phenotypes, to the variants Scp160AKH1-5, Scp160AKH4-5, and

Scp160AKH5, which all display more pronounced alterations in their overall fitness (Table 23).

Some proteins harbor the potential to be direct interaction partners of Scp160

A number of proteins have been identified as interacting with Scp160 on multiple occasions. The list
includes Ascl, Rps2, Arb1, Patl, Sis1 and Zuol (Supplementary Table 3). Bfrl and Ascl, which have
been previously mentioned and have been shown to interact with Scp160 on seven (Bfrl) and four
(Ascl) external experiments, respectively. Similarly, the ribosomal protein Rps2 is also likely to interact
with Scp160 to a similar extent as Ascl, as it was found in four independent experiments. In addition
to the aforementioned interactors, the proteins Arbl, Zuol, Patl, and Sisl were identified as
interacting with Scp160 in three separate external experiments each. Arb1 is an ATPase belonging to
the ATP-binding cassette (ABC) family and plays a role in the biogenesis of the 40S and 60S ribosomes
(Delaveau et al., 2016; Dong et al., 2005). Zuo1, a ribosome-associated co-chaperone, is also involved
in ribosome biogenesis, which aligns with the high number of proteins associated with this process
that are bound by Scp160 (Delaveau et al., 2016; Gavin et al., 2002; Gavin et al., 2006). The protein
known as Sis1 has been categorized as a type Il co-chaperone, which interacts with the Hsp70 protein
Ssal. The interaction of Ssal has been observed in a number of strains in which the KH domain has
been deleted (Figure 34-38). It has also been observed in the negative control (Figure 33), which could
be interpreted as a possible reaction to misfolding of the proteins due to the changes in their sequence
(Ali et al., 2023; Delaveau et al., 2016; Feder et al., 2021). Lastly, the deadenylation-dependent mRNA-
decapping factor Patl, which connects to Scp160 in its function of ensuring reliable chromosome
transmission and P-body formation (Delaveau et al., 2016; Mitchell et al., 2013; Weidner et al., 2014).
The presence of Patl and Sis1 could not be detected in either the Scp160 or the KH domain-deleted
Scp160 versions. The remaining proteins of interest (POI) in this paragraph demonstrate a binding
pattern that is rather inconclusive when compared across the Scpl160 variants. Ascl is lost for
Scp160AKH1-2, Scp160AKH1-5 and Scp160AKH13-14, which have only one thing in common: the loss
of either the N- or C-terminus. This finding suggests the potential requirement for both termini for
Ascl binding. For Scp160AKH5 and Scp160AKH4-5, a reduction in Ascl binding was observed. An even
more random finding was made for Rps2, where Scp160AKH5 and Scp160AKH13-14 demonstrated an
inability to bind the protein, Scp160AKH4-5 exhibited a reduced binding capacity, and Scp160AKH1-2
and Scp160AKH1-5 displayed a binding profile to Rps2 analogous to that of the full-length Scp160. The
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underlying rationale behind this finding, if indeed it exists, does not emerge from the limited sample
size employed. One of the POIs was only found in Scp160AKH5 and Scp160AKH4-5, namely Zuol. The

reasons for the absence of this protein in the wildtype remain to be elucidated.

These findings suggest that the aforementioned protein-protein interactions seem to be largely
independent of the KH domain deleted. Furthermore, it is more likely that the changes in protein

structure could inhibit the protein binding capacity of Scp160.
Protein-protein interactions changes accompanied by KH domain deletion

The number of significant losses in PPl for Scp160 variants lacking specific KH domains is quite limited.
As evidence of the validity of these changes, the binding behavior of a well-known interactor can be
illuminating. Bfrl, which has previously been identified as a key interaction partner of Scp160, (Lang
et al., 2001) exhibited significantly reduced binding by Scp160 variants lacking KH domains 1 to 5,
4to05, 5, as well as 13 to 14 (Table 23). Only the Scp160AKH1-2 variant demonstrated no impairment
in its ability to bind Bfrl. This pattern is consistent with the results of my other experiments, showing
no phenotypic changes upon deletion of the first two KH domains. It also suggests that the ability of

the other KH-deleted Scp160 variants to bind Bfrl is specifically altered.

The proteins exhibiting an increase in binding outside the ribosomal proteins also demonstrated
inconsistency in their function. All variants of Scp160 lacking KH domains show enrichment for a
specific protein over the full-length Scp160 protein, termed Ura2. This enzyme plays a pivotal role in
the initial two enzymatic steps of pyrimidine biosynthesis. Another protein, which was more abundant
in the N-terminal KH domain deletion variants, but not in those with a KH domain 13 to 14 truncation,
is Mis1. This C1-tetrahydrofolate synthase, which is located in the mitochondria, is responsible for the
interconversion between different oxidation states of the folic acid derivative tetrahydrofolate
(Shannon and Rabinowitz, 1988). Together with the RNA helicase Dbp2, which is involved in mRNA
decay and rRNA processing, and the inosine monophosphate dehydrogenase Imd3, these four
proteins show a higher abundance in the N-terminal Scp160 variants compared to the full-length
Scp160. Whether or not these proteins have a similar property that leads to this increased binding has
yet to be analyzed. If the higher abundance of these four proteins is valid, it is imperative that this

findings are validated through additional experimentation.

Another interactor is Tdh3, the budding yeast GAPDH. This protein exhibits the most pronounced
partial loss (negative fold-change -1.87) in the Scp160 variant lacking KH domains one and two, but no
negative fold-change is observed for any other tested sample. It remains to be seen whether further

experiments will reveal why this change in PPl is so specific to Scp160AKH1-2, while Scp160AKH1-5,
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which also lacks the first two KH domains, is not influenced in the same manner with respect to this

interactor.

Finally, the known Scp160 interactor Pab1l has to be discussed. This protein is nearly absent in the
negative control of yeGFP and in the KH domain 13 to 14 truncated variant of Scp160. Given its status
as a binding partner of Scp160, the low abundance of Pab1 can be attributed to the absence of Scp160
as a bait protein. The loss of KH domains 13 and 14 in the C-terminus of Scp160 appears to have a
specific impact in its ability to bind Pabl. This contrasts with the other N-terminal KH domain deletion

variants, which did not result in a loss of Pab1l.

The comparison of the unique binding of proteins between Scp160 and its KH domain-lacking variants
demonstrates an increase in unique binding for the Scp160 variants lacking N-terminal KH domains.
The highest number of unique PPIs was found for Scp160AKH4-5 (Table 24), with proteins attributed
to a number of different functions. This is surprising because the Scp160 variant lacking the first five
KH domains was also tested and only reached ~40% of the number of Scp160AKH4-5. The underlying
reasons for the propensity of Scp160AKH4-5 to exhibit a distinct array of unique PPls remain to be
elucidated. One hypothesis is that the impairment of Scp160AKH4-5 folding is more severe in
comparison to Scp160AKH1-5. This may result in a more unspecific protein binding, which is a plausible
consequence of this impairment. It is interesting to note that, in the case of Scp160AKH13-14, the full-
length Scp160 exhibits a higher number of unique protein-protein interactions (PPls). When the
suggested protein structures of AlphaFold are taken into consideration (Figure 56), it appears that the
loss of the last two KH domains is not accompanied by an overall structural change. Consequently, it
can be hypothesized that the lost KH domains are responsible for binding the lost unique proteins
found only in full-length Scp160. This finding could be used as a basis for further investigations of C-

terminal binding of proteins.

The overall alteration in the interactome is rather minor (Figure 31). The interaction pattern for the
triplicates is largely consistent, with the exception of Scp160AKH4-5 (Figure 31 c) and Scp160AKH5
(Figure 31 b), which exhibit notable divergence. This suggests that the phenotypes observed in this
thesis are not necessarily the result of only changing protein-protein interactions. Conversely, the
probability of changes in the RNA interactome (Figure 50) having a more substantial impact on the

appearance of phenotypes is considerably higher.
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Al based protein structure prediction tools aid in understanding functional
alterations that occur in structurally impaired proteins

Understanding the structure of Scp160 might help to explain the observed changes in protein and RNA
binding. The loss of KH domains and their implications with regard to conformational changes may
serve to indicate the connection between structural changes and resulting phenotypes. The software
AlphaFold3, represents a promising tool for rapid protein structure predictions. However, it
necessitates a degree of skepticism when interpreting the structures, since all Al based predictions are
not infallible. Nevertheless, the overall predicted structure is likely to reflect the actual protein, with
possible minor deviations. It has to be noted, that the absence of RNA, the potential consequences of
KH domain deletion remain inconclusive. The comprehension of Scp160 and its function in RNA
binding may be augmented through the implementation of artificial intelligence (Al). This necessitates

the ability to simulate RNA binding to the protein which is not yet possible.

The cooperative binding of RNA to multiple KH domains has been demonstrated in studies involving
two and three cooperative KH domains (Adinolfi et al., 1999; Git and Standart, 2002; Paziewska et al.,
2004). It is therefore reasonable to suggest that cooperative RNA binding may occur in an RNA-binding

protein comprising 14 KH domains.

The structural analysis provided insight into protein folding in the event of the removal of distinct KH
domains. The analysis revealed positions of particular significance, which appear to be more important
to the overall structure of the protein than others. For example, the lobes surrounding KH domains
four to five, five to six, and nine to ten (Figure 52). The location of KH domain five at the vertex
underscores its pivotal role in the protein's overall structure. This may provide an explanation for why
the deletion of KH domain number five exhibits a more severe phenotype in comparison to the
deletion of KH domains one and two, which, in addition to the higher number of deleted domains,
also includes a classical KH domain (Fig. 4). This suggests that the deletion of KH domains four and six
alone should also have a greater impact on the function of Scp160 than the deletion of one and two,

due to their positioning.

An intriguing investigation would be the reconstruction of a vigilin protein comprising 14 conserved
KH domains. The introduction of the optimal KH domain 8 on position of KH domain 5 resulted in a
profound alteration to the protein structure. However, the introduction of a conserved GXXG motif
into assumed position of the diverged GXXG motif in number five resulted in no alteration to the
protein structure at all (Supplementary Figure 10). While the GXXG motif of KH domains may be the

most conserved part, it is still only a single segment of the whole functional domain. In order to
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"rescue" an aberrant KH domain and transform it into a conserved KH domain, a number of further
modifications are necessary, in addition to the restoration of the GXXG motif. The correct positioning
of hydrophobic amino acids, the appropriate residues for side chains, and the maintenance of the
Blala2P2B3a3 structure are equally crucial (Grishin, 2001). The concept of exchanging KH domains
has already been demonstrated (Brykailo et al., 2007). The exchange of KH domains may be employed
to analyze the impact of classical KH domains in the position of diverged KH domains, and vice versa.
This approach may elucidate the potential of exchangeability of KH domains in general. It is possible
that the exchange of different KH domains may not restore 100% of the protein's functionality.
However, the improvement in function of the rescued Scp160 is nevertheless noteworthy (Brykailo et
al., 2007). It remains to be seen whether a similar outcome would be achieved with N-terminal KH

domains, where a structural interruption would be more significant.

KH domains represent a platform for specific or general RNA binding

As an RNA-binding protein comprising 14 KH domains, the binding sites of RNAs can be situated at any
point on the protein. The precise manner in which Scp160 binds specific RNAs with particular KH
domains remains to be fully elucidated. The deletion of KH domains 13 and 14 resulted in a reduction
of binding to specific RNAs, including AGA1, PRY3, and CCW14 (Hirschmann et al., 2014). Other
researchers have employed analogous methodologies, either through the deletion of particular KH
domains (Baum et al., 2004; Brykailo et al., 2007; Hirschmann et al., 2014; Zhou et al., 2008) or the
inverse approach of expressing specific KH domains to examine their RNA binding characteristics
(Zinnall et al., 2022). An illustrative example is the analysis of three to five consecutive KH domains of
the vigilin protein HDLBP, which displayed differences in their capability of binding different RNA
oligomers (Zinnall et al., 2022). However, the process of mapping KH domains and their RNA targets

is still in its infancy. This work was intended to be a step ahead towards this aim.

The initial and most evident outcome of the comparison between the full-length Scp160 protein and
the investigated KH domain-deleted variants is the notable reduction in RNA binding capacity
observed in the Scp160 proteins lacking KH domains five, four and five and 13-14 (Table 30). The
deletion of KH domains four and five results in a loss of approximately 80% and in the case of domains
five approximately 70% (Figure 39). The removal of the C-terminal KH domains (KH13-14) resulted in
a reduction of mRNA binding by approximately 30%. However, the deletion of KH domains one and
two led to a notable preservation of mMRNA binding, with a remaining level of approximately 90%. This

leads to the conclusion that KH domains four and five are essential for mRNA binding. It is yet to be
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determined whether this is due to their RNA binding capability or due to structural changes. The more
pronounced reduction in mRNA binding capacity associated with the middle section of the protein, in
comparison to the first two or last two KH domains, is reflected in the more significant structural
alterations observed in the AlphaFold-predicted structures (Figures 53-56). The removal of KH
domains further away from the protein's C-terminus could potentially disrupt either cooperative KH
domain binding clusters or the overall protein structure, leading to loss of RNA binding. It is
remarkable that a HDLBP fragment, comprising only KH domains five to nine, exhibits a three- to five-
fold higher affinity for RNAs with elevated multivalent potential and for the tested mRNA and 18S
RNA, which were bound with similar affinities compared to the full-length HDLBP (Zinnall et al., 2022).
Given the unlikelihood of the structure of this fragment being comparable to that of the full-length
protein (Supplementary Figure 9), it is necessary to consider the possibility of RNA binding without
structural dependence. The deletion of KH domains exhibited other irregularities (Figure 39). In
comparison to the full-length protein, the Scp160AKH1-2 variant displays a markedly elevated capacity
for rRNA and snoRNA binding. Scp160AKH4-5 exhibits a comparatively higher level of ncRNA, snoRNA,
snRNA, and tRNA (Figure 39). The absence of tRNA in the full-length protein (Figure 39), which Scp160
was previously proposed to be part of the recycling machinery (Hirschmann et al., 2014), is particularly
difficult to reconcile. As it is with all experiments, it is preferable to conduct the experiment more than

once to ensure the validity of the obtained data.

The analysis of the various RNA clusters identified in the Scp160/RNA interactome reveals a similar
pattern of specific RNA binding loss in Scp160AKH4-5 and Scp160AKH5 (Figure 42-43). The number of
RNA clusters found in Scp160AKH4-5 is significantly reduced in comparison to the full-length Scp160,
with a loss of approximately 81% in the first and second CRAC attempt. In the case of Scp160AKHS5,
the number of RNA clusters lost in comparison to the full-length protein is not as severe as for
Scp160AKH4-5. Exhibiting a loss of approximately 35% in the first and 51% in the second CRAC
approach if compared to the wildtype. As stated above (see Detection of Scp160p-bound RNAs via
Cross-Linking Analysis of cDNAs (CRAC)), the most prominent RNA clusters lost for Scp160AKH4-5 and
Scpl160AKH5 encode for proteins of the ER, Golgi network and the membrane, which is consistent
with a proposed function of the protein in the synthesis of secreted proteins and those of the

endomembrane systems.

The alterations in RNA binding seen in the different mutants may have originated from a number of
potential sources. It is possible that structural changes and the loss of RNA binding domains may have
occurred. However, another factor that required consideration was the impact of ploidy changes that
occur concurrently with KH domain deletion. A higher ploidy could potentially distort the results,

therefore the overall RNA expression was assessed and compared between the strains expressing full-
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length Scp160, Scpl60AKH1-2, Scpl60AKH4-5, Scpl60AKHS, and Scpl60AKH13-14 (Figure 51). The
expression levels of the RNAs identified in the CRAC analysis were subsequently analyzed and
compared. The resulting heatmap demonstrates that the relative expression of RNAs is comparable
between Scp160 and KH domain-deleted/truncated Scp160 variants. It is therefore highly unlikely that
the observed phenotypes, including ER delocalization, emulsion property variations, alterations in
protein-protein interactions, and changes in RNA binding, can be attributed to ploidy changes and the
subsequent increase in chromosomes. The corresponding heatmap, which illustrates the bound RNAs
by the aforementioned Scp160 proteins, suggests a change in RNA targets for Scp160 proteins lacking
specific KH domains (Figure 50). The absence of RNAs in the marked areas (I) and (Il) of Figure 50, in
which RNAs are bound by Scp160AKHS5 (1) or Scp160AKH4-5 (11), but not by any other Scp160 variant,

suggests not a loss but a shift in RNA targets with alteration of the accessibility of KH domains.

It is notable that the number for the ER-Golgi-network clusters in the C-terminal KH domain deletion
Scp160AKH13-14 is nearly equivalent to that observed in the full-length protein (Table 29). This result
suggests that Scp160AKH13-14 may still be involved in interactions with ER-localized ribosomes, which
would contradict the assumption that it is not localized at the ER (Baum et al., 2004). A notable
discovery is the relatively limited number of RNA clusters encoding proteins associated with the cell
wall and plasma membrane, as illustrated in Table 30. The majority of RNAs encoding membrane
proteins are associated with the endoplasmic reticulum or Golgi apparatus. This may indicate a

primary role in maintaining the ER-Golgi network.

The RNA clusters identified for the full-length protein align with the broader conceptualization of RNAs
that are hypothesized to interact with Scp160. These clusters were found to contain RNAs from a
number of different cellular locations, including the ER-Golgi network (Wintersberger et al., 1995;
Zinnall et al., 2022), ribosomes (Frey et al., 2001), translation initiation (Sezen et al., 2009), and
membrane and cell wall proteins (Hirschmann et al., 2014). The clusters of the ER-Golgi network
displayed the highest number for most of the tested strains (Figure 40-Figure 44). The sole exception
is the Scp160 variant lacking KH domains four and five. In the initial CRAC attempt, no RNA clusters of
ER-Golgi network could be identified. In the second experiment, which was of a lesser quality than the
first in terms of recovered RNAs, RNA clusters of the ER-Golgi network were identified. The absence
of the most crucial RNA clusters further underscores the severe functional deficit of the protein

resulting from the loss of KH domains four to five.

Of the analyzed Scp160 proteins lacking N-terminal or C-terminal KH domains only a limited number
of RNAs that exhibited a significant decrease in binding to Scp160 were found (Figure 46-Figure 49).

Four of these RNAs are coding for proteins located at the mitochondria and are exclusively present in
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the N-terminal KH deletions. If the 13 found RNAs are of a substantial importance for the overall
purpose of Scpl60 and its function as a RBP remains unclear. Notably, the RNA DAD4 represents a
prominent exception. It is evident that, in its capacity as a subunit of the Dam1 complex, the function
of Dad4 in chromosome segregation can be regarded as being closely related to the function of Scp160
(Westermann et al., 2005). Furthermore, it is the sole RNA observed in the dataset of two KH deletion
strains (Figure 47 and Figure 49). Specifically, these RNAs were identified in Scp160AKH5 and
Scp160AKH13-14.

To truly understand the impact of KH domain deletion on RNA binding, the data collected must be
subjected to further in-depth bioinformatic analysis. This could include the study of binding partners,

where the significance level is lowered, and a wider range of reduced RNA interactions is considered.

In comparison to other attempts to identify Scp160 mRNA targets, there is always the possibility of
evaluating the informative value of the findings produced. In recent decades, not many studies were
conducted to ascertain the binding specifications of Scp160 to RNA. The only comprehensive lists
available are those provided by Hogan et al. (2008) and Delaveau et al. (2016). Of the total
approximately 6,000 identified RNAs and potential open reading frames in the yeast S. cerevisiae
(Goffeau et al., 1996), 1242 were present in the first CRAC, which was deemed as of better quality
compared to the second CRAC attempt. This represents an overlap of approximately 21%, meaning
that Scpl160 is capable of binding a fifth of all known RNAs in Saccharomyces cerevisiae. In the
Delaveau publication, 46% (278 out of 369) of the identified RNAs were also present in the CRAC
dataset (Delaveau et al. 2016). 22% of the RNAs found in the first CRAC analysis match the third set of
data, where it was assumed that Scp160 was a RBP binding nearly all mRNA in yeast (Hogan et al.

2008).

It was postulated that mammalian vigilin Hdlbp exhibit a preference for binding to CU-rich motifs in
RNA. Hdlbp was identified as a primary regulator of apoB translation and VLDL secretion in
hepatocytes (Mobin et al., 2016). The motif enriched in the bound RNAs showed this characteristic
CU-rich sequence, which was also present in a number of proatherogenic secreted proteins in addition
to Apob (Mobin et al., 2016). Subsequent experiments indicated a distinction between all ER-localized
mRNAs and those localized to the cytosol. The sequence composition of these two groups of mRNAs
differs in the frequency of CU-rich binding sites, which are bound by HDLBP (Zinnall et al., 2022).
Importantly, an analysis of enriched motifs within the Scp160-bound RNAs in the data sets of this
thesis did not result in a distinct motif (Supplementary Table 2). Furthermore, two motif analysis tools,
MEME (Machanick and Bailey, 2011) and EXSTREME (Grant and Baily, 2021), were employed to

ascertain whether the deletion of KH domains resulted in a loss or gain of a prominent binding motif.
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This endeavor did not yield a compelling motif, either. Additionally, a preference of Scp160 for CU-
rich domains could not be substantiated. This does not necessarily disprove the CU-rich binding motif,
as the data was not separated into cytosolic and ER-localized RNAs. However, it is feasible to assume

that the CU-rich is rather a vigilin binding motif of higher eukaryotes.

As discussed, a comparison of protein-protein interactions in the absence of KH domains reveals a gain
in unique protein binding for the KH domain deletion variants. However, a contrasting pattern is
observed in the loss of RNA. While Scp160AKH1-2 and Scp160AKH13-14 appear to be relatively
balanced in terms of unique RNA binding partners, Scpl60AKH4-5 and Scpl60AKH5 exhibit a
substantial loss of RNA compared to the wildtype (Table 24). A comparison of the loss and gain of
unique RNAs for Scp160AKH4-5 and Scp160AKHS reveals that they are comparable if categorization
of RNAs is considered: For instance, the loss of RNAs attributed to cellular components (Table 33) can
be assigned to ER and Golgi components, while the gain in unique RNAs is attributed to ribosomal and
cytosolic RNAs. The comparable pattern of RNA loss, as well as the number of RNAs, is attributable to
the substantial overlap between lost unique RNAS. The proportion of overlap of lost RNAs between
these two groups is significant (approximately 70%). When compared to the other Scp160 variants
lacking KH domains, all RNAs found to be absent in Scp160AKH1-2 and Scp160AKH13-14 were also
found to be absent in Scp160AKH4-5 and Scp160AKH5. This finding indicates that the RNA binding
properties of these specific RNAs are not exclusively attributed to particular KH domains, which was
already hypothesized in previous research (Valverde et al. 2008). It is noteworthy that Scp160AKH5
displays a number of absent unique RNAs, although it remains uncertain whether this is attributable
to the absence of the corresponding binding domain. This issue is further compounded by the
observation that Scp160AKH4-5 should also be expected to lack these particular RNAs, which it does
not. One potential explanation for this phenomenon is compensatory structural changes of KH
domains. This finding suggests the possibility of alternative binding behavior, indicating a deficiency
in our understanding of the impact of KH domains on each other. The binding of RNA through multiple
KH domains has been demonstrated, and this could provide a fundamental understanding of the
binding of RNA from the Scpl60 protein and vigilin proteins in general (Paziewska et al. 2004,
Schneider et al. 2019). It is not yet known whether the absence of KH domains can be compensated
for by other present KH domains. Consequently, it is imperative that the unique absent RNAs identified
in Scp160AKHA4-5 are validated through additional experiments before any definitive conclusions can

be drawn.

Taking together the relationship between the loss of RNA and the absence of KH domains in Scp160
variants are partially unrelated. The results demonstrate that the loss of many RNA is not directly

dependent on the deleted KH domains, since the absence of specific RNAs is observed in different KH
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domain deletions. The collected data, however, is inconclusive regarding whether the loss of unique
RNAs is attributable to the absence of specific KH domains or other concomitant changes in the

proteins' function.

Summary

The investigation of Scpl160 and its various mutants provides insights into its cellular functions,

particularly its role in gene expression regulation and cell division.

Microscopic analysis of Scp160 mutants lacking the KH domains 1 and 2 (Scp160AKH1-2) reveals that
these mutants remain localized at the ER as the wildtype protein, indicating that these domains are
not essential for ER targeting. Furthermore, strains expressing Scp160AKH1-2 do not show phenotypic
alterations in ploidy or emulsifying effects. Mass spectrometry shows that Scp160AKH1-2 binds more
PAB1 compared to the wildtype, but significantly less TDH3, indicating altered protein interactions for
these two proteins. RNA sequencing reveals an increased binding affinity for rRNA and snoRNA, which
suggests a shift in RNA interaction profiles compared to the wildtype. The Scp160 mutants lacking the
KH domain 5 (Scp160AKH5) have however a reduced tendency to localize at the ER, even with only
one deleted KH domain. Loss of this particular KH domain results in increased diploid and tetraploid
phenotypes, implicating that it is important for ploidy regulation. In addition, cells expressing this
variant of Scp160 show an emulsifying effect in polar and nonpolar mixtures. Mass spectrometry
indicates a significant reduction in the binding of the known interaction partner Bfrl, while overall
protein binding remains similar to the wildtype. RNA sequencing displays an overall decrease in RNA
binding in comparison to the wildtype Scp160. If in addition the adjacent KH4 domain is deleted, the
phenotypes resemble those of Scp160AKH5, regarding loss of ER localization, increase in diploid or
tetraploid phenotypes, and an elevated emulsifying effect. Bfrl binding is significantly reduced, similar
to Scp160AKHS. The overall protein binding pattern is comparable to the wildtype. RNA sequencing of
Scpl60-associated RNAs indicates higher levels of non-coding RNA, snoRNA, snRNA, and tRNA, with
MRNA clusters resembling those also found for the Scp160AKH5 mutant, but with an even lower
amount of mRNA clusters compared to the wildtype. The deletion of all five N-terminal KH domains
(Scp160AKH1-5) accordingly display the severe phenotypes as seen in Scpl60AKH5 and
Scp160AKH4-5 expressing cells. The RNA binding behavior has yet to be analyzed to confirm the
consistency of RNA binding loss in comparison to the other strains lacking KH domain five. The strain
to compare deletion of N-terminal and middle KH domains was Scp160AKH13-14. This strain was

analyzed likewise to the already mentioned strains. Microscopic examination of Scp160 mutants
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lacking KH domains 13 and 14 show occasional ER localization. These strains exhibit an increased
diploid phenotype but do not show an emulsifying effect in polar and nonpolar mixtures. Mass
spectrometry indicates a significant reduction in Bfrl and Pab1 binding, while overall protein binding
remains similar to the wildtype. This mutant was the only one with impairment of binding the known
Scp160 interaction partner Pabl. RNA sequencing shows that the number of RNA clusters is similar to

the wildtype, although the specific clusters differ, such as RNAs coding for cell wall proteins.

These findings collectively highlight the multifaceted roles of Scp160 and its KH domains in regulating

ploidy, protein interactions, and RNA metabolism, as well as in maintaining ER localization.
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Outlook

Recent studies have highlighted the importance of vigilin proteins in binding specific subsets of mRNAs,
suggesting a role in selective mRNA transport and localized translation. Recently, the question of the
purpose of the multiple KH domains of vigilin proteins has been raised. Deletion of KH domains provided a
first starting point for investigating the relationship between different KH domains. The absence of specific
KH domains has been associated with different phenotypes such as ER delocalization, ploidy change and
alteration of protein and RNA interaction partners. However, there are still several uncertainties regarding
the impact of deletion of KH domains, the resulting loss of RNAs and the observed phenotypes. The link
between the observed phenotypes and the absence of specific RNAs could not be finally proven in this
thesis. This relationship needs to be established in further experiments using a more targeted approach.
Moreover, it is imperative to extend the number of experiments analyzing the effect of deleting specific KH
domains and the resulting changes in RNA binding. This should encompass an increase in replicates and
the incorporation of additional Scp160 variants lacking different KH domains. Due to lack of resources, only
the most promising of the Scp160 variants lacking specific KH domains could be studied. The inclusion of
more combinations of deleted KH domains may improve the understanding of the potential of KH domains
to bind RNA, as singular units or as cooperative clusters. Although the loss of KH5 showed a clear impact
on RNA binding, it still needs to be shown if other single KH domains, or combinations thereof are
responsible for binding specific (or specific sets of) RNAs. In addition, the importance of the presence of
the classical GXXG motif for RNA binding also needs to be analyzed, since deletion of diverged KH domains
lacking this motif (for example domain four and five) still results in observable phenotypes. To understand
the evolution of KH domain-dependent RNA binding, knowledge of KH domain specific RNA targets could
in the future be compared with other higher eukaryotic vigilin proteins. This is of specific importance since
vigilin proteins in higher eukaryotes, such as humans (HDLBP), have been linked to cancer progression,
progression of viral infection, and metabolic regulation. Comparative studies of Scp160 and its mammalian
homologues may reveal conserved mechanisms and provide a model for understanding how dysregulation
or modulation of vigilin proteins contributes to disease. In addition, this line of research may also identify
potential therapeutic targets for modulating vigilin protein activity in human disease. Emerging
technologies may accelerate the understanding of RNA and protein binding. The continued development
of Al based protein structure prediction tools, such as AlphaFold 3, has the potential to facilitate the study
and understanding of protein structure, protein-protein interactions and, in particular, the interaction of
RNA-binding proteins with RNAs to an even greater extent than is currently possible. These structural
insights would be invaluable in elucidating the molecular basis of RNA recognition and binding specificity,

potentially leading to the development of small molecules or peptides that can modulate Scp160 function.
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Supplementary Figure 1: Ploidy profiles of three independent Scp160 strains lacking specific KH domains; blue: haploid peak,
yellow: diploid peak, green: tetraploid peak, violet: octoploid peak; strain BY4741.
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Supplementary Figure 2: Ploidy profile of one Scp160 strain lacking KH domains one to three; ploidy shift in the third
measuring; blue: haploid peak, yellow: diploid peak, green: tetraploid peak, violet: octoploid peak; strain W303.

Supplementary Table 1: complete list of measured cell area of 100 cells per strain.

Scpl60
haploid | diploid | scp160A | AKH1-2 | AKH1-3 | AKH1-4 | AKH1-5 | AKH2-3 | AKH3-4 | AKH4-5 | AKH5-6 | AKH3-5 | AKH2 | AKHS5 | AKH6 AK;‘:S-
17,6 25,4 35,0 25,0 29,1 26,5 45,6 28,1 40,9 46,1 31,9 44,6 19,6 | 43,3 | 32,7 30,7
18,5 25,4 52,2 17,3 27,0 22,6 54,4 23,8 48,0 43,2 24,3 41,8 22,1 | 41,8 | 45,7 23,6
10,7 23,7 34,6 15,2 28,2 33,2 40,1 19,0 31,5 41,1 30,4 53,0 25,3 | 38,7 | 42,2 23,7
12,8 27,9 29,7 17,5 36,1 23,8 49,2 16,9 30,9 43,0 26,1 60,5 20,9 | 27,3 | 30,2 30,2
14,9 26,9 64,0 19,7 26,7 23,9 40,3 19,4 34,3 44,8 35,7 37,6 16,8 | 25,4 | 43,1 37,5
15,2 25,8 58,3 18,0 27,7 22,6 40,9 14,3 41,5 29,6 35,3 41,4 14,1 | 26,9 | 41,8 33,8
12,6 25,1 43,8 19,7 34,9 19,1 37,7 19,2 40,7 41,5 33,0 27,0 20,4 | 27,7 | 43,6 31,7
10,6 26,2 45,5 19,7 29,1 29,9 36,0 17,4 35,8 39,4 35,0 45,1 21,7 | 29,5 | 40,3 34,6
16,2 32,2 36,6 17,7 26,4 30,3 45,6 15,3 27,4 41,1 34,4 39,9 20,5 | 31,8 | 454 25,0
15,1 28,7 65,4 20,6 24,5 16,4 41,1 16,6 32,5 51,0 35,0 27,9 24,3 | 41,7 | 52,5 16,7
18,3 29,7 53,0 18,6 23,3 26,2 26,2 15,3 26,7 43,5 36,5 44,6 19,4 | 58,5 | 31,3 33,0
17,1 28,8 66,6 19,4 27,9 23,7 45,0 17,8 31,7 41,4 36,3 33,3 22,2 | 289 | 36,3 28,9
15,5 27,7 36,1 13,3 34,7 22,3 33,5 15,7 29,7 47,2 38,6 50,8 16,8 | 61,3 | 41,7 32,1
14,8 27,5 42,4 18,4 26,9 25,7 43,9 20,6 24,6 36,4 30,1 41,4 21,6 | 40,6 | 47,5 38,8
18,5 23,5 34,4 17,8 24,9 21,3 36,4 20,3 28,0 37,2 30,1 48,8 18,5 | 32,2 | 40,7 39,3
17,2 25,4 41,4 19,1 27,1 26,2 35,0 18,7 29,2 31,1 35,0 54,9 23,1 | 42,9 | 433 40,2
17,0 28,1 51,1 16,7 23,7 19,4 35,5 20,8 51,2 38,3 31,5 56,3 22,4 | 41,0 | 50,1 33,3
15,3 23,7 28,6 22,4 22,0 21,7 36,5 29,0 32,9 40,4 34,7 36,4 16,5 | 27,7 | 39,3 34,6
15,3 27,9 34,5 32,8 38,3 24,3 36,6 18,7 34,8 46,7 28,4 39,6 22,5 | 255 | 57,0 32,2
16,5 26,9 34,0 18,1 25,5 22,4 34,7 15,3 26,7 40,2 28,4 51,4 17,2 | 24,6 | 40,1 29,4
18,0 25,8 44,0 21,5 22,4 20,4 31,1 19,7 23,2 40,7 35,1 38,6 21,4 | 22,8 | 46,7 39,0
21,7 25,1 41,8 23,5 27,2 24,4 371 20,1 42,3 46,7 30,9 24,3 17,9 | 44,4 | 35,0 30,9
17,9 26,2 38,3 17,8 22,1 15,4 38,6 18,1 27,4 41,1 31,5 32,6 18,8 | 30,9 | 39,2 35,3
20,1 32,2 33,4 17,8 24,8 28,6 29,9 18,4 26,9 37,2 23,1 41,3 16,3 | 24,6 | 41,2 28,8
18,0 28,7 40,6 19,5 32,6 19,7 37,3 23,2 23,5 32,0 33,4 62,4 19,9 | 24,9 | 40,4 29,7
22,1 29,7 39,4 14,4 29,2 19,5 38,2 27,6 27,4 36,8 25,8 40,7 18,4 | 30,0 | 44,5 32,8
16,6 28,8 41,8 13,8 23,4 15,9 25,3 18,7 25,3 40,4 31,2 27,1 25,4 | 29,6 | 451 32,1
15,7 27,7 40,6 19,2 22,3 19,1 34,7 21,7 18,8 40,0 25,7 39,9 23,5 | 24,7 | 351 32,4
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203 | 275 | 357 173 | 185 | 186 | 342 | 203 | 278 | 359 | 32,7 | 31,8 | 239 | 372|432 | 31,3
16,5 | 23,5 | 423 129 | 176 | 274 | 320 | 209 | 269 | 360 | 41,1 | 420 | 193 | 24,6 | 27,5 | 27,0
16,9 | 331 | 478 14,7 | 203 | 286 | 361 | 188 | 291 | 345 | 438 | 464 | 167 | 26,2 | 453 | 30,8
16,5 | 22,1 | 433 129 | 242 | 380 | 41,1 | 178 | 280 | 427 | 352 | 234 | 223 | 257 | 41,8 | 31,0
157 | 27,7 | 356 151 | 220 | 242 | 335 | 140 | 294 | 41,2 | 330 | 348 | 194 | 250 | 38,1 | 27,1
180 | 21,8 | 318 191 | 222 | 210 | 354 | 196 | 250 | 420 | 324 | 398 | 129 | 357 | 39,9 | 30,8
18,1 | 200 | 39,0 14,6 | 250 | 221 | 535 | 164 | 309 | 439 | 328 | 323 | 267 | 288 | 40,1 | 30,1
19,0 | 18,8 | 29,8 18,8 | 225 | 189 | 426 | 144 | 280 | 415 | 257 | 324 | 169 | 389 | 44,8 | 40,0
18,8 | 204 | 31,9 16,6 | 21,8 | 277 | 525 | 141 | 273 | 404 | 347 | 302 | 163 | 358 | 47,3 | 30,0
163 | 241 | 310 203 | 298 | 216 | 431 | 249 | 31,1 | 405 | 335 | 73,5 | 14,4 | 34,7 | 33,8 | 240
17,9 | 183 | 47,8 164 | 31,3 | 266 | 451 | 195 | 271 | 455 | 263 | 30,1 | 23,7 | 26,2 | 50,5 | 26,8
14,1 | 202 | 356 14,8 | 22,7 | 174 | 425 | 248 | 246 | 21,1 | 382 | 239 | 244 | 22,6 | 37,0 | 24,1
146 | 203 | 37,9 164 | 21,9 | 149 | 404 | 170 | 256 | 451 | 280 | 297 | 194 | 32,2 | 46,6 | 28,1
13,1 | 22,7 | 32,7 133 | 189 | 218 | 582 | 267 | 265 | 43,7 | 491 | 550 | 16,6 | 254 | 42,9 | 27,7
174 | 223 | 323 130 | 188 | 264 | 435 | 361 | 235 | 342 | 440 | 425 | 190 | 30,6 | 355 | 33,4
10,7 | 26,8 | 350 17,8 | 23,0 | 263 | 490 | 200 | 257 | 377 | 292 | 456 | 208 | 252 | 452 | 27,3
16,6 | 21,8 | 41,0 159 | 21,2 | 254 | 269 | 199 | 233 | 346 | 304 | 435 | 198 | 22,5 | 457 | 296
17,7 | 21,0 | 369 11,8 | 303 | 255 | 287 | 241 | 204 | 367 | 31,9 | 540 | 19,1 | 235 | 44,9 | 233
14,7 | 21,4 | 39,0 9,4 206 | 359 | 263 | 301 | 283 | 478 | 31,0 | 631 | 180 | 233 | 582 | 24,8
14,6 | 239 | 380 150 | 281 | 264 | 395 | 22,7 | 274 | 454 | 230 | 397 | 21,4 | 21,7 | 46,4 | 353
17,1 | 22,7 | 357 12,7 | 226 | 22,7 | 350 | 199 | 281 | 498 | 333 | 555 | 19,7 | 22,6 | 56,4 | 34,6
11,9 | 22,1 | 338 163 | 187 | 194 | 350 | 175 | 248 | 394 | 344 | 362 | 167 | 288 | 56,3 | 350
18,6 | 255 | 41,8 126 | 228 | 232 | 269 | 21,7 | 27,7 | 336 | 334 | 431 | 204 | 389 | 50,9 | 263
13,8 | 18,7 | 37,9 16,1 | 263 | 247 | 386 | 259 | 263 | 274 | 423 | 292 | 169 | 33,7 | 57,3 | 23,7
16,1 | 17,6 | 42,7 12,7 | 193 | 21,2 | 331 | 196 | 329 | 391 | 383 | 337 | 226 | 342 | 52,1 | 318
12,6 | 260 | 383 143 | 685 | 205 | 354 | 194 | 258 | 31,5 | 267 | 409 | 23,8 | 284 | 50,6 | 259
11,6 | 21,3 | 380 123 | 347 | 185 | 320 | 176 | 437 | 342 | 306 | 350 | 195 | 289 | 41,4 | 255
17,2 | 286 | 359 143 | 202 | 230 | 350 | 241 | 350 | 351 | 293 | 368 | 14,7 | 388 | 57,9 | 30,2
105 | 31,3 | 358 123 | 237 | 331 | 338 | 223 | 334 | 329 | 432 | 346 | 172 | 381 | 61,7 | 255
16,9 | 21,2 | 332 181 | 21,0 | 347 | 399 | 235 | 269 | 279 | 333 | 347 | 135 | 43,9 | 52,4 | 30,0
16,8 | 24,0 | 431 189 | 204 | 293 | 377 | 250 | 245 | 585 | 498 | 426 | 159 | 345 | 52,1 | 27,6
22,4 | 293 | 426 17,8 | 229 | 252 | 391 | 21,1 | 247 | 585 | 357 | 429 | 21,5 | 41,2 | 360 | 21,1
16,1 | 234 | 39,0 193 | 175 | 31,9 | 380 | 239 | 242 | 274 | 30,7 | 284 | 19,7 | 389 | 52,2 | 241
16,8 | 283 | 373 250 | 251 | 43,4 | 326 | 190 | 22,7 | 450 | 375 | 335 | 166 | 40,6 | 54,4 | 24,0
17,5 | 22,8 | 343 194 | 200 | 285 | 449 | 185 | 244 | 31,3 | 330 | 450 | 173 | 354 | 44,9 | 293
18,8 | 203 | 422 232 | 194 | 226 | 378 | 201 | 21,8 | 396 | 320 | 354 | 182 | 32,5 | 44,1 | 20,7
152 | 18,3 | 281 185 | 232 | 172 | 31,8 | 164 | 273 | 562 | 288 | 442 | 12,8 | 38,4 | 43,0 | 32,2
16,7 | 27,1 | 304 199 | 221 | 216 | 345 | 187 | 239 | 288 | 31,7 | 370 | 17,0 | 37,7 | 42,7 | 331
12,7 | 285 | 316 223 | 205 | 235 | 410 | 221 | 262 | 547 | 402 | 39,9 | 19,5 | 370 | 27,6 | 27,2
103 | 234 | 343 154 | 233 | 245 | 371 | 170 | 280 | 26,7 | 469 | 387 | 267 | 42,2 | 251 | 27,7
154 | 235 | 422 220 | 207 | 291 | 390 | 193 | 238 | 51,9 | 289 | 335 | 20,9 | 450 | 31,2 | 21,7
11,7 | 21,1 | 329 244 | 189 | 273 | 394 | 205 | 263 | 40,9 | 450 | 388 | 19,4 | 33,6 | 29,9 | 182
18,7 | 22,6 | 371 162 | 186 | 180 | 362 | 21,4 | 244 | 498 | 267 | 286 | 17,8 | 59,3 | 41,5 | 17,8
191 | 22,5 | 411 195 | 196 | 21,9 | 436 | 181 | 242 | 623 | 258 | 361 | 21,4 | 388 | 30,5 | 23,8
159 | 22,2 | 300 153 | 249 | 203 | 436 | 262 | 271 | 41,7 | 206 | 367 | 19,7 | 433 | 27,1 | 256




19,1 | 208 | 32,7 17,7 | 171 | 231 | 398 | 176 | 23,7 | 403 | 382 | 303 | 193 | 350 | 34,4 | 359
136 | 22,3 | 323 171 | 207 | 188 | 401 | 191 | 190 | 296 | 371 | 386 | 17,6 | 44,8 | 26,3 | 27,4
203 | 209 | 381 198 | 152 | 168 | 370 | 208 | 222 | 365 | 346 | 382 | 223|338 | 274 | 301
23,7 | 208 | 266 152 | 21,0 | 207 | 348 | 230 | 242 | 403 | 332 | 906 | 21,1 | 37,0 | 22,7 | 176
195 | 22,4 | 323 154 | 207 | 261 | 31,2 | 180 | 23,8 | 702 | 341 | 481 | 160 | 388 | 26,4 | 24,4
164 | 240 | 333 168 | 252 | 200 | 308 | 184 | 250 | 388 | 19,7 | 293 | 22,3 | 416 | 31,0 | 29,0
183 | 19,2 | 411 245 | 22,7 | 254 | 465 | 216 | 204 | 684 | 357 | 459 | 21,6 | 41,5 | 256 | 271
232 | 264 | 405 281 | 251 | 27,7 | 372 | 205 | 220 | 565 | 21,4 | 422 | 253 | 51,4 | 303 | 296
134 | 206 | 405 157 | 291 | 277 | 456 | 169 | 21,8 | 458 | 23,4 | 547 | 222 | 41,4 | 27,0 | 271
18,0 | 205 | 332 147 | 21,8 | 190 | 375 | 174 | 289 | 41,8 | 242 | 41,2 | 199 | 344 | 255 | 289
174 | 194 | 309 188 | 232 | 273 | 250 | 180 | 200 | 31,2 | 40,8 | 435 | 193 | 433 | 273 | 271
200 | 19,7 | 41,7 144 | 21,0 | 287 | 392 | 190 | 262 | 41,5 | 271 | 324 | 165 | 40,2 | 27,6 | 389
163 | 209 | 329 175 | 200 | 210 | 478 | 166 | 190 | 369 | 31,4 | 446 | 155 | 38,4 | 33,4 | 316
14,9 | 17,0 | 33,0 18,0 | 283 | 247 | 391 | 168 | 265 | 348 | 246 | 376 | 267 | 293 | 22,4 | 268
17,8 | 24,6 | 40,2 14,4 | 427 | 228 | 460 | 184 | 31,2 | 370 | 333 | 50,1 | 21,2 | 34,4 | 451 | 22,9
16,7 | 302 | 388 164 | 338 | 208 | 358 | 153 | 263 | 253 | 238 | 492 | 20,7 | 41,9 | 355 | 266
175 | 268 | 47,2 146 | 329 | 300 | 369 | 153 | 289 | 397 | 327 | 560 | 156 | 46,1 | 20,0 | 39,5
196 | 22,8 | 341 203 | 375 | 262 | 41,3 | 206 | 243 | 338 | 333 | 61,7 | 196 | 31,1 | 24,2 | 344
154 | 21,5 | 40,3 18,0 | 53,8 | 261 | 374 | 194 | 451 | 61,5 | 298 | 467 | 165 | 42,8 | 23,8 | 33,4
240 | 269 | 350 192 | 234 | 245 | 503 | 205 | 31,1 | 250 | 396 | 456 | 179 | 356 | 258 | 33,4
282 | 258 | 383 248 | 31,9 | 233 | 405 | 203 | 354 | 19,7 | 32,8 | 541 | 166 | 30,6 | 20,5 | 27,7
246 | 272 | 376 238 | 446 | 154 | 365 | 182 | 304 | 281 | 208 | 51,5 | 183 | 31,8 | 30,8 | 30,3
23,8 | 26,7 | 51,2 17,0 | 393 | 248 | 383 | 235 | 344 | 288 | 196 | 520 | 21,1 | 360 | 23,4 | 374
283 | 286 | 423 172 | 347 | 202 | 326 | 158 | 226 | 284 | 275 | 51,3 | 17,4 | 389 | 30,6 | 36,2
21,4 | 263 | 288 16,0 | 352 | 190 | 343 | 224 | 230 | 393 | 262 | 492 | 184 | 32,0 | 26,2 | 22,8
20,4 | 21,1 | 353 159 | 297 | 188 | 41,1 | 199 | 483 | 30,7 | 31,0 | 560 | 241 | 350 | 23,0 | 23,0
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Supplementary Figure 3: Heatmap of the differentially enriched protein interaction partners (‘DE genes’, top): Comparison of
Scp160AKH1-2 to WT; Color scale: orange to red: depletion of interacting proteins; light to dark blue: enrichment of
interacting proteins; gene name of the interactors (rows) depicted on the right side of the heatmap.
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Supplementary Figure 4: Heatmap of the differentially enriched protein interaction partners (‘DE genes’, top): Comparison of
Scp160AKH1-5 to WT; Color scale: orange to red: depletion of interacting proteins; light to dark blue: enrichment of
interacting proteins; gene name of the interactors (rows) depicted on the right side of the heatmap.
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Supplementary Figure 5: Heatmap of the differentially enriched protein interaction partners (‘DE genes’, top): Comparison of
Scp160AKHS5 to WT; Color scale: orange to red: depletion of interacting proteins; light to dark blue: enrichment of interacting
proteins; gene name of the interactors (rows) depicted on the right side of the heatmap.
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Supplementary Figure 6: Heatmap of the differentially enriched protein interaction partners (‘DE genes’, top): Comparison of
Scp160AKH13-14 to WT; Color scale: orange to red: depletion of interacting proteins; light to dark blue: enrichment of
interacting proteins; gene name of the interactors (rows) depicted on the right side of the heatmap.
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Supplementary Figure 7: Heatmap of the differentially enriched protein interaction partners (‘DE genes’, top): Comparison of
yeGFP to Scp160; Color scale: orange to red: depletion of interacting proteins; light to dark blue: enrichment of interacting
proteins; gene name of the interactors (rows) depicted on the right side of the heatmap.
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Supplementary Figure 8: Fold change analysis in different Scp160 variants; shoulder peaks were used for determination of
significance level applied in the volcano plots (Figure 46-Figure 49); red dotted line: chosen fold change (Log.FC: 2); blue
dotted line: alternative cut off for more stringent analysis.
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Supplementary Figure 9: AlphaFold3 predicted structure of human vigilin (Hdlbp) illustrated in ChimeraX; KH domain position

indicated by arrow symbol; a) full-length Hdlbp, b) Hdlbp fragment consisting only of KH domains 5-9; Predicted Aligned Error
(PAE) coloration: identical coloration suggest correct fold and relative positioning.
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Supplementary Figure 10: Comparison of rescue attempts of diverged KH domains: a) wild-type Scp160; b) Scp160 with
diverged GXXG motif of KH domain five (HAKN) replaced with conserved GXXG motif (GKGG); c) Scp160 with diverged KH

domain five replaced by conserved KH domain number eight.

Supplementary Table 2: Motif Analysis of Scp160 and KH deleted Scp160 variants; A= adenine, T= thymine, C= cytosine, G=
guanine, N=variable nucleobase.

method Scpl60 Scp160AKH1-2 Scpl60AKH4-5 | Scpl60AKHS |  Scpl60AKH13-14
CAUUGAUGN | GNUGNNNUAUCG GGCACUGUAC UGGUGG AGCAGN
&Eﬁ; ACUGGU GACUUUUACUGGG
CUUCCAUC
GNUGGUGN | GCUNNUGNUGNNGAN | GUACUUGCUUCUAUC | UGGUGG GGUGCNGUUAUUGNU
AUGCCA ACUGGU UGAAGGCUUUGACGG | GGAACU GAUGGNGAAUNUGUC
GGUUCC AGGCAAANUU ACAUCCCUGUGCCUU | CCAUUUCUNA | GGAGAN
AUUCUGGA | GAGUACACNU GGUAUCUAAAA AUUUGUUG | ACCACAGACCG
XSTREME AUUUGACCNAC AAAUAUCUCCG AAUGGGCNC
UGCAAUCCAAUACCG GCGCAAG
GCAUUAGACAAUAAC
CGUUGAUGAUUG
CGGCACUG

Supplementary Table 3: Number of independent (external) experiments in which specific proteins were found to bind Scp160;

#: number.
Gene names | # Experiments | protein IDs Publication
Lang 2000, Lang 2001, Li 2004, Sezen 2009, Weidner 2014,
BFR1 / P38934 Lapointe 2015, Michaelis 2023
ASC1 4 P38011 Gavin 2002, Gavin 2006, Opitz 2017, Réssler 2019
RPS2 4 P25443 Delaveau 2016, Schmitt 2019, Rossler 2019, Schmitt 2021
ARB1 3 P40024 Dong 2005 (2x), Delaveau 2016
PAT1 3 P25644 Mitchel 2013, Weidner 2014, Delaveau 2016
SIs1 3 P25294 Delaveau 2016, Feder 2021, Ali 2023
ZUo1 3 P32527 Gavin 2002, Gavin 2006, Delaveau 2016
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