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Summary

Protein degradation is an essential process for maintaining the health of the cell, with a variety
of different functions in the maintenance of homeostasis, regulation of processes in the cell,
the response to environmental stresses, and quality control of the proteome. Perturbation of
this system leads to a variety of diseases, including neurodegenerative diseases such as
Alzheimer's disease or frontotemporal dementia.

To degrade proteins, the cell uses two main pathways, autophagy and the ubiquitin
proteasome system, the latter of which will be the focus of this study. In this pathway,
ubiquitin is attached to substrate proteins by the action of E3 ligases. One such E3 ligase of
rising importance is the GID/CTLH complex, which was originally found to be involved in the
degradation of gluconeogenic enzymes starting with proline via its substrate receptor Gid4. In
more recent years, further substrate receptor proteins have been discovered for the GID
complex with Gid10 and Gidll, together with the complex’s ability to non-canonically
recognize substrates via WDR26 in human cells.

Thus far, Gid11 is relatively poorly understood, besides it seeming to recognize N-terminal
threonine residues. One of the aims of this study is to better characterize Gid11, analyze its
substrate specificities, and identify residues or regions within Gid11 important for substrate
recognition. For this purpose, this study the tandem-fluorescent timer approach was used.
This study highlights the importance of the third intrinsically disordered region of Gid11, as
well as a variety of residues within its binding pocket. Furthermore, it shows that N-termini
recognized by Gid11 are usually non-acetylated. Additionally, the Gid11-dependent turnover
of two proteins without threonine N-degrons was investigated, leading to the hypothesis that
BIm10 is potentially recognized via the fifth intrinsically disordered region of Gidll. A
potential example of trans-ubiquitination of Cpal via recognition of its complex partner Cpa2
was investigated and disproven.

There are several more proteins such as Hsm3 whose turnover depends on the GID complex,
but which do currently not possess a known substrate receptor. Using overexpression of
potential substrate receptors to compete for the binding of Gid5, it could be shown that this
approach is a viable strategy to find additional, currently unknown Gid5-dependent substrate
receptor proteins of the GID complex.

Additional experiments were conducted to investigate the functional conservation of various
GID components, both in different yeast species in case of Gid11, and in human cells in the
case of core GID components, showing that most human homologs of GID components are
non-functional in yeast.

As a side project, the specificity of human ATE1, NTAN1, and NTAQ1l was investigated,
highlighting differences between these enzymes and their human counterparts.

Overall, this study provides a characterization of Gid11, its substrate specificities, and
identifies several key features necessary for its function. Furthermore, it highlights potential
ways to identify further, currently unknown substrate receptors of the GID complex.



Zusammenfassung

Proteinabbau ist ein essenzieller Prozess zur Aufrechterhaltung der Zellgesundheit und erfuillt
eine Vielzahl von Funktionen wie die Aufrechterhaltung der Homoostase, die Regulation
zellularer Prozesse, die Antwort auf Umweltstress und die Qualitdtskontrolle des Proteoms.
Eine Storung dieses Systems filhrt zu einer Vielzahl von Krankheiten, darunter
neurodegenerative Erkrankungen wie Alzheimer oder frontotemporale Demenz.

Zum Proteinabbau nutzt die Zelle zwei Hauptwege: Autophagie und das Ubiquitin-Proteasom-
System, wobei Letzteres im Fokus dieser Arbeit steht. In diesem Weg werden Zielproteine
durch E3-Ligasen mit Ubiquitin markiert. Eine zunehmend bedeutsame E3-Ligase ist der
GID/CTLH-Komplex, der urspriinglich fir den Abbau von Glukoneogenese-Enzymen mit N-
terminalem Prolin durch den Substratrezeptor Gid4 beschrieben wurde. In den letzten Jahren
wurden mit Gid10 und Gidll weitere Substratrezeptoren entdeckt sowie eine nicht-
kanonische Substraterkennung tiber WDR26 in menschlichen Zellen beschrieben.

Gid11 ist bislang nur unzureichend charakterisiert, abgesehen davon, dass es N-terminale
Threoninreste erkennt. Ein Ziel dieser Arbeit ist es, Gid11 ndher zu charakterisieren, dessen
Substratspezifitaiten zu analysieren und wichtige Bereiche oder Aminosduren fir die
Substraterkennung zu identifizieren. Hierfiir wurde die Tandem-Fluoreszenz-Timer-Methode
verwendet. Die Ergebnisse zeigen die Bedeutung der dritten intrinsisch ungeordneten Region
von Gid1l1 sowie diverser Reste in der Bindungstasche. Zudem wird gezeigt, dass N-Termini,
die durch Gid11 erkannt werden, in der Regel nicht acetyliert sind. Darliber hinaus wurde der
Gidl1l-abhangige Abbau zweier Proteine ohne Threonin-N-degron untersucht, was zur
Hypothese flihrte, dass BIm10 moglicherweise lber die flinfte ungeordnete Region von Gid11
erkannt wird. Ein mogliches Beispiel fir trans-Ubiquitinierung von Cpal Uber dessen
Komplexpartner Cpa2 konnte widerlegt werden.

Es existieren weitere Proteine, wie Hsm3, deren Abbau vom GID-Komplex abhangt, fir die
jedoch bisher kein Substratrezeptor bekannt ist. Durch Uberexpression potenzieller
Substratrezeptoren konnte gezeigt werden, dass diese Methode geeignet ist, bisher
unbekannte Gid5-abhangige Substratrezeptoren des GID-Komplexes zu identifizieren.

Weitere Experimente untersuchten die funktionelle Konservierung verschiedener GID-
Komponenten sowohl zwischen unterschiedlichen Hefespezies im Fall von Gid11 als auch in
menschlichen Zellen bei Kernkomponenten des GID-Komplexes. Dabei zeigte sich, dass die
meisten humanen Homologe in Hefe nicht funktional sind.

In einem Nebenprojekt wurde zudem die Spezifitdat von humanem ATE1, NTAN1 und NTAQ1
untersucht, wobei Unterschiede zwischen diesen Enzymen und ihren Hefehomologen
festgestellt wurden.

Insgesamt liefert diese Arbeit eine Charakterisierung von Gidl1l, seiner Substratspezifitat
sowie Schliisselfaktoren, die fiir seine Funktion notwendig sind. Aullerdem werden mégliche
Ansatze zur ldentifizierung weiterer, bislang unbekannter Substratrezeptoren des GID-
Komplexes aufgezeigt.



Introduction

Protein degradation

Protein degradation is an essential process in the cell, serving functions in the quality control,
regulation, and homeostasis of the proteome of the cell (Goldberg 1972; McShane and
Selbach 2022). This following introduction will give an overview of two mechanisms of protein
degradation in the cell, the ubiquitin proteasome system (UPS) and autophagy, followed by
an overview of the functions of protein degradation in the cell. Finally, an overview will be
given over the ways the UPS recognizes its substrates, and the specific protein complex that
will be the focus of this thesis.

Protein degradation via autophagy

Autophagy (Greek for “self-eating”) is the process of enveloping cargo in a double-membrane
vesicle called the autophagosome (Dikic and Elazar 2018), followed by fusion of the
autophagosome with lysosomes, which deliver proteases and further factors involved in the
degradation into the organelle (DUVE et al. 1955; Deter et al. 1967; Dikic and Elazar 2018).
The generation of the autophagosome involves a large variety of factors at a variety of
subcellular locations (Tsukada and Ohsumi 1993; Thumm et al. 1994).

Induction of autophagy begins at the phagosome assembly site (PAS), which is usually located
at the endoplasmic reticulum (ER), but can also involve ER-mitochondria and ER-plasma
membrane contact sites (Hamasaki et al. 2013; Nascimbeni et al. 2017). As of current
understanding, these PAS sites lead to activation of the ULK1 complex and PI3KC3-PI, as well
as delivery of ATG9-containing vesicles to the PAS (Karanasios et al. 2013; Manifava et al. 2016;
Nishimura et al. 2017). As of now, the best characterized trigger for induction of autophagy is
nutrient deprivation, in particular deprivation of amino acids, resulting in inhibition of the
mechanistic target of rapamycin (mTOR) complex, particularly mTORC1 (Hosokawa et al.
2009). Nutrient starvation leads to disassociation of ULK1 from mTORC1, followed by
autophosphorylation of ULK1 (Jung et al. 2009), leading to its activation. In addition to amino
acid deprivation, autophagy can be triggered by an adenosine triphosphate (ATP) to adenosine
monophosphate (AMP) imbalance in the cell, usually caused by glucose starvation
(Gurumurthy et al. 2010).

The expansion of the nascent phagophore involves a wide variety of factors. However, most
prominently involved are proteins of the ubiquitin-like ATG8 family (Tsukada and Ohsumi
1993; Harding et al. 1995; Slobodkin and Elazar 2013; Dikic and Elazar 2018), which are C-
terminally processed by ATG4 and deposited on phosphatidylethanolamine (PE) in the
phagophore membrane via activation by ATG7 and conjugation to PE via ATG3 (Hamasaki et
al. 2013). This promotes phagophore expansion, as well as possibly the sealing of the
phagophore membrane (Weidberg et al. 2011). Following sealing of the autophagosome, it
undergoes maturation and eventual fusion with autolysosomes via syntaxin 17 (STX17),
synaptosomal-associated protein 29 (SNAP29), and vesicle-associated membrane protein 8
(VAMPS) (Diao et al. 2015; Itakura et al. 2012; Dikic and Elazar 2018).
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Figure 1: Cartoon representation of the ubiquitination cascade.

Ubiquitin is activated by an E1 ubiquitin activating enzyme and then transferred to a E2 conjugating enzyme. Finally, it is
transferred to its substrate by the action of an E3 ubiquitin ligase.. Furthermore, the action of deubiquitinases is shown in
removing ubiquitin from proteins. Created with BioRender.
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The ubiquitin proteasome system

Protein degradation via autophagy is relatively unspecific, which stands in contrast to the
relative specificity observed in the stability of various proteins. However, this was resolved by
the discovery of the UPS (Ciehanover et al. 1978; Hershko et al. 1979; McShane and Selbach
2022).

The UPS relies on ubiquitin as a small peptide tag for proteins which should be removed from
the cell (Ciehanover et al. 1978). Ubiquitin itself is a 76 amino acid peptide, which can be
attached to lysine residues in the target substrate (Weissman 2001; Finley et al. 2012). These
proteins are then delivered to the proteasome, a large multiprotein complex which serves as
the platform of degradation for the majority of intracellular proteins (Rock et al. 1994; Bard
et al. 2018). Proteins can be monoubiquitinated or polyubiquitinated (Wang et al. 2004;
Komander and Rape 2012). Furthermore, ubiquitin itself contains seven lysine residues (K6,
K11, K27, K29, K33, K48, and K63), in addition to its initiating methionine (Finley et al. 2012).
All these residues can serve as attachment points for the formation of ubiquitin chains
(Christensen et al. 2007; Maspero et al. 2011; Komander and Rape 2012). Ubiquitin chains can
be homotypic, consisting of only one type of ubiquitin linkage, or heterotypic, consisting of
several types (Komander and Rape 2012; Finley et al. 2012). Furthermore, ubiquitin chains can
be branched, adding further complexity. Out of the different types of ubiquitin chains, K48
and K11-linked chains are the ones usually involved in proteasomal degradation (Xu et al.
2009; Dammer et al. 2011).

The attachment of ubiquitin to a target substrate usually relies on a system called the
ubiquitination cascade (Figure 1)(Finley et al. 2012). In this system an E1 ubiquitin activating
enzyme (E1) binds ubiquitin under cleavage of ATP to AMP and pyrophosphate, forming a thiol
ester bond, providing the energy required for the following steps (Weissman 2001; Finley et
al. 2012). In yeast, there is one known E1 enzyme, in human cells two are known (Finley et al.
2012).



In the next step, ubiquitin is transferred to an E2 ubiquitin conjugating enzyme (E2). In human
cells, approximately 40 E2s are known (Weissman 2001; Finley et al. 2012). Finally, an E3
ubiquitin ligase (E3) recognizes the target substrate and transfers the ubiquitin molecule to
the target. In human cells, approximately 600 E3 enzymes are known to exist (Buetow and
Huang 2016; George et al. 2018). Additionally, ubiquitin can be cleaved off proteins through
the action of deubiquitinases (DUBs), adding a further layer of complexity (Weissman 2001;
Finley et al. 2012; Snyder and Silva 2021; Lange et al. 2022). This structure, with only a few
Els, some more E2s, and many E3s, many of which are still poorly understood, highlights the
intricacy of the regulation of the UPS.

Types of E3 ligases

Currently, there are four known main subtypes of E3 ligases (Yang et al. 2021). The largest and
earliest studied subfamily is the HECT (homologous to the E6AP carboxyl terminus) family of
E3 ligases (Huibregtse et al. 1995). They are characterized by their C-terminal HECT domain
while their N-terminus varies, allowing further division into further sub families. HECT E3
ligases bind their corresponding E2 via the HECT domain while the N-terminus is mainly
responsible for substrate recognition (Sluimer and Distel 2018). Notably, the Ubiquitin
transfer by HECT E3 ligases is a two-step process in which ubiquitin is first transferred to a
catalytic cysteine residue within the HECT domain before transferring it to the substrate.

The second major family of E3 ligases is the Really Interesting New Gene (RING) family,
characterized by their eponymous RING domain (Freemont et al. 1991). In contrast to HECT
E3 ligases, after the E2 has been bound to the RING domain, ubiquitin is transferred directly
to the substrate without prior transfer to the E3 ligase proper (Bulatov and Ciulli 2015). RING
E3 ligases can be either monomeric or multi-protein complexes. One large family of multi-
subunit E3 ligases is the family of Cullin-RING ligases (CRLs), which are characterized by Cullin
as the main scaffold between the RING domain and the substrate receptor unit (Nguyen et al.
2017).

A smaller family of E3 ligases is the U-box family of E3 ligases. Their activity is mediated by
binding of their E2 to a U-box domain, which is structurally similar to the RING domain
(Hatakeyama and Nakayama 2003). U-box E3 ligases have been found to mainly ubiquitinate
already mono- or oligoubiquitinated substrates, leading to some researchers dubbing them as
“E4s”.

The fourth currently known family of E3 ligases is the “RING-IBR-RING” (RBR) family of E3
ligases, which is characterized by a RING1 domain, followed by a “in between RING” (IBR)
domain, which is then followed by a RING2 domain (Aguilera et al. 2000). Similarly to HECT E3
ligases, RBR-ligases transfer ubiquitin in a two-step process in which ubiquitin is first
transferred to a catalytic cysteine contained in the RING2 domain before ultimately being
transferred to the substrate (Smit and Sixma 2014).

Functions of protein degradation

As briefly mentioned above, the functions of protein degradation can broadly be categorized
in the maintenance of homeostasis, quality control, and regulation, with these categories
partially overlapping (Goldberg 1972; McShane and Selbach 2022). As mentioned in the
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overview on autophagy, one of the best characterized triggers for autophagy is amino acid
starvation (Hara et al. 1998; Hosokawa et al. 2009; Dikic and Elazar 2018; McShane and
Selbach 2022), leading to the degradation of old proteins to supply amino acids for the
synthesis of new ones. However, various other stresses such as oxidative stress, heat stress,
or general aging of the cell can also lead to an upregulation of protein degradation in the cell
(Dikic 2017; McShane and Selbach 2022). This aspect of protein homeostasis overlaps with
general quality control of proteins in the cell, as these types of stresses typically induce
damage to proteins in the cell which can lead to the formation of toxic aggregates in the cell
(Pandey et al. 2007; Aiken et al. 2011; Suraweera et al. 2012; Dikic 2017; McShane and Selbach
2022).

Besides the clearance of proteins damaged by various stresses, protein quality control also
includes the clearance of otherwise aberrant proteins, such as proteins with misincorporated
amino acids, misfolded proteins, or proteins attached to stalled ribosomes (Dobson 2003;
Chen et al. 2011; Duttler et al. 2013; Harper and Bennett 2016; Joazeiro 2019), the latter of
which includes the activity of the ribosome-associated protein quality control in which the E3
ligase Listerin plays a key role (Duttler et al. 2013; Joazeiro 2019; McShane and Selbach 2022).
Beyond the ribosome, this quality control mechanism extends into the endoplasmic reticulum,
where the Endoplasmic-reticulum-associated protein degradation (ERAD) pathway detects
misfolded proteins in a complex process involving successive glycosylation and refolding
attempts which, if folding ultimately fails, leads to re-import of the misfolded protein into the
cytoplasm and proteasomal degradation, which involves the E3 ligase Hrd1 as well as AAA-
ATPase p97/VCP (Cheng et al. 1990; Ward and Kopito 1994; Kaneko et al. 2002; Buchberger
et al. 2010; Adams et al. 2019; McShane and Selbach 2022). One further aspect of protein
quality control is the detection of “orphaned” proteins which are not bound to their complex
partner, usually due to excess production in comparison to said complex partner (Blikstad et
al. 1983; Minami et al. 1987; Gunjan and Verreault 2003; Lam et al. 2007; Stiburek et al. 2012;
Toyama and Hetzer 2013; Bogenhagen and Haley 2020; Taggart et al. 2020; Soto et al. 2022).
Involved in this pathway are Tom1l or its human homolog HUWE1, as well as ubiquitin
conjugating enzyme E2 O (UBE20) which appear to recognise residues that would normally be
hidden if the orphaned protein were in its native complex (Gunjan and Verreault 2003;
Shemorry et al. 2013; Sung et al. 2016; Yanagitani et al. 2017; McShane and Selbach 2022).

In addition to the two previously mentioned functions, protein degradation can also play a
role in the regulation of protein levels in response to outside factors, cell differentiation, or
progression in the cell cycle (Harkness et al. 2002; Buccitelli and Selbach 2020; McShane and
Selbach 2022). This function often relies on the constant production and simultaneous
turnover of a regulatory factor through protein degradation, which is inhibited upon certain
environmental signals. Examples for this are the regulation of the hypoxia response via
turnover of hypoxia-inducible factor 1 alpha by The von Hippel-Lindau tumour suppressor
protein (Semenza and Wang 1992; lvan and Kaelin 2001; Weidemann and Johnson 2008) or
the upregulation of p53 in response to DNA damage via inhibition of its turnover by the E3
ligase MDM2 (Honda et al. 1997; Levine 2020).
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Figure 2: The Arg/N-degron pathway

A: The Arg/N-degron pathway in yeast. Tertiary N- or Q-N-termini are deamidated to form secondary D- or E-N-termini.
These secondary termini are then arginlyated by Atel to form a primary N-terminus. Primary N-termini are either basic
(Type 1) or bulky hydrophobic (Type Il) and are recognized by Ubr1 and targeted for proteasomal degradation.

B: The Arg/N-degron pathway in mammals. An additional tertiary terminus in mammals in cysteine, which can be oxidized.
Furthermore, N- and Q-N-termini are processed by NTAN1 and NTAQ1, respectively. Recognition of primary residues occurs
through Ubr2, Ubr4, and Ubr5, respectively.

Degrons

E3 ligases recognize their substrates via degradation signals called degrons (Ravid and
Hochstrasser 2008; Mészdros et al. 2017; Varshavsky 2019). Degrons are short linear motives,
usually between 2 and 10 amino acids in length, which can be located at the N-terminus, C-
terminus, or internal in the primary amino acid sequence (Varshavsky 2019; Zhang et al. 2023;
Varshavsky 2024; Zhang et al. 2025). Usually, degrons are transferable, meaning that the
introduction of the degron to an otherwise stable protein will lead to destabilization via the
E3 recognizing this degron (Chen et al. 2017). Degrons are usually located in disordered
regions of proteins, due to their easier accessibility for E3 ligases (Ruan et al. 2020; Hou et al.
2022). As most disordered regions of proteins are located at the termini of a protein (Lobanov
et al. 2010), this also leads to a preferred occurrence of degrons at the termini of proteins.
Furthermore, protein termini can undergo post-translational modifications, such as N-
terminal acetylation or C-terminal amidation, either protecting the degron from recognition
by its target E3, or enabling their recognition (Heathcote et al. 2024; Muhar et al. 2025). Both
N- and C-terminal degrons can also be generated through proteolytic cleavage of a protein,
adding another layer of regulation (Rao et al. 2001; Piatkov et al. 2012a; Piatkov et al. 2012b;
Piatkov et al. 2014; Varshavsky 2019). C-terminal degrons are primarily recognized by CRL-
type ligases (Koren et al. 2018; Lin et al. 2018). In comparison, internal degrons tend to be
hydrophobic, due to their tendency to be buried in the proteins core and to be exposed upon
misfolding of the protein, leading to its degradation (Zhang et al. 2023).

As this project focuses on a complex involved in the recognition of N-degrons, a further
overview of the different N-degron pathways is given.
7
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Figure 3: The Ac/N-degron pathway.

If the residue following the initiating methionine has a small radius of gyration (A, S, T, C, V, G, P), it can be cleaved off by
the action of methionine aminopeptidases. The exposed residues can be N-terminally acetylated by NatA. Furthermore, N-
terminal methionine followed by D, E, N, or Q can be acetylated by NatB. Finally, methionine followed by L, I, F, W, M, Y, H, K
or R can be acetylated by NatC, NatE, or NatF. The acetylated N-termini are then recognized by MARCH6 in mammalian
cells, or Doa10 and Not4 in yeast and targeted for degradation.

N-degron pathways

In yeast, there are currently three known N-degron pathways: The Arg/N-degron pathway, the
Ac/N-degron pathway, and the Pro/N-degron pathway.

The Arg/N-degron pathway
The Arg/N-degron pathway was the first pathway to be discovered (Bachmair et al. 1986).

In this pathway, primary destabilizing residues are recognized by Ubrl (Figure 2A) (Bartel et
al. 1990; Baker and Varshavsky 1995; Varshavsky 2024). Notably, Ubrl possesses two distinct
binding sites for substrates (Pan et al. 2021). Type 1 destabilizing residues in this pathway are
the basic amino acids arginine, lysine, and histidine while type 2 destabilizing residues are the
hydrophobic amino acids leucine, phenylalanine, tryptophane, tyrosine, isoleucine, or
methionine followed by a bulky hydrophobic residue (Bachmair et al. 1986; Varshavsky 2019,
2024). In the context of this degron pathway, these are referred to as primary destabilizing
residues. Additionally, methionine followed by a bulky hydrophobic residue has been
identified as a primary destabilizing type 2 N-terminus as well (Kim et al. 2014). Secondary
destabilizing residues in this pathway are either aspartate or glutamate, which can be
arginylated by Atel to form a primary destabilizing N-terminus (Ferber and Ciechanover 1987;
Kwon et al. 2002; Kim et al. 2022). Additionally, asparagine or glutamine can act as tertiary
destabilizing residues through deamidation by the enzyme Ntal to form their corresponding
secondary destabilizing residues (Baker and Varshavsky 1995; Kim et al. 2016; Varshavsky
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2024). In mammalian cells, this N-degron pathway exists as well (Figure 2B). However, it
possesses more N-recognins with UBR1, UBR2, UBR4, and UBRS5 (Ji et al. 2019; Da Jeong et al.
2023; Hehl et al. 2024). Furthermore, processing of tertiary destabilizing residues is carried
out by two distinct enzymes, NTAN1 and NTAQ1 (Varshavsky 2019), which are similar in
function, but not in sequence (Park et al. 2014; Park et al. 2020). Additionally, N-terminal
cysteine can act as a tertiary destabilizing residue in mammalian cells as well by being oxidized
and subsequently arginylated (Hu et al. 2005; Lee et al. 2005; Varshavsky 2024).

The Ac/N-degron pathway

N-terminal acetylation is one of the most common protein modifications in the cell, with
approximately 80% of proteins in human cells and 60% of proteins in yeast cells undergoing
acetylation (Arnesen et al. 2009; Aksnes et al. 2016).

The initiating methionine in front of alanine, serine, threonine, valine or cysteine can be
cotranslationally cleaved by the action of the methionine aminopeptidases Map1 and Map2
(Figure 3) (Chang et al. 1990; Li and Chang 1995; Varshavsky 2024). These exposed residues
can then be N-terminally acetylated by NatA, which carries out approximately 40% of N-
terminal acetylation in the cell (Arnesen et al. 2009; Aksnes et al. 2019). In the case of
methionine followed by aspartate, glutamate, glutamine, or asparagine, the N-terminus can
be acetylated by NatB (van Damme et al. 2012; Aksnes et al. 2016). Methionine followed by
leucin, isoleucine, phenylalanine, tyrosine, lysine, serine, threonine, alanine, or valine can be
acetylated by NatC, NatE, or NatF, with only the former two having a homolog in yeast (van
Damme et al. 2011b; van Damme et al. 2011a; van Damme et al. 2015; Aksnes et al. 2015; van
Damme et al. 2016; Aksnes et al. 2019). Additionally, NatD specifically acetylates histones H2A
and H4 (Song et al. 2003) and NatH , which does not have a homolog in yeast, specifically
acetylates actin (Drazic et al. 2018). Lastly, chloroplast-specific NatG in plants can acetylate N-
termini beginning with methionine, alanine, serine, or threonine (Dinh et al. 2015). These
acetylated residues can then be recognized by Not1 or Doal0, leading to ubiquitination of the
substrate and its subsequent degradation (Hwang et al. 2010; Shemorry et al. 2013; Nguyen
et al. 2019).

Interestingly, the notion that acetylation acts exclusively as a degradation signal has been
challenged recently. For example, it has been shown that NatC can acetylate substrates of the
UBR4-KCMF1 complex, preventing their recognition (Varland et al. 2023). Similarly, it has been
shown in yeast that acetylation of MN-N-termini by NatB or acetylation of N-termini starting
with glutamate can lead to their stabilization, rather than their degradation (Kats et al. 2018).

The Pro/N-degron pathway

The final currently known N-degron pathway in yeast is the Pro/N-degron pathway (Figure 4).
In this pathway, the initiating methionine preceding a proline residue is cleaved off, followed
by recognition by Gid4 or Gid10 (Chen et al. 2017; Melnykov et al. 2019). This pathway
particularly targets proteins involved in gluconeogenesis, such as Fbp1, Mdh2, and Icl1 (Chen
et al. 2017). Additionally, if the proline is the third residue, it is possible for the second residue
to be cleaved by the aminopeptidases Fral or Icp55, revealing the destabilizing proline residue
(Chen et al. 2021). The E3 ligase involved in this pathway is the GID complex, which is further
elaborated on in the following:



MP —

—> Gid4 Proteasomal
— P— _ _
MXP — XP— —_ Gid10 degradation
iMet cleavage Ami i
Map1, Map2 minopeptidase

Fral, lcp55

Figure 4: The Pro/N-degron pathway in yeast.

The initiating methionine is cleaved off by the action of Map1 and Map2. If methionine is the third residue and the second
residue is S or T, Fral and Icp55 can cleave S or T. Exposed proline N-termini are then recognized by Gid4 or Gid10, leading
to degradation of their protein.

The GID complex

The main RING-E3 ligase in the Pro/N-degron pathway is the Glucose induced degradation
deficient complex (GID-complex) in Saccharomyces cerevisiae, also known as the C-terminal
to LisH complex (CTLH-complex) in human cells (Chen et al. 2017; Maitland et al. 2022;
Varshavsky 2024). This complex is a multi-subunit RING E3 ligase minimally consisting of Gid1,
Gid2, Gid5, Gid8, and Gid9 as an anticipatory complex (Figure 5A) (Menssen et al. 2012; Qiao
et al. 2020). In this complex Gid2 and Gid9 form the catalytic subunit, responsible for the
transfer of ubiquitin from the GID complex’s associated E2 Ubc8 to the target substrate
(Chrustowicz et al. 2024). Gid1, Gid8, and Gid5 serve structural purposes (Menssen et al.
2012). Notably, the anticipatory complex on its own is not functional until the binding of a
substrate receptor unit (Qiao et al. 2020). The first substrate receptor unit to be discovered
was Gid4 (Chen et al. 2017). Structurally, Gid4 folds into a 8-barrel and recognizes N-terminal
proline degrons (Dong et al. 2018). Its established role is in the degradation of proteins
involved in gluconeogenesis, such as Mdh2, Fbp1, and Icl1 (Chen et al. 2017; Varshavsky 2024).
Recently, two more substrate receptor units have been discovered. Gid10, which is
structurally similar to Gid4 (Shin et al. 2021), and also binds N-terminal proline. Its currently
known endogenous substrate is Art2 (Langlois et al. 2022).

The most recently discovered substrate receptor unit is Gid11 (Kong et al. 2021). Structurally,
Gid11 is a significantly longer protein that Gid4 and Gid10 and is not predicted to fold into a
R-barrel, but into a seven-bladed B-propeller (Kong et al. 2025). Recently, it has been found to
recognize N-terminal threonine (Kong et al. 2021). However, much of its specificity and the
structural basis of its binding are still unknown.

Additionally, the GID complex has been found to be able to form structural higher-order
structures (Figure 5B) (Sherpa et al. 2021). First, mediated by Gid7, or its homologs WDR26 or
Muskelin in human cells, it can arrange itself in a large ring-like structure, known as a
supramolecular chelator assembly. Particularly for larger substrates such as Fbpl this
arrangement has been shown to be necessary to accommodate such substrates. In addition
to this, it has been shown in human cells that WDR26 can act as a substrate receptor on its
own (Gottemukkala et al. 2024).

Additionally, Gid12, formerly known as Ipfl (which this protein will be referred to as in this
thesis), has been shown to be able to coordinate several higher-order GID complexes into an
even larger cage-like assembly with a diameter of about 420 angstroms (Qiao et al. 2022).
While the exact regulation or purpose of this assembly still is unknown, it has been shown to
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Figure 5: Cartoon representation of the GID complex in yeast.

A: Cartoon representation of the Core GID-complex, consisting of the RING domain subunits Gid2 and Gid9, structural
subunits Gid1, Gid5, and Gid8, and a substrate receptor.

B: Cartoon representation of the GID chelator assembly, consisting of four core complexes and mediated by Gid7.

inhibit GID activity, making it likely that it serves as another layer of regulation to the GID
complex by sequestering potentially active chelator assemblies.

The GID complex is highly conserved across all eukaryotes, with all core GID components being
conserved (Maitland et al. 2022). The human homolog of Gid1 is RanBP9, the ones of Gid2
RMNDS5A and RMND5B, the one of Ubc8 is UBE2H, the homolog of Gid4 is human GID4, the
homolog of Gid5 is ARMCS, Gid7 has two homologs in WDR26 and Muskelin, the homolog of
Gid8 is human GID8 or TWA1, and the human homolog of Gid9 is MAEA (Maitland et al. 2022).
However, no known homologs exist outside of yeast for Gid10, Gid11, or Ipfl.

The best-studied function of the GID complex is in the degradation of gluconeogenic enzymes
in during the transition from ethanol medium to glucose-rich medium (Chiang and Chiang
1998; Santt et al. 2008; Chen et al. 2017). However, with increased recent interest in the GID
complex, more functions have been discovered. Among these, is the regulation of the ART-
Rsp5 ubiquitin ligase pathway, a component of plasma membrane quality control upon
stresses such as heat stress, changes in osmolarity, or nutrient starvation (Langlois et al. 2022).
Outside of yeast, the CTLH-complex has been found to be involved together with the E2 Marie
Kondo in the clearance of RNA binding proteins during the maternal-to-zygotic transition in
Drosophila melanogaster (Zavortink et al. 2020). In humans, mutants of WDR26, the homolog
of yeast Gid7, are known to cause a neurodevelopmental disorder known as Skraban-
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Figure 6: Potential GID substrates identified before this study.

A: Stability of 30 potential GID substrates upon knockout of currently known substrate receptors.

B: Stability of 30 potential GID substrates upon knockout of core components of the GID complex.

C: Dependence of turnover of Ydr222w on Gid5 and Gid7 in colonies and liquid culture.

D: Stability of Hsm3 upon knockout of different combinations of the currently known GID substrate receptors.

A-D: Experiment carried out by XXXXXXXXXXXXXX. Error bars show standard deviation between biological replicates (n=4).

Deardorff syndrome (Skraban et al. 2017; Yang et al. 2024). Furthermore, as mentioned above,
WDR26 itself can act as a substrate receptor for the metabolic enzyme nicotinamide/nicotinic-
acid-mononucleotide-adenylyltransferase 1, regulating prodrug metabolism in human cells
(Gottemukkala et al. 2024). Interestingly, this function was found to be regulated by YPEL5,
which has a homolog in yeast with Moh1. Further studies in macrophages also showed the
CTLH-complex to be involved in the regulation of the host anti-microbial response, with
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knockout of CTLH-components leading to increased antimicrobial activity against
Mycobacterium tuberculosis (Simwela et al. 2024). Altogether, these studies show that the
GID complex in yeast or the CTLH complex in higher eukaryotes is involved in a wide variety of
functions, highlighting the importance of understanding its functions, components, and
recognition of its substrates further.

Kong et al. identified in 2021 30 potential GID substrates, which are shown in (Figure 6A,B).
Out of these 30 potential substrates, he generally found proteins with a N-terminal threonine
to depend on Gid11 in their turnover, apart from Gid5 and Gid8, which are components of the
Gid complex itself (Figure 6A). Additionally, it was found by XXXXXXX that out of these 30
identified potential substrates, Aro10, Cpal, Ssd1, Tmc1, Ubc8, and Ydr222w depend on Gid7
in their degradation (Figure 6B). Ydr222w is particularly interesting in this regard, as its
degradation appears to always depend on Gid7, but it does not appear to depend on Gid5 in
colony stability measurements (Figure 6C). When measuring its stability in liquid culture,
however, its turnover depends on Gid5. Of additional note is Cpal, which is the only currently
known potential Gid1l1l substrate whose turnover also depends on Gid7 (Figure 6A,B).
Importantly, some potential GID substrates, for example Hsm3, still do not possess any known
substrate receptors, despite their turnover depending on GID core components, including
Gid5 (Figure 6B,D).

Tandem-fluorescent protein timers

The main tool employed in this study to analyze the stability of proteins is the tandem-
fluorescent protein timer (tFT) tag (Khmelinskii et al. 2012). This tag consists of two
fluorescent proteins, usually a red and a green fluorescent protein, with two different
maturation durations. In the case of the tFT tag used in this study, it consists of superfolder
GFP (sfGFP) which matures within minutes after synthesis (Pédelacq et al. 2006) and mCherry,
which has a maturation half-time of approximately 40 minutes (Merzlyak et al. 2007). Based
on these two different maturation times, one can determine the ratio of mCherry to sfGFP
fluorescence. As proteins age, more of the mCherry tags mature, increasing the amount of red
fluorescence compared to green fluorescence. Notably, as both fluorescent moieties are
contained in the same tag, this ratio is unaffected by the protein’s abundance. However, it
does not allow for the determination of the age of individual protein molecules and rather
provides a readout for the average age of the protein population in the cell. However, it can
be employed fully in vivo, allowing for high-throughput measurements in a colony format.
Furthermore, by comparing the mCherry to sfGFP ratios between, for example, wild type cells,
and a knockout mutant of a potential UPS component of interest, it provides a simple tool for
investigating the impact of perturbations in protein degradation.
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Materials and Methods

Yeast methods and plasmids

Yeast strains used are listed in Table S 1 and are derived either from BY4741 or BY4742.
Plasmids used are listed in Table S 2. Yeast genome manipulations were carried out using PCR-
targeting and lithium acetate transformation (Janke et al. 2004; Knop et al. 1999). Unless
stated otherwise, all PCRs in this study were carried out using an in-house high-fidelity (HF)
polymerase. Used oligonucleotides are listed in Table S 3.

Yeast culture conditions

For general culturing, yeast strains were grown in YP medium containing 2% glucose (10 g/L
yeast extract (BD Biosciences), 20 g/L bacto peptone (BD Biosciences), 20 g/L glucose (Merck))
For auxotrophic selection, cells were grown on synthetic complete (SC) medium (6.7 g/L Bacto
yeast nitrogen base without amino acids (BD Biosciences), 2 g/L SC amino acid dropout mix,
20 g/L glucose) or SC(MSG) medium (1.7 g/L yeast nitrogen base without amino acids and
ammonium sulfate (BD Biosciences), 1 g/L monosodium glutamate (Sigma-Aldrich), 2 g/L
amino acid dropout mix, 20 g/L glucose) if antibiotic selection was necessary. For antibiotic
selection, the following antibiotics were used in the following concentrations: G418
(Invivogen): 200 mg/L; cloNAT (Werner Biosciences): 100 mg/L; hygromycin B Gold
(Invivogen): 200 mg/L for YP-based media and 400 mg/L for SC-based media. To select against
the presence of LYP1 thialysine (Sigma-Aldrich) was added to media at a concentration of 50
mg/L and for selection against the presence of CAN1 canavanine (Sigma-Aldrich) was added
at a concentration of 50 mg/mL. For counter selection against the presence of the URA marker,
cells were grown on SC-complete medium containing 0.1% (w/v) 5-fluoroorotic acid (5-FOA)
(abcr). To make solid media, 2% Bacto Agar (BD Biosciences) were added. As alternative
carbon sources, the following were used: Raffinose (Sigma Aldrich): 20 g/L; Galactose (Serva):
20 g/L; Ethanol (Sigma-Aldrich): 20 mL/L. Cells were grown at 30°C with 220 rpm shaking for
liguid media, unless indicated otherwise.

Confirmation of cassette integration using colony PCR

To confirm the integration of DNA cassettes into the yeast genome, overnight cultures of the
clone to be tested were set up in 1 mL YPD medium. The following day, 100 uL overnight
culture were spun down at 21100 g for 1 minute and the supernatant was discarded. The cell
pellet was resuspended in 30 pL 0.1% SDS (Sigma-Aldrich) and the cells were lysed at 95°C for
5 minutes. One of the DNA primers for the PCR, “His&Kan_Tag2”, binds 138 base pairs into
the cassettes. The other primer was chosen to bind a few hundred base pairs upstream of the
cassette integration site. PCR reactions were set up as follows:

Table 1: Reaction mixture for confirmation of cassette integration via colony PCR

Reagent Amount
ddH20 37 uL
10X HF buffer 5uL
His&Kan_Tag2 (10 uM) 3uL
GOl specific primer (10 uM) | 3 pL
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dNTPs (10 mM) 1puL
Cell lysate 0.5 uL
HF polymerase 0.5 puL

Table 2: Cycling conditions for confirmation of cassette integration via colony PCR

95°C 5 min
95°C 30s X40
55°C 30s X40
72°C 90s X40
72°C 7 min

After the PCR, the reaction mixtures were analysed via agarose gel electrophoresis on 1 % gel.
Presence of the PCR product in the tested clone, but not in the parental stain, indicated
successful integration of the cassette.

Synthetic genetic array

For investigating libraries of substrates against knockouts of yeast genes, the SGA
methodology was used (Baryshnikova et al. 2010). Strains taken from the -Ura Gid-hits library
(yMaM330 (MATalpha canlA::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2) ORF-mCherry-Scel-SpCYC1lterm-ScURA3-Scel-mCherryAN-
sfGFP) were first crossed with the knockout strains of interest on YPD medium, followed by
the following selection steps:

e Selection of diploids on SC(MSG)-URA+G418+cloNAT plates, performed twice.

e Sporulation for one week at 23°C on SPO plates (2% potassium acetate (Sigma-Aldrich),
2% Bacto Agar)

e First selection of haploid cells on SC(MSG)-His/Arg/Lys/Ura + canavanine/thialysine
plates

e Second selection of haploid cells on SC(MSG)-His/Arg/Lys/Ura +
canavanine/thialysine/G418 plates

e Third selection of haploid cells on  SC(MSG)-His/Arg/Lys/Ura  +
canavanine/thialysine/G418/cloNAT plates

e Induction of I-Scel enzyme for reconstitution of the tFT tag on SC-His
Raffinose/Galactose plates

e Counterselection against URA-marker on SC-His + 5-FOA plates

e Recovery on SC(MSG)-His/Arg/Lys + canavanine/thialysine plates.

The resulting arrays were pinned on SC-His plates and their fluorescence was measured as
described below.

Endogenous mutagenesis using the delitto perfetto approach

T2A mutations or N-terminal capping mutations were introduced following the delitto perfetto
method (Stuckey et al. 2011). CORE cassettes were PCR amplified from pGSKU using P.l and
P.IIS primers containing homology arms for the region to be replaced using the following
conditions:
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Table 3: Reaction mixture for amplification of CORE cassette from pGSKU

Reagent Amount
ddH20 37 uL
10X HF buffer 5uL

P.I (10 uMm) 3uL

P.IIS (10 uM) 3uL

dNTPs (10 mM) | 1pulL

pGSKU 0.5 pL (~200 ng)
HF polymerase | 0.5 uL

Table 4: Cycling conditions for amplification of CORE cassette from pGSKU

94°C 2 min
94°C 30s X32
57°C 30s X32
72°C 5 min X32
72°C 7 min

The efficiency of the PCR amplification was confirmed by agarose gel electrophoresis on a 1%
agarose gel. In case of weak amplification of the CORE cassette, the PCR was repeated six
times. The product of six PCR reactions was combined and precipitated using a 2.5 times
volume of 95% ethanol and one tenth volume of 3 M sodium acetate (Sigma-Aldrich) (pH 5.2).
The precipitated DNA was spun down at 21100 g for ten minutes and the supernatant was
discarded. The DNA pellet was washed with 100 pL of 70% ethanol. If the DNA pellet was
detached during the washing step, additional centrifugation was carried out for 5 minutes. As
much of the ethanol as possible was removed and the pellet was dried under a fume hood for
30 minutes. It was then resuspended in 50 uL DNAse-free water.

5 pL raw PCR product or 5 pL concentrated PCR product were used for the subsequent lithium
acetate transformation (Knop et al. 1999). After the transformation, the cells were plated out
on YPD+G418 medium and after 48 hours to 72 hours incubation at 30°C they were replica
plated onto SC-URA medium and incubated for a further 24 hours to 48 hours.

Colony PCR was carried out as described above to confirm integration of the CORE cassette
into the desired locus. However, the primers used were primers URA3.1 and GAL.E and
primers binding a few hundred base pairs up- and downstream of the integration site of the
CORE cassette. Only strains producing a PCR product for PCR using both URA3.1 and one of
the two gene specific primers, as well as the corresponding primer pair using GAL.E, were
considered positive for successful integration of the CORE cassette.

For the replacement of the CORE cassette with the desired DNA sequence, DNA oligomers

were designed containing the desired mutation as well as 40 base overhangs with the region

of interest. Alternatively, for replacements too large for an oligomer, the sequence was

ordered as a gBlock (Integrated DNA Technologies), designed the same way. In order to

replace the CORE cassette, lithium acetate transformation (Knop et al. 1999) was performed

with the following modifications: Overnight cultures were grown in YP+Raffinose medium. The
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initial dilution of the cells was done in YP+Raffinose/Galactose medium to induce expression
of I-Scel in the CORE cassette and promote recombination. 0.5 uL 100 uM DNA oligomer or 5
uL 10 ng/uL gBlock were used for the transformation. After the transformation, cells were
allowed to recover overnight in 1 mL YPD before plating out on SC-complete+5-FOA. After 48
hours to 72 hours incubation of 5-FOA, cells were streaked for single colonies on SC-
complete+5-FOA medium.

To confirm replacement of the CORE cassette, colony PCR was carried out using the up- and
downstream primers. The PCR product of this colony PCR was gel purified using a QlAquick®
Gel Extraction Kit (Qiagen) and sent for Sanger sequencing (Eurofins Genomics) to confirm the
replacement of the wild type sequence with the desired mutation.

Plasmid shuffle of MAP1 variants

To introduce MAP1 variants into double knockout mutants of MAP1 and MAP2, MAP2 was
first knocked out in the strain carrying the desired tFT-tagged substrate as described above.
The resulting strains were transformed with pCPO0069, expressing wild type MAP1 from a
pRS316-based URA* plasmid. This was followed by knockout of the endogenous MAPI1 as
described above. Next, the resulting strains were transformed with pCPO0070, pCPO0071, or
pCP0O0072, expressing either wild type MAP1, MAP1 Q365A, or Deinococcus radiodurans
MetAP from a pRS315-based LEU* plasmid. Selection for the LEU* plasmid and against the
URA* plasmid was carried out on SC-LEU + 5-FOA medium.

Spotting Assay

To evaluate the fitness of yeast strains on selective media, spotting assays were carried out.
Pre-cultures of the strains to be investigated were grown in YPD medium to saturation
overnight. The next morning, the cells were centrifuged at 2300 g for 2 minutes. The
supernatant was discarded, and the cell pellet was resuspended in an equal volume of sterile
water. The OD600 of the cell suspension was measured and a serial dilution of the cell
suspension from an OD600 of 1 to 10* was carried out. 3 pL of each dilution were then spotted
onto YPD and selective medium, respectively. The plates were then incubated at 30°C and
pictures were taken after 24 and 48 hours.

Generation of plasmids

Unless stated otherwise, plasmids were assembled via NEBuilder® HiFi DNA Assembly (New
England Biolabs). All restriction enzymes used were acquired from New England Biolabs. Gel
extractions of DNA fragments were performed using a QIAquick® Gel Extraction Kit
(QiagenPreparation of plasmids was performed using a QlAprep® Spin Miniprep Kit (Qiagen)
Verification of plasmids was performed either by Sanger Sequencing (Eurofins Genomics) or
Oxford Nanopore Whole Plasmid Sequencing (Eurofins Genomics).

For the generation of overexpression plasmids utilizing the GPD promoter, pKBJOO1, pRS316-
GPD, or pRS426-GPD were digested using BamHI and Xhol or Hindlll. Yeast genes were PCR
amplified from yMaM330 or BY4741 gDNA using primers specific for the gene of interest
containing the necessary homology arms for assembly into the vector. Human ATE1 isoform 1
and NTAQ1 were amplified from pAC009 and pAC0010.2, respectively. NTAN1 and human
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ATE1 isoform 2 were ordered as gBlocks (Integrated DNA Technologies). Other human genes
were amplified from the human ORFeome collection (Rual et al. 2005), if available, or ordered
as gBlocks (Integrated DNA Technologies).

pPAnB19-XZ plasmids were generated by cutting pAnB19 with EcoRV, followed by NEBuilder®
HiFi DNA Assembly to bridge the cut site with the “pAnB19-XZ” oligonucleotide, containing
the necessary homology arms and two “NNK” codons. After sequencing of 96 clones, 60 of the
80 desired plasmids could be obtained and the remainder was cloned manually by using a
similar oligonucleotide containing the codons for the desired mutations.

pCPO0051 was generated by amplifying the plasmid backbone using primers 313-GID11ter_F
and pRS313-GID11pr-HA_R, introducing a Sall cut site and a HA tag. The resulting PCR product
was run on a 1% agarose gel and extracted from a gel. It was then digested using Sall and
religated using T4 ligase (New England Biolabs). The resulting plasmid was digested using Sall
used as the backbone for subsequent cloning of G/ID11 variants.

For single codon mutagenesis, or introduction of mutations affecting only a few codons, the
desired ORF was amplified as two fragments with overlapping primers introducing a
hybridisation site for subsequent NEB HiFi DNA Assembly, as well as the desired mutations.
Deletions were achieved similarly by amplifying the regions flanking the desired deletion site.

Immunoblotting of Whole Cell Yeast extracts

3 ODs cells were harvested by centrifugation at 1000 g for 2 minutes. Whole cell extracts were
prepared by alkaline lysis followed by trichloroacetic acid precipitation (Knop et al. 1999). Cell
pellets were resuspended in 150 pL high urea buffer (8 M urea (Sigma-Aldrich), 5% (w/v) SDS,
200 mM Tris-HCl (Sigma-Aldrich) pH 6.8, 0.1 mM EDTA (Sigma-Aldrich), 0.1% (w/v)
bromophenol blue (Sigma-Aldrich), 1.5% (w/v) DTT) followed by protein denaturation at 65°C
for 15 minutes. After denaturation, the cell extracts were centrifuged at 21100 g for 10
minutes and 10 plL extract were used for subsequent gel electrophoresis.

Gel electrophoresis was carried out via SDS-PAGE (LAEMMLI 1970), followed by Western
Blotting (Renart et al. 1979) onto nitrocellulose membrane. The blotting process was carried
out at 1.3 A, 25 V for 7 minutes using a Trans-Blot® Turbo machine (Bio-Rad). Successful
transfer onto the membrane was confirmed using Ponceau staining (Stochaj et al. 2006).
Depending on the epitope to be detected, the membranes were then probed using mouse
primary antibodies against the HA epitope (dilution 1:2000, clone 12CA5, produced in-house),
the myc epitope (dilution 1:2000, clone 9E10, produced in-house), GFP (dilution 1:2000,
11814460001, Roche), ubiquitin (dilution 1:1000, sc-8017, Santa Cruz Biotechnology) or Pgkl
(dilution 1:1000, 459250, Thermo Fisher Scientific) and goat anti-mouse HRP-conjugated
secondary antibody (dilution 1:5000, G-21040, Thermo Fisher Scientific). All antibody dilutions
were prepared in PBS with 0.1% (v/v) Tween 20 (Carl Roth) and 5% (w/v) milk powder (Carl
Roth) added. Visualization was performed using the SuperSignal West Pico PLUS (Thermo
Fischer Scientific) and a Chemidoc MP system (Bio-Rad).
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Immunoprecipitation of tFT-tagged proteins

For immunoprecipitation of tFT-tagged proteins from cells extracts made from cells grown in
ethanol, first overnight cultures of the strain to be lysed were grown in SC-complete and
allowed to grow to saturation. This saturated culture was then diluted 3000-fold in fresh SC-
complete and allowed to grow for approximately 15 hours, or to an OD600 of approximately
1. The cells were collected by centrifugation at 1000 g for 3 minutes, the supernatant was
discarded, and the cell pellet was washed with an equal volume of sterile water. The cells were
spun down once more at 1000 g for 3 minutes, the supernatant was discarded, and the cells
were resuspended in an equal volume of SC-complete with 2% ethanol as its carbon source.
These cultures were allowed to grow for 6 hours before cell harvesting.

Cell harvest was performed by centrifugation at 1000 g for 3 minutes. The supernatant was
discarded, and the cell pellet was resuspended in 500 pL water and transferred to a 2 mL
microcentrifuge tube. The cells were then spun down at 21100 g for 1 minute and the
supernatant was discarded. The cell pellet was frozen at -80°C until further use.

For cell lysis, 300 pL lysis buffer (25 mM Tris-HCl pH 8, 150 mM sodium chloride (Sigma-
Aldrich), 1 mM EDTA, 0.5% (w/v) sodium deoxycholate (Sigma-Aldrich), 1% (v/v) Triton X-100
(Sigma-Aldrich), 0.1% (w/v) SDS, protease inhibitors (4693159001, Sigma-Aldrich)) were
added to the cell pellet, followed by approximately 200 pL acid-washed glass beads (G8772,
Sigma-Aldrich). The cells were disrupted by vortexing at maximum speed for 30 seconds,
followed by 30 seconds pause at 4°C. This process was carried out eight times in total. The
lysates were clarified by centrifugation at 21100 g for 10 minutes at 4°C. The supernatant was
collected and 25 uL were taken for later immunoblotting.

For immunoprecipitation, 25 pL magnetic anti-GFP nanobody coated agarose bead slurry
(Fridy et al. 2014) (produced in-house) were equilibrated with 500 uL ice-cold lysis buffer. The
beads were pulled down using a DynaMag™-2 (Invitrogen) magnetic tube rack and the
equilibrating buffer was removed. The cleared cell lysates were added to the beads and
incubated for 1 hour at 4°C with end-over-end mixing. After protein binding, the magnetic
beads were pulled down, the remaining lysate was removed, saving 25 plL for immunoblotting,
and the beads were washed four times by resuspending them in 500 uL lysis buffer, followed
by pulling them down. After washing, the beads were resuspended in 60 uL elution buffer (25
mM Tris-HCl pH 8, 1% SDS) and incubated at 90°C for 10 minutes with 1500 rpm shaking.
Afterwards, the beads were spun down at 20000 g for 1 minute at 4°C, followed by pulling
them down with the magnet. The supernatant was taken, 10 pL eluate were used for
immunoblotting to confirm success of the pull-down, and the remaining 50 uL were sent for
mass spectrometry.

Mass spectrometry of whole-cell proteomes

Yeast strains were inoculated in 1 mL SC-complete medium and allowed to grow to saturation
overnight. The next day, the cultures were diluted 3000-fold in 100 mL SC-complete medium
and grown for approximately 15 hours, or until the OD600 of the culture reached
approximately 1. 50 mL of this culture was spun down at 1000 g for 3 minutes. The
supernatant was discarded; the cell pellet was resuspended in 500 pL water and transferred
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to a 2 mL microcentrifuge tube. The supernatant was removed, and the cell pellet was frozen
at -80°C until further use. The remaining 50 mL cell suspension was spun down at 1000 g for
3 minutes. The supernatant was discarded, and the cell pellet was washed with 50 mL sterile
water. The cells were spun down once more at 1000 g for 3 minutes and the water was
discarded. The cells were resuspended in 50 mL SC-complete medium with 2% ethanol as the
carbon source. These cultures were allowed to grow for 24 hours, and 50 ODs cells were
harvested in the same way as the previous culture. The cell pellets were frozen until further
use.

For cell lysis, 300 pL lysis buffer (25 mM Tris-HCI pH 8, 150 mM sodium chloride (Sigma-
Aldrich), 1 mM EDTA, 0.5% (w/v) sodium deoxycholate (Sigma-Aldrich), 1% (v/v) Triton X-100
(Sigma-Aldrich), 0.1% (w/v) SDS, protease inhibitors (4693159001, Sigma-Aldrich)) were
added to the cell pellet, followed by approximately 200 pL acid-washed glass beads (G8772,
Sigma-Aldrich). The cells were disrupted by vortexing at maximum speed for 30 seconds,
followed by 30 seconds pause at 4°C. This process was carried out eight times in total. The
lysates were clarified by centrifugation at 21100 g for 10 minutes at 4°C. The supernatant was
collected, and the concentration was normalized to a concentration of 1 pg/uL before
submitting to mass spectrometry.

Mass spectrometric analysis was performed by the proteomics core facility at IMB Mainz as
described in Kong et al. 2025. Protein samples were separated on a 4-12% NOVEX NuPAGE
gradient SDS gel (Thermo Fisher Scientific) for 10 min at 180 V in 1X MES buffer (Thermo Fisher
Scientific). Proteins were fixed and stained with Coomassie G250 brilliant blue (Carl Roth). The
gel lanes were cut, and each lane was cut into 1x1 mm pieces. Proteins were reduced in
10 mM DTT (Sigma-Aldrich) for 1 h at 56°C and then alkylated with 50 mM iodoacetamide
(Sigma-Aldrich) for 45 min at room temperature. Proteins were digested with mass
spectrometry grade trypsin (Serva) overnight at 37°C. Peptides were extracted from the gel by
two incubations with 30% ABC/acetonitrile and three subsequent incubations with pure
acetonitrile. The acetonitrile was finally evaporated in a concentrator (Eppendorf) and
samples were loaded on StageTips (Rappsilber et al. 2003) for desalting and storage. For mass
spectrometric analysis on the Q Exactive platform, peptides were separated on a 50 cm self-
packed column with a 75 um inner diameter filled with ReproSil-Pur 120 C18-AQ (Dr. Maisch
GmbH) mounted to an EASY HPLC 1000 (Thermo Fisher Scientific) and sprayed online into a Q
Exactive Plus mass spectrometer (Thermo Fisher Scientific). A 94 min gradient from 2% to 40%
acetonitrile in 0.1% formic acid at a flow of 225 nL/min was used. The mass spectrometer was
operated with a top 10 MS/MS data-dependent acquisition scheme per MS full scan.

For mass spectrometric analysis on the Exploris platform, peptides were separated on a 20 cm
self-packed column with a 75 um inner diameter filled with ReproSil-Pur 120 C18-AQ (Dr.
Maisch GmbH) mounted to an EASY HPLC 1200 (Thermo Fisher Scientific) and sprayed online
into an Exploris 480 mass spectrometer (Thermo Fisher Scientific). A gradient from 2% to 40%
acetonitrile in 0.1% formic acid at a flow of 225 nL/min with a duration of 75 min
(immunoprecipitation samples) and 105 min (whole cell proteomes) was used. The mass
spectrometer was operated with a top 15 (immunoprecipitation samples) and top 20 (whole
cell proteomes) MS/MS data-dependent acquisition scheme per MS full scan.
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Mass spectrometry raw data were searched using the Andromeda search (Cox et al. 2011)
integrated into MaxQuant suite 1.6.5.0 and 1.6.10.43 (Cox and Mann 2008) using the UniProt
Saccharomyces cerevisiae database (6649 entries). In all analyses, carbamidomethylation at
cysteine was set as fixed modification while methionine oxidation and protein N-acetylation
were considered as variable modifications. Match between run option was activated. Reverse
hits, proteins only identified by site, protein groups based on one unique peptide, and known
contaminants were removed. The LFQ (label-free quantitation) values were log;-transformed
and the median across replicates was calculated. This enrichment was plotted against -logio-
transformed p-values (Welch t-test).

Mass spectrometry to identify in vivo N-terminal acetylation

Mass spectrometric analysis was performed by the proteomics core facility at IMB Mainz.

In vitro protein acetylation and enzymatic digestion

tFT-tagged immunoprecipitates eluted from the beads were reduced with DTT, followed by
alkylation by iodoacetamide, quenching by DTT, and purification using the SP3 approach
(Hughes et al. 2019). Thereafter, the purified proteins were eluted twice in 50 uL of 3 M
guanidinium chloride, 250 mM MOPS pH 7.9, at 37°C with orbital shaking for 10 min. In vitro
protein acetylation reaction was then initiated by adding D6-acetic anhydride (175641, Sigma-
Aldrich) to 50 mM followed by incubation at 37°C with orbital shaking for 30 min. The reaction
was repeated once. Afterwards, unreacted D6-acetic anhydride was quenched by adding
ammonium bicarbonate buffer. This step also diluted the concentration of guanidinium
chloride to 1 M. Following incubation at 37°C with orbital shaking for 10 min, proteins were
digested by trypsin (2 ug per sample) at 37°C overnight. The resultant peptide solution was
acidified with formic acid and purified by solid phase extraction in C18 StageTips (AttractSPE
Bio - C18, Affinisep) (Rappsilber et al. 2003).

Liquid chromatography tandem mass spectrometry

Peptides were separated via an in-house packed 45 cm analytical column (inner diameter
75 um; ReproSil-Pur 120 C18-AQ 1.9-um silica particles, Dr. Maisch GmbH) on a Vanquish Neo
UHPLC system (Thermo Fisher Scientific). The online reversed-phase chromatography
separation was conducted through a 70 min non-linear gradient of 1.6-32% acetonitrile in
0.1% formic acid at a nanoflow rate of 300 nL/min. The eluted peptides were sprayed directly
by electrospray ionization into an Orbitrap Astral mass spectrometer (Thermo Fisher
Scientific). Mass spectrometry was conducted in data-dependent acquisition mode using a
top50 method with one full scan in the Orbitrap analyzer (scan range 325 to 1300 m/z,
resolution 120000, target value 3x10°, maximum injection time 25 ms) followed by 50
fragment scans in the Astral analyzer via higher energy collision dissociation (HCD; normalized
collision energy 26%, scan range 150 to 2000 m/z, target value 1x10* maximum injection time
10 ms, isolation window 1.4 m/z). Precursor ions of unassigned, +1 or higher than +6 charge
state were rejected. Additionally, precursor ions already isolated for fragmentation were
dynamically excluded for 15 s.
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Mass spectrometry data processing

Mass spectrometry raw data files were processed using MaxQuant software (version 2.1.3.0)
(Cox and Mann 2008). MS/MS mass spectra were searched using Andromeda search engine
(Cox et al. 2011) against a target-decoy database containing the forward and reverse protein
sequences of UniProt Saccharomyces cerevisiae reference proteome (6089 entries, release
2022_03), the N-terminal variants of the Gpm3 protein and a default list of common
contaminants. Trypsin/P specificity was chosen. A maximum of 2 missed cleavages was
tolerated. Cysteine carbamidomethylation was set as fixed modification. Methionine
oxidation, protein N-terminal acetylation, D3-acetylation at lysine, serine, threonine and
tyrosine residues as well as the protein N-terminus were assigned as variable modifications.
Up to 6 modifications per peptide were allowed. The minimum peptide length was set to 7
amino acids. The “second peptides” option was switched on. The “match between runs”
function was turned off. False discovery rate (FDR) was set to 1% at both peptide and protein
levels. To compare the levels with or without in vivo acetylation at the N-terminus of the
reporter protein, all detected N-terminal peptide sequences of the reporter protein were
extracted from the MaxQuant output modificationSpecificPeptides.txt file. Among these
peptide sequences, the ones that contained an N-terminal wild type acetylation modification
were considered as in vivo Nt-acetylation. The remaining ones that were detected with N-
terminal D3-acetylation or no acetylation at the N-terminus were considered as without in
vivo Nt-acetylation. The intensities of these peptides were then summed separately for the
ones with or without in vivo Nt-acetylation.

Fluorescence measurement of tFT-tagged strains

Fluorescence measurements of tFT-tagged strains were carried out as described before (Kong
etal. 2023). Yeast strains were arranged in a 1536-colony format with four biological replicates
per strain to be tested. Each biological replicate was spotted in four technical replicates, with
additionally 8 technical replicates of a non-fluorescent background strain and 4 technical
replicates of a reference strain expressing a stable tFT construct. These arrays were grown for
24 hours at 30°C on SC-complete medium or, if necessary, SC-dropout medium for
maintenance of plasmids, supplemented with 200 mg/L adenine to reduce vyeast
autofluorescence.

Fluorescence measurements were carried out in a microplate reader (Spark, Tecan), equipped
with a monochromator and a custom-fitted temperature control chamber. Fluorescence
intensities were measured as follows: mCherry was measured with an excitation wavelength
of 586 nm with an excitation bandwidth of 10 nm, and an emission wavelength of 612 nm with
an emission bandwidth of 10 nm. sfGFP was measured with an excitation wavelength of 488
nm and an excitation bandwidth of 10 nm, and an emission wavelength of 510 nm with an
emission bandwidth of 10 nm. The optimal gain was automatically determined. For each
sample strain, the background fluorescence of the surrounding background was subtracted,
followed by normalization to the reference strain to account for local fluorescence differences
on the plate. Finally, the mCherry/sfGFP ratio was determined for each cluster of technical
replicates using the normalized fluorescence values.
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Structural modeling using AlphaFold

AlphaFold2 models were retrieved from the AlphaFold Protein Structure Database (Jumper et
al. 2021; Varadi et al. 2024) (https://alphafold.ebi.ac.uk/). Multiple sequence alignments of
Gid11 homologs were generated using Clustal Omega (Sievers and Higgins 2021; Madeira et
al. 2024) and visualized using Jalview (Waterhouse et al. 2009).

For AlphaFold3 modeling (Abramson et al. 2024), the sequences of the proteins to be
modelled were retrieved from the Saccharomyces Genome Database (Engel et al. 2025)
(https://www.yeastgenome.org/). Models were either generated using the online AlphaFold3
server (Abramson et al. 2024) (https://alphafoldserver.com) or or an internal Nextflow-based
pipeline (https://github.com/imbforge/fold2go) using the AlphaFold3 model weights released
by Abramson et al. In general, models were run 20 times each, with the confidence of each
model evaluated using the ipTM and pTM scores provided in the output. The model with the
highest confidence was chosen. If two models received the same confidence score, the first
model to be submitted was chosen arbitrarily.

Visualization of models was done using UCSF ChimeraX 1.8, developed by the Resource for
Biocomputing, Visualization, and Informatics at the University of California, San Francisco,
with support from National Institutes of Health R01-GM129325 and the Office of Cyber
Infrastructure and Computational Biology, National Institute of Allergy and Infectious Diseases
(Goddard et al. 2018; Pettersen et al. 2021; Meng et al. 2023).
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Results

Some of the experiments presented in the following section have been published as a preprint
on bioRxiv (Kong et al. 2025) and will be cited accordingly. Furthermore, certain experiments
were conducted by XXXXXXXXX, XXXXXXXXXXXXXX, XXXXXXXXXXXXXX, or XXXXXXXXXXXXXX,
and are included here to provide context for the results. Specifically, XXXXXXXXXXXXXX
contributed experiments during a six-week International Summer School internship, and
XXXXXXXXXXXXXX during their Bachelor’s thesis project, both under my supervision. These
contributions are credited where appropriate.

Characterization of the Gid11 substrate receptor

The role of Moh1 and Ipfl in GID®!! activity

Moh1 and Ipfl were both shown to interact with the GID complex before (Qiao et al. 2022).
However, as of writing this thesis, their roles in the function of the GID complex are still
unclear. There is, however, the possibility that they are involved in Gid11-dependent turnover
of proteins. This possibility was explored in the following experiments.

To determine whether Moh1 and Ipfl facilitate the turnover of potential GID substrates,
crossing was performed in which strains containing tFT-tagged, previously identified proteins
with GID-dependent turnover were crossed with query strains containing knockout mutations
for either MOH1, IPF1, GID9, and GID5. After crossing, sporulation, and selection for daughter
cells containing both the tFT-tagged substrate and the knockout, stability of the substrates
was measured via the tFT timer (Figure 7).

Knockout of IPF1 did not stabilize any of the substrates, however, it had a slight destabilizing
effect on some substrates like Gopm3-tFT (Kong et al. 2025) or Ssd1-tFT. This is in line with
previously published work on Ipfl which showed Ipfl to sterically inhibit Gid activity for the
GID®4 complex (Qiao et al. 2022). It is possible that Ipfl has a general inhibitory function on
Gid activity.

Knockout of MOH1 did not affect most of the substrates (Kong et al. 2025). Notably, it did
stabilize Ssd1-tFT and YmrO86w-tFt. However, it did not stabilize any of the currently known
Gid11 substrates. Based on this, it appears that Moh1 is not required for activity of the GID®1d11
complex. However, it does raise an interesting possibility in that it might act as a substrate
receptor, or as a new, still unknown recruitment platform for another substrate receptor
involved in the degradation of Ssd1 and/or YmrO86W. Interestingly, this substrate receptor
would likely act in a Gid5 independent, but Gid7 dependent manner. Together with the
previously shown knockout experiments, it could be postulated that one of these potential
substrate receptor proteins is Mhol. However as of now, the function of Mhol is largely
unknown besides a role in the formation of pseudohyphae in yeast strains which are capable
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Figure 7: Stability of potential GID substrates upon knockout of MOH1 and IPF1.

Query strains expressing tFT-tagged potential GID substrates were crossed with strains carrying MOH1 or IPF1 knockout
alleles. After sporulation and selection steps, stability was determined using fluorescence measurements. Error bars indicate
the standard deviation between biological replicates (n=3).

of forming such structures (Schlatter et al. 2012). Further elucidation of the role of Mhol was
deemed outside of the scope of this project and not further pursued. However, it might prove
an interesting beginning point in the search for new substrate receptors in the future.

To further investigate whether overexpression of Moh1 affects GID dependent turnover,
MOH1 and IPF1 were overexpressed from the GPD promoter off a pRS413-based plasmid in
strains expressing tFT-tagged Mdh2, Phm8, Gpm3, or Yor283w (Figure 8A). Overexpression of
MOH]1 did not affect the stability of any of the tested substrates while overexpression of IPF1
led to a stabilization of all tested substrates (Kong et al. 2025). Additionally, overexpression of
MOH1 was carried out against the Gid7-dependent putative substrates Cpal-tFT, Segl-tFT,
Ssd1-tFT, and Ubc8-tFT in wild type and gid94 background, giving the same result as the
previous experiment (Figure 8B). This is consistent with the effects seen in the previous
crossing, as well as the previously mentioned regulatory role of Ipfl for the GID%%* complex
(Qiao et al. 2022), further strengthening the idea that Ipfl has a general inhibitory function on
the GID complex.

Definition of the Gid11 degron

Based on previous work it seemed likely that Gid11 recognized N-terminal threonine residues
(Kong et al. 2021). Beyond that, however, not much is clear about the precise nature of the
degron recognized by Gid11. The following experiments aim to elucidate this further.

25



A tFT fusions
Mdh2 Phm8 Gpm3 Yor283w

ev. [0 é : :
MOH1-OE ¢ T 1
IPF1-OE( i K - L
gid9A e.v. o ! H L= Lk
gid9A MOH1-OE i Lo - Lo
gid9A IPF1-OE K Lo . .
co6 0 1 0 1 0 1
B mCherry/sfGFP
tFT fusions
Cpaf Seg1 Ssd1  Ubc8
ov | : :
MOH1-OE | ¥ ! ! 1
gid9A e.v. ! . ! !
| |

gid9A MOH1-OE

|
O 1 0 1 006 005
mCherry/sfGFP

Figure 8: Overexpression experiments of MOH1 and IPF1

A: Stability, as determined by fluorescence, of tFT-tagged Mdh2, Phm8, Gpm3, and Yor283w upon overexpression of MOH1
or IPF1, both in wild type and gid9A background.

B: Stability, as determined by fluorescence, of tFT-tagged Cpal, Segl, Ssd1, and Ubc8 upon overexpression of MOH1, both in
wild type and gid9A background.

A-B: Error bars indicate standard deviation between biological replicates (n=4). e.v.: Empty vector.

T2A mutants of Gpm3 and Yor283w

If the N-threonine degron is a bona fide degron, then replacement of this threonine should
completely abolish recognition of the substrate by Gid11. To confirm this, using the delitto
perfetto approach, strains were generated in which the N-terminal threonine of Gpm3-tFT or
Yor283w-tFT has been replaced with an alanine (Storici and Resnick 2006). Compared to the
experiments previously carried out by Kong et al., the mutation has been introduced
endogenously, allowing for quantification of protein abundance after the mutation has been
introduced. Gid11l has been shown to be induced upon transition to ethanol medium, and
Gid11 substrates have been shown to accumulate in this condition upon G/ID11 knockout. For
this reason, the glucose to ethanol transition was also chosen for the following immunoblots.
Immunoblots involving Gpm3 were carried out by XXXXXXXXXX. Immunoblotting after shifting
the cells to ethanol showed the degradation of both substrates to be impaired upon
replacement of the N-terminal threonine (Figure 9A) (Kong et al. 2025). Additionally, probing
either against ubiquitin for Gpm3 or myc-tagged, overexpressed ubiquitin in the case of
Yor283w showed their ubiquitination to be impaired as well when the N-terminal threonine
was replaced (Figure 9B) (Kong et al. 2025). This confirms the importance of the N-terminal
threonine for the Gid11-dependent turnover of these two substrates.

Replacement of non-hydrophobic third residue in Gid11 substrates

Notably, five of the ten currently known Gid11 substrates possess a bulky, hydrophobic
residue (isoleucine or valine) in their third position (Figure 10A). The remaining five substrates
either possess an alanine or a basic residue in their third position. Additionally, MPS profiling
experiments carried out by XXXXXXXXXX (Kong et al. 2025) indicated that Gid11 prefers bulky,
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Figure 9: Mutation of N-terminal threonine impairs Gid11-dependent turnover.

A: Immunoblots showing changes in abundance of Gpm3 and Yor283w upon shift from glucose to ethanol medium, as well
as the impact of T2A mutation.

B: Immunoblots showing the impact of T2A mutation on the ubiquitination of Gpm3 and Yor283w.

A-B: Blots involving Gpm3 were made by XXXXXXXXXXXXXX.

hydrophobic residues in the third position. This raised the question of whether it is possible
to improve turnover of apparently suboptimal substrates by replacing their third residue with
bulky hydrophobic ones.

To test this, the third residue of Dbp3, DId3, Lys20, Stf2, or Yor283w was replaced by valine by
XXXXXXXXXXXXXX. These tFT-tagged constructs were expressed from their endogenous
promoter off a pRS313-based plasmid, or from the GPD promoter off a pRS413-based plasmid
for Yor283w and their stability was determined via fluorescence measurements in colonies.

Replacement of the third residue with valine destabilized substrates in tFT measurements,
with the notable exception of Yor283w (Figure 10B) (Kong et al. 2025). Here, the K3V mutant
was stabilized compared to the wild type protein. However, all X3V mutants were still
recognized by Gid11, as indicated by their stabilization upon knockout of Gid11. This
reinforces the preference of Gid11 for bulky, hydrophobic residues in the third position of the
substrate N-terminus.
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Figure 10: Impact of X3V mutations on Gid11 substrates without hydrophobic third residue.

A: N-terminal sequences of Gid11 substrates with confirmed N-threonine degrons. Highlighted are hydrophobic residues in
the third position.

B: Stability, as determined by fluorescence, of tFT-tagged Dbp3, DId3, Ly20, Stf2, and Yor283w upon replacement of their
third residue with valine. Error bars indicate the standard deviation between biological replicates (n=4).

N-terminal processing of the Gid11 degron

Proteins beginning with MT are N-terminally processed. This processing involves the cleavage
of the initiating methionine, followed by potential N-terminal acetylation carried out by NatA
(Li and Chang 1995; Arnesen et al. 2009; Aksnes et al. 2019; Varshavsky 2024). Since these are
also the N-termini recognized by Gid11, it is possible that the degrons recognized by Gid11
also undergo this processing. If they do, however, and if these processing steps are potentially
even required for recognition by Gid11 was unknown at the time.

N-terminal processing by methionine aminopeptidases

As mentioned above, the first step of N-terminal processing in yeast is the cleavage of the
initiating methionine, leaving the N-terminal threonine exposed. This process is carried out by
Map1 and Map2 in yeast (Li and Chang 1995; Varshavsky 2024).

To analyze whether processing by Map1 or Map?2 is required for recognition of N-termini by
Gid11, an SGA was carried out in which MAP1 or MAPZ2 knockout strains were crossed with
strains expression a variety of tFT-tagged GID dependent substrates. After the requisite
selection steps, the mCherry/sfGFP ratio of those cells was measured. Here, it turned out that
knockout of either MAP1 or MAP2 alone did not significantly affect the stability of any of the
measured GID substrates (Figure 11). However, this was not entirely surprising, as Map1 and
Map2 have partially redundant activity, meaning that knockout of one might possibly be
compensated by the other and vice versa and double knockout of both genes is lethal to the
cell (Liand Chang 1995). Nonetheless, this experiment did raise the possibility that N-terminal
cleavage of the initiating methionine is not required. However, it also raised the possibility
that the N-termini of Gid11 substrates are not substrates of Map1 or Map2 at all.

To further clarify and distinguish between these possibilities, a plasmid shuffle experiment
was performed. In this plasmid shuffle experiment the endogenous yeast MetAPs were
replaced with a variant of Map1 bearing a Q365A mutation and the MetAP from Deinococcus
radiodurans, both of which were previously reported to have a vastly diminished affinity for
MT- N-termini (Bonissone et al. 2013; Walker and Bradshaw 1999) (Figure 12A). Thus, we
expected the introduction of these two variants to stabilize Gid11 substrates if the cleavage
of the initiating methionine is required for substrate recognition. The desired MAP1 variants
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Figure 11: Stability of potential GID substrates upon knockout of MAP1 and MAP2.

Query strains expressing tFT-tagged potential GID substrates were crossed with strains carrying MAP1 or MAP2 knockout
alleles. After sporulation and selection steps, stability was determined using fluorescence measurements. Error bars indicate
the standard deviation between biological replicates (n=3).

were introduced on a pRS315-based plasmid into maplAmap2A strains expressing the tFT-
tagged Mdh2, Phm8, Gpm3, or Yor283w. The stability of these proteins was then measured
using fluorescence measurements in colonies. This measurement revealed that none of the
MetAP variants had any significant impact on the stability of any of the measured substrates
(Figure 12B). One possible interpretation of this result is that cleavage of the methionine is
indeed not necessary for recognition of Gid11 dependent degrons. However, it is also possible
that the diminished activity of the Map1 variants used in this experiment is sufficient to cleave
the initiating methionine from N-degrons recognized by Gid11. In this case, no stabilization
would be observed either.

In an orthogonal experiment, XXXXXXXXX capped three Gid11 dependent substrates, Phms,
Gpm3, and Yor283w with an N-terminal ubiquitin (Kong et al. 2025). This ubiquitin is N-
terminally cleaved off, leaving the desired N-terminus (Varshavsky 2005), in this case one
either with or without the initiating methionine. In this experiment, inclusion or exclusion of
the initiating methionine did not show any effect on the turnover of Gidll dependent
substrates, showing that the initiating methionine is not part of the Gid11 degron (Figure 12C).

N-terminal acetylation of the Gid11 degron

After cleavage of the initiating methionine, the N-terminus of Gid11 substrates can further be

processed. In the case of N-terminal threonines, this is mostly done by NatA (Polevoda and

Sherman 2001; Arnesen et al. 2009; Aksnes et al. 2019). However, it was still unclear whether

N-terminal acetylation was required, possible, or counterproductive to recognition of N-

terminal degrons by Gid1l1. For this purpose, XXXXXXXXXXXXXX attempted to knock out
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Figure 12: N-terminal processing of GID substrates by methionine aminopeptidases.

A: Schematic representation of the final strains obtained by plasmid shuffle. D.rad: Deinococcus radiodurans
B: Stability, as determined by fluorescence measurements, of GID dependent substrates upon complementation of MAP1

MAP2 double knockout with MAP1 variants.

C: Stability, as determined by fluorescence measurements, of Gid11 dependent substrates upon generation of N-termini with
or without the initiating methionine using the ubiquitin fusion technique. Experiment carried out by XXXXXXXXXXXXXX.

B-C: Error bars indicate the standard deviation between biological replicates (n=4).

NAA10. However, these cells showed a strong growth defect. Fluorescence measurement of
Gid11 substrates in these cells showed stabilization of proteins with Gid1l dependent
turnover. However, immunoblotting of HA-Gid11 upon switching growth medium to SC-
ethanol showed that knockout of NAA10 led to strong expression of HA-Gid11 even prior to
the switch from glucose to ethanol medium (Figure 13A). This led us to believe that knockout
of any NatA components leads to a general dysregulation of Gid11, rather than affecting
recognition of its substrates directly, in line with the currently known phenotypes caused by
NAA10 knockout (Whiteway and Szostak 1985; Polevoda et al. 1999; Gautschi et al. 2003;

Deutschbauer et al. 2005; Kats et al. 2022).
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Figure 13: Involvement of NatA in Gid11-dependent turnover

A: Immunoblot probing against HA-tagged Gid11 in wild type or naa10A mutants upon shift from glucose to ethanol
medium.

B: In vivo acetylation percentages of immunoprecipitated Gpm3-tFT V3X variants, as determined by mass spectrometry.
Experiment carried out in collaboration with XXXXXXXXXXXXXX and the IMB Proteomics Core Facility.

C: Model of N-terminal processing of MTX-N-termini.

To approach the question of N-terminal acetylation of Gid11 substrates from a different angle,
we measured acetylation levels of Gpm3-tFT upon introduction of different residues in the
third position of the N-terminus. For this reason, XXXXXXXXXXXXXX and | immunoprecipitated
Gpm3-tFT V3X variants and submitted them to mass spectrometry to identify the extent to
which these constructs are N-terminally acetylated. After in vitro acetylation with deuterated
acetic anhydride, the proteins were analyzed by mass spectrometry (Figure 13B). This showed
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Figure 14: Impact of N-terminal capping on Gid11-dependent turnover.

A: Stability, as determined by fluorescence measurements, of tFT-tagged Phm8 or Gom3 upon N-terminal capping. Error
bars indicate the standard deviation between biological replicates (n=4).

B: Immunoprecipitation followed by mass spectrometry shows MDMT-Gpm3-tFT strains to contain a large population of
wild type Gpm3-tFT. r: biological replicate number.

that N-termini containing either hydrophobic or basic residues in the third position were
generally not acetylated in vivo. In contrast to that, an acidic or polar residue in the third
position of the N-terminus appeared to promote N-terminal acetylation of Gpm3 (Kong et al.
2025). Considering that all currently known Gid11 substrates either contain a hydrophobic or
basic residue in the third position, it appears that Gid11l substrates specifically avoid N-
terminal acetylation due to their sequence context (Figure 13C). This is consistent with data
by the Arnesen lab, who found a similar pattern in the context of the Arg/N-degron pathway
involving cysteine oxidation by ADO1 in human cells (Heathcote et al. 2024).

N-terminal capping of Gid11 substrates

To determine if degrons recognized by Gid11 are required to be at the extreme N-terminus,
the N-terminus of two Gid11l dependent substrates, Phm8 and Gpm3, was capped with a
methionine, followed by threonine (MT), aspartate (MD), or leucine (ML). Furthermore, the
original initiation methionine was either included or excluded in the capping. These residues
for capping were chosen, as the MT-terminus mimics the original N-terminus of Phm8 and
Gpm3 and thus, can potentially undergo cleavage of the initiating methionine, followed by N-
terminal acetylation by NatA. In contrast, the MD- and ML- N-termini typically do not undergo
cleavage of the initiating methionine. However, they are substrates of NatB and NatC,
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respectively (Polevoda and Sherman 2001; van Damme et al. 2012; Aksnes et al. 2019). If
degrons recognized by Gidll are indeed at the extreme N-terminus, this should lead to
stabilization of these substrates and abolishment of the Gid11 dependence of their turnover.

In general, capping of both Phm8 and Gpm3 largely abolished their degradation (Figure
14A)(Kong et al. 2025). Furthermore, the capped variants were not further stabilized by
knockout of either GID9 or GID11, indicating that they are not recognized by Gid11 anymore.
Notably, there were three exceptions to this: Both MTMT-Gpm3-tFT and MTMT-Phm8-tFT
were turned over in a Gid11-dependent manner, albeit less efficiently. The same appeared to
be true for MDMT-Gpm3. For the MTMT variants of Phm8 and Gpm3 we recognized that the
second methionine of the MTM-N-terminus might be hydrophobic enough to allow
recognition by Gid11, explaining their slight turnover by Gidll. However, this could not
explain the turnover of MDMT-Gpm3. To further investigate possible reasons for its turnover,
MDMT-Gpm3-tFT  was  immunoprecipitated using anti-GFP  antibodies. = The
immunoprecipitated MDMT-Gpm3-tFT was submitted for mass-spectrometry to investigate
the precise N-termini of this construct present in the cell. Analysis of the N-terminus of
submitted MDMT-Gpm3 revealed a subpopulation of wild type Gpm3 (Figure 14B) (Kong et al.
2025). As this would be turned over as normal, and since the tFT timer does not distinguish
between the wild type and capped variants, this explains the apparent phenotype.

Structural basis for Gid11 activity

Role of Gid11 IDRs in activity

Overall, Gid11 possesses five IDRs (Figure 15A, B) (Kong et al. 2025), with the largest spanning
approximately 150 amino acids. It was hypothesized that these IDRs render purification efforts
of Gid11 difficult, leading to aggregation and precipitation of the protein. Thus, the question
was raised whether it is possible to remove these IDRs, and if the resulting protein would still
be functional. For this purpose, five variants of Gid11l were generated by XXXXXXXXXXXXXX,
referred to as IDR1A to IDR5A, respectively. Notably, deletion of any of the IDRs, apart from
the IDR3A did not appear to affect turnover of Phm8-tFT or Cpal-tFT (Figure 15C) (Kong et al.
2025). Even more strikingly, a variant of Gid11 lacking all IDRs expect for the third one, was
still functional, albeit at a slightly lower level than the wild type variant (Figure 15C) (Kong et
al. 2025).

To show that the IDR deletion variants can bind to the GID complex, and to rule out misfolding
of the nonfunctional IDR3A variant by extension, the ability of all variants to stabilize Hsm3
was tested. This is based on the same assumptions as the overexpression assay described
above. Notably, the ability of the tested variants to stabilize Hsm3 did not appear to correlate
with the ability to turn over Phm8. In particular, the IDR5A variant and the variant lacking four
IDRs stabilized Hsm3-tFT only to a very slight extent, same as the IDR3A variant (Figure 15D)
(Kong et al. 2025).

To test if the difference in activity of the IDR deletion variants correlates with their abundance
in the cell, immunoblotting was performed, six hours after shifting cells expressing the variants
to medium containing ethanol as the primary carbon source. However, the signal detected in
the immunoblots did not appear to correlate with the activity levels seen in the fluorescence
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Figure 15: Investigation of the impact of deletion of IDRs on Gid11 activity.
A: AlphaFold3 (Abramson et al. 2024) model of Gid11, with IDRs highlighted. Colored by pLDDT score.
B: Cartoon showing which regions of Gid11 were deleted, based on AlphaFold3 (Abramson et al. 2024) and IUPred (Erdds et

al. 2021) predictions.

C: Stability, as determined by fluorescence measurements, of tFT-tagged Phm8 and Cpal upon deletion of Gid11 IDRs.
D: Stability, as determined by fluorescence measurements, of tFT-tagged of Hsm3 upon overexpression of Gid11 IDR deletion

variants.

E: Immunoblot to determine abundance of Gid11 IDR deletion variants upon 6 hour shift to ethanol medium. *: Unspecific

band

F: Sequence of Gid11 IDR 3 and surrounding areas. Areas predicted to form f3-sheets by AlphaFold3 (Abramson et al. 2024)

are highlighted in blue. Regions deleted in G and H are highlighted.

G: Stability, as determined by fluorescence measurements, of tFT-tagged Phm8 and Cpal upon deletion of certain sections

of IDR3 or replacement with a GGS linker.

H: Stability, as determined by fluorescence measurements, of tFT-tagged Hsm3 upon overexpression of various IDR3

variants.

measurements (Figure 15E) (Kong et al. 2025). Strikingly, the variant containing only the third
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Figure 16: Defining the binding pocket of Gid11.

A: AlphaFold3 (Abramson et al. 2024) prediction of Gid11 structure together with the TVTD peptide representing the Gpm3
N-terminus. Middle image shows surface charges of the predicted binding interface, and the right image highlights predicted
amino acid contacts (<4 angstroms).

B: Stability, as determined by fluorescence measurements, of tFT-tagged Phm8 and BIm10 upon mutation of Gid11 residues
previously predicted by AlphaFold3 (Abramson et al. 2024) to form contacts with degron N-termini. Error bars indicate the
standard deviation between biological replicates (n=4)

IDR could not be detected in the immunoblot, presumably due to low abundance, yet it is seen
as functional in the fluorescence measurements.

As the third IDR is located between two parts of a R-strand, we suspected that its deletion
might lead to misfolding of Gid11. Thus, to provide a flexible linker without any possible critical
residues, we generated a mutant in which the third IDR was replaced with a GGS linker of
equal length. However, this mutant was also non-functional in fluorescence measurements
(Figure 15G) (Kong et al. 2025).

Strikingly, when performing multiple sequence alignments of Gid11, the third IDR is only
conserved in Gid11 homologs previously identified to be able to complement knockout of
GID11 against Phm8-tFT. Based on these alighments, shorter truncations of the third IDR were
performed (Figure 15F). Interestingly, deletion of the region spanning asparagine 308 to
leucine 327 still yielded a non-functional protein (Figure 15G). However, deletion of proline
310 to arginine 321 yielded a functional protein and was able to slightly stabilize Hsm3 upon
overexpression (Figure 15H). This narrows down the residues responsible for activity against
Phm8 to be either in the region spanning residues 308-309 or residues 322-327.

Prediction of residues critical for Gid11 activity using AlphaFold3

As Gid11 currently cannot be purified, that rules out techniques such as crystallography, Cryo-
ER, or NMR to resolve its structure. However, due to advances in protein structure modelling
with AlphaFold2 (Jumper et al. 2021) and more recently AlphaFold3 (Abramson et al. 2024),
we decided to use these tools to model binding of threonine N-degrons to Gid11 (Figure 16A).
This revealed a negatively charged pocket on the surface of Gid11. Furthermore, AlphaFold3
predicts the negatively charged a-amino group of the N-terminal threonine to be coordinated
with this pocket. Consistent with this, when carrying out the modeling with N-terminally
acetylated peptides, the confidence of the model is consistently lower, and the position of the
acetylated peptide is slightly changed, even though AlphaFold3 still places the acetylated
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Figure 17: Investigating Gid11-dependent degradation of Cpal.

A: Stability, as determined by fluorescence measurements, of tFT-tagged Cpal upon knockout of various GID components.
B: Spotting assay to confirm synthetic lethality of knockout of CPA1 or CPA2 together with CAN1, as well as functionality of
tFT-tagged Cpal and Cpa2. Left: YPD, right: SC-complete.

C: N-terminus of Cpal, highlighting the amino acid residues mutated in the T->S mutant.

D: Stability, as determined by fluorescence measurements, of tFT-tagged Cpal upon mutation of threonine residues in its N-
terminus.

E: Stability, as determined by fluorescence measurements, of tFT-tagged Cpal upon knockout of currently known Gid11
substrates in a gid9A background.

A,D,E: Error bars indicate standard deviation between biological replicates (n=4)

peptides roughly in the same pocket. Searching for contacts between the N-terminal degron
and residues within Gid11 showed histidine 45, tryptophane 46, glutamine 47, leucine 48,
isoleucine 221, glutamines 223, 242, and 270, glutamate 286, and phenylalanine 347 as
potential interacting residues. Mutation of these residues, carried out by XXXXXXXXXXXXXX,
confirmed all of these residues with the exception of phenylalanine 347 to be involved in the
recognition and subsequent degradation of Phm8 (Figure 16B) (Kong et al. 2025).

Non-canonical putative Gid11 substrates

Among the previously identified potential Gid11 dependent substrates, Cpal and BIm10 are
special in that Cpal does not bear a N-terminal threonine and the N-terminal threonine of
BIm10 has been shown to not be required for its Gid11 dependent turnover (Kong et al. 2021).
Nonetheless, knockout of GID11 leads to a marked stabilization of these proteins, shown both
in previous proteomic experiments, and in the tFT fluorescence assay (Kong et al. 2025).
Strikingly, Cpal is also currently the only protein known whose turnover depends both on
Gid11 and Gid7 (Figure 17A).

Performing knockout experiments with Cpal and its complex partner Cpa2 (Thoden et al.

1999) showed to our surprise that the resulting strains were unable to grow on SC-complete

medium. However, the strains expressing tFT-tagged substrates usually used in our
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Figure 18: Search for further proteins with Gid11 and Gid7 dependent turnover.

A: Whole proteome mass spectrometry data of gid7A or WT cells upon shift to ethanol medium for 24 hours. An abundance
change of 20% and a g-value of 0.1 were chosen as cut-offs.

B: Stability, as determined by fluorescence measurements, of tFT-tagged Cpal upon knockout of proteins identified to have
Gid11 and Gid7-dependent turnover upon cross-referencing the data with A with data obtained by XXXXXXXXXXXXXX in
gid11A cells. Error bars indicate the standard deviation between biological replicates (n=4).

experiments are derived from yMaM330, a strain which contains a variety of markers required
for crossing experiments. Among these, a CAN1 knockout in this strain stood out, as Canl is
responsible for arginine uptake (Broach et al. 1979). As the complex of Cpal and Cpa2 is
involved in the synthesis of arginine (Price et al. 1978; Thoden et al. 1999), we hypothesized
that the double knockout of CPA1 or CPA2 together with knockout of CAN1 impairs the
arginine metabolism in yeast to a point where growth on a chemically defined medium would
not be possible anymore. To test this, a spotting assay was performed, in which single
knockout as well as double knockouts of CPA1 or CPA2 and CAN1 were grown on YPD as well
as SC-complete medium (Figure 17B). Assuming our hypothesis about the synthetic lethality
of these genes was true, we also saw this as an opportunity to show that Cpal-tFT and Cpa2-
tFT were functional. For this reason, CPA1 and CPA2 were tFT-tagged in a BY4741 canlA strain
and spotted as well (Figure 17B). All tested strains grew unimpaired on YPD medium. On SC-
complete medium, however, the cpalAcanlA and cpa2AcanlA strains were unable to grow
at all, showing that double knockout of either CPA1 or CPA2 together with CAN1 is indeed
synthetically lethal on SC-medium. Notably, the strains in which either Cpal or Cpa2 is tFT-
tagged grew unimpaired in a can1A background, demonstrating that Cpal-tFT and Cpa2-tFT
are functional.

To understand whether one of the threonine residues within the N-terminus of Cpal is
required for its Gid11 dependent turnover, for example after being exposed by proteolytic
cleavage, a variant of Cpal was created in which all threonine residues within the first 50
amino acids of Cpal were replaced with serine (Figure 17C). However, this replacement did
not significantly affect stability of Cpal, and possibly even slightly destabilized it (Figure 17D).
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Furthermore, the turnover of this Cpal variant was still dependent on both Gid9 and Gid11,
indicating that its recognition by the GID complex had not been affected.

Next, to rule out that stabilization of Cpal upon knockout of GID11 is an indirect effect caused
by the stabilization of another Gid11 dependent substrate, an experiment was carried out in
which the stability of Cpal-tFt was measured in a gid9A background, with additional knockout
of the currently known Gid11 dependent substrates. The logic behind this experiment was
that if stabilization of a Gid11 dependent substrate leads to stabilization of Cpal, then its
knockout should reverse the phenotype caused by knockout of GID9. However, additional
knockout of any of the currently known potential Gid11 substrates on top of knockout of GID9
did not destabilize Cpal, ruling out that at least stabilization of these proteins leads to a
decrease in Cpal turnover (Figure 17E).

As mentioned before, Cpal is currently the only known potential Gid11 substrate which also
depends on Gid7 for its turnover. Thus, it was hypothesized that any potential factor which
destabilizes Cpal upon its turnover would exhibit Gid7 and Gid11 dependent turnover upon
shift to ethanol. As a proteomics data set of the yeast proteome in ethanol medium upon
knockout of GID11 already existed, whole proteome proteomics were carried out for gid7A
cells after a 24-hour shift to SC-complete medium containing 2% ethanol (Figure 18A). This
dataset was cross-referenced with the already existent G/ID11 knockout dataset, using a 20%
increase in protein abundance upon knockout of either GID11 or GID7 and a g-value of 0.1 as
cut-offs. Using these parameters, ten proteins were found to be enriched in both datasets,
aside from Cpal itself. These proteins are: Snol, Pdc2, Durl,2, Gis1, Idil, Syf1, Flc1, Zps1, Tafl,
and Gdh1. Interestingly, Kong et al. showed in 2021 that Snol is stabilized upon knockout of
UBC8 and that Durl,2 is stabilized upon knockout of GID2 or UBC8. However, that work also
showed Gdh1 to be destabilized upon knockout of GID2. Notably, the N-termini of Durl,2 and
Idi1 are broadly in line with the currently known target specificity of Gid11. However, out of
this dataset, ID/1, SYF1, and TAF1 are essential genes, making knockout impossible. However,
temperature-sensitive mutants are available for them (Forster et al. 2022; Li et al. 2011;
Stirling et al. 2011), possibly allowing to investigate their potential role in Cpal-turnover this
way. For the remaining proteins found in this dataset, the same experiment as before was
carried out, investigating whether their knockout can rescue the phenotype seen in a gid9A
mutant. However, for none of the investigated genes, their knockout led to a rescue of Cpal
turnover (Figure 18B), meaning none of them are likely to be factors to be involved in the
stabilization of Cpal-tFt upon knockout of GID components. According to the literature, it
should be possible to C-terminally tag all of the proteins found in this experiment (Gameiro et
al. 2025), meaning that tFT-based stability measurements should be possible with them to
verify the results found in the proteomic analysis.

Cpal usually exists in a complex with Cpa2, which carries an N-terminal threonine. Thus, a
possible hypothesis to explain the dependence of its turnover on Gid11 is that the N-terminus
of Cpa2 is recognized by Gid11, leading to subsequent ubiquitination of Cpal. While this kind
of mechanism has been hypothesized before, it has not been proven to exist in living cells, yet.
Alphafold3 (Abramson et al. 2024) predictions of the Cpal-Cpa2 complex predict the Cpa2 N-
terminus to be exposed, lending credibility to this idea (Figure 19A).
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Figure 19: Cpal turnover does not depend on Cpa2’s N-terminal threonine.

A: AlphaFold2 (Jumper et al. 2021) model of the Cpal (red)-Cpa2 (cyan) complex. The Cpa2 N-terminus is highlighted in
yellow.

B: Stability, as determined by fluorescence measurements, of tFT-tagged Cpal upon knockout of CPA2 in WT or gid9A
background.

C: Stability, as determined by fluorescence measurements, of tFT-tagged Cpal upon endogenous overexpression of CPA1 in
WT or gid9A background.

D: Stability, as determined by fluorescence measurements, of tFT-tagged Mdh2, Gom3, or Phm8 upon knockout of CPA2
E: Stability, as determined by fluorescence measurements, of tFT-tagged Cpal upon endogenous mutation of the Cpa2 N-
terminal threonine.

F: Stability, as determined by fluorescence measurements, of tFT-tagged Cpal upon complementation of CPA2 knockout
with endogenously expressed CPA2 variants.

B-F: Error bars indicate the standard deviation between biological replicates (n=4).

After confirming the synthetic lethality of the CPAI or CPA2 double knockout with CAN1 and
verifying the functionality of tFT-tagged Cpal and Cpa2, the stability of Cpal-tFT under Cpa2-
knockout was measured. Consistent with the hypothesis, knockout of CPA2 led to a
stabilization of Cpal-tFT to the same extent as knockout of GID9 (Figure 19B). Furthermore,
knocking out both CPA2 and GI/D9 did not produce an additive effect in stabilization, making
it appear as if they stabilize Cpal-tFT through the same pathway. Furthermore, overexpressed
Cpal-tFT becomes stable and is only stabilized to a minor extent upon knockout of GID9
(Figure 19C), consistent with the idea that it requires binding partner or complex partner for
degradation, which would be saturated upon overexpression of CPAI.

To rule out that knockout of CPA2 stabilizes GID-substrates in general, the stability of Mdh2-
tFt, Gpm3-tFT, and Phm8-tFT was determined in CPA2 knockout strains. Knockout of CPA2
generally did not affect GID-substrates, leading only to minor stabilization of Gpm3-tFT (Figure
19D). Thus, it can be ruled out that knockout of CPA2 generally stabilizes GID substrates.

To prove that the N-terminal threonine of Cpa2 is required for turnover for Cpal-tFT, two
experiments were conducted in which the N-terminal threonine of Cpa2 was replaced with
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Figure 20: Potential mechanisms for recognition of BIm10 by Gid11.

A: Stability, as determined by fluorescence measurements, of tFT-tagged BIm10 upon deletion of Gid11 IDRs.

B: AlphaFold3 (Abramson et al. 2024) model of BIm10 (red) to Gid11 (blue). Gid11 IDR5 is highlighted in yellow.

C: PAE matrix of the model in B.

D: Stability, as determined by fluorescence measurements, of tFT-tagged BIm10 upon mutation of Gid11 residues previously
predicted by AlphaFold3 (Abramson et al. 2024) to form contacts with degron N-termini.

A,D: Error bars indicate the standard deviation between biological replicates (n=4).

alanine, serine, glycine, or proline. In the first experiment, the N-terminal mutations were
introduced endogenously into the CPA2 locus. In the second experiment, the ability of these
variants to complement a knockout of CPA2 if expressed from a plasmid was evaluated.
However, replacement of the N-terminal threonine endogenously did not affect Cpal-tFT
stability, and all variants were able to complement CPA2 knockout (Figure 19E,F). Thus, it can
be concluded that, if Cpa2 truly plays a role in the degradation of Cpal-tFt, this is not due to
its N-terminal threonine. Furthermore, it is possible that the observed stabilization of Cpal-
tft upon knockout of CPA2 is not due to impairment of recognition by the GID complex, but
due to general upregulation of Cpal due to an impairment in arginine synthesis.
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Figure 21: Adapting the Ubiquiton system to detect interactions between E3 ligases and substrates.

A: Cartoon representation of the approach: A component of the UPS, in this case Ubc8 is N-terminally tagged with the N-
terminal ubiquitin fragment, as well as Cuel. A potential substrate or interactor of the UPS component is then tagged with
the tFT-tag, followed by the C-terminal ubiquitin fragment. Interaction between the UPS component and the potential
substrate allows the ubiquitin fragments to reassemble and serve as a chain elongation site for Cuel, targeting the
substrate for degradation.

B: First proof-of-concept experiment, showing the stability, as determined by fluorescence, of Cpal, Cpa2, Gid9, Phm8, and
Gpm3 tagged with the tFT-tag followed by the C-terminal ubiquitin fragment upon expression of Ubc8 N-terminally tagged
with the N-terminal ubiquitin fragment and Cuel. Error bars indicate the standard deviation between biological replicates
(n=4).

In contrast to Cpal, BIm10 bears a N-terminal threonine. However, replacement of the
threonine with either an alanine or a glycine residue does not appear to affect its turnover by
Gid11 (Kong et al. 2021). Interestingly, during the experiments with the Gid11 IDR deletion
mutants, deletion of loop 5 abolished turnover of BIm10 by Gid11 (Figure 20A). At this point,
BIm10 is the only known protein to be affected by deletion of loop 5 of Gid11. Alphafold3
modeling (Abramson et al. 2024) of BIm10 with Gid11 predicted loop 5 of Gid11 to be nestled
deep within the central cavity of BIm10, possibly explaining the recognition of BIm10 by Gid11
via loop 5 (Figure 20B,C). Notably, structural predictions of Gid11 in complex with other GID
components, such as those in Kong et al. 2025 predict loop 5 of Gid11 to be relatively exposed,
making it feasible that loop 5 serves a function in binding potential substrates such as BIm10.

Interestingly, when mutating the residues shown to be part of the Phm8 binding pocket
earlier, it does not affect turnover of BIm10 (Figure 20D), as shown by XXXXXXXXXXXXXX (Kong
et al. 2025).

It is yet unknown whether Cpal and BIm10 are bona fide substrates of the GID®11-complex.
To verify this interaction, multiple approaches could be employed. While the simplest one
would be to perform a pull-down of Gidl1l and attempt to identify these substrates, we
elected to attempt to adapt the Ubiquiton system (Renz et al. 2024) by combining it with the
tFT-tag commonly used in our laboratory. The reasoning was that, if feasible, this system could
later be used to “reprogram” E3 ligases or E2 conjugating enzymes normally not involved in
protein degradation, with the protein stability readout provided by the tFT tag being a simple
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Figure 22: Functional conservation of Gid11 activity.

A: AlphaFold3 (Abramson et al. 2024) models of Gid11 and its homologs from different yeast species, colored by pLDDT
score.

B: Stability, as determined by fluorescence measurements, of tFT-tagged Phm8 and Cpal upon complementation of GID11
knockout with Gid11 variants from different yeast species. Error bars indicate the standard deviation between biological
replicates (n=4)

readout to use in a high-throughput manner (Figure 21A). In a first proof of concept
experiment, a catalytically inactive variant of Ubc8, the C85K mutation, was N-terminally fused
with Cuel, an E3 ligase creating K48-linked ubiquitin chains, as well as the N-terminal ubiquitin
fragment. This construct was expressed from a pRS413-based plasmid off the GPD promoter,
with simultaneous overexpression of Ubc7, the E2 conjugating enzyme associated with Cuel,
from the same plasmid. Cpal, Cpa2, Gid9, Phm8, and Gpm3 were endogenously tagged with
the tFT timer followed either by the C-terminal ubiquitin fragment or a K48R variant which is
unable to form K48-linked chains. Fluorescence measurements of these strains showed that
neither of the tested substrates were destabilized upon expression of the NUb-Cuel-Ubc8
construct (Figure 21B). Even though this first experiment was unsuccessful, more
optimizations can be done to potentially make it functional. However, these optimizations
were deemed outside the scope of this project. Nonetheless, the question remains whether
Cpal and BIm10 are bona fide substrates of Gid11. Further approaches that could verify such
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an interaction would include proximity-based labeling techniques such as Ub-POD
(Mukhopadhyay et al. 2024), in which the E3 of interest, in this case a subunit of the GID
complex, is tagged with BirA, which then biotinylates any proteins in the vicinity.

Conservation of Gid11 activity

Gid11 is conserved across different species of yeast all the way to Schizosaccharomyces
pombe. However, with increasing evolutionary distance from S. cerevisiae, structure
predictions of Gidll homologs (Abramson et al. 2024) showed these proteins to be
increasingly compact (Figure 22A, Figure S 1), with fewer intrinsically disordered regions
(IDRs). This raised the question whether these homologs would still be able to recognize Gid11
substrates in S. cerevisiae. For this purpose, a suite of plasmids was created by XXXXXXXXX,
encoding different homologs of Gid11 (Figure 22B). Against these homologs, one canonical
Gid11 substrate, Phm8, and one putative substrate, Cpal, were measured. For Phm8, all Gid11
homologs stemming from members of the Saccharomycetaceae family were able to
complement knockout of GID11. Interestingly, when measuring activity of these Gidl1l
homologs against Cpal, only the homolog from Saccharomyces paradoxus, which differs from
Saccharomyces cerevisiae Gid11 only in a few amino acids, was able to complement knockout
of GID11. This demonstrates a separation of function, as recognition of Phm8 must be taken
over by regions conserved in Gidll homologs from Vanderwaltozyma polyspora or
Eremothecium gossypii. In contrast, turnover of Cpal must depend on a region only conserved
in Gid11 homologs very closely related to the one from Saccharomyces cerevisiae.

Replacement of Gid components with human homologs

Since the GID complex is conserved through all eukaryotes (Maitland et al. 2022), the question
arose whether the human homologs of components of the GID complex are still functional in
yeast. Especially concerning the search for new GID/CTLH-substrate receptors, being able to
screen for their function in yeast might prove a useful tool. To investigate this, in a first
exploratory experiment, human GID4 was expressed from the GPD promoter from a pRS413-
based plasmid in cells expressing tFT-tagged Hsm3, Mdh2, or Phm8. However, in none of these
strains, expression of human GID4 led to a stabilization of the substrates, or a potential
destabilization in the case of Mdh2-tFT (Figure 23A). However, this could have happened for
a variety of reasons. Human Gid4 still possesses the C-terminal motif required for binding to
Gid5. Thus, a potential explanation is that the C-terminus of human Gid4 is positioned in such
a way that binding to Gid5, and the rest of the complex, is sterically disfavored. Alternatively,
expression of human GID4 in yeast cells might lead to misfolding of the resulting protein.
Despite the initial negative result, the choice was made to continue this line of experiments
as a bachelor’s project carried out by XXXXXXXXXXXXXX (Haschke 2023). She generated
plasmids which allowed for the expression of yeast GID4 with the last ten or twelve amino
acids of the resulting protein replaced with their human counterpart. Alternatively, she also
generated plasmids from which human GID4 could be expressed with the last ten or fifteen
amino acids of the resulting protein replaced with their human counterpart. Notably,
replacement of the yeast C-terminus with the human C-terminus still allowed for binding of
Gid4 to the Gid complex, while the replacement of the human C-terminus did not rescue
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Figure 23: Conservation of GID functionality from human to yeast.

A: Stability, as determined by fluorescence measurements, of tFT-tagged Phm8, Mdh2, or Hsm3 upon overexpression of
GID4, GID10, and GID11 or additional expression of human GID4.

B: Stability, as determined by fluorescence measurements, of tFT-tagged Cpal upon replacement of yeast GID components
with their respective human homologs.

A-B: Error bars indicate the standard deviation between biological replicates (n=4)

function. While this did not shed any light on whether the non-functionality of human Gid4 is
due to steric reasons or misfolding, it did show that the human Gid4 C-terminus is capable of
binding to Gid5.

As an extension of this experiment, the question was raised whether further human homologs
of GID components can complement a knockout of their yeast counterparts. For that purpose,
over the course of a Bachelor project carried out by XXXXXXXXXXXXXX, pRS413-based plasmids
were generated, in which homologs of GID components were expressed from the GPD
promoter. The homologs selected were as follows: RMND5A and RMND5B for GID2, ARMC8
for GID5, WDR26 for GID7, human GID8 for GID8, and MAEA for GID9. Muskelin was not
chosen for GID7, because its status as a homolog was not certain at the time. Cpal-tFt was
chosen as a model substrate for this experiment, because its turnover is dependent on all GID
components tested in this experiment. Complementation of the knockout of the
corresponding GID components showed that complementation with WDR26 was able to
rescue the phenotype of GID7 knockout, showing that it is indeed functional in yeast (Figure
23B). The other human Gid homologs were unable to complement the knockout of their
corresponding yeast homolog. While there are numerous possible reasons for that, the most
likely reason is that over the evolutionary timespan between the yeast and human homologs,
the binding surfaces changed enough that most human GID homologs are not able to interact
with their yeast counterparts anymore or, if they do, they are unable to coordinate the
remaining components into the assembly required for function. Of course, misfolding or a
deficiency in expression of these proteins cannot be ruled out either. However, due to a lack
of antibodies available for these proteins, their expression could not be quantified.
Furthermore, it must be noted that complementation with yeast GID5 and GID8 failed as well,
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potentially due to expression from the GPD promoter, which might lead to misregulation of
their expression.

Search for new GID substrate receptors

Currently, there are three known substrate receptors for the GID complex in yeast: Gid4,
Gid10, and Gid11 (Varshavsky 2024). However, there are a variety of proteins for which
XXXXXXXXXXXXXX could show that turnover depends on the GID complex, but which currently
do not possess a known substrate receptor. These proteins are: Aro10, Hsm3, Lys21, Mcm7,
Segl, Ssd1l, Tmcl, and Ydr222W. All these show stabilization upon knockout of core
components of the GID complex (Figure 6B), but not upon knockout of either GID4, GID10, or
GID11 (Figure 6A). For that reason, it is very likely that they are recognized through a currently
unknown substrate receptor.

Out of the aforementioned potential substrates, the degradation of Hsm3, Lys21, and Mcm7
also depends on Gid5 (Figure 6B), with the role of Gid5 for Ydr222w turnover seemingly
changing based on the growth conditions of the cells. In colonies or under growth in medium
containing ethanol, Gid5 does not appear to be required for the turnover for Ydr222w.
However, in liquid medium containing glucose, its degradation seems to be Gid5-dependent
(Figure 6C). The turnover of Aro10, Seg1, and Ssd1 on the other hand appears to be completely
independent of Gid5 and instead depends on Gid7 (Figure 6B). How these substrates engage
the GID complex is currently completely unknown. However, it has been shown in human cells
that WDR26, the homolog of Gid7 can act as a substrate receptor as well, making it possible
that it serves a similar role, potentially involving further Gid7-dependent substrate receptors,
in yeast (Gottemukkala et al. 2024).

Manual verification of previous genome-wide knockout screens

The most straightforward way to search for factors involved in the degradation of a protein in
yeast is to perform a genome-wide knockout screen. For this purpose, XXXXXXXXXXXXXX
selected Hsm3, Mcm7, Ssd1, and Ydr222w as potential GID substrates to be investigated
further. He then introduced the tFT-tagged genes for these proteins into the knockout library
by crossing, followed by stability measurement via fluorescence.

In this previous knockout screen he identified the following proteins as potential new
substrate receptors: Nit3, YIr365w, YIrd07w, Ydr344c, Rcrl, Bem4, Ubp1l5, Irc13, Bub3, and
Ygl149w for Hsm3; Vps9, Ymrldlc, and Cdc26 for Mcm7; Doal for Ydr222w; and Ubcl2,
Tmal0, Mho1l, and Moh1 for Ssd1 (Figure 24A-D).

However, the results from these screens were excessively noisy. Furthermore, a positive result
in the knockout screen can be due to a variety of factors, particularly artifacts introduced
during the crossing and selection steps. For that reason, it was deemed necessary to manually
confirm the knockouts.

To confirm the results from that knockout screen, manual knockouts of the candidate genes
were performed, both in a wild type and gid94 background. The latter to rule out the
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Figure 24: Knockout screens to attempt and find new GID substrate receptors.

A-D: Knockout screens performed by XXXXXXXXXXXXXX to find new substrate receptors, obtained by crossing query strains
expressing the tFT-tagged protein of interest with a yeast knockout library. Known GID components are highlighted in blue,
potential hits are highlighted in red.

E-H: Stability, as determined by fluorescence measurements, of tFT-tagged Hsm3, Mcm?7, Ydr222w, and Ssd1 upon knockout
of potential hits from the screens in A-D in WT and gid9A background. Error bars indicate the standard deviation between
biological replicates (n=4).

involvement of the candidate protein in a different pathway, as in this case the effects of the
double knockout should be additive.

For Hsm3-tFt as a substrate, knockout of none of the candidate proteins led to stabilization to
the same extent as GID9 knockout. That said, knockout of BUB3 and YGL149C led to
stabilization (Figure 24E). However, this phenotype could not be recapitulated in a gid9A
background and is likely an artifact or due to pipetting error.
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Figure 25: Overexpression as a tool to identify potential Gid5 dependent GID substrate receptors.

A: Stability, as determined by fluorescence measurements, of tFT-tagged Phm8 upon overexpression of known and putative
GID substrate receptors.

B: Stability, as determined by fluorescence measurements, of tFT-tagged Pdcl1 upon overexpression of known and putative
GID substrate receptors.

A-B: Error bars indicate the standard deviation between biological replicates (n=4).

For Mcm7-tFT as a substrate, knockout of both VPS9 and CDC26 led to a marked stabilization
of Mcm7-tFT in the wild type background (Figure 24F). However, the double knockout with
GID9 led to an additional stabilization, indicating that both Vps9 and Cdc26 act in a separate
pathway from the GID complex. Cdc26 is a subunit of the APC/C complex, indicating that
degradation of Mcm7-tFt might, at least partly, depend on that pathway as well.

Knockout of DOA1 stabilized Ydr222w-tFT (Figure 24G). However, as the stabilization
phenotype is additive with knockout of GID9, it was deemed likely to be active in a different
pathway and thus not pursued further.

For Ssd1-tFt knockout of both MHO1 and MOH1 led to a stabilization of the substrate to a
similar extent as knockout of GID9 (Figure 24H). Additionally, knockout of GID9 did not lead
to additional stabilization of the substrate, further lending credibility to the idea that Mhol
and Moh1 might be bona fide substrate receptors. Notably, it has been shown before that
degradation of Ssd1-tFT does not depend on Gid5, but on Gid7 (Figure 6B). Thus, Mho1l and
Moh1 might possibly be involved in substrate recognition through a new, currently unknown
substrate receptor unit.

Search for new substrate receptors utilizing competition for Gid5 binding

As GID substrate receptors are hypothesized to engage the GID complex by binding to Gid5
via their C-terminal ®O[D/EJ®X motif (Kong et al. 2021), we hypothesized that substrate
receptors should compete for this binding site if overexpressed. In turn, this should lead to
stabilization of substrates depending on the other substrate receptors. For this purpose, the
three known substrate receptors Gid4, Gid10, and Gid11 were overexpressed, alongside six
further proteins which were selected due to the existence of the motif in their C-terminus. As
a model substrate, a Gid1l substrate, Phm8, tagged with the tFT, was selected. As an
additional control, the overexpression was also carried out against Pdc1-tFT, which should not
be affected by overexpression of Gid substrate receptors.
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Overexpression of Gid4 or Gid10 led to a marked increase in Phm8-tFT stability, while
overexpression of Gid11 led to destabilization of the substrate. Notably, overexpression of the
six selected potential substrate receptors only led to slight stabilization of Phm8, but none to
the extent seen upon overexpression of Gid4 or Gid10 (Figure 25A). Pdcl on the other hand
was only slightly stabilized by overexpression of Gid10 and Gep5, showing that the
stabilization caused by Gid substrate receptor overexpression is not a general effect, for
example due to proteotoxic effects caused by the overexpression (Figure 25B).

Overall, this experiment confirms that overexpression of GID substrate receptors bearing the
C-terminal ®[D/E]®X motif leads to competition at the Gid5 binding site, which could be
confirmed by overexpressing the known substrate receptors. This concept could be expanded
in the future to perform a genome-wide overexpression screen to identify potential Gid5
dependent GID substrate receptors.

Exploration of the specificity of human ATE1, NTAN1, and NTAQ1 in
yeast

As mentioned in the introduction, in the Arg/N-degron pathway tertiary N or Q residues on
the N-terminus can be processed to form secondary D or E residues by Ntal in yeast or NTAN1
and NTAQ1 in humans (Baker and Varshavsky 1995; Kim et al. 2016; Varshavsky 2024). These
residues can then further be arginylated by Atel to form primary destabilizing residues for the
Arg/N-degron pathway (Ferber and Ciechanover 1987; Kwon et al. 2002; Kim et al. 2022). At
the time a colleague, Andrea Coti was investigating the Arg/N-degron pathway in human cells.
In the context of her project, the question was raised whether it would be possible to
investigate the substrate specificity of NTAN1, NTAQ1, and ATE1 in yeast cells, especially as
N-termini ending with E or Q were surprisingly stable in her experiment in human cells
compared to previous experiments performed in yeast (Kats et al. 2018). For this purpose, an
array of plasmids was generated, consisting of 80 plasmids based on pAnB19, expressing the
mCherry/sfGFP tFT-tag with an N-terminal peptide sequence exposing either N-terminal DZ,
EZ, NZ, or QZ, where Z is any of the 20 amino acids (Figure 26A). This construct is N-terminally
capped with Ubiquitin, which would be co-translationally cleaved off, exposing the desired N-
terminus (Varshavsky 2005). This array was generated by cutting pAnB19 with EcoRV and
performing NEB HiFi-Assembly with degenerate oligonucleotides containing both the
necessary homology arms, the codon for the desired N-terminal amino acid, followed by an
NNK codon. Using this technique, 60 of the 80 desired plasmids could be generated. The
remaining 20 plasmids were cloned manually using the same technique but using
oligonucleotides coding for the desired N-terminus. On the other hand, yeast ATE1, human
ATE1 in two different isoforms, yeast NTA1, and huma NTAN1 and NTAQ1 were expressed
from the GPD promoter from a pRS426-based plasmid (Figure 26A).

To simplify the crossing process required for this experiment, the decision was made to
measure the stability of these constructs in diploids which would result from crossing a
BY4741-based ntalAatelA strain containing the 80 XZ-plasmids and a BY4742-based strain
containing the plasmids expressing either ATE1 or NTA1 variant in a corresponding atelA or
ntalA background. This would result in diploids which are endogenously homozygous knocked
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Figure 26: Comparison of the activity of Ntal and Atel with their human homologs.

A: Schematic representation of the experiment: atelAntalA cells expressing 80 XZ-tFT variants are crossed to atelA or
ntalA strains complemented with an ATE1 or NTA1 variant, respectively.

B: Stability, as determined by fluorescence measurement, of six selected constructs in diploid strains heterozygous or
homozygous for knockout of ATE1 or NTA1. Error bars indicate the standard deviation between biological replicates (n=4).
C: Absolute mCherry/sfGFP ratios in strains expressing 80 XZ-constructs in yeast strains complemented with the indicated
ATE1 or NTA1 variant

D: Difference between complemented yeast strains and the corresponding wild type expressing 80 XZ-constructs.

out for either ATE1 or NTAI1, but complemented by the pRS426-based plasmid, and
heterozygous for the knockout of the other enzyme.

To see if this approach is viable, it was first necessary to see if a heterozygous knockout of
ATE1 or NTA1 would still allow enough enzyme to be expressed to function as the wild type.
For this experiment, BY4741-based atelA or ntalA strains expressing the constructs N-
terminally ending with DL, EL, NL, or QL, as well at TK or RK were crossed with the
corresponding BY4742-based wild type, ateld, or ntalA strain to generate homozygous or
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heterozygous knockout strains. The fluorescent constructs were chosen as their N-termini
were previously shown to be unstable in yeast (Kats et al. 2018) with the TK and RK constructs
serving as an unstable and a stable control respectively, which should not be affected by
knockout of ATE1 or NTAL. Fluorescence measurements of the diploids resulting from these
crosses showed that indeed heterozygous expression of either ATE1 or NTA1 led to the same
level of destabilization of the constructs as homozygous expression (Figure 26B). This means
that heterozygous expression is sufficient to process tertiary or secondary residues.

With this control experiment done, the final crossing was performed. BY4741-based
atelAntalA strains containing the XZ-plasmids were crossed with BY4742-based atelA or
ntalA strains containing the pRS426-based plasmids coding for the corresponding Atel or
Ntal variants. Fluorescence measurements of the resulting diploids showed that expression
of yeast ATE1 from the pRS426-based plasmid could not complement the knockout completely
(Figure 26C,D). This could be due to a variety of reasons, but the most likely one is that
expression from the GPD promoter does interfere with the regulation of ATE1. For this reason,
the results for the complementation of atelA were disregarded. Expression of NTA1 or its
human homologs from the GPD promoter led to a growth defect in the cells, hinting at a
certain level of toxicity caused by overexpression of NTA1. This made it necessary to discard
some data, particularly for the complementation with NTAQ1l. Nonetheless, the
complementation of NTA1 knockout with a plasmid was able to almost completely save the
phenotype caused by the knockout. Complementation of the knockout with either NTAN1 or
NTAQ1 only rescued the knockout phenotype for constructs starting with N or Q respectively,
demonstrating how over the course of the evolutionary process these two paralogues
specialized more towards certain N-termini. More notably, NTAN1 appears to have a stronger
preference for NP-N-termini when compared to its yeast counterpart. On the other hand,
NTAQ1 appears to disfavor QE, QH, QQ, and QT-N-termini when compared to the yeast
homolog.
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Discussion

Characterization of the Gid11 substrate receptor

Impact of N-terminal acetylation on Gid11 substrate recognition

Overall, the characterization of the degron bound by Gid11 paints a very clear picture of a
preference for N-terminal threonine residues, which are unacetylated. This could be shown in
our MPS profiling (Kong et al. 2025) and mass spectrometry experiments. It appears that Gid11
substrates have evolved to have a bulky hydrophobic or basic residue in their third position,
allowing them to avoid acetylation by NatA (Figure 13B,C). Interestingly, a study by Heathcote
et al. published in 2024 showed a similar pattern to the one observed in our acetylation
studies. In that study Heathcote et al. investigated protein turnover in the Arg/N-degron
pathway involving tertiary cysteine residues. They found that in cells, cysteine residues
followed by hydrophobic or basic residues were turned over readily by ADO, while cysteine
residues followed by acidic or polar residues were poor ADO substrates in vivo. Heathcote et
al. traced this back to the activity of NatA. They found N-terminal cysteine followed by polar
or acidic amino acids to be readily N-terminally acetylated, while cysteine followed by a basic
or hydrophobic amino acid was a poor NatA substrate. While that study was conducted in
human cells, compared to the yeast studies conducted here, they still match with the
acetylation data obtained in this project, where we found that threonine followed by basic or
bulky hydrophobic residues was not acetylated in vivo, while threonine followed by acidic or
polar amino acids was almost entirely acetylated. Interestingly, this also matches well with
molecular simulation data recently released by Kong et al., where the molecular simulations
predicted non-acetylated, protonated Gpm3 N-termini to bind to the negatively charged
Gid11 binding pocket of Gid11, while acetylated, or unprotonated Gpm3 N-termini were not
predicted to bind to the Gid11 binding pocket. This raises the possibility that, at least in the
case of substrate binding to Gid1ll, N-terminal acetylation abolishes substrate binding to
Gid11l by blocking protonation of the N-terminus, thus removing its positive charge. This
mechanism of acetylation shielding degrons and blocking degradation of their substrates has
been found several times now (Mueller et al. 2021; Linster et al. 2022; Varland et al. 2023;
Heathcote et al. 2024; Kong et al. 2025), raising the question whether this is a general function
of N-terminal acetylation and whether degradation via the Ac/N-degron pathway is the
exception rather than the rule.

Structural basis for binding of Gid11 substrates

Regarding the structural basis of substrate binding to Gid11, the binding pocket for canonical
substrates beginning with threonine could be defined quite well, down to a single amino acid
level (Figure 16B). However, the loop deletion and conservation experiments keep raising
qguestions. Normally, IDRs are known to be involved in facilitating interactions between
proteins or to act as recognition sites, besides a mere function as a functional linker between
protein domains (Chakrabarti and Chakravarty 2022). Thus, it is surprising that a relatively
large portion of Gid11 can be deleted without significantly affecting its functionality regarding
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its canonical substrates (Figure 15C). AlphaFold3 models suggest loop 3, which is the only loop
shown to influence canonical Gid11 substrates might interact with regions of Gid1. However,
mutations of the corresponding interacting regions in Gid1 did not have an impact on Gid11
dependent turnover (Kong et al. 2025), making it questionable whether this is truly the reason
for the abolishment of Gid11 activity upon deletion of the third IDR. Furthermore, it is
remarkable that in the Gid11l conservation experiments, the Gid1l homologs that are still
functional are those which also still possess their loop 3, while those which do not are non-
functional against canonical Gid11 substrates (Figure 22, Figure S 1). This raises the possibility
that IDR 3 of Gid11 serves a function required for recognition of substrates, which became
unnecessary for its function in other yeast species as they diverged from Saccharomyces
cerevisiae. In that context, experiments with replacement of the Saccharomyces cerevisiae
IDR3 region with those of other yeast species might give further insight. However, the
alignment of the Gid11 sequences shows that these yeast species not only lack IDR3, but also
parts of the beta sheet regions surrounding it. For that reason, great care would need to be
taken to ensure these replacements do not lead to misfolding, and corresponding controls,
such as Western Blotting, immunoprecipitation experiments, and overexpression experiments
against tFT-tagged Hsm3 would need to be done.

To further explore the importance of certain residues within Gid11, more methods can be
employed, for example saturation mutagenesis of Gid11 (Siloto and Weselake 2012) followed
by MPS profiling to identify variants of Gid11l which are non-functional or have impaired
functionality (Reinbold et al. 2023).

Turnover of non-canonical Gid11 substrates

Cpal is special compared to other proteins whose turnover depends on Gidl1 as its N-
terminus does not bear a N-terminal threonine. Nonetheless, upon knockout of GID11, it is
strongly stabilized in the cell (Kong et al. 2021).

As Cpal forms a complex with Cpa2 (Price et al. 1978) and Cpa2 does bear a N-terminal
threonine, this led to the hypothesis that Cpa2 is recognized by Gid1l and Cpal is
ubiquitinated in trans by the GID complex. Johnson et al. found in 1990 that R-Galactosidase
tetramers consisting of a mixture of wild type subunits and subunits with their lysine residues
replaced by arginine would still lead to ubiquitination of the lysine-rich subunits, even if these
do not bear a N-degron. However, these tetramers are functionally still homotetramers, with
some subunits bearing mutations. However, for protein complexes consisting of two entirely
subunits, ubiquitination in trans has not been shown before. For this reason, this hypothesis
for recognition of Cpal was particularly attractive.

While it could not be shown that the Cpal/2 complex is recognized by Gid11 via the N-terminal
threonine of Cpa2 (Figure 19E,F), the loop deletion mutants of Gid11 still shed some light on
a separation of function between the recognition of “canonical” Gid11 substrates such as
Phm8, and potential “non-canonical” substrates such as Cpal. In particular, the fact that the
smallest deletion of loop 3 allowed Gid11 to lead to turnover of Phm8 but not Cpal (Figure
15G) warrants further investigation. Of note is that only Gid11 from Saccharomyces paradoxus
was able to facilitate turnover of Cpal, while Phm8 could be turned over by a wider range of
Gid11 homologs (Figure 22B). One potential explanation is that Cpal, while affected quite
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strongly in its turnover via Gid11, is not a particularly robust substrate and because of that,
small perturbations of Gid1l1l function can already lead to complete or almost complete
stabilization of Cpal. The fact that Cpal is also Gid7 dependent in its turnover is of note. One
potential explanation for this behavior is that that Cpal requires specific steric circumstances
to be recognized and ubiquitinated by the GID®9l-complex. In this scenario, small
perturbations in Gid11 function or positioning could be amplified over the scale of the entire
Chelator-Gid11 complex, meaning that the residues in Cpal required for its ubiquitination
cannot be placed in the correct position anymore.

Similarly to Cpal, BIm10 has been shown not to be a canonical Gid11 substrates. Even though
it bears a N-terminal threonine, mutation of that threonine does not affect its turnover (Kong
etal. 2021). However, the loop deletion mutations showed that loop 5 is required for turnover
of BIm10 (Figure 20D). This is particularly noteworthy as BIm10 is currently the only known
potential Gid1l1l substrate whose turnover depends on this loop. However, it is currently
unclear if BIm10 is a bona fide substrate of Gid11. As BIm10 is a binder of the core regulatory
particle of the proteasome (Schmidt et al. 2005), it is possible that its real function is in
recruitment of the GID complex, or Gid11 itself to the proteasome and stabilization of BIm10
upon knockout of GID11 is a side effect of BIm10 being unable to recruit Gid11.

The biggest challenge with both Cpal and BIm10 is that currently, there is no evidence that
either protein interacts directly with Gid11. Previous attempts to show an interaction between
Gid11 and its substrates in a yeast two-hybrid assay failed. Attempts to purify Gid11 for
methods such as crystallography or Isothermal Titration Calorimetry also have failed thus far.
Because of this, the proof of interaction between Gid11 and these two potential substrates
must be done in vivo. As mentioned above, there have been attempts to modify the ubiquitin
system for this purpose (Renz et al. 2024), but further optimizations, especially regarding the
relative positioning and spacing of the components of the system, would need to be made
(Figure 21). One very simple way interaction between Gid11l and these putative substrates
could be shown is viaimmunoprecipitation, for example of HA-tagged Gid11, followed by mass
spectrometry. However, interactions between E3 ligases and their substrates are usually
relatively transient (lconomou and Saunders 2016), making them poorly suited for
immunoprecipitation experiments. Nonetheless, with a sufficiently large amount of protein
this might be feasible. Alternatively, approaches such as protein crosslinking could be used to
artificially stabilize the interaction between Gid11 and its substrates (Piersimoni et al. 2022),
allowing for immunoprecipitation followed by mass spectrometry. Another potential way to
detect the interaction between Gid11l and its putative substrates is via proximity-based
labeling. Recently, three approaches have been published to do so: Ub-POD (Mukhopadhyay
et al. 2024), BioE3 (Barroso-Gomila et al. 2023), and E-STUB (Huang et al. 2024). In essence,
these three approaches work very similarly by first [abeling an E3 ligase of interest, in this case
Gid11 or any other components of the GID complex with BirA, a biotin ligase from Escherichia
coli (Cronan 1989). After incubation of the cells with biotin, a pull-down of biotinylated
proteins is performed using streptavidin (Weber et al. 1989) followed by mass spectrometry
to identify enriched proteins in the biotinylated fraction. For the mere purpose detecting
interactions between Gid11 and Cpal and BIm10, this experiment could be simplified and
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instead of mass spectrometry, detection of Cpal or BIm10 specifically could be performed
using immunoblotting.

Were an interaction between these non-canonical putative substrates and Gid11 to be found,
this would most likely show that Gid11 possesses more than one binding site for substrates.
As mentioned before, AlphaFold modeling of Gid11 with BIm10 does show loop 5 of Gid11 to
interact with BIm10, and deletion of this loop leads to a marked stabilization of BIm10 in the
cell. Such a scenario would not be unheard of, either. For example, the N-recognin of the
Arg/N-degron pathway, Ubrl, is known to recognize different N-degrons via several different
substrate binding sites on its surface (Tasaki et al. 2009; Matta-Camacho et al. 2010;
Varshavsky 2024).

Similarly, as explained above for canonical Gidll substrates, performing saturation
mutagenesis of Gid11 followed by cell sorting based on Cpal stability could provide more
information on the recognition of these non-canonical substrates, especially if one would be
able to identify residues which affect only non-canonical substrates, but not canonical ones.

Overall, these putative substrates offer a lot of opportunities and open questions still to be
explored, even though that is outside the scope of this thesis.

Search for new GID substrate receptors

Using overexpression of known GID substrate receptors, it could be shown that it is possible
to use competition for the Gid5 binding pocket as a tool for finding new Gid5 dependent
substrate receptor proteins (Figure 25). Particularly for proteins like Hsm3, where it is known
that they are degraded in a Gid5 dependent manner, but for which there is no currently known
substrate receptor, this can prove a useful tool. While this small-scale experiment worked as
a proof of concept, the next step is to expand this to a genome-wide overexpression screen.
For this purpose, there are several valid approaches. Genome-wide overexpression libraries
such as the MoBY 1.0 or MoBY 2.0 (Ho et al. 2009; Ho 2011) or the MORF (Gelperin et al. 2005)
libraries could be used. However, particularly with libraries using 2u-based plasmids, one
needs to be cautious of proteotoxic effects due to high overexpression of these genes.
Another possible avenue for such an overexpression screen is a replacement of the
endogenous promoter of the gene of interest with a strong promoter such as the GPD, TEF, or
GAL1 promoter (Peng et al. 2015). The generation of such a library could be carried out
relatively easily using approaches such as the N-SWAT approach (Yofe et al. 2016). However
with this approach, the selection of the promoter becomes even more important, as an
endogenous approach only provides one copy of the gene, while plasmid-based approaches
provide a copy number of 2 to 5 for CEN-based plasmids, while 2p-based plasmids can reach
copy numbers upwards of 30 copies (Karim et al. 2013). To find the ideal combination of
plasmid or endogenous expression together with the ideal promoter, further experiments
would need to be carried out. After this initial optimization stage, the final readout could be
performed in an SGA format in which a query strain expressing Phm8-tFT or Hsm3-tFT for
example, is crossed with the overexpression library. After sporulation and selection for spores
carrying both the overexpression and the tFT-tagged substrate, substrate stability could then
be determined by fluorescence.
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An alternative approach for finding potential substrate receptors could be in silico modeling
using AlphaFold3 (Abramson et al. 2024). In this approach one could model Gid5 together with
several, for example three or four, proteins from the yeast proteome at a time. In this
approach, one would then evaluate which proteins are predicted by AlphaFold3 to bind to the
established binding groove in Gid5. Especially if each protein is represented in several
randomized collections of proteins, one could evaluate which proteins are predicted to
interact with Gid5 more than random chance would dictate. However, this approach would
be quite intensive in computational resources, necessitating the use of a high-powered
computation cluster.

In the case of Hsm3, there is also the possibility that Hsm3 itself binds to Gid5 to facilitate its
own degradation. Its C-terminus is “ADCR”, which roughly fits the established motif for Gid5
dependent substrate receptors, or an acidic residue surrounded by two hydrophobic residues,
followed by any amino acid. However, as all substrates used in this project are C-terminally
tagged, the bulky tFT tag would likely interfere with such a binding mode. Nonetheless, direct
binding of Hsm3 cannot be ruled out until experiments are carried out to do so. One simple
experiment for this would be to delete a portion of the C-terminus of Hsm3. If Hsm3 truly
binds directly to Hsm3, this should stabilize Hsm3 compared to the wild type version.

Finally, the question remains regarding substrates like Ssd1 or Ymr086w which exhibit Gid5
independent, but Gid7 dependent turnover (Figure 6B). In human cells, WDR26 was found to
act as a substrate receptor for NMINAT1 (Gottemukkala et al. 2024), with the human homolog
of Moh1, YPELS5, acting in a regulatory function. As MOH1 has been found to stabilize Ssd1 and
Ymr086w upon knockout (Figure 7), it is not too far-fetched to believe that Moh1 is part of a
Gid7-based substrate recognition platform, potentially also involving Mho1l, as knockout of
MHO1 has been found to stabilize Ssd1 as well. It is reasonable to hypothesize that over the
course of evolution, Moh1 has lost its ability to act as a substrate recognition platform, instead
acting as a regulatory subunit. Mho1 is currently a very poorly understood protein. Its only
known function is in invasive growth in yeast strains capable of pseudohyphal growth, as well
as a synthetic lethality of MHO1 knockout together with PLC1 knockout (Schlatter et al. 2012).
However, this is broadly in line with what is currently known about Ssd1, which is known to
be a translational repressor involved in cell wall maintenance and cell morphogenesis
(Wanless et al. 2014; Miles et al. 2019; Bayne et al. 2022). However, none of the strains
currently used in this lab are capable of pseudohyphal growth. This means it might be
necessary to establish the function of Moh1, Mho1, and their relationship with Ssd1 in a
different yeast strain, for example the yeast strain X1278b, which is a strain commonly used
in the study of pseudohyphal growth (André 2018). Overall, this line of potential inquiry
provides plenty of open questions and opportunities for the discovery of a potential new Gid7-
dependent substrate receptor platform, especially with regards of the evolution of Moh1 to
YPEL5, and its shift of function from a potential substrate receptor platform to a regulatory
element of the CTLH-complex in human cells.

The phenotypes seen for knockout and overexpression of /IPF1 are broadly in line with what
would be expected based on results by Qiao et al. published in 2022 (Figure 7, Figure 8).
However, it is of note that that study was only performed with the GIDS94-complex. In the
experiments conducted in this project, knockout of IPF1 also affected Gid11 substrates and

55



even some substrates such as Ssd1 where currently no substrate receptor is known. This
makes it likely that the function of Ipfl in regulating and sequestering the GID complex is not
specific to the GID®4-complex, but a general function regardless of the substrate receptor.

Exploration of the specificity of NTAN1 and NTAQ1

The initial inspiration for this experiment was the observed difference in stability between N-
termini beginning with N and Q between experiments carried out in yeast by Kats et al. and
stability profiling experiments performed by Andrea in our lab. While the results obtained in
this study point towards some specific differences in specificity between NTAN1 and NTAQ1
and their yeast homolog Ntal (Figure 26B, C), these do not explain the general difference in
stability that was observed. However, Andrea found that N and Q residues tend to be N-
terminally acetylated in human cells, in line with currently unpublished data by the Arnesen
lab (Coti 2024). Further research will need to be carried out to investigate which N-
acetyltransferases are responsible for this, a task which is currently being carried out by
Tatiana Aksinina, a PhD student in our lab.

Concluding remarks

The aim of this study was to elucidate protein turnover by the GID complex in yeast. This was
achieved mainly through characterization of Gid11, the nature of substrates turned over by it,
and elucidation of the binding pocket and intrinsically disordered regions in the protein.
Additionally, some light was shed on non-canonical Gid11 substrates in the form of Cpal and
BIm10, where it could be shown that degradation of Cpal does not depend on the N-terminal
threonine of its complex partner Cpa2, and that degradation of BIm10 relies on the fifth IDR
of Gid11 rather than any residues within the Gid11 binding pocket.

Additionally, regarding the search for new GID substrate receptors, it could be shown that
overexpression of potential GID substrate receptors is a viable method to identify new Gid5
dependent receptors. Furthermore, stabilization of Ssd1 upon knockout of Gid7, Moh1l, and
Mho1 raises the possibility of a new mode of substrate binding, analogous to the one shown
by WDR26 in human cells.

Overall, this study shed some light on the GID complex, while raising further avenues for its
future investigation.
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Figure S 1: Clustal Omega (Sievers and Higgins 2021; Madeira et al. 2024) alignment of Gid11 homologs in different yeast
species. The IDRs predicted in the Saccharomyces cerevisiae homolog of Gid11 are highlighted.

Table S 1: Yeast strains used in this study.

Strain Genotype Reference

AK1252-1 yMaM330 (MATalpha can1A::STE2pr-SpHIS5 Kong et al. 2021
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2) HSM3-mCherry-sfGFP
gid9A::kanMX

AK1253-1 yMaM330 (MATalpha can1A::STE2pr-SpHIS5 Kong et al. 2021
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2) HSM3-mCherry-sfGFP
gid4A::kanMX

AK1258-1 yMaM330 (MATalpha can1A::STE2pr-SpHIS5 Kong et al. 2021
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2) GPM3-mCherry-sfGFP

gid9A::kanMX
AK1261 YMaM330 CPA1-mCherry-sfGFP gid5A::kanMX6 Kong et al. 2021
AK1262-3 yMaM1080 (yMaM330 CPA1-mCherry-sfGFP) Kong et al. 2021
gid7A::kanMX
AK1264-1 yMaM330 (MATalpha can1A::STE2pr-SpHIS5 Kong et al. 2021

lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2) CPA1-mCherry-sfGFP
gid9A::kanMX

AK1269-1 yMaM330 (MATalpha can1A::STE2pr-SpHIS5 Kong et al. 2021
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2) PHM8-mCherry-sfGFP
gid9A::kanMX

AK1274-2 yMaM330 (MATalpha can1A::STE2pr-SpHIS5 Kong et al. 2021
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2) BLM10-mCherry-sfGFP
gid9A::kanMX
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AK1280-1

yMaM330 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2) MDH2-mCherry-sfGFP
gid9A::kanMX

Kong et al. 2021

AK1285-1 yMaM330 (MATalpha can1A::STE2pr-SpHIS5 Kong et al. 2021
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2) YOR283W-mCherry-
SfGFP gid9A::kanMX
AK1288 YMaM330 YDR222W-mCherry-sfGFP gid5A::kanMX6 Kong et al. 2021
AK1291-2 yMaM330 (MATalpha can1A::STE2pr-SpHIS5 Anton Khmelinskii/Knop lab
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2) YDR222W-mCherry-
SfGFP gid9A::kanMX
BY4741 MATa his3A1 leu2A0 met15A0 ura3A0 Brachmann et al. 1998
BY4742 MATalpha his3A1 leu2A0 lys2A0 ura3A0 Brachmann et al. 1998
Hap YKO_mQC BY4741 MATa orfA::kanMX Winzeler et al. 1999

-Ura Gid hits library

yMaM330 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2) ORF-mCherry-Scel-
SpCYC1term-ScURA3-Scel-mCherryAN-sfGFP

Kong et al. 2025

yAH0001-1

yCPOO0053 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP)
gid2A::KanMX

Haschke 2023

yAH0002

yMaM330 + p413-GPD

Haschke 2023

yAH0003-1

yCPOO0053 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP)
gid8A::KanMX

Haschke 2023

yCP0O0001

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 HSM3-mCherry-sfGFP gid9A::kanMX

This study

yCPO0002

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 MCM7-mCherry-sfGFP gid9A::kanMX

This study

yCPO0003

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
SSD1-mCherry-sfGFP gid9A::kanMX

This study

yCP0O0004

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
HSM3-mCherry-sfGFP

This study

yCPO0005

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
MCM7-mCherry-sfGFP

This study

yCPO0006

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
SSD1-mCherry-sfGFP

This study

yCPO0007

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
HSM3-mCherry-sfGFP nit3A::hphNT

This study

yCPO0008

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
HSM3-mCherry-sfGFP gid9A::KanMX nit3A::hphNT

This study
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yCPO0009

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
HSM3-mCherry-sfGFP ylr365wA::hphNT

This study

yCP0O0010

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
HSM3-mCherry-sfGFP gid9A::KanMX ylr365wA::hphNT

This study

yCPO0011

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
HSM3-mCherry-sfGFP ylr407w::hphNT

This study

yCP0O0012

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
HSM3-mCherry-sfGFP gid9A::KanMX ylr407wA::hphNT

This study

yCP0O0013

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
HSM3-mCherry-sfGFP ydr344cA::hphNT

This study

yCP0O0014

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
HSM3-mCherry-sfGFP gid9A::KanMX ydr344cA::hphNT

This study

yCP0O0015

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
HSM3-mCherry-sfGFP rcr1A::hphNT

This study

yCP0O0016

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
HSM3-mCherry-sfGFP gid9A::KanMX rcr1A::hphNT

This study

yCPO0017

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
HSM3-mCherry-sfGFP bem4A::hphNT

This study

yCP0O0018

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
HSM3-mCherry-sfGFP gid9A::KanMX bem4A::hphNT

This study

yCP0O0019

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
HSM3-mCherry-sfGFP ubp15A::hphNT

This study

yCPO0020

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
HSM3-mCherry-sfGFP gid9A::KanMX ubp15A::hphNT

This study

yCP00021

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
HSM3-mCherry-sfGFP irc13A::hphNT

This study

yCP00022

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
HSM3-mCherry-sfGFP gid9A::KanMX irc13A::hphNT

This study

yCPO0023

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
HSM3-mCherry-sfGFP bub3A::hphNT

This study

yCP00024

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
HSM3-mCherry-sfGFP gid9A::KanMX bub3A::hphNT

This study

yCP0O0025

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
HSM3-mCherry-sfGFP gid9A::KanMX ygl149wA::hphNT

This study

yCP00026

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 MCM7-mCherry-sfGFP vpsOA::hphNT

This study

yCP0O0027

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-

This study
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natNT2 MCM7-mCherry-sfGFP gid9A::KanMX
vpsOA::hphNT

yCP00028

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 MCM7-mCherry-sfGFP ymr141cA::hphNT

This study

yCP00029

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 MCM7-mCherry-sfGFP gid9A::KanMX
ymrl41cA::hphNT

This study

yCP0O0030

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 MCM7-mCherry-sfGFP cdc26A::hphNT

This study

yCP0O0031

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 MCM7-mCherry-sfGFP gid9A::KanMX
cdc26A::hphNT

This study

yCPO0032

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 SSD1-mCherry-sfGFP ubc12A::hphNT

This study

yCP0O0033

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 SSD1-mCherry-sfGFP tmal10A::hphNT

This study

yCP0O0034

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 SSD1-mCherry-sfGFP gid9A::KanMX
tmalO0A::hphNT

This study

yCP0O0035

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 SSD1-mCherry-sfGFP mho1A::hphNT

This study

yCP0O0036

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 SSD1-mCherry-sfGFP gid9A::KanMX
mhol1A::hphNT

This study

yCP0O0040

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 SSD1-mCherry-sfGFP moh1A::hphNT

This study

yCPO0041

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 SSD1-mCherry-sfGFP gid9A::KanMX
moh1A::hphNT

This study

yCP0O0042

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 YDR222W-mCherry-sfGFP doalA::hphNT

This study

yCP00043

yMaM330 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2) YDR222W-mCherry-
sfGFP gid9A::kanMX doalA::hphNT

This study

yCPO0044

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 SSD1-mCherry-sfGFP gid9A::KanMX
ubc12A::hphNT

This study

yCP0O0045

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
HSM3-mCherry-sfGFP ygl149wA::hphNT

This study

yCP0O0052

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
PHM8-mCherry-sfGFP

This study
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yCPO0053 MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2 This study
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP

yCPO0054 MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2 This study
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
SSD1-mCherry-sfGFP gid9A::kanMX

yCPO0055 yKEK261 (BY4741 map1A::kanMX) + pRS316-MAP1pr- This study
MAP1-MAP1ter

yCPO0056-1 BY4741 (MATa his3A1 leu2A0 met15A0 ura3A0) This study
ntalA::KanMX

yCPO0057-1 BY4742 (MATalpha his3A1 leu2A0 lys2A0 ura3A0) This study
ntalA::NatNT2

yCPO0058-1 BY4742 (MATalpha his3A1 leu2A0 lys2A0 ura3A0) This study
atelA::NatNT2

yCPO0059-1 YKEK261 (BY4741 map1A::kanMX) map2A::hphNT + This study
pRS316-MAP1pr-MAP1-MAP1ter

yCPO0060 BY4741 ntalA::KanMX ate1A::hphNT This study

yCPO0063-1 yCPO0053 (MATalpha can1A::STE2pr-SpHIS5 This study
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP)
cpall::(GAL1-1-SCEI KanMX KIURA3)

yCP0O0064-1 BY4741 PFK2 T2A This study

yCPO0065-1 yCPO0053 (MATalpha can1A::STE2pr-SpHIS5 This study
lyp1A::STE3pr-LEUZ2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP)
CPA1T6S, T9S, T33S, T36S, T37S, T47S

yCPO0066-1 yKEK261 (BY4741 map1A::kanMX) map2A::hphNT This study

yCPO0067-1 yCPOO0055 (BY4741 map1A::kanMX + pRS316-MAP1pr- | This study
MAP1-MAP1ter) map2A::hphNT

yCPO0068-1 MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2 This study
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
SSD1-mCherry-sfGFP gid9A::KanMX

yCPO0069 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-DE This study

yCPOO0070 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-DH This study

yCPO0071 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-DR This study

yCPO0072 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-DP This study

yCPO0073 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-EE This study

yCPO0074 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-EH This study

yCPOO0075 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-EK This study

yCPO0076 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-ET This study

yCPOO0077 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-NP This study

yCP0O0078 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-NR This study

yCPOO0079 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-QA This study

yCPO0080 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-QH This study

yCPO0O0081 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-QK This study

yCP0O0082-1 BY4741 (reconstituted from yCPO0062-1) This study

yCPO0083 BY4741 + pAnB19-DE This study

yCPO0084 BY4741 + pAnB19-DH This study

yCPO0085 BY4741 + pAnB19-DR This study

yCPO0086 BY4741 + pAnB19-DP This study

yCP0O0087 BY4741 + pAnB19-EE This study
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yCPO0088 BY4741 + pAnB19-EH This study

yCPO0089 BY4741 + pAnB19-EK This study

yCPO0090 BY4741 + pAnB19-ET This study

yCPO0091 BY4741 + pAnB19-NP This study

yCP0O0092 BY4741 + pAnB19-NR This study

yCPO0093 BY4741 + pAnB19-QA This study

yCPO0094 BY4741 + pAnB19-QH This study

yCPO0095 BY4741 + pAnB19-QK This study

yCPO0096-1 BY4742 map2A::hphNT This study

yCPO0097 BY4741 (MATa his3A1 leu2A0 lys2A0 ura3A0) This study
atelA::hphNT

yCPO0098-1 BY4741 (reconstituted from yCPO0061-1) This study

yCPO0099-1 yCPO0053 (MATalpha can1A::STE2pr-SpHIS5 This study
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP)
(Reconstituted from yCPOO0063)

yCPOO0101 MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2 This study
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 SSD1-mCherry-sfGFP gid9A::KanMX
mho1A::hphNT

yCP0O0102-1 BY4741 gpm3A::(GAL1-I-SCEI KanMX KIURA3) This study

yCP0O0103-1 BY4741 GPM3 T2A This study

yCP0O0104-1 BY4741 (reconstituted from yCP00102-2) This study

yCPO0105-1 yCPO0099-1 (MATalpha can1A::STE2pr-SpHIS5 This study
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP)
gid9A::KanMX

yCPO0106-1 yCPO0065-1 (MATalpha can1A::STE2pr-SpHIS5 This study
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP
CPA1T6S, T9S, T33S, T36S, T37S, T47S) gid9A::KanMX

yCPO0108-1 yCPO0099-1 (MATalpha can1A::STE2pr-SpHIS5 This study
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP)
gid11A::KanMX

yCP0O0110-1 yCPO0052 (MATalpha can1A::STE2pr-SpHIS5 This study
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 PHM8-mCherry-sfGFP)
map2A::hphNT

yCPOO0111-1 yMaM1091 (MATalpha can1A::STE2pr-SpHIS5 This study
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 MDH2-mCherry-sfGFP)
map2A::hphNT

yCPOO0114 BY4741 + pAnB19-NL This study

yCPOO0115 BY4741 + pAnB19-QL This study

yCPOO0116 BY4741 + pAnB19-DL This study

yCPOO0117 BY4741 + pAnB19-EL This study

yCP0OO0118 BY4741 + pAnB19-RK This study

yCPOO0119 BY4741 + pAnB19-TK This study

yCP0O0120 BY4741 ntalA::KanMX + pAnB19-NL This study

yCPO0121 BY4741 ntalA::KanMX + pAnB19-QL This study

62




yCPO0122 BY4741 ntalA::KanMX + pAnB19-DL This study
yCP0O0123 BY4741 ntalA::KanMX + pAnB19-EL This study
yCP0O0124 BY4741 ntalA::KanMX + pAnB19-RK This study
yCPO0125 BY4741 ntalA::KanMX + pAnB19-TK This study
yCP0O0126 BY4741 ate1A::hphNT + pAnB19-NL This study
yCPO0127 BY4741 ate1A::hphNT + pAnB19-QL This study
yCP0O0128 BY4741 ate1A::hphNT + pAnB19-DL This study
yCPO0129 BY4741 ate1A::hphNT + pAnB19-EL This study
yCPO0130 BY4741 ate1A::hphNT + pAnB19-RK This study
yCP0O0131 BY4741 ate1A::hphNT + pAnB19-TK This study
yCPO0133 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-NA This study
yCP0O0134 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-NC This study
yCPO0135 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-ND This study
yCPO0136 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-NE This study
yCPO0137 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-NF This study
yCP0O0138 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-NG This study
yCPO0139 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-NH This study
yCP0O0140 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-NI This study
yCPO0141 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-NK This study
yCP0O0142 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-NL This study
yCP00143 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-NM This study
yCPO0144 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-NN This study
yCP0O0145 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-NP This study
yCPOO0146 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-NQ This study
yCP0O0147 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-NR This study
yCP0O0148 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-NS This study
yCP0O0149 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-NT This study
yCPO0150 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-NV This study
yCPOO0151 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-NW This study
yCPO0152 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-NY This study
yCPO0153 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-QA This study
yCPO0154 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-QC This study
yCPOO0155 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-QD This study
yCPO0156 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-QE This study
yCPO0157 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-QF This study
yCPO0158 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-QG This study
yCPO0159 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-QH This study
yCPO0160 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-Ql This study
yCPOO0161 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-QK This study
yCP0O0162 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-QL This study
yCPO0163 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-QM This study
yCPO0164 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-QN This study
yCPOO0165 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-QP This study
yCP0O0166 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-QQ This study
yCPO0167 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-QR This study
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yCPO0168 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-QS This study
yCP0O0169 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-QT This study
yCPO0170 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-QV This study
yCPO0171 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-QW This study
yCP0O0172 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-QY This study
yCPO0173 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-DA This study
yCPO0174 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-DC This study
yCPO0175 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-DD This study
yCPO0176 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-DE This study
yCPO0177 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-DF This study
yCPO0178 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-DG This study
yCP0O0179 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-DH This study
yCP0O0180 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-DI This study
yCP0O0181 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-DK This study
yCP0O0182 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-DL This study
yCP0O0183 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-DM This study
yCPO0184 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-DN This study
yCP0O0185 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-DP This study
yCPO0186 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-DQ This study
yCP0O0187 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-DR This study
yCP0O0188 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-DS This study
yCPO0189 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-DT This study
yCPO0190 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-DV This study
yCPO0191 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-DW This study
yCP0O0192 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-DY This study
yCPO0193 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-EA This study
yCPO0194 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-EC This study
yCPO0195 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-ED This study
yCPO0196 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-EE This study
yCP0O0197 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-EF This study
yCP0O0198 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-EG This study
yCP0O0199 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-EH This study
yCP0O0200 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-El This study
yCP0O0201 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-EK This study
yCP00202 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-EL This study
yCP0O0203 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-EM This study
yCP00204 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-EN This study
yCP0O0205 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-EP This study
yCP0O0206 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-EQ This study
yCP0O0207 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-ER This study
yCP0O0208 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-ES This study
yCP0O0209 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-ET This study
yCP0O0210 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-EV This study
yCP0O0211 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-EW This study
yCP00212 BY4741 ntalA::KanMX ate1A::hphNT + pAnB19-EY This study
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yCP00221-1

yCPO0053 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP)
gid11A::KanMX

This study

yCP00222-1

yCP0O0099-1 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP)
gid11A::KanMX

This study

yCP00223-1

yCPO0099-2 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP)
gid11A::KanMX

This study

yCP00225

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
SEG1-mCherry-sfGFP

This study

yCP00226

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gid9A::KanMX blm10A::hphNT

This study

yCP00227-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gid9A::KanMX dbp3A::hphNT

This study

yCP00228-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gid9A::KanMX dld3A::hphNT

This study

yCP00229-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gid9A::KanMX gpm3A::hphNT

This study

yCP00230-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gid9A::KanMX lys20A::hphNT

This study

yCP00231-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gid9A::KanMX phm8A::hphNT

This study

yCP00232-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gid9A::KanMX stf2A::hphNT

This study

yCP00233-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gid9A::KanMX tmal10A::hphNT

This study

yCP00234-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gid9A::KanMX top1A::hphNT

This study

yCP00235-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gid9A::KanMX yor283wA::hphNT

This study

yCP00236-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
SEG1-mCherry-sfGFP gid9A::KanMX

This study

yCP00237-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
YDR222W-mCherry-sfGFP gid9A::KanMX

This study

yCP00238

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gid9A::KanMX acs2A::hphNT

This study

yCP00239-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gid9A::KanMX pfk2A::hphNT

This study
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yCP00242

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
YDR222W-mCherry-sfGFP pRS413-GPD

This study

yCP00243

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
YDR222W-mCherry-sfGFP pRS413-GPDpr-MOH1-
CYCter

This study

yCP00244

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
YDR222W-mCherry-sfGFP gid9A::KanMX pRS413-GPD

This study

yCP00245

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
YDR222W-mCherry-sfGFP gid9A::KanMX pRS413-
GPDpr-MOH1-CYCter

This study

yCP00246

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
SEG1-mCherry-sfGFP pRS413-GPD

This study

yCP00247

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
SEG1-mCherry-sfGFP pRS413-GPDpr-MOH1-CYCter

This study

yCP00248

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
SEG1-mCherry-sfGFP gid9A::KanMX pRS413-GPD

This study

yCP00249

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
SEG1-mCherry-sfGFP gid9A::KanMX pRS413-GPDpr-
MOH1-CYCter

This study

yCP00250

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP pRS413-GPD

This study

yCP00251

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP pRS413-GPDpr-MOH1-CYCter

This study

yCP00252

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gid9A::KanMX pRS413-GPD

This study

yCP00253

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gid9A::KanMX pRS413-GPDpr-
MOH1-CYCter

This study

yCP00254

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
SSD1-mCherry-sfGFP pRS413-GPD

This study

yCP00255

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
SSD1-mCherry-sfGFP pRS413-GPDpr-MOH1-CYCter

This study

yCP00256

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
SSD1-mCherry-sfGFP gid9A::KanMX pRS413-GPD

This study

yCP0O0257

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
SSD1-mCherry-sfGFP gid9A::KanMX pRS413-GPDpr-
MOH1-CYCter

This study

yCP00258

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
UBC8-mCherry-sfGFP pRS413-GPD

This study
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yCP00259

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
UBC8-mCherry-sfGFP pRS413-GPDpr-MOH1-CYCter

This study

yCP00260

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
UBC8-mCherry-sfGFP gid9A::KanMX pRS413-GPD

This study

yCP00261

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
UBC8-mCherry-sfGFP gid9A::KanMX pRS413-GPDpr-

MOH1-CYCter

This study

yCP00262

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 MDH2-mCherry-sfGFP pRS413-GPD

This study

yCP00263

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 MDH2-mCherry-sfGFP pRS413-GPDpr-MOH1-
CYCter

This study

yCP00264

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 MDH2-mCherry-sfGFP pRS413-GPDpr-IPF1-
CYCter

This study

yCP00265

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 MDH2-mCherry-sfGFP gid9A::kanMX
pRS413GPD

This study

yCPO0266

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 MDH2-mCherry-sfGFP gid9A::kanMX pRS413-
GPDpr-MOH1-CYCter

This study

yCP00267

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 MDH2-mCherry-sfGFP gid9A::kanMX pRS413-
GPDpr-IPF1-CYCter

This study

yCPO0268

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 PHM8-mCherry-sfGFP pRS413-GPD

This study

yCP00269

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 PHM8-mCherry-sfGFP pRS413-GPDpr-MOH1-
CYCter

This study

yCP00270

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 PHM8-mCherry-sfGFP pRS413-GPDpr-IPF1-
CYCter

This study

yCP00271

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 PHM8-mCherry-sfGFP gid9A::kanMX
pRS413GPD

This study

yCP00272

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 PHM8-mCherry-sfGFP gid9A::kanMX pRS413-
GPDpr-MOH1-CYCter

This study

yCP00273

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 PHM8-mCherry-sfGFP gid9A::kanMX pRS413-
GPDpr-IPF1-CYCter

This study
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yCP00274

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 GPM3-mCherry-sfGFP pRS413-GPD

This study

yCP0O0275

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 GPM3-mCherry-sfGFP pRS413-GPDpr-MOH1-
CYCter

This study

yCP00276

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 GPM3-mCherry-sfGFP pRS413-GPDpr-IPF1-
CYCter

This study

yCP00277

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 GPM3-mCherry-sfGFP gid9A::kanMX
pRS413GPD

This study

yCP00278

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 GPM3-mCherry-sfGFP gid9A::kanMX pRS413-
GPDpr-MOH1-CYCter

This study

yCP00279

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 GPM3-mCherry-sfGFP gid9A::kanMX pRS413-
GPDpr-IPF1-CYCter

This study

yCP0O0280

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 YOR283W-mCherry-sfGFP pRS413-GPD

This study

yCP00281

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 YOR283W-mCherry-sfGFP pRS413-GPDpr-
MOH1-CYCter

This study

yCP00282

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 YOR283W-mCherry-sfGFP pRS413-GPDpr-
IPF1-CYCter

This study

yCP00283

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 YOR283W-mCherry-sfGFP gid9A::kanMX
pRS413GPD

This study

yCP00284

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 YOR283W-mCherry-sfGFP gid9A::kanMX
pRS413-GPDpr-MOH1-CYCter

This study

yCP00285

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-
natNT2 YOR283W-mCherry-sfGFP gid9A::kanMX
pRS413-GPDpr-IPF1-CYCter

This study

yCP00286-1

BY4741 map2A::KanMX map1A::hphNT MDH2-
mCherry-sfGFP-natNT2 pRS316-MAP1pr-MAP1-
MAP1ter

This study

yCP00287

BY4741 map2A::KanMX map1A::hphNT PHM8-
mCherry-sfGFP-natNT2 pRS316-MAP1pr-MAP1-
MAP1ter

This study

yCP00288-1

BY4741 map2A::KanMX map1A::hphNT GPM3-
mCherry-sfGFP-natNT2 pRS316-MAP1pr-MAP1-
MAP1ter

This study
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yCP00289

BY4741 map2A::KanMX map1A::hphNT YOR283W-
mCherry-sfGFP-natNT2 pRS316-MAP1pr-MAP1-
MAP1ter

This study

yCP00290

BY4741 pRS315

This study

yCP00291

BY4741 map2A::KanMX map1A::hphNT MDH2-
mCherry-sfGFP-natNT2 pRS315-MAP1pr-MAP1-
MAP1ter

This study

yCP00292

BY4741 map2A::KanMX map1A::hphNT MDH2-
mCherry-sfGFP-natNT2 pRS315-MAP1pr-D.radMetAP

This study

yCP00293

BY4741 map2A::KanMX map1A::hphNT MDH2-
mCherry-sfGFP-natNT2 pRS315-MAP1pr-MAP1 Q365A-
MAP1ter

This study

yCP00294

BY4741 map2A::KanMX map1A::hphNT PHM8-
mCherry-sfGFP-natNT2 pRS315-MAP1pr-MAP1-
MAP1ter

This study

yCP00295

BY4741 map2A::KanMX map1A::hphNT PHM8-
mCherry-sfGFP-natNT2 pRS315-MAP1pr-D.radMetAP

This study

yCP00296

BY4741 map2A::KanMX map1A::hphNT PHM8-
mCherry-sfGFP-natNT2 pRS315-MAP1pr-MAP1 Q365A-
MAP1ter

This study

yCP0O0297

BY4741 map2A::KanMX map1A::hphNT GPM3-
mCherry-sfGFP-natNT2 pRS315-MAP1pr-MAP1-
MAP1ter

This study

yCPO0298

BY4741 map2A::KanMX map1A::hphNT GPM3-
mCherry-sfGFP-natNT2 pRS315-MAP1pr-D.radMetAP

This study

yCP00299

BY4741 map2A::KanMX map1A::hphNT GPM3-
mCherry-sfGFP-natNT2 pRS315-MAP1pr-MAP1 Q365A-
MAP1ter

This study

yCP0O0300

BY4741 map2A::KanMX map1A::hphNT YOR283W-
mCherry-sfGFP-natNT2 pRS315-MAP1pr-MAP1-
MAP1ter

This study

yCP0O0301

BY4741 map2A::KanMX map1A::hphNT YOR283W-
mCherry-sfGFP-natNT2 pRS315-MAP1pr-D.radMetAP

This study

yCPO0302

BY4741 map2A::KanMX map1A::hphNT YOR283W-
mCherry-sfGFP-natNT2 pRS315-MAP1pr-MAP1 Q365A-
MAP1ter

This study

yCP0O0303-1

yMaM330 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-1-SCEI-natNT2) CPA1-mCherry-sfGFP
cpa2A::KanMX

This study

yCP0O0312-1

yMaM330 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-1-SCEI-natNT2) CPA1-mCherry-sfGFP
gid9A::kanMX cpa2A::hphNT

This study

yCP0O0313-1

BY4741 MDH2-mCherry-sfGFP KanMX

This study

yCP00314-1

BY4741 PHM8-mCherry-sfGFP KanMX

This study

yCPO0315

yMaM1079 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 GPM3-mCherry-sfGFP)
gpm3A::(GAL1pr-I-SCEI KanMX KIURA3)

This study

yCP0O0322

yMaM1080 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP)
cpa2A::(GAL1pr-I-SCEI KanMX KIURA3)

This study

yCP00323-1

yMaM1082 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0

This study
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leu2A0::GAL1pr-I-SCEI-natNT2 PHM8-mCherry-sfGFP)
phm8A::(GAL1pr-I-SCEI KanMX KIURA3)

yCP00342-1

yMaM1080 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP)
CPA2T2A

This study

yCP00343-1

yMaM1080 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP)
CPA2T2S

This study

yCP0O0344-1

yMaM1080 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP)
CPA2T2G

This study

yCP00345-1

yMaM1080 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP)
CPA2T2P

This study

yCP0O0346-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
MT-PHMS8 1delM-mCherry-sfGFP

Kong et al. 2025

yCP0O0347-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
MT-PHM8-mCherry-sfGFP

Kong et al. 2025

yCP0O0348-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
MD-PHMS8 1delM-mCherry-sfGFP

Kong et al. 2025

yCP00349-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
MD-PHM8-mCherry-sfGFP

Kong et al. 2025

yCP0O0350

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
ML-PHM8 1delM-mCherry-sfGFP

Kong et al. 2025

yCPO0351-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
ML-PHM8-mCherry-sfGFP

Kong et al. 2025

yCP0O0352

yMaM1080 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP)
pRS413-GPD pRS416-TEF

This study

yCP00353

yMaM1080 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP)
pRS413-GPD pRS416-GPDpr-CPA2-CYCter

This study

yCP0O0354

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gid9A::kanMX pRS413-GPD
pRS416-TEF

This study

yCP0O0355

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gid9A::kanMX pRS413-GPD
pRS416-GPDpr-CPA2-CYCter

This study

yCP0O0356

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gid11A::kanMX pRS413-GPD
pRS416-TEF

This study
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yCP0O0357

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gid11A::kanMX pRS413-GPD
pRS416-GPDpr-CPA2-CYCter

This study

yCPO0358

BY4741 p413-GPD p416-TEF

This study

yCP0O0359

BY4741 p413-GPDpr-CPA1-mCherry-sfGFP p416-TEF

This study

yCP0O0360

BY4741 p413-GPDpr-CPA1-mCherry-sfGFP p416-
GPDpr-CPA2-CYCter

This study

yCPO0361

BY4741 gid9A::KanMX p413-GPDpr-CPA1-mCherry-
sfGFP p416-TEF

This study

yCP0O0362

BY4741 gid9A::KanMX p413-GPDpr-CPA1-mCherry-
sfGFP p416-GPDpr-CPA2-CYCter

This study

yCPO0363

BY4741 gid11A::KanMX p413-GPDpr-CPA1-mCherry-
sfGFP p416-TEF

This study

yCPO0364

BY4741 gid11A::KanMX p413-GPDpr-CPA1-mCherry-
sfGFP p416-GPDpr-CPA2-CYCter

This study

yCP0O0365-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
MT-PHM8 1delM-mCherry-sfGFP gid9A::KanMX

Kong et al.

2025

yCPO0366-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
MT-PHM8 1delM-mCherry-sfGFP gid11A::KanMX

Kong et al.

2025

yCPO0367-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
MT-PHM8-mCherry-sfGFP gid9A::KanMX

Kong et al.

2025

yCP0O0368-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
MT-PHM8-mCherry-sfGFP gid11A::KanMX

Kong et al.

2025

yCPO0369-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
MD-PHM8 1delM-mCherry-sfGFP gid9A::KanMX

Kong et al.

2025

yCP0O0370-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
MD-PHMS8 1delM-mCherry-sfGFP gid11A::KanMX

Kong et al.

2025

yCPO0371-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
MD-PHM8-mCherry-sfGFP gid9A::KanMX

Kong et al.

2025

yCP0O0372-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
MD-PHM8-mCherry-sfGFP gid11A::KanMX

Kong et al.

2025

yCP0O0373-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
ML-PHMB8 1delM-mCherry-sfGFP gid9A::KanMX

Kong et al.

2025

yCP0O0374-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
ML-PHM8 1delM-mCherry-sfGFP gid11A::KanMX

Kong et al.

2025

yCPO0375-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
ML-PHM8-mCherry-sfGFP gid9A::KanMX

Kong et al.

2025

yCP0O0376-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
ML-PHM8-mCherry-sfGFP gid11A::KanMX

Kong et al.

2025

yCP0O0377-1

yMaM330 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2) MDH2-mCherry-sfGFP
cpa2l::KanMX

This study
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yCP0O0378-1 yMaM330 (MATalpha can1A::STE2pr-SpHIS5 This study
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2) GPM3-mCherry-sfGFP
cpa2A::KanMX
yCP00379-1 yMaM330 (MATalpha can1A::STE2pr-SpHIS5 This study
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2) PHM8-mCherry-sfGFP
cpa2A::KanMX
yCPO0380-1 BY4741 CPA1-mCherry-sfGFP hphNT This study
yCPO0381-1 BY4741 CPA2-mCherry-sfGFP hphNT This study
yCP00382-1 BY4741 CPA1-mCherry-sfGFP hphNT gid9A::KanMX This study
yCPO0383-1 BY4741 CPA1-mCherry-sfGFP hphNT gid4A::KanMX This study
yCP00384-1 BY4741 CPA1-mCherry-sfGFP hphNT gid10A::KanMX This study
yCPO0385-1 BY4741 CPA1-mCherry-sfGFP hphNT gid11A::KanMX This study
yCP0O0386-1 BY4741 CPA1-mCherry-sfGFP hphNT cpa2A::KanMX This study
yCP0O0387-1 BY4741 CPA1-mCherry-sfGFP hphNT gid7A::KanMX This study
yCP0O0388-1 BY4741 CPA1-mCherry-sfGFP hphNT gid5A::KanMX This study
yCP0O0389-1 BY4741 CPA2-mCherry-sfGFP hphNT gid9A::KanMX This study
yCPO0390-1 BY4741 CPA2-mCherry-sfGFP hphNT gid4A::KanMX This study
yCP0O0391-1 BY4741 CPA2-mCherry-sfGFP hphNT gid10A::KanMX This study
yCP00392-1 BY4741 CPA2-mCherry-sfGFP hphNT gid11A::KanMX This study
yCPO0393-1 BY4741 CPA2-mCherry-sfGFP hphNT gid7A::KanMX This study
yCP0O0394-1 BY4741 CPA2-mCherry-sfGFP hphNT gid5A::KanMX This study
yCPO0395-1 yMaM1079 (MATalpha can1A::STE2pr-SpHIS5 This study
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 GPM3-mCherry-sfGFP)
gpm3A::(GAL1pr-I-SCEI KanMX KIURAS)
yCP0O0396-1 MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2 Kong et al. 2025
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
MT-GPMS3 1delM-mCherry-sfGFP
yCP0O0397-1 MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2 Kong et al. 2025
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
MT-GPM3-mCherry-sfGFP
yCP0O0398-1 MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2 Kong et al. 2025
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
MD-GPMS3 1delM-mCherry-sfGFP
yCP0O0399-1 MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2 Kong et al. 2025
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
MD-GPM3-mCherry-sfGFP
yCP0O0400-1 MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2 Kong et al. 2025
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
ML-GPMS3 1delM-mCherry-sfGFP
yCP00401-1 MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2 Kong et al. 2025
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
ML-GPM3-mCherry-sfGFP
yCP0O0402-1 MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2 Kong et al. 2025
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
MT-GPMS3 1delM-mCherry-sfGFP gid9A::KanMX
yCP00403-1 MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2 Kong et al. 2025

his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
MT-GPMS3 1delM-mCherry-sfGFP gid11A::KanMX
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yCP0O0404-1 MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2 Kong et al. 2025
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
MT-GPM3-mCherry-sfGFP gid9A::KanMX

yCPO0405-1 MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2 Kong et al. 2025
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
MT-GPM3-mCherry-sfGFP gid11A::KanMX

yCPO00406-1 MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2 Kong et al. 2025
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
MD-GPM3 1delM-mCherry-sfGFP gid9A::KanMX

yCP0O0407-1 MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2 Kong et al. 2025
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
MD-GPMS3 1delM-mCherry-sfGFP gid11A::KanMX

yCP0O0408-1 MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2 Kong et al. 2025
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
MD-GPM3-mCherry-sfGFP gid9A::KanMX

yCP0O0409-1 MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2 Kong et al. 2025
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
MD-GPM3-mCherry-sfGFP gid11A::KanMX

yCP00410-1 MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2 Kong et al. 2025
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
ML-GPM3 1delM-mCherry-sfGFP gid9A::KanMX

yCP0O0411-1 MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2 Kong et al. 2025
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
ML-GPM3 1delM-mCherry-sfGFP gid11A::KanMX

yCP0O0412-1 MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2 Kong et al. 2025
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
ML-GPM3-mCherry-sfGFP gid9A::KanMX

yCP00413-1 MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2 Kong et al. 2025
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
ML-GPM3-mCherry-sfGFP gid11A::KanMX

yCP0O0414-1 BY4741 can1A::KanMX This study

yCP0O0415-1 BY4741 CPA1-mCherry-sfGFP hphNT can1A::KanMX This study

yCPO0416-1 BY4741 CPA2-mCherry-sfGFP hphNT can1A::KanMX This study
yCP0O0417-1 BY4741 cpalA::hphNT This study
yCP0O0418-1 BY4741 cpa2A::hphNT This study
yCP0O0419-1 BY4741 can1A::KanMX cpalA::hphNT This study
yCP0O0420-1 BY4741 can1A::KanMX cpa2A::hphNT This study
yCP0O0421-1 yMaM1094 (MATalpha can1A::STE2pr-SpHIS5 This study

lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0

leu2A0::GAL1pr-I-SCEI-natNT2 YOR283W-mCherry-

sfGFP) yor283wA::(GAL1pr-I-SCEI KanMX KIURA3)

yCP0O0422-1 MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2 This study
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
YOR283W T2A-mCherry-sfGFP

yCP00423-1 BY4741 CPA1-mCherry-sfGFP-GGGGS-CUb hphNT This study

yCP0O0424-1 BY4741 CPA2-mCherry-sfGFP-GGGGS-CUb hphNT This study

yCP00425-1 BY4741 GID9-mCherry-sfGFP-GGGGS-CUb hphNT This study

yCP00426-1 BY4741 PHM8-mCherry-sfGFP-GGGGS-CUb hphNT This study

yCP00427-1 BY4741 GPM3-mCherry-sfGFP-GGGGS-CUb hphNT This study

yCP0O0428-1 BY4741 CPA1-mCherry-sfGFP-GGGGS-CUb K48R This study
hphNT

yCP0O0429-1 BY4741 CPA2-mCherry-sfGFP-GGGGS-CUb K48R This study

hphNT
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yCP00430-1

BY4741 GID9-mCherry-sfGFP-GGGGS-CUb K48R
hphNT

This study

yCP00431-1

BY4741 PHM8-mCherry-sfGFP-GGGGS-CUb K48R
hphNT

This study

yCP00432-1

BY4741 GPM3-mCherry-sfGFP-GGGGS-CUb K48R
hphNT

This study

yCP00433

BY4741 CPA1-mCherry-sfGFP-GGGGS-CUb hphNT
ubc8A::KanMX

This study

yCP00434-1

BY4741 CPA2-mCherry-sfGFP-GGGGS-CUb hphNT
ubc8A::KanMX

This study

yCP00435-1

BY4741 GID9-mCherry-sfGFP-GGGGS-CUb hphNT
ubc8A::KanMX

This study

yCP00436-1

BY4741 PHM8-mCherry-sfGFP-GGGGS-CUb hphNT
ubc8A::KanMX

This study

yCP00437-1

BY4741 GPM3-mCherry-sfGFP-GGGGS-CUb hphNT
ubc8A::KanMX

This study

yCPO0438-1

BY4741 CPA1-mCherry-sfGFP-GGGGS-CUb K48R
hphNT ubc8A::KanMX

This study

yCPO0439-1

BY4741 CPA2-mCherry-sfGFP-GGGGS-CUb K48R
hphNT ubc8A::KanMX

This study

yCP00440-1

BY4741 GID9-mCherry-sfGFP-GGGGS-CUb K48R
hphNT ubc8A::KanMX

This study

yCP0O0441

BY4741 PHM8-mCherry-sfGFP-GGGGS-CUb K48R
hphNT ubc8A::KanMX

This study

yCP00442-1

BY4741 GPM3-mCherry-sfGFP-GGGGS-CUb K48R
hphNT ubc8A::KanMX

This study

yCP00443-1

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
HA-GID11 naal0A::KanMX

This study

yCPO0454

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP sno1A::hphNT

This study

yCP0O0455

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP durl,2A::hphNT

This study

yCP00456

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gis1A::hphNT

This study

yCP00457

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP idi1A::hphNT

This study

yCP0O0458

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP syf1A::hphNT

This study

yCP0O0460

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP flc1A::hphNT

This study

yCP0O0461

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP zps1A::hphNT

This study

yCP00462

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gdh1A::hphNT

This study

yCP00463

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gid9A::KanMX sno1A::hphNT

This study
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yCP0O0464

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gid9A::KanMX dur1,2A::hphNT

This study

yCP0O0465

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gid9A::KanMX gis1A::hphNT

This study

yCP0O0466

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gid9A::KanMX syf1A::hphNT

This study

yCP0O0467

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gid9A::KanMX flc1A::hphNT

This study

yCP0O0468

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gid9A::KanMX zps1A::hphNT

This study

yCPO0469

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gid9A::KanMX gdh1A::hphNT

This study

yCP00478

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
CPA1-mCherry-sfGFP gid9A::KanMX idi1A::hphNT

This study

yCP0109-1

yCPO0065-1 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP
CPA1T6S, T9S, T33S, T36S, T37S, T47S)
gid11A::KanMX

This study

yCP0213

BY4742 ate1A::NatNT2 + p426-GPDpr-scATE1

This study

yCP0O214

BY4742 ate1A::NatNT2 + p426-GPDpr-ATElisoform1

This study

yCPO215

BY4742 ate1A::NatNT2 + p426-GPDpr-ATElisoform2

This study

yCP0216

BY4742 ntalA::NatNT2 + p426-GPDpr-scNTA1

This study

yCPO217

BY4742 ntalA::NatNT2 + p426-GPDpr-NTAN1

This study

yCP0218

BY4742 ntalA::NatNT2 + p426-GPDpr-NTAQ1

This study

yCP0224

MATalpha can1A::STE2pr-SpHIS5 lyp1A::STE3pr-LEU2
his3A1 leu2A0 ura3A0 leu2A0::GAL1pr-I-SCEI-natNT2
YDR222W-mCherry-sfGFP

This study

yCP0240

yKEK262 (BY4741 map2A::KanMX) pRS316-MAP1pr-
MAP1-MAP1ter

This study

yCP0241-1

BY4741 map2A::KanMX map1A::hphNT pRS316-
MAP1pr-MAP1-MAP1ter

This study

yJJF0001

yMaM1028 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0::GAL1pr-NLS-I-
SCEI-natNT2 ura3A0) PDC1-mCherry-sfGFP

Jia-Jun Fung/Khmelinskii lab

yJK0001

yKEKO087 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 PHM8-mCherry-sfGFP
gid11A::kanMX) pRS313-GID11pr-HA-GID11-GID11ter

This study

yJK0002

yKEK087 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 PHM8-mCherry-sfGFP
gid11A::kanMX) pRS313-GID11pr-HA-AsGo GID11
L697_C724delinsLIIGTDYGIMRWNINSWARRSFSSYDLC
-GID11ter

This study

yJK0003

yKEKO087 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 PHM8-mCherry-sfGFP

This study
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gid11A::kanMX) pRS313-GID11pr-HA-CaAl GID11
1543_V571delinsLIIGTDYGIMRWNINSWARRSFSSYDLC-
GID11ter

yJK0004

yKEK087 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 PHM8-mCherry-sfGFP
gid11A::kanMX) pRS313-GID11pr-HA-SaPa GID11-
GID11ter

This study

yJK0005

yKEK087 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 PHM8-mCherry-sfGFP
gid11A::kanMX) pRS313-GID11pr-HA-ScPo GID11
V320_L347delinsLIIGTDYGIMRWNINSWARRSFSSYDLC
-GID11ter

This study

yJK0006

yKEK087 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 PHM8-mCherry-sfGFP
gid11A::kanMX) pRS313-GID11pr-HA-ScSt GID11
1625_V653delinsLIIGTDYGIMRWNINSWARRSFSSYDLC-
GID11ter

This study

yJK0007

yKEKO087 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 PHM8-mCherry-sfGFP
gid11A::kanMX) pRS313-GID11pr-HA-VaPo GID11
1697_C724delinsLIIGTDYGIMRWNINSWARRSFSSYDLC
-GID11ter

This study

yJK0008

yKEK086 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEUZ2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP
gid11A::kanMX) pRS313-GID11pr-HA-GID11-GID11ter

This study

yJK0009

yKEKO086 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP
gid11A::kanMX) pRS313-GID11pr-HA-AsGo GID11
L697_C724delinsLIIGTDYGIMRWNINSWARRSFSSYDLC
-GID11ter

This study

yJK0010

yKEK086 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP
gid11A::kanMX) pRS313-GID11pr-HA-CaAl GID11
1543_V571delinsLIIGTDYGIMRWNINSWARRSFSSYDLC-
GID11ter

This study

yJK0011

yKEK086 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP
gid11A::kanMX) pRS313-GID11pr-HA-SaPa GID11-
GID11ter

This study

yJK0012

yKEK086 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP
gid11A::kanMX) pRS313-GID11pr-HA-ScPo GID11
V320_L347delinsLIIGTDYGIMRWNINSWARRSFSSYDLC
-GID11ter

This study

yJK0013

yKEKO086 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP
gid11A::kanMX) pRS313-GID11pr-HA-ScSt GID11

This study
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1625_V653delinsLIIGTDYGIMRWNINSWARRSFSSYDLC-
GID11ter

yJK0014

yKEK086 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP
gid11A::kanMX) pRS313-GID11pr-HA-VaPo GID11
1697_C724delinsLIIGTDYGIMRWNINSWARRSFSSYDLC
-GID11ter

This study

yJK0015

yKEK087 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 PHM8-mCherry-sfGFP
gid11A::kanMX) pRS313-GID11pr-HA-GID11
M1_K24del-GID11ter

This study

yJK0016

yKEK087 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 PHM8-mCherry-sfGFP
gid11A::kanMX) pRS313-GID11pr-HA-GID11

V84 _|115del-GID11ter

This study

yJK0017

yKEK087 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 PHM8-mCherry-sfGFP
gid11A::kanMX) pRS313-GID11pr-HA-GID11
Y306_E332del-GID11ter

This study

yJK0018

yKEKO087 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 PHM8-mCherry-sfGFP
gid11A::kanMX) pRS313-GID11pr-HA-GID11
N455_P485del-GID11ter

This study

yJK0019

yKEK087 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 PHM8-mCherry-sfGFP
gid11A::kanMX) pRS313-GID11pr-HA-GID11
V526_T677del-GID11ter

This study

yJK0020

yKEK086 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP
gid11A::kanMX) pRS313-GID11pr-HA-GID11
M1_K24del-GID11ter

This study

yJK0021

yKEKO086 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP
gid11A::kanMX) pRS313-GID11pr-HA-GID11

V84 _|115del-GID11ter

This study

yJK0022

yKEK086 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP
gid11A::kanMX) pRS313-GID11pr-HA-GID11
Y306_E332del-GID11ter

This study

yJK0023

yKEK086 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP
gid11A::kanMX) pRS313-GID11pr-HA-GID11
N455_P485del-GID11ter

This study

yJK0024

yKEK086 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP

This study
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gid11A::kanMX) pRS313-GID11pr-HA-GID11
V526_T677del-GID11ter

yKEK067

yMaM1074 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 HSM3-mCherry-sfGFP)
gid10A::kanMX

Ka-Yiu Kong/Khmelinskii lab

yKEK069

yMaM1080 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP)
gid10A::kanMX

Ka-Yiu Kong/Khmelinskii lab

yKEK084

yMaM1074 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 HSM3-mCherry-sfGFP)
gid11A::kanMX

Ka-Yiu Kong/Khmelinskii lab

yKEK086

yMaM1080 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 CPA1-mCherry-sfGFP)
gid11A::kanMX

Kong et al. 2025

yKEK087

yMaM1082 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEUZ2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 PHM8-mCherry-sfGFP)
gid11A::kanMX

Kong et al. 2025

yKEK088

yMaM1090 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 BLM10-mCherry-sfGFP)
gid11A::kanMX

Ka-Yiu Kong/Khmelinskii lab

yKEK111

yMaM1100 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 UBC8-mCherry-sfGFP)
gid9A::hphNT1

Ka-Yiu Kong/Khmelinskii lab

yKEK141

yKEKO067 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 HSM3-mCherry-sfGFP
gid10A::kanMX) gid4A::hphNT1

Ka-Yiu Kong/Khmelinskii lab

yKEK142

AK1253-1 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 HSM3-mCherry-sfGFP
gid4A::kanMX) gid11A::hphNT1

Ka-Yiu Kong/Khmelinskii lab

yKEK143

yKEKO084 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 HSM3-mCherry-sfGFP
gid11A::kanMX) gid10A::hphNT1

Ka-Yiu Kong/Khmelinskii lab

yKEK176

BY4741 gid9A::kanMX

Ka-Yiu Kong/Khmelinskii lab

yKEK179

BY4741 gid11A::kanMX

Kong et al., 2021

yKEK213

yMaM1102 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2 YDR222W-mCherry-
sfGFP) gid7A::kanMX

Ka-Yiu Kong/Khmelinskii lab

yKEK261

BY4741 map1A::kanMX

Ka-Yiu Kong/Khmelinskii lab

yKEK262

BY4741 map2A::kanMX

Ka-Yiu Kong/Khmelinskii lab

yKEK263

BY4741 moh1A::kanMX

Kong et al. 2025

yKEK264

BY4741 ipflA::kanMX

Kong et al. 2025

yLZY0037-1

BY4741 gid5A::KanMX

Kong et al. 2025
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yMaM1074

yMaM330 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2) HSM3-mCherry-sfGFP

Kong et al., 2021

yMaM1079

yMaM330 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2) GPM3-mCherry-sfGFP

Kong et al., 2021

yMaM1080

yMaM330 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2) CPA1-mCherry-sfGFP

Konget al., 2021

yMaM1082

yMaM330 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2) PHM8-mCherry-sfGFP

Kong et al., 2021

yMaM1090

yMaM330 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2) BLM10-mCherry-sfGFP

Kong et al., 2021

yMaM1091

yMaM330 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2) MDH2-mCherry-sfGFP

Kong et al., 2021

yMaM1094

yMaM330 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEUZ2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2) YOR283W-mCherry-
sfGFP

Kong et al., 2021

yMaM1100

yMaM330 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2) UBC8-mCherry-sfGFP

Matthias Meurer/Knop lab

yMaM1102

yMaM330 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEUZ2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-I-SCEI-natNT2) YDR222W-mCherry-
sfGFP

Matthias Meurer/Knop lab

yMaM1145

yMaM330 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0
leu2A0::GAL1pr-1-SCEI-natNT2) CPA1-mCherry-sfGFP
gid4A::kanMX

Matthias Meurer/Knop lab

yMaM330

Y8205 (MATalpha can1A::STE2pr-SpHIS5
lyp1A::STE3pr-LEU2 his3A1 leu2A0 ura3A0)
leu2A0::GAL1pr-I-SCEI-natNT2

Khmelinskii and Knop 2014

Table S 2: List of plasmids used in this study.

Plasmid Description Reference
humanORFeome pDONR223-ORF Rual et al. 2005
collection7.1
humanORFeome pDONR223-ORF Rual et al. 2005
collection 8.1
p413GPD p413GPD AmpR, CEN ARS HIS3 Sikorski and Hieter
1989
p426GPD p426GPD AmpR, 2y URA3 Sikorski and Hieter
1989
pAC0010.2-6 pET-3C-GST-His-ATE1 Coti 2024
pAC009-1 pET-3C-GST-His-NTAQ1 Coti 2024
pAHO001-1 p413-GPDpr-RMND5A-CYC1ter Haschke 2023
pAH002-1 p413-GPDpr-GID2-CYCter Haschke 2023
pAHO03 p413-GPDpr-ARMC8-CYCter Haschke 2023
pAH004 p413-GPDpr-hGID8-CYCter Haschke 2023
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pAHO05 p413-GPDpr-RMND5B-CYCter Haschke 2023
pAHO006 p413-GPDpr-GID8-CYCter Haschke 2023
pAH007-1 p413-GPDpr-RANBP9-CYCter Haschke 2023
pAHO008-1 p413-GPDpr-MAEA-CYCter Haschke 2023
pAHO009 p413-GPDpr-RANBP10-CYCter Haschke 2023
pAHO010 p413-GPDpr-WDR26-CYCter Haschke 2023
pAHO011-1 p413-GPDpr-GID1-CYCter Haschke 2023
pAH012-1 p413-GPDpr-GID9-CYCter Haschke 2023
pAH013-1 p413-GPDpr-hGID4 1-870-scGID4 1057-1089-CYCter Haschke 2023
pAH014-1 p413-GPDpr-scGID4 1-1056-hGID4 871-903-CYCter Haschke 2023
pAH015-1 p413-GPDpr-hGID4 1-867-scGID4 1042-1089-CYCter Haschke 2023
pAH016-1 p413-GPDpr-scGID4 1-1041-hGID4 868-903-CYCter Haschke 2023
pAnB19 pRS413-GPDpr-Ubi-EcoRV-STOP-eK-mCherry-sfGFP Kats et al. 2018
pAnB19-DC-1 pRS413-pGPD-Ubi-DC-eK-mCherry-sfGFP (GATTGT) This study
pAnB19-DD-1 pRS413-pGPD-Ubi-DD-eK-mCherry-sfGFP (GATGAT) This study
pAnB19-DE pRS413-pGPD-Ubi-DE-eK-mCherry-sfGFP (GACGAG) Kats et al. 2018
pAnB19-DH pRS413-pGPD-Ubi-DH-eK-mCherry-sfGFP (GACCAC) Kats et al. 2018
pAnB19-DI-1 pRS413-pGPD-Ubi-DI-eK-mCherry-sfGFP (GATATT) This study
pAnB19-DP pRS413-pGPD-Ubi-DP-eK-mCherry-sfGFP (CACCCA) Kats et al. 2018
pAnB19-DR pRS413-pGPD-Ubi-DR-eK-mCherry-sfGFP (GACAGA) Kats et al. 2018
pAnB19-DT-1 pRS413-pGPD-Ubi-DT-eK-mCherry-sfGFP (GATACT) This study
pAnB19-ED-1 pRS413-pGPD-Ubi-ED-eK-mCherry-sfGFP (GAAGAT) This study
pAnB19-EE pRS413-pGPD-Ubi-EE-eK-mCherry-sfGFP (GAGGAG) Kats et al. 2018
pAnB19-EH pRS413-pGPD-Ubi-EH-eK-mCherry-sfGFP (GAACAC) Kats et al. 2018
pAnB19-EK pRS413-pGPD-Ubi-EK-eK-mCherry-sfGFP (GAGAAG) Kats et al. 2018
pAnB19-EN-1 pRS413-pGPD-Ubi-EN-eK-mCherry-sfGFP (GAAAAT) This study
pAnB19-EQ-1 pRS413-pGPD-Ubi-EQ-eK-mCherry-sfGFP (GAACAA) This study
pAnB19-ET pRS413-pGPD-Ubi-ET-eK-mCherry-sfGFP (GAAACC) Kats et al. 2018
pAnB19-NC-1 pRS413-pGPD-Ubi-NC-eK-mCherry-sfGFP (AATTGT) This study
pAnB19-ND pRS413-pGPD-Ubi-ND-eK-mCherry-sfGFP (AATGAT) This study
pAnB19-NI-1 pRS413-pGPD-Ubi-NI-eK-mCherry-sfGFP (AATATT) This study
pAnB19-NK-1 pRS413-pGPD-Ubi-NK-eK-mCherry-sfGFP (AATAAA) This study
pAnB19-NN pRS413-pGPD-Ubi-NN-eK-mCherry-sfGFP (AATAAT) This study
pAnB19-NP pRS413-pGPD-Ubi-NP-eK-mCherry-sfGFP (AACCCA) Kats et al. 2018
pAnB19-NR pRS413-pGPD-Ubi-NR-eK-mCherry-sfGFP (AACAGA) Kats et al. 2018
pAnB19-NS pRS413-pGPD-Ubi-NS-eK-mCherry-sfGFP (AATTCT) This study
pAnB19-NT pRS413-pGPD-Ubi-NT-eK-mCherry-sfGFP (AATACT) This study
pAnB19-NY-1 pRS413-pGPD-Ubi-NY-eK-mCherry-sfGFP (AATTAT) This study
pAnB19-QA pRS413-pGPD-Ubi-QA-eK-mCherry-sfGFP (CAAGCG) Kats et al. 2018
pAnB19-QD-1 pRS413-pGPD-Ubi-QD-eK-mCherry-sfGFP (CAAGAT) This study
pAnB19-QH pRS413-pGPD-Ubi-QH-eK-mCherry-sfGFP (CAACAC) Kats et al. 2018
pAnB19-QK pRS413-pGPD-Ubi-QK-eK-mCherry-sfGFP (CAGAAG) Kats et al. 2018
pAnB19-QN-1 pRS413-pGPD-Ubi-QN-eK-mCherry-sfGFP (CAAAAT) This study
pAnB19-QS pRS413-pGPD-Ubi-QS-eK-mCherry-sfGFP (CAATCT) This study
pAnB19-QW pRS413-pGPD-Ubi-QW-eK-mCherry-sfGFP (CAATGG) This study
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pAnB19-QY pRS413-pGPD-Ubi-QY-eK-mCherry-sfGFP (CAATAT) This study
pAnB19-XZ pRS413-pGPD-Ubi-XZ-eK-mCherry-sfGFP (NNKNNK) This study
pCD040-1 pRS313_GID11pr-GID11(Y306-E332 GGS)-GID11ter Kong et al. 2025
pCD041-1 pRS313_GID11pr-GID11(N308-L327 GGS)-GID11ter Kong et al. 2025
pCPO0009 pRS316-ATE1pr-ATElisoform1-ATE1ter This study
pCPO0010 pRS316-ATE1pr-ATElisoform2-ATE1ter This study
pCP0O001-1 p426-GPD-ATE1 This study
pCPO0011-1 pRS316-GPDpr-ATE1-CYCter This study
pCPO0012-1 pRS316-GPDpr-ATElisoform1-CYCter This study
pCP0O0013-1 pRS316-GPDpr-ATElisoform2-CYCter This study
pCP0O0014-1 pRS316-GPDpr-NTA1-CYCter This study
pCP0O0015-1 pRS316-GPDpr-NTAN1-CYCter This study
pCP0O0016-1 pRS316-GPDpr-NTAQ1-CYCter This study
pCP0O0017 pRS413-GPDpr-MOH1-CYCter This study
pCP0O0018 pRS413-GPDpr-IPF1-CYCter This study
pCP0O002-1 p426-GPD-NTA1 This study
pCP00022 pRS413-GPDpr-PHM8-GGGS-mCherry-sfGFP This study
pCP0O0027-1 pRS413-GPDpr-CPA2-CYCter This study
pCP00028-1 pRS415-GPDpr-CPA2-CYCter This study
pCP0O0029-1 pRS416-GPDpr-CPA2-CYCter This study
pCPO003-1 p426-GPD-NTAQ1 This study
pCP0O0031-1 pRS313-CPA2pr-CPA2 T2A-CPA2ter This study
pCP0O0032-1 pRS313-CPA2pr-CPA2 T2S-CPA2ter This study
pCP0O0033-1 pRS313-CPA2pr-CPA2 T2G-CPA2ter This study
pCP0O0034-1 pRS313-CPA2pr-CPA2 T2P-CPA2ter This study
pCP0O0035-1 pRS313-CPA2pr-CPA2-CPA2ter This study
pCPO0041 pRS413-GPD-CPA1-CUb-URA3-CYCter This study
pCP0O004-1 p426-GPD-hATElisoform2 This study
pCP0O0042-1 pRS413-GPD-GPM3-CUb-URA3-CYCter This study
pCP0O0043-1 pRS413-GPD-MDH2-CUb-URA3-CYCter This study
pCP00044-1 pRS413-GPD-PHM8-CUb-URA3-CYCter This study
pCP0O0045-1 pRS415-GPD-NUb-CPA2-CYCter This study
pCP0O0046-1 pRS415-GPD-NUb-GID4-CYCter This study
pCP0O0047-1 pRS415-GPD-NUb-GID11-CYCter This study
pCP0O0048 YIp128-ADH-NUbo-CUE1-mCherry-VSV Renz et al. 2024
pCP0O0049-1 pRS413-GPD-CPA2-CUb-URA3-CYCter This study
pCP0O0050-1 pRS413-GPD-GID5-CUb-URA3-CYCter This study
pCPO005-1 p426-GPD-hATElisoform1 This study
pCP0O0051-2 pRS313-GID11pr-HA-Sall-GID11ter This study
pCP00052-1 pRS413-GPDpr-NUb-CUE1-UBC8 C85K-CYCter This study
pCP0O0053-1 pRS415-GPD-UBC7-CYCter This study
pCP0O0054-1 pFA6a mCherry-sfGFP-GGGGS-CUb hphNT1 This study
pCP0O0055-1 pFA6a mCherry-sfGFP-GGGGS-CUb K48R hphNT1 This study
pCP0O0056-1 pRS413 GPDpr-UBC7-CYCter GPDpr-NUb-CUE1-UBC8 C85K- This study

CYCter
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pCPO0057-1

pRS313-GID11pr-HA-GID11 M1V24del V84I115del
N455P485del V526P485del-CYCter

Kong et al. 2025

pCPO0058 pRS413-GPDpr-GPM3 V3E-GGGS-mCherry-sfGFP Kong et al. 2025
pCP0O0059-1 pRS413-GPDpr-GPM3 V3F-GGGS-mCherry-sfGFP Kong et al. 2025
pCPO0060-1 pRS413-GPDpr-GPM3 V3I-GGGS-mCherry-sfGFP Kong et al. 2025
pCP0O006-1 p426-GPD-NTAN1 This study
pCPO0061-1 pRS413-GPDpr-GPM3 V3L-GGGS-mCherry-sfGFP Kong et al. 2025
pCP0O0062-1 pRS413-GPDpr-GPM3 V3S-GGGS-mCherry-sfGFP Kong et al. 2025
pCP0O0063 pRS313-GID11pr-HA-GID11 Kong et al. 2025

H305_E335delinsGGSGGSGGSGGSGGSGGSGGSGGSGGSGGS

G-GID11ter
pCP0O0064 pRS313-GID11pr-HA-GID11 M1-L304-Aflll-GID11N336- This study

STOP731
pCPO0065 pRS413-GPDpr-MOH1-CYCter Kong et al. 2025
pCPO0066 pRS413-GPDpr-IPF1-CYCter Kong et al. 2025
pCPO0067-1 pRS313-DBP3pr-DBP3 K3V-mCherry-sfGFP-DBP3ter Kong et al. 2025
pCPO0068-1 pRS313-DBP3pr-DBP3-mCherry-sfGFP-DBP3ter Kong et al. 2025
pCPO0069 pRS316-MAP1pr-MAP1-MAP1ter This study
pCPO0070 pRS315-MAP1pr-MAP1-MAP1ter This study
pCP0O0071 pRS315-MAP1pr-MAP1 Q365A-MAP1ter This study
pCP0O0072 pRS315-MAP1pr-Deinococcus radiodurans MetAP-MAP1ter This study
pCP0O0073 pRS313-GID11pr-HA-GID11 P310-R321-GID11ter Kong et al. 2025
pCP0O0074 pRS313-GID11pr-HA-GID11 P308-L327-GID11ter Kong et al. 2025

pFA6a-hphNT1

pFA6a-hphNT1

Janke et al. 2004

pFA6a-kanMX

pFA6a-kanMX

Janke et al. 2004

pJK0001-1 pRS313-GID11pr-HA-GID11-GID11ter Kong et al. 2025
pJK0002-1 pRS313-GID11pr-HA-AsGo GID11 This study
L697_C724delinsLIIGTDYGIMRWNINSWARRSFSSYDLC-
GID11ter
pJK0003-1 pRS313-GID11pr-HA-CaAlGID11 This study
1543_V571delinsLIIGTDYGIMRWNINSWARRSFSSYDLC-
GID11ter
pJK0004-1 pRS313-GID11pr-HA-SaPa GID11-GID11ter This study
pJK0005-1 pRS313-GID11pr-HA-ScPo GID11 This study
V320_L347delinsLIIGTDYGIMRWNINSWARRSFSSYDLC-
GID11ter
pJK0006-1 pRS313-GID11pr-HA-ScSt GID11 This study
1625_V653delinsLIIGTDYGIMRWNINSWARRSFSSYDLC-
GID11ter
pJK0007-1 pRS313-GID11pr-HA-VaPo GID11 This study
1697_C724delinsLIIGTDYGIMRWNINSWARRSFSSYDLC-
GID11ter
pJK0008-1 pRS313-GID11pr-HA-GID11 M1_K24del-GID11ter Kong et al. 2025
pJKO009 pRS313-GID11pr-HA-GID11V84_l115del-GID11ter Kong et al. 2025
pJK0010 pRS313-GID11pr-HA-GID11 Y306_E332del-GID11ter Kong et al. 2025
pJK0011 pRS313-GID11pr-HA-GID11 N455_P485del-GID11ter Kong et al. 2025
pJK0012-1 pRS313-GID11pr-HA-GID11 V526_T677del-GID11ter Kong et al. 2025
pJK0013-1 pRS313-LYS20pr-LYS20 A3V-mCherry-sfGFP-LYS20ter Kong et al. 2025
pJK0014-1 pRS313-STF2pr-STF2 R3V-mCherry-sfGFP-STF2ter Kong et al. 2025
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pJK0015 pRS413-GPDpr-YOR283W K3V-mCherry-sfGFP-CYCter Kong et al. 2025
pJK0016-1 pRS313-DLD3pr-DLD3 A3V-mCherry-sfGFP-DLD3ter Kong et al. 2025
pKBJOO1-1 pRS413-GPDpr-Ubi-EcoRV-STOP-eK-mCherry-sfGFP-CYC1term | This study
pKEK028 pRS413-GPDpr-CPA1-mCherry-sfGFP This study
pKEK043 pRS413-GPDpr-YOR283W-mCherry-sfGFP Kong et al. 2021
pKEKO078 pRS413-GPDpr-GID11 This study
pKEK198 pRS413-GPDpr-GID4 This study
pKEK199 pRS413-GPDpr-GID10 This study
pKEK348 pRS313-DLD3pr-DLD3-mCherry-sfGFP-DLD3ter Kong et al. 2025
pKEK351 pRS313-LYS20pr-LYS20-mCherry-sfGFP-LYS20ter Kong et al. 2025
pKEK363 pRS313-STF2pr-STF2-mCherry-sfGFP-STF2ter Kong et al. 2025
pKEK392 pRS413-GPDpr-YML053C This study
pKEK393 pRS413-GPDpr-SPG5 This study
pKEK400 pRS413-GPDpr-Myc-Ub-CYC1ter This study
pKEK452 pRS313-GID11pr-GID11-GID11ter This study
pKEK529 pRS413-GPDpr-ENV11 This study
pKEK531 pRS413-GPDpr-GEP5 This study
pKEK533 pRS413-GPDpr-MCM10 This study
pKEK535 pRS413-GPDpr-MLO50 This study
pMaM60 pFA6a-mCherry-sfGFP-hphNT1 Khmelinskii et al. 2012
pRS315 pRS315 pBluescript, LEU2 CEN6 ARS Sikorski and Hieter
1989
pRS316 pRS316 pBluescript, URA3 CEN6 ARS Sikorski and Hieter
1989

Table S 3: List of oligonucleotides used in this study.

Oligonucleotide
name

Sequence

313_CPA1lpr_F

TTGGAGCTCCACCGCGGTGGCGGCCGCTCTAGAACTAGTGGATCC Cttgaaatatttt

313_CPA2pr_F

TTGGAGCTCCACCGCGGTGGCGGCCGCTCTAGAACTAGTGGATCCAAGAATGGCAACATTGT
TATTATTGTGAAAAATGAG

313-GID11pr-
HA_R

agtGTCGACAGCGTAATCTGGAACATCGTATGGGTACATtctttaacacgtatacttttgtaacttattgetgtt
tttc

313-GID11ter_F

tacGTCGACacttcagccatacatatattgtgattttaattcacc

316_ATE1pr_F

TTGGAGCTCCACCGCGGTGGCGGCCGCTCTAGAACTAGTGGATCCAACTGTGGATCACTGG
TAGTTACTTCA

316_GPDpr_F

TTGGAGCTCCACCGCGGTGGCGGCCGCTCTAGAACTAGTGGATCCAGTTTATCATTATCAATA
CTGCCATTTCAAAGAAT

316_NTAlpr_F

TTGGAGCTCCACCGCGGTGGCGGCCGCTCTAGAACTAGTGGATCCGCCGTCGTGGTGACG

316_NTAlter_R

CCTCACTAAAGGGAACAAAAGCTGGGTACCGGGCCCCCCCTCGAGAAGTAGTCTATTAAAAA
CTCTACGGCGAGG

416-GPDpr_F

GCGCAATTAACCCTCACTAAAGGGAACAAAAGCTGGAGCTCAGTTTATCATTA

426GPD_BamHI_A
TE1-1_F

AAACACCAGAACTTAGTTTCGACGGATTCTAGAACTAGTGGATCCATGGCTTTCTGGGCGG

426GPD_BamHI_A
TE1-2_F

AAACACCAGAACTTAGTTTCGACGGATTCTAGAACTAGTGGATCCATGGCTTTCTGGGCGG

426GPD_BamHI_N
TAN1_F

AAACACCAGAACTTAGTTTCGACGGATTCTAGAACTAGTGGATC Catgeegetgcteg
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426GPD_BamHI_N
TAQ1_F

AAACACCAGAACTTAGTTTCGACGGATTCTAGAACTAGTGGATCCAtggaaggtaatggcccc

426GPD_BamHlI_s
CATE1_F

AAACACCAGAACTTAGTTTCGACGGATTCTAGAACTAGTGGATCCATGTCCGATAGATTCGTTA
TTTGGGC

426GPD_BamHI_y
NTA1_F

AAACACCAGAACTTAGTTTCGACGGATTCTAGAACTAGTGGATCCATGCTAATAGACGCAATTC
ATGGTGC

426GPD_Hind3_AT
E1 R

ACATAACTAATTACATGACTCGAGGTCGACGGTATCGATAAGCTTTCAGTTTCTGAACAGCAGC
ATCCG

426GPD_Hind3_AT
E1-1 R

GAGGGCGTGAATGTAAGCGTGACATAACTAATTACATGACTCGAGTCAGTITCTGAACAGCAG
CATCCGC

426GPD_Hind3_AT
E1-2_R

GAGGGCGTGAATGTAAGCGTGACATAACTAATTACATGACTCGAGTCAGTTTCTGAACAGCAG
CATCCGC

426GPD_HindlI_N
TAN1_R

ACATAACTAATTACATGACTCGAGGTCGACGGTATCGATAAGCTTacttcctggagaagagatcttttcc
C

426GPD_HindlI_N
TAQ1_R

ACATAACTAATTACATGACTCGAGGTCGACGGTATCGATAAGCTTgcagtttttactgccaaaccgatg

426GPD_HindlIl_y
ATE1_R

ACATAACTAATTACATGACTCGAGGTCGACGGTATCGATAAGCTTTCACATTTGCTCACTATATA
AAATGACGGCT

426GPD_HindlIl_y
NTA_R

ACATAACTAATTACATGACTCGAGGTCGACGGTATCGATAAGCTTTCACCTAAACACTTCAAATT
GGACCTCAC

ACS2_-152 F CACCGCACGTTTAGCCTGATC

ACS2_S1 ATTGTTATACACAAACAGAATACAGGAAAGTAAATCAATACAATAATAAAATATGegtacgctgcaggt
cgac

ACS2_S2 AAACAGAAAAGGAGCGAAATTTTATCTCATTACGAAATTTTTCTCATTTAAGTTAatcgatgaattcgag
ctcg

ARMC8_171_F GCAAGAAACCTCAAGCACAGAGC

ARMC8_230_R GCAAGACTTCCCAACACCACTG

ARMC8_694_F AGGGATAAGCCTATTGAGATGCAGC

ARMCS8_Xhol_pKB)J
001_R

gagggcgtgaatgtaagegtgacataactaattacatgactcgagTTAGGTTGACGTCACTCCCTGC

ATE1_F_-324 GCCATGTCTGGATGGTGCTG

ATE1_S1 TTGTTACAAAAGACAAGATAGTCTCAAGATACAACTGAGAAGAAGCACAATTATGcgtacgctgcag
gtcgac

ATE1_S2 TGCTAAAAAATGTTATACATTAGGATTGTTATTAGAATAGTGTGTTGAAGGCTCAatcgatgaattcgag

ctcg

ATE1-1_ATE1lter_F

TGCTGCTGTTCAGAAACTGAGCCTTCAACACACTATTCTAATAACAATCC

ATE1-1_ATElter_R

TAGAATAGTGTGTTGAAGGCTCAGTTTCTGAACAGCAGCA

ATE1-2_ATE1lter_R

TAGAATAGTGTGTTGAAGGCTCAGTTTCTGAACAGCAGCA

ATE1-2_ATEter_F

TGCTGCTGTTCAGAAACTGAGCCTTCAACACACTATTCTAATAACAATCC

ATEliso1_1270_F

CCTTCTGATTTGCTGTGCCCTG

ATElisol1_25 F

CCCAGCGTCGTGGACTATTTC

ATElisol_655_F

AAACTAATGCAGCAGAACCCAGC

ATEliso1_CYCter_
F

TGCTGCTGTTCAGAAACTGAtcatgtaattagttatgtcacgcttacattcac

ATElisol_CYCter_
R

tgacataactaattacatgaTCAGTTTCTGAACAGCAGCATCCG

ATEliso2_1270_F

CCTTCTGATTTGCTGTGCCCTG

ATE1liso2_25_F

CCCAGCGTCGTGGACTATTTC

ATE1liso2_655_F

AAACTAATGCAGCAGAACCCAGC

ATE1liso2_CYCter_
F

TGCTGCTGTTCAGAAACTGAtcatgtaattagttatgtcacgcttacattcac
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ATEliso2_CYCter_
R

tgacataactaattacatgaTCAGTTTCTGAACAGCAGCATCCG

ATE1pr_ATE1-1_F

AACTGAGAAGAAGCACAATTATGGCTTTCTGGGCGGG

ATE1pr_ATE1-2_F

AACTGAGAAGAAGCACAATTATGGCTTTCTGGGCGGG

ATE1pr_ATE1-2_R

CCCCCCGCCCAGAAAGCCATAATTGTGCTTCTTCTCAGTTGTATCTTGAGAC

ATE1pr-ATE1-1_R

CCCCCCGCCCAGAAAGCCATAATTGTGCTTCTTCTCAGTTGTATCTTGAGAC

ATE1ter_316_R

CCTCACTAAAGGGAACAAAAGCTGGGTACCGGGCCCCCCCTCGAGTGCACAGTTAAAGTCA
GTGCACCA

BEM4_F_+225 CTTCAAATAGTGAATCCCTTCC

BEM4_LS1 GTCACTCGCGAACTAAAACTAACCGCGAATAACAAATCACCTCATCTATATTTCAGCCCCAAAA
GATTGTGGTTTCAAGTGAAAATAACTGTCCTACTAAcgtacgctgcaggtcgac

BEM4_LS2 TTAATCCAACAATATTCAAGATTTAATATTTATATATATATATATATATATACATGCAGAGGGAACGT
TTITCTCCCCTCGTAGGTAAGGCGATTACGTGTatcgatgaattcgagctcg

BLM10_-185_F TCTTACCAGTGGAGAAGTACACG

BLM10_S1 TCATTGTTCGTTAGCTAGCTTTGCACATTAATTTTTCGATTTGTTACCGCCAATGcgtacgctgeaggt
cgac

BLM10_S2 TAGATGTACATATATGTCTAGATATGTGCTTAATATCCTATACTAATATGAATCAatcgatgaattcgag
ctcg

BUB3_F_+247 AAACGCGCTAAGATACGACC

BUB3_LS1 TGCATGTCCGAGAATACAAAAAATAGTGAACGAAAAAAATATCACATCGCGAAAGAAAAGCTAT
CTGATATCTGCAACACGAAAACACAACAGTCGCGGCcgtacgcetgcaggtecgac

BUB3_LS2 TTTCTTTATTCCTTAAAGGAGGAGAAGCGAAGAGAGAGCGATGAATCTGAATTTTTTTTCTGGAAT
GTTCTATCATACTACACGAATCTTCACGAAGATAatcgatgaattcgagetcg

CAN1_-229 F GAAAGAAGAGTGGTTGCGAACAGAG

CAN1-S1 TTCTTCAGACTTCTTAACTCCTGTAAAAACAAAAAAAAAAAAAGGCATAGCAATGcegtacgctgecagg
tcgac

CAN1-S2 TGAGAATGCGAAATGGCGTGGAAATGTGATCAAAGGTAATAAAACGTCATATCTAatcgatgaattc

gagctcg

CDC26_F_+204

GCTACCGATTGCGCCAACAAGG

CDC26_LS1 CACAAAAGTAGAGGAATAATGGATGGATCTAGGATGTACGTATATATGATATTAGCGGTCTGAA
GAGAAAAAAAAAACAGCAACAATAACATCGCACTTGcgtacgctgcaggtcgac

CDC26_LS2 AATACAACGTATATAAAACTAGAGAGAAGAAATTTTATAAGTGAAAGTGAATGTGGATGCGTGCG
CGTGTGCGTGTGCGTGTGCGTATGCGGATATGCTAatcgatgaattcgagetcg

CPA1_+420_R TTCTTGGTATCACTTCGTTGCTCC

CPA1_1002_F AGGCATGATACACCTTCAAAGACC

CPA1_363_R AGCAACACCTTCTCTCTGACACC

CPA1_-498 F CCGTGGAAGGGTGTTTGACTC

CPA1_F_-479 TCATCATCGCATCGCATTACCTC

CPA1_R_234 ATTGTATTCATCGCGGGCTTCG

CPA1-116_F TGGTTGGTTACCCAGAGTCCATG

CPA1-700_F GGCAACCCAGAACTATGCCAAG

CPA1-CUb_F CCAAGGAAAGAGTGTTGTTCacgctgcaggtcgacg

CPA1-CUb_R ataccgtcgacctgcagcgtGAACAACACTCTTTCCTTGGCCAAC

CPA1-pKBJOO1-R

tcctectegeccttgetcaccatagcaccgtcgacggtatcgatGAACAACACTCTTITCCTTGGCCAAC

CPAl1pr_CPA1S2T_
R

tttgttgcagcggaggtcattgtaatccatca

CPA1pr-480_R

TCATCATCGCATCGCATTACCTC

CPA1pr-96_F GTCTTGGCAGGTGTATTGAGAGTTC
CPA1pr- taggggggtgatggattacaatgacctecget
CPA1S2T_F
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CPA1-S1

ATTGCTTAATAATCAGAAATTCTATCACAAACCACTCCTAAAAATATTTCAAATGcgtacgctgcaggt
cgac

CPA1-S2 TTGAATCGTATTTAGATGTACGTATGTGTTACGTAATGTATAAATTTTGTTTTTAatcgatgaattcgagct
cg

CPA1-S3 ATCGAGATTGCAGAGTATAAATGTTACTAAGTTGGCCAAGGAAAGAGTGTTGTTCcgtacgctgcag
gtcgac

CPA1ter-313_R CCTCACTAAAGGGAACAAAAGCTGGGTACCGGGCCCCCCCTCGAGtattatcatcat

CPAlter-68_F TITGCGCTACTCGTCGTTGC

CPA2_-225 F TTGTGTCACCTTGAGTAAGCATCG

CPA2_285_R GATGTATTCTGGTGTAACGGGCAAG

CPA2_T2A_COREs | AGGAAGAGCAATACAGTACATAGACAGGAAGAAAAGAATGGCTTCGATTTATACATCAACAGA
wap GCCTACGAATTCTGCTTTTA

CPA2+193_R GGCCCATGCGTTACTCACTTC

CPA2-234_F TCGTAACGATTGTGTCACCTTGAG

CPA2-CUb_F TTATTGGTTTCAAAGCATATacgctgcaggtcgacg

CPA2-CUb_R ataccgtcgacctgcagcgtATATGCTTTGAAACCAATAAATTCATCCCAGG

CPA2-CYCter_R

GAGGGCGTGAATGTAAGCGTGACATAACTAATTACATGACTCGAGTCAATATGCTTTGAAACCA
ATAAATTCATCCCAGG

CPA2-pKBJOO1_R

gagggcgtgaatgtaagegtgacataactaattacatgactcgagTCAATATGCTTTGAAACCAATAAATTCATC
CCAGG

CPA2pr_CPA2T2A_
F

ACATAGACAGGAAGAAAAGAATGGCATCGATT

CPA2pr_CPA2T2A_
R

GATGTATAAATCGATGCCATTCTTTTCTTCCTGT

CPA2pr- TAGACAGGAAGAAAAGAATGGCATCGATTTATACAT

CPA2T2A_F

CPA2pr- GTTGATGTATAAATCGATGCCATTCTTTTCTTCCT

CPA2T2A_R

CPA2pr- TAGACAGGAAGAAAAGAATGGGATCGATTTATACAT

CPA2T2G_F

CPA2pr- GTTGATGTATAAATCGATCCCATTCTTTTCTTCCT

CPA2T2G_R

CPA2pr- TAGACAGGAAGAAAAGAATGCCATCGATTTATACAT

CPA2T2P_F

CPA2pr- GTTGATGTATAAATCGATGGCATTCTTTTCTTCCT

CPA2T2P_R

CPA2pr- TAGACAGGAAGAAAAGAATGTCATCGATTTATACAT

CPA2T2S_F

CPA2pr- GTTGATGTATAAATCGATGACATTCTTTTCTTCCT

CPA2T2S_R

CPA2-S1 AAATTAGTTCTATAAAGGAAGAGCAATACAGTACATAGACAGGAAGAAAAGAATGcegtacgcetgecag
gtcgac

CPA2-S2 CATTATATAATATACAGTAATACAATTAGAGGCAGGTTTTTCTTTTGCACAATCAatcgatgaattcgag

cteg

CPA2-52-CdelTGA

ATCTCATGACGTTATAGTTCCACCAGAAGTCCGTTCCTGGGATGAATTTATTGGTTGAcgtacgctg
caggtcgac

CPA2-S3

TATAGTTCCACCAGAAGTCCGTTCCTGGGATGAATTTATTGGTTTCAAAGCATAT gtacgctgcags
tcgac

CPA2ter_313_R

CCTCACTAAAGGGAACAAAAGCTGGGTACCGGGCCCCCCCTCGAGGCGGATTCTCTCCGTA
GCG

CPA2ter-313_R

CCTCACTAAAGGGAACAAAAGCTGGGTACCGGGCCCCCCCTCGAGGCGGATTCTCTCCGTA
GCG

CUE1_UBC8_Sall_
R

CTTCTTTTAGAGCTACTCATgtcgacgttaattaaagtcagcaaactttgcaaatct
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CUE1-Sall-
GID11_F

agtgataaagatttgcaaagtttgctgactttaattaacgtcgacATGACCATTGATGGCACGGG

CUE1-Sall-GID4_F

agtgataaagatttgcaaagtttgctgactttaattaacgtcgacATGATCAATAATCCTAAGGTAGACAGTGTA
GC

CUE1-Sall-GID5_F

agtgataaagatttgcaaagtttgctgactttaattaacgtcgacATGACGGTGGCTTATTCCCTAGAG

CUE1-Sall-
UBC6_F

agtgataaagatttgcaaagtttgctgactttaattaacgtcgacATGGCTACAAAGCAGGCTCAC

CYCter_316_R

CCTCACTAAAGGGAACAAAAGCTGGGTACCGGGCCCCCCCTCGAGGGCCGCAAATTAAAG
CCTTCGAGCGTCC

CYCter_Spel_PRS4
26_R

caaaagctggagctccaccgeggtggeggecgetctagaactagtgcaaattaaagecttcgagegt

CYCter-247bp_R

CAAATTAAAGCCTTCGAGCGTCC

CYCter-416-R

AGCGCGCGTAATACGACTCACTATAGGGCGAATTGGGTACCGGCCGCAAATTA

D.radMetAP_Bam
HI_pRS315_R

GGTATCGATAAGCTTGATATCGAATTCCTGCAGCCCGGGGttatagcgtcaggatgtegtageee

D.radMetAP_F_12 | TGACGCTCAAAGAACTCGACC

8

DBP3_-230_F CCTCAGGCTTTGCGCTCTTG

DBP3_S1 AGCCTTTTAACGAAAGCATAAGTATTAACAGTTTGATATATAGGGGATTAAAATGcgtacgctgcaggt
cgac

DBP3_S2 ATTGGCTATTATTAGAGAAGAAAATCCAAGATTGAAGTAAACGAAAAAACCCCTAatcgatgaattcg

agctcg

DBP3pr-DBP3

tataggggattaaaATGACAGHGAAGAAATCGCAGACAAGAAGAG

K3V_F

DBP3pr-DBP3 TTCTTGTCTGCGATTTCTTCaacTGTCATtttaatcccctatatatcaaac

K3V_R

DBP3pr- tataggggattaaaATGACAaagGAAGAAATCGCAGACAAGAAGAG

DBP3WT_F

DBP3pr- TTCTTGTCTGCGATTTCTTCcttTGTCATtttaatcccctatatatcaaac

DBP3WT_R

DBP3ter- CCTCACTAAAGGGAACAAAAGCTGGGTACCGGGCCCCCCCTCGAGtcgatttcecca

pRS313_R

DLD3_-184_F CGGATGACACCACTTGCCAC

DLD3_S1 AATATTTTATTCATTTGAGATTCAAGGCTTAAAGACAGCATATATAAGAATTATGcgtacgcetgcaggtc
gac

DLD3_S2 AATACTGTAAAGAAAAAGGGTTTGCTCTTTGAAAGTTAAAAATTAACAAAGTTCAatcgatgaattcga

geteg

DLD3pr-DLD3
A3V_F

catatataagaattATGACGgttGCACATCCTGTTGCTCAGTTAACT

DLD3pr-DLD3
A3V R

AACTGAGCAACAGGATGTGCaacCGTCATaattctt

DLD3ter_pRS313_
R

CCTCACTAAAGGGAACAAAAGCTGGGTACCGGGCCCCCCCTCGAGggacgaacactt

DOA1_F_+194 TAAAACAATAGGAGCGAGGCTTGG

DOA1_LS1 ATTTTAGTACGCTGATAATAAGGGAAGGCCACTGTCTTGGCTTATTTTATATATATATATTCATGTG
TGATAGTAAGGTGTAGAGCAGCAGATTTGGAGTcgtacgctgcaggtcgac

DOA1_LS2 GACCGTGATAGTTTGTCATAATTTTCAATAGGGCAGAAAGAATTTTAAAGATTATTTGCTATCTAG
ACATTATGTGTTTTATATGATTGCTGTAAAAGTAatcgatgaattcgagetcg

DUR1,2_-198_F TCGCTCACTTCTGAATATCAGGCTC

DUR1,2_S1 AAATAGAAATATCTTTTTITATAGTCACAATAAATTTCAGTTTTGATTAAAAAATGCgtacgctgcaggteg
ac

DUR1,2_S2 TATAAAGACTAAATGAGTGCTCCTTTGATTTTAGATGCCAACAAAAGGTAATTCAatcgatgaattcga

geteg
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DUR1,2_S3

CAATGGTGATATGGTTGATTCTGGTGACATAGTGGCCGTCATAGAGACATTGGCAcgtacgctgca
ggtcgac

FLC1_-249 F TGCTATGCGAATCTGAACCGATC

FLC1_S1 AGAGATTATTTTCATTATTGACACACATACCCGACCAAAAACGGCGTTAAGAATGcgtacgctgcag
gtcgac

FLC1_S2 TCGTAATGATTTAATTACGTTGTTCTTTTTACCTTTATCCCATCGACAAAGCTTAatcgatgaattcgag
ctcg

FLC1_S3 TGCAAACGCCCAAGATGTTACTAAAAAAGCAAACATCCTGGATCCTGATTATTTGcgtacgctgcag
gtcgac

GAL.E CTAAGATAATGGGGCTCTTT

GDH1_-240_F AGCGTAAGAAGTAGCAGCAAAGG

GDH1_S1 GTACTATCGCATTATTCTAATATAACAGTTAGGAGACCAAAAAGAAAAAGAAATGcgtacgetgcagg
tcgac

GDH1_S2 AAAAAAGAAAGAACTTTTTATGAACTTTCCTCTTTTCTTTCTTTTAGACTATTTAatcgatgaattcgagcet
cg

GDH1_S3 TATCGCAAGTTTCATCAAGGTCTCTGATGCTATGTTTGACCAAGGTGATGTATTTcgtacgctgcagg
tcgac

GID10_102_R GGGTAGAGAGACATAGGCCGAAG

GID10_CYCter_F

GTGGATTTGAAATTGCCTAAtcatgtaattagttatgtcacgcttacattcac

GID10_CYCter_R

tgacataactaattacatgaTTAGGCAATTTCAAATCCACTTGAGTAGGT

GID10_F_703 CATCATCTGGAAGGCGCGTC

GID10_F_80 CTTCGGCCTATGTCTCTCTACC

Gid10_LS2 TACTAGTTTACTTATTGATGTAATATCAAGAACAATGTGCTTTTAAAAGAGACATGGTTGACGAGT
AAACAAACATACATTGGTAATTCTATAAGGGTCTatcgatgaattcgagctcg

GID10_R_127 GAGGCAAACGTGTATCAGTTGAGG

GID10-S1 TTATCCTTTCGTATTGTGTTATGAGACTTTTCATTTAAAATATACTGTAGGTATGcgtacgctgcaggtcg
ac

GID11_+305_R GAGAAATGTGGATTGTGCAGTG

GID11_-150_F GATCAGAAAGTGAGGAGGAGGAGAC

GID11_-218_F GTGTCACGTGACATTGAACG

GID11_50_R CGTTCATCTTGCAGCGCCTC

GID11_CYCter_F

CTAGTTATGACTTATGTTGAtcatgtaattagttatgtcacgcttacattcac

GID11_CYCter_R

tgacataactaattacatgaTCAACATAAGTCATAACTAGAGAAACTTCTTCTTGC

GID11_CYCter_R

GAGGGCGTGAATGTAAGCGTGACATAACTAATTACATGACTCGAGTCAACATAAGTCATAACTA
GAGAAACTTCTTCTTGCC

GID11_F_1237 CAGGGCAGAGTACACGTTGTAG
GID11_F_1882 GACTATCATGGTGTTTCCGCAAG
GID11_F_20 GGCAATCTAAGGAGGCGCTG
GID11_F_643 TTTACGTTGGGCCAGTTCATC

GID11_GID11ter_R

acgggtgaattaaaatcacaatatatgtatggctgaagtGTCGACTCAACATAAGTC

GID11_H305_Y333
F

CCAACCAATTCTCCTTACATTATATCGAAAACATATATGAAGCTCCAAATTCAGACC

GID11_H305_Y333
R

TCATATATGTTTTCGATATAATGTAAGGAGAATTGGTTGGTTAATTCATTTTGAT

GID11_L304_AflI_
R

ATGcttaagTAAGGAGAATTGGTTGGTTAATTCATTTTGATTGTAAAC

GID11_N334_Aflll_
F

ATGcttaagAACATATATGAAGCTCCAAATTCAGACCAT

GID11_P84_S116_
F

CTTCCGTATTGAGGTCTCCATCCAAAAATTTACATGTTCCTTCCGAGAAAC
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GID11_P84_S116_
R

GGAACATGTAAATTTTTGGATGGAGACCTCAATACGGAAGAATCC

GID11_R_128

ATGGAGACCTTGGCATCGTAGAG

GID11_S1

AATAAAGTGGTAGAAAAACAGCAATAAGTTACAAAAGTATACGTGTTAAAGAATGCgtacgctgcags
tcgac

GID11_S525_Q67
8_F

ATAAAATTAGTAACGAATCGCAGGAAAGTAACGAATTCTCAGAAGAAAACA

GID11_S525_Q67
8_R

GAGAATTCGTTACTTTCCTGCGATTCGTTACTAATTTTATCCATAACTTTCGGAAAAG

GID11_T454_S486
F

CAAATCATAATTTCACCACATCTATGCCAAATGTAACCACAGAACCA

GID11_T454_S486
R

GTGGTTACATTTGGCATAGATGTGGTGAAATTATGATTTGTATTATGCTTCCG

GID11pr-HA-
GID11_F

tgttaaagaATGTACCCATACGATGTTCCAGATTACGCTGTCGACATGACCATTGATGGCACGGG

GID11-Sall-CYC_R

gagggcgtgaatgtaagegtgacataactaattacatgagtcgacTCAACATAAGTCATAACTAGAGAAACTTC
TTICTTGCC

GID4_95_R

GGTGTTGGTTCTGGCGAAGC

GID4_CYCter_F

GTTCTTTTGAGTTTGCTTGAtcatgtaattagttatgtcacgcttacattcac

GID4_CYCter_R

tgacataactaattacatgaTCAAGCAAACTCAAAAGAACAATCACTGG

GID4_CYCter_R

GAGGGCGTGAATGTAAGCGTGACATAACTAATTACATGACTCGAGTCAAGCAAACTCAAAAGA
ACAATCACTGGAC

GID4_F_19 GTAGACAGTGTAGCGGAGAAACC

GID4_F_625 TTCAAAGCCACAGACCAAACAGAC

GID4_KO GGGGCAGGCGGGTTTTAAT

GID4_R_157 AGGGTGCGGTTGAAGTCAAG

GID4_S1 ATCATTTGTGGCGTCTTGTGCATGACACCAACACATATCGCAAGCTTGAGTCATGcgtacgctgea

ggtcgac

GID4-Sall-CYC_R

gagggcgtgaatgtaagegtgacataactaattacatgagtcgacTCAAGCAAACTCAAAAGAACAATCACTG
GAC

GID5-CUb_F

ACCTGCTTTTGAAAGTTAAAacgctgcaggtcgacg

GID5-CUb_R

ataccgtcgacctgcagcgtTTTAACTTITCAAAAGCAGGTCCATGTGATATAG

GID5-Sall-CYC_R

gagggcgtgaatgtaagegtgacataactaattacatgagtcgacTCATTTAACTTTCAAAAGCAGGTCCATGT
GA

GID7_KO CGCCTTGTGTGCGCTTIGTAG

GID7-S1 AAGTCAAATATGAAAAACACTTCCAAGGGGGCGTACTACTTCAACTAATAAAATGegtacgctgeag
gtcgac

GID7-S2 TTTTTTTTTITGTTACATAAAACTTTGCTTACGTATATATATAAGGTGGAGTATTAatcgatgaattcgaget
cg

Gid9(Fyv10)_KO | TGTTGATGTTCTCATGCGAGTC

GID9_1212_F AAATCAAGAGACGGAAACTGCCAC

GID9_194_F AGCACGACGAGTTGGCACTAG

GID9_380_R TTTCCATTGTGCGATGTTCCTG

GID9_843_F AAAGCCAACTTCTTCTACCAGCTC

GID9-S1 TCATACATAAAACAGAGAAAATGATTATAAATTATAGGAAAGTAGGTAAGCCATG gtacgctgcagg
tcgac

GID9-S2 TGAAAGTTGGACAAATCTTTATATAAAAAAATGCATATAGCTTGAAACTATTTCAatcgatgaattcgag
ctcg

GIS1_-209_F CTTACAGAAACTCTTTGCCCACCAC

GIS1_S1 CGTTGTAATTTTTTTTTTTTAATTTGAAGAATAGCTACAAAAACAGACTACAATGegtacgctgcaggteg

ac
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GIS1_S2

AATATTCGATAAAAATTTTTTTTGAACCCATTTTGTATATCATTTTCTTGACCTAatcgatgaattcgagct
cg

GIS1_S3 AAATAAAAAAATTCCATGCACTCAAGAAATGGAAAATACTAAATTAGCTGAATCAcgtacgctgcagg
tcgac

GPD_349_F AACGGGCACAACCTCAATGG

GPD-306_R TGCGCTAAGAGAATGGACCTATG

GPD-CPA1_F aaacaccagaacttagtttcgacggattctagaactagtggatccCATGTCCTCCGCTGCAACAA

GPD-CPA2_F aaacaccagaacttagtttcgacggattctagaactagtggatccCATGACATCGATTTATACATCAACAGAGCC

GPD-GID5_F aaacaccagaacttagtttcgacggattctagaactagtggatcCATGACGGTGGCTTATTCCCTAGAG

GPD-GPM3_F aaacaccagaacttagtttcgacggattctagaactagtggatccCATGACTGTTACTGACACTTTTAAACTGTTT
ATTTTAAGG

GPD-MDH2_F aaacaccagaacttagtttcgacggattctagaactagtggatccATGATTCTCCTTCTGATTCTTTTTCCCTG

GPD-NUb_F AAACACCAGAACTTAGTTTCGACGGATTCTAGAACTAGTGGATC Catgcagattttcgtcaagactttga
cc

GPD-NUb_F aaacaccagaacttagtttcgacggattctagaactagtggatccatgcagattttcgtcaagactttgaccggt

GPD-PHM8_F aaacaccagaacttagtttcgacggattctagaactagtggatcCATGACTATCGCTAAAGATTACAGAACAAT

TTATAGAAAC

GPDpr_ATE1lisol_
F

acaccagaacttagtttcgaATGGCTTTCTGGGCGGG

GPDpr_ATE1lisol_
R

CCCCCCGCCCAGAAAGCCATtcgaaactaagttctggtgttttaaaactaaaaaaaagac

GPDpr_ATE1liso2_
F

acaccagaacttagtttcgaATGGCTTTCTGGGCGGG

GPDpr_ATE1liso2_
R

CCCCCCGCCCAGAAAGCCATtcgaaactaagttctggtgttttaaaactaaaaaaaagac

GPDpr_CYCter_F

acaccagaacttagtttcgatcatgtaattagttatgtcacgcttacattcac

GPDpr_CYCter_R

tgacataactaattacatgatcgaaactaagttctggtgttttaaaactaaaaaaaagac

GPDpr_F_91

AATTCTGCTGTAACCCGTACATGC

GPDpr_NTAN1_F

acaccagaacttagtttcgaatgccgctgetegt

GPDpr_NTAN1_R

ccctcgacgagcageggeattcgaaactaagttctggtgttttaaaactaaaaaaaagac

GPDpr_NTAQ1_F

acaccagaacttagtttcgaAtggaaggtaatggccecg

GPDpr_NTAQ1_R

geggggecattaccttccaTtcgaaactaagttctggtgttttaaaactaaaaaaaagac

GPDpr_R_305

TTGCGCTAAGAGAATGGACCTATG

GPDpr_scATE1_F

acaccagaacttagtttcgaATGTCCGATAGATTCGTTATTTGGGC

GPDpr_scATE1_R

ATAACGAATCTATCGGACATtcgaaactaagttctggtgtittaaaactaaaaaaaagac

GPDpr_scNTA1_F

acaccagaacttagtitcgaATGCTAATAGACGCAATTCATGGTGC

GPDpr_scNTA1_R

TGAATTGCGTCTATTAGCATtcgaaactaagttctggtgtittaaaactaaaaaaaagac

GPDpr-200bp_F

ACCTTCTGCTCTCTCTGATTTGG

GPDpr-GID10-fw

acaccagaacttagtttcgaATGACATCACTGAATATCATGGGAAGAAAGT

GPDpr-GID10-rv

ATGATATTCAGTGATGTCATtcgaaactaagttctggtgttttaaaactaaaaaaaagac

GPDpr-GID11-fw

acaccagaacttagtttcgaATGACCATTGATGGCACGGG

GPDpr-GID11-rv

CCCGTGCCATCAATGGTCATtcgaaactaagttctggtgttttaaaactaaaaaaaagac

GPDpr-GID4-fw

acaccagaacttagtttcgaATGATCAATAATCCTAAGGTAGACAGTGTAGC

GPDpr-GID4-rv

ACCTTAGGATTATTGATCATtcgaaactaagttctggtgttttaaaactaaaaaaaagac

GPDpr-IPF1-fw

acaccagaacttagtttcgaATGGCTACTGGCAGGATTCAATTTG

GPDpr-IPF1-rv

TGAATCCTGCCAGTAGCCATtcgaaactaagttctggtgttttaaaactaaaaaaaagac

GPDpr-YDR222W-
fw

acaccagaacttagtttcgaATGCTTGAATCGAGCAGTGATAAGATAAAG
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GPDpr-YDR222W-
v

TCACTGCTCGATTCAAGCATtcgaaactaagttctggtgtittaaaactaaaaaaaagac

GPDpr-YOR283W aaacaccagaacttagtttcgacggattctagaactagtggatccCATGACTGTTGAAGTACCATAT

K3V_F

GPD-UBC7_F AAACACCAGAACTTAGTTTCGACGGATTCTAGAACTAGTGGATCCATGTCGAAAACCGCTCAG
AAACG

GPM3_-271_F TGACAGGATACGACAGCACTAAC

GPM3_333_R CTTCCTTCAAATCTTGTGTCCTGC

GPM3_F_-255 TGTAAGTGTGACAGGATACGACAGC

GPM3_IRO_T2A GAAATAGTGCAAAAAGATCTACTAATAACGAATAGTTATGGCTGTTACTGACACTTTTAAACTGTT

TATTTTAAGGCATGGTC

GPM3_IRO_T2A_3

AGAGGATTGAGAAATAGTGCAAAAAGATCTACTAATAACGAATAGTTATGGCTGTTACTGACACT
TTTAAACTGTTTATTTTAAGGCATGGTCAAAGTGAA

GPM3_IRO_WT GAAATAGTGCAAAAAGATCTACTAATAACGAATAGTTATGACTGTTACTGACACTTTTAAACTGTT
TATTTTAAGGCATGGTC

GPM3_R_381 TTGCCATGCGCCGTAATGAC

GPM3_S1 CTTTGAGAGGATTGAGAAATAGTGCAAAAAGATCTACTAATAACGAATAGTTATGcegtacgcetgcagg
tcgac

GPM3_T2A_IRO_2

AGAGGATTGAGAAATAGTGCAAAAAGATCTACTAATAACGAATAGTTATGAGTGTTACTGACACT
TTTAAACTGTTTATTTTAAGGCATGGTCAAAGTGAA

GPM3_WT_IRO_2

AGAGGATTGAGAAATAGTGCAAAAAGATCTACTAATAACGAATAGTTATGACTGTTACTGACACT
TTTAAACTGTTTATTTTAAGGCATGGTCAAAGTGAA

GPM3-CUb_F AGGGTTTCGAAAAGAATCCAacgctgcaggtcgacg

GPM3-CUb_R ataccgtcgacctgcagcgtTGGATTCTTTTCGAAACCCTCATCAC

GPM3-S2 TAAAAGGAAACCATGAAAAAAATGGCGCTAATTTTTTATTTTTAAAAACTATTCAatcgatgaattcgag
ctcg

GPM3-S3 ATCAGCTAAAGTTAATGCTCAAATGGTTCGTGATGAGGGTTTCGAAAAGAATCCACgtacgctgcag
gtcgac

GPM3-S4 TTAATTCACTTTGACCATGCCTTAAAATAAACAGTTTAAAAGTGTCAGTAACAGT atcgatgaattctc
tgtcg

GPM3-WT TCGACGGATTCTAGAACTAGTGGATCCATGACTGTTACTGACACTTTTAAACTGTTTATTTTA

HA-GID11_V25_F

tgttaaagaATGTACCCATACGATGTTCCAGATTACGCTGTCGACGTTTACCAAAACTATATGATGC
CTGCTTTAGAAC

HA-GID11ter_F

ATTACGCTGCTCAGTGCTAGGCATAAAACAAGCACCTTCAAACAACAAAG

HA-GID11ter_R

TGAAGGTGCTTGTTTTATGCCTAGCACTGAGCAGCGTAATC

hGid4_F_362 TGCTCTACAGCGGCTCCAAG

hGid4_F_pKBJ0O01_ | gacggattctagaactagtgATGTGTGCGCGAGGGCAA
BamHl

hGid4_opt_F_579 GGACGAAGATGTAGACAGAAAGC
hGid4_opt_F_7 GCACGAGGTCAAGTCGGAAG

hGid4_opt_F_pKBJ | gacggattctagaactagtgATGTGTGCACGAGGTCAAG
001_BamHlI

hGid4_opt_R_106

GCCGTCTTAATAACCTTTCTGGTC

hGid4_opt_R_330

GATAGGTGGTGGCGGAATCAG

hGid4_opt_R_pKBJ
001_Xhol

gacataactaattacatgacTCATCGGAACTCGTAGATTG

hGid4_R_383

AACTTGGAGCCGCTGTAGAG

hGid4_R_pKBJ001
Xhol

gacataactaattacatgacTCACCGGAATTCATAGATGGGTG

hGID8_231_R

ACCTTTCAGTATCATCTCCCGGATC

hGID8_59_F

ATAACTTGCATGTCCAGAGAGCAG
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hGID8_Xhol_pKBJO
01_R

gagggcgtgaatgtaagegtgacataactaattacatgactcgagTTACTTGGGCTCCTCAATCACACC

His&Kan_Tag2

GCTGCGCACGTCAAGACTG

hphNT_F_alt AGGAAGGAGTTAGACAACCTGAAG

IDI1_-276_F CCAGTCAACAGTTTCGCAATGACG

IDI1_S1 GTATTTGGAATACAGGAAGAGTAAAAATAAGCCAAAAATTCATTACACCTCAATGcgtacgcetgecag
gtcgac

IDI1_S2 ATGATAACAAAGTTATTATGATTTTTATGTAGCCTATATTATTGACGCGTTGTTAatcgatgaattcgage
tc

IDI1_S3 GgAATTAGATGACCTTTCTGAAGTGGAAAATGACAGGCAAATTCATAGAATGCTAcgtacgctgcag

gtcgac

IPF1_CYCter_F

AAAAGGTAAAAAGAGACTAAtcatgtaattagttatgtcacgcttacattcac

IPF1_CYCter_R

tgacataactaattacatgaTTAGTCTCTTTTTACCTTTTTCACAATGAATGTATAAAGGT

Ipf1_F_1217 TTCAAGCCTTAACTAGAGACGC
Ipf1_F_15 GATTCAATTTGCTGTTTCTACTCCCTGC
Ipf1_F_1798 ATAATACCCCATGATTTCGG
Ipf1_F_615 GCATATCTGCTACTTCCTTTTGCC

Ipf1_F_BamHI_pK
BJOO1

gacggattctagaactagtgatggctactggcaggattc

Ipf1_R_325

AAGAGGGCGCTAATCGCAGG

Ipf1_R_Xhol_pKBJO
01

gacataactaattacatgacttagtctctttttacctttttcacaatg

IRC13_F+202 AAGTCATAGAAGGAAAAGCACATGG

IRC13_LS1 CCGTCTACCGGTAAAGCTTTCTCACAATATACCGTACGTTTCAAAAAAAATATTGATTCTTTTTTTA
TAAAAATATCAGTAGTATGTATGGGCTGATTGTcgtacgctgcagstegac

IRC13_LS2 GATCCTACTGTAGAATGTGTTAGTCAAAAGCTGCTGCAATGGTTGAATTAAATTTTTCAAAAAGC
CTGCTCCGAAATGAAAACTCTAGTACCTAAGACTTatcgatgaattcgageteg

KIURA_F_413 AAGAGGTCACCAAAGAACCAAGG

LYS20_-217_F GTTCTTGCTGACGATGATGCGTG

LYS20_S1 TTTCTTATCTACATAACAAACAAAGGAAGGACCCTGTATTGTTTTCCTAAAGATGCgtacgctgcagst
cgac

LYS20_S2 CTATATATCGTATGTAATAAGTGAAAGAACATAATGTAATGGTTTGGGAACGTTAatcgatgaattcga

geteg

LYS20pr-LYS20
A3V_F

ttgttttcctaaagATGACTgttGCTAAACCAAATCCATATGC

LYS20pr-LYS20
A3V_R

GCATATGGATTTGGTTTAGCaacAGTCATctttaggaaaacaataca

LYS20ter- CCTCACTAAAGGGAACAAAAGCTGGGTACCGGGCCCCCCCTCGAGttgttaacgect
PRS313_R

MAEA_292_R GCTCTTTGAGGTGCTCGATCC

MAEA_32_F TCAAGGTGCCCTACGAGACG

MAEA_630_F AAGAAAGCACTTCAGCCAAGCAG

MAEA_Xhol_pKBJO
01_R

gagggcgtgaatgtaagegtgacataactaattacatgactcgagTTACATGATGTACACCTTCTCGGCTTG

MAP1_196_F CACAATGCTAAGGACGGCTTGG
MAP1_-254 F GCTTAATTCCACAGGTTCTCGTTC
MAP1_616_R CGGGCACACCGTGACAAATAAC

MAP1_BamHI_pRS
315_R

GGTATCGATAAGCTTGATATCGAATTCCTGCAGCCCGGGGTCTGCTATGTCTGCGATGATTCTA
TTGGAAC

MAP1_BamHI_pRS
316_F

TTGGAGCTCCACCGCGGTGGCGGCCGCTCTAGAACTAGTGGTCGGTTGTTCCATATTAACAA
ATAACGATGT
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MAP1_D.radMetAP
F

ATAAGCAAAAAAATTGTATAgtgt taggctcggatgttatgage

MAP1_D.radMetAP
R

ataacatccgagcctaacacTATACAATTTTTTTGCTTATTTTTTTCTTGCTAGGAATATACACAATAGC

MAP1_F_1127

GAAATCACCAGGTGGCCCAAG
MAP1_F_144 TTCTGCGACACAAGCTGTTATG
MAP1_F_202 GCTAAGGACGGCTTGGAAGG
MAP1_F_591 GAAGTTATTTGTCACGGTGTGC

MAP1_MAP1ter_F

CAAGACAGAGAATTAAATAGATCTAGGTATTTTTATCTTATACATATAGAAACCAATAAAAAACTTG
AAC

MAP1_MAP1ter_R

TAAGATAAAAATACCTAGATCTATTTAATTCTCTGTCTTGGGCCACCT

MAP1_R_+302 CTCGTCGATGATTTCGGTATGGTTC

MAP1_R_621 TTITATCGGGCACACCGTGAC

MAP1_S1 ACGCTATTGTGTATATTCCTAGCAAGAAAAAAATAAGCAAAAAAATTGTATAATGegtacgctgcaggt
cgac

MAP1_S2 AAGTTCAAGTTTTTTATTGGTTTCTATATGTATAAGATAAAAATACCTAGATCTAatcgatgaattcgagcet
cg

MAP1_Spel_pRS31
5_F

GGCGAATTGGAGCTCCACCGCGGTGGCGGCCGCTCTAGAAGTCGGTTGTTCCATATTAACAA
ATAACGATGT

MAP1_Xhol_pRS31
6_R

CCTCACTAAAGGGAACAAAAGCTGGGTACCGGGCCCCCCCTCTGCTATGTCTGCGATGATTC
TATTGGA

MAP1pr_F_40

ACTGGTGCTAATGTCGAGAATGC

MAP1pr_MAP1_F

ATAAGCAAAAAAATTGTATAATGAGCACTGCAACTACAACAGT

MAP1pr_MAP1_R

GTTGTAGTTGCAGTGCTCATTATACAATTTTTTTGCTTATTTTTTTCTTGCTAGGAATATACACAATA
G

MAP1pr_R_277

TGACTTTAGAACGAGAACCTGTGG

MAP2_F_287 TGGAAAGGGCCGAACATTGG

MAP2_F_-309 GCTGTTGCTTCCCTGAGCTAATTTG

MAP2_R_+290 ATTAGTAACCTGTTGCATCGCACC

MAP2_R_677 GCGTCCTTTACAGCGGCTAG

MAP2_S1 TAAGTGGGCTTTTACATCAACAAGTACTGTAGAAGCTCTACCGTATTGAAAAATGcgtacgctgcag

tcgac

MAP2_S2 iCiACAGTATI'CATATACCTAGTGAGGAGGCCATTTGAAAGCGCATTTTACCTCAatcgatgaattc

gagctcg

mCherry_30_R

CATGTTATCCTCCTCGCCCTTG

mCherry_415_F

CCCGTAATGCAGAAGAAGACCATG

mCherry-7_F AGCAAGGGCGAGGAGGATAAC

MD-GPM3 TCGACGGATTCTAGAACTAGTGGATCCATGGATATGACTGTTACTGACACTTTTAAACTGTITATT
TTA

MDH2_761_F AGGCCAAGAACGGTAAAGGTAG

MDH2-CUb_F CATCGAGATCTGCATCATCTacgctgcaggtcgacgg

MDH2-CUb_R ataccgtcgacctgcagcgtAGATGATGCAGATCTCGATGCAAC

MDMT_GPM3_IRO

AGAGGATTGAGAAATAGTGCAAAAAGATCTACTAATAACGAATAGTTATGGATATGACTGTTACT
GACACTTTTAAACTGTTTATTTTAAGGCATGGTCAAAGTGAA

MDMT_PHM8_IRO

ATGTAGATAAAAAACACATAAGTTTTATACGCACGTAATCATGGATATGACTATCGCTAAAGATTA
CAGAACAATTTATAGAAACCAAATCA

MD-PHM8 TCGACGGATTCTAGAACTAGTGGATCCATGGATATGACTATCGCTAAAGATTACAGAACAATTTA
TAGA
MDT_GPM3_IRO AGAGGATTGAGAAATAGTGCAAAAAGATCTACTAATAACGAATAGTTATGGATACTGTTACTGAC

ACTTTTAAACTGTTTATTTTAAGGCATGGTCAAAGTGAA
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MDT_PHMS8_IRO

ATGTAGATAAAAAACACATAAGTTTTATACGCACGTAATCATGGATACTATCGCTAAAGATTACA
GAACAATTTATAGAAACCAAATCA

MHO1_+319 R TCAAGTTGGTTTCCTGGTACGAC

MHO1_F_+208 TGCTGTAATAATATGAGGCTCCC

MHO1_LS1 CTGATATATTTTCAAAGGAAAGTCTGACTGATACTTAAGTGAAGTGGTCCTAGTCGGTGGCTTAG
GTGGACTACAGTGCAAAGAATAGAATTTTTCAAAC cgtacgctgcaggtcgac

MHO1_LS2 GGAAGTTTTTGTTTTTTTTTCCTTGAGATGCTGTAGTATITGGGAACAATTATACAATCGAAAGATA
TATGCTTACATTCGACCGTTTTAGCCGTGATCAatcgatgaattcgagetcg

MHO1_P.l gctctattggaataccatgagectgeatgtgttgetggacgtattgacatTTCGTACGCTGCAGGTCGAC

MHO1_P.lIS tagtcggtggcttaggtggactacagtgcaaagaatagaatttttcaaacTAGGGATAACAGGGTAATCCGCGC
GTTGGCCGATTCAT

MHO1_S2 ATTATACAATCGAAAGATATATGCTTACATTCGACCGTTTTAGCCGTGATCATTAatcgatgaattcga
gcteg

ML-GPM3 TCGACGGATTCTAGAACTAGTGGATCCATGTTGATGACTGTTACTGACACTTTTAAACTGTTTATT

TTA

MLMT_GPM3_IRO

AGAGGATTGAGAAATAGTGCAAAAAGATCTACTAATAACGAATAGTTATGTTGATGACTGTTACT
GACACTTTTAAACTGTTTATTTTAAGGCATGGTCAAAGTGAA

MLMT_PHMS8_IRO

ATGTAGATAAAAAACACATAAGTTTTATACGCACGTAATCATGTTGATGACTATCGCTAAAGATTA
CAGAACAATTTATAGAAACCAAATCA

ML-PHM8 TCGACGGATTCTAGAACTAGTGGATCCATGTTGATGACTATCGCTAAAGATTACAGAACAATTTA
TAGA

MLT_GPM3_IRO AGAGGATTGAGAAATAGTGCAAAAAGATCTACTAATAACGAATAGTTATGTTGACTGTTACTGAC
ACTTTTAAACTGTTTATTTTAAGGCATGGTCAAAGTGAA

MLT_PHMS8_IRO ATGTAGATAAAAAACACATAAGTTTTATACGCACGTAATCATGTTGACTATCGCTAAAGATTACAG
AACAATTTATAGAAACCAAATCA

Moh1_F_35 CGTTATCTTCCCCATCATCATCG

Moh1_F_BamHI_p
KBJOO1

gacggattctagaactagtgatgggattgegttactcc

Moh1_R_379

ACTTTCCTTCCTTATACTGC

Moh1_R_Xhol_pKB
JoO1

gacataactaattacatgactcaagtacatttacaaatgtttttc

MT-GPM3

TCGACGGATTCTAGAACTAGTGGATCCATGACTATGACTGTTACTGACACTTTTAAACTGTTTATT
TTA

MTMT_GPM3_IRO

AGAGGATTGAGAAATAGTGCAAAAAGATCTACTAATAACGAATAGTTATGACTATGACTGTTACT
GACACTTTTAAACTGTTTATTTTAAGGCATGGTCAAAGTGAA

MTMT_PHM_IRO ATGTAGATAAAAAACACATAAGTTTTATACGCACGTAATCATGACTATGACTATCGCTAAAGATTA
CAGAACAATTTATAGAAACCAAATCA

MT-PHMS8 TCGACGGATTCTAGAACTAGTGGATCCATGACTATGACTATCGCTAAAGATTACAGAACAATTTA
TAGA

MTT_GPM3_IRO AGAGGATTGAGAAATAGTGCAAAAAGATCTACTAATAACGAATAGTTATGACTACTGTTACTGAC
ACTTTTAAACTGTTTATTTTAAGGCATGGTCAAAGTGAA

MTT_PHMS8_IRO ATGTAGATAAAAAACACATAAGTTTTATACGCACGTAATCATGACTACTATCGCTAAAGATTACA
GAACAATTTATAGAAACCAAATCA

MX-GPM3 TCGACGGATTCTAGAACTAGTGGATCCATGNNKATGACTGTTACTGACACTTTTAAACTGTTTAT
TITA

MX-PHMS8 TCGACGGATTCTAGAACTAGTGGATCCATGNNKATGACTATCGCTAAAGATTACAGAACAATTT
ATAGA

NIT3_F_+188 TGACATGCAAAGCACAAGGC

NIT3_F_370bp GACAAGCATCGGAAGGTCCATC

NIT3_LS1 TTAAAATTATCAATAATGTTGTATGATATCTTGCTAACTTAATTTGATTCTTGTAAAAACACAGCTTTT
GTAGTAGCAGGAGGGCGTGAAGATCGCCAGTcgtacgctgcaggtcgac

NIT3_LS2 GCCTATACGCATATATGTATATATATATATATATATATGTATGTATGTGTATATGTATATGTACGTATA
CCTTACATCATCATCTTTCTTTATATTCTCTatcgatgaattcgagcetcg

NIT3_R_573bp GTAGATCATGGCAAACGCACC
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NTA1_F_-373 GGAGATCACCACAGTCCAAGC

NTA1_S1 AATGCTAAAAAGTGCTAGTTTACAGCGATAACTCTATCGTGACATTCAGTGAATGcgtacgctgcag
gtcgac

NTA1_S2 ATATGCGTGTAACCTTATTAATTTATAATGTCTAATTTATTATAATATTCCTTCAatcgatgaattcgagct

cg

NTA1pr_NTAN1_F

TCTATCGTGACATTCAGTGAatgccgctgetcegt

NTA1pr_NTAN1_R

ccctcgacgagcageggcatTCACTGAATGTCACGATAGAGTTATCG

NTA1pr_NTAQ1_F

TCTATCGTGACATTCAGTGAAtggaaggtaatggecccg

NTA1pr_NTAQ1_R

geggggccattaccttccaTTCACTGAATGTCACGATAGAGTTATCG

NTAN1_619_F

CGAACTTTAGCAGGAGGACCAATG

NTAN1_69_F

CCCGCCTTTGGAGGAAAGAG

NTAN1_CYC1ter_F

agatctcttctccaggaagttcatgtaattagttatgtcacgcttacattcacg

NTAN1_CYC1ter_R

tgacataactaattacatgaacttcctggagaagagatcttttcce

NTAN1_NTA1lter_F

agatctcttctccaggaagttaaAGGAATATTATAATAAATTAGACATTATAAATTAATAAGGTTACACGCA

NTAN1_NTAlter_R

TAATTTATTATAATATTCCTTTAacttcctggagaagagatcttticccacaag

NTAQ1_185_F

TACCTATCTGGAAACAACAGGCGAG

NTAQ1_563_F

GCGCCGTCTACACACTATCC

NTAQ1_CYCter_F

ggtttggcagtaaaaactgctcatgtaattagttatgtcacgettacattcacg

NTAQ1_CYCter_R

tgacataactaattacatgagcagtttttactgccaaaccga

NTAQ1_NTAlter_F

ttggcagtaaaaactgc TGAAGGAATATTATAATAAATTAGACATTATAAATTAATAAGGTTACACGC

NTAQ1_NTAlter_R

TAATTTATTATAATATTCCTTCAgcagtttttactgccaaaccg

NUb-CPA2_F cgacgacagagaattcatcgATGACATCGATTTATACATCAACAGAGCC

NUb-CPA2-R GATGTATAAATCGATGTCATcgatgaattctctgtcgtegg

NUb-CUE1_F ggatccctgggtctggggcetactagtgaattgcaaagtaatcageatece

NUb-CUE1_R ttactttgcaattcactagtagccccagacccaggg

NUb-GID11_F cgacgacagagaattcatcgATGACCATTGATGGCACGGG

NUb-GID11_R CCCGTGCCATCAATGGTCATcgatgaattctctgtcgtegg

NUb-GID4_F cgacgacagagaattcatcgATGATCAATAATCCTAAGGTAGACAGTGTAGC

NUb-GID4_R ACCTTAGGATTATTGATCATcgatgaattctctgtcgtcg

P.I_Gpm3_T2A GTTACTGACACTTTTAAACTGTTTATTTTAAGGCATGGTCAAAGTGAATTTTCGTACGCTGCAGGT
CGAC

P.I _Pfk2_T2A GTTACTACTCCTTTTGTGAATGGTACTTCTTATTGTACCGTCACTGCATATTCGTACGCTGCAGG

TCGAC

P.ICpalTtoS_2

CCAATCAAGGGTTGCGTGAAGACTAATATCTGACCACGGTAGGAAGGATCTTCGTACGCTGCA
GGTCGAC

P.IGpm3T2A_2 AATTCACTTTGACCATGCCTTAAAATAAACAGTTTAAAAGTGTCAGTAACTTCGTACGCTGCAGG
TCGAC

P.IPfk2 T2A_2 TATGCAGTGACGGTACAATAAGAAGTACCATTCACAAAAGGAGTAGTAACTTCGTACGCTGCA
GGTCGAC

P.I_Cpal_TtoS GATCCTTCCTACCGTGGTCAGATATTAGTCTTCACGCAACCCTTGATTGGTTCGTACGCTGCAG
GTCGAC

P.I_CPA2_T2A TCCTCGGTAGTAAAAGCAGAATTCGTAGGCTCTGTTGATGTATAAATCGATTCGTACGCTGCAG
GTCGAC

P.I-GID11 AATAAAGTGGTAGAAAAACAGCAATAAGTTACAAAAGTATACGTGTTAAAGAATGTTCGTACGCT

GCAGGTCGAC

P.llCpal TtoS_2

AATTCTATCACAAACCACTCCTAAAAATATTTCAAATGTCCTCCGCTGCATAGGGATAACAGGG
TAAT CCGCGCGTTGGCCGATTCAT

P.IIGpm3 T2A_2

AGAGGATTGAGAAATAGTGCAAAAAGATCTACTAATAACGAATAGTTATGTAGGGATAACAGGG
TAAT CCGCGCGTTGGCCGATTCAT
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P.Il Pfk2 T2A_2

TAGATTTAGAGACTAGTTTAGCATTGGCCAAGAACTAACCATACGCAATGTAGGGATAACAGGG
TAAT CCGCGCGTTGGCCGATTCAT

P.IIS_Gpm3_T2A CATAACTATTCGTTATTAGTAGATCTTTTTGCACTATTTCTCAATCCTCTTAGGGATAACAGGGTAA
TCCGCGCGTTGGCCGATTCAT

P.IIS _Pfk2_T2A CATTGCGTATGGTTAGTTCTTGGCCAATGCTAAACTAGTCTCTAAATCTATAGGGATAACAGGGT
AATCCGCGCGTTGGCCGATTCAT

P.IIS CPA2 T2A AGTTCTATAAAGGAAGAGCAATACAGTACATAGACAGGAAGAAAAGAATGTAGGGATAACAGG

GTAATCCGCGCGTTGGCCGATTCAT

P.1IIS_Cpal_TtoS

TGCAGCGGAGGACATTTGAAATATTTTTAGGAGTGGTTTGTGATAGAATTTAGGGATAACAGGGT
AATCCGCGCGTTGGCCGATTCAT

P.IIS-GID11

AAAGAGTAATAAAACGGGTGAATTAAAATCACAATATATGTATGGCTGAAGTTCATAGGGATAAC
AGGGTAATCCGCGCGTTGGCCGATTCAT

pAnB19-DC_14

CCTTACATCTTGTGCTAAGGCTAAGAGGTGGTGATTGTGGATCCGGAGCTTGGCTGTTGCCCG
TCTCAC

pAnB19-DD_15

CCTTACATCTTGTGCTAAGGCTAAGAGGTGGTGATGATGGATCCGGAGCTTGGCTGTTGCCCG
TCTCAC

pAnB19-DI_16

CCTTACATCTTGTGCTAAGGCTAAGAGGTGGTGATATTGGATCCGGAGCTTGGCTGTTGCCCG
TCTCAC

pAnB19-DT_17

CCTTACATCTTGTGCTAAGGCTAAGAGGTGGTGATACTGGATCCGGAGCTTGGCTGTTGCCCG
TCTCAC

pAnB19-ED_18

CCTTACATCTTGTGCTAAGGCTAAGAGGTGGTGAAGATGGATCCGGAGCTTGGCTGTTGCCC
GTCTCAC

pAnB19-EN_19

CCTTACATCTTGTGCTAAGGCTAAGAGGTGGTGAAAATGGATCCGGAGCTTGGCTGTTGCCCG
TCTCAC

pAnB19-EQ_20

CCTTACATCTTGTGCTAAGGCTAAGAGGTGGTGAACAAGGATCCGGAGCTTGGCTGTTGCCC
GTCTCAC

pAnB19-NC_01

CCTTACATCTTGTGCTAAGGCTAAGAGGTGGTAATTGTGGATCCGGAGCTTGGCTGTTGCCCG
TCTCAC

pAnB19-ND_02

CCTTACATCTTGTGCTAAGGCTAAGAGGTGGTAATGATGGATCCGGAGCTTGGCTGTTGCCCG
TCTCAC

pAnB19-NI_03

CCTTACATCTTGTGCTAAGGCTAAGAGGTGGTAATATTGGATCCGGAGCTTGGCTGTTGCCCG
TCTCAC

pAnB19-NK_04

CCTTACATCTTGTGCTAAGGCTAAGAGGTGGTAATAAAGGATCCGGAGCTTGGCTGTTGCCCG
TCTCAC

pAnB19-NN_05

CCTTACATCTTGTGCTAAGGCTAAGAGGTGGTAATAATGGATCCGGAGCTTGGCTGTTGCCCG
TCTCAC

pAnB19-NS_06

CCTTACATCTTGTGCTAAGGCTAAGAGGTGGTAATTCTGGATCCGGAGCTTGGCTGTTGCCCG
TCTCAC

pAnB19-NT_07

CCTTACATCTTGTGCTAAGGCTAAGAGGTGGTAATACTGGATCCGGAGCTTGGCTGTTGCCCG
TCTCAC

pAnB19-NY_08

CCTTACATCTTGTGCTAAGGCTAAGAGGTGGTAATTATGGATCCGGAGCTTGGCTGTTGCCCG
TCTCAC

pAnB19-QD_09

CCTTACATCTTGTGCTAAGGCTAAGAGGTGGTCAAGATGGATCCGGAGCTTGGCTGTTGCCC
GTCTCAC

pAnB19-QN_10

CCTTACATCTTGTGCTAAGGCTAAGAGGTGGTCAAAATGGATCCGGAGCTTGGCTGTTGCCCG
TCTCAC

pAnB19-QS_11

CCTTACATCTTGTGCTAAGGCTAAGAGGTGGTCAATCTGGATCCGGAGCTTGGCTGTTGCCCG
TCTCAC

pAnB19-QW_12

CCTTACATCTTGTGCTAAGGCTAAGAGGTGGTCAATGGGGATCCGGAGCTTGGCTGTTGCCC
GTCTCAC

pAnB19-QY_13

CCTTACATCTTGTGCTAAGGCTAAGAGGTGGTCAATATGGATCCGGAGCTTGGCTGTTGCCCG
TCTCAC

PDC2_-202_F

GCTGCTGCATATTTCCGTTCTGAG

PDC2_S1

TGAATTTITGTGGTAACACCAAGCAGTAAAGAGACAGCTTTATTATAACCAGCATGcgtacgctgcag
gtcgac
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PDC2_S2

GGCAAAACTACAAAAAAGAGCAATGAATATCGAGATCTTATTAAGTTTATATCTAatcgatgaattcga
geteg

PDC2_S3 TTCAAACCTCCCAGACTCTAATAACTTACACTTACCTGGTAACACAGGCTTTTTTcgtacgctgcagg
tcgac

PFK2_-291 F GAAGTCTCTCGCTTCATGTTGTTG

PFK2_F_-471 TAGTGGAAGCCACGGTTACG

PFK2_IRO_T2A GACTAGTTTAGCATTGGCCAAGAACTAACCATACGCAATGGCTGTTACTACTCCTTTTGTGAAT
GGTACTTCTTATTGTACCG

PFK2_IRO_WT GACTAGTTTAGCATTGGCCAAGAACTAACCATACGCAATGACTGTTACTACTCCTTTTGTGAATG
GTACTTCTTATTGTACCG

PFK2_R_268 ACCAAGGATTGGGTGGCATG

PFK2_S1 AGAACTAGATTTAGAGACTAGTTTAGCATTGGCCAAGAACTAACCATACGCAATGcgtacgctgea
ggtcgac

PFK2_S2 TTAACATTAATTGACATTAATAATAGAAAGTGTAATAAAAGGTCATTTTCTTTTAatcgatgaattcgaget
cg

PGK1_F_1029 CGAAAAGTTCGCTGCTGGTACTAAGG

PGK1_LS2 TAAAAAATATTCAAAAAATAAAATAAACTATTATTTTAGCGTAAAGGATGGGGAAAGAGAAAAGAA
AAAAATTGATCTATCGATTTCAATTCAATTCAATatcgatgaattcgagetcg

PGK1_LS3 CACTGACAAGATCTCCCATGTCTCTACTGGTGGTGGTGCTTCTTTGGAATTATTGGAAGGTAAG
GAATTGCCAGGTGTTGCTTTCTTATCCGAAAAGAAAcgtacgctgcaggtcgac

PHM8_-276_F GCAACGTGCTTCACATACAAACC

PHM8_-277_F AGCAACGTGCTTCACATACAAACC

PHM8_291 R CGTTCTGCCTCATCGTCGTC

PHM8_-296_R GATTCGATTAGGCGTTCTGCCTC

PHM8_692_F ACGAAAGCAATGTGCGGAGC

PHM8_896_F TGGAAGAGTTGGAAGAGGAAGG

PHM8_IRO_WT ATGTAGATAAAAAACACATAAGTTTTATACGCACGTAATCATGACTATCGCTAAAGATTACAGAA
CAATTTATAGAAACCAAATCA

PHM8_P.I ATCTGCTTTTTGATTTGGTTTCTATAAATTGTTCTGTAATCTTTAGCGATITCGTACGCTGCAGGTC
GAC

PHMS8_P.IIS AAAAGATTTAATGTAGATAAAAAACACATAAGTTTTATACGCACGTAATCTAGGGATAACAGGGT
AATCCGCGCGTTGGCCGATTCAT

PHM8_R_+255 CAAGGTCGGACTGAAACTATACAGC

PHM8_S1 GTAAAAGATTTAATGTAGATAAAAAACACATAAGTTTTATACGCACGTAATCATGcgtacgctgcaggt
cgac

PHM8_S2 AATTTCTATCCTGAAGGGAATATTAAATTTGTTTTCTAAAATCAGGTAACAGTCAatcgatgaattcgag
ctcg

PHM8-CUb_F AGATCAATGTTCAGTCATCAacgctgcaggtcgacg

PHM8-CUb_R ataccgtcgacctgcagcgtTGATGACTGAACATTGATCTGTTGATTTGAC

PHM8-WT TCGACGGATTCTAGAACTAGTGGATCCATGACTATCGCTAAAGATTACAGAACAATTTATAGA

pKBJO01_BamHI_A
RMC8_F

aaacaccagaacttagtttcgacggattctagaactagtggatccATGGAAGTAACAGCTAGCAGTCG

pKBJ001_BamHI_h
GIDS_F

aaacaccagaacttagtttcgacggattctagaactagtggatcCATGAGTTATGCAGAAAAACCCGATGAAA

pKBJ001_BamHI_
MAEA_F

aaacaccagaacttagtttcgacggattctagaactagtggatccATGACCCTGAAGGTCCAGGAG

pKBJ001_BamHI_R
ANBP10_F

aaacaccagaacttagtttcgacggattctagaactagtggatccATGGCGGCAGCGACG

pKBJ0O01_BamHI_R
ANBP9_F

aaacaccagaacttagtttcgacggattctagaactagtggatccATGCGGGAGTGGAGAACC

pKBJ0O01_BamHI_R
MND5A_F

aaacaccagaacttagtttcgacggattctagaactagtggatccATGGATCAGTGCGTGACGG
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pKBJOO1_BamHI_R
MND5B_F

aaacaccagaacttagtttcgacggattctagaactagtggatccCATGGAGCAGTGTGCGTGC

pKBJOO1_BamHI_s
cGID2_F

aaacaccagaacttagtttcgacggattctagaactagtggatccCATGTCTGAATTACTAGATAGCTTTGAGACA
GAG

pKBJOO1_BamHI_s
cGID8_F

aaacaccagaacttagtttcgacggattctagaactagtggatcCATGACTATATCTACTCTTAGTAACGAGAC
CACG

pKBJOO1_BamHI_S
SD1_F

aaacaccagaacttagtttcgacggattctagaactagtggatccCATGTCTAAAAATAGCAACGTTAACAACAA
TAGATCC

pKBJOO1_BamHI_
WDR26_F

aaacaccagaacttagtttcgacggattctagaactagtggatccCATGCAGGCAAATGGTGCAG

pKBJOO1_Hind3_S
SD1_R

gagggcgtgaatgtaagegtgacataactaattacatgactcgagTTATACCCTCTTCATGAATGGATTTAATGC
ACGG

pKBJO01_SSD1_F

aaacaccagaacttagtttcgacggattctagaactagtggatcCATGTCTAAAAATAGCAACGTTAACAACAA
TAGATCC

pKBJO01_Xhol_GID
5R-2

gagggcgtgaatgtaagegtgacataactaattacatgactcgagTCATTTAACTTTCAAAAGCAGGTCCATGT
GATATAGTAACG

pKBJ001_Xhol_sc
GID8_R

gagggcgtgaatgtaagegtgacataactaattacatgactcgagTCAGTTTTCGACCCTAGGAACCCC

pKBJOO1_Xhol-

gagggcgtgaatgtaagegtgacataactaattacatgactcgagTCATTTAACTTTCAAAAGCAGGTCCATGT

scGID5_R GATATAGT
pKBJOO1-BamHI- aaacaccagaacttagtttcgacggattctagaactagtggatcCATGACGGTGGCTTATTCCCTAGAG
scGID5_F

pKBJOO1-CAN1-F

aaacaccagaacttagtttcgacggattctagaactagtggatccATGACAAATTCAAAAGAAGACGCCGAC

pKBJ0OO1-CPA1pr-F

tcactaaagggaacaaaagctggagctccaccgeggiggeggccgcGTGTATGATGTAATCCATCACC

pKBJO01-CPA2_F

aaacaccagaacttagtttcgacggattctagaactagtggatcCATGACATCGATTTATACATCAACAGAGCC
T

pKBJ1_3xHA_Xhol_
R

gagggcgtgaatgtaagcgtgacataactaattacatgactcgagCTAGCACTGAGCAGCGTAATCT

pkBJ1_Bam_GID1_
F

aaacaccagaacttagtttcgacggattctagaactagtggatccCATGTCTGAATATATGGATGACGTAGACCG

pKBJ1_Bam_GID1_
F

aaacaccagaacttagtttcgacggattctagaactagtggatcCATGGCAGAGAAATCAATATTTAATGAGCC
TG

pKBJ1_Bam_GID7_
F

aaacaccagaacttagtttcgacggattctagaactagtggatcCATGTCACACACTAATAAGATCGCATACGT

pKBJ1_Bam_RANB
P10optF

aaacaccagaacttagtttcgacggattctagaactagtggatccATGGCTGCAGCGACTGC

pKBJ1_Bam_WDR2
6optF

aaacaccagaacttagtttcgacggattctagaactagtggatccATGCAAGCCAATGGCGC

pKBJ1_HA_BamHI_
F

aaacaccagaacttagtttcgacggattctagaactagtggatccCATGTACCCATACGATGTTCCTGACTATG

pKBJ1_Xho_GID7_
R

gagggcgtgaatgtaagegtgacataactaattacatgactcgagTTAATTTCTTGAAATTTTCCAGATTTTTATCT
TACCGTCATCAC

pKBJ1_Xho_RANB
P100ptR

gagggcgtgaatgtaagegtgacataactaattacatgactcgagTTAGTGAAGGTAGTCATCGACTCTGGC

pKBJ1_Xho_WDR2
60ptR

gagggcgtgaatgtaagegtgacataactaattacatgactcgagTTAACTATCCATACTAGAGCATTCCTCTTC
GA

pRS313-DBP3pr_F

TTGGAGCTCCACCGCGGTGGCGGCCGCTCTAGAACTAGTGGATCCgggactaagata

pRS313-DLD3pr_F

TTGGAGCTCCACCGCGGTGGCGGCCGCTCTAGAACTAGTGGATC Cgtgcgtgatcat

pRS313-
LYS20pr_F

TTGGAGCTCCACCGCGGTGGCGGCCGCTCTAGAACTAGTGGATC Ccaaaattgctgg

pRS313-STF2pr_F

TTGGAGCTCCACCGCGGTGGCGGCCGCTCTAGAACTAGTGGATC Cgtaagcaatgaa

PRS426_BamHI_G
PDpr_F

ggtatcgataagcttgatatcgaattcctgecageccgggggatecteattatcaatactcgecatttcaaagaatacgtaaat
aat

RANBP10_1273_F

TCCGTCAATTACTCCGAGTCCAAC
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RANBP10_135_F GGTCAACCAGCAAGAGACTCC
RANBP10_310_R AATAAATGCCACAGGCAGCAGG
RANBP10_660_F GCCCTTCCCGTTTGACATTGAG

RANBP10_Xhol_pK
BJOO1_R

gagggcgtgaatgtaagegtgacataactaattacatgactcgagTTAGTGCAAGTAGTCATCAACTCTGGCA

RANBP100pt_122
1F

CCCATCCAGCTCATCCAGTAGTTC

RANBP100opt_32_F

GAAATCCGCAACCTGGCGAC

RANBP100pt_321_
R

GACCTCAAAGTAGTAAATGCCGCAG

RANBP100pt_627_
F

GGGCGAGATAGTAGACGCAAAC

RANBP9_372_R

GCCTCCCAAACATCGTACTTCAC

RANBP9_48_F

TATCGGAGATCGAGAAGGAGAATGG

RANBP9_749_F

TGGAAGATTGTGACACCGAAATGG

RANBP9_Xhol_pKB
JOO1_R

gagggcgtgaatgtaagegtgacataactaattacatgactcgagTTAATGTAGGTAGTCTTCCACTGTGGC

RCR1_F_+201 TATTCCGCCTCCTCTCTCGAAGC

RCR1_LS1 TTTAAATGACCGACAGGAAGCTCATGCAGAAAAGGCACCTGTAATAGCTTATTGATCATTCCAA
TAAATAGGAAAGTATAACTCGAATTAAGAATAAGGACgtacgctgcaggtegac

RCR1_LS2 TTAAAATAATTATTATAGAGATTGGGTAAAAAAATGTAAATATTTCTGGCAAAATATTGTAACTCAAC

TGTAAGAGGACAGCCGGAAAAAAAGATTCAGTatcgatgaattcgagetcg

RMND5A_326_R

CAGCCATCTATTCCCACACTGC

RMND5A_39_F

GGTGCTGCACAAGTTCTCAGG

RMND5A_620_F

CCACAAATCAGCGAGAGGCATTAC

RMND5A_Xhol_pK
BJOO1_R

gagggcgtgaatgtaagegtgacataactaattacatgactcgagTTAGAAAAATATCTGTTITGGCATCTCCTG
GAC

RMND5B_19_F

GTGGAGAGAGAGCTGGACAAGG

RMND5B_254 R

CTGCTGTGAATGTCCTTATGGTCC

RMND5B_600_F

CTTCATCCGCCTCTTGGCAG

RMND5B_Xhol_pK
BJOO1_R

gagggcgtgaatgtaagegtgacataactaattacatgactcgagTTAGAATATGATGCGTTTCCCATCT

S2-GID4 TAAAGTTAGTGAAGAGAAAAGGGTATGCAGGTAAAAACGAATATATCACACATCAatcgatgaattc
gagctcg
S2-YLR149C AAAGAGTAATAAAACGGGTGAATTAAAATCACAATATATGTATGGCTGAAGTTCAATCGATGAATT

CGAGCTCG

SCATE_1252 F

GGCCATGCTCCAAATGGTATTCC

SCATE_654 F

GAAGCCAGGCGAGAAACTGAAG

SCATE1_ 11 F

GATTCGTTATTTGGGCTCCCTCG

scATE1_CYCter_F

TATATAGTGAGCAAATGTGAtcatgtaattagttatgtcacgcttacattcac

SCATE1_CYCter_R

tgacataactaattacatgaTCACATTTGCTCACTATATAAAATGACGGC

scGID2_Xhol_pKBJ
001_R

gagggcgtgaatgtaagegtgacataactaattacatgactcgagTCAAAGCATAACAAAACGAACCTTTTITGT
ACT

scGID5_1163_F

CGCAGTGTCTTTCTCTACCACAAC

scGID5_1844_F

GCCAGAATGAAGAGAAGTTTCAGC

scGID5_2432_F

TCGGGTATAATGAATCAGTGGCTGG

scGID5_36_F GATTAGTAATTCCCTGGTGGGAGAC
scGID5_366_R GTCTGGGAATCCGCAATTTGG
scGID5_660_F AGTATCCAGGCCAGCGTCAC
scGID8_292 R CAAAGTAGTTCAACAGAAGCCGTGG
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scGID8_51_F

CGGCCAAGGCAAGAATGGTG

scGID8_619_F

AGAAGTCACCATCAACAGGAGAAC

SCNTA1_1256_F

AGGATGATGATGAGAGTTCGCTTG

scNTA1_644 F

TGATTCTATGTCCAATGGCGTG

SCNTA1_9_F

AGACGCAATTCATGGTGCTAAG

scNTA1_CYCter_F

AATTTGAAGTGTTTAGGTGAtcatgtaattagttatgtcacgcttacattcac

scNTA1_CYCter R

tgacataactaattacatgaTCACCTAAACACTTCAAATTGGACCTCAC

sfGFP_270_F AGGCTACGTGCAAGAGAGAACTATC

sfGFP_F_659 TATTGGAATTTGTCACCGCTGC

sfGFP_pKBJOO1_R | gagggcgtgaatgtaagcgtgacataactaattacatgactcgagttacttataaagetcgtccattcegtgagt

sfGFP-50_F AACTGGACGGAGATGTAAACGGAC

sfGFP-CYCter_R gagggcgtgaatgtaagegtgacataactaattacatgactcgagTCACTTATAAAG

SNO1_-218_F ACCCTTACCCTTGTCGGCTG

SNO1_S1 TTTTCTTATTATTTCATTTCGTTAAATAGAAAGAAAAACCATATCTTAAAGTATGcgtacgctgcaggtcg
ac

SNO1_S2 AAAAAATCTCTCAGGTTTTGGTAATATAAAAATGTGGAAAACCGGCGGTATTTTAatcgatgaattcga

ctc

SNO1_S3 $GC$GACAGTGATACAAGATITCATGATTGGTTFATCAGACAGTTTGTITCTAATCgtac gctgecaggt
cgac

SSD1_1230_F GgGACGATGTTTGGGAGTCCAAG

SSD1_1871 F GGCCAATCACATCTTTGCATCC

SSD1_2546_F AAGCTACATTACTTCCCACCCTGTC

SSD1_3040_F ATCCACGATACTCCATACACCGAAG

SSD1_3560_F CATCTGCAAGCGACAACAAGC

SSD1_677_F CAACTTCAAACCTATCACCTCCCTC

SSD1_87_F CCCAAAGCAGATTCATGTTGCAC

STF2_-178_F GAGCGCAGAAGCGAACACTTG

STF2_S1 AACGAACAATCAACAGTAACAAACCGCTCAAGTGTACAACCAATCAGAAAAAATGegtacgetge
aggtcgac

STF2_S2 AGGCCACTATCCTTCAGAGATCAAAAAACCTTTTTTTATCTTGAAAACGCCCTCAatcgatgaattcg

agctcg

STF2pr-STF2

accaatcagaaaaaATGACGgttACAAACAAGTGGACC

R3V_F

STF2pr-STF2 CGTTCGGTCCACTTGTTTGTaacCGTCATtttttctga

R3V_R

STF2ter-pRS313-R | CCTCACTAAAGGGAACAAAAGCTGGGTACCGGGCCCCCCCTCGAGgaatacttgact

SYF1_-380_F AACCTCCATTACCTCATTCTCTCC

SYF1_S1 TTGGACTCAACTATCCTTCAGTACCGCAAAACTTATTGTGTCCATATATCCTATGcgtacgctgcagg
tcgac

SYF1_S2 CAAAAAAGAACTTATGGTTTCGAAAATGATGCATGATTTTACATAGCTTATATCAatcgatgaattcga
geteg

SYF1_S3 TACCCAATCAACCTCTTCATATTCGATTAATCCAGATGAAATAGAACTAGATATTcgtacgctgcaggt
cgac

TAF1_-203_F AGTAATGAGCGTCTGTGGGTCC

TAF1_S1 TAGCATTTTAAACACAGAGAGAAAAAGAAGTACAACAGGAGTATAAGGCGATATGcgtacgctgca
ggtcgac

TAF1_S2 ATACAAAACCTTTACAAAAGTTTTATTCGATCAATACATCGTTATACTGAATCTAatcgatgaattcgag
ctcg

TAF1_S3 AACAAATAAATCTTGTCCAATGTATAGCAGTAAAGATAACCCTGCTTCACCAAAGcgtacgctgecag

gtcgac
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TMA10_-162_F GTTCTGGCAGGTAGATTTGTACTCC

TMA10_F_+201 GTATGGATATGGTATGGCTTGAGGTAGG

TMA10_LS1 TTTATTATAAGCACAGCAAAAACGTTAAATAAATCTAATAAGATTTCATTATAACATAACATTAAAG
CACACAAATTTCTAACACAAACACAATTCAAACCgtacgctgcaggtegac

TMA10_LS2 TTTATATATGCATACACGTTATTGAAGTTATATGGTCGTTAAATCATTAAAAGGCCCGTTTCTTTGA
AATATGCTAACGGAATCAAACCGGTCGGGTCGGatcgatgaattcgageteg

TMA10_S1 TTATAACATAACATTAAAGCACACAAATTTCTAACACAAACACAATTCAAACATGCgtacgctgcagst
cgac

TMA10_S2 AAAAGGCCCGTTTCTTTGAAATATGCTAACGGAATCAAACCGGTCGGGTCGGTTAatcgatgaatt
cgagctcg

TOP1_-43_F AAATCTAAAGGGAGGGCAGAGC

TOP1_S1 AATAAAAAAAATCTAAAGGGAGGGCAGAGCTCGAAACTTGAAACGCGTAAAAATGegtacgetge
aggtcgac

TOP1_S2 GAACTTGATGCGTGAATGTATTTGCTTCTCCCCTATGCTGCGTTTCTTTGCGTTAatcgatgaattcg
agctcg

UBC12_F_+258 AACGAGTGGCGTTTTCGATTGC

UBC12_LS1 TCAGCCAAAAGGTAAAATGAGATGAAAAAGGCCAATCATTCATAAATGTACTTAGAGACATTAAA
GAATCAGTTAGAGAATATAAAACAAGATAATAAAACgtacgctgcaggtegac
UBC12_LS2 AGATGTTACCAAGGCGACAACTCGCCTAGTATGTCACAATTATCTATAATTTTATTGTTTATATATA

ATCAAATCAACCGAAAATTACTCTGAACTTGACatcgatgaattcgageteg

UBC7-CYCter_R

GAGGGCGTGAATGTAAGCGTGACATAACTAATTACATGACTCGAGTCAGAATCCTAATGATTTC
AAAATGGATAACTTTACCTGT

UBC7-CYCter_R

GAGGGCGTGAATGTAAGCGTGACATAACTAATTACATGACTCGAGTCAGAATCCTAATGATTTC
AAAATGGATAACTTTACCTGT

UBP15_F_+208

GAATGGTGATTAGAAAGGCAGG

UBP15_LS1 GTTTGTTTGCCCCTACGTTTTGCCCCTTTGATCAAACTATCAGTTAAGATATTAATTTTTTTGAGAA
AACGATTCTTTGATTAGTCTCTTCAAACAAACAcgtacgctgcaggtcgac

UBP15_LS2 AGCATTGCCTGTGTGGAAGTGATGGCGGCTGAGAGATTATCATAAAAAAACATAAAAAAAATGG
AGAAAACATCAAAGCTAAACATAGTCGTAAGACGTAatcgatgaattcgagetcg

URA3.1 TTCAATAGCTCATCAGTCGA

URAS3-CYC1ter_R gagggcgtgaatgtaagegtgacataactaattacatgactcgagttagtittgetggecgeatcttct

VPS9_F_+191 CTCATAGTAATGCCAGATGCTCAAGG

VPS9_LS1 TGCCGGTACTTGATGTAATGACACATAACATTGAAAAGTTCTACATCCAACGGGCTTGAGTTTCT
CTTCATCAAACAACAAAGAACAGGAATCAACAGCCcgtacgctgcaggtcgac

VPS9_LS2 CAGTAAAAAATGTCTCCTGCGGTAAGTTATTTTTACTATTATATTTTTACAAATACATATTGCTAGG
CTACTCTATACATGAAATATGTGCATGAGATCAatcgatgaattcgagetcg

WDR26_1270_F TGCTCTGAGCTTTGGCTTTGG

WDR26_1825_F CTGACAGGGCACACACGTAC

WDR26_276_R AACGGTTGCTGAGGATGCTG

WDR26_674_F AGGATGGCAAGGTCCTGGAG

WDR26_73_F GGACAGGGACAGACACCAGAAC

WDR26_Xhol_pKB)J
001_R

gagggcgtgaatgtaagegtgacataactaattacatgactcgagTTAACTATCCATGCTACTGCATTCCT

WDR260pt_115_F

AATGGAGAGAGCAGCCCGTC

WDR260pt_1239_
F

CAACTACTTGGTGGCGTGTGG

WDR260pt_1877_
F

CCAGTATGATGGCTTCCGCTTC

WDR260pt_276_R

CACAGTTGCGGAAGACGCAG

WDR260pt_706_F

TTGAGATGCGAATTGACGCCATTG

YDR222W_CYCter
F

AGAGCACCTTCATTAGTTGAtcatgtaattagttatgtcacgcttacattcac
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YDR222W_CYCter
R

tgacataactaattacatgaTCAACTAATGAAGGTGCTCTCAACGA

YDR222W_F_128

ACAATGATAGTGAAACGGGCTACC

YDR222W_F_768

TGATGTTCCTGTCGTTTATCTGGACGC

YDR222W_F_Bam
HI_pKBJ0O1

gacggattctagaactagtgatgcttgaatcgagcagtg

YDR222W_R_165

ACTTATGGTGTGTTGGTAGCC

YDR222W_R_Xhol
_pKBJOO1

gacataactaattacatgactcaactaatgaaggtgctc

YDR344C_F_+182

TTTGTTATACCCACGAAGAAGTGCG

YDR344C_LS1

TGGATTTCGTTTGAAATCCGGACGGAAAACTCAAAAGAAGTCCAACCACCAACCATTTTCGAG
CCTCAAGAATCTCTAAGCAGGTTTCTTTACTAAGGGGcgtacgctgcaggtegac

YDR344C_LS2

ATTTGTCTTGGCGCCGCACACAGGAACTGCGCACTICTTTTTGTCCTAGGTTGCTTATCACACC
ATATGGTGCACCCGTGCTCGTTGTCACTGCCTTTTTatcgatgaattcgagctcg

YGL149W_F_+199

TTCCAGTCCTGATAAAGTTGC

YGL149W_LS1

AACTCTCTCTCTGCTATTCTTCTTAGCAGACTTGCCTGCGGTAGTCTTTGAAAAATCAGATATAT
CCTTGTCCTCCTTATTGAGTAGAACTGCCAGTGAC gtacgctgcaggtcgac

YGL149W_LS2

TGATGTATGTGTATGTAGATGTAAGTATAAGTTACGGTTGCAAGAGCTTGGCCCCTTAGACGTG
CCCAACGTAGTTTCTTGCTGGACGCCAAAGAAGAAGatcgatgaattcgageteg

YGR045C_F_-273

AGAGAGTCTGGTACAGCATTGG

YGR045C_S1 TTCTTTCTGTTGTAAGGGATGCTTCGTCACGTAAAATGGCCGCCGGAGTGAGATGcegtacgcetgca
ggtcgac

YGR045C_S2 CACGGTGACATAAGTGCTGAAAATCCCAACTTCTAGTAAAGAATTAACAAATTCAatcgatgaattcg
agctcg

YLR149C_KO GTGTCACGTGACATTGAACG

YLR365W_F_+245

ATGCACATTTACCTCCCACTTCG

YLR365W_LS1

TGCATACTTAAAAGTAATCAGACCGAATGAACATGTGCCTTTGCATTACTTCTTTTCAAAGGACA
TCTCTTTGCAAGCTAACCATCTGAAAGGCCGATGACgtacgctgcaggtcgac

YLR365W_LS2

CATTGGAAGTCTTCCAATGCTGGACTTGAAAAATAGGGTGTCGTCTTACTGGCACTTCTCGAGC
ACTCCGGTTGCGAGAAGAATAACGGATCATACTTGTatcgatgaattcgagetcg

YLR407W_F_+141

ACAGGGAATACTCTAACAACAAACG

YLR407W_LS1

TTGTCACATATTTTTGTCCATTAAGGTCGTTAAAACCCGAATAATTTTGTACGATCAGTTTAGTAAA
AGAAATACAGTATTCAAAAGCTAACGGTTTATTcgtacgctgcaggtcgac

YLR407W_LS2

TAAATGACGAAGTTCTTTAACTGAGTTAAAGTTGTGTAATGCAAATTTGAAGAAAGGAAAAGATGC
TATAAGGCAAAACAAAAAGGACGTCGACACTCAGatcgatgaattcgageteg

YMR114C_F_+196

GATCTTCCTGCTTGTGTTTACACC

YMR114C_LS1

AATGAAAGGGATCAAAAAAGGGAACAAAGCAATGAACAGTTGAACCAAGAGACTTAATTAAAGT
ATACCTGATGCTAATACCAGACTTTCATAACCCAAGcgtacgctgcaggtcgac

YMR114C_LS2

TGAATTATTACGGATTCACAATAGTCACTTGAGAAACTAAATAAAATAAGTAACAACGAACATTAT
ATAGACTATCGATGATAAACAAACTAAAAAAATGatcgatgaattcgageteg

YMR141C_F_+203

TCAGAGGTATCAGAGAAAAGAGGG

YMR141C_LS1

TATGTACACTGTATAATGGGAAGCCATCACTCATAACAAAATATTCTGTTATCACTGAATTGTGAC
GCTCAGATAAGATAAACATCCAAAGCGCATACTGcgtacgctgcaggtcgac

YMR141C_LS2

GAGAGACTGTTAAAAACGACCTTCCGTTCGACCACTCAAACTGTAGTAGGAGTTCTTITCTCTA
TTTATATGCTTGCAATGTTCGCAGAAAAAGCACCATatcgatgaattcgagctcg

YOR283W_-282_F

TCGAAGGCGTTATCTTGTACTGC

YOR283W_-282_F

TCGAAGGCGTTATCTTGTACTGC

YOR283W_319_R

CACCCATATAACGCTCCCTTAACC

YOR283W_S1 GCAACGAAGCTCGAAGCTATACAAGCACCCAAAAATATATTTATACCCAAGAATGcgtacgcetgcea
ggtcgac
YOR283W_S2 GCATTTCTAATACAAAATGAGAAAAACCCAACAGTGAATAACCATATAGTGTCTAatcgatgaattcg

agctcg
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YOR283W-P.I

AATCTGATGATGTTGTTATCGTCATTATCGCAATAATATGGTACTTCCTTTTCGTACGCTGCAGGT
CGAC

YOR283W-P.IIS GAAGCTCGAAGCTATACAAGCACCCAAAAATATATTTATACCCAAGAATGTAGGGATAACAGG
GTAATCCGCGCGTTGGCCGATTCAT

YOR283W-S2 GCATTTCTAATACAAAATGAGAAAAACCCAACAGTGAATAACCATATAGTGTCTAatcgatgaattcg
agctcg

YOR283W-S3 AAACACCCAACATCTTGGTGATGGCGAATTTGTCGTCAGTGACTTAAGATTACGTcgtacgctgecag
gtcgac

YOR283W-T2A- GCTATACAAGCACCCAAAAATATATTTATACCCAAGAATGGCTAAGGAAGTACCATATTATTGCG

IRO ATAATGACGATAACAACA

YOR302W_-345_F | TCATCATCGCATCGCATTACCTC

YOR302W_S1 ATCGACTCTTCTACATACCCTTTTTGCAGATTTGAAATAAAAAAAACATTATATGegtacgcetgecaggt
cgac

YOR302W_S2 AATATTTTTAGGAGTGGTTTGTGATAGAATTTCTGATTATTAAGCAATGAAATTAatcgatgaattcgage
tcg

ZPS1_-173_F TATAGACGCCGCACATGCTTTC

ZPS1_51 GGATTGAGCAATTAAGATAGAAAACCAAATCCACACACAACTACTAAACATTATGcgtacgcetgeag
gtcgac

ZPS1_S2 ACTAATATTTACGGTATAGAAAACATATTCTGTGGAAGTAATGATGTGGTTATTAatcgatgaattcgag
ctcg

ZPS1_S3 TCTCGCTGACGTTTACAGTGCTTCTGTTATACCTGGTGGCTGTCTAGGTAACTTGcegtacgctgcag

gtcgac

Table S 4: List of instruments used in this study

Instrument Supplier

ROTOR pinning robot Singer Instruments
PhenoBooth Singer Instruments
Spark 20M plate reader with TECAN

monochromator

Chemidoc imaging system Bio-Rad

Liquidator 96 Steinbrenner
BioShakeXP microtiter plate shaker Analytik Jena

EASY HPLC 1000 Thermo Fisher Scientific
Q Exactive Plus mass spectrometer Thermo Fisher Scientific
EASY HPLC 1200 Thermo Fisher Scientific
Exploris 480 mass spectrometer Thermo Fisher Scientific
Orbitrap Astral mass spectrometer Thermo Fisher Scientific

Table S 5: List of software used

Software Source/Reference

Microsoft Office 2016 / Microsoft Office 365 | Microsoft

Adobe lllustrator 25.4.8 Adobe

RStudio 2024.12.1 https://posit.co/products/open-

source/rstudio

R (version 4.2.3)

(R Core Team 2023)

Imagelab 6.1.0 BioRad
Clustal Omega (Sievers and Higgins 2021; Madeira et al.
2024)
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Jalview 2.11.4.1

(Waterhouse et al. 2009)
https://www.jalview.org/

MaxQuant suite 1.6.5.0, 1.6.10.43, and | (Cox and Mann 2008)

2.1.3.0

Andromeda search engine (Cox et al. 2011)

SnapGene 4.0.8 https://www.snapgene.com
AlphaFold 2 (Jumper et al. 2021; Varadi et al. 2022)
AlphaFold 3 (Abramson et al. 2024)

UCSF ChimeraX 1.8

(Goddard et al. 2018; Pettersen et al. 2021;
Meng et al. 2023)
https://www.cgl.ucsf.edu/chimerax/

Table S 6: List of R packages used.

Package Reference

biomaRt (Durinck et al. 2005; Durinck et al. 2009)
tidyverse (Wickham et al. 2019)

EBImage (Pau et al. 2010)

gdata (Warnes et al. 2024)

lazyeval (Wickham 2022)

data.table (Dowle and Srinivasan 2023)
gitter (Wagih and Parts 2021)
openxlsx (Schauberger and Walker 2023)
gridExtra (Auguie 2017)

locfit (Loader 2024)

xlsx (Dragulescu and Arendt 2020)
writex| (Ooms 2024)

ggrepel (Slowikowski 2024)

List of abbreviations

5-FOA
Ac
AMP
Arg
ATP
cloNAT
CORE
CRL
CTLH
CUb
DNA
DTT
DUB
El

E2

E3

5-fluoroorotic acid
Acetyl-
Adenosine monophosphate
Arginine
Adenosine triphosphate
Nourseothricin
Counter selectable reporter
Cullin RING ligase
C-terminal to LisH
C-terminal ubiquitin fragment
Deoxyribonucleic acid
Dithiothreitol
Deubiquitinase
E1 ubiquitin-activating enzyme
E2 ubiquitin-conjugating enzyme
E3 ubiquitin ligase
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EDTA
ER
ERAD
EtOH
e.v.
FDR
G418
GFP
GID
GOl
HA
HCI
HECT
HF
His
HPLC
HRP
IDR
IMB
ipTM
LFQ
Lys
MES
MetAP
MPS
MOPS
MS
MSG
mTOR
NAT
NUb
oD
OE
ORF
PAE
PAS
PBS
PCR
PE
PPi
Pro
pTM
RBR
RING
RNA
SC
SDS
SDS-PAGE

Ethylenediaminetetraacetic acid
Endoplasmic reticulum
Endoplasmic-reticulum-associated protein degradation
Ethanol

Empty vector

False discovery rate

Geneticin

Green fluorescent protein

Glucose induced degradation deficient
Gene of interest

Hemagglutinin

Hydrochloric acid

Homologous to the E6AP carboxyl terminus
High-fidelity

Histidine

High-performance liquid chromatography
Horseradish peroxidase

Intrinsically disordered region

Institute of Molecular Biology

Interface predicted template modelling
Label-free quantitation

Lysine

2-(N-morpholino)ethanesulfonic acid
Methionine aminopeptidase
Multiplexed protein stability
3-(N-morpholino)propanesulfonic acid
Mass spectrometry

Monosodium glutamate

Mechanistic target of rapamycin
Nourseothricin

N-terminal ubiquitin fragment

Optical density

Overexpression

Open reading frame

Predicted alignment error

Phagosome assembly site

Phosphate buffered saline

Polymerase chain reaction
Phosphatidylethanolamine
Pyrophosphate

Proline

Predicted template modelling
RING-IBR-RING

Really interesting new gene
Ribonucleic acid

Synthetic complete

Sodium dodecyl sulfate

Sodium dodecyl sulfate polyacrylamide gel electrophoresis
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sfGFP
SGA
SPO
tFT
UPS
Ura
WT
YP
YPD

Superfolder green fluorescent protein

Synthetic genetic array
Sporulation

Tandem-fluorescent protein timer
Ubiquitin proteasome system
Uracil

Wild type

Yeast extract peptone

Yeast extract peptone dextrose

Amino acids

<g<—HdvIOpUVzZZr~rATIOTMMOOD>

Alanine

Cysteine

Aspartic acid/ Aspartate
Glutamic acid/ Glutamate
Phenylalanine

Glycine

Histidine

Isoleucine

Lysine

Leucine

Methionine

Asparagine

Proline

Glutamine

Arginine

Serine

Threonine

Valine

Tryptophane

Tyrosine

List of figures
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Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
IPF1.

Figure 8:

Cartoon representation of the ubiquitination cascade.

The Arg/N-degron pathway
The Ac/N-degron pathway.
The Pro/N-degron pathway in yeast.

Cartoon representation of the GID complex in yeast.
Potential GID substrates identified before this study.
Stability of potential GID substrates upon knockout of MOH1 and

Overexpression experiments of MOH1 and IPF1
Figure 9: Mutation of N-terminal threonine impairs Gidll-dependent

turnover.
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Figure 10: Impact of X3V mutations on Gidll substrates without
hydrophobic third residue.

Figure 11: Stability of potential GID substrates upon knockout of MAP1 and
MAP2.

Figure 12: N-terminal processing of GID substrates by methionine
aminopeptidases.

Figure 13: Involvement of NatA in Gid11-dependent turnover

Figure 14: Impact of N-terminal capping on Gid11-dependent turnover.
Figure 15: Investigation of the impact of deletion of IDRs on Gid11 activity.
Figure 16: Defining the binding pocket of Gid11.

Figure 17: Investigating Gid11-dependent degradation of Cpal.

Figure 18: Search for further proteins with Gid11l and Gid7 dependent
turnover.

Figure 19: Cpal turnover does not depend on Cpa2’s N-terminal threonine.
Figure 20: Potential mechanisms for recognition of BIm10 by Gid11.

Figure 21: Adapting the Ubiquiton system to detect interactions between
E3 ligases and substrates.

Figure 22: Functional conservation of Gid11 activity.

Figure 23: Conservation of GID functionality from human to yeast.

Figure 24: Knockout screens to attempt and find new GID substrate
receptors.

Figure 24: Overexpression as a tool to identify potential Gid5 dependent
GID substrate receptors.

Figure 26: Comparison of the activity of Ntal and Atel with their human
homologs.

Figure S 1: Clustal Omega (Sievers and Higgins 2021; Madeira et al. 2024)
alignment of Gid11 homologs in different yeast species.
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