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Keynote Lectures

[OL] Molecular mechanism and physiological role of autophagy
Ohsumi Yoshinori
Tokyo Institute of Technology (Japan)

Every cellular component is maintained by balance between synthesis and degradation.
Cellular degradation process is highly regulated and plays critical roles in cell physiology.
There exist two major pathways of intracellular degradation, lysosome/vacuole- and
ubiquitin/proteasome- systems. The former is mediated mainly via autophagy, facilitates
principally bulk non-selective degradation. Since discovery of lysosome and coining
autophagy as self-eating process by C. de Duve, for long time not much progress had been
made about its molecular mechanism.

More than 28 years ago I first found by light microscopy that the yeast, S. cerevisiae,
induces massive protein degradation within the vacuole under nutrient starvation. Electron
microscopy revealed that membrane dynamics during the process is topologically the same
as known macroautophagy in mammals. Taking advantage of the yeast system, we
succeeded in isolation of many autophagy-defective mutants. Now we know that 18 ATG
genes are essential for starvation-induced autophagy. These Atg proteins function
concertedly in the sequestration of cytoplasmic constituents into a specialized membrane
structure, the autophagosome. The Atg proteins consist of six functional units, including an
Atgl kinase complex, the PI3 kinase complex and two unique ubiquitin-like conjugation
systems. Soon we found that these core ATG genes are well conserved from yeast to
mammals. The identification of ATG genes completely changed the landscape of autophagy
researches. By genetic manipulation of ATG genes in various organisms and specific organ
or individuals, revealed so broad range of physiological functions of autophagy. Not only
nutrient recycling, autophagy plays critical roles for intracellular clearance by elimination
of harmful proteins, damaged organelles, and bacteria escaped in the cytoplasm. It is
getting clear that autophagy is relevant to many diseases such as neurodegeneration,
infection and cancer. Now autophagy has become so popular field in cell biology.

We are attempting to elucidate the mechanisms of the unique membrane dynamics during
autophagy by studying the structure and function of Atg proteins. Even in yeast autophagy
there are many fundamental questions remain to be answered. Further comprehensive and
biochemical analyses are required from various points of view. Present our knowledge on
the molecular mechanism and physiological roles of autophagy in yeast will be presented
and discussed.

Keywords: ATG, autophagy, vacuole, protein degradation
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[KL1] A network of molecular interactions restricts stable preinitiation
complex assembly to optimal translation start codons in vivo

Hinnebusch Alanl, Thakur Anill, Dong ]inshengl, Aitken Colinl, Martin Marcos Pilarz,
Zhou Fujunl, Marler Laura®, Visweswaraiah ]yothsnal, Zeschnigk Michael3, Tamame
Mercedes?, Lorsch ]on1

INational Institutes of Health (USA); 2¢SIC/Universidad de Salamanca (Spain); 3 University
Duisburg-Essen (Germany)

In eukaryotic translation initiation, a preinitiation complex (PIC) comprised of the 40S
ribosomal subunit, initiation factors 1, 1A and 3, and a ternary complex (TC) of eIF2-GTP
and initiator tRNAI attaches to mRNA and scans the leader for an AUG codon in optimal
context. eIF1 stimulates recruitment of TC with tRNAi bound in a state (POUT) suitable for
scanning, and opposes transition to a more stable PIN state at the start codon, necessitating
elF1 release on AUG recognition. Structures of reconstituted PICs reveal an open 40S
conformation at a near-cognate AUC codon, and a more closed configuration at AUG in
which eIF1 shifts on the 40S and its B-hairpin loops are distorted to avoid clashing with
tRNAI. Substitutions in eIF1 loop-2 that remove ionic repulsion or create attraction with
tRNAI increase initiation at UUG codons (Sui- phenotype) and AUGs in poor context in vivo,
and stabilize TC binding at UUG start codons in reconstituted PICs. Thus, the loop-2/tRNAi
clash destabilizes the PIN state to disfavor suboptimal start codons. eIF2f contacts eIF1 and
tRNAI exclusively in the open complex, and substitutions at the eIF2p/eIF1 interface confer
Sui- phenotypes, indicating elF1:eIF2[ interactions also impede rearrangement to PIN at
suboptimal start sites. In contrast, the unstructured N-terminal tail (NTT) of eIF1A contacts
the codon:anticodon helix only in the closed/PIN state, and substituting its basic residues
suppresses initiation at UUG codons (Ssu- phenotype) and destabilizes TC binding at UUG
codons in vitro. Ribosome profiling of the eIF1A-R13P mutant reveals decreased initiation
at AUGs in poor context genome-wide, implicating the NTT in selecting suboptimal start
codons. Similar genetic/biochemical findings identify roles for ribosomal proteins at the
mRNA exit (uS7) and entry (uS3) channels in stabilizing the closed/PIN conformation via
contacts with eIF2a (uS7) or mRNA (uS3), to enable recognition of suboptimal start sites.
elF3 is a central player in PIC recruitment to mRNA, and we used model mRNAs lacking
contacts with the 40S entry or exit channels to identify a critical role for eIF3a in stabilizing
PIC:mRNA interactions at the exit channel, and an ancillary role at the entry channel that is
functionally redundant with uS3 residues that contact mRNA. Thus, multiple interactions
within the PIC serve to stabilize the open or closed states and set the proper stringency level
for initiation at non-optimum start codons in vivo.

Keywords: translation, initiation, eIF1, eIF2, eIF3, ribosome

[KL2] Anti-Prion Systems in S. cerevisiae
Wickner Reed

Laboratory of Biochemistry & Genetics, NIDDK, NIH (USA)
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[URE3] and [PSI+] are amyloid-based prions of Ure2p and Sup35p, respectively. The
infectious amyloid filaments of Ure2p and Sup35p each have an in-register parallel B-sheet
architecture, with the B-sheets folded along the long axis of the filaments. This architecture
naturally suggests a conformational templating mechanism, explaining how these proteins
can act as genes (Wickner RB, et al. Microbiol Mol Biol Rev 79: 1-17 (2015)).

Overproduction of Btn2p or Curlp cures any [URE3] prion variant, and at normal levels
cures most prions arising in their absence. They thus constitute an anti-prion system
protecting the cells from the known detrimental effects of all [URE3] variants. Btn2p curing
occurs by collecting the Ure2p amyloid aggregates at one place in the cell, resulting in
frequent prion - free daughter cells (Kryndushkin et al. EMBO J 27: 2725 (2008); Wickner et
al. PNAS 2014 pnas.1409582111). Normal-level Btn2p curing works on variants with lower
seed number than those whose curing requires overproduction of Btn2p. The
disaggregating chaperone Hsp104 is needed by most yeast amyloid-based prions to generate
new seeds, but overproduction of Hsp104 cures any [PSI+] variant. Mutations in the N-
terminus of Hsp104, such as T160M, eliminate the overproduction - curing function of
Hsp104, without affecting its prion promoting activity. We found that most [PSI+] variants
arising in an hsp104T160M strain are eliminated by restoration of just normal levels of the
normal protein (Gorkovskiy and Wickner, PNAS, 2017 pnas.1704016114). Thus, like Btn2p
and Curlp action on [URE3], Hsp104 is an anti-prion system working on the generally
detrimental and sometimes lethal [PSI+] prion.

We have carried out a general screen for anti-prion systems working on [PSI+] demanding
that they work without overexpression, using an approach similar to that developed for
Btn2, Curl and Hsp104.

Keywords: prion, amyloid, templating protein conformation, Btn2, Curl, Hsp104, anti-prion,
in-register parallel, beta sheet

[CL] From Rags to Riches and Back Again - Nitrogen-Responsive
Regulation in S. cerevisiae

Cooper Terrance G
University of Tennessee Health Science Center (USA)

It’s critical for yeast cells to manage internal nitrogen homeostasis in the face of continuous,
drastic external transitions. Nitrogen Catabolite Repression (NCR) is the overall regulatory
mechanism permitting cells to take full advantage of luxurious nitrogenous environments,
yet retain the ability to cope with austere ones; all the while maintaining tight intra-cellular
homeostasis. Two types of transcription factors participate: (i) Pathway-specific activators
whose binary functioning depends on the concentration of a single inducer, e.g. allophanate
for allantoin (DAL) transcription. (ii) Pathway-independent, NCR-sensitive GATA-binding
activators, GIn3 and Gat1, which respond to overall intra-cellular nitrogen availability. In
nitrogen replete conditions the GATA factors are sequestered in the cytoplasm and NCR-
sensitive transcription is minimal. As conditions deteriorate, GIn3 relocates to the nucleus
dramatically increasing GATA factor-mediated transcription. NCR-sensitive regulation was
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originally attributed to TorC1-mediated control of GIn3. However, GIn3 responds to 5
distinct physiological conditions each exhibiting a unique set of regulatory requirements.
This, other data and the unique structure of GIn3 allowed us to demonstrate that nitrogen-
responsive TorC1 activity only partially accounts for NCR-sensitive regulation. Multiple,
previously elusive regulators have now been identified. (i) Uncharged tRNA-activated, Gen2
kinase-mediated General Amino Acid Control (GAAC). Gen2 and Gen4 are required for NCR-
sensitive, TorCl-independent nuclear GIn3 localization. Epistasis experiments indicate Gen2
likely functions upstream of Ure2. Bmh1/2, also required for nuclear GIn3 localization,
likely function downstream. Interestingly, overall GIn3 phosphorylation levels decrease
upon loss of Gen2, Gen4 or Bmh1/2. Further, nuclear import is more complex than
previously appreciated and likely occurs in multiple steps. (ii) TorC1 and Gcn2, acting in
opposition, are augmented by a third level of intra-nuclear regulation. In high glutamine,
GIn3 exits from the nucleus in the absence of binding to its GATA targets in NCR-sensitive
promoters. In contrast, as glutamine levels decrease, GATA binding becomes requisite for
GIn3 to exit from the nucleus. The concerted actions of these multiple regulatory
components impressively illustrate how NCR effectively manages intra-cellular homeostasis
in the face of extra-cellular nitrogen environment transitions. GM35642-27.

Keywords: Nitrogen catabolite repression, GIn3, Ure2, Gen2, Gen4, TorC1, rapamycin, nuclear
import, nitrogen environments
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Symposia

[S1] Regulation of gene expression

[S1-1] The nuclear pore complex facilitates interchromosomal clustering
and epigenetic transcriptional regulation

Brickner Jason
Northwestern University (USA)

Yeast has been an excellent model for the conserved interaction between the nuclear pore
complex (NPC) and hundreds of chromosomal loci. This interaction both affects
transcriptional regulation and can lead to epigenetic transcriptional memory, poising
inducible genes for faster reactivation for several generations after repression. I will
discuss our work defining the molecular mechanisms that control gene positioning,
interchromosomal clustering and transcriptional memory in association with the NPC. We
find that localization at the nuclear periphery and interaction with the NPC is controlled by
transcription factors and that this often leads to interallelic and intergenic clustering. A
majority of transcription factors are capable of mediating targeting to the NPC by two major
pathways, one that operates when genes are active and another that operates when they
are poised. Poising results from the repurposing of factors associated with transcription
(Mediator and COMPASS) to promote the poised state. Permissive chromatin changes lead to
binding of RNA polymerase II preinitiation complex, bypassing the rate-limiting step in
transcription.

Keywords: nuclear architecture, epigenetics, transcription, chromosomes, transcription
factor

[S1-2] New Insights Into Translational Control By eIF2B
Jennings MD, Kershaw CJ, Adomavicius T, Pavitt Graham
The University of Manchester (United Kingdom)

The GTP-binding protein eIF2 acts to deliver initiator tRNA (Met-tRNAi) to the ribosome to
begin protein synthesis on all cytoplasmic mRNAs. In common with other G proteins eIF2 is
active when bound to GTP and not when bound to GDP. This switch enables tight control of
protein synthesis. For example in times of stress global protein synthesis is repressed
because Gen2 phosphorylates eIF2a and this inhibits eIF2 activation repressing translation
initiation. Stress-responsive RNAs, such as GCN4 can escape this repression. Key to
controlling the activity of eIF2 are translation factors eIF2B and elF5, thought to primarily
function with eIF2-GDP and elF2-GTP/Met-tRNAi complexes, respectively, as GEF and GAP
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proteins. Here I will outline work done by my lab that has identified new roles for eIF5 and
elF2B that have enabled us to develop new models for the interplay and competition
between these factors for interaction with eIF2. Together these lead to either eIF2 activation
or its tight control by eIF2 phosphorylation in response to stress.

Keywords: eIF2, translational control

[S1-3] Translation fidelity: how stop codons can be read by tRNA?
Namy Olivierl, Blanchet Sandraz, Cornu Davidl, Hatin Isabelle?

1CNRS (France); ?Max Planck Institute for Biophysical Chemistry (Germany); 3Universite
Paris-Sud (France)

The genetic code can be read by cognate but also near cognate tRNAs. This flexibility is
assumed to be conferred mainly by a mismatch between the third base of the codon and the
first of the anticodon (so called wobble position). However this simplistic explanation often
underestimates the importance of nucleotide modifications in the decoding process. Taking
advantage of a system where only near cognate tRNA can decode a specific codon, we
addressed the role of six modifications found in the anticodon, or adjacent nucleotides, of
tRNA Tyr, Gln, Lys, Trp, Cys and Arg in Saccharomyces cerevisiae. We show that almost
systematically, the modification confers to these tRNAs the ability to act as a near cognate
tRNAs on stop codons, without noticeable impact on their ability to decode cognate or near-
cognate sense codons. These findings reveal an important role of modifications for tRNA
decoding.

Keywords: Translation, Stop codon, tRNA

[S1-4] Translational control in the cell cycle
Polymenis Michael
Texas A and M University (USA)

Translational control during cell division determines when cells start a new cell cycle, how
fast they complete it, the number of successive divisions, and how cells coordinate
proliferation with available nutrients. Translational control in human cells arrested in the
cell cycle has been examined previously by ribosome profiling. However, these earlier
studies did not query the translational efficiencies of mRNAs in cells progressing
synchronously through the mitotic cell cycle, while preserving the coupling of cell division
with cell growth. We recently reported comprehensive ribosome profiling of a yeast cell-
size series from the time of cell birth, to identify mRNAs under periodic translational
control [EMBO ]J. 2017 36(4):487-502]. We found coordinate translational activation of
mRNASs encoding lipogenic enzymes late in the cell cycle including Acclp, the rate-limiting
enzyme acetyl-CoA carboxylase. An upstream open reading frame (uORF) confers the
translational control of ACC1 and adjusts Acclp protein levels in different nutrients. The
ACC1 uOREF is relevant for cell division because its ablation delays cell cycle progression,
reduces cell size, and suppresses the replicative longevity of cells lacking the Sch9p protein
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kinase regulator of ribosome biogenesis. These findings establish a novel and unexpected
relationship between lipogenesis and protein synthesis in mitotic cell divisions.
Furthermore, in unpublished work, we found that two conserved proteins that govern
duplication of the spindle pole body in the G1 phase, Dsk2p and Mps1p, are under strong,
uORF mediated, translational control. These findings link molecularly cell growth and
protein synthesis with the machinery for chromosome segregation. Finally, we will present
preliminary data from ribosome profiling of ribosomal protein (RP) deletions in the cell
cycle, identifying mRNAs under translational control that mediate RP paralog-specific
effects on cell division and replicative longevity.

Keywords: cell cycle, translation, ribosome profiling
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[S2] RNA processing and regulation

[S2-1] Investigating role of phosphorylation of the RNA polymerase II in
transcription and 3’end formation of functional mRNA

Kecman Tea, Kus Krzysztof, Mohammed Shabaz, Vasiljeva Lidia
University of Oxford, Biochemistry Department, Oxford (United Kingdom)

Reversible phosphorylation of the C-terminal domain (CTD) of the largest subunit of RNA
polymerase II (Pol II) is important for coordinated regulation of transcription and
maturation of functional mRNA, yet the molecular mechanism underpinning CTD function
remains unclear.

CTD consists of multiple repeats of the consensus sequence (Tyr1-Ser2-Pro3-Thr4-Ser5-Pro6-
Ser7) where it can be phosphorylated on Y1, S2, T4, S5, and S7P. While regulation and
function of S2P have been extensively studied, role of T4P as well as kinases and
phosphatases responsible for regulation of this recently identified modification are not
known. We observe that S2P, T4P and Y1P co-occur on CTD at the end of the transcription
cycle in fission yeast suggesting that these marks might be important at this stage. We show
that conserved PP1 phosphatase is involved in T4P regulation and lack of its activity leads
to genome -wide transcription termination defect. Our findings reinforce the importance of
CTD phosphorylation in regulation of Pol II transcription and provide mechanistic insights
into CTD function.

Keywords: RNA polymerase II, Reversible phosphorylation, Pol II transcription

[S2-2] Formation of Nuclear Messenger Ribonucleoprotein Particles
(ImRNPs)

Strafer Katja

Justus Liebig University of Giesen Institut fur Biochemie Heinrich-Buff-Ring 17 35392 Giessen
(Germany)

Gene Expression is one of the fundamental processes of life. In eukaryotes, the mRNA is
synthesized by RNA polymerase II transcribing the protein-coding genes. Already largely
cotranscriptionally, the mRNA is processed, i.e. capped, spliced and polyadenylated, and
packaged by binding of RNA-binding proteins (RBPs) into a messenger ribonucleprotein
particle (mRNP). Binding of these nuclear RBPs to the mRNA determines essential steps
during the later life of the mRNA such as its nuclear export, translation rate and stability.
Thus, packaging of the mRNA into an mRNP is an essential step of gene expression.

We use the yeast S. cerevisiae to elucidate the mechanism and function of mRNP packaging
because in this model organism all the nuclear mRNP components are — most likely —
known. However, the coordinated assembly as well as the changing composition and
structure of an mRNP has remained largely enigmatic despite a lot of research in this field. I

11



Book of Abstracts 28" International Conference on Yeast Genetics and Molecular Biology

will review our current knowledge of mRNP packaging and also report novel insights into
this process from recent research of my laboratory.

Keywords: gene expression, mRNPs, RNA-binding proteins, Saccharomyces cerevisiae

[S2-3] Fitness Landscape of Yeast U3 snoRNA

Puchta Olga, Sanguinetti Guido, Kudla Grzegorz
University of Edinburgh (United Kingdom)

The concept of fitness landscape is a commonly used metaphor in evolutionary biology:
evolving populations are represented as sets of points that navigate a genotype space in
search of peaks of high fitness. Although the concept has been used for decades, it has long
been unclear what an actual fitness landscape looks like. Recent advances in synthetic
biology and next-generation sequencing allow experimental investigation of fitness
landscapes, and open the way to answering long-standing, fundamental questions in
molecular evolution: Which mutations influence function? How do mutations influence
function? How do effects of mutations depend on environmental conditions and genetic
background?

We are studying these questions using yeast U3 snoRNA as a model system. U3 is an
abundant, evolutionarily conserved noncoding RNA, which plays an essential role in
ribosome biogenesis. By measuring the effects of 60,000 mutated variants of U3 on yeast
growth, we found that the effects of individual mutations were correlated with
evolutionary conservation and structural stability. Many mutations had no measurable
effect in an otherwise wild-type background, but were deleterious in combination with
additional mutations in U3. We also found pairs of compensatory mutations, and used these
to predict the secondary structure of the RNA. I will discuss our findings in the context of
the recent cryo-electron microscopy structural studies of yeast U3 ribonucleoprotein.

Keywords: synthetic biology, saturation mutagenesis, molecular evolution, short nucleolar
RNA

[S2-4] P-bodies regulate transcriptional rewiring during DNA replication
stress

Loll-Krippleber Raphael, Brown Grant
University of Toronto (Canada)

P-bodies are RNA-protein granules that form in the cytoplasm of eukaryotic cells in
response to various stresses and are thought to serve as sites of degradation and/or storage
of mRNAs. We recently discovered that P-bodies form in yeast in response to DNA
replication stress induced by HU (hydroxyurea). P-body components are required for cell
survival of replication stress as mutants lacking key P-body components Lsm1, Patl and
Dhh1 are strongly sensitive to HU. Here, we aimed to identify mRNAs that are processed by
P-bodies during replication stress. First, we performed a transcriptome study on Ism1A cells

12
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upon acute HU exposure to identify mRNAs that are stabilized in the absence of a
functional P-body-dependent mRNA degradation pathway. Second, we used an SGA-based
suppressor screen to identify genes whose expression is toxic in the absence of Lsm1 and
Patl during replication stress. We found that the transcriptome in Ism1A is altered both
during normal growth and during replication stress, with more than 800 mRNAs being
stabilized in Ism1A compared to wild type. Interestingly, we found that inactivation of the
coding sequence of 6 of those 800 mRNAs was able to suppress HU sensitivity of Ism1A and
patlA strains suggesting that these genes encode mRNAs that need to be degraded in a P-
body dependent manner upon HU exposure. Among these, we identified YOX1, a gene
encoding a transcription repressor critical for the regulation of cell cycle and DNA
replication genes. Consistent with P-bodies regulating YOX1 mRNA abundance, we found
that YOX1 mRNA localizes to P-bodies and accumulates at P-bodies in the absence of the
mRNA exonuclease Xrnl. To gain insight into the role of Yox1 during replication stress, we
identified 156 genes that are down-regulated upon YOX1 overexpression. Among this set of
targets, we found that de-repression of ALD6, encoding a cytoplasmic acetaldehyde
dehydrogenase, is critical for replication stress resistance. Indeed, accumulation of
acetaldehyde, the substrate of Ald6, is strongly toxic for cells experiencing DNA replication
stress. Together, our data suggest a model where YOX1 mRNA abundance is post-
transcriptionally regulated by P-bodies in order to reduce the level of the Yox1 transcription
repressor and therefore prevent repression of genes necessary for survival of DNA
replication stress.

Keywords: P-bodies, RNA decay, DNA replication stress, Acetaldehyde

13
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[S3] Metabolism and stress response

[S3-1] Fructose-1,6-bisphosphate Activation of Ras and Nutrient
Transceptor - eIF2B/eIF2 Interaction as Novel Mechanisms in Yeast
Nutrient Signaling

Thevelein ]ohanl, Van Zeebroeck Griet!, Conrad Michaela®, Schothorst ]oepl, Van
Leemputte Frederik’, Zhang Zhiqiangl, Steyfkens Fenellal, Vanthienen Ward?, Fischer
Baptistez, Tsytlonok Maksymz, Tompa Peter?, Versées Wim?, Haesen Dorien3, Janssens
Veerle?

1vIB & KU Leuven (Belgium); 2VIB & VUB (Belgium); 3KU Leuven (Belgium)

The Ras-cAMP-PKA pathway in yeast mediates nutrient regulation of physiology, growth
and development. Glucose addition to deprived cells causes a rapid spike in cCAMP, which
triggers activation of PKA. The cAMP spike is induced by combined action of the glucose-
sensing GPCR, Gprl, and activation of Ras by glycolytic breakdown of glucose, the
mechanism of which has remained unclear. Re-addition of another essential nutrient, like
nitrogen, phosphate, sulfate or a metal ion, to growth-arrested glucose-repressed cells
deprived for such nutrient, triggers a similar rapid activation of the PKA pathway
concomitant with upstart of growth. This activation is not mediated by an increase in the
CAMP level, and although ample evidence has been obtained that starvation-induced high-
affinity transporters function as transporter-receptors or transceptors in this nutrient
activation process, the underlying molecular mechanism has remained unclear. We show
that glycolytic activation of Ras is mediated by Frul,6bisP, acting as metabolic messenger
for coupling glycolytic flux to PKA. It is likely mediated by a conserved domain in yeast
Cdc25 and Sos, its mammalian homolog, since biolayer interferometry measurements show
that Frul,6bisP stimulates dissociation of the pure Sos1/H-Ras complex with a KD of +9 mM.
This is in the physiological range of the cellular Frul,6bisP level. Thermal shift assays
confirm direct binding of Frul,6bisP to pure Sos1. Glucose addition to mammalian cells also
triggers rapid activation of Ras and its downstream targets MEK and ERK. Investigation of a
possible role of protein synthesis initiation in PKA activation during nutrient-induced
upstart of growth by addition of nitrogen, phosphate, sulfate or a metal ion to
appropriately-starved cells, revealed that nutrient transceptors physically bind in vitro to
elF2B and eIF2 subunits. Bimolecular fluorescence complementation experiments with
half-citrin tagged constructs confirm the interaction in vivo, which apparently occurs at
multiple membranes. This suggests the concept of ‘startosome’, a membrane system
controlling the start of protein synthesis. Differential nutrient transceptor-eIF2B/eIF2
interaction allows to design the first molecular model explaining how cells can detect with
a common mechanism the absence of any single essential nutrient among the presence of
all other essential nutrients, so as to downregulate protein synthesis and arrest cell cycle
progression.
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Keywords: Nutrient signaling, Ras/cAMP/PKA pathway, Glycolytic activation of Ras,
Yeast/mammalian conservation, Nutrient transceptors, Initiation of protein synthesis,
eIF2B/elF2

[S3-2] Metabolic differentiation: Role in ageing and long-term survival of
yeast colonies

Palkova Zdenal, Plocek Vitezslav?, Podholova Kristynal, Vachova Libuse?

ICharles University, Faculty of Science, BIOCEV (Czech Republic); Institute of Microbiology of
the CAS, v.v.i., BIOCEV (Czech Republic)

As with multicellular organisms, yeast and other single-celled microbes are able to
differentiate when growing within organized multicellular communities such as colonies
and biofilms. According to their 3-D architecture and presence of specific features, two
major types of Saccharomyces cerevisiae colonies can be distinguished: structured biofilm
colonies, formed by wild strains and smooth colonies, formed by laboratory strains that are
adapted to plentiful conditions(] Cell Biol, 194: 679, 2011; Mol Cell 46:436, 2012; Cell Cycle
14: 3488, 2015). Differentiated cells, forming yeast colonies initiate various processes of
metabolic reprogramming, gain specific properties, fulfill specific tasks and are able to
mutually interact. Signaling molecules, low Mw metabolites and waste products released by
cell subpopulations that are specifically localized within the structure further contribute to
colony diversification and to differences in longevity of cells undergoing chronological
ageing. Unusual combinations of activities of nutrient-sensing signaling pathways and other
processes participating in cell reprogramming are involved in development of features,
characteristic of different types of stationary-phase colony cells. Recently, we provided
evidence that mitochondria play important roles in these processes (Oncotarget 7: 15299,
2016). Mitochondria of differentiated cell-types within smooth colonies differ significantly
in numerous parameters and activate three distinct pathways of retrograde signaling that
contribute to specific metabolic reprogramming of particular cells via regulation of
expression of different metabolic proteins and transporters. These pathways differ in both
upstream and downstream participating proteins. Mitochondrial functions seem to be
different in smooth and biofilm colonies. This work was supported by GACR 15-08225S and
13-08605S and COST LD15129.

Keywords: yeast colonies and biofilms, cell differentiation, mitochondrial signaling

[S3-3] From its origins to the modern metabolic network
Ralser Markus
The Francis Crick Institute (United Kingdom)

Genome-metabolism interactions enable cell growth, but so far only a relatively small
fraction of the genome has been annotated to operate in metabolism. To probe the extent of
these interactions and delineate their functional contributions, we quantified the
Saccharomyces amino acid metabolome in all strains of the genome-spanning knock-out
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collection that can be rendered prototrophic and be grown on minimal media. Over one-
third of coding genes, in particular those important for chromatin dynamics, translation,
and transport, contribute to biosynthetic metabolism. Specific amino acid signatures
characterize genes of similar function. This enabled us to exploit functional metabolomics
to connect metabolic regulators to their effectors, as exemplified by TORC1, whose
inhibition in exponentially growing cells is shown to match an interruption in
endomembrane transport. Providing orthogonal information compared to physical and
genetic interaction networks, metabolomic signatures cluster more than half of the so far
uncharacterized yeast genes and provide functional annotation for them. A major part of
coding genes is therefore participating in gene-metabolism interactions that expose the
metabolism regulatory network and enable access to an underexplored space in gene
function.

Keywords: amino acid, metabolom, Saccharomyces, gene-metabolism interactions, TORC1

[S3-4] Evolutionary Adaptation to a Foreign Hsp90 in the Budding Yeast
Saccharomyces cerevisiae

Koubkova-Yu Tracy Chih-Ting, Leu Jun-Yi
Institute of Molecular Biology, Academia Sinica (Taiwan)

Heat shock protein 90 (Hsp90) is a molecular chaperone essential for cell viability in all
eukaryotic cells. In yeast cells, the whole proteome is influenced profoundly when the
Hsp90 activity is reduced. Despite the pivotal role that Hsp90 plays in life, our orthologue
replacement assays revealed incompatibility between the Yarrowia lipolytica (Y1) HSP90
and the Saccharomyces cerevisiae genome, suggesting that its interaction network has
changed through evolution. To understand how Hsp90 diverged in different species and the
underlying driving force, we evolved the YI-HSP90-carrying S. cerevisiae strain in multiple
independent lineages in the normal growth condition (YPD 28°C). After 2,200 generations of
evolution, we found that other than improving fitness in the normal condition, different
evolved clones gained additional growth advantages in various stress conditions, indicating
that they have adapted through different evolutionary trajectories. We sequenced the
evolved clones and found that many mutations occurred in Hsp90 clients or client-related
proteins. Moreover, several genes involved in protein homeostasis were mutated,
suggesting that cells could relieve the Hsp90 defects by enhancing alternative pathways.
Bulked segregate analysis was performed in three evolved clones to identify the mutations
that have major contributions. In total we identified 10 mutations and confirmed the effect
by reconstituting them in ancestral strains. Our results provide the potential explanation
for the divergent evolution of Hsp90-interaction network and demonstrate the possible
compensatory mutational paths that cells could apply when an essential network is
perturbed.

Keywords: Hsp90, experimental evolution, adaptive mutation
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[S4] Organelle dynamics

[S4-1] Lipid droplets and the ER membrane — a mysterious connection
Khaddaj Rasha, Mishra Shirish, Cottier Stéphanie, Schneiter Roger
Department of Biology, University of Fribourg, Fribourg (Switzerland)

Lipid droplets serve to store metabolic energy in form of neutral lipids, particularly
triacylglycerol and steryl ester. These neutral lipids are formed by integral membrane
enzymes of the endoplasmatic reticulum and are then deposited in lipid droplets from
where they can be released again by the action of lipases. While there is growing evidence
that early steps of lipid droplet formation occur at or within the ER membrane, later stages
of droplet biogenesis are less well understood. We discuss different models of droplet
formation and provide experimental evidence that lipid droplets stay closely associated
with the ER membrane, possibly throughout their life cycle. Such a close, but topologically
still ill-defined association between the ER membrane and lipid droplets is likely to allow
for a continuous exchange of membrane anchored proteins as well as lipids between the
two compartments.

Keywords: Lipid droplets, Endoplasmatic reticulum, membrane, neutral lipids, cell
compartments

[S4-2] ER-PM Contacts: Principals of PI Kinase Signaling and Membrane
Organization

Nishimura Taki!, Chung Gary?, Stefan Christopher?

1 University College London (United Kingdom); 2MRC Laboratory for Molecular Cell Biology,
University College London (United Kingdom)

The plasma membrane (PM) is highly dynamic and undergoes extensive remodelling
during regulated exocytosis and endocytosis. The PM is also spatially organised into distinct
domains, including cortical endoplasmic reticulum (ER)-associated PM zones and ER-free
PM zones. ER-PM contacts are recognised as important sites for non-vesicular calcium and
membrane lipid transport, while exocytic and endocytic vesicular trafficking events are
thought to take place exclusively in ER-free PM zones. These two PM domains have been
considered to be functionally and spatially uncoupled. Our work is revealing vital roles for
inter-organelle cross talk between the ER and PM in membrane trafficking pathways. We
are addressing how the architecture of ER-PM contacts is regulated and how distinct ER-PM
contacts govern PM domain organization and dynamics. We will present our recent
findings on roles for membrane lipid dynamics taking place at ER-PM contacts in the
control of phosphoinositide (PI) kinase regulatory networks during regulated exo- and
endocytosis.

Keywords: membrane organization, organelle dynamics, PI kinase signaling
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[S4-3] Never Walk Alone - Contact Sites between Lipid Droplets and
Other Organelles.

Bohnert Marial, Eisenberg-Bord Michall, Weill Uril, Mari Murielz, Castro Inés G.l,
Rosenfeld-Gur Eden3, Moldavski Oferl, Soni Krishnakant G.4, Levine Tim P.5, Futerman
Anthony H.3, Reggiori Fulvio?, Bankaitis Vytas A%, Schuldiner Maya1

1Department of Molecular Genetics, Weizmann Institute of Science (Israel); ZDepartment of
Cell Biology, University of Groningen (Netherlands); 3Department of Biomolecular Sciences,
Weizmann Institute of Science (Israel); *Department of Molecular and Cellular Medicine,
Texas A&M Health Science Center (USA); UCL Institute of Ophthalmology (United Kingdom)

Lipid droplets store lipids and thus serve both as an energy reservoir and as a source of
building blocks for the organellar membrane systems. Therefore, lipid droplet biology
depends on tight communication with other organelles. One important way of
interorganellar communication is by formation of contact sites, places where the surfaces
of different organelles are actively positioned in very close proximity to each other. We can
detect distinct subpopulations of lipid droplets at the surface of virtually all other
organelles in S. cerevisiae that appear to be tethered to their surrounding membranes.

We find that a lipid droplet subpopulation positioned adjacent to the NVJ, the contact site
between the nucleus and the vacuole/lysosome, is equipped with a unique surface
proteome. In an attempt to identify molecular factors determining the identity of these lipid
droplets, we screened ~6000 mutants for mislocalization of a subpopulation marker, Pdr16,
and identified Ldo45 (lipid droplet organization protein of 45 kDa) as a crucial targeting
determinant. Ldo45 is derived from a splicing event connecting two adjacent genes
(YMR147W and YMR148W/OSW5/LD0O16). Ldo proteins are evolutionary conserved proteins
that cooperate with the contact site component seipin, and determine lipid droplet identity
by defining their positioning and surface protein composition. Our results suggest a contact
site based mechanism to imprint functional specialization of organelles, opening a door to
deeper understanding of metabolic decisions in the cell.

Keywords: Lipid droplet, Organelle contact site, Cellular organization

[S4-4] Functional Mapping of Yeast Genomes by Saturated Transposition

Michel Agnesl, Hatakeyama Riko?, Kimmig Philippl, De Virgilio Claudio?, Kornmann
Benoit’

Institute for Biochemistry - ETH Ziirich (Switzerland); 2 University of Fribourg (Switzerland)

Saccharomyces cerevisiae is a powerful model for systems genetics. We present a versatile,
time- and labor-efficient method to functionally explore the yeast genome using saturated
transposon mutagenesis coupled to high-throughput sequencing. SAturated Transposon
Analysis in Yeast (SATAY) allows one-step mapping of all genetic loci in which transposons
can insert without disrupting essential functions. SATAY is particularly suited to discover
loci important for growth under various conditions.
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SATAY (1) reveals positive and negative genetic interactions in single and multiple mutant
strains, (2) can identify drug targets, (3) detects not only essential genes, but also essential
protein domains, and (4) generates null and other informative alleles.

This method allowed us to identify genes acting in a pathway that uses vacuolar
components to bypass ER-mitochondria contact sites. Moreover, in a screen for rapamycin-
resistant mutants, we identified Pib2 as a regulator of TORC1. We show that Pib2 possesses
two antagonistic TORC1-activating and -inhibiting activities located on opposite ends of the
protein. Thus, SATAY allows to easily explore the yeast genome at unprecedented resolution
and throughput.

Keywords: Transposon, Screens, Next-Generation Sequencing, ER, Mitochondria, Vacuole,
ERMES, PIB2, TORC1
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[S5] Cellular strategies of protein quality control

[S5-1] Yeast as a Model to Understand Fundamental Mechanisms of
Protein Quality Control

Hartl F. Ulrich
Max Planck Institute of Biochemistry (Germany)

The past two decades have witnessed a paradigm shift in our understanding of cellular
protein folding. While the three-dimensional structures of functional proteins are
determined by their amino acid sequences, we now know that in the crowded environment
of cells newly-synthesized polypeptides depend on molecular chaperone proteins to reach
their folded states efficiently and at a biologically relevant time scale. Assistance of protein
folding is provided by different types of chaperone which act to prevent misfolding and
aggregation, often in an ATP-dependent mechanism. Once folded, many proteins continue
to require chaperone surveillance to retain their functional states, especially under
conditions of cell stress. Failure of the chaperone machinery to maintain proteostasis, i.e.
the conformational integrity and balance of the cellular proteome, facilitates the
manifestation of diseases in which proteins misfold and form toxic aggregates. These
disorders include Parkinson’s, Huntington’s and Alzheimer’s disease.

We are using yeast as a model to study the mechanism and consequences of protein
aggregation. A focus of ongoing research is on understanding ribosome quality control
(RQO). Defects in RQC result in toxic aggregation of nascent polypeptides that stall during
translation on ribosomes. These aggregates have features resembling those associated with
neurodegenerative disease.

Balchin D, Hayer-Hartl M, Hartl FU. In vivo aspects of protein folding and quality control.

Science. 2016 Jul 1;353(6294):aac4354. doi: 10.1126/science.aac4354. Review. PMID:
27365453

Choe Y], Park SH, Hassemer T, Korner R, Vincenz-Donnelly L, Hayer-Hartl M, Hartl FU.
Failure of RQC machinery causes protein aggregation and proteotoxic stress. Nature. 2016
Mar 10;531(7593):191-5. doi: 10.1038/nature16973. Epub 2016 Feb 29. PMID: 26934223

Park SH, Kukushkin Y, Gupta R, Chen T, Konagai A, Hipp MS, Hayer-Hartl M, Hartl FU. PolyQ
proteins interfere with nuclear degradation of cytosolic proteins by sequestering the Sis1p
chaperone.

Cell. 2013 Jul 3;154(1):134-45. doi: 10.1016/j.cell.2013.06.003. Epub 2013 Jun 20. PMID:
23791384

Keywords: protein folding, protein aggregation, ribosome quality control, molecular
chaperones
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[S5-2] Proteostasis function and disfunction: the delicate art of
maintaining a healthy proteome

Frydman Judith
Stanford University (USA)

Correct protein folding and quality control are essential for normal cellular function. The
accumulation of misfolded proteins is emerging as central to a wide range of disease states,
including many neurodegenerative disorders such as Huntington’s and Prion Disease. A
complex network of molecular chaperones facilitate protein folding and assembly and
monitor all aspects of protein homeostasis. Chaperones assist the folding of newly
translated and stress-denatured proteins, as well as affects protein quality control.

Our research investigates the mechanisms and pathways by which chaperones carry out
these diverse functions. Systems approaches identified a chaperone network linked to the
protein synthesis apparatus assists protein biogenesis. The emergence of this translation-
linked chaperone network likely underlies the elaborate co-translational folding process
necessary for the evolution of larger multidomain proteins characteristic of eukaryotic
cells. A stress-inducible chaperone network protects cells from environmental stress and
assists quality control. These chaperones also communicate with the ubiquitin-proteasome
pathway to clear misfolded proteins from the cell. Protein quality control in the eukaryotic
cytosol relies on the sequestration of misfolded cytosolic proteins in specific quality control
compartments. Our studies of chaperone function provide a framework to understand the
link between protein misfolding and human disease.

Keywords: Chaperone, Protein Quality Control, Aggregation, misfolding

[S5-3] Protein Aggregation During Ageing: Damage or Adaptation?
Barral Yves
ETH Ziirich (Switzerland)

Since several decades, budding yeast has proven to be a useful system to study the process
of replicative ageing in eukaryotes. Indeed, yeast cells divide constitutively asymmetrically
by growing a future daughter cell in the form of a bud at the surface of the mother cell.
Interestingly, whereas the mother cell is ageing over time as established by the fact that it
can only bud a limited number of times, the large majority of the daughters are born
rejuvenated and enjoy the same lifespan potential as their mothers, irrespective of the age
of their mother when they were produced. Interestingly, several hallmarks of ageing are
conserved from yeast to metazoans, including the accumulation of protein aggregates in the
ageing mother cell. Here I will report on our efforts to understand what these aggregates
are, how they might contribute to ageing and how they are confined into the mother cell.

A widely shared view about age-associated protein aggregates is that they are formed due
to protein misfolding and a decay in protein quality control as the cell age. Investigating
this possibility, we have acquired hints that it might not always be the case. Indeed, cells
carrying such an aggregate show no deficit in resorbing the Q-bodies forming upon heat-
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shock comparted to young cells. Similarly, they show no defect in ubiquitin-mediated
protein degradation, excluding the possibility that aggregate form due to a functional
weakening of this degradation pathway. In contrast, we have accumulated evidence that
yeast cells aggregate specific proteins into super-assemblies in response to external signals
as a mean to store information and adapt to environment. These protein aggregation
processes contribute to ageing of the cell. I will discuss how they might do so, and how the
mother cell ensures that these aggregates are not passed on to the next generation.

Keywords: Protein aggregation, ageing, asymmetric segregation, mnemons, adaptation,
cellular memory

[S5-4] Genetic dissection of an evolutionary conserved pathway
regulating protein degradation

Petitjean Marjorie, Choi Soo-Youn, Pathak Deepika, Rehman Syed Arif Abdul, Kulathu
Yogesh

MRC Protein Phosphorylation and Ubiquitylation unit, School of Life Sciences, Dundee (United
Kingdom)

Timely elimination of misfolded and damaged proteins is essential to maintaining cellular
protein homeostasis. A functional decline in the proteolytic capacity of a cell leads to the
accumulation of highly toxic protein aggregates that underlies the development of protein
misfolding diseases such as Alzheimer’s and Huntington’s disease. The ubiquitin
proteasome system (UPS) is the main cellular pathway for protein degradation where
proteins modified by specific ubiquitin (Ub) signals such as K48-linked polyUb are targeted
for degradation by the proteasome. We recently discovered a new DUB family, named
MINDY, in mammalian cells. Interestingly, two members of this family are conserved down
to yeast, and all MINDY DUBs are highly selective at cleaving K48-linked polyUb.

To understand the cellular role of this uncharacterized family of DUBs, we used S.
cerevisiae, a powerful tool in the study of pathways regulating protein quality control and
homeostasis. Being selective at cleaving K48-linked polyubiquitin, we hypothesized that
MINDY DUBs are negative regulators of protein degradation. Indeed, yeast strains lacking
MINDY (miyA) exhibit increased proteolytic capacity as assessed by degradation of model
substrates. Excitingly, our results reveal that miyA strains not only have an extended
chronological LifeSpan (CLS) but also exhibit an improved replicative LifeSpan. A decline in
the proteolytic capacity of a cell is known to result in the accumulation of toxic protein
aggregates, one of the underlying causes of ageing and age-related proteinopathies. Indeed,
while wild type yeast cells accumulate protein aggregates with age, aged miyA cells have
hardly any detectable protein aggregates.

In summary, our exciting results reveal that MINDY DUBs are hitherto unstudied important
regulators of proteostasis. Further, by studying MINDY DUBs in human cells, my work
reveals that the mechanism of action is evolutionarily conserved. Importantly, our results
reveal that MINDY DUBs maybe an attractive therapeutic target in neurodegeneration.

Keywords: Ubiquitin proteasome system, Deubiquitinase, protein misfolding, Proteinopathy
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[S6] Cell cycle and cell fate

[S6-1] The Saccharomyces cerevisiae NADPH oxidase, YNO1, and its Role
in Regulating the Actin Cytoskeleton.

Breitenbach Michael
University of Salzburg (Austria)

YNO1 (YGL160w) is the only known S. cerevisiae NADPH oxidase. As we have shown in a
previous publication (1), overexpression of this enzyme leads to superoxide production and
apoptotic death of the cells. Deletion of the gene presents with hypersensitivity to drugs
inhibiting the actin cytoskeleton like wiskostatin and latrunculin B. The growth defect in
the presence of these drugs can be mitigated by adding a small non-toxic concentration of
hydrogen peroxide, a natural metabolite of superoxide. The mating pheromone, alpha
factor, in otherwise wild type cells leads to a large increase in superoxide production which
is absent in the ynol deletion mutants. Isoamyl alcohol, an inducer of pseudohyphae, leads
to increased expression of a chromosomally integrated reporter construct consisting of the
complete upstream sequence of YNO1 and green fluorescent protein. We hypothesize that
Ynol-produced hydrogen peroxide is a natural signaling substance needed to trigger re-
organization of the actin cytoskeleton in situations like transition to the stationary phase,
reaction to the mating pheromone, alpha factor, and induction of pseudohyphal growth
which all need re-structuring of the actin cytoskeleton. Because the standard BY4741
genetic background does not allow pseudohyphae formation, experiments are now under
way to test pseudohyphae development in a suitable genetic background by nitrogen
starvation, but without isoamyl alcohol.

Among the seven human NADPH oxidases, Nox4 is the one with the highest sequence
similarity to the yeast YNO1 gene, is also located in the ER membrane, and produces
hydrogen peroxide as a signaling substance. Nox4 is expressed in most human somatic
cells. We are showing here (2) that similar to Yno1 of yeast cells, Nox4 in human cells is
needed for restructuring of the actin cytoskeleton. Nox4 is strongly expressed in many
human tumors. Inhibition of Nox4 in the SH-SY5Y neuronal tumor cell line leads to loss of
actin stress fibers and prevents cell migration, which is needed for metastasis. The human
Nox4 enzyme is therefore a possible target for cancer therapy.

References:
(1) Rinnerthaler, M, et al. PNAS 109, 8658 — 8663 (2012)
(2) Auer, S., et al. Frontiers in Oncology (2017), accepted with minor revisions

Keywords: Yeast, Saccharomyces, NADPH, oxidase, YNO1, Cancer

[S6-2] Duplication of the budding yeast spindle pole body (SPB)

Ruethnick Diana, Neuner Annett, Schiebel Elmar
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University of Heidelberg, Center for Molecular Biology (ZMBH) (Germany)

The spindle pole body (SPB) is the microtubule organizing centre of budding yeast
Saccharomyces cerevisiae. Due to the closed mitosis, the SPB is embedded in the nuclear
envelope throughout the cell cycle. This enables the SPB to organize nuclear and
cytoplasmic microtubules with functions in chromsome segregation and spindle
orientation, respectively. Like the mammalian centrosome, the SPB duplicates once per cell
cycle using the mother structure as an initiation platform. SPB duplication is initiated in
early G1 phase of the cell cycle by the formation of the satellite, a miniature version of the
SPB, at the distal end of the bridge. The bridge is an extension of the central plaque and is
layered on top of both sides of the nuclear envelope. The cytoplasmic side of the bridge
consists of the interacting proteins Sfil, yeast centrin Cdc31 and the tail-anchored Kar1
protein. At the G1/S phase the satellite grows in size and becomes inserted into the nuclear
envelope. Genetic screes identified the SPB insertion network (SPIN) components Bbp1,
Mps2, Ndcl and Nbp1 as SPB-associated factors that are important for the nuclear envelope
insertion of the new SPB. In this study we have uncoupled SPB growth from nuclear
envelope insertion. This approach revealed several novel findings: 1) The mother SPB can
fuse with the satellite if not separated by the bridge structure; 2) Mixing of the central Spc42
SPB layer occurs during SPB fusion in karyogamy; 3) The SPIN components encircle the
newly embedded SPB in the nuclear envelope and anchor the SPB in the nuclear
membrane; 4) A nuclear pore complex (NPC) becomes recruited to the inserting SPB in G1/S
phase. This NPC is important for the insertion of the new SPB into the nuclear envelope. We
will discuss models for the role of this NPC in SPB nuclear membrane insertion.

Keywords: Spindle pole body (SPB), Mitosis, Nuclear pore complex (NPC), Nuclear envelope

[S6-3] Regulation of mitophagy by (de-)ubiquitylation
Behrendt Christina, Reichert Andreas S.
Heinrich Heine University Diisseldorf, Medical Faculty (Germany)

The selective degradation of mitochondria, termed mitophagy, is an evolutionarily
conserved process. There is cumulating evidence that this process is linked to numerous
human disorders including Morbus Parkinson. One pathogenic mechanism proposed is that
the removal of damaged mitochondria is impaired promoting neurodegeneration.
Mitophagy can be divided mechanistically into two principal ways: a receptor -mediated
and an ubiquitin- mediated pathway. Mutations in genes such as PINK1 or PARKIN that are
essential for the ubiquitin-mediated pathway in mammalian cells are known to cause
Morbus Parkinson. Recent research suggest that an ubiquitin-mediated mitophagy pathway
may also exist in baker’s yeast. We addressed the role of all three non-essential ubiquitin
genes (UBI1, UBI2, UBI4) in different types of selective autophagy in Saccharomyces
cerevisiae. We disect how mitophagy depends on these genes and how this is possibly
linked to the deubiquitinase complex Ubp3/Bre5. We further identified an outer membrane
protein as a novel player required for mitophagy. In summary, we identified a mitophagy
pathway in yeast, which depends on mitochondrial protein ubiquitylation and which is
dynamically regulated by ubiquitylation and Ubp3-dependent deubiquitylation.
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Keywords: Parkinson, Mitophagy, Ubiquitinylation, Deubiquitinase, Mitochondria

[S6-4] A New Factor Involved in the Establishment of the Non-random
Inheritance Pattern of the Spindle Pole Bodies in Saccharomyces
Cerevisiae

Matellan Laural, Manzano-Lopez ]avierl, Monje-Casas Fernando?
1CABIMER/University of Seville-CSIC (Spain); °CABIMER / CSIC (Spain)

Many cells, from yeast to higher eukaryotes, divide asymmetrically. During an asymmetric
cell division, different polarized factors can segregate preferentially to only one of the two
resulting cells, which acts as a mechanism for the generation of cellular diversity. An ideal
model to study asymmetric division is the budding yeast Saccharomyces cerevisiae.
Interestingly, in this organism the spindle pole bodies (SPBs, the equivalent of the
centrosomes in budding yeast) are asymmetrically distributed during cell division, so that
they display a non-random inheritance between the mother and bud. Specifically, the old
SPB, which is inherited from the previous mitosis, is segregated to the daughter cell, while
the new SPB, which is assembled de novo, is retained in the mother cell. Remarkably,
asymmetric inheritance of the centrosomes has been also shown in higher eukaryotes,
where the age of the centrosome can specify the fate of the cell and the disruption of this
inheritance pattern can determine important consequences. We have identified a new
factor that is necessary for the establishment of this non-random inheritance pattern of the
SPBs between the mother and the daughter cell in budding yeast.

Keywords: Mitosis, Asymmetric cell division, Spindle pole bodies
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[S7] New biotechnologies

[S7-1] Systems Metabolic engineering of Yeast
Nielsen Jens
Chalmers University of Technology (Sweden)

Metabolism represents the core of cellular functions and all cellular processes interact with
metabolism through the use of specific metabolites, free energy and/or electron flows.
However, metabolism is highly complex involving a large number of chemical reactions,
and it is therefore difficult to study metabolism. The many different reactions are
traditionally grouped into pathways with dedicated functions, but recent analysis of
metabolism has shown that there is a high degree of connectivity between these pathways
due to common sharing of co-factors and key metabolites. Also regulation of metabolism is
complex due to the requirements for maintaining cellular homeostasis. In this talk T will
give illustrations of how different parts of cellular metabolism are connected, i.e. central
carbon metabolism, lipid metabolism and protein secretion. I will illustrate how
metabolism can be modelled at the genome-scale and how incorporation of protein
crowding may be a key determinant for cellular function, and keep proteome homeostasis
is an important driver for maintaining proper cellular function. Finally, I will discuss how
regulation of metabolism can be studied using different omics analysis, e.g. how we can get
new insight into transcriptional regulation through ChIP-exo analysis.

Keywords: metabolic engineering, systems biology, metabolism

[S7-2] Engineering enzyme complexes: creating artificial and re-
engineering existing enzyme complexes for biotechnological purposes

Boles Eckhardl, Grininger Martinz, Oreb Mislav?

1Goethe-University Frankfurt, Institute of Molecular Biosciences (Germany); 2Goethe-
University Frankfurt (Germany)

The efficiency and flux of metabolic pathways can be hampered by factors like slow
diffusion rates, competing pathways or secretion of pathway intermediates. Genetic
engineering of new metabolic pathways for biotechnological purposes is often influenced
by the same limitations. In nature, such limitations are bypassed by compartimentalization
of enzymatic reactions in organelles or multi-enzyme complexes. Various examples of
interactions between enzymes catalyzing sequential reactions are known, by which the
transfer of reaction intermediates from one active site to the other is accelerated. Direct
channeling is achieved within stable multi-enzyme assemblies or by a precise alignment of
active centers in a single polypeptide chain. On the other hand, there are examples of
enzymes that are co-localized by scaffold proteins, membranes, or cytoskeleton. In such
enzyme agglomerates the fast hand-over of intermediates is facilitated by increased local
concentrations of reaction partners.
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We are developing new concepts for metabolic pathway engineering to assemble enzymes
and transporters in protein supercomplexes and to relocate metabolic pathways into
synthetic organelles. As an example we will show that by constructing an artificial complex
between a sugar transporter and a xylose isomerase in baker’s yeast the consumption of
xylose was accelerated due to the direct feeding of the enzyme through the transporter.
Concomitantly, the production of xylitol as an undesired side-product could be significantly
diminished and the production of ethanol could be increased (Thomik et al., Nat Chem Biol,
in press).

On the other hand, genetic engineering of existing multi-enzyme complexes is often difficult
to achieve due to missing information about the structures, reaction mechanisms and
interactions between the individual domains. Nevertheless, we will show how we have
recently successfully re-engineered the fatty acid synthase complex of yeast for the
production of valuable short- and medium-chain fatty acids, like C8-octanoic acid (Gajewski
et al. 2017, Nat Commun 8:14650).

Keywords: enzyme complex, genetic engineering, xylose, sugar transporter, fatty acid
synthase, short-chain fatty acid, octanoic acid, scaffold, substrate channeling

[S7-3] Biorefine-2G: From Waste Biomass To Biopolymers Using Yeast Cell
Factories

Stovicek Vratislavl, Almqvist Henrikz, Dato Laural, Chekina Ksenial, Pedersen Lasse
Ebdrupl, Lidén Gunnar?, Forster ]ochenl, Borodina Irina!

IThe Novo Nordisk Foundation Center for Biosustainability Technical University of Denmark
(Denmark); 2Department of Chemical Engineering Lund University (Sweden)

Besides its role as an important model for the study of fundamental cellular processes in
eukaryotes, the yeast Saccharomyces cerevisiae is also the organism of choice for many
biotechnological applications. Due to its excellent performance in established large-scale
processes and well-studied genetics, S. cerevisiae can be modified to host processes leading
to conversion of biomass to valuable chemicals as a sustainable alternative to the
production of such chemicals from oil. Economic viability of the biorefinery concept of
using biomass instead of fossil resources for production of fuels and chemicals needs the
development of industrial strains that are sufficiently robust, utilize low value waste
biomass streams rich in C5 sugars that are not naturally fermented by S. cerevisiae, and
produce added-value chemicals. Here we demonstrate construction of such a yeast cell
factory. We present the entire process from the development of advanced molecular tools
for engineering of industrial yeast strains, adaptive evolution approaches for generation of
platform strains with advanced xylose utilization properties and tolerance to a
lignocellulosic biomass feedstock, to construction of strains engineered for production of
dicarboxylic acids. These can serve as monomers for development of novel biodegradable
polymers. Next generation sequencing analysis of the platform strains performing in
xylose-rich media and identification of causative mutations will be presented. Furthermore,
relevant metabolic engineering strategies and strain characterization will be shown in
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detail. This project is part of BIoOREFINE-2G (www.biorefine2g.eu), which is co-funded by the
European Commission in the 7th Framework Programme (Project No. FP7-613771).

Keywords: biotechnology, biorefineries, industrial yeast cell factory

[S7-4] Deciphering The Roles Of Hybrid And Orphan Genes In The Hybrid
Species, Saccharomyces pastorianus

Bond Ursula, Monerawela Chandre
Trinity College Dublin (Ireland)

Saccharomyces pastorianus (lager yeasts) are interspecies hybrids of Saccharomyces
cerevisiae and Saccharomyces eubayanus and are classified as Group I and II, based on
DNA content and chromosome structure. Recombination events between the parental
chromosomes have created a novel set of hybrid chromosomes. Most recombination sites
are intragenic, giving rise to a unique set of hybrid genes composed of part S. eubayanus
and part S. cerevisiae sequences. In addition to hybrid genes, S. pastorianus encodes for
several “orphan” genes, which are conserved in industrial strains of S. cerevisiae only, but
for which no known homologues exist in either prokaryotic or eukaryotic species. Such
hybrid and orphan genes, if functional, can potentially influence the biochemical,
physiological and phenotypic landscape of lager yeasts.

Several hybrid alleles of the gene YGL173C (XRN1) are found in lager yeasts and Group I
and II lager yeasts co-express different XRN1 alleles. XRN1 encodes for a 5’ to 3’
exoribonuclease that is required for mRNA degradation in the cell. Given its central role in
RNA metabolism, we hypothesise that the co-expression of allelic variants of XRN1 may
significantly impact the steady state pool of mRNAs and thus the protein landscape of lager
yeasts.

The XRN1 genes, in the same combinations as found in the Group I and II lager yeasts, were
cloned into S. cerevisiae Axrnl. RNAseq data reveals that the co-expression of different
allelic variants of XRN1 significantly alters the suite of mRNAs found in the cell.
Recapitulating the XRN1 composition of Group I and Group II lager yeasts leads to the
differential stabilisation of mRNAs encoding for proteins involved in amino acid
metabolism and plasma membrane composition, pathways that significantly influence the
fermentation and flavour properties of beer.

A role for the orphan gene “HYPO”, encoding a hypothetical open reading frame, is also
being investigated. The expressed protein is located at the plasma membrane where it
forms distinct patches. Mass spectrophotometric analysis of HYPO-associated proteins
suggests a role for HYPO is stress responses in lager yeasts.

Keywords: lager yeasts, hybrid chromosomes, hybrid genes, orphan genes, XRN1, RNA
metabolism
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[S7-5] Constructing a synthetic Saccharomyces cerevisiae pan-genome
neo-chromosome

Kutyna Dariusz R.}, Pretorius Isak S.%, Borneman Anthony R1!
IThe Australian Wine Research Institute (Australia); 2Macquarie University (Australia)

The International Synthetic Yeast Genome Project (Sc2.0) is currently in the process of re-
engineering and synthesizing the genome of the yeast Saccharomyces cerevisiae. Due to its
long-standing use as a key model system, combined with its complete and well-
characterized genome sequence, the Sc2.0 consortium is focusing its efforts on the S228c
laboratory strain of S. cerevisiae, which has ~6000 genes spread over 16 chromosomes.

However, there are hundreds of different strains of S. cerevisiae and many have distinctive
phenotypes that provide an advantage to a specific environmental niche or industry
(fermenting wine, leavening bread or brewing beer). These phenotypic differences are the
direct result of specific genetic variation between strains and this can range from single
nucleotide polymorphisms to the presence of strain-specific genes or gene clusters. The
presence or absence of these genes between strains can have striking phenotypic
consequences, including providing strains with the ability to synthesize vitamins or to
endure specific types of stress or inhibitory compounds.

To provide greater insight into the role of these strain-specific genes, we have identified
over 200 kb of non-repetitive DNA, encoding 75 ORFs, which exist across the breadth of
strain-specific ORF diversity of the S. cerevisiae pan-genome, but which are absent from the
laboratory strain used for Sc2.0. These sequences have been synthesized and assembled,
using Sc2.0 principles (watermarking, loxP sites), into a circular, centromeric neo-
chromosome. This pan-genome neo-chromosome is now being analyzed to determine the
phenotypes that it can impart in the laboratory strain background, while also providing a
resource for introducing additional variation into the Sc2.0 genome through processes such
as SCRaMbLE.

Keywords: Saccharomyces cerevisiae pan-genome, Neo-chromosome, Synthetic biology,
Synthetic Yeast Genome Project
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[S8] DNA replication, mutation and repair

[S8-1] DNA End Resection and Repair Pathway Choice
Symington Lorraine, Oh Julyun, Yu Tai-Yuan
Columbia University (USA)

DNA double-strand breaks (DSBs) are cytotoxic lesions that must be accurately repaired to
preserve genome integrity. DSBs can be repaired by direct ligation (NHE]) or undergo 5’-3’
resection to generate single-stranded DNA (ssDNA), the substrate for homologous
recombination (HR). Once resection initiates, cells are committed to HR. We have previously
shown that resection of DNA ends occurs by a two-step mechanism (Mimitou and
Symington, 2008). In the first step, the Mre11-Rad50-Xrs2 (MRX) complex and Sae2 incise
the 5’ strands internal to the DNA ends to form an early intermediate. In a second step,
Exo1 or Sgs1 with Dna2 rapidly process the minimally resected intermediates to generate
long tracts of ssDNA. In addition to controlling end resection, the MRX complex is required
for Tell signaling, NHE] and for end tethering. Xrs2 is essential for nuclear translocation of
Mrell, but its role as a component of the complex is not well defined. We found that fusion
of a nuclear localization sequence to Mrell (Mrel11-NLS) was able to bypass several
functions of Xrs2, including DNA end resection, hairpin resolution and cellular resistance to
clastogens; however, NHE] and Tel1 signaling were not restored indicating a unique
function for Xrs2 in these processes (Oh et al, 2016). To further understand the role of Xrs2
in Tel1 signaling, we fused the Tell recruitment domain from Xrs2 to Mre11-NLS. The
resulting fusion protein was able to bypass the role of Xrs2 in Tell recruitment and
activation, restoring normal telomere length and Tell activation. We will discuss the roles
of the MR complex, Xrs2 and Tell in DNA repair, HR and suppression of gross chromosome
rearrangements.

Keywords: DNA repair, Homologous recombination, Mrel1, Tell

[S8-2] DDK-mediated regulation of the deSUMOylating enzyme Ulp2
facilitates early steps of DNA replication

Psakhye Ivan, Castellucci Federica, Branzei Dana
IFOM, the FIRC Institute of Molecular Oncology (Italy)

Dbf4-dependent kinase Cdc7 (DDK) is crucial for chromosome replication initiation, by
activating the replicative helicase, MCM. Other means of DDK-dependent control of
replication are less understood. Here we uncover that the budding yeast deSUMOylating
enzyme, Ulp2, is a DDK substrate that binds to replication origins and promotes early steps
of DNA replication. In DDK mutants and phosphodeficient Ulp2 variants, Ulp2 chromatin
binding is deregulated, being less concentrated at origins and more diffused along
chromosomes. Furthermore, in ulp2 mutants, origin firing-derived replication
intermediates and BrdU incorporation efficiency are decreased. Notably, the replication
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initiation defects of ulp2 cells were rescued by removing the SUMO-targeted ubiquitin
ligase (STUDbL), S1x5/8. We propose that DDK regulates Ulp2 distribution and concentration
at firing origins to ensure a critical mass of replisome factors poised for replication upon
MCM activation.

Keywords: Dbf4-dependent kinase, DNA replication, replisome factors

[S8-3] Molecular outcomes of double-strand break repair
Jinks-Robertson Sue
Duke University Medical Center (USA)

Mitotic recombination between homologous chromosomes leads to the uncovering of
recessive alleles through loss of heterozygosity (LOH). Analyses of spontaneous LOH events
has suggested that most are initiated by random double-strand breaks (DSBs). To examine
this more directly, we used a defined double-strand break to initiate reciprocal LOH
between diverged homologs of chromosome IV in Saccharomyces cerevisiae. All LOH
events reflected the repair of two broken chromatids, one of which was repaired as a
crossover and the other as a noncrossover. Associated gene conversion tracts resulting
from the donor-directed repair of mismatches in the heteroduplex DNA formed during
strand exchange were mapped using microarrays. Gene conversion tracts associated with
individual crossover and noncrossover events were similar in size and position, with half of
the tracts being unidirectional and mapping to only a one side of the initiating DSB. Among
crossover events, this likely reflected gene conversion on one side of the break, with
restoration-type repair occurring on the other side. For noncrossover events, an ectopic
system was used to directly compare gene conversion tracts produced in a wild-type strain
to unrepaired, heteroduplex DNA tracts that persist in the absence of the Mlh1 mismatch-
repair protein. There was a strong bias for unidirectional tracts in the absence of Mlh1 that
was lost in strains containing Mlh1, suggesting that MMR acts on heteroduplex DNA that is
only transiently present in noncrossover intermediates. Although the molecular features of
LOH events generally agreed with those predicted by current recombination models, there
were unexpected complexities in associated gene conversion tracts.

Keywords: mitotic recombination, loss of heterozygosity, double-strand breaks,
Saccharomyces cerevisiae, noncrossover, heteroduplex DNA

[S8-4] Reconstituting chromosome replication
Diffley John
The Francis Crick Institute (United Kingdom)

The process by which active CMG (Cdc45-MCM-GINS) DNA helicase is assembled at
eukaryotic replication origins ensures precisely one round of genome duplication in each
cell cycle. This process comprises two temporally discrete stages: the minichromosome
maintenance (MCM) complex is first loaded as a head-to-head double hexamer (DH)
encircling duplex origin DNA during G1 phase; ‘firing factors’ then convert each DH into
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two active CMG helicases during S phase. Bidirectional replication requires the loading of
two ring-shaped Minichromosome Maintenance (MCM) helicases around DNA in opposite
orientations. MCM loading is orchestrated by binding of the Origin Recognition Complex
(ORC) to DNA, but how ORC coordinates symmetrical MCM loading is unclear. Using natural
budding yeast origins and synthetic sequences, we show that efficient MCM loading
requires binding of two ORC molecules to two ORC binding sites. The relative orientation of
these sites, but not the distance between them, is critical for MCM loading in vitro and
origin function in vivo. We propose quasi-symmetrical loading of individual MCM
hexamers by ORC and directed MCM translocation into double hexamers as a unifying
mechanism for the establishment of bidirectional replication in Archaea and Eukarya.

In the second stage, the two strands of origin DNA must be unwound and DH remodelled so
that individual MCM hexamers each encircle a single DNA strand to seed formation of
bidirectional replisomes. We set out to understand the mechanism of this complex second
stage using purified budding yeast proteins. We found that that MCM, which hydrolyses ATP
during DH formation, remains stably bound to ADP in the DH. Firing factor recruitment
triggers MCM to release ADP. Subsequent ATP binding then promotes stable CMG assembly,
which is accompanied by untwisting of one helical turn of DNA per CMG and separation of
DH into two discrete but inactive CMG helicases. Mcm10, together with ATP hydrolysis, then
triggers further DNA untwisting and activation of the helicase. Our experiments elucidate
the mechanism of eukaryotic replicative helicase activation, and show that ATP binding
plays an analogous role in origin melting in eukaryotes, viruses and bacteria.

Keywords: DNA replication, biochemistry, cell cycle
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[S9] Yeast pathogens and host interaction

[S9-1] MCC/Eisosome Plasma Membrane Subdomains Promote Stress
Resistance and Virulence of Candida albicans

Konopka James, Douglas Lois, Wang Hong, Li Lifang, Foderaro Jenna
Stony Brook University (USA)

The plasma membrane is critical for the survival of fungal pathogens in the host because
this protective barrier also mediates a wide array of dynamic functions including nutrient
uptake, secretion, endocytosis, morphogenesis, cell wall synthesis, and stress resistance.
Studies aimed at defining how cells coordinate these diverse functions have shown that the
plasma membrane is organized into distinct compartments that vary in size, shape, and
stability. Interestingly, a novel type of membrane domain was discovered in yeast that is
termed the MCC/eisosome. These domains are distinctive in that they are protein-organized
structures that correspond to stable furrows in the plasma membrane. In the human fungal
pathogen Candida albicans, mutants that fail to form MCC/eisosomes (pill 1sp1) display
broad abnormalities including defects in cell wall synthesis, polarized morphogenesis, and
invasive growth. In addition, MCC/eisosome mutants are more susceptible to a variety of
stresses encountered in vivo, such as elevated temperature, oxidation, copper and
antifungal drugs. Genetic analysis indicates that proteins recruited to the MCC/eisosomes,
such as Sur7, Nce102, Pst1, Pst2, Pst3, and Ycp4, promote the proper regulation of cell wall
synthesis and stress responses. Consistent with this, mutants lacking these MCC/eisosome
proteins are defective in virulence. Thus, studies on MCC/eisosomes are defining novel
plasma membrane functions that will help to identify new targets for antifungal therapy.

Keywords: Candida albicans, plasma membrane, eisosome, MCC domain

[S9-2] The Statistical Proteome of Candida Albicans
Santos Manuel, Moura Gabriela, Oliveira Carla, Lopes Edgar, Bezerra Ana
University of Aveiro (Portugal)

The concept of statistical proteins was proposed in 1965 by Carl Woesel. He defined
statistical proteins as mixtures of polypeptides whose primary structures are related to
some theoretical average primary structure. This concept was overlooked for many years
due to its association in the original publication with primordial life forms with poorly
defined genetic codes. However, recent studies show that it also applies to existing
organisms. We have discovered a statistical proteome in the main human fungal pathogen
Candida albicans2. Its genome encodes 6198 protein coding genes (haploid genome) -
similar to other fungi -, but ambiguous gene translation by the ribosome diversifies
stochastically its proteome producing millions of different proteins that are not degraded
by the protein quality control machinery. In other words, in Candida albicans there is no
correlation between gene and protein numbers despite the lack of alternative splicing. I
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will illustrate in my talk that global re-programming of the genetic code produces statistical
proteins that have specific cellular functions. Such proteins increase dramatically
phenotypic and genetic diversity, expand adaptation capacity in changing ecological
landscapes and influence virulence, biofilm formation and drug resistance.

Keywords: Candida albicans, protein synthesis, statistical proteins, mistranslation, genetic
code

[S9-3] Comparative Genomic and Transcriptomic Analyses Unveil Novel
Features of Azole Resistance and Adaptation to the Human Host in
Candida glabrata

Salazar Saral, Wang Canz, Musterkotter Marting, Okamoto Michiy04, Takahashi-Nakaguchi
Azusa®, Chibana Hiroji%, Lopes Maria®, Giildener Ulrich®, Butler Geraldine?, Mira Nuno?,

Pedreira Tiagol, Henriques Rui’

1iBB, Institute for Bioengineering and Biosciences, Instituto superior Técnico - Department of
Bioengineering, Universidade de Lisboa (Portugal); 2School of Biomolecular and Biomedical
Sciences, Conway Institute, University College of Dublin, Belfield (Ireland); 3Institute of
Bioinformatics and Systems Biology, Helmholtz Zentrum Miinchen, German Research Center
for Environmental Health (Germany); “Medical Mycology Research Center, Chiba University
(Japan); ®Faculdade de Farmdcia da Universidade de Lishoa, Departamento de Microbiologa e
Imunologia (Portugal); SInstitute of Bioinformatics and Systems Biology, Helmholtz Zentrum
Miinchen, German Research Center for Environmental Health; Chair of Genome-oriented
Bioinformatics, TUM School of Life Sciences Weihenstephan, Technical University of Munich
(Germany); 7INESC-ID and Instituto Superior Técnico, Universidade de Lisboa (Portugal)

The emergence of azole resistance among Candida glabrata strains is frequent and
contributes to increase the incidence of infections caused by this species. In this work we
aimed at elucidating the molecular mechanisms underlying resistance to fluconazole and
voriconazole in a resistant clinical isolate (FFUL887). Whole-genome sequencing of
FFUL887 and subsequent comparison with the genome of the susceptible reference strain
CBS138 revealed the existence of prominent differences in several genes documented to
promote azole resistance in C. glabrata. Among these was the transcriptional regulator
CgPdr1. The CgPdr1 allele encoded by the FFUL887 strain included a K274Q modification
not documented in other azole-resistant strains. The significant increase in susceptibility to
azoles of the FFUL887 strain upon deletion of the CgPDR1K274Q allele, along with results
from transcriptomic profiling rendering evident the upregulation of 80 documented targets
of CgPdr1 in the FFUL887 strain, support the idea that K274Q is a novel CgPdr1 gain-of-
function mutation. Analysis of the non-coding genome of the FFUL887 and of CBS138
support the idea that in the FFUL887 strain alterations of the CgPdr1-controlled regulatory
network may have changed its architecture to improve the expression of azole-resistance
genes. Comparison of the genome of the FFUL887 and CBS138 also showed prominent
differences in the sequence of adhesin-encoding genes, while comparison of the
transcriptome of the two strains showed a significant remodelling of the expression of
genes involved in metabolism of carbohydrates, nitrogen and sulphur in the FFUL887
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strain; these responses probably reflecting adaptive responses evolved by the clinical strain
during colonization of the host.

Keywords: antifungal resistance, comparative genomics and comparative transcriptomics,
CgPdr1 transcription factor, Candida glabrata, fungal infections

[S9-4] Predator Yeasts: Genomics and Molecular Biology of Necrotrophic
Killer Yeasts

De Koning Ezral, Junker KlaraZ, Wendland ]1"1rgen3

1 Vrije Universiteit Brussel (Belgium); 2 Carlsberg Research Laboratory (Denmark); 3 Vrije
Universiteit Brussel; Carlsberg Research Laboratory (Belgium)

Yeasts of the genus Saccharomycopsis can be isolated from diverse habitats around the
globe. They exhibit a unique predacious behaviour, which allows them to feed on and kill
suitable fungal prey cells. This is an act of nectrophic mycoparasitism, which is induced
under starvation conditions. During predation prey cells are recognized and a penetration
peg is formed, with which the prey cell is penetrated and killed. The host range is wide and
includes yeasts, such as Saccharomyces cerevisiae and Candida albicans, but also
filamentous fungi, e.g. Ashbya gossypii. Starvation of predator yeasts can be induced solely
by the lack of methionine in the growth medium. We aim at understanding the biology of
predation and characterize molecular pathways and genes required for successful killing of
prey cells. To this end we have generated draft genomes of five predator yeasts:
Saccharomycopsis fodiens, S. fermentans, S. crataegensis, S. schoenii and Saccharomycopsis
spec. The genome sizes range from 12 Mb to 15 Mb. The genome data, which also include
several contigs with telomeric repeats, suggest that loss of genes required for sulphate
assimilation is causing methionine auxotrophy within Saccharomycopsis species.
Interestingly, genomic signatures suggest that Saccharomycopsis species are part of the CTG
clade, which reassigned the CTG codon from leucine to serine, e.g. also in C. albicans. This
has guided our molecular approach towards tool development for studying predator yeasts.
We have developed synthetic markers, e.g. SAK1 providing resistance against the antibiotic
G418. Genome profiling indicated the presence of transposons and of gene families
encoding proteins that may play a major role for predacious behaviour. This includes genes
encoding proteins for cell-cell adhesion, so called flocculins; genes for cell wall degrading
enzymes, e.g. chitinases; and proteases. These and other morphogenesis genes required for
penetration peg formation offer excellent target genes to analyze predatory behavior in
Saccharomycopsis. In order to quantify predation efficiency we have developed a
quantitative predation assay. This is based on quantifying CFU of S. cerevisiae grown on a
lawn of predator yeast cells.

Keywords: fungal pathogens, Host-pathogen interaction, Comparative and evolutionary
genomics
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[S10] Yeast sociobiology, sensing and signalling

[S10-1] Extracellular Amino Acid-Induced SPS-Sensor Signaling in the
Context of Intracellular Metabolic Regulation

Ljungdahl Per 0.1, Maritins Antonio’, Ring Andreas’, Silao Fitz Gerald?
IStockholm University (Sweden); 2Stockholm University (San Marino)

The Ssy1-Ptr3-Ssy5 (SPS) signaling pathway enables Saccharomyces cerevisiae and Candida
albicans cells to respond to extracellular amino acids. The pathway controls the activity of
two homologous transcription factors Stp1 and Stp2 (Stp1/Stp2). In the absence of inducing
amino acids, Stp1/Stp2 are maintained latent due to the presence of N-terminal cytoplasmic
retention and promoter exclusion motifs. Signaling events initiated by amino acid binding
to Ssy1l, the plasma membrane-localized receptor component, activates the Ssy5
endoprotease leading to the cleavage of Stp1/Stp2. The cleaved forms of Stp1/Stp2, lacking
their N-termini, target the nucleus where they induce SPS-sensor controlled genes.

We addressed unresolved mechanistic questions regarding the transduction of SPS-sensor
derived signals in S. cerevisiae. To test spatial parameters that may affect Stp1 cleavage, we
fused Stp1 to the C-terminus of the well-characterized ER membrane-localized chaperone
Shr3. Expression of the Shr3-Stp1 chimeric protein suppresses both shr3A and stp1A null
phenotypes, indicating that the chimer retains Shr3 chaperone activity and that Ssy5-
catalyzed processing of Stp1 occurs even in an artificial membrane-bound context.
Subcellular fractionation indicates that the Shr3-Stp1 fusion exclusively localizes to the ER.
Significantly, signaling is unabated in a strain that lacks PM-ER junctions in which Ssy1 and
the chimer are spatially clearly separated. Thus, once activated by events linked to the
plasma membrane, the catalytically competent Ssy5 Cat-domain can relocate to the ER.

We used Candida albicans to assess how amino acid-induced and SPS-sensor-dependent
signals are integrated into the central signaling pathways controlling yeast-to-hyphal
morphological transitions in this human fungal pathogen. Our results show that the SPS-
sensor dependency is indirect, being the consequence of SPS-sensor induced expression of
amino acid permease genes, and that the hyphae-inducing effect of amino acids is derived
from their metabolism. Specifically, arginine, ornithine and proline are internalized and
metabolized to glutamate in the mitochondria, generating NADH and FADH2. These
electron carriers are oxidized by mitochondrial respiration generating ATP, which triggers
the Ras1/cAMP/PKA pathway to activate the morphogenic effector transcription factor Efg1.
Thus, the SPS-sensor is important to maintain the intracellular amino acid pools that ensure
proper metabolic control.

Keywords: nutrient sensing, signal transduction, regulation of gene expression, intracellular
compartmentalization, proteolytic activation latent transcription factors, amino acid pools,
mitochondrial respiration, metabolic signaling, morphological switching, Saccharomyces
cerevisiae, Candida albicans
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[S10-2] Regulation of TORC1 by Amino Acids: A Central Role for Rag
GTPases Within the EGO Complex

De Virgilio Claudio
University of Fribourg (Switzerland)

The eukaryotic target of rapamycin complex 1 (TORC1) couples nutrient, energy, and
hormonal signals with cell growth, division, and metabolism, and aberrant TORC1 signaling
contributes to the progression of human diseases such as cancer and diabetes. Amino acids
are important and primeval cues that stimulate TORC1 to promote anabolic processes (such
as ribosome biogenesis and protein translation initiation) and inhibit catabolic processes
(such as macroautophagy) via the conserved Rag family GTPases. The latter assemble into
heterodimeric complexes consisting of Gtrl and Gtr2 in yeast, or RagA or RagB and RagC or
RagD in mammalian cells. These heterodimers are integral to larger complexes coined EGO
(exit from rapamycin-induced growth arrest) complex (EGOC) in yeast or Rag-Ragulator
complex in mammalian cells, which are predominantly tethered to vacuolar/lysosomal
membranes. Because Rag GTPase heterodimers stimulate TORC1 when they contain GTP-
loaded RagA/B/Gtrl and GDP-loaded RagC/D/Gtr2, GTPase activating proteins (GAPS) acting
on Gtr1/RagA/B, such as the orthologous yeast SEACIT or mammalian GATOR1 complexes
inhibit, while the ones acting on Gtr2/RagC/D, such as the yeast Lst4-Lst7 or the orthologous
mammalian FNIP1/2-Folliculin (FLCN) complexes, activate TORC1. The amino-acid sensitive
events upstream of GATOR1 that inhibit TORC1 signaling include the cytosolic leucine and
arginine sensors Sestrin2 and CASTOR1, respectively. Both sensors stimulate GATOR1 under
amino acid deprivation via a poorly understood mechanism involving their binding to the
conserved GATOR1-interacting GATOR2 complex coined SEACAT in yeast. How amino acids
activate TORC1 through the Lst4-Lst7/FNIP1/2-FLCN GAP complexes is currently not known.
In this context, our current research is focused on deciphering the amino-acid sensitive
events upstream of the Rag GTPase regulators in yeast, which likely involve both vacuolar
and cytoplasmic amino acid sensors. Due to the evolutionary conservation of the EGOC and
its regulators, our studies in yeast are expected to contribute to the understanding of the
molecular mechanisms leading to diseases that are associated with hyperactive mammalian
TORCI1.

Keywords: TORC1, Rag GTPases, growth control, amino acid signalling

[S10-3] A rudimentary apoptotic pathway protects sporulating yeast
from lethal viral accumulation

Meneghini Marc', Hossain Saif', Gao Jie', Zhou Tina?
1Universily of Toronto (Canada); 2 University of Western Ontario (Canada)

As Programmed Cell Death (PCD) acts in opposition to the fitness of the cell executing it,
how PCD came about during evolution remains a quandary. A logical hypothesis is that cells
capacities for self-killing must have co-opted processes that originally promoted cell
survival. We have discovered what might be regarded as a living fossil of PCD that
illuminates this hypothesis. Yeast sporulation involves a 5-way cell division, with the 4
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meiotic products developing within the remnant of the cell that produced them. We showed
that PCD of this remnant occurs as an intrinsic aspect of yeast gametogenesis and is
executed through developmentally programmed vacuolar rupture. Intriguingly,
undeveloped meiotic nuclei that are frequently swept up in this PCD are subjected to
fragmentation of their genomic DNA into nucleosomal ladders, a hallmark of apoptosis.
This phenomenon is dependent on NUC1, the yeast homolog of mitochondrial endonuclease
G, and is associated with mitochondrial membrane depolarization in the remnant cell that
occurs prior to vacuolar rupture. Despite being a prominent feature of apoptosis, the raison
d’étre for genome fragmentation during mammalian apoptosis remains unknown.
Similarly, the underlying role of this DNA fragmentation pathway during yeast meiotic PCD
has remained obscure. Yeast possesses numerous viral entities whose persistence requires
successful meiotic transmission. We have now determined that NUC1 functions in a
rudimentary apoptotic pathway that promotes yeast survival through an innate immune
defense against these viral entities. Accumulating L-A and “Killer” dsRNA viruses that are
endemic to yeast triggers the release of Nucl through an apparent MOMP-like
(mitochondrial outer membrane permeabilization) phenomenon, resulting in their
downregulation. Failure of Nuc1 to curb the accumulation of the Killer virus causes
lethality in mitotic cells. Molecular, biochemical, and genetic analysis confirms that
accumulating Killer virus within the cells causes this lethality, illuminating that this
rudimentary apoptotic pathway therefore functions in an innate immune capacity.
Extension of these findings to meiotic cells confirms that NUC1 prevents the hyper-
accumulation of Killer toxin following meiosis. We are interested in the roles this pathway
may play for defense of the yeast germline against other genetic parasites such as
retrotrasnposons.

Keywords: Yeast viruses, Sporulation, Endonuclease G, Programmed Cell Death, Evolution,
Mitochondria

[S10-4] The Hoglp kinase regulates the Aftlp transcription factor to
control iron accumulation

Martins Telma S.l, Pereira Claral, Canadell Davidz, Vilaca Rital, Teixeira Vitorl, Moradas-
Ferreira Pedrol, de Nadal Eulaliaz, Posas Prancescz, Costa Vitor!

Imstituto de Investigacgado e Inovagdo em Saude, Universidade do Porto, Porto (Portugal);
2Universitat Pompeu Fabra, Barcelona (Spain)

Iron acquisition systems have to be tightly regulated to assure a continuous supply of iron,
since it is essential for survival, but simultaneously to prevent iron overload that is toxic to
the cells. Our previous work revealed that cells lacking the sphingomyelinase Isc1p exhibit
an upregulation of genes involved in iron uptake leading to increased levels of iron (1). In
this study, we show that isc1A cells also exhibit deregulated iron localization with a
decrease in the vacuolar levels. In isc1A cells, despite the presence of iron, the low-iron
sensing transcription factor Aftlp is dephosphorylated, accumulates in the nucleus and is
transcriptionally more active indicating that Aftlp is improper activated. Aft1p activation
underlies iron accumulation in isc1A cells since deletion of AFT1, or expression of an Aftlp
phosphomimetic mutant S210DS224D that favours its nuclear export, abolished iron
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accumulation. We also show that Aft1p is dephosphorylated and activated under iron
replete conditions in cells lacking Hoglp, a kinase with altered activity in isc1A cells (2). Co-
immunoprecipitation analysis and an in vitro kinase assay revealed that Hoglp interacts
with and directly phosphorylates Aft1p. Moreover, Hoglp-Aftlp interaction decreased in
isc1A cells. We propose that the decrease in Aft1p-Hoglp interaction leads to Aftlp
dephosphorylation in isc1A cells and, as consequence, to Aftlp activation and iron overload.

This work was funded by FEDER - Fundo Europeu de Desenvolvimento Regional funds
through the COMPETE 2020 - Operacional Programme for Competitiveness and
Internationalisation (POCI), Portugal 2020, and by Portuguese funds through FCT -
Fundacao para a Ciéncia e a Tecnologia/Ministério da Ciéncia, Tecnologia e Ensino Superior
in the framework of the project "Institute for Research and Innovation in Health Sciences"
(POCI-01-0145-FEDER-007274). CP is supported by Fundo Social Europeu and Programa
Operacional Potencial Humano through FCT investigator grant IF/00889/2015.

1 Almeida T et al. (2008) Mol Biol Cell 19, 865-76
2 Barbosa AD et al. (2012) Mech Ageing Dev 133, 317-30

Keywords: Iron, Isc1p, Aftlp, Hoglp, Cell signalling
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Workshops

[W1] Yeast population, comparative and evolutionary
genomics

[W1-1] Understanding Adaptation and Fitness Trade-offs in Yeast

Li Yuping, Venkataram Sandeep, Agarwala Atish, Dunn Barbara, Petrov Dmitri, Sherlock
Gavin, Fisher Daniel

Stanford University (USA)

The study of how adaptive mutations affect fitness in their evolution environment and
trade-off in alternative environments is essential for understanding the evolutionary
process. However, it is only recently that advances in sequencing technology have provided
an unprecedented opportunity to study the genetic and physiological basis of adaptation
and fitness trade-offs at the molecular level.

In our previous work, we developed a DNA barcode-lineage system in yeast to track their
evolutionary dynamics under a glucose-limited serial transfer condition. This system
enabled further isolation of thousands of independently evolved lineages from the same
experiment and identification of their adaptation-driving mutations.

In this work, I have developed a high-throughput approach to investigate the physiological
basis of adaptation and trade-offs in these evolved lineages, by decomposing their fitness
into distinct physiological phases in a highly quantitative manner. To achieve this, I
measured the fitness of thousands of evolved lineages in bulk under experimental
conditions modified from the Evolving Condition (EC, which includes lag, fermentation and
respiration phases, but not stationary phase), where the lengths of fermentation,
respiration, and stationary phases were systematically varied. Qualitatively, I discovered
that self-diploidized adaptive lineages (diploids) and adaptive haploids differed in their
adaptive strategies: diploids only gained fitness during fermentation; however, adaptive
haploids gained fitness from both fermentation and respiration. Quantitatively, while all
adaptive lineages had similar fitness changes during fermentation, their fitness changes
during respiration were determined by their genetic basis and were strongly correlated
with their fitness under the EC. Moreover, I observed an anti-correlation between
respiratory fitness change and stationary fitness change, indicating an intrinsic trade-off
between respiratory growth and survivability during stationary phase. Lastly, since
mutants responded to different conditions in quantitatively distinct ways, I was able to
predict genotypes from their collective set of fitness measurements.

Our study demonstrates that fitness measurements under rationally-designed conditions
are a powerful way to study the physiological basis underlying adaptation and trade-offs,
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and to cluster genetically/physiologically similar lineages without detailed molecular
analysis.

Keywords: Adaptation, Serial transfer, High-throughput fitness decomposition, Fitness trade-
off; Physiology

[W1-2] The Genetic Basis for Gamete Inviability

Hallin ]ohanl, Yue ]ia—Xingl, Poullet Marine?, Crepaldi Luca?, Lorenz Stephanz, Warringer
]0nas3, Parts Leopoldz, Young Alexander?, Liti Gianni®

TUniversité Cote dAzur, Institute for Research on Cancer and Aging Nice (IRCAN), CNRS
UMR?7284, INSERM U1081 (France); Wellcome Trust Sanger Institute, Hinxton, Cambridge
(United Kingdom); 3 University of Gothenburg, Department of Chemistry and Molecular
Biology (Sweden); “Wellcome Trust Centre for Human Genetics, Oxford, 0X3 7BN (United
Kingdom)

Sexually reproducing organisms are dependent on the production of gametes for the
continuation of their genetic lineage. Therefore, the ability to undergo a successful meiosis,
producing viable and fully functional gametes is critical; failure to do so may result in weak
or inviable offspring and the end of the lineage. Compounding on the difficulty to pass
alleles on to the next generation, interactions between different alleles may also result in
sub-optimal gametes. To investigate the underlying genetics behind why gametes are
inviable we have constructed six hybrids spawning from crosses between highly diverged
representatives of four Saccharomyces cerevisiae lineages. We recently published reference
quality genome assemblies for the four parents and these end-to-end assemblies give us a
thorough understanding of all the genetic differences in the hybrids, from single nucleotide
polymorphisms to structural variation. Thanks to this, we are in a position to accurately
describe how gamete viability in a hybrid is dependent on the genetic makeup of the
parents. By dissecting and whole genome sequencing 2,500 gametes from each of the six
hybrids, we are producing a resource of 15,000 gametes with varying viability and fitness.
Using the sequence data we are exploring the impact of the recombination landscape,
aneuploidies and genetic interactions on gamete inviability, and relating these phenomena
to underlying genomic differences between the parents. Numbers and types of aneuploidies
varied across gametes depending on parent combinations and genetic distance between
parents. Aneuploidies correlate well with the gamete inviability but the majority of inviable
gametes are not explained by this. We are currently exploring the effect of the
recombination landscape on gamete viability and fitness, and investigating the role of
allele-allele interactions.

Keywords: Gamete inviability, fitness, genomic variation, meiotic recombination, aneuploidies

[W1-3] Towards a Species-wide View of the Genetic Architecture of Traits
Fournier Teo, Peter Jackson, Hou Jing, Schacherer Joseph

University of Strasbourg (France)
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One of the main goals in modern genetic is to understand the relationship existing between
genotype and phenotype. However, it is still difficult to precisely address molecular bases
underlying complex traits. Are all the inherited traits mainly governed by additivity? What
is the degree of non-additivity and how do they affect trait heritability in a population? A
better understanding of the genetic architecture of complex traits requires both a precise
estimation of genetic components governing phenotype and the completion of a study on a
broad panel of individuals and traits, representing the totality of the species diversity.

To obtain this unbiased view of traits genetic architecture, the yeast Saccharomyces
cerevisiae represents a powerful and unique model with its ease of use and the number of
tools available. With the recent resequencing of more than 1,000 complete genomes of
natural isolates in our lab, this dataset gives us the most complete view of the phenotypic
and genetic diversity of a eukaryotic model.

Digging into yeast genetic architecture of trait has several targets. First, we performed a
breakdown of the genetic components responsible for the phenotypic variation. In a second
time, a precise estimation of the expressivity of traits on different genetic backgrounds has
been be carried out. Finally this work allowed to characterize both rare and common
variants associated with specific traits.

We are currently focusing on the genetic architecture of traits in hybrid cells. To do so, we

generated a diallel cross panel of 3,025 hybrids resulting from the systematic intercrossing
of 55 haploid strains available in both mating type. Phenotyping of these hybrids has been
carried out on 53 stress related traits (20 compounds with different concentrations) giving
160 325 cross/trait combination.

To estimate the proportion of additivity versus non-additivity in phenotypes and to obtain a
view on the importance of dominance, we looked at heterosis depicting the phenotypic shift
of an hybrid compared to the mean of its two parents. Diallel panel offers a good
opportunity to evaluate the genetic variance components in hybrids using combining
abilities which also grants an estimation of broad and narrow-sense heritability.

The last step on the diallel hybrid panel analysis has been to perform genome-wide
association studies (GWAS) to uncover common additive variants responsible for particular
phenotypes.

Keywords: Genetic Architecture of Traits, Non-additivity, Heterosis, Diallel Cross, Combining
abilities, Genome-wide Association Study

[W1-4] Natural Genetic Variation in Saccharomyces cerevisiae Reveals
Diet-Dependent Mechanisms of Chronological Life Span Control

Jung Paul, Zhang Zhi, Paczia Nicole, Skupin Alexander, May Patrick, Linster Carole
University of Luxembourg (Luxembourg)

Aging is one of the most fundamental processes of life. As it is a leading risk factor for many
common diseases in humans, research on the molecular mechanisms involved in this
process is expected to lead to a better understanding of age-associated diseases and to
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promote the development of health and/or life span extending strategies. Although aging-
related mechanisms have widely been investigated using deletion collections isogenic the
reference strain of Saccharomyces cerevisiae, natural isolates have been poorly exploited to
address this research challenge. So far, the vast majority of age related studies have been
performed in glucose-limited conditions. The fact that human beings are mostly living in
rich-diet conditions, might limit the transferability of the findings in yeast. To investigate
the impact of both genetic variability and growth condition on life span regulation, we used
a collection of natural isolates of S. cerevisiae aged under various environmental
conditions. Through the analysis of a segregating population, we found that genes
governing the regulation of life span are highly dependent on the glucose concentration.
While we identified the RIM15 gene, encoding a protein kinase, to modulate life span in
calorie-restricted conditions, we could not detect its regulatory effect in rich-diet condition,
where instead a single mutation in the SER1 gene increases the longevity. By comparative
studies of different sugars, we determined the carbon source to be crucial for life span
modulation. We found that the use of the trisaccharide raffinose (Galactose-Glucose-
Fructose) as sole carbon source increases life span to the same extend as calorie restriction.
We notably identified that the presence of members of the MEL gene family is involved in
this increase. These MEL genes are usually found in the subtelomeric regions of few strains
only, and encode enzymes able to cut the bound between galactose and glucose in the
raffinose sugar. Using a targeted metabolomics approach, we validated that strain
containing a MEL gene can use galactose, glucose and fructose coming from raffinose
whereas strains lacking such gene will be restricted to the use of fructose as carbon source,
while the galactose-glucose disaccharide remains in the medium. Taken together, the data
proves that aging studies in natural yeast variants under different environmental
conditions open new avenues for deciphering the genetic and molecular basis of life span
control.

Keywords: Population genomics, Linkage mapping, Aging mechanisms

[W1-5] Cooperation and division of labour in Saccharomyces cerevisiae
Wloch-Salamon Dominika M.}, Fisher Roberta M.%, Regenberg Birgitte?

Imstitute of Environmental Sciences, Jagiellonian University (Poland); 2Department of
Biology, University of Copenhagen (Denmark)

Division of labour between different specialized cell types is a hallmark of biological
complexity in multicellular organisms. However, it is increasingly being recognised that
division of labour also plays an important role in the lives of predominantly unicellular
organisms. Saccharomyces cerevisiae displays several phenotypes that could be considered
a division of labour, including quiescence, apoptosis and biofilm formation, but they have
not been explicitly treated as such. We discuss each of these examples, using a definition of
division of labour that involves phenotypic variation between individuals within a
population, cooperation between individuals performing different tasks, and maximisation
of the inclusive fitness of all individuals involved. We then propose future research
directions and possible experimental tests using S. cerevisiae as a model organism for
understanding the very first stages of the evolution of division of labour.
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Keywords: sociomicrobiology, cell types, altruism, differentiation, cooperation

[W1-6] Adaptation of Yeast to Anthropogenic eEnvironments Using
Comparative Genomics

Legras ]ean-Lucl, Galeote Virginiel, Coi Anna Lisa?, Bigey Frederic!, Marsit Souhir?,
Couloux Arnaud?, Guy ]ulieg, Franco-Duarte Ricardo?, Schuller Dorit>, Sampaio Jose Paolo®,
Budroni Marilena’, Dequin Sy'lvie1

1INRA - UMR SPO (France); 2 University Sassari (Italy); 3CEA /IG / Genoscope / Centre
National de Sequencage (France); 4University Braga (Portugal); 5 Wissenschaftliche Beratung
und Texterstellung (Germany); SUniversidade Nova de Lishoa (Portugal); 7University of
Sassari (Italy)

The diversity of alcoholic beverages developed by Man around the world is a remarkable
outcome of history. These fermented beverages rely on the same unicellular fungi:
Saccharomyces cerevisiae, which is also found in other fermented foods and natural
resources. The development of these fermented beverages has shaped the diversity of this
yeast species (Legras et al. 2007).

Using genomic data from 82 individuals from these various environments (biological
ageing, wine fermentation, sugar cane fermentation, fermented milk, oak...), we could show
that S. cerevisiae strains have gained traits reflecting the constraints imposed by natural or
artificial selection in several anthropogenic ecological niches. Our results indicate that the
improvement of various traits have been achieved in the different populations through
different mechanism: mutation, hybridization with other yeast species or horizontal gene
transfer from other yeast genera, and left specific signatures in their genomes leading to
modern domesticated lineages such as Flor strains (Coi et al 2017). We present here
multiple clusters of genes transferred horizontally from distant genus, genes showing
evidence of positive selection and genomic regions with signature of selective sweeps
specific to the different populations. In several cases we could associate this genetic
features to specific phenotypes traits such as for flor or cheese strains.

Legras J-L, et al. (2007). Molecular ecology, 16, 2091-2102.
Coi AL, et al. (2017) Molecular Ecology, 38, 42-49.

Keywords: Saccharomyces cerevisiae, Population genomics, adaptation

[W1-7] Yeast population genomics reveal origin and evolution of a classic
model organism

Liti Gianni
CNRS (France)

The baker’s yeast S. cerevisiae has had a long association with human activity, leading to
the idea that its use in fermentation leads to its domestication. However, recent studies
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revealed that S. cerevisiae has a rather ubiquitous distribution in the wild, not limited to
human-associated environments, showing that its history goes far beyond its association
with humans.

In the past decade, we applied population level sequencing to thousands of S. cerevisiae
strains to further illuminate the population structure and the impact of human activity.
Many breeds associated to specific human process have specific genomic signatures likely
driven by adaptation to industrial environments. In parallel, genome analysis of highly
diverged wild lineages that predate domestication is consistent with south East Asia as the
geographic origin of S. cerevisiae and support a single out-of-China origin followed by
several independent domestication events. While domesticated isolates diverge by genome
content, ploidy and aneuploidy variation, wild isolate genome evolution is mainly driven by
the accumulation of single nucleotide variants.

Furthermore, we use long-read sequencing to generate end-to-end genome assemblies for
strains representing major subpopulations of S. cerevisiae and its wild relative S.
paradoxus. These population-level high-quality genomes with comprehensive annotation
enable precise definition of chromosomal boundaries between cores and subtelomeres and
a high-resolution view of evolutionary genome dynamics. We observed contrasting
evolutionary dynamics across the genomic landscape between S. cerevisiae and S.
paradoxus. Taken together, many of these observed differences probably reflect the
influence of human activities, which sheds new light on why S. cerevisiae, but not its wild
relative, is one of our most biotechnologically important organisms.

References

[1] Liti G* Carter DM* et al. 2009. Population genomics of domestic and wild yeasts. Nature.
19; 458(7236), 337-41.

[2] Bergstrom A, et al. 2014. A high-definition view of functional genetic variation from
natural yeast genomes. Molecular Biology and Evolution. 31(4), 872-88.

[3] J. Peter®, M. De Chiara* et al. Yeast evolutionary history and natural variation revealed
by 1,011 genomes. Under review.

[4] Yue JX, et al. Contrasting evolutionary genome dynamics between domesticated and
wild yeasts. Nature Genetics. In press.

Keywords: population genomics, domestication, structural variation

[W1-8] Mechanism and Impact of De Novo Gene Emergence Across 15
Yeast Genomes

Vakirlis Nikolaosl, Hebert Alexz, Opulente Danaz, Hittinger Chrisz, Fischer Gilles3, Coon
]oshuaz, Lafontaine Ingrid4

1Trinily College Dublin (Ireland); 2 University of Wisconsin - Madison, (USA); 3Université
Pierre et Marie Curie (Paris VI) (France); *Institut de Biologie Physico-Chimique (IBPC
(France)
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How new genes and new protein functions arise is a fundamental question in evolution.
The creation of novel functions using existing genes as raw material (gene duplication, gene
fusion etc.), once considered the only plausible path to innovation, has been extensively
studied. Nonetheless, the discovery of de novo gene emergence from previously noncoding
sequences proved that novel genes can also evolve "from scratch”. A decade after the first
de novo genes were found in Drosophila, the underlying molecular mechanisms as well as
the overall impact of de novo emergence on genome evolution are still a matter of debate.

We developed a comprehensive methodology combining extensive homology searches,
protein evolution simulations and machine learning to, for the first time, reliably identify
de novo protein-coding genes across multiple genomes. We applied our method on 15
genomes from the 2 densely sampled yeast genera, Lachancea and Saccharomyces sensu
stricto, and complemented the in silico analyses with Mass Spectrometry proteomics
experiments. We found that the rate of gene emergence is steady within each genus but
varies 10-fold between the 2 genera. Our results suggest that de novo genes have originated
from noncoding regions that are significantly more GC-rich compared to the intergenic
genome average. De novo genes were predominantly found divergently oriented relative to
their neighbours, suggesting that their emergence was likely driven by divergent
transcription from bidirectional promoters. In Saccharomyces, where data were available,
de novo genes were found associated to recombination hotspots. These findings lead us to
propose that in yeasts, the combination of 1) high GC-content sequences around
bidirectional promoters, a result of GC-biased gene conversion following Double Strand
Breaks, and 2) constant divergent transcription of these same regions, provide conditions
that favor de novo gene emergence by generating transcripts with lower probability for AT-
rich stop codons and thus higher probability for ORF formation. High GC-content in these
transcripts could also lead to higher translational efficiency which would further increase
their protein-coding potential.

Keywords: de novo gene emergence, novel genes, evolutionary innovation, yeast genome
dynamics, Taxonomically Restricted Genes, Orphan genes

[W1-9] Environmental long-term Adaptation of Pichia pastoris -
Universal Strategies and species-specific Traits of an industrial Yeast
Species.

Dragosits Martinl, Moser Josef W.z, Graf Alexandra B.?’, Gerner Samuel M.3, Prielhofer
Rolandz, Mattanovich Diethardl, Wilson Iain B. H.1

1University of Natural Resources and Life Sciences Vienna (Austria); 2Austrian Centre of
Industrial Biotechnology (Austria); 3 University of Applied Sciences FH-Campus Wien (Austria)

Experimental evolution has been primarily applied in classical model organisms such as
Escherichia coli and Saccharomyces cerevisiae. Thus, whereas the benefit of this approach
has been evaluated for biotechnological applications of these species, little is known for
non-conventional but biotechnologically important yeast species. Towards this end, we
established a first comprehensive adaptive landscape of the methylotrophic yeast Pichia
pastoris, which is applied in recombinant protein production processes. Environmental
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adaptation was performed by serial transfers in various growth environments and for
several hundred generations, followed by growth profiling and genome sequencing. Several
nutrient-rich and nutrient-poor growth environments with glucose and/or methanol as
carbon sources were used for the adaptation of wildtype and glycosylation-deficient OCH1
knockout populations. Generally, adaptation was obvious as evolved populations showed
increased growth rates or improved competitive fitness in adaptive conditions, whereas
varying degrees of trade-offs were observed in non-evolutionary growth conditions. On the
genome level, several environment-specific recurring mutational hotspots were observed
among 55 evolved P. pastoris clones. For instance, multiple clones from independently
methanol-evolved populations showed mutations of the alcohol oxidase 1 (AOX1) gene,
leading to reduced AOX activity despite increased growth rates. Furthermore, methanol-
and glucose-selection lead to multiple independent clones with mutations of two hitherto
uncharacterized P. pastoris-specific transcription factors involved in environmental control.
Another major mutational target was identified in the high osmolarity glycerol (HOG)
signaling pathway. Strikingly, we observed HOG signaling pathway mutations in a
genotype- and environment dependent manner as they emerged in opposing
environmental conditions in wildtype and OCH1 populations. In this context, our data
indicated a generally reduced adaptive potential, as well as diverging adaptive trajectories
of glycosylation-deficient P. pastoris populations. Altogether, we provide evidence for highly
species-and genotype-specific mutations, which improves our understanding of the
regulatory features of wildtype and mutant strains of biotechnologically relevant yeast
species and also highlight the potential of this experimental approach for recombinant
protein production processes.

Keywords: Pichia pastoris, environmental stress, OCH1, experimental evolution, genome
sequencing

[W1-10] The evolution of the temporal program of genome replication
Fischer Gilles!, Agier Nicolas?
TUniversité Pierre et Marie Curie - CNRS (France); 2UPMC -CNRS (France)

DNA replication plays a major role in genome evolution by directly or indirectly promoting
the formation of point mutations and large-scale chromosomal rearrangements. Conversely,
both small and large-scale mutational events could possibly impact the evolution of the
temporal program of genome replication itself. However, the evolutionary dynamics of the
replication programs and the mechanisms by which the cohort of active replication origins
is progressively renewed during evolution remain unclear. We experimentally determined
the temporal program of genome replication in 10 related Lachancea species and
characterized the evolution of their replication programs and origin usage at the genus
level. We constructed families of orthologous replication origin to reconstruct the
evolutionary scenario of origin gains and losses in the Lachancea phylogenetic tree since
the species diverged from their last common ancestor. We inferred the functional
properties of all replication origins, such as their respective chromosomal location, firing
time and efficiency, and revealed rules that govern the birth and death, or conservation, of
active replication origin over evolutionary time.

47



Book of Abstracts 28" International Conference on Yeast Genetics and Molecular Biology

Keywords: Lachancea, Replication, Replication program, Replication origin, Genome,
Evolution, comparative genomics, functional genomics
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[W2] Modern yeast biotechnology

[W2-1] Yeast Biotechnology in the 21st Century
Mattanovich Diethard
University of Natural Resources and Life Sciences Vienna (Austria)

It is no overstatement that yeast has shaped the development of modern biotechnology
more than any other microorganism. Brewing technology and bakers’ yeast production,
both intertwined over history, marked the initial cornerstone of the development of current
bioprocesses for production of bioethanol, amino acids and organic acids, to
biopharmaceutical proteins made with mammalian cells. Recent developments of systems
and synthetic biology enabled the expansion of the product range made by yeasts to non-
native primary metabolites, complex heterologous secondary metabolites and diverse
proteins. In the last decades the pool of yeast species employed in biotechnology has been
widely expanded, and a tremendous amount of knowledge has been accumulated to
characterize these yeasts.

To introduce the Workshop on Modern Yeast Biotechnology, current developments will be
highlighted based on recent literature and research in our laboratory on the pentose
utilizing yeast Sugiyamaella lignohabitans and the methylotrophic yeast Komagataella
phaffii (Pichia pastoris).

Keywords: yeast biotechnology, metabolism, pentose utilization, methylotrophy

[W2-2] Ethyl acetate production by the elusive alcohol acetyltransferase
from yeast

Weusthuis Ruud A.
Wageningen University (Netherlands)

Ethyl acetate is an industrially relevant ester that is currently produced exclusively through
unsustainable processes. Many yeasts are able to produce ethyl acetate, but the main
responsible enzyme has remained elusive, hampering the engineering of novel production
strains. Here we describe the discovery of a new enzyme (Eat1) from the yeast
Wickerhamomyces anomalus that resulted in high ethyl acetate production when
expressed in Saccharomyces cerevisiae and Escherichia coli. Purified Eat1l showed alcohol
acetyltransferase activity with ethanol and acetyl-CoA. Homologs of eatl are responsible for
most ethyl acetate synthesis in known ethyl acetate-producing yeasts, including S.
cerevisiae, and are only distantly related to known alcohol acetyltransferases. Eat1 is
therefore proposed to compose a novel alcohol acetyltransferase family within the a/f
hydrolase superfamily. The discovery of this novel enzyme family is a crucial step towards
the development of biobased ethyl acetate production and will also help in selecting
improved S. cerevisiae brewing strains.
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Keywords: Ethyl acetate, yeast, alcohol acetyltransferase, Saccharomyces cerevisiae, a/f8
hydrolase, Escherichia coli

[W2-3] Polygenic Analysis of High Acetic Acid Accumulation, a Novel
Putative Probiotic Property of Saccharomyces cerevisiae var. boulardii

Vandecruys Paul, Offei Benjamin, Foulquié-Moreno Maria, Thevelein Johan
KU Leuven - VIB (Belgium)

Probiotics are microorganisms that confer beneficial properties on their mammalian host
when ingested. Saccharomyces boulardii is the best established yeast probioticl. Since it
was isolated from lychee fruit by Henri Boulard in 1920, it has been used as a preventive
and therapeutic agent against diarrhea. Numerous positive health effects have been
attributed to its use. These include increasing the availability of nutrients in fermented
food, degradation of pathogenic toxins and support to the immune system. It also increases
short-chain fatty acid levels in the gut, with possible antibacterial action2. Upon
investigation of a collection of S. boulardii strains, we noticed for some strains a large zone
of bacterial growth inhibition in an agar-well diffusion assay with an E. coli indicator strain
exposed to the cell-free supernatant of an S. boulardii culture. Investigation of these
supernatants showed that they contained a high concentration of acetic acid. We performed
quantitative trait locus (QTL) mapping by pooled-segregant whole-genome sequence
analysis of S. boulardii acetic acid accumulation capacity. For that purpose, a diploid S.
boulardii was made homozygous for mating type, crossed with a compatible S. cerevisiae
diploid strain, and after two rounds of sporulation, a haploid segregant with a comparable
acetic acid accumulation as the parental S. boulardii strain was isolated. It was then crossed
with a haploid S288c strain. The hybrid was sporulated and 549 segregants were evaluated
for acetic acid accumulation, after which 32 superior segregants were pooled and
sequenced. Mapping of the SNP variant frequency revealed two major and some minor
QTLs. They were analyzed by reciprocal hemizygosity analysis and for each major QTL a
causative gene for acetate accumulation was identified. Although reciprocal allele exchange
between S. boulardii and S. cerevisiae confirmed the causative character, additional
important causative genes in minor QTLs appear to be present. This is currently being
investigated in more detail. Overall, this methodology can be applied to investigate other
traits linked to the probiotic action of S. boulardii.

References:

1. Szajewska H, Konarska Z, Kolodziej M, Probiotic Bacterial and Fungal Strains: Claims
with Evidence. Digestive Diseases 2016;34:251-259
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Keywords: Polygenic analysis, Probiotic, Saccharomyces cerevisiae var. boulardii, High acetic
acid accumulation
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[W2-4] Saccharomyces Cerevisiae as a Production Platform for
Short-/Medium-chain Fatty Acid-derived Alcohols and Alka(e)nes

Henritzi Sandra, Fischer Manuel, Grininger Martin, Boles Eckhard
Goethe University Frankfurt (Germany)

Due to the limited nature of fossil fuel resources the demand for renewable bio-based
chemicals and advanced biofuels will increase steadily. Fatty acids are considered as
strategically important platform compounds and can suit as precursors for biofuels. Since
mainly the chain length of hydrocarbons determines their physico-chemical properties
regarding combustion processes in engines, this is an important parameter. Here we will
present the engineering of yeast for the production of specific short-/medium-chain fatty
acid derivatives (C6-C12), such as fatty alcohols and fatty alka(e)nes which share substantial
characteristics with currently used fossil fuels and give access to new drop-in biofuels
without the need of engine or infrastructure adaption.

The yeast S. cerevisiae does not naturally accumulate short-/medium chain fatty acids.
Therefore, metabolic engineering of the fatty acid synthetase (FAS) via rational mutagenesis
to specifically produce short-chain fatty acids was done. Mutating one specific amino acid
in the FAS complex (R1834K) enables S. cerevisiae to produce a high yield of octanoic acid
(Nat. Commun. doi:10.1038/NCOMMS14650), a fatty acid with a length of eight carbon
atoms. Based on octanoic acid it is necessary to engineer synthetic pathways specifically for
the biosynthesis of short-/medium-chain fatty alcohols and alka(e)nes. One route is the
conversion of octanoic acid to its corresponding aldehyde by the carboxylic acid reductase
(CAR) from Mycobacterium marinum. This fatty aldehyde can then be reduced to 1-octanol
by endogenous alcohol dehydrogenases (ADHs). 1-octanol has been identified as an
attractive target compound with diesel-like properties. A big challenge for engineering such
pathways is to achieve high yields and titers due to the low enzymatic activity of most
enzymes, the toxicity of some target compounds, secretion of intermediates or production
of undesired byproducts. Here, we will present the synthesis of 1-octanol with yeast and
strategies to enhance its production.

Keywords: Biofuel, Fatty acid biosynthesis, Fatty alcohol, Fatty alkanes/alkenes,
Saccharomyces cerevisiae

[W2-5] Construction of the flavinogenic yeast Candida famata
overproducing riboflavin, flavin nucleotides and bacterial fravin
antibiotics aminoriboflavin and roseoflavin

Sibirny Andriyl, Ruchala ]ustynaz, Fayura Lyubov?’, Fedorovych Daria®, Dmytruk
Kostyantyn3, Tsyrulnyk Andriy3

Imstitute of Cell Biology, NAS of Ukraine; University of Rzeszow, Poland (Ukraine);
2 University of Rzeszow (Poland); 3Institute of Cell Biology, NAS of Ukraine (Ukraine)

Flavinogenic yeasts overproduce riboflavin under iron limitation. Candida famata belongs
to this group and is one of the most flavinogenic yeasts known. Earlier, this species was
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used for construction of the industrial riboflavin producers; however, they appeared to be
unstable so corresponding process was shut down several years ago. Recently, we have
constructed stable riboflavin overproducer of C. famata using combined approaches of
metabolic engineering and classical selection. This was achieved due to overexpression of
the gene SEF1 coding for transcription activator of the structural genes of riboflavin
pathway, gene IMH3 coding for IMP dehydrogenase and selection for resistance to several
antimetabolites, mainly structural analogs of purines and riboflavin. Riboflavin
overproducer was used for construction of the strains overproducing flavin nucleotides
FMN and FAD due to overexpression of the genes FMN1 and FAD1 coding for riboflavin
kinase and FAD synthetase, respectively. There is known the antibiotic of flavin nature,
roseoflavin, produced by the soil actinomycete Streptomyces davawensis. Roseoflavin is
effective against pathogenic Gram-positive bacteria including methicillin-resistant
Staphylococcus aureus. It was found recently that roseoflavin is synthesized from FMN
through aminoriboflavin. We decided to construct yeast C. famata producing
aminoriboflavin and roseoflavin. For this, C. famata gene FMN1 and S. davawensis genes
rosB and rosA were overexpressed under control of strong constitutive TEF1 or inducible
MAL2 promoters. Strains of C. famata with overexpression of the own FMN1 gene and the
heterologous rosB gene accumulated aminoriboflavin (biosynthetic precursor of
roseoflavin). Strains which co-overexpress FMN1, rosB and rosA genes have also been
constructed. Apparently this is the first evidence for successful construction of the yeast
strains producing bacterial antibiotici. Perspectives of the construction of the competitive
producers of riboflavin, flavin nucleotides and flavin antibiotics are discussed.

Keywords: flavinogenic yeast, Candida famata, riboflavin, flavin coenzymes, FMN, FAD, flavin
antibiotics, roseoflavin, aminoriboflavin, metabolic engineering

[W2-6] Association between Alcoholic Fermentation and S-
adenosylmethionine in Beer Brewing

Oomuro Mayul, Watanabe Daisukez, Sugimoto Yukikoz, Kajihara Takumaz, Kato Takul,
Motoyama Yasuo!, Watanabe Tetsuyai, Takagi Hiroshi?

1ASAHI BREWERIES, LTD. (Japan); ’Nara Institute of Science and Technology (Japan)

In lager beer brewing, the fermentation performance of the bottom-fermenting brewer’s
yeast Saccharomyces pastorianus impacts beer quality. In recent years, strains suited to
high-gravity brewing have been favored because they reduce costs and energy as well as
permit the production of new types of beer such as those with high alcohol content.
Conditions of high gravity, high osmotic pressure, and high alcohol concentration are
stressful for brewer’s yeast, resulting in a fermentation delay during high-gravity brewing.
Thus, the breeding or selection of yeast with increased fermentation rates in high-gravity
wort is highly desirable. We sought to identify factors that govern the fermentation ability
of such strains. We focused on a sake yeast strain of Saccharomyces cerevisiae that is
known to yield higher levels of alcohol (=20% (v/v)) during sake fermentation. Recent
studies showed that a defective transition to the GO phase is one reason why sake yeast
produce high concentrations of alcohol (Watanabe et al., J. Biosci. Bioeng. 2011; Watanabe
et al., Appl. Environ. Microbiol. 2012; Watanabe et al., Appl. Environ. Microbiol. 2016). We
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previously constructed recombinant strains of bottom-fermenting brewer’s yeast with
improved fermentation rates of by applying knowledge gained from sake yeast (Oomuro et
al,, J. Biosci. Bioeng. 2016). However, beers brewed using recombinant strains are
disfavored in the Japanese market; beers brewed with traditionally bred (non-genetically
modified) yeast would be more appealing. Here, we describe work focused on fermentation
metabolites of yeast. Recent studies of sake yeast revealed the accumulation of high levels
of S-adenosylmethionine (SAM) (Kanai et al., ]. Biosci. Bioeng. 2017) in sake yeast cells.
Other work has demonstrated that SAM is involved in regulating glycolysis (Li et al., Mol.
Cell 2015). We therefore focused on the relationship between SAM levels and alcohol
fermentation by bottom-fermenting brewer’s yeast. High-gravity fermentation of SAM-
supplemented wort, or the use of yeast able to accumulate high levels of SAM, provided
increased fermentation rates compared to those of controls. These results suggested that
intracellular SAM accumulation is associated with enhanced fermentation by bottom-
fermenting brewer’s yeast. Thus, breeding for increased intracellular SAM accumulation in
brewer’s yeast may facilitate the engineering of strains better suited to high-gravity
brewing.

Keywords: Alcoholic fermentation, S-adenosylmethionine, Saccharomyces pastorianus, ADO1

[W2-7] Enhancing Heterologous Protein Secretion in Cellulolytic
Saccharomyces cerevisiae Strains

Den Haan Riaan!, Van Zyl ]ohn—Henryz, Kroukamp Heinrich?, Lamour ]arrydl, Van Zyl
Willem Heber?

TUniversity of the Western Cape (South Africa); *Stellenbosch University (South Africa)

A major obstacle to using the yeast Saccharomyces cerevisiae in single-step hydrolysis and
fermentation of cellulosic material for second generation bio-ethanol production is its
inferior yields of secreted heterologous cellulases. We have attempted to enhance
heterologous protein secretion through rational design strategies involving several proteins
integral to the secretion pathway. SNAREs (soluble N-ethylmaleimide-sensitive factor
attachment receptor proteins) are essential components of the yeast protein trafficking
machinery and are required at the majority of membrane and vesicle fusion events in the
cell. We have demonstrated an increase in secretory titers for the Talaromyces emersonii
Cel7A (a cellobiohydrolase) and Saccharomycopsis fibuligera Cel3A (a B-glucosidase)
expressed in Saccharomyces cerevisiae through single and co-overexpression of some of
the “ER-to-Golgi” and “exocytic” SNARE components. We conclude that SNARE proteins
fulfil an essential role within a larger cascade of secretory machinery components that
could contribute significantly to future improvements to S. cerevisiae as protein production
host. As heterologous protein secretion was previously shown to induce cellular stress in
yeast, we also investigated the role of stress response genes in successful heterologous
protein production. We have demonstrated that overproduction of certain stress related
enzymes could enhance heterologous cellulase production by over 2-fold. Finally we will
report how a strain breeding approach was used to generate yeast strains for improved
cellulase secretion. These results demonstrate the unexploited potential of S. cerevisiae as
heterologous protein production host.
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Keywords: cellulosic ethanol, consolidated bioprocessing, enzymatic hydrolysis, yeast
secretion pathway, cellobiohydrolase expression, rational strain design

[W2-8] Biodiversity-based Sources for Industrial Yeast Strains

Petrovi¢ Uros, Ogrizovic¢ Mojcaz, Zgonc Aljal, Traven Natasa®, Zun Gaéper3, Stres Blaz3,
Liti Gianni%, Natter Klaus®

1 University of Ljubljana & JoZef Stefan Institute (Slovenia); 2 JoZef Stefan Institute (Slovenia);
3 University of Ljubljana (Slovenia); 4CNRS - Institute for Research on Cancer and Aging
(France); ° University of Graz (Austria)

Industrial yeast strains require a set of traits — from altered metabolic fluxes to increased
robustness - that are most often polygenic and as such rather difficult to engineer on the
genomic level. Recent development of novel tools for analysis of polygenic traits in
Saccharomyces cerevisiae and genetic characterization of a large number of its natural
strains made it possible to relatively easily identify causal genes or alleles for
biotechnologically relevant traits. These can then be transferred from strains possessing
such traits to industrial strains which do not. We have applied such an approach to
determine the genetic architecture of neutral lipid accumulation in S. cerevisiae and have
been investigating the effect of the transfer of causal alleles between strains with initially
different neutral lipid content. Our results show that, also for this non-selectable trait, the
approach can result in accurate identification of causal alleles and in predictable effects of
genetic manipulations of potential industrial yeast strains.

Apart from the within-species genetic diversity, also genes from even other domains of life
can be very useful in the development of industrial yeast strains. One such example is
utilization of genes encoding bacterial glycosidases for yeast strains developed for
consolidated bioprocessing. To functionally assess potentially useful new enzymes, we have
combined with yeast display a metagenomics approach that identified genes for
glycosidases from ruminal bacteria evolved for specific biomass sources. Both approaches
for tapping biodiversity-based sources discussed here are complementary and should
enable advancement of development of new industrial yeast strains.

Keywords: industrial yeast strains, polygenic traits, biodiversity, consolidated bioprocessing
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[W3] Controlling gene expression

[W3-1] Coordination of Stress-Mediated Gene Expression and DNA
Replication by Signaling Kinases

de Nadal Eulalia, Duch Alba, Canal Berta, Solé Carme, Silva Andrea, Cavero Santiago, Posas
Francesc

Cell Signaling Research Group, Department of Experimental and Health Sciences. Universitat
Pompeu Fabra (UPF). PRBB, Barcelona (Spain)

Exposure of cells to osmostress results in the activation of the Hog1 stress-activated protein
kinase (SAPK). Activation of this highly conserved MAP kinase is required to generate a set
of osmoadaptive responses essential for cell survival. Adaptation to osmostress requires the
induction of a large number of genes as well as the control of cell cycle progression. Upon
stress, there is a major down-regulation of gene expression that is bypassed specifically in
stress-responsive genes by the action of the Hogl SAPK which acts in multiple steps of
mRNA biogenesis including transcription initiation and elongation (Nadal-Ribelles et al.,
2012; Nadal-Ribelles et al., 2014; Nadal-Ribelles et al., 2015). In addition to regulate
transcription, SAPKs control cell cycle progression. During S phase, the Hogl SAPK is critical
to coordinate transcription and replication by directly phosphorylating Mrc1, allowing for
full stress-responsive transcription without affecting DNA integrity (Duch et al., 2013).
Remarkably, in addition to osmostress, other stresses also induce a large number of genes
during S phase. These transcriptional outbursts cause genomic instability and transcription-
associated recombination in cells carrying a non-phosphorylatable Mrc1 mutant. By a
systematic biochemical assay we have identified several kinases that are able to
phosphorylate Mrc1 in the same phosphorylation sites than Hog1. This indicates that Mrc1
can integrate signals from multiple kinases to delay replication when an outburst of
transcription occurs during S phase. All together highlights the relevance of the signaling
kinases in the control of gene expression and cell cycle regulation.

Keywords: SAPK signaling, cellular stress, gene transcription and cell cycle regulation

[W3-2] Epigenetic Control Of Aging In Response To Caloric Restriction

Kirmzis Antonis', Molina-Serrano Diegol, Schiza Vassial, Demosthenous Christis?, Oppelt
Jan?, Liu Wei3, Zisse Gertrude®, Bergler Helmut*, Dang Weiwei®

1Universily of Cyprus (Cyprus); 2Masaryk University (Czech Republic); 3Baylor College of
Medicine (USA); 4Karl-Franzens-Universitiit Graz (Austria)

Changes in histone post-translational modifications have been implicated in the aging
process. These epigenetic alterations are an attractive model through which environmental
signals, such as diet, could be integrated in the cell to regulate its lifespan. However,
evidence linking dietary interventions with specific alterations in histone modifications
that subsequently affect lifespan remains elusive. We show that deletion of the epigenetic
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enzyme N-alpha-terminal acetyltransferase Nat4 and loss of its associated histone H4 N-
terminal acetylation (N-acH4) extends yeast cellular lifespan. Notably, the longevity induced
by deletion of Nat4 is epistatic to the effects of calorie-restriction (CR). Consistent with this,
1) Nat4 expression is downregulated and the levels of N-acH4 within chromatin are reduced
upon CR, ii) constitutive expression of Nat4 and maintenance of N-acH4 levels reduces the
extension of lifespan mediated by CR, and iii) transcriptome analysis indicates that loss of
Nat4 largely mimics the effects of CR, especially in the induction of stress-response genes.
We further show that nicotinamidase Pnc1, which is typically upregulated under CR, is
required for the longevity mediated by Nat4 inactivation. Collectively, these findings
establish the epigenetic enzyme Nat4 and H4 N-terminal acetylation as novel regulators of
cellular aging that link CR to increased stress resistance and longevity.

Keywords: Replicative lifespan, Epigenetic modifications, Caloric restriction

[W3-3] How Yap8 couples arsenic-sensing to transcriptional regulation of
target genes

Kumar Nallani, Tamas Markus
University of Gothenburg (Sweden)

The transcription factor Yap8 is critical for arsenic tolerance in the yeast Saccharomyces
cerevisiae [1]. Yap8 is a member of the evolutionary conserved AP-1 family of bZIP
transcription factors, and is the first arsenic sensor protein described in eukaryotes [2].
Currently, little is known about the molecular mechanisms by which Yap8 couples arsenic-
sensing to transcriptional regulation of target genes. Our data are consistent with a model
in which a DNA-bound form of Yap8 acts directly as an arsenite [As(II)] sensor, and that
As(III) binding to Yap8 acts as a molecular switch that converts inactive Yap8 into an active
transcriptional regulator [2]. Preliminary data indicates that Yap8 triggers chromatin
remodelling to efficiently induce gene expression: nucleosome scanning, chromatin
immunoprecipitation and gene expression assays show that histone occupancy decreases
whilst RNA polymerase II occupancy and target gene expression increase in an As(IIl)- and
Yap8-dependent manner. Taken together, our work has shed novel light on Yap8 function
and advanced our molecular understanding of one of the largest families of transcription
factors in eukaryotic cells.

Keywords: arsenite, metalloid, arsenic sensing, Yap8, transcription factor, gene expression,
AP-1 family, yeast

[W3-4] Dal80 GATA factor intragenic occupancy is independent of its
target sequences in the ORF and correlates with high mRNA abundance
in budding yeast

Ronsmans Arial, Weéry Maximez, Gautier Camillez, Descrimes Marcz, Dubois Evelyne?’,
Morillon Antoninz, Georis Isabelle*
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IIRM W, Brussels (Belgium); ZInstitut Curie, Paris (France); 3Yeast Physiology, IRMW
(Belgium); IRMW (Belgium)

Yeast nitrogen catabolite repression (NCR) is a paradigm for metabolic adaptations to
environmental changes. Key factors involved in this process are four GATA transcription
factors (GIn3, Gatl, Dal80 and Gzf3), which are active in conditions of nitrogen limitation
(proline), bind upstream of NCR-sensitive genes and regulate their expression. Although the
consensus binding site for these factors has been characterized a while ago and is dispersed
throughout the genome, the precise set of regulated genes was still lacking. We performed a
genome-wide analysis of Dal80 binding (ChIP-Seq), correlated our results with GATA site
occurrence and with GATA factor-regulated gene expression (RNA-Seq) in proline-grown
cells. ChIP-Seq analyses revealed that Dal80 binds to ORFs in addition to gene promoters
and this binding correlates with high gene expression. ORF binding was confirmed at a
large set of characterized NCR-sensitive genes, and we showed that this occurred as a
consequence of elongation, independently of GATA sequences that may be present in the
ORF.

This work, GI and ED is funded by the Commission Communautaire Francaise (COCOF). AR
was a FRIA research fellow.

Keywords: Transcription, ChIP-Seq, NCR

[W3-5] Specialized Yeast Ribosomes to Develop Methods for Therapeutic
Readthrough of Premature Termination Codons in Rare Disease

Loffler Michaell, Friedrich Andreasl, Strohmeyer Akiml, Adamec Annal, Radler Philippl,
Teufl ]acquelinel, Trenk Christophl, Brandl Clemensl, Karl Thomasl, Eisenhut Ramonal,
Klausegger Alfredz, Breitenbach Michaell, Hintner Helmutz, Bauer ]ohannz, Breitenbach-

Koller Hannelore'
1 University of Salzburg (Austria); 2SALK/PMU Salzburg (Austria)

Ribosomes execute codon directed mRNA translation into proteins. Mutations that alter
sense mRNA codons into unscheduled stop codons are termed premature termination
codons (PTCs), also called non-sense codons. A PTC triggers the nonsense-mediated mRNA
decay pathway and production of a truncated, potentially deleterious protein. PTC
mutations account for about 25% of the known 8000 genetic diseases and most of those fall
into the class of rare diseases, i.e. are identified in less than 1% of the population.

In severe cases of PTC alleles on muscular dystrophy and cystic fibrosis, respectively,
administration of high doses of aminoglycosides has achieved PTC readthrough by reducing
accuracy of decoding in the A-site of the ribosome, albeit with severe side effects to the
patients (1). We show here that the versatile yeast translation system can be used to identify
methods for therapeutic readthrough of premature termination codons.

Our approach demonstrates that altering the functional availability of individual ribosomal
proteins (2) or that of individual rRNA nucleotide modifications (3) generates specialized
ribosomes, which show preferential translation of selected mRNAs, including PTC reporters,
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in a background of largely unaltered bulk translation. We performed a specialized yeast
ribosome screen by employing a large collection of diploid yeast strains, each deficient in
one or other copy of the set of ribosomal protein genes, generating distinct populations of
altered “specialized” ribosomes. Comparative protein synthesis assays were used to assess
translational readout of different, heterologous mRNA reporters, including PTC reporters.

We identified ribosomal protein rpL35/ul.29 as specific target for therapeutic intervention
and repair of the human LAMB3-PTC mRNA. PTC induced loss of Lamb3 protein causes
severe blistering of the skin and rare skin disease JEB-H (Herlitz junctional epidermolysis
bullosa), as the trimeric laminin 5 complex - linking epidermis and dermis - can’t be formed
in the absence of Lamb3 protein. We have developed, optimized and validated a cellular
keratinocyte assay to investigate the impact of small molecules binding to rpL35/ uL29 to
form a specialized ribosome for LAMB3-PTC repair.

Acknowledgement: DEBRA Austria, OeNB (Nr. 16531), Land Salzburg (Nr. 20102-P1601041-
FPR01-2016)

1. Malik V,, et al., Ther Adv Neurol Disord. 2010
2. Bauer J.W,, et al., PLoS One. 2013.
3. Schosserer M., et al.,, Nat Commun. 2015.

Keywords: Specialized Ribosomes, PTC readthrough, Rare disease

[W3-6] Function and Factors of mRNA Stability Changes Upon a Nitrogen
Upshift

Miller Darach, Gresham David
Center for Genomics and Systems Biology, New York University (USA)

Changes in mRNA stability can hasten the reprogramming of the yeast transcriptome to
adapt to sudden environmental changes. We measured the changes in mRNA degradation
rates of the whole yeast transcriptome in response to the relief of nitrogen-limitation
(glutamine pulse upshift) using 4-thiouracil pulse-chase labeling and RNA sequencing. We
find that accelerated degradation contributes to the rapid repression of Nitrogen Catabolite
Repression (NCR) transcripts. Surprisingly, the degradation rate of some mRNAs encoding
enzymes involved in carbon metabolism are also accelerated in response to a nitrogen
upshift. At the same time, we find evidence for stabilization of mRNAs encoding the
enzymes of the GMP biosynthesis pathway and some components of ribosome biogenesis
machinery. To identify regulators of accelerated mRNA degradation, we screened for
factors that impair accelerated degradation of GAP1 mRNA - a highly abundant transcript
that is subject to NCR control. To accomplish this we developed a novel method integrating
mRNA FISH, FACS, and sequencing (FFS) of molecular barcodes in a highly-multiplexed
pooled screen of the prototrophic yeast deletion collection. We identified factors involved in
mRNA quality control that contribute to this accelerated degradation of GAP1 mRNA,
suggesting a possible role for mRNA quality control in mediating post-transcriptional
remodeling of the transcriptome in dynamic environments.
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Keywords: mRNA dynamics, mRNA degradation, mRNA regulation, high-throughput screen,
nitrogen-upshift, NCR, GAP1
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[W4] Metabolism and organelles

[W4-1] Systematic Identification and Functional Characterization of
Contact Site Resident Proteins in Saccharomyces cerevisiae

Castro Inés G., Weill Uri, Harpaz Nofar, Schuldiner Maya
Weizmann Institute of Science (Israel)

Contact sites are areas of close apposition between organelle membranes that enable the
transfer of lipids, metabolites and small molecules in an efficient manner. In recent years,
several new membrane contact sites have been described and the tethering proteins that
hold the two membranes together have been identified. Despite these advances we are still
far from having a deep understanding of the function and regulation of most contact sites.
To mechanistically characterize a contact site it is essential to know its entire repertoire of
resident proteins yet very few proteins that are enriched in any contact site have, to date,
been described. To systematically characterize the proteome of contact sites we have
decided to utilize a panel of split fluorescence sensors for a diversity of contact sites in
Saccharomyces cerevisiae. With this sensor one part of a fluorophore is fused to the outer
membrane of one organelle while the second is fused to another organelle’s membranes. If
a contact site is present between both membranes, a fluorescent signal is emitted. We have
taken sensors for 15 contacts between several organelles such as mitochondria,
peroxisomes, lipid droplets, vacuoles, the plasma membrane and the endoplasmic
reticulum, and crossed these split-tagged strains with a novel library of mCherry tagged
yeast proteins. By analyzing co-localization events we have discovered a large number of
new, previously unappreciated, contact site residents. Following up on these proteins,
especially those that are conserved to humans, should give us a fresh look at the diversity of
functions performed at contact sites and how this affects eukaryotic physiology.

Keywords: Contact sites, high content screens, proteomics

[W4-2] Glucose and calcium-responsive phosphatases mediate crosstalk
between organelle and plasma membrane proton pumps

Velivela Swetha, Kane Patricia
SUNY Upstate Medical University (USA)

In S. cerevisiae, coordinated activity of the intracellular V-ATPase proton pump responsible
for organelle acidification and the plasma membrane proton pump Pmal is critical for pH
homeostasis. Both chronic loss of V-ATPase activity in vma mutants and acute loss through
treatment with V-ATPase inhibitors result in ubiquitination of Pma1 by the Rsp5 E3-
ubiquitin ligase acting in combination with a-arrestin, Rim8. Approximately 50% of Pmal is
then internalized and degraded in the vacuole. Failure to internalize Pmal when V-ATPase
activity is lost causes very poor growth, indicating that endocytic downregulation of Pma1l
is compensatory (Smardon and Kane (2014) J. Biol. Chem. 289:32316). The mechanisms for
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communicating loss of V-ATPase activity to plasma membrane Pmal and designating 50%
of Pmal pumps for endocytosis are not understood. The negative genetic interaction
between mutations required for Pmal internalization and vma mutations allowed us to
uncover additional candidates involved in this signaling pathway. Mutations in the
Ca2+/calmodulin-dependent protein phosphatase calcineurin were previously shown to be
synthetically lethal with vma mutants. We obtained vma2Acnb1A mutants that grew very
weakly at pH 5, and found that Pma1 is not internalized. Treatment of a vmma2A mutant with
calcineurin inhibitor FK506 resulted in inhibited growth, reduced Pma1l ubiquitination, and
accumulation of Pma1l at the plasma membrane. The vma2A mutation was also
synthetically lethal with the glc7-12ts mutation at semi-permissive temperatures and with a
reglA mutant, which lacks a regulatory subunit of the Glc7 (PP1) phosphatase. The vma2A
glc7-12ts double mutant compromised Pma1l ubiquitination and retained Pma1 at the
plasma membrane upon a shift to the non-permissive temperature. These data indicate that
loss of V-ATPase activity is signaled to Pma1l through multiple pathways capable of sensing
cytosolic Ca2+, glucose metabolism, and pH. We also asked whether simply reducing the
level of cell surface Pmal in a vma2A mutant would bypass the need for ubiquitination and
endocytosis. However, a pmal-007 mutation, which reduces Pma1 levels by 50%, is
synthetically lethal in combination with vmaZ2A; this lethality was not suppressed by
preventing Pmal endocytosis with a rim8A mutation. This suggests that compensation for
loss of V-ATPase activity may require populating endocytic compartments with Pmal,
rather than simply reducing plasma membrane Pma1l activity.

Keywords: proton transport, pH regulation, endocytosis, arrestin, calcineurin, vacuole,
ubiquitination

[W4-3] Metabolic Reprogramming and Stress Resistance Elicited by
Glucose Starvation is Coordinated to Extend Chronological Lifespan in
Yeast

Cao Lu, Tang Yingzhi, Oliver Steve, Zhang Nianshu

Department of Biochemistry, Systems Biology Centre, University of Cambridge (United
Kingdom)

Calorie restriction is the only non-genetic means which can effectively extend lifespan and
healthspan from yeast to mammals. Although a number of evolutionarily conserved
signalling pathways, such as IGF-1 and TOR, are implicated in the regulation of lifespan
mediated by calorie restriction, our understanding of the underlying mechanisms is still
poor. Using stress response reporters whose expressions are induced by glucose limitation
and starvation, we have screened the whole gene deletion library and identified many
genes that are necessary to mount an effective defence against oxidative and heat stresses.
They fall into major clusters of signalling pathways, mitochondrial function, r-RNA
processing, DNA damage and repair, transcription from RNA polymerase and cell cycle
regulation. Subsequent analyses of the ‘signalling’ mutants not only revealed novel
regulators of chronological lifespan (CLS), such as the GSK-3 ortholog Mck1, but also
demonstrated that starvation signals transmitted by SNF1/AMPK, PKC1 and those negatively
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regulated by TOR/PKA (including PAS kinase Rim15, DYRK kinase Yak1 and Mck1) are
integrated to enable metabolic reprogramming and the acquisition of stress resistance. The
coordination of the metabolic shift to respiration ensures the conversion of toxic
fermentation products (ethanol and acetate) to storage carbohydrates, which are used as
energy stores for quiescent cells to maintain viability. Our findings suggest that the key to
extend lifespan lies with the ability (and the opportunity) to metabolically adapt to different
nutrient conditions (metabolic flexibility) and to overcome redox stress associated with
metabolic reprogramming to maintain proteostasis.

Keywords: glucose starvation, chronological lifespan, metabolic reprogramming, stress
resistance

[W4-4] A Regulated Protein Aggregation Controls Glucose Response in
Yeast

Simpson-Lavy Kobi, Kupiec Martin
Tel Aviv University (Israel)

Utilization of non-fermentable carbon sources requires the activity of the Snfl protein
kinase. Snf1 is active in the absence of glucose and regulates the expression and activity of
proteins involved in respiration. We have identified two new regulators of Snf1 activity in
S. cerevisiae. These new regulators control the localization of the Snf1 activator Std1 in
response to glucose into reversible aggregates, via the Std1's asparagine-rich region.
Interestingly, reversible Std1 aggregation occurs under non-stressful, ambient conditions,
creating inclusion bodies in the form of a liquid drop, and utilizes the Hsp40, Hsp70 and
Hsp104 chaperones, similarly to the aggregation of toxic or misfolded proteins such as
those associated with Parkinson’s, Alzheimer’s and CJD diseases. This suggests that protein
aggregation mechanisms are a normal, non-pathological physiological state that can be
used to regulate central metabolic processes. Our results reveal a controlled, non-
pathological, physiological role of protein aggregation in the regulation of a major
metabolic cellular pathway and have implications for our understanding of cancer and
neurodegenerative diseases.

Keywords: reversible protein aggregation, glucose metabolism, chaperones

[W4-5] Lysine acetyltransferase NuA4 and acetyl-CoA regulate glucose-
deprived stress granule formation in Saccharomyces cerevisiae

Baetz Kristin!, Huard Sylvainl, Pham Trang Thuyl, Morettin Alan?, Cote ]oceyln2
Tottawa Institute of Systems Biology, uOttawa (Canada); 2 University of Ottawa (Canada)

Eukaryotic cells form stress granules under a variety of stresses, however the signaling
pathways regulating their formation remain largely unknown. We have determined that
the Saccharomyces cerevisiae lysine acetyltransferase complex NuA4 is required for stress
granule formation upon glucose deprivation but not heat stress. Further, the Tip60
complex, the human homolog of the NuA4 complex, is required for stress granule formation
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in cancer cell lines. Our work suggests that NuA4 is regulating glucose-deprived stress
granule dynamics through two distinct pathways — regulating Acetyl-CoA levels and direct
acetylation of stress granule proteins. Surprisingly, the impact of NuA4 on glucose-deprived
stress granule formation is partially mediated through regulation of acetyl-CoA levels,
which are elevated in NuA4 mutants. While elevated acetyl-CoA levels suppress the
formation of glucose-deprived stress granules, decreased acetyl-CoA levels enhance stress
granule formation upon glucose deprivation. We found that NuA4 modulates acetyl-CoA
levels through the regulation of Acetyl-CoA Carboxylase Accl. We have also determined that
NuA4-dependent lysine acetylation of the core stress granule component poly-A-binding
protein Pab1 at lysine 131 contributes to the formation of glucose-deprivation stress
granule assembly. Altogether this work establishes that NuA4 regulates the formation of
glucose-deprived stress granules through acetylation of Pab1 and through regulation of
Accl and the metabolite acetyl-CoA.

Keywords: Stress Granules, Lysine acetyltransferase, NuA4, Pab1, glucose deprivation, Accl,
acetyl-Coa

[W4-6] Acyl-Coa synthetases activate Fatty Acids on forming
Autophagosomes to drive Autophagy

Schiitter Maximilian, Graef Martin
Max Planck Institute for Biology of Ageing (Germany)

Macroautophagy is a key intracellular stress response, in which autophagosomes form de
novo as double-membrane vesicles and transport enclosed cytoplasmic cargo to vacuoles
for degradation. Core autophagy machinery drives poorly defined membrane
rearrangements underlying autophagosome biogenesis. Here we identify dedicated long-
chain acyl-CoA synthetases (ACS), conserved proteins that activate fatty acids (FA) by
coenzyme A-linkage, as part of the autophagy machinery in Saccharomyces cerevisiae.
Determined by N-terminally encoded targeting information, ACS localized to nucleated
autophagic membranes and progressively accumulated on forming autophagosomes. Cells
deficient for local FA activation were severely compromised in autophagy caused by a
reduced rate and extended duration of autophagosome formation, and nonproductive
autophagosome-vacuole fusion. Our work demonstrates that mechanisms of FA channelling
directly drive key stages of autophagy, and provides insights into the fundamental
processes of autophagosome biogenesis.

Keywords: Autophagy, Lipid Metabolism, Proteostasis, Organelle dynamics, Ageing, Quality
Control, Fatty acid

[W4-7] An In Vitro TORC1 Kinase Assay that Recapitulates the Gtr-
independent Glutamine-responsive TORC1 Activation Mechanism on
Yeast Vacuoles

Tanigawa Mirai, Maeda Tatsuya
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The University of Tokyo (Japan)

Evolutionarily-conserved TOR complex 1 (TORC1) is an essential regulator of cell growth,
which responds to nutrients, especially amino acids. TORC1 is activated by amino acids
through multiple types of sensing machinery with different specificities for each amino
acid in yeast and mammals. In Saccharomyces cerevisiae, leucine, and perhaps other amino
acids, was reported to activate TORC1 via the heterodimeric small GTPases Gtr1-Gtr2, the
orthologs of the mammalian Rag GTPases. More recently, an alternative Gtr-independent
TORC1 activation mechanism that may respond to glutamine was reported, although its
molecular detail is not clear.

In studying the nutrient-responsive TORC1 activation mechanism, the lack of an in vitro
assay hinders associating particular nutrient compounds with the TORC1 activation status,
whereas no in vitro assay that shows nutrient responsiveness has been reported. In this
study, we have developed a new in vitro TORC1 kinase assay that reproduces, for the first
time, the nutrient-responsive TORC1 activation. This in vitro TORC1 assay recapitulates the
previously predicted Gtr-independent glutamine-responsive TORC1 activation mechanism.
Using this system, we found that this mechanism specifically responds to L-glutamine,
resides on the vacuolar membranes, and involves a previously uncharacterized Vps34-
Vps15 phosphatidylinositol 3-kinase complex and the PI(3)P-binding FYVE domain-
containing vacuolar protein Pib2. Pib2 interacted with TORC1 in response to L-glutamine on
the isolated vacuolar membrane, suggesting that Pib2 is directory involved in the
glutamine-responsive mechanism. Thus, the in vitro assay we have developed is proved to
be useful for dissecting the glutamine-responsive TORC1 activation mechanism.

Keywords: TORC1, rapamycin, amino acid, vacuole

[W4-8] Ypq2, the Yeast Ortholog of Human Lysosomal PQLC2 Cationic
Amino Acid Exporter, is a high-affinity transporter catalyzing passive
arginine transport across the vacuolar membrane

Cools Melody, André Bruno
Physiologie Moléculaire de la cellule ULB (Belgium)

Ypql, -2, -3 are highly similar transporters of the PQ-loop family known to be localized at
the yeast vacuolar membrane (1). Several previous observations — e.g. transcriptional
repression of YPQ3 under lysine excess conditions (1), high turnover of Ypql upon lysine
starvation (2), resistance of ypq2 mutant to canavanine (a toxic analog of arginine) (1),
reduced ATP-dependent uptake of basic amino acids in vacuolar membrane vesicles
isolated from ypq mutant (3) - suggest a role of Ypq proteins in transport of cationic amino
acids (arginine, lysine, histidine) across the vacuolar membrane. PQLC2 is a mammalian
ortholog of the yeast Ypq proteins. Biochemical characterization of PQLC2 expressed to the
cell surface of oocytes showed that the protein is a lysosomal exporter of basic amino acids.
Furthermore, PQLC2 was found to play a central role in therapy against cystinosis, a
lysosomal storage disease, by mediating export from the lysosome of a drug derivate
resembling lysine (1). As the yeast vacuole is known to accumulate high amounts of basic
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amino acids including arginine, we sought to further investigate the role of Ypq proteins in
arginine transport across the vacuolar membrane. We have implemented the previously
described methods used for isolating intact vacuoles (still containing their sap) and we set
up conditions for measuring the activity of passive and active amino acid transporters. We
will present data showing that Ypq2 is a high-affinity transporter catalyzing passive
transport of arginine and histidine across the vacuolar membrane. Work is in progress to
assess the role of Ypg2 in vacuolar export of arginine under normal and starvation
conditions. As PQLC2 expressed in yeast is able to complement the phenotype of an ypq2
mutant (1), we hope that our study of Ypg2 will shed more light on the physiological role of
PQLC2 in human cells.

Keywords: vacuole, cationic amino acid transporter, Ypq2, PQLC2
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[W5] New tools in yeast research

[W5-1] High Resolution QTL Mapping of Ethanol Tolerance in
Saccharomyces cerevisiae Using Advanced Intercross Lines (AIL) and
Selective DNA Pooling (SDP)

Haas Ronil, Horev Guyl, Lipkin Ehudz, Kesten Inbarl, Soller Moshez, Kashi Yechezkell
ITechnion-Israel Institute of Technology (Israel); 2The Hebrew University of Jerusalem (Israel)

Ethanol, the end product of fermentation in Saccharomyces cerevisiae, is the main biofuel
used worldwide. Since ethanol is toxic to the yeast cell, ethanol production is inhibited by
its accumulation. Therefore, understanding the genetic basis of ethanol tolerance is
important for the development of improved yeast strains with higher ethanol tolerance and
yields. However, up to now, genomic elements affecting ethanol tolerance have only been
mapped at low resolution, hindering their identification.

Here, we used Advanced Intercrossed Line (AIL) design, to perform high resolution
mapping of QTLs affecting ethanol tolerance in yeast.

Selective DNA Pooling (SDP) and whole-genome sequencing were used in F6 of a cross
between two widely separated S. cerevisiae haploid strains. Fifty and 95 QTLs affecting
growth and survival, respectively, were identified by applying uniquely developed
statistical methods.

The median size of a QTL Region (QTLR) was 12.1 Kb (growth) and 10.5 Kb (survival). These
QTLRs are much narrower than previous reports. Importantly, some QTLRs included only a
single gene. The mapping revealed significantly enriched biological processes important for
ethanol tolerance in S. cerevisiae.

Keywords: Ethanol tolerance, QTL mapping, Saccharomyces cerevisiae

[W5-2] High-Quality Yeast Genome Assembly And Efficient Structural
Variant Detection Using Nanopore Sequencing

Friedrich Annel, Fournier Teoz, Freel Ke11e3, Gounot ]ean—Sébastien4, Cruaud Corinnes,

Lemainque Arnaud®, Aury ]ean—MarcS, Wincker Patrick®, Schacherer ]oseph1

1 University of Strasbourg (France); 2Université de Strasbourg (France); 3Department of
Genetics, Genomics and Microbiology, Université de Strasbourg /CNRS, UMR7156,
Strasbourg, France (France); *Strasbourg university (France); >CEA / DRF / Genoscope
(France); 6LAGE/Genoscope/IG/CEA UMRS8030 Université Paris Saclay (France)

Comprehensive genomic variant maps are essential to explore genome evolution as well as
its phenotypic consequences in natural populations. To date, short-read sequencing allowed
to have genome- and species-wide views of mainly single nucleotide and copy number
variants as we recently obtained in the Saccharomyces cerevisiae species by whole genome
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sequencing of 1,011 natural (http://1002genomes.u-strasbg.fr/) isolates using an Illumina
technology. However, the detection of structural variants (e.g. long indels, inversions,
translocations) (SVs) still poses challenges, more precisely when variants are in high
complexity regions while they correspond to genetic variants underlying phenotypic
variation. Emerging long-read sequencing technologies, such as Oxford Nanopore MinION
sequencing, provide an unprecedented opportunity to efficiently detect these structural
variants. To evaluate the performance of this technology for whole-genome assembly and
SVs detection, we resequenced various genomes of natural isolates of two distinct yeast
species, namely Saccharomyces cerevisiae and Dekkera bruxellensis, showing different
degree of genomic complexity. Using the ONT MinION at moderate coverage (~20x), highly
complete and contiguous assemblies have been obtained. Data generated allowed hence to
accurately detect SVs, such as translocations and large inversions throughout the genomes.
Among the long inserted and deleted regions, we identified those related to transposable
elements and could provide a complete cartography of these elements among the
sequenced isolates. Our results clearly show the value of the MinION system for screening
whole genomes for complex SVs and deeply characterizing genome architecture in yeast
natural populations.

Keywords: structural variant detection, Oxford Nanopore MinION sequencing, whole-genome
assembly

[W5-3] How To Observe Single Molecules Of Transcription Factors In
Yeast Saccharomyces

Mehta Gunjan D, Ball David A, Karpova Tatiana S
NCI/NIH (USA)

In vivo Single Molecule Tracking (SMT) has recently developed into a powerful technique
for measuring and understanding the transient interactions of transcription factors (TF)
with their chromatin response elements. The role that this rapid exchange plays in
transcription remains hotly debated. Is this noise, or is it transcriptionally productive? This
method was successfully applied to mammalian cells but in yeast it remains problematic.
Key technical problems are (a) a lack of robust procedures to determine if the labeling
strategies used to mark the transcription factor are innocuous and therefore to ensure that
SMT estimates are correct; (b) low retention of the bright and stable organic dyes covalently
binding to HaloTag used in the state-of-the art SMT experiments; (c) the small size of the
yeast nucleus, which is ~10-fold smaller in diameter than mammalian cells, and therefore
the imaged area is ~100-fold smaller. To facilitate the dye incorporation we disrupted ATP-
binding cassette multidrug resistance (ABC-MDR) transporter PDR5. We developed new and
robust procedure for evaluation of adverse effects of labeling, and new quantitative
analysis procedures that significantly improve residence time measurements by accounting
for fluorophore blinking. We estimated residence time of the yeast transcription factor
Acelp on non-specific and specific chromatin sites. Estimates of TF binding to specific sites
clarify the function of the fast exchange and provide a deeper understanding of the
molecular mechanisms of transcription initiation. Our results provide a framework for the
reliable performance and analysis of SMT of transcription factors in yeast.
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Keywords: Single Molecule tracking, HaloTag, Fluorescence microscopy, Saccharomyces,
Transcription Factors, CUP1, ACE1

[W5-4] Application of FAP Technology to Study a-Arrestin-mediated
Receptor Endocytosis in S. cerevisiae

Emmerstorfer-Augustin Anita, Shams Shadi, Thorner Jeremy
UC Berkeley (USA)

G protein-coupled receptors (GPCRs) are activated by many different types of extracellular
stimuli, especially various kinds of chemical agonists. Binding of such a ligand to its cognate
GPCR activates signal transduction pathways and thereby causes appropriate responses. In
yeast, the mating pheromone a-factor binds to and activates signaling emanating from the
GPCR Ste2. However, hyperstimulation of Ste2 can cause cell death. Therefore, cells have
evolved mechanisms that act at the receptor level to prevent excess signaling. Among the
feedback controls responsible for down-regulation of cellular response to GPCR-initiated
signaling is removal of the receptor from the plasma membrane (PM) via clathrin-mediated
endocytosis. Studies in yeast by others first showed that this internalization process
involves marking a-factor-bound Ste2 for internalization by ubiquitinylation mediated by
the PM-associated HECT domain-containing ubiquitin ligase Rsp5. However, recent work in
our laboratory has shown that a-factor-induced ubiquitinylation of agonist-activated Ste2
by Rsp5 requires either of two intermediary "matchmaker" proteins, the a-arrestins Rod1
and Rog3. PPxY motifs in the C-terminal segments of these endocytic adaptor proteins bind
Rsp5 and their N-terminal arrestin fold domains engage Ste2. To provide an assay to dissect
the recognition determinants in both the receptor and these a-arrestins required for their
productive interaction, we have been applying an innovative new method, called
fluorogen-activating protein (FAP) technology, to visualize Ste2 localization. A fluorogen is
an organic molecule that is relatively non-fluorescent when free in solution; however,
when the fluorogen is bound to a cognate FAP [a human single-chain antibody (scFvs) that
has been engineered to bind the fluorogen with high affinity and specificity], the fluorogen-
FAP complex is highly fluorescent. To "catch a-arrestins in action", we co-express a GFP-
tagged Rog3 allele, Rog3(A400-733) (called Rog3A400, for short), which lacks its PPXY motif-
containing C-terminal tail (and also lacks phosphorylation sites that we think may help
them dissociate from their targets) in cells expressing FAP-tagged Ste2 that have been
treated with fluorogen. Cells are then exposed to a-factor to examine whether the
fluorescent a-arrestin and fluorogen-FAP-Ste2 co-localize at the PM and other aspects of the
dynamics of agonist-induced Ste2 endocytosis. Results from such studies will be presented.

Keywords: G protein-coupled receptor, a-arrestin, endocytosis
[W5-5] The Protein Architecture of the Yeast Endocytic Machinery

Analyzed by FRET

Skruzny Michal, Gnoth Sandina, Pohl Emma, Malengo Gabriele, Sourjik Victor
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Max Planck Institute for Terrestrial Microbiology and LOEWE Center for Synthetic
Microbiology (SYNMIKRO) (Germany)

Clathrin-mediated endocytosis is a principal vesicle trafficking route from the plasma
membrane to endosomal compartments. It is essential for membrane homeostasis,
recycling of numerous membrane proteins and signaling. To form an endocytic vesicle
from a small piece of the plasma membrane dozens of proteins assemble at the endocytic
site in a highly coordinated manner. Although the timeline of their assembly is known,
their functional arrangement at the endocytic site is still poorly understood. Such
information however is critical to mechanistically understand the process of endocytic
vesicle formation and its regulation.

Analysis of the protein architecture of the endocytic site is a complicated task given that
multiple copies of up to 50 proteins localize in this diffraction-limited spot for a limited
time. Importantly, protein densities at the endocytic site are very well suited for mapping its
organization by Forster/fluorescence resonance energy transfer (FRET). Here we show that
FRET, a powerful tool to detect proximities between fluorescently labeled proteins
separated by less then 10 nm, can be successfully used to analyze the dynamic architecture
of the endocytic site.

To map the functional organization of the endocytic machinery we performed a systematic
FRET-based proximity screen of 17 conserved endocytic proteins. We obtained multiple
highly specific protein proximity pairs, many of them not yet recognized by other (e.g.
protein interaction) methods. Further mapping using the clathrin subunits and truncated
protein variants as spatial rulers allowed us to draw a detailed map of the yeast endocytic
site. Selected protein proximity pairs have been then used to investigate the protein
rearrangements occurring during endocytic vesicle invagination by real-time FRET imaging
methods. Altogether, our studies show FRET as a highly valuable tool to study protein
architectures of molecular machines with the yeast endocytic machinery as an example.

Keywords: vesicle trafficking, membrane trafficking, endocytosis, live cell imaging, FRET

[W5-6] Combining the Mother Enrichment Program with High-
Throughput Replica-Pinning to Identify Genes that Suppress the
Accumulation of Mutations

Novarina Daniele, Janssens Georges, Bokern Koen, Schut Tim, Van Oerle Noor, Veenhoff
Liesbeth, Chang Michael

European Research Institute for the Biology of Ageing (Netherlands)

Defects in genes whose products act to maintain DNA integrity lead to genome instability,
resulting in an overall increase of the spontaneous mutation rate. This condition, known as
“mutator phenotype”, is thought to be a driving force during tumorigenesis.

An S. cerevisiae cell divides asymmetrically, yielding an (increasingly) ageing mother cell
and a fully rejuvenated daughter cell. The Mother Enrichment Program (MEP) is an
estradiol-inducible genetic system which allows daughter cell-specific inactivation of two
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essential genes, thus enabling the analysis of a cohort of ageing mother cells. When the MEP
is active, daughter cells irreversibly arrest at the G2/M transition, while the mother cells
keep dividing, resulting in a linear growth rate and the formation of microcolonies on agar
medium. Occasionally, some cells become capable of evading the MEP due to acquired
mutations: even in the presence of estradiol, these cells, called escapers, grow exponentially
and form normal colonies on plates.

We developed a high-throughput replica-pinning approach to estimate spontaneous
mutation rates in yeast strains, where estradiol-insensitive escaper colony formation serves
as a readout for the occurrence of spontaneous mutations. With this protocol, we
performed a genome-wide screen for genome maintenance genes. The MEP system was
introduced in the yeast deletion collection using Synthetic Genetic Array technology. High-
density arrays of MEP colonies were then grown for one week on agar plates in the
presence of estradiol to allow for accumulation of spontaneous mutations in mother cells
throughout their lifespan. Subsequently, colonies were further replicated on estradiol plates
to detect the occurrence of escapers. High-throughput analysis of escaper formation
frequency allowed identification of deletion mutants with elevated spontaneous mutation
rate. Among many known mutator genes, we also found new genes involved in the
maintenance of genome integrity.

Keywords: Genome stability, Mutagenesis, Mother enrichment program, High-throughput
screen

[W5-7] The Daughter Extinction Program (DEP): a synthetic biology
approach to explore the genetic and metabolic landscape of mitotic
ageing

Ghillebert Rubenl, Boucas ]orgel, Sorokina Mariaz, Beyer Andreasz, Graef Martin!

IMax Planck Institute for Biology of Ageing, Koln (Germany); 2CECAD Research Centre, Koln
(Germany)

Eukaryotic cells can only undergo a limited number of cells divisions, which defines the
mitotic age of the cell. Although extensively investigated, high-throughput assays to assess
mitotic ageing are still lacking. To address this limitation, we developed the Daughter
Extinction Program (DEP) in the yeast Saccharomyces cerevisiae, which inducibly arrest
cell cycle in daughter cells. Using two independent, daughter cell-specific, inducible
systems, we were able to selectively prohibit cell division in daughter cells of prototrophic,
diploid yeast cells. As our DEP renders an exponential growing population to a linear
function of dividing mother cells, measurements of cell densities allow us to determine
median mitotic lifespan, thereby clearing the way for fully automated, high-throughput
measurements. Using synthetic genetic array (SGA)-technology, we introduced our DEP into
the existing yeast libraries (YKO and Damp) and for the moment, we are evaluating mitotic
ageing. Moreover, our system is perfectly equipped to evaluate the effect of different
metabolic conditions as well as chemical compounds on mitotic ageing, allowing for n-
dimensional functional clustering of each gene and straightforward identification of
compounds affecting mitotic ageing.
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Keywords: mitotic ageing, system-wide approach, new yeast research tool

[W5-8] Phenotypic Profiling in Yeast Using High-content Screening and
Automated Image Analysis

Andrews Brenda, Kraus Oren, Grys Ben, Sahin Nil, Styles Erin, Mattiazzi-Usaj Mojca, Boone
Charles

University of Toronto (Canada)

We have developed experimental and computational pipelines which combine array-based
yeast genetics and automated microscopy for systematic and quantitative cell biological
screens or phenomics. In one project, we use the Synthetic Genetic Array (SGA) method to
introduce fluorescent markers of key cellular compartments or cell cycle progression, along
with sensitizing mutations, into yeast mutant collections. We then perform live cell imaging
on the mutant arrays using HTP confocal microscopy to quantitatively assess the
abundance and localization of our fluorescent reporters, providing cell biological readouts
of specific pathways and cellular structures in response to thousands of genetic
perturbations. For automated image analysis, we developed a hybrid computational
pipeline that combines outlier detection and classical SVM-driven phenotype labeling, as
well as a neural network-based approach. Our neural network, DeepLoc, was able to
classify highly divergent image sets, highlighting deep learning as an important tool for
expedited analysis of high-content microscopy data.

Keywords: functional genomics, image analysis, cell biology
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[W6] Cell cycle, cytoskeleton and morphogenesis

[W6-1] The adder phenomenon emerges from independent control of
pre- and post-Start phases of the budding yeast cell cycle

Schmoller Kurt, Chandler-Brown Devon, Winetraub Yonatan, Skotheim Jan
Stanford University (USA)

While it has long been clear that cells actively regulate their size, the molecular
mechanisms underlying this regulation have remained poorly understood. In budding
yeast, cell size primarily modulates the duration of the cell division cycle by determining
the timing of the G1/S transition known as the Start. We have recently shown that cell
growth dilutes the cell cycle inhibitor Whi5 in G1 to increase the rate of progression
through Start. However, recent phenomenological studies in yeast and bacteria have shown
that cells increase approximately a fixed volume during their entire cell cycle, independent
of what size they are born. These results seem to be in conflict, as the phenomenological
studies suggest that cells measure the amount they grow, rather than their size, and that
size control acts over the whole cell cycle, rather than specifically in G1. Here, we propose
an integrated model that unifies the adder phenomenology with the molecular mechanism
of G1/S cell size control. We use single cell microscopy to parameterize a full cell cycle
model based on independent control of pre- and post-Start cell cycle phases. We find that
our model predicts the size-independent volume increase during the full cycle. This
suggests that the adder phenomenon is an emerging property of several aspects of the
budding yeast cell cycle rather than a causal consequence of an underlying molecular
mechanism measuring a fixed volume increase.

Keywords: size control, cell cycle, cell growth

[W6-2] Extreme Calorie Restriction in Yeast Retentostats Induces
Uniform Non-Quiescent Growth Arrest

Bisschops Markus M.M.!, Luttik Marijke A.H.%, Doerr Anne’, Verheijen Peter ].T.l,
Bruggeman Frank?, Pronk Jack T.., Daran-Lapujade Pascalel

1Delft University of Technology (Netherlands); 2vu University Amsterdam (Netherlands)

Non-dividing Saccharomyces cerevisiae cultures are highly relevant for fundamental and
applied studies. However, cultivation conditions in which non-dividing cells retain
substantial metabolic activity are lacking. Unlike stationary-phase (SP) batch cultures, the
current experimental paradigm for non-dividing yeast cultures, cultivation under extreme
calorie restriction (ECR) in retentostat enables non-dividing yeast cells to retain substantial
metabolic activity and to prevent rapid cellular deterioration. The use of these tightly
controlled yeast retentostats has allowed detailed characterization of the transition from
slow to virtually no growth at the level of (quantitative) physiology, transcriptome and
proteome.
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These prior studies have, however, studied retentostat cultures at the whole culture level,
while cells in SP-cultures are known to differentiate into different cell-types. The aim of the
current studies was therefore to investigate heterogeneity in yeast cultures transitioning
towards cell division arrest under ECR.

Cellular DNA content analyses and visualization of actin structures showed that the
majority of cells resided in G1 of the cell cycle. In sharp contrast to starved cultures,
including SP cultures, only few cells (< 10%) contained F-actin bodies in continuous
cultures, independent of the average culture doubling time. Furthermore, no
subpopulations with distinct cellular HSP12 or HSP26 transcript concentrations, genes
known to be differentially expressed in different cell types in stationary phase cultures,
could be detected under ECR based on smRNA FISH analyses.

These findings show that retentostat cultivation yields highly homogeneous and robust
cultures, in which cells most likely survive in an extended G1 phase. Furthermore, it
demonstrates that yeast cells exposed to ECR differ from carbon-starved cells and offer a
promising experimental model for studying non-dividing, metabolically active, and robust
eukaryotic cells.

Keywords: Saccharomyces cerevisiae, Cell-division arrest, extreme calorie restriction,
Heterogeneity, mRNA FISH, Actin structure, Retentostat

[W6-3] DNA Circles Cause Nuclear Pore Complex Rearrangements during
Yeast Aging

Meinema Anne Cornelis, Barral Yves
ETH Ziirich (Switzerland)

Saccharomyces cerevisiae confines aging factors in the mother cells during mitosis, in order
to ensure the emergence of a rejuvenated and naive daughter cell. The daughter cell
obtains a full replicative potential, while the aging factors in the mother cell cause cellular
dysfunction and increased mortality rate. One prominent aging factor in budding yeast is
the presence of non-centromeric DNA circles (1). They are formed by homologous
recombination during DNA repair. Different studies show that DNA circles interact via
SAGA with nuclear pore complexes (NPCs), and that these NPCs cluster together to stay in
the mother cell during mitosis (2, 3). However, how these circles contribute to aging is
unknown. We wondered whether DNA circle binding through SAGA cause alterations in
NPCs and if this could affect cell viability.

We observed that NPCs having a DNA circle anchored lose the basket structure, which
normally protrudes into the nucleoplasm. Basket detachment, and specifically loss of
Nup60, is required to anchor DNA circles to the NPC in order to confine them to the mother
cell. Basket fixation to the pore or targeting to the DNA circle prevents their interaction
with the NPC and releases them from retention in the mother cell. Mutations in SAGA show
a same loss of circle retention and are long-lived. We conclude that DNA circles require
basketless NPCs to be asymmetrically retained in the aging mother cell. In agreement, we
observed a progressive accumulation of basketless NPCs during aging.
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These basketless and aged pores fail to recruit the SUMO protease Ulp1l. Fixing Ulp1 to the
NPC or targeting it to the DNA circle fully destabilizes their interaction with NPCs and their
retention in the mother cell, even in the absence of Nup60. The basketless pores fail to
recruit Ulp1 via Nup60, thereby preventing desumoytion of targets involved in DNA-NPC
interaction. We suggest that its exclusion from NPCs is needed for a stable interaction
between DNA circle and NPC, assuring that circles remain confined to the mother cell.

Altogether, DNA circles seem to cause an alteration of the NPC structure during aging,
which is needed for their retention. Furthermore, the accumulation of modified NPCs might
be a major cause of increased mortality with age.

1) Sinclair DA, Guarente L. Cell. 1997
2) Denoth-Lippuner A, Barral Y, et al. Elife. 2014
3) ShcheprovaZz, Barral Y, et al. Nature. 2008

Keywords: aging, Nuclear pore complex, mitosis, DNA, post-translational modification

[W6-4] Actin Filament Initiation and Regulation at Cell Membranes
Ayscough Kathryn, Allwood Ellen, Smaczynska-De Rooij Iwona, Tyler Joe
University of Sheffield (United Kingdom)

Actin nucleation is the key rate limiting step in the process of actin polymerization, and
tight regulation of this process is critical to ensure actin filaments form only at specific
regions of the cell. Arp2/3 is a well-characterised protein complex that can promote
nucleation of new filaments, though its activity requires additional nucleation promotion
factors. The best recognized of these factors are the WASP family of proteins that contain
binding motifs for both monomeric actin and for Arp2/3. Previously we demonstrated that
the yeast WASP homologue, Las17, in addition to activating Arp2/3 can also nucleate actin
filaments de novo, independently of Arp2/3. This activity is dependent on its polyproline
rich region. Through biochemical analysis we have identified key motifs within the
polyproline region that are required for nucleation and for elongation of actin filaments in
the absence of Arp2/3. When expressed in cells, Las17 harbouring mutations in these
motifs, causes changes in the behaviour of endocytic reporter proteins prior to Arp2/3
recruitment, supporting a role early in actin filament initiation. Other experiments have
allowed us to identify key phosphorylation sites involved in regulating actin binding, and
regions of the protein conferring lipid binding properties. Overall our data support a model
in which Las17 interacts with primed endocytic sites to directly generate and tether new
actin filaments.

Keywords: cytoskeleton, actin, actin-nucleation, WASP family proteins, membranes

[W6-5] The Pathway of Pulling Yeast Nuclei in Anaphase Controls Nuclear
Motility at All Cell Cycle Stages in a Multinucleated Yeast

Philippsen Peter!, Gibeaux Romain?, Grava Sandrine, Politi Antonio®, Nedelec Francois®
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IBiozentrum, University of Basel (Switzerland); 2 University of Berkeley (USA); SEMBL
(Germany)

Today, biologists want to understand the mechanisms of subsystems in cells. Biochemistry,
for a long time extremely successful in developing amazing in vitro systems, can no longer
handle mechanistic questions above a certain complexity. The only way to move forward is
to use all experimental data gathered in the past to reconstruct the system in a
mathematical model.

Our work demonstrates this approach by studying the coordination of movements of
multiple nuclei in a filamentous yeast which evolved from budding yeast. Two pulling
mechanism operate in S. cerevisiae, the Kar9-Bim1-Myo2 pathway for positioning of nuclei
at the bud neck prior to nuclear division and the Dynein-Num1 pathway during pulling of
nuclei through the bud neck. In the obligatory filamentous yeast Ashbya gossypii nuclei are
highly motile performing bi-directional short- and long-range movements including nuclear
by-passing. Homologs for all S. cerevisiae components involved in nuclear positioning and
pulling are expressed in A. gossypii. However, experimental data accumulated over the past
years had only identified the dynein motor, increased microtubule growth and shrinkage
rates, budding yeast-like spindle pole bodies as microtubule organization centers, and
Num1 (cortical dynein anchor) as key elements for the observed complex nuclear
movements in A. gossypil.

This knowledge was implemented to run for the first time realistic simulations of
movements of multiple nuclei in a common cytoplasm, which generated in vivo-like
nuclear migration patterns. The simulations could also verify mutant phenotypes. We then
exploited the simulation set up to study the influence of the number of microtubules per
nucleus, an increase in cytoplasmic flow, and changes in organelle concentration on
nuclear motility.

Keywords: Evolution of nuclear dynamics, Microtubule dynamics, Dynein, Simulations

[W6-6] Casting light on the genome of the cell’s powerhouse: The
distribution and inheritance of mitochondrial DNA

Osman Christof’, Okreglak Voytekz, Noriega Thomas?, Walter Peter?

1Ludwig—Maximilians Universitdt Miinchen (USA); 2 University of California, San Francisco
(USA)

Essential subunits of the mitochondrial respiratory chain, which generates the majority of
energy in eukaryotic cells, are encoded in the mitochondrial genome (mtDNA) that is
present in hundreds of copies in every cell. Mutations within mtDNA have been identified
as the cause for a multitude of human diseases and have been tightly linked to the ageing
process and altered stem cell homeostasis. Accordingly, to ensure organismal health, good
copies of mtDNA have to be faithfully inherited during cell division, their integrity needs to
be maintained over generations and they need to be distributed throughout the
mitochondrial network to provide all mitochondrial segments with mtDNA encoded
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proteins. Astonishingly, it remains poorly understood how cells accomplish these
fundamental tasks.

By exploiting the unique advantage that mtDNA can be manipulated in S. cerevisiae, we
developed a novel system that for the first time allowed minimally invasive tracking of
mtDNA in living cells. Using this system, we have gained unique insights into the cellular
principles that govern distribution and inheritance of mtDNA and the maintenance of its
integrity. We found that nucleoids are non-randomly spaced within the mitochondrial
network and observed the spatio-temporal events involved in mtDNA inheritance.
Surprisingly and against the prevailing view, cells deficient in mitochondrial fusion and
fission distributed and inherited mtDNA normally, pointing to alternative pathways
involved in these processes. We identified such a mechanism, where we observed fission-
independent, but F-actin—-dependent, mitochondrial tip generation that was linked to the
positioning of mtDNA to the newly generated tip. Although mitochondrial fusion and fission
were dispensable for mtDNA distribution and inheritance, we showed through a
combination of genetics and next-generation sequencing that their absence leads to an
accumulation of mitochondrial genomes harboring deleterious structural variations. These
data support a role for mitochondrial fusion and fission in maintaining the integrity of the
mitochondrial genome by facilitating cleansing of mutant mtDNA copies.

Keywords: Mitochondria, mitochondrial DNA, mtDNA, S. cerevisiae, Mitochondrial dynamics,
Live cell microscopy

[W6-7] Role of Cdc42 Pathways in Regulating Group Cooperation and the
Transition to Differentiated Multicellularity

Chow Jacky, Edgerton Mira, Cullen Paul
SUNY-Buffalo (USA)

Group cooperation provides an evolutionary benefit and is thought to underlie
evolutionary processes including the transition to multicellular life. The decision-making
process surrounding group cooperation is poorly understood. Here, we identify decision-
making pathways as key regulators of group cooperation. By exploring filamentous growth
in unicellular fungal microorganisms, we describe a new response where cells assemble
into multicellular aggregates to promote nutrient foraging. The Rho GTPase Cdc42, its
effector MAPK pathway, and other signaling pathways regulated aggregate formation.
Aggregates assembled by a mechanism where filaments from different groups interlocked
to knit groups together, which resembled the intercalation of cells into tissues during
mammalian development. This system was used to model the impacts of cheaters and
handicapped individuals in aggregate assembly. Probing the limits of group cooperation
showed that individuals adopt an optimal range of social interactions to balance foraging
needs. The uncanny resemblance between Cdc42 pathways in regulating group social
responses in yeast and tissue development in metazoans led to the idea that decision-
making pathways, by promoting group cooperation, may have contributed to the transition
to multicellular life. This theory was supported by the roles GTPase pathways played in
differentiated multicellular phenotypes in a laboratory selection experiment.
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Keywords: Rho GTPases, polarity, fungal pathogenesis, multicellular development,
filamentous growth, signal transduction, Cdc42, MAPK
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[W7] Proteostasis, ageing and disease models

[W7-1] Physiological Regulation of Heritable Protein Aggregation

Chernoff Yuryi, Howie Rebeccaz, Jay Garcia Lina Manuelaz, Chernova Tatiana3, Wilkinson
Keith3

ISchool of Biological Sciences, Georgia Institute of Technology, Atlanta, Georgia, USA, and St.
Petersburg State University, St. Petersburg, Russia (USA); 2School of Biological Sciences,
Georgia Institute of Technology, Atlanta, Georgia (USA); 3Department of Biochemistry, Emory
University School of Medicine, Atlanta, Georgia (USA)

Ordered protein aggregates (amyloids) and their transmissible variety (prions) are
associated with important human diseases. In yeast, self-perpetuating protein isoforms,
termed yeast prions, control heritable traits. Prion formation and loss are modulated by
environmental and physiological conditions. Our data show that a heat-induced metastable
prion, formed by an actin assembly protein, may persist in a fraction of yeast cells for a
significant number of cell generations after return to normal growth conditions, thus
carrying a cellular memory of stress. Moreover, evolutionary acquisition of a prion-forming
ability by this protein coincides with the acquisition of increased thermotolerance in the
Saccharomyces lineage (Chernova et al., 2017 Cell Reports 18: 751). Propagation of yeast
prions is controlled by the same cytosolic chaperones that are responsible for the
protection of yeast cells against a proteotoxic stress. Chaperones fragment prion polymers
and generate new oligomeric seeds, promoting new rounds of aggregation. Therefore, yeast
prions are adjusted to physiological levels of chaperone proteins and hijack a cellular stress
defense machinery for their own propagation. Chaperones of the ribosome associated
complex, that are involved in proper folding of a nascent polypeptide, antagonize initial
prion formation. During a stress, the decrease in overall translational activity is
accompanied by a relocation of the ribosome associated chaperones into a cytosol, resulting
in an impairment of a prion-like propagation of misfolded proteins. Cellular apparatus,
controlling the asymmetry of a mitotic division, influences maintenance and properties of
self-perpetuating protein aggregates both during recovery from stress and in the process of
replicative aging. Overall, intimate relationship with the protein quality control machinery
of the cell plays a key role in the processes of prion formation and propagation in yeast.
(Supported by grants MCB 1516872 from NSF, and 14-50-00069 from RSF.)

Keywords: Amyloid, Chaperone, Prion, Protein Quality Control, Stress

[W7-2] Mechanisms of Prion-Dependent Lethality In Yeast

Matveenko Andrew G.l, Barbitoff Yury A.2, Drozdova Polina B.Z, Belousov Mikhail V.Z,
Moskalenko Svetlana E.l, Bondarev Stanislav A.2, Zhouravleva Galina A.2

1Department of Genetics and Biotechnology, St. Petersburg State University, St. Petersburg; St.
Petersburg Branch, Vavilov Institute of General Genetics, Russian Academy of Sciences
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(Russia); 2Department of Genetics and Biotechnology, St. Petersburg State University, St.
Petersburg (Russia)

Prions are self-perpetuating protein conformations which often have an amyloid nature. In
yeast amyloid prions manifest as heritable traits as their presence affects normal function
of prion proteins. E.g., [PSI+], the prion form of translation termination factor Sup35 (eRF3),
decreases accuracy of stop codon recognition and exhibits nonsense-suppressor phenotype.
Additional production of Sup35 in [PSI+], but not [psi-] cells, is toxic. This phenomenon is
referred to as prion-dependent lethality or prion toxicity.

We screened for Q/N-rich transcription factors affecting [PSI+] propagation and found that
excess of several factors enhanced [PSI+]-dependent lethality. The lethality was
accompanied by elevation in SUP35 mRNA levels in [PSI+] strain, suggesting transcriptional
upregulation as the mechanism. One of the factors, Sfp1, was shown not only to upregulate
SUP35, but also SUP45, while additional expression of SUP45 is known to alleviate the [PSI+]
toxicity. We showed that, indeed, SUP45 overexpression compensated [PSI+]-dependent
lethality caused by excess Sup35, but did not affect Sfp1-derived lethality, implying
involvement of another mechanism. Search for the factors that influenced the lethality of
excess Sfp1 led to identification of Hsp40 chaperone Sis1 which alleviated toxicity of excess
of both Sfp1 and Sup35 in [PSI+] strains. Sfp1 colocalized with [PSI+] aggregates and its
overproduction also affected Sup35 aggregate size, while coexpression of Sis1 returned the
size distribution to normal. Thus at least two different mechanisms are involved in [PSI+]-
dependent lethality.

Sis1 is known to counter the toxicity of many prions and amyloids in yeast, such as Rnq1/
[PIN+] and [PIN+]-dependent polyQ-toxicity, but the underlying mechanisms are not
entirely understood. Recently we showed that partitioning of Sis1 between cellular
compartments may affect different prions in different ways. [PSI+] is less sensitive to
alterations is Sis1 than other prions. Relocalization of most cellular Sis1 into the nucleus
causes [PSI+]-dependent growth defect, accompanied by enhancement of [PSI+], suggesting
that cytoplasmic Sis1 normally aids in detoxifying [PSI+] aggregates, allowing non-lethal
[PSI+] propagation.

The work was supported by RC MCT SPbSU and by grants from Saint-Petersburg State
University (15.61.2218.2013; 1.37.291.2015), RFBR (16-04-00202; 15-04-08159), and by the
grants of the President of the Russian Federation (MK-512.2017.4; NS-9513.2016.4).

Keywords: yeast prions, prion toxicity, [PSI+], regulation of transcription, Sfp1, Sis1

[W7-3] Metals and Metalloids Cause Protein Misfolding and Aggregation

Andersson Stefanie’, Jacobson Theresel, Priya Smriti%, Sharma Sandeep K.2, Jakobsson
Soﬁal, Tanghe Robbei, Ashouri Arghavani, Rauch Sebastieng, Goloubinoff Pierre4, Christen
Philipps, Tamas Markus ]1

lGothenburg University (Sweden); 2CSIR-Indian Institute of Toxicology Research (India);
3Chalmers University of Technology (Sweden); *Lausanne University (Switzerland);
5 University of Zurich (Switzerland)
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Certain metals and metalloids, such as cadmium and arsenite, are common environmental
pollutants. They are considered highly toxic and are classified as human carcinogens. While
their toxicity is undisputed, the underlying in vivo molecular mechanisms are not fully
understood. Here, we demonstrate that cadmium, like arsenite, induces aggregation of
cytosolic proteins in living yeast cells. Cadmium primarily targets proteins in the process of
synthesis or folding, probably by interacting with exposed thiol groups in not yet folded
proteins. Cells that cannot efficiently protect the proteome from cadmium-induced
aggregation or clear the cytosol from protein aggregates are sensitized to cadmium. Thus,
protein aggregation may contribute to cadmium toxicity.

Using a high-content imaging screen, we identified processes that control protein
aggregation upon As(III) exposure. We demonstrate that blocking transcription during
As(ITI) exposure prevents protein aggregation. Furthermore, we show that a loss in
transcriptional control leads to enhanced protein aggregation and As(III) toxicity.
Interestingly, the molecular chaperone Sselp acts as buffer in cells that cannot properly
regulate transcription already in the absence of As(III), but even more so during As(III)
exposure. Altogether, our findings suggest that the loss of transcriptional control leads to
accumulation of protein aggregates, thereby contributing to As(III) toxicity.

Keywords: Metal toxicity, Protein aggregation, Protein folding

[W7-4] Prion-like Properties of a Yeast G Protein Receptor Involved in
Regulation of Mating

Chernova Tatianal, Yang Zhenl, Rashid Ayshal, Subramanian Sindhul, Chernoff Yuryz,
Wilkinson Keith D.!

1Department of Biochemistry, Emory University School of Medicine, Atlanta, Georgia 30322,
USA (USA); °School of Biological Sciences, Georgia Institute of Technology, Atlanta, Georgia
30332-2000, USA; St. Petersburg State University, St. Petersburg 199034, Russia (USA)

G-protein-coupled receptors (GPCRs) are integral membrane proteins that initiate responses
to extracellular stimuli by mediating ligand-dependent activation of cognate heterotrimeric
G proteins. Ste18 is a gamma-subunit of a G-protein receptor that is conserved in evolution
and plays a key role in a variety of cellular processes, including pheromone-signaling
pathway that is crucial for the yeast mating. We demonstrate that Ste18 possess prion-like
properties. Upon overproduction, Ste18 forms detergent-resistant amyloid-like aggregates
and promotes formation of [PSI+], a prion isoform of another protein, Sup35/eRF3. Ste18
mutants, defective in anchoring to plasma membrane, are not able to form detergent-
resistant aggregates or induce [PSI+] prion, while a mutant, deficient in signal transduction
but not in membrane anchoring, is able to do so. These data show that prion-like properties
of Ste18 depend on its association with a membrane and resemble our previous results for
another protein, Lsb2 (see Chernova et al., 2017 Cell Reports 18: 751-761), whose prion
properties depend on association with a peripheral actin cytoskeleton. Overall, our findings
emphasize the significance of a specific intracellular location for prion formation. Similar
to Lsb2, Ste18 is ubiquitinated, short-lived and degraded by a proteasome. Levels of Ste18
protein are increased in the conditions when proteasome function is impaired, suggesting
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that aggregate formation by Ste18 may occur in response to the malfunctioning or overload
of the ubiquitin-proteasome system, for example during a proteotoxXic stress. Potential
involvement of prion-like aggregation in regulation of G-protein dependent signaling and
yeast mating will be discussed in the light of both our data and recent developments,
suggesting the role of protein aggregation not only in diseases, but also in regulation of
some biological processes.

Keywords: G-protein, prion, amyloid, proteasome, aggregation, ubiquitin

[W7-5] Proteostasis Impairment and Endoplasmic Reticulum Stress in a
Yeast Model for Amyotrophic Lateral Sclerosis

Palma Fléviol, Tsuchida Eduardoz, Gomes Fernandoz, Mitne-Neto Migue13, Demasi
Marilene4, Zatz Mayanaz, Netto Luis Eduardo?

1 University of Sdo Paulo - USP (Brazil); 2Department of Genetics and Evolutionary Biology,
University of Sdo Paulo - USP (Brazil); 3Research and Development Department, Fleury Group
(Brazil); *Butanta Institute (Brazil)

Amyotrophic Lateral Sclerosis is a neurodegenerative disease that affects motor neurons.
The majority of ALS cases (90%) are sporadic. More than thirty genes have been associated
with familial cases so far. The P56S mutation in the protein VAPB was associated with ALS8
in Brazilian patients. VAPB is a membrane protein of the endoplasmic reticulum that is
possibly involved in diverse cellular functions, including intracellular trafficking,
interaction endoplasmic reticulum-Golgi and Unfolded Protein Response. Here, we aimed to
analyze the endoplasmic reticulum stress and protein degradation pathways as factors
underlying the pathogenicity of VAPB. The BY4741 strain of the yeast Saccharomyces
cerevisiae expressing VAPBWT or VAPBP56S was employed as a model. Initially, it was
verified that both VAPBWT and VAPBP56S were located in the endoplasmic reticulum, and
the VAPBP56S protein was found as SDS-resistant aggregates. Expression of the VAPBP56S
but not of VAPBWT was toxic, reducing cell viability. Since proteasome and autophagy are
two processes that protect cell against toxicity associated with aggregates, the effects of
their inhibition were investigated. Proteasome was inhibited by the use of the MG 132
compound (under the Apdr5 background), reducing the viability of strains expressing
VAPBWT and the rate of VAPBWT degradation. In contrast, autophagy inhibition (achieved
by atg8 gene deletion) affected mainly the viability of cells expressing VAPBP56S. Cells
expressing VAPBWT and VAPBP56S displayed increased levels of proteasome subunits. As
expected, in cells expressing VAPBWT the proteasome activity was increased and the pool
of ubiquitilated proteins was diminished. Surprisingly, in cells expressing VAPBP56S
proteasome activity was reduced and ubiquitilated proteins accumulated at much higher
levels. The autophagosomes formation (assessed by GFP-Atg8 fusion) was increased only in
strains expressing VAPBP56S, suggesting higher levels of autophagy. Finally, the levels of
endoplasmic reticulum stress markers (pdil, erol, lhs1 and kar2) were induced in cells
expressing VAPBP56S. Taken together, our data suggest a link between proteostasis,
endoplasmic reticulum stress and VAPBP56S in our ALS model, with autophagy playing a
predominant role in the protection against toxicity associated with aggregates formation.
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Keywords: Amyotrophic Lateral Sclerosis, Proteostasis, Endoplasmic Reticulum Stress,
Disease Model, Proteasome, Autophagy

[W7-6] Budding yeast HECT_2 protein Ipal is an essential ubiquitin-
protein ligase influencing proteasome activity

Taxis Christof', Lutz Anne’, Schladebeck Sarah!, Renicke Christian’, Spadaccini Roberta?,
Mosch Hans-Ulrich!

1Philipps-Universit<’it Marburg (Germany); 2Universita’ degli studi del Sannio (Italy)

The ubiquitin-proteasome system (UPS) controls cellular functions by maintenance of a
functional proteome and degradation of key regulatory proteins. Central to the UPS are
ubiquitin-protein ligases that selectively catalyze modification of target proteins with
ubiquitin, thereby controlling their abundance or initiating regulatory events. Here, we
demonstrate that the essential Saccharomyces cerevisiae protein Yjr141w/Ipal (Important
for cleavage and PolyAdenylation) is a HECT_2 (homologous to E6-AP carboxyl terminus_2)
-type ubiquitin-protein ligase. We identified residues within the HECT_2 family signature
that are essential for Ipal function and provide evidence for the importance of the C-
terminal region, which has low similarity to HECT-type ubiquitin-protein ligases. In
agreement with a function as ubiquitin-protein ligase, Ipal shows interactions with several
ubiquitin-conjugating enzymes in vivo and exhibits autoubiquitylating activity in vitro. The
activity of the nuclear localized Ipal is important for cell cycle progression and cell size
control. Loss of Ipal function reduces proteasomal degradation of several substrates and
results in activation the Rpn4 regulon. Our results demonstrate that Ipal is an ubiquitin-
protein ligase, which influences proteasome activity in yeast.

Keywords: Ubiquitin proteasome system, Protein degradation, Ubiquitin-protein ligase

[W7-7] Amino Acid Substitution Equivalent to Human Chorea-
acanthocytosis I2771R in Yeast Vps13 Protein Affects its Binding to
Phosphatidylinositol 3-phosphate

Zoladek Teresa’, Rzepnikowska Weronika?, Flis Krzysztofz, Kaminska ]oannaz, Grynberg
Marcin?, Urbanek Agnieszkag, Ayscough Kathryn3

Institute of Biochemistry and Biophysics PAS (Poland); Institute of Biochemistry and
Biophysics Polish Academy of Sciences (Poland); 3 University of Sheffield (United Kingdom)

The rare human disorder chorea-acanthocytosis (ChAc) is caused by mutations in hVPS13A
gene. The hVps13A protein interacts with actin and regulates the level of
phosphatidylinositol 4-phosphate (PI4P) in membranes of neuronal cells. Yeast Vps13 is
involved in vacuolar protein transport and, like hVps13A, participates in PI4P metabolism.
Vps13 proteins are conserved in eukaryotes, but their molecular function remains
unknown. One of the mutations found in ChAc patients causes amino acids substitution
12771R which affects the localization of hVps13A in skeletal muscles. To dissect the
mechanism of pathogenesis of I2771R, we created and analyzed a yeast strain carrying the
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equivalent mutation. Here we show that in yeast, substitution 12749R causes dysfunction of
Vps13 protein in endocytosis and vacuolar transport, although the level of the protein is not
affected, suggesting loss of function. We also show that Vps13, like hVps13A, influences
actin cytoskeleton organization and binds actin in immunoprecipitation experiments.
Vps13-12749R binds actin, but does not function in the actin cytoskeleton organization.
Moreover, we show that Vps13 binds phospholipids, especially phosphatidylinositol 3-
phosphate (PI3P), via its SHR_BD and APT1 domains. Substitution 12749R attenuates this
ability. Finally, the localization of Vps13-GFP is altered when cellular levels of PI3P are
decreased indicating its trafficking within the endosomal membrane system. These results
suggest that PI3P regulates the functioning of Vps13, both in protein trafficking and actin
cytoskeleton organization. Attenuation of PI3P-binding ability in the mutant hVps13A
protein may be one of the reasons for its mislocalization and disrupted function in cells of
patients suffering from ChAc.

Keywords: Vps13, chorea-acanthocytosis, yeast model, actin cytoskeleton, binding of lipids,
protein trafficking

[W7-8] Uncovering Las17 secret service in nucleolus
Skoneczna Adrianna, Krol Kamil, Skoneczny Marek, Kaminska Joanna, Kurlandzka Anna
Institute of Biochemistry and Biophysics, Polish Academy of Sciences (Poland)

The yeast orthologue of the Wiskott-Aldrich Syndrome protein, Las17, is a key regulator of
cortical actin polymerization. Disruption of LAS17 leads to the loss of actin patches and to
block in endocytosis. Unexpectedly, when we used ASPIC-MS methodology to identify
proteins bound to yeast chromosome XII containing rDNA repeats, aberrantly migrating on
PFGE as chromosome cloud, we detected Las17. Using Las17-GFP fusion protein and the
nucleolar marker Nop1-DsRed we confirmed the nucleolar localization of Las17. Further
experiments comparing las17A mutant and the wild type strains revealed differences in
nucleolar integrity, shape and positioning during cell division, suggesting a role of Las17 in
nucleolar organization and division. The las17A cells showed also higher than wild type
cells nucleolar fragmentation score after nocodazole treatment. Because Las17
overexpression protects cells against various stresses that affect the nucleolus, such as
starvation, cell wall stress or oxidative stress, we postulate that the involvement of Las17 in
cell growth regulation, extrachromosomal DNA transportation and stress responses is
linked to its role in nucleolar organization. We believe that newly assigned role of Las17 as
a nucleolar protein engaged in nucleolar function, most likely nucleolar division, and
ensuring nucleolar integrity might help to elucidate the etiology of the human
immunodeficiency Wiskott-Aldrich Syndrome.

This work was supported by Polish National Science Center grant 2016/21/B/NZ3/03641

Keywords: Las17, Saccharomyces cerevisiae, Wiskott-Aldrich Syndrome, nucleolus, aberrant
DNA structure, DNA-binding protein
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[W8] Stress signalling and protein trafficking

[W8-1] The Yeast Mep2 Ammonium Transceptor Physically Interacts
With The 14-3-3 Protein Bmh1

Chembath Anupama, Rutherford Julian
Institute for Cell and Molecular Biosciences, Newcastle University (United Kingdom)

In response to limiting nitrogen levels diploid yeast undergo a dimorphic switch from yeast
like growth to pseudohyphal growth. During this morphological change yeast grow as
elongated chains of cells away from the colony to search for nutrients. Studies by a number
of groups over many years have established that signal transduction pathways that regulate
pseudohyphal growth include the MAP kinase and PKA pathways. An essential but poorly
understood component of the regulation of pseudohyphal growth is the Mep2 ammonium
importer. Two models of Mep2 function during pseudohyphal growth have been proposed.
First, the Mep2 substrate (either ammonium ion, ammonia gas or ammonia gas plus proton)
cause changes in cytosolic pH that is sensed by a relevant signal transduction pathway.
Second, Mep2 acts as a transceptor that physically interacts with a signalling partner to
control pseudohyphal growth. In the transceptor model, Mep2 acts in a way analogous to G
protein-coupled receptors undergoing a conformational change during substrate
translocation that initiates signaling. We have undertaken a genetic screen to identify
potential Mep2 signaling partners and have identified an interaction between Mep2 and the
14-3-3 protein Bmh1. We have confirmed this interaction using western analysis of
membrane fractions and importantly established that this interaction is lost when
analysing signalling deficient Mep2 mutants. These data and the known role of Bmh1 in
signal transduction support the model of Mep2 as an ammonium sensing transceptor.

Keywords: Pseudohyphal growth, ammonium sensing, transceptor, stress signaling

[W8-2] H+-Influx Coupled to Amino Acid Uptake as a Key Signal
Stimulating TORC1 in Saccharomyces cerevisiae

Saliba Eliel, Corrillon Florentl, Georis Isabellez, Andre Bruno?!

IMolecular Physiology of the Cell Laboratory, ULB, IBMM, Gosselies, Belgium (Belgium);
ZInstitut de Recherches M icrobiologiques J.-M. Wiame, 1070 Brussels, Belgium (Belgium)

The Target Of Rapamycin Complex 1, TORC1, is a kinase complex conserved from yeast to
mammals that controls cell growth by fine-tuning anabolic and catabolic processes. Among
the various signals that impinge on TORC1 are amino acids, which modulate TORC1 activity
through the conserved Rag family GTPases. In mammalian cells, the intracellular
concentration of specific amino acids is sensed by different sensor systems modulating the
Guanine nucleotide Exchange Factors (GEF) and GTPase Activating Proteins (GAP) acting on
the Rag GTPases. Yet in yeast the upstream regulators of the Rag GTPases (named Gtrl and
Gtr2) responding to amino acids remain poorly known. In the context of our study of the
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role of TORC1 in the mechanisms promoting the ubiquitylation and endocytosis of the yeast
general amino acid transporter, Gap1, we have found that the uptake of $8-alanine by Gap1
activates TORC1 in a manner dependent on the Rag/Gtr GTPases. Yet f3-alanine cannot be
used as a nitrogen source and HPLC measurements showed that it is not converted into
other amino acids. On the basis of these observations, we explored different hypotheses to
account for TORC1 activation in response to f3-alanine uptake. For instance, the Gap1
transporter could act as a transceptor capable of signaling to TORC1, or the process of 3-
alanine transport by itself could somehow activate TORC1. We will present data indicating
that it is the influx of protons associated with H+-coupled transport of 3-alanine that
stimulates TORC1. We propose that this signal contributes to TORC1 reactivation
accompanying exit of cells from various nutritional starvation conditions.

Keywords: TORC1, Nutrient transporters, Protein trafficking

[W8-3] Roles of SPS Pathway Genes (SSY1-PTR3-SSY1) and SIR3 During
Cycles of Growth and Starvation in S. cerevisiae Populations With
Differing Proportions of Quiescent and Non-Quiescent Cells

Wloch-Salamon Dominika M.}, Tomala Katarzynai, Aggeli DimitraZ, Dunn Barbara®
1 Jagiellonian University (Poland); 2Stanford University (USA)

Over its evolutionary history, Saccharomyces cerevisiae has evolved to be well-adapted to
fluctuating nutrient availability. In the presence of sufficient nutrients, yeast cells continue
to proliferate, but upon starvation haploid yeast cells enter stationary phase and
differentiate into non-quiescent (NQ) and quiescent (Q) cells. Q cells survive stress better
than NQ cells and show greater viability when nutrient-rich conditions are restored. To
investigate the genes that may be involved in the differentiation of Q and NQ cells we
serially propagated yeast populations that were enriched for either only Q or only NQ cell
types over many repeated growth-starvation cycles. After 30 cycles (equivalent to 300
generations), each enriched population produced a higher proportion of the enriched cell
type compared to the starting population, suggestive of adaptive change. We also observed
differences in each population’s fitness suggesting possible tradeoffs: clones from NQ-lines
were better adapted to logarithmic growth, while clones from Q lines were better adapted
to starvation. Whole genome sequencing of clones from Q and NQ enriched lines revealed
mutations in genes involved in stress response and survival in limiting nutrients (ECM21,
RSP5, MSN1, SIR4, IRA2) in both Q and NQ lines, but also differences between the two lines:
NQ line clones had recurrent independent mutations affecting the SPS amino acid sensing
pathway, while Q line clones had recurrent, independent mutations in SIR3 and FAS1. Our
results suggest that both sets of enriched cell-type lines responded to common, as well as
distinct selective pressures.

Keywords: quiescence, experimental evolution, fluctuating environment

85



Book of Abstracts 28" International Conference on Yeast Genetics and Molecular Biology

[W8-4] Phosphorylation of Cth2 protein and its Grrl-dependent
degradation are essential to maintain Cth2 proper levels required for
optimal growth during the iron starvation

Romero Cuadrado Antonia M, Puig Todoli Sergi
CSIC (Spain)

Iron is an essential micronutrient for all eukaryotic organisms because it participates as a
redox cofactor in a wide range of metabolic pathways. Despite its abundance, iron
bioavailability for living organisms is highly restricted due to its low solubility at
physiological pH. In response to iron limitation eukaryotic cells optimize iron utilization by
repressing non-essential iron-consuming pathways and activating indispensable iron-
dependent processes. In yeast Saccharomyces cerevisiae Cth2 protein, characterized by the
presence of two Cx8Cx5Cx3Hx18Cx8Cx5Cx3H tandem zinc fingers (TZFs), binds to AU-rich
elements (AREs) of many mRNAs encoding for iron-containing proteins, promoting their
degradation and leading to a decrease in respiration and an increase in dNTP synthesis.
Previous studies have demonstrated that yeast cells need to fine-tune the expression levels
of Cth2 protein because its excess can be detrimental for growth. We show that Cth2 is a
highly unstable protein phosphorylated at serine residues 65, 68 and 70 under iron-
deficient conditions. Mutagenesis of these serine residues does not eliminate Cth2 targeted
mRNA degradation function, but it increases Cth2 protein stability. The F-box E3-ligase
protein Grr1 is crucial to tightly regulate Cth2 protein levels because Grrl recognizes
phosphorylated Cth2 protein and facilitates it degradation by the proteasome. Both
mutagenesis of Cth2 serine residues and GRR1 deletion give rise to yeast cells with
significant growth defects under iron deficient conditions, emphasizing the physiological
relevance of regulating Cth2 protein abundance.

Keywords: Cth2, Iron deficiency, Grrl, Phosphorylation, Degradation

[W8-5] Genetic Adaptive Mechanisms Mediating Response and Tolerance
to Acetic Acid Stress in the Human Pathogen Candida glabrata: Role of
the CgHaal-dependent Signaling Pathway

Mira Nunol, Salazar Saral, Chibana Hirojiz, Silva Sonia3, Azeredo ]0ana3, Butler Geraldine*

Istitute for Bioengineering and Biosciences (Portugal); 2 University of Chiba (Japan);
3 University of Minho (Portugal); 4University College of Dublin (Portugal)

The increased resilience of Candida glabrata to azoles and the continuous emergence of
strains resistant to other antifungals demands the development of new therapeutic
approaches focused on non-conventional biological targets. Genes contributing to increase
C. glabrata competitiveness in the different infection sites are an interesting and
unexplored cohort of therapeutic targets. To thrive in the vaginal tract and avoid exclusion
C. glabrata cells have evolved dedicated responses rendering them capable of tolerating
multiple environmental challenges, including the presence of acetic and lactic acids
produced by the commensal microbiota. In this work it is shown that the CgHaal
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transcription factor (ORF CAGLOL09339g) controls an acetic acid-responsive system
essential for survival of C. glabrata in presence of acetic acid at a low pH. mRNA profiling
showed that the genes up-regulated by CgHaal under acetic acid stress are involved in
multiple physiological functions including membrane transport, metabolism of
carbohydrates and amino acids, regulation of the activity of the plasma membrane H+-
ATPase and adhesion. Consistently, under acetic acid stress CgHaal increased the activity
and the expression of the CgPmal proton pump and enhanced colonization of vaginal
epithelial cells by C. glabrata. The protective effect of CgHaal against acetic acid was also
linked to the reduction of the accumulation of the acid inside C. glabrata cells, this being
partly dependent on the up-regulation of the multidrug transporter CgTpo3. Comparison of
the CgHaal-dependent regulatory network active in C. glabrata with the corresponding
Saccharomyces cerevisiae orthologue network revealed prominent differences, consistent
with the idea that the two pathways have evolved divergently with the CgHaal pathway
suffering a “functional expansion”. The role of the CgHaal-pathway in the extreme acetic
acid-tolerance exhibited by vaginal C. glabrata isolates will also be discussed.

Keywords: stress response and signalling in C. glabrata, Transcriptional regulation, Evolution
of regulatory networks, Acetic acid stress tolerance

[W8-6] Unraveling the Regulation of the Yeast Ppz1 Phosphatase by the
Moonlighting Protein Hal3

Molero Cristina, Casado Carlos, Arifio Joaquin
Universitat Autonoma Barcelona (Spain)

The Ser/Thr protein phosphatase (PPase) Ppz1 is an enzyme related to the ubiquitous type-1
PPases (PP1c) but it is found only in fungi (including pathogenic ones). Ppz1 controls
monovalent cation metabolism and it is regulated by an inhibitory subunit, Hal3, which
binds to the C-terminal catalytic domain of the phosphatase. Overexpression of Ppz1 is
highly toxic for yeast cells, so its de-regulation has been proposed as a target for novel
antifungal therapies.

While modulation of PP1c by its many regulatory subunits has been extensively
characterized, the manner by which Hal3 controls Ppz1 remains unknown.As a first
approach, we have constructed by PCR-prone mutagenesis a library of Ppz1 variants and
we have developed a functional assay in search of mutations affecting the binding or/and
the inhibitory capacity of Hal3. We have characterized in vivo and in vitro diverse Ppz1
versions carrying single or double amino acid mutations and found that, although in most
cases they were clearly refractory to Hal3 inhibition, none of them exhibited significant loss
in binding to the inhibitor. Mapping of mutations strengthened the notion that Hal3 does
not interact with Ppz1 through its RVxF-like motif (found in most PP1c regulators). In
contrast, construction of a 3D model of the C-terminal domain of Ppz1 based on existing
related structures revealed that functionally relevant mutations mapped in a conserved
acidic and hydrophobic substrate binding channel used by mammalian Inhibitor 2- to
regulate PP1c. However, Hal3 does not bind nor inhibit yeast PP1c (Glc7). Therefore, these
results indicates that modulation of PP1c and Ppz1 by their regulatory subunits likely
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differs, although could share some structural features. The differential characteristics
would allow insulation of Glc7 and Ppz1 functions in the yeast cell.

Keywords: protein phosphatases, regulatory subunits, monovalent cation homeostasis,
mutagenesis analysis, functional screen

[W8-7] The Hsp70 SSB is a new actor in endocytic patch dynamics
Albanése Véroniquel, Parnot Charles?, Frydman ]udithg, Léon Sébastien’

ICNRS, Institut Jacques Monod (France); ZFindings Software (France); 3Stanford University
(USA)

While molecular chaperones are primarily known for their role in protein folding, they
have also been shown in recent years to participate in a large variety of cellular functions.
Here, we establish for the first time that the Hsp70 SSB plays a novel role in the endocytic
process. Endocytosis depends on an extensive network of interacting proteins that has been
characterized in detail, but the mechanisms that regulate the spatio-temporal dynamics of
the endocytic pathway is not fully understood. We demonstrate here that in the absence of
SSB, cells exhibit a severe defect in endocytosis, the endocytic coat proteins assemble in
aberrant structures, and the dynamics of the endocytic particles is slower. Our results show
that SSB is necessary for the structure and function of several components of the endocytic
pathway, in a step necessary for their progression to the late internalization stages. These
results define a novel role for Hsp70s, distinct from the classical role in clathrin uncoating.
Our study also clearly demonstrates that chaperones have key roles to play in cellular
processes beyond basic protein folding, coordinating the assembly and disassembly of large
protein complexes such as the endocytic particles.

Keywords: molecular chaperones, Hsp70, endocytosis, yeast

[W8-8] Characterizing Vacuolar Protein Sorting Pathways in the Yeast
Pichia pastoris (Komagataella spp)

Gasser Brigittel, Marsalek Lukas?, Gruber Clemens?, Altmann Friedrich3 Mattanovich
Diethard4, Puxbaum Verena®

1BOKU University of Natural Resources and Life Sciences Vienna (Austria); 2Austrian Centre
of Industrial Biotechnology, Vienna (Austria); >Department of Chemistry, BOKU - University of
Natural Resources and Life Sciences Vienna (Austria); 4University of Natural Resources and
Life Sciences Vienna (Austria); S ACIB Austrian Centre of Industrial Microbiology (Austria)

Besides being frequently used as host for production of recombinant secretory proteins, the
yeast Pichia pastoris (syn. Komagataella spp) is also used as a model system to study the
secretory path-way. This is due to the observation that in contrast to the commonly used
yeast model Saccharomyces cerevi-siae, where the Golgi is distributed throughout the
entire cell, P. pastoris forms ordered Golgi stacks similar to the mammalian Golgi, which are
located next to discrete transitional ER sites.
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The further steps of vesicular transport in P. pastoris, in particular the protein sorting
pathways towards the vacuole, were not well characterized so far. Thus, we set out to
identify genes involved in these vesicular transport steps and to generate mutants in the
vacuolar protein sorting pathways. In these strains, we investigated the changes in
secretion of native vacuolar and recombinant secretory fluorescent reporter proteins as
well as their intracellular localization. Vacuolar morphology was assessed by fluorescence
microscopy. Also in P. pastoris, vacuolar targeting occurs through the well-described CPY
and ALP pathways which are named after one of their transported cargo proteins
(carboxypeptidase Y and alkaline phosphatase, respectively). Disruption of either of the two
Golgi-to-vacuole pathways can be complemented by the other pathway. Interestingly,
several genes that are non-essential in S. cerevisiae proved to be essential in P. pastoris,
indicating differences between the two yeasts. Furthermore, synthetic lethality was
observed for ALP and CPY components, as well as for genes involved in endosome-to-
vacuole fusion and late steps of secretory transport. Furthermore, the impact of the vps
mutant strains on secretion of heterologous proteins was investigated. Approaches how to
efficiently adapt the host cell’s secretion capacity will be presented, which confirm that
impairment of vacuolar protein sorting is an effective means of enhancing secretion of
heterologous proteins.

Taken together, these studies allowed us to gain comprehensive insights into the function
and regulation of vacuolar and endosomal protein sorting pathways in P. pastoris. Apart
from contributing to our understanding of intracellular transport, these strains proved be
valuable tools for production of recombinant secretory proteins.

Keywords: Pichia pastoris, protein secretion, vacuolar protein sorting, vacuolar transport
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[W9] Systems biology and bioinformatics

[W9-1] Quantitative metabolomics of a xylose utilising Saccharomyces
cerevisiae strain expressing the Bacteroides thetaiotaomicron xylose
isomerase on glucose and xylose

Mert Marlin ]ohnl, Rose Shaunita Hellouise?, La Grange Daniél Coenrad!, Bamba
Takahiro3, Hasunuma Tomohisa3, Kondo Akihiko3, van Zyl Willem Heber?

INorth West University, Potchefstroom Campus (South Africa); ZStellenbosch University
(South Africa); 3Kobe University (Japan)

The yeast Saccharomyces cerevisiae cannot utilize xylose, but the introduction of a few
xylose isomerases function well in yeast, overcoming the limitations of the fungal oxido-
reductive pathway. In this study, a diploid S. cerevisiae $S288c[2n YMX1] strain was
constructed expressing the Bacteroides thetaiotaomicron xylA (XI) and the Scheffersomyces
stipitis xyl3 (XK) and the changes in the metabolite pools monitored over time. Cultivation
on xylose generally resulted in gradual changes in metabolite pool size over time, whereas
more dramatic fluctuations were observed with cultivation on glucose due to the diauxic
growth pattern. The low G6P and F1,6P levels observed with cultivation on xylose, resulted
in the incomplete activation of the Crabtree effect whereas the high PEP levels is indicative
of carbon starvation. The high UDP-D-glucose levels with cultivation on xylose indicated
that the carbon was channeled towards biomass production. The adenylate and guanylate
energy charges were tightly regulated by the cultures, whilst the catabolic- and anabolic-
reduction charges fluctuated between metabolic states. This study helped elucidating the
metabolite distribution that takes place under Crabtree-positive and Crabtree-negative
conditions when cultivating S. cerevisiae on glucose and xylose, respectively.

Keywords: Metabolomics, Xylose isomerase, Bioethanol, S. cerevisiae

[W9-2] Identifying Gene Targets for Improving L-Phenylacetylcarbinol
Production in Saccharomyces Cerevisiae by In-Silico Aided Metabolic
Engineering and In-Vivo Validation

Iranmanesh Elham, Asadollahi Mohammad Ali
University of Isfahan (Iran)

The use of microbes in industrial processes requires modification of natural metabolism in
order to enhance efficiency and economic yield. As the cellular metabolism is a complex
system, finding the best target genes whose manipulations can improve the biosynthesis of
a desired product is not straightforward. Hence in metabolic engineering, whole metabolic
network should be analyzed for identifying genes that affect the product formation. L-
Phenylacetylcarbinol (L-PAC) is a precursor of several decongestant and antiasthmatic
medicines such as ephedrine and pseudoephedrine. In yeast cells, pyruvate decarboxylase
(PDC) is able to catalyze the condensation of exogenously added benzaldehyde and
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endogenously produced pyruvate into L-PAC. Alcohol dehydrogenase (ADH) or other
oxidoreductases are responsible for the accumulation of benzyl alcohol and 1-phenyl-1,2-
propanediol (PAC-diol) as unwanted by-products. In this work, a genome-scale metabolic
model and flux balance analysis were used for identifying new target genes to
improvement this biotransformation. The effect of gene deletions on the flux distributions
in the metabolic model of S. cerevisiae was assessed using OptGene and minimization of
metabolic adjustments (MOMA). Six single gene deletion strains, Arpel, Apdal, Aadh3,
Aadh1, Azwfl and Apdc1, were predicted in-silico and further tested in-vivo by using knock-
out strains cultivated semi-anaerobically on glucose and benzaldehyde as substrates. For all
strains, except Aadh1, higher amounts of L-PAC were produced as compared to the
corresponding wild-type cells. Azwf1 stands for the highest L-PAC formation (2.48 g/1) by 2
g/l of benzaldehyde which is 88 % of the theoretical yield. Findings of the present study can
provide guidance for future works on the strain improvement to increase PAC production
and demonstrate the successful utilization of computationally guided genetic manipulation
to increase metabolic capacity.

Keywords: Flux balance analysis, Genome-scale modeling, Metabolic engineering, L-
Phenylacetylcarbinol, Saccharomyces cerevisiae

[W9-3] Allelic Variants of the GTR1 Gene, Involved in the TORC1 Signaling
Pathway, Affect Nitrogen Transporters Gene Expression and Nitrogen
Consumption in Saccharomyces cerevisiae During Alcoholic
Fermentation

Molinet Jennifer, Cubillos Francisco, Martinez Claudio
Universidad de Santiago de Chile (Chile)

The role of TORC1 signaling pathway is to detect nutritional signals, mainly nitrogen, and to
coordinate cell growth. Among its targets are genes related to nitrogen transport and
metabolism. Therefore, the adaptation of Saccharomyces cerevisiae to changes in the
availability of nitrogen imply variations in the activity of this signaling pathway, which are
important in the regulation of the expression of its targets genes. Consequently, the study of
the TORC1 signaling pathway becomes relevant in certain areas such as wine fermentation,
where one of its main problems is the deficiency of nitrogen sources, such as ammonium
and amino acids, which leads to sugglish or stuck fermentation. Previous studies have
highlighted the GTR1 gene as a candidate to explain differences in nitrogen consumption.
The GTR1 gene encodes a GTPase participanting in the EGO complex responsable for
stimulating TORC1 in response to the absence of amino acids. Therefore, different alleles of
this gene could differentially affect the expression of target genes of TORC1, such as
nitrogen transporters and consequently, impact on the nitrogen consumption. In this
context, the objective of this work was evaluate the effect of allelic variants of GTR1 on the
differential expression of nitrogen transporters and the nitrogen consumption in S.
cerevisiae strains during alcoholic fermentation. The GTR1 gene was selected from QTL
mapping performed to a tetraparental population, called SGRP-4X, whose parents belong to
four distinct clusters: Wine/European, West African, North America and Sake. These allelic
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variants were validated by reciprocal hemizygosity assay, which were fermented in
synthetic must and determined the nitrogen content by HPLC. Expression of MEP1, MEP2,
MEP3, GAP1, AGP1, DIP5, GNP1 and TAT2 by qPCR at three points of the alcoholic
fermentation was evaluated. Differences were observed in the consumption of ammonium,
arginine, glutamic, serine, threonine, alanine and glutamine when comparing the Wine and
West African alleles. In general, the strain with West African allele showed lower
expression of the genes evaluate during the first hours of the fermentation process, which
could explain the differences in the consumption of the nitrogen sources. In conclusion, the
West African allele of GTR1 affects the expression of the nitrogen transporters, possibly by a
constant activation of TORC1.

Keywords: TORC1 pathway, Allelic diversity, Saccharomyces cerevisiae, Alcoholic
fermentation, Nitrogen consumption

[W9-4] More Than One Way In - Three GIn3 Sequences Required To
Relieve Negative Ure2 Regulation and Support Nuclear GIn3 Import

Tate Jennifer J., Rai Rajendra, Cooper Terrance G
University of Tennessee Health Science Center (USA)

GIn3 is responsible for Nitrogen Catabolite Repression-sensitive transcriptional activation
in yeast. In nitrogen-replete medium, GIn3 is cytoplasmic and NCR-sensitive transcription
repressed. In nitrogen-limiting medium, in cells treated with TorC1 inhibitor, rapamycin or
glutamine synthetase inhibitor, methionine sulfoximine (Msx), GIn3 becomes highly
nuclear and NCR-sensitive transcription derepressed. Previously, nuclear GIn3 localization
was concluded to be mediated by a single nuclear localization sequence, NLS1. Here we
show that nuclear GIn3-Myc localization is significantly more complex than previously
appreciated. We identify three GIn3 sequences, other than NLS1 that are highly required for
nuclear GIn3-Myc localization. Two of the sequences exhibit characteristics of mono- and
bi-partite NLS sequences. Mutations altering these sequences are partially epistatic to a
ure2 deletion. The third sequence, the Ure2 relief sequence, contains no NLS homology.
Phosphomimetic aspartate substitutions for serine residues in the Ure2 relief sequence
pleiotropically abolish nuclear GIn3-Myc localization in response to both limiting nitrogen
and rapamycin treatment. In contrast, these GIn3 responses are normal in parallel serine to
alanine substitution mutants. A ure2 deletion is epistatic to the aspartate to serine
substitutions in the Ure2 relief sequence. These observations demonstrate that GIn3
responses to specific nitrogen environments potentially occur in multiple steps that can be
genetically separated. At least one general step, that which is associated with the Ure2 relief
sequence, may be prerequisite for responses to the specific stimuli of growth in poor
nitrogen sources and rapamycin inhibition of TorC1. Supported by NIH grant GM-35642-27.

Keywords: nitrogen catabolite repression, TorC1, GIn3, Ure2, rapamycin, methionine
sulfoximine, nuclear import, protein phosphorylation
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[W9-5] Systems Level Study of S. cerevisiae Mutant Cells Demonstrating
Different RNA Polymerase III Activity

Adamczyk Malgorzatal, Szatkowska Rozal, Garcia-Albornoz Manuelz, Roszkowska
Katarzynal, Holman Stephen3, Hubbard Simon?, Beynon Robert?

Imstitute of Biotechnology, Faculty of Chemistry, Warsaw University of Technology (Poland);
2Division of Evolution & Genomic Sciences, University of Manchester (Poland); 3centre for
Proteome Research, Institute of Integrative Biology, University of Liverpool (United Kingdom);
4Division of Evolution & Genomic Sciences, University of Manchester (United Kingdom)

S. cerevisiae, efficiently fermenting sugar and producing ethanol, serves as a model for
studying cancer. Both yeast and tumor cells rely on increased glucose uptake and high
glycolytic activity. In addition, rapidly proliferating cancer cells not only accelerate
glycolysis but also show abnormally elevated abundance of RNA polymerases I (RNAP I)
and III (RNAP III) transcripts.

Regulation of RNAP III, which is responsible for tRNA synthesis in yeast S. cerevisiae in
response to carbon source is mediated by general RNAP III- repressor, Maf1. Maf1 driven
repression occurs on non-fermentable carbon source. The maf1 A strain has perturbations
in gluconeogenesis [1]. The phenotypic effect of Maf1 deletion is suppressed by G1007A
point mutation in the second largest RNAP III subunit C128 [1]

The two mutated strains have different preferences towards carbon sources.

The maf1 A, in which transcription of the gluconeogenic genes FBP1 and PCK1 is down
regulated on glycerol, has reduced HXT6/7 transcript levels [3]. rpc128-1007 mutant, which
grows poorly in the presence of a high concentration of glucose but has unperturbed
glucose sensing via the major glucose signalling pathway Snf3/Rgt2, shows increased
transcripts of HXT6/7 and HXT2 transporters, (which are considered to respond only to low
glucose concentrations), regardless of the growth conditions either in the presence of
fermentable or non-fermentable carbon source [2]

To survey proteome changes in relation to glucose utilization, we performed a comparative
label-free quantitative study in response to high glucose concentration in mafl A and
rpc128-1007 strain. The changes in proteome demonstrate that the economy of protein
production and glucose metabolism is central to cell physiology. Although glycolysis is
accelerated in maf1 A it does not lead to an enhancement of ethanol production,
channelling carbon to other metabolic end products.

The presented study provides an elegant example of using systems level approach in
combination with targeted metabolic and molecular biology analysis, such as RT-PCR
quantification of mRNA steady-state levels, for successful deciphering of metabolism in
Saccharomyces that can further serve as a template for design of strains for increased
production of industry-relevant commodities in yeast cells designed “a la carte”. This study
was supported by National Science Centre, Poland grant no. 2012/05/E/NZ2/00583

[1] Ciesla MCB 2007, 27(21)7693

[2] Adamczyk PlosOne 2017
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Keywords: RNAP III activity, tRNA, glucose signaling, RNAP II gene regulation, metabolism,
proteomics

[W9-6] Comparative Analysis of Protein Abundance Studies to Quantify
the Saccharomyces cerevisiae Proteome

Ho Brandonl, Baryshnikova Anastasiaz, Brown Grant?
1University of Toronto (Canada); ZPrinceton University (USA)

Global gene expression and proteomic tools have allowed large-scale analyses of the
transcriptome and proteome in eukaryotic cells. These tools have enabled studies of protein
abundance changes that occur in cells under stress conditions, providing insight into the
regulatory programs required for cellular adaptation. While the proteome of yeast has been
subjected to the most comprehensive analysis of any eukaryote, each of the existing
datasets are separate and reported in different units. A comparison of all available datasets
is key towards a complete understanding of the yeast proteome. We evaluated 19
quantitative proteomic analyses performed under normal and stress conditions and
normalized and converted all measurements of protein abundance into absolute molecules
per cell. Our analysis yields an accurate estimate of the cellular abundance of 92% of the
proteins in the yeast proteome. We evaluate the variance and sensitivity associated with
different measurement methods and explore the correlation of protein abundance with
RNA sequencing and ribosomal profiling data. We find that C-terminal tagging of proteins
has little effect on protein abundance. Finally, our normalization of diverse datasets
facilitates comparisons of protein abundance remodeling of the proteome during cellular
stresses.

Keywords: Protein Abundance, Proteome, High-Throughput, Green Fluorescent Protein, Mass
Spectrometry, Tandem Affinity Tag

[W9-7] Integration of Structure- and Network-based Approaches for
Network Pharmacology Prediction

Hsin Kun-Yi', Matsuoka Yukiko?, Kamiyoshi Kyotal, Kitano Hiroaki®

1okinawa Institute of Science and Technology Graduate University (OIST) (Japan); ’The
Systems Biology Institute (SBI) (Japan)

Drugs or drug candidates may interact with numerous molecules in the human body.
Unexpected binding between compounds and proteins (i.e. off-target interactions) may
result in unfavourable effects, leading therapeutic risks, negatively impacting drug
development. The application of network pharmacology to predict molecular binding
potential, drug reactions and toxicity caused by multiple targeting interactions is therefore
expected as a promising method for evaluating polypharmacological effects. Here, we
present systemsDock, a web server which integrates the results from molecular simulation
and network-based analysis to assess binding potentials of a given small molecule (test
compound) against proteins involved in a complex molecular signalling pathway. We
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developed a predictive re-scoring function to assess molecular binding poses generated by
docking tools and to rank them accordingly. In a validation of classifying test compound
activity by using Receiver Operating Characteristic (ROC), we obtained the values of 75%
sensitivity (i.e. compounds correctly identified as active) and 76% specificity (compounds
correctly identified as inactive), showing a good performance on prediction of molecular
binding potential.

We used the developed systemsDock system to screen numerous test compounds over
Influenza A Virus Life Cycle pathway map (FluMap) for discovering anti-influenza agents.
Together with the application of our re-scoring function, the proposed screening approach
is able to comprehensively characterize the underlying mechanism of a drug candidate
with good accuracy, improving the prediction of drug efficacy and safety. systemsDock is
freely accessible at http://systemsdock.unit.oist.jp/.

Keywords: Computer-aided drug design., Network pharmacology., Molecular simulation.

[W9-8] Memory of stress response in S. cerevisiae

Ben Meriem Zaccharil, Hersen Pascalz, Fabre Emmanuelle3
1CNRS 7057/INSERM U 944 (France); 2CNRS 7057 (France); 3INSERM U 944 (France)

When a cell undergoes an external stress, it responds by activating specific genes with a
certain dynamics. In the budding yeast for instance, better tolerance or faster
transcriptional response have been described for successive oxidative or nutritive stresses,
respectively. Various hypotheses have been proposed to explain the mechanisms behind
those different effects such as the influence of the chromatin or the involvement of specific
cytoplasmic factors. But it still remains unclear how such memories are established.

To address those questions, we have investigated the response to hyperosmotic stresses in
S. cerevisiae. We have used a microfluidic system to subjugate the cells to short repeated
stresses while making single-cell measurement of the STL1 gene, tagged with fluorescence.
This gene is located in the subtelomere of the chromosome IV, a domain of low
transcriptional activity in non-stress conditions. We defined “mothers” the cells that receive
the first stress and “daughters” the cells born from such stressed mothers. Our results show
that the mothers adapt to repeated stresses and we have named this phenomenon “memory
effect”. This memory effect is transmitted to the daughters, even though they have never
experienced a stress before.

We have moved the gene of interest to a domain of higher transcriptional activity, which
has interestingly led to a decrease in the gene’s activity upon stress and the loss of the
memory effect. This suggests an involvement of the chromatin environment on the
response to repeated stresses. Moreover, we have found a dynamical variability among
cells which may or may not respond to several consecutive stresses. As shown by stress
response modelling, this phenomenon could be explained by a variable delay among the
yeast between the sensing of the stress and the start of the genetic response.
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We found that even in response to short hyperosmotic stresses, the same population of
yeast develop a memory of the stress, which is transmitted to the first generation of
progeny. Our study show that this memory is gene-position dependent. This suggests an
evolutionary organization of the stress response genes in the nucleus that might be
involved in the emergence of phenomenon such as the memory effect. This work could
serve as a basis to explain similar phenomena in other organisms.

Keywords: memory, evolution, single-cell, microfluidics, variability, microscopy, nuclear
organization
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Poster Sessions

[PS1] Autophagy and dynamics of organelles

[PS1-1] Casting light on the genome of the cell’s powerhouse: The
distribution and inheritance of mitochondrial DNA

Osman Christof’, Okreglak Voytekz, Noriega Thomas?, Walter Peter?

1Ludwig—Maximilians Universitdt Miinchen (USA); ? University of California, San Francisco
(USA)

Essential subunits of the mitochondrial respiratory chain, which generates the majority of
energy in eukaryotic cells, are encoded in the mitochondrial genome (mtDNA) that is
present in hundreds of copies in every cell. Mutations within mtDNA have been identified
as the cause for a multitude of human diseases and have been tightly linked to the ageing
process and altered stem cell homeostasis. Accordingly, to ensure organismal health, good
copies of mtDNA have to be faithfully inherited during cell division, their integrity needs to
be maintained over generations and they need to be distributed throughout the
mitochondrial network to provide all mitochondrial segments with mtDNA encoded
proteins. Astonishingly, it remains poorly understood how cells accomplish these
fundamental tasks.

By exploiting the unique advantage that mtDNA can be manipulated in S. cerevisiae, we
developed a novel system that for the first time allowed minimally invasive tracking of
mtDNA in living cells. Using this system, we have gained unique insights into the cellular
principles that govern distribution and inheritance of mtDNA and the maintenance of its
integrity. We found that nucleoids are non-randomly spaced within the mitochondrial
network and observed the spatio-temporal events involved in mtDNA inheritance.
Surprisingly and against the prevailing view, cells deficient in mitochondrial fusion and
fission distributed and inherited mtDNA normally, pointing to alternative pathways
involved in these processes. We identified such a mechanism, where we observed fission-
independent, but F-actin—-dependent, mitochondrial tip generation that was linked to the
positioning of mtDNA to the newly generated tip. Although mitochondrial fusion and fission
were dispensable for mtDNA distribution and inheritance, we showed through a
combination of genetics and next-generation sequencing that their absence leads to an
accumulation of mitochondrial genomes harboring deleterious structural variations. These
data support a role for mitochondrial fusion and fission in maintaining the integrity of the
mitochondrial genome by facilitating cleansing of mutant mtDNA copies.

Keywords: Mitochondria, mitochondrial DNA, mtDNA, S. cerevisiae, Mitochondrial dynamics,
Live cell microscopy
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—{PS1-2] Systematic Identification and Functional Characterization of
Contact Site Resident Proteins in Saccharomyces cerevisiae

Castro Inés G., Weill Uri, Harpaz Nofar, Schuldiner Maya
Weizmann Institute of Science (Israel)

Contact sites are areas of close apposition between organelle membranes that enable the
transfer of lipids, metabolites and small molecules in an efficient manner. In recent years,
several new membrane contact sites have been described and the tethering proteins that
hold the two membranes together have been identified. Despite these advances we are still
far from having a deep understanding of the function and regulation of most contact sites.
To mechanistically characterize a contact site it is essential to know its entire repertoire of
resident proteins yet very few proteins that are enriched in any contact site have, to date,
been described. To systematically characterize the proteome of contact sites we have
decided to utilize a panel of split fluorescence sensors for a diversity of contact sites in
Saccharomyces cerevisiae. With this sensor one part of a fluorophore is fused to the outer
membrane of one organelle while the second is fused to another organelle’s membranes. If
a contact site is present between both membranes, a fluorescent signal is emitted. We have
taken sensors for 15 contacts between several organelles such as mitochondria,
peroxisomes, lipid droplets, vacuoles, the plasma membrane and the endoplasmic
reticulum, and crossed these split-tagged strains with a novel library of mCherry tagged
yeast proteins. By analyzing co-localization events we have discovered a large number of
new, previously unappreciated, contact site residents. Following up on these proteins,
especially those that are conserved to humans, should give us a fresh look at the diversity of
functions performed at contact sites and how this affects eukaryotic physiology.

Keywords: Contact sites, high content screens, proteomics

—[PS1-3] The Protein Architecture of the Yeast Endocytic Machinery
Analyzed by FRET

Skruzny Michal, Gnoth Sandina, Pohl Emma, Malengo Gabriele, Sourjik Victor

Max Planck Institute for Terrestrial Microbiology and LOEWE Center for Synthetic
Microbiology (SYNMIKRO) (Germany)

Clathrin-mediated endocytosis is a principal vesicle trafficking route from the plasma
membrane to endosomal compartments. It is essential for membrane homeostasis,
recycling of numerous membrane proteins and signaling. To form an endocytic vesicle
from a small piece of the plasma membrane dozens of proteins assemble at the endocytic
site in a highly coordinated manner. Although the timeline of their assembly is known,
their functional arrangement at the endocytic site is still poorly understood. Such
information however is critical to mechanistically understand the process of endocytic
vesicle formation and its regulation.

Analysis of the protein architecture of the endocytic site is a complicated task given that
multiple copies of up to 50 proteins localize in this diffraction-limited spot for a limited
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time. Importantly, protein densities at the endocytic site are very well suited for mapping its
organization by Forster/fluorescence resonance energy transfer (FRET). Here we show that
FRET, a powerful tool to detect proximities between fluorescently labeled proteins
separated by less then 10 nm, can be successfully used to analyze the dynamic architecture
of the endocytic site.

To map the functional organization of the endocytic machinery we performed a systematic
FRET-based proximity screen of 17 conserved endocytic proteins. We obtained multiple
highly specific protein proximity pairs, many of them not yet recognized by other (e.g.
protein interaction) methods. Further mapping using the clathrin subunits and truncated
protein variants as spatial rulers allowed us to draw a detailed map of the yeast endocytic
site. Selected protein proximity pairs have been then used to investigate the protein
rearrangements occurring during endocytic vesicle invagination by real-time FRET imaging
methods. Altogether, our studies show FRET as a highly valuable tool to study protein
architectures of molecular machines with the yeast endocytic machinery as an example.

Keywords: vesicle trafficking, membrane trafficking, endocytosis, live cell imaging, FRET

——{PS1-4] Substrate Transport-Induced Exit from Eisosomes, Ubiquitylation
and Endocytosis of Yeast Canl Arginine Permease

Gournas Christos!, Krammer Eva-Marial, Gionis Stelios!, Twyffels Laure?, Prévost Martine’,
André Bruno'

TUniversité Libre de Bruxelles (ULB) (Belgium); 2CMMI, Université Libre de Bruxelles (ULB)
(Belgium)

The yeast plasma membrane contains a wide variety of transporters subject to tight
regulation. A common mechanism for inhibiting the function of these proteins is selective
sorting into endocytic vesicles, followed by delivery to the vacuole for degradation. This
downregulation of yeast transporters is triggered by their ubiquitylation via the HECT-type
ubiquitin ligase Rsp5, which interacts with its target proteins via adaptors of the alpha-
arrestin family (1-3). Recent studies have shown that stimulation of transporter
ubiquitylation can result from direct control of alpha-arrestins according to the metabolic
status of the cell or stress conditions. Another condition promoting ubiquitylation and
endocytosis of several yeast transporters is transport of their own substrates, avoiding
excess uptake. We have now molecularly dissected the mechanisms inducing
downregulation of the Can1 transporter during transport of its substrate, arginine. We
found that Can1 ubiquitylation requires transition of the protein to an inward-facing
conformation. This change of conformation first promotes Canl segregation out of
eisosome microdomains, where the transporter accumulates and is protected against
ubiquitylation. It also triggers exposure to the cytosol of a short N-tail sequence necessary
for Can1 recognition by the Artl alpha-arrestin. In addition to this conformational signal,
efficient Can1 downregulation requires stimulation of Art1 via the TORC1 kinase complex,
itself stimulated upon arginine uptake. Our results define molecular rules likely involved in
ubiquitin-dependent endocytosis and degradation of many other transporters of yeast and
likely more complex species.
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[PS1-5] Acyl-Coa synthetases activate Fatty Acids on forming
Autophagosomes to drive Autophagy

Schutter Maximilian, Graef Martin
Max Planck Institute for Biology of Ageing (Germany)

Macroautophagy is a key intracellular stress response, in which autophagosomes form de
novo as double-membrane vesicles and transport enclosed cytoplasmic cargo to vacuoles
for degradation. Core autophagy machinery drives poorly defined membrane
rearrangements underlying autophagosome bhiogenesis. Here we identify dedicated long-
chain acyl-CoA synthetases (ACS), conserved proteins that activate fatty acids (FA) by
coenzyme A-linkage, as part of the autophagy machinery in Saccharomyces cerevisiae.
Determined by N-terminally encoded targeting information, ACS localized to nucleated
autophagic membranes and progressively accumulated on forming autophagosomes. Cells
deficient for local FA activation were severely compromised in autophagy caused by a
reduced rate and extended duration of autophagosome formation, and nonproductive
autophagosome-vacuole fusion. Our work demonstrates that mechanisms of FA channelling
directly drive key stages of autophagy, and provides insights into the fundamental
processes of autophagosome biogenesis.

Keywords: Autophagy, Lipid Metabolism, Proteostasis, Organelle dynamics, Ageing, Quality
Control, Fatty acid

—{PS1-6] Global analysis of Atg8 interactome in Saccharomyces cerevisiae
using bimolecular fluorescence complementation assay

Kim Bongkeun, Huh Won-Ki
Department of Biological Sciences, Seoul National University (South Korea)

Autophagy is an evolutionarily conserved catabolic process for the bulk degradation of
cytoplasmic components. Starvation-induced autophagy begins with the formation of
double-membrane vesicles, known as autophagosomes, which sequester proteins and
organelles and are delivered to the vacuole for degradation. Recently, autophagy has been
proved to play crucial roles in numerous human diseases, such as cancer,
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neurodegeneration, muscular disorder and so on. Thus, it is important to understand the
precise regulatory mechanism of autophagy. Atg8 proteins play multiple roles in the
autophagy process. They are responsible for specific recruitment of cargo proteins
delivered to the vacuole for degradation and promote autophagosome maturation through
interaction with different autophagy regulators or receptors for selective autophagy.
Although recent studies have shown that Atg8 is a multifunctional autophagy regulator,
genome-wide interactome analysis of Atg8 has not been performed previously. Here, we
report the Atg8 interactome in Saccharomyces cerevisiae identified by a genome-wide
bimolecular fluorescence complementation assay, a powerful technique for analyzing
protein-protein interactions in living cells. Our results provide fundamental insight into the
regulation of autophagy and how various cargoes can be targeted for selective autophagy.

Keywords: Saccharomyces cerevisiae, autophagy, ATG8, Genome-wide, BiFC (bimolecular
fluorescence complementation) assay

[PS1-7] Mitochondrial aggregates as a tool to study the quality control
during mitochondrial inheritance in budding yeast

Culkova Martina, Braun Ralf J., Westermann Benedikt
Universitdt Bayreuth (Germany)

Budding yeast cells reproduce by asymmetric cell division. Since mitochondria cannot be
synthesized de novo, they have to be inherited from the mother cell. We hypothesize that
this inheritance is regulated by a quality control mechanism to prevent daughter cells from
inheriting damaged mitochondria. In order to analyze what genes are involved in this
mechanism we expressed an aggregation-prone protein in mitochondria and analyzed its
effect on cellular growth.

We decided to work with TDP-43. In our construct, the TDP-43 gene is fused with a
mitochondrial targeting sequence and tagged with GFP. The expression of this protein is
regulated by the presence of galactose. We have observed that mitochondrially-targeted
TDP-43 forms aggregates inside mitochondria.

A drop-dilution test showed that cells with mtTDP-43-GFP grow poorly under expression
conditions compared to an empty vector control. Therefore we decided to perform a high-
throughput screen based on growth analysis, specifically synthetic genetic array (SGA). This
method enables to analyze the effect of any mutation (i.e. expression of mtTDP-43-GFP) on
growth of more than 4500 deletion strains.

For SGA, the query strain containing the studied mutation is crossed with the deletion
strain library and after some selection steps, double mutants are obtained. The cells are
then transferred on expression medium containing galactose. Expression plates are
analyzed and the mean colony size of every strain on the case plate is compared to the
control plate.

To confirm the results, the whole experiment was performed twice and only overlapping
genes were further studied. In the end, we got a set of 21 confirmed genes. Among them,
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there are both genes that rescue the growth defect caused by mtTDP-43-GFP expression and
genes that aggravate it. We will now focus on further analysis of these genes and their
possible roles in mitochondrial quality control.

Keywords: mitochondria, budding yeast, inheritance, quality control, aggregates

[PS1-8] Lipid droplets are central organelles for meiosis II progression
during yeast sporulation

Wang Chao-Wen', Chen Rey—Hueiz, Hsu Tzu-Han?, Cheng Yun-Hsin?

Imstitute of Plant and Microbial Biology, Academia Sinica (Taiwan); Institute of Molecular
Biology, Academia Sinica (Taiwan)

Neutral lipids, predominantly triacylglycerol (TAG) and sterol ester (SE), are stored within
the cellular organelle termed lipid droplets (LDs). Although it is believed that the major
function of LDs is to supply the cell with energy and membranes, little is known about the
cellular events directly involving LDs and their contents. In this study, we provide
cytological evidence to reveal that LDs formed direct contacts with the prospore membrane
(PSM) that is synthesized de novo during meiosis II to sequester the dividing nuclei in
sporulating yeast. Lipidomic analyses revealed that TAG lipolysis drove release of free fatty
acids (FAs) at a time correlating well with meiosis II progression and phospholipid
remodeling. Through analyzing several aspects of LD physiology, we conclude that proper
LD assembly and LD lipolysis driven by TAG lipases are needed for proper cell wall
assembly. Yeast cells devoid of LDs were severely defective in PSM growth and organization
and disrupted cell wall assembly, thereby producing dead spores or even failing to form
spores. These results provide novel insights into the physiology of LDs, linking the organelle
directly to a unique membrane morphogenesis process critical for development.

Keywords: lipid droplet, meiosis II, sporulation, prospore membrane, lipolysis

[PS1-9] Lipid Droplets: A New Way to “Rejuvenate” the Outer
Mitochondrial Membrane

Rinnerthaler Markl, Bischof ]ohannesi, Hasek ]iriz, Richter Klaus!

1Department of Cell Biology and Physiology, Division of Genetics, University of Salzburg
(Austria); 22Labor0¢tory of Cell Reproduction, Institute of Microbiology of AS CR, v.v.i., Prague
(Czech Republic)

One of the most widely accepted theories of aging posits that cellular damage by ROS
(reactive oxygen species) is a prominent cause of aging. Superoxide originates from a
leakage of the mitochondrial electron transport chain. An increased ROS production
induces also a change in mitochondrial morphology leading from a tubular network to its
fragmentation resulting in blob or donut like mitochondria. If the mitochondrial damage
further increases a reversible but deathly pathway is initiated: apoptosis. The apoptotic
process at mitochondria includes such milestones as (1) translocation from proteins to
mitochondria, (2) mitochondrial fission and cristae disorganization, (3) outer membrane

102



Book of Abstracts 28" International Conference on Yeast Genetics and Molecular Biology

permeabilization, (4) calcium influx, (5) release of cytochrome c and loss of the
mitochondrial membrane potential. Below a certain threshold damaged mitochondria are
removed via mitophagy. In the following we want to demonstrate that damaged
mitochondria are not necessarily directed for degradation via mitophagy. They can be
selectively cleansed from pro- and anti-apoptotic proteins by lipid droplets thereby
rejuvenating them. We also characterized a special domain in these proteins that is
responsible for both, mitochondrial localization as well as for shuttling them from
mitochondria to lipid droplets.

Keywords: aging, mitochondria, apoptosis, lipid droplets

—[PS1-10] ESCRT and Clathrin-dependent Microautophagy for Lipid
Droplet Degradation

Sakai Yasuyoshil, Maeda Yuichiro?, Fujimoto Toyoshiz, Oku Masahide!

1Graduate School of Agriculture, Kyoto University (Japan); 2Graduate School of Medicine,
Nagoya University (Japan)

Lipid droplets (LD) are the main organelles for storage of neutral lipids in eukaryotic cells.
The core of LDs is filled with two types of neutral lipids: triacylglycerol (TAG) and sterol
ester (SE). Recent studies demonstrated that autophagy and LDs are intricately linked. First,
LDs are targeted to the vacuole/lysosomes via the autophagic process, termed lipophagy.
Next, both biosynthesis and mobilization of the neutral lipids are required for
autophagosome biogenesis in Saccharomyces cerevisiae. And our recent study indicated the
importance of autophagy in lipid recycling and complex involvement of Atg proteins in LD
dynamics (1,2).

Microautophagy refers to a mode of autophagy in which the lysosomal or vacuolar
membrane invaginates and directly engulfs target components. The molecular machinery
of membrane dynamics driving microautophagy is still elusive. Using immunochemical
monitoring of a yeast vacuolar transmembrane protein, Vph1 and Pho8, fused to a
fluorescent protein, we obtained evidences showing an induction of microautophagy after
diauxic shift in the yeast S. cerevisiae. Components of ESCRT (Endosomal Sorting Complex
Required for Transport) machinery were found to be required for this process, and the
gateway protein of the machinery, Vps27, was observed to change its localization onto the
vacuolar membrane after diauxic shift. We revealed the functional importance of Vps27
interaction with clathrin in this microautophagy that also contributed to uptake of lipid
droplets into the vacuole (3). This study sheds light on the molecular mechanism and
physiological roles of microautophagy, which does not require conventional core Atg
proteins.

References
(1) Maeda y, et al. Autophagy 11:1247-1258 (2015).
(2) Maeday, et al. ] Biochem 161:349-363 (2017).

(3) Oku M, et al. Manuscript under revision (2017).
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Keywords: autophagy, vacuole, lipid droplet, ESCRT, clathrin

[PS1-11] System for Monitoring the Assembly of Eisosomes, Specialized
Plasma Membrane-Associated Microcompartments

Vaskovicova Katarina®l, Awadova Thurayaz, Veseld Petra?, Malinsky ]an2

Institute of Experimental Medicine, AS CR; Prague; Charles University, Prague (Czech
Republic), Institute of Experimental Medicine, AS CR; Prague (Czech Republic)

Yeast plasma membrane is compartmentalized into a great number of co-existing
functional microdomains. Membrane compartment of Canl (MCC) is one of the best
described plasma membrane microdomains in Saccharomyces cerevisiae. Besides Canl, it
accumulates other nutrient transporters (Fur4, Tat2) and also tetraspan proteins (of Sur7
and Nce102 families). MCC is organized from the cytosolic side of the plasma membrane by
protein complexes called eisosomes. Eisosomes are mostly composed of BAR domain
proteins Pil1 and Lsp1. Due to the crescent shape of Pil1 and Lsp1 and their ability to
oligomerize, the membrane of MCC is bent into elongated furrows. In S. cerevisiae, Pill
protein is indispensable for eisosome formation, in contrast to Lsp1. The expression of Pil1
is cell-cycle regulated; new eisosomes are formed only in buds and once formed, eisosomes
are reported to be very stable in time. In cells lacking Pil1 protein, the components of MCC
are more homogeneously dispersed in the plasma membrane and/or they aggregate with
Lsp1 in structures called eisosome remnants.

In this study, we examined the mechanism of eisosome formation using fluorescence
microscopy. We controlled the timing of Pil1 expression by cloning Pil1-GFP under
galactose-inducible promoter. In pil1A cells, galactose induction of Pil1-GFP expression
resulted in the de novo formation of eisosomes at the plasma membrane. Moreover, Sur7-
mRFP protein translocated from eisosome remnants into newly-formed Pil1-GFP eisosomes.
In wild-type cells, the galactose-induced Pil1-GFP was incorporated at the ends of pre-
existing Pil1-mRFP eisosomes. Apparently, number and length of eisosomes is determined
by the level of Pill protein. Bipolar binding of Pil1-GFP onto Pil1-mRFP eisosomes suggested
bidirectional character of the eisosome formation.

Keywords: plasma membrane organization, eisosomes, MCC, fluorescence microscopy

[PS1-12] Peroxisomal Import of Saccharomyces cerevisiae Proteins
Fox2p and Ctalp Is Not Absolutely Dependent on Their PTS1 Signal

Rymer Lukasz, Kempinski Blazej, Chelstowska Anna, Skoneczny Marek

Department of Genetics, Institute of Biochemistry and Biophysics, Polish Academy of Sciences,
Warsaw, Poland (Poland)

S. cerevisiae peroxisomes are organelles which do not contain DNA and ribosomes, so
peroxisomal proteins must be imported from cytosol. There are two known peroxisomal
targeting signals: PTS1 consisting of three C-terminal aminoacids, found in a majority of
peroxisomal matrix proteins, and amino-terminal PTS2. Import machinery depends on
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several membrane and cytosolic proteins called peroxins. Three peroxins act as shuttling
receptors between cytosol and peroxisomes: Pex5p which recognizes and transports PTS1
proteins, Pex7p involved in PTS2 pathway and newly discovered Pex9p playing an
accessory role in PTS1-dependent import.

There are some peroxisomal proteins which do not contain any PTS sequences, such as
acyl-CoA oxidase (AOX), or carnitine acetyltransferase (Cat2p) that have PTS1 but this signal
is not necessary for protein transport. Interestingly, these two proteins were shown to
interact with the N-terminal region of Pex5p distinct from the C-terminal region involved in
PTS1 recognition (containing tetratricopeptide motifs). (Skoneczny M, Lazarow PB., 1998.
Mol. Biol. Cell, 9S and Distel B., 2002. ] Biol Chem. 277). These results led to a conclusion that
Pex5p may be a dual function receptor and play an additional role in the recognition of a
yet to be discovered new peroxisomal targeting signal. Apart from AOx and Cat2p, there
might be other peroxisomal matrix proteins whose transport is not dependent on PTS1 and
PTS2. In our study we found another two proteins of this category, a bifunctional enzyme of
peroxisomal B-oxidation (Fox2p) and catalase A (Ctalp). Presented results bring new
information about Ctalp and Fox2p peroxisomal targeting and show their complex
interactions with Pex5p receptor.

Using GFP tagging of Ctalp and Fox2p in strains expressing different mutated versions of
receptor Pex5p, we show possible involvement of the N-terminal region of Pex5p in
transport of these two proteins. This region may comprise a recognition site for a
hypothetical PTS3 signal.

Funding: National Science Centre Grant: 2013/08/M/NZ3/01028

Keywords: peroxisomal import, PTS3 signal, Fox2p, Ctalp, fluorescence microscopy

[PS1-13] Monitoring the localization and stress-induced dynamics of Sur7
by super-resolution fluorescence microscopy

Zahumensky Jakub!, Cebecauer Marek?, Malinsky Jan'

IThe Czech Academy of Sciences, Institute of Experimental Medicine, Department of
Microscopy (Czech Republic); °The Czech Academy of Sciences, ]. Heyrovsky Institute of
Physical Chemistry, Membrane Physical Biology Lab (Czech Republic)

It has been widely accepted that the plasma membrane is not a homogeneous gel, but
rather a patchwork of co-existing lateral microdomains of specific structural properties and
biological functions. This way, various processes, such as signal transduction, nutrient
transport or protein trafficking, can be segregated in continuous but distinct membrane
regions. In the plasma membrane of S. cerevisiae, one such microdomain is the furrow-like
membrane compartment of Can1 (MCC) which is stabilized on the intracellular side by a
protein scaffold called eisosome. While the key constituents of the MCC and eisosomes are
rather well-documented, their function, dynamics and precise localization within the
MCC/eisosome structure are understood only partially. For example, it has been shown that
the eisosomal components Pil1 and Lsp1 localize on the negative curvature of the furrow.
However, the available data are still somewhat fragmented. The gap in our knowledge
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originates in part in the size of the eisosome/MCC which is comparable to the diffraction
limit of conventional confocal fluorescence microscopy, i.e. 250-300 nm in diameter. The
use of super-resolution fluorescence microscopy techniques, such as SOFI (super-resolution
optical fluctuation imaging) and PALM (photoactivated localization microscopy) enabled us
to overcome this limit and monitor the localization and stress-induced dynamics of Sur7, a
tetraspanning integral plasma membrane protein which localizes on the positive curvature
of the eisosome-supported furrow. Since it has been proposed that Sur7 anchors the
MCC/eisosome structure to the cell wall, we followed the effect of cell wall digestion. We
also investigated the application of the disulfide bond-reducing agent, DTT, on the
distribution of Sur7 in time and space.

Keywords: eisosome, MCC, Sur7, super-resolution microscopy
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[PS2] Telomeres, aging and cell death

—— [PS2-1] A rudimentary apoptotic pathway protects sporulating yeast
from lethal viral accumulation

Meneghini Marcl, Hossain Saifl, Gao ]iel, Zhou Tina?
1Universily of Toronto (Canada); 2 University of Western Ontario (Canada)

As Programmed Cell Death (PCD) acts in opposition to the fitness of the cell executing it,
how PCD came about during evolution remains a quandary. A logical hypothesis is that cells
capacities for self-killing must have co-opted processes that originally promoted cell
survival. We have discovered what might be regarded as a living fossil of PCD that
illuminates this hypothesis. Yeast sporulation involves a 5-way cell division, with the 4
meiotic products developing within the remnant of the cell that produced them. We showed
that PCD of this remnant occurs as an intrinsic aspect of yeast gametogenesis and is
executed through developmentally programmed vacuolar rupture. Intriguingly,
undeveloped meiotic nuclei that are frequently swept up in this PCD are subjected to
fragmentation of their genomic DNA into nucleosomal ladders, a hallmark of apoptosis.
This phenomenon is dependent on NUC1, the yeast homolog of mitochondrial endonuclease
G, and is associated with mitochondrial membrane depolarization in the remnant cell that
occurs prior to vacuolar rupture. Despite being a prominent feature of apoptosis, the raison
d’étre for genome fragmentation during mammalian apoptosis remains unknown.
Similarly, the underlying role of this DNA fragmentation pathway during yeast meiotic PCD
has remained obscure. Yeast possesses numerous viral entities whose persistence requires
successful meiotic transmission. We have now determined that NUC1 functions in a
rudimentary apoptotic pathway that promotes yeast survival through an innate immune
defense against these viral entities. Accumulating L-A and “Killer” dsRNA viruses that are
endemic to yeast triggers the release of Nucl through an apparent MOMP-like
(mitochondrial outer membrane permeabilization) phenomenon, resulting in their
downregulation. Failure of Nuc1 to curb the accumulation of the Killer virus causes
lethality in mitotic cells. Molecular, biochemical, and genetic analysis confirms that
accumulating Killer virus within the cells causes this lethality, illuminating that this
rudimentary apoptotic pathway therefore functions in an innate immune capacity.
Extension of these findings to meiotic cells confirms that NUC1 prevents the hyper-
accumulation of Killer toxin following meiosis. We are interested in the roles this pathway
may play for defense of the yeast germline against other genetic parasites such as
retrotrasnposons.

Keywords: Yeast viruses, Sporulation, Endonuclease G, Programmed Cell Death, Evolution,
Mitochondria
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[PS2-2] Epigenetic Control Of Aging In Response To Caloric Restriction

Kirmzis Antonis’, Molina-Serrano Diegol, Schiza Vassial, Demosthenous Christis?, Oppelt
]anz, Liu Wei3, Zisse Gertrude4, Bergler Helmut4, Dang Weiwei

1Universily of Cyprus (Cyprus); 2Masaryk University (Czech Republic); 3Baylor College of
Medicine (USA); *Karl-Franzens-Universitit Graz (Austria)

Changes in histone post-translational modifications have been implicated in the aging
process. These epigenetic alterations are an attractive model through which environmental
signals, such as diet, could be integrated in the cell to regulate its lifespan. However,
evidence linking dietary interventions with specific alterations in histone modifications
that subsequently affect lifespan remains elusive. We show that deletion of the epigenetic
enzyme N-alpha-terminal acetyltransferase Nat4 and loss of its associated histone H4 N-
terminal acetylation (N-acH4) extends yeast cellular lifespan. Notably, the longevity induced
by deletion of Nat4 is epistatic to the effects of calorie-restriction (CR). Consistent with this,
1) Nat4 expression is downregulated and the levels of N-acH4 within chromatin are reduced
upon CR, ii) constitutive expression of Nat4 and maintenance of N-acH4 levels reduces the
extension of lifespan mediated by CR, and iii) transcriptome analysis indicates that loss of
Nat4 largely mimics the effects of CR, especially in the induction of stress-response genes.
We further show that nicotinamidase Pnc1, which is typically upregulated under CR, is
required for the longevity mediated by Nat4 inactivation. Collectively, these findings
establish the epigenetic enzyme Nat4 and H4 N-terminal acetylation as novel regulators of
cellular aging that link CR to increased stress resistance and longevity.

Keywords: Replicative lifespan, Epigenetic modifications, Caloric restriction

[PS2-3] DNA Circles Cause Nuclear Pore Complex Rearrangements during
Yeast Aging

Meinema Anne Cornelis, Barral Yves
ETH Ziirich (Switzerland)

Saccharomyces cerevisiae confines aging factors in the mother cells during mitosis, in order
to ensure the emergence of a rejuvenated and naive daughter cell. The daughter cell
obtains a full replicative potential, while the aging factors in the mother cell cause cellular
dysfunction and increased mortality rate. One prominent aging factor in budding yeast is
the presence of non-centromeric DNA circles (1). They are formed by homologous
recombination during DNA repair. Different studies show that DNA circles interact via
SAGA with nuclear pore complexes (NPCs), and that these NPCs cluster together to stay in
the mother cell during mitosis (2, 3). However, how these circles contribute to aging is
unknown. We wondered whether DNA circle binding through SAGA cause alterations in
NPCs and if this could affect cell viability.

We observed that NPCs having a DNA circle anchored lose the basket structure, which
normally protrudes into the nucleoplasm. Basket detachment, and specifically loss of
Nup60, is required to anchor DNA circles to the NPC in order to confine them to the mother
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cell. Basket fixation to the pore or targeting to the DNA circle prevents their interaction
with the NPC and releases them from retention in the mother cell. Mutations in SAGA show
a same loss of circle retention and are long-lived. We conclude that DNA circles require
basketless NPCs to be asymmetrically retained in the aging mother cell. In agreement, we
observed a progressive accumulation of basketless NPCs during aging.

These basketless and aged pores fail to recruit the SUMO protease Ulp1l. Fixing Ulp1 to the
NPC or targeting it to the DNA circle fully destabilizes their interaction with NPCs and their
retention in the mother cell, even in the absence of Nup60. The basketless pores fail to
recruit Ulp1 via Nup60, thereby preventing desumoytion of targets involved in DNA-NPC
interaction. We suggest that its exclusion from NPCs is needed for a stable interaction
between DNA circle and NPC, assuring that circles remain confined to the mother cell.

Altogether, DNA circles seem to cause an alteration of the NPC structure during aging,
which is needed for their retention. Furthermore, the accumulation of modified NPCs might
be a major cause of increased mortality with age.

1) Sinclair DA, Guarente L. Cell. 1997
2) Denoth-Lippuner A, Barral Y, et al. Elife. 2014
3) ShcheprovaZz, Barral Y, et al. Nature. 2008

Keywords: aging, Nuclear pore complex, mitosis, DNA, post-translational modification

[PS2-4] Mitochondria Regulate Yeast Replicative Life Span via RAS-
dependent ROS Production from the ER-localized NADPH Oxidase Ynol

Hong Su-Jin, Yi Dae-Gwan, Huh Won-Ki
Seoul National University (South Korea)

Mitochondrial dysfunction leads to accumulation of reactive oxygen species (ROS) which is
associated with cellular dysfunction, disease etiology, and senescence. Here, we used the
eukaryotic model Saccharomyces cerevisiae, commonly studied for the aging, to
demonstrate how defective mitochondrial function affects yeast replicative life span (RLS).
We show that RLS of respiratory-deficient cells decreases significantly, indicating that the
maintenance of RLS requires active respiration. Interestingly, the shortening of RLS due to
mitochondrial dysfunction was not related to the accumulation of extrachromosomal
ribosomal DNA circles, a well-known cause of aging in yeast. Instead, intracellular ROS and
oxidatively damaged proteins increased as expected. We show that, while the protein
kinase A activity is not elevated, ROS generation in cells with respiratory deficiency relies
on the RAS-dependent pathway. ER-localized NADPH oxidase Ynol also plays a role in
producing ROS. Our data suggest that severe defect of mitochondrial respiration accelerates
aging by disturbing the stability of proteins in yeast.

Keywords: Mitochondria, Respiration, TOR, PKA, RasZ2, Ynol, ROS
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[PS2-5] Deletion of KIMGA2, a hypoxic regulator, reveals connection
between lipid biosynthesis, ROS metabolism and longevity in
Kluyveromyces lactis

Santomartino Rosa', Immesi Alessio, Landicho Tracy Alcarpiol, Cirigliano Angelal,
Montanari Ariannal, Rinaldi Teresal, Mazzoni Cristinal, Reverberi Massimol, Brambilla
Lucaz, Bianchi Michele Marial

TUniversita di Roma "Sapienza" (Italy); 2 University of Milano Bicocca (Italy)

Fatty acids (FAs) are essential components of functional cytoplasmic and organelle
membranes. A proper FAs membrane composition is critical for membrane function and
consequently for cell viability. Indeed, unsaturated and polyunsaturated FAs determine
functional membrane properties like fluidity.

Our studies on the respiratory yeast Kluyveromyces lactis indicate that environmental
signals, like glucose, oxygen and temperature, regulate FAs biosynthesis [1]. Part of this
regulation is mediated by the activity of the hypoxic regulator KIMgaZ2. This transcription
factor has homology with Mga2 and Spt23 of Saccharomyces cerevisiae, two proteins
associated with ER membrane by their C-terminal region, only maturated in hypoxic
condition via a ubiquitin-mediated mechanism, which major target is fatty acid (FA)
desaturase gene OLE1 [2].

In S. cerevisiae, single deletions of Mga2 or Spt23 are viable, while the double mutant
requires oleate. Deletion of KIMGA2 gene in K. lactis generated a viable strain, although
suffering from several deficiencies, as defects of cellular fitness and growth, rag- phenotype
(incapacity to grow on high glucose medium when respiration is blocked), alteration in FA
membranes composition, defective respiration and altered mitochondrial morphology. All
these defects are restored by addition of UFAs (Unsaturated FA) to the medium [3, 4].

In addition to these defects, the absence of KIMGA2 gene caused also increased resistance to
oxidative stress and extremely extended longevity. These effects are probably due to the
augmentation in catalase activity and KISOD1-2 expression levels that we observed.

All these results bring to the conclusion of the existence of a connection between hypoxia,
fatty acid biosynthesis and ROS metabolism in the yeast Kluyveromyceslactis, with KIMga2
as a direct mediator not only of hypoxic response, but also of oxidative stress
response/adaptation.

Work partially funded by MAECI (Direzione Generale per la Promozione del Sistema Paese).
References:
[1] De Angelis L. et al., (2016); Microbiology 162: 1435-1445, doi: 10.1099/mic.0.000315

[2] Chellappa R. et al.,, (2001); Journal of Biological Chemistry, 276(47), doi: 43548-43556.
10.1074/jbc.M107845200

[3] Micolonghi C. et al., (2012); Microbiology (United Kingdom), 158(7), 1734-1744. doi:
10.1099/mic.0.059402-0
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[4] Ottaviano D. et al., (2014) Microbiology (Reading, England), 3, 1369-1378. doi:
10.1099/mic.0.078543-0

Keywords: Kluyveromyces lactis, ROS, longevity, hypoxia, lipid biosynthesis

[PS2-6] A System For The Purification And Identification Of New Proteins
Associated With Telomeres

Pasquier Emeline, Wellinger Raymund
Université de sherbooke (Canada)

Telomere-associated proteins constitute a dynamic complex with two essential functions
that ensure genome stability: telomere capping and telomere replication. In order to
identify new players for any of these telomere functions, we developed a strategy to purify
telomeres in chromatinized form. Our system is based on a linear plasmid with specific
sequences that allow purification of this plasmid in native conditions, followed by the
release of telomeres by restriction enzymes. I will report the suitability of this system for
the purification of telomeric proteins.

We are particularly interested by the identification of telomere-associated proteins after
replication fork passage. Actually, whereas telomere replication by telomerase is quite well
understood, little is known about what happens when conventional DNA replication
machinery passes through capped telomeres. Moreover, re-establishment of capped
telomeres after replication fork passage is required, but proteins and molecular
mechanisms involved in this process remain elusive. In order to investigate telomeric
replication dynamics during replication, we will purify telomeric proteins after replication
fork passage. For that purpose, we will control replication fork passage by a conditional
removal of the replication origin on the linear plasmid via site-specific recombinases. I will
report our current evidence on the feasibility of this strategy.

Keywords: Telomeres, DNA replication, Mass spectrometry

[PS2-7] Comparative Analysis of TERs in the Yarrowia Clade
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Nosek ]ozefl, Neuveglise Cecilez, Tzfati Yehudas, Tomaska Lubomir!

1Departments of genetics and biochemistry, Faculty of natural sciences, Comenius University
in Bratislava (Slovakia); °Diversité Génomique et Fonctionnelle des Levures, Institut Micalis
Domaine de Vilvert (France); 3Department of Genetics, The Alexander Silberman Institute of
Life Sciences, The Hebrew University of Jerusalem (Israel)

Ascomycetous yeasts exhibit a great variability in the length and sequence of telomeric
repeats. This variability is accompanied by diversification of telomere-binding proteins and
ultimately the entire chromosome end-protecting system. Since the sequence of telomeric
repeats is specified by the RNA component of telomerase (TER), it is not surprising that
TERs themselves are in many ways the most evolutionary divergent components of the
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telomerase machinery. However, studies of TERs in various groups of Ascomycota such as
Kluyveromyces, Saccharomyces, Candida, Schizosaccharomyces and filamentous fungi
were instrumental in the identification of evolutionary conserved sequences and structures
in yeast TERs that are essential for telomerase activity. In order to understand the specific
evolutionary steps that led to current diversity of yeast telomeric sequences, we analyzed
TERs of the Yarrowia clade, which belongs to basal phylogenetical lineages of
Saccharomycotina. We have identified putative loci for TER in several Yarrowia clade
species and deduced sequences of their telomeric repeats when they were absent from the
assembled genomes. Next we have performed comparative analysis of TERs and identified
putative conserved elements known from other yeast TERs and a number of sequences that
seem to be conserved specifically in this group. To perform a functional analysis of the
identified conserved elements, we constructed a deletion mutant of Y. lipolytica (Ater)
lacking the entire locus. This mutant rapidly lost the telomeric restriction fragments (TRFs),
but after a short crisis recovered by a yet unknown mechanism and exhibited growth
indistinguishable from the wild-type strain. Re-introduction of TER on an episomal plasmid
restored the TRFs indicating that the chromosomal ends are accessible to telomerase. We
are further investigating the role of the conserved elements of TER in telomerase assembly
and activity using a combined strategy — using in silico analysis to determine their
secondary structure and employing the deletion variants of TER to study their ability to
complement the Ater phenotype.

Keywords: TER, Telomerase, Yarrowia lipolytica

[PS2-8] Investigating the Role of Thfl in Telomere Homeostasis
Bonnell Erin, Wellinger Raymund ].
Université de Sherbrooke (Canada)

By differentiating chromosomal ends from internal breaks, telomeres prevent DNA damage
checkpoint activation and provide protection from inappropriate DNA repair activity that
could create genomic instability. In Saccharomyces cerevisiae, a large number of genes
have been identified that are implicated in telomerase and telomere structure and/or
function. However, comprehension of the mechanism of action of these genes and how they
relate to other genes is lacking. TBF1 is an essential gene that has been implicated in
telomere homeostasis and the DNA damage response, but its precise role still largely
remains to be elucidated. It is known that Thfl binds T2AG3 repeats within subtelomeric
regions, sequences in the majority of snoRNA gene promoters, as well as promoters of some
protein-coding genes. Through analysis of novel thf1 alleles, we discovered that the protein
could have a much more direct role in telomere stability. The reverse transcriptase
telomerase is responsible for telomere elongation and is constitutively active in S.
cerevisiae. When an essential component of telomerase is removed, cells enter replicative
senescence after about 60 population doublings, with a small subset of the cellular
population evading senescence via a recombination-dependent process. Previous studies
have indicated that the time of onset of senescence can be influenced by many genetic
factors, but not all mechanisms are known. Introducing a variety of thfl mutants into
strains that also lack telomerase causes a dramatic change in the rate of senescence. In
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addition, point mutations in these tbf1l alleles have allowed us to identify specific residues
implicated in the DNA damage response. Characterization of these novel thf1 alleles allows
us to expound on the multiple roles of Thf1.

Keywords: TBF1, Telomeres, senescence, DNA damage repair

[PS2-9] Telomere-binding Proteins of Schizosaccharomyces pombe as a
Model for Investigating the Co-evolution of the Components of Yeast
Telomeres

Sepsiova Reginal, Jurikova Katarina!, Cervenak Filipl, Hlavatd Annamaria’, Nebohacova
Martinaz, Brejova Bronislavag, Nosek ]ozefz, Tomagka Lubomir?

Icomenius University Bratislava, Faculty of Natural Sciences, Department of Genetics
(Slovakia); >Comenius University Bratislava, Faculty of Natural Sciences, Department of
Biochemistry (Slovakia); 3Comenius University Bratislava, Faculty of Mathematics, Physics
and Informatics (Slovakia)

In contrast to most eukaryotes, whose telomeres are composed of conserved and short
tandem repeats, ascomycetous yeasts possess extraordinary variability in their telomeric
sequences. This divergence is accompanied by a high variability of telomere-binding
proteins (TBPs). There are several scenarios how the co-evolution between TBPs and their
target sequences might have emerged. We propose the evolution of dsTBPs containing Myb
domain(s) may have occurred in two phases. In the first phase, the genome of a common
ancestor accumulated several Myb domain - encoding genes and this complexity may have
proceeded via neutral evolutionary ratchet. If telomeres in the common ancestor were
mammalian-like, they could employed either Thflp or Taylp/Teb1p as the major dsTBP. In
the second phase, as the telomeric sequences diverged, these proteins were replaced by
more flexible DNA-binding proteins (Rap1p or Taz1p) while retaining their functions in the
internal parts of the genome. An excellent model for testing this hypothesis is the fission
yeast Schizosaccharomyces pombe. Its telomeric repeats exhibit high degree of
heterogeneity. S. pombe cells contain all known types of ds TBPs: Taz1p as the major
telomere-binding protein, as well as Rap1p, Teb1p/Taylp, Thflp. However, if the ancestor of
S. pombe (and related species) employed Tay1/Teb1-like protein as a dsSTBP and only later
switched to Taz1p, the question remains which differences in Myb domains of these
proteins were relevant in making Taz1p more tolerant to variations in the telomeric
sequence. When the Myb domains of TTAGGG-binding proteins (human TRF1 and TRF2 and
S. pombe Teb1p) are compared with the Myb domain of Taz1p, the major difference occurs
in the helix 2. Using bacterial one-hybrid system, we are experimentally investigating the
positions within the Myb domain of Taz1p responsible for its flexibility. Our results show
that the engineered Taz1lp with Myb1 domain of Teb1p has lost the affinity to telomeric
sequences of S. pombe, confirming that Myb domain has the strongest influence on the
binding activity of Taz1lp. On the other hand, the substitution of Teb1p helix 2 for Taz1p
helix 2 does not increase the affinity of Teb1p to S. pombe telomeric sequences, which
suggests that the binding flexibility is not determined exclusively by helix 2 motif in Taz1p.
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[PS2-10] The Budding Yeast N. castellii Efficiently Activates Alternative
Telomere Maintenance Mechanisms (ALT) in the Absence of Telomerase

Cohn Marita, Karademir Andersson Ahu, Carlsson Moller Mirja, Quintilla Mateo Raquel
Lund University, Department of Biology, Genetics group (Sweden)

We have studied the activation of Alternative Lengthening of Telomeres (ALT) in the
budding yeast N. castellii (S. castellii) by knocking out the gene encoding the telomerase
RNA component (TLC1). Survivors of the telomerase knockout are generated at a high
frequency, both in haploid and diploid strains, and can be passaged for 300 generations
without exhibiting any major change in colony morphology. In contrast to the Type I and
Type II survivors in S. cerevisiae, ALT survivors of this species do not exhibit any major
growth crisis at any time-point during this passaging, although a slight variation in growth
rate and colony size was observed. Pulsed Field Gel Electrophoresis revealed that the
survivors sustain linear chromosomes. To elucidate the molecular mechanism of the ALT
pathway employed by this species, we investigated the organization of the chromosome
termini by Terminal Restriction Fragment (TRF) analyses. Our results show that telomeres
are rapidly shortening after the gene knockout event, and drastic variations in the TRF
pattern depict that reorganizations occur within the telomere regions. We furthermore
disrupted the EST1 gene, a sub-component of the telomerase holoenzyme, and observed the
same cellular and genetic phenotype. We therefore conclude that this ALT mechanism is a
general rescue pathway in N. castellii, which is very quickly and efficiently activated when
telomerase is disrupted. We are currently isolating and analyzing telomere sequences from
these ALT strains to decipher the structure of the telomeres, with the aim to determine
what sequences that are forming the functional caps of the chromosomes.

Keywords: telomere, telomerase, Alternative Lengthening of Telomeres (ALT), chromosome
structure, genome maintenance
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[PS3] Growth control and metabolism

[PS3-1] Modified Sterol Composition Influences Kluyveromyces lactis
Plasma Membrane Properties

Konecna Alexandra, Toth Hervay Nora, Gbelska Yvetta

Department of Microbiology and Virology, Faculty of Natural Sciences, Comenius University
in Bratislava (Slovakia)

The plasma membrane properties depend on the composition of lipids and membrane
associated proteins. Major lipids of the plasma membrane structure in eukaryotes — sterols,
are thought to play a role in ensuring the stability of the lipid bilayer. An extensive
literature reports the fundamental contribution of sterols to fluidity, permeability,
microdomains formation, protein functionality and membrane activities (Guan et al., 2009;
Lingwood and Simons, 2010). In the present work we investigated the influence of the ERG6
gene deletion on the Kluyveromyces lactis plasma membrane properties. ERG6 gene
encodes the enzyme A24 - sterol methyltransferase catalysing the conversion of zymosterol
to fecosterol in the ergosterol biosynthesis. The deletion of KIERG6 gene leads to the
accumulation of ergosterol biosynthetic precursors and reduced susceptibility of Klerg6A
deletion mutant to antifungal azoles, alkali-metal cations and weak organic acids. Using the
qRT PCR we observed increased expression of the KIPDR5 and KIPDR12 ABC transporter s
encoding genes in Klerg6A cells. The activity of membrane transporters KIPdr5p and
KIPdr12p was measured using the fluorescent substrates rhodamine 6G (KIPdr5p),
fluorescein diacetate (KIPdr12p) respectively. The results obtained point to the fact that the
product of the KIERG6 gene influences both the structure and the function of the K. lactis
plasma membrane.
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AAA-ATPases are involved in diverse functions like protein degradation, DNA
recombination, replication & repair, peroxisome biogenesis, membrane fusion, microtubule
motors. A well-studied member of the family is CDC48/p97, which functions as a segregase
of ubiquitin conjugates for their degradation by the ubiquitin-proteasome system. Here we
study functions and regulation of a putative AAA-ATPase Sap1 (Sin1 Associated Protein) in
S. cerevisiae, which binds SUMO (Small Ubiquitin-like MOdifier) conjugates. Sap1 also
interacts with a pre-mRNA splicing factor Snu66 through a 25 amino acid conserved region
termed SIND (Sap1 Interaction Domain). Two isoforms of Sap1 protein (100kDa and 50kDa)
are translated from two different mRNAs in a carbon source-dependent manner. The
transcriptional corepressor Tup1 controls the expression of Sap1, and the two proteins have
distinct localization and likely different function in the cell

Keywords: AAA-ATPase, Snu66 interactor, Carbon source-dependent expression, protein
isoforms

———[PS3-3] Glutamate Greatly Influences Yeast Transcription And
Metabolism Causing An Enhanced Growth Phenotype.
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Damiani Chiaraz, Colombo Riccardoz, Pescini Dariog, Alberghina Lilial, Porro Danilol,
Vanoni Marco?
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Italy; Dept of Informatics, Systems and Communication, Universita Milano-Bicocca, Milano,
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The yeast Saccharomyces cerevisiae can grow on a variety of nitrogen sources. Yeast cells
show different responses based on the amount and quality of the nitrogen source. Nitrogen-
containing compounds can be classified into preferred and poor nitrogen sources for a
given yeast strain. This classification can depend either on how well they are able to sustain
its growth or by the ability of the preferred source to cause the repression of genes required
for the utilization of other nitrogen sources (Patrice Godard et al., Mol. Cell. Biol. 27.8 (2007):
3065-86).

We investigated growth, metabolism and transcriptional profiles of cells grown in minimal
media supplemented with either ammonium or glutamate, both considered good nitrogen
sources (Patrice Godard et al., Mol. Cell. Biol. 27.8 (2007): 3065-86). During the exponential
phase, cells using glutamate as a nitrogen source show a larger cell volume and a higher
average protein and RNA content compared to cells grown in presence of ammonium. In
stationary phase, glutamate-supplemented accumulate higher biomass levels. We refer to
this behavior as “enhanced growth”.

In glutamate-grown cells, the deepest transcriptional rearrangement takes place after
glucose exhaustion. Combined with a metabolomic analysis, these experiments indicate a
profound alteration of the metabolism of storage molecules during growth on glutamate.
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We are using constraint-based metabolic models (Paolo Cazzaniga et al., Metabolites 4.4
(2014): 1034-87) to gain more insight on the strategy used by the cells to metabolize
glutamate. Glucose-limited chemostat cultures at different dilution rates have been used to
obtain steady state values for selected fluxes that are being used to constrain genome wide
(Benjamin D. Heavner et al., PLOS Comput. Biol. 11.11 (2015): e1004530) or core (Chiara
Damiani et al., Nat. Comput. 13.3 (2014): 321-31) yeast metabolic models. Flux balance
analysis correctly predicted the optimal growth yield for both simulated nitrogen sources.
We are performing reaction deletion analyses to highlight the metabolic routes that are
differently employed in the two conditions. In summary, this work provides an integrated
computational and experimental approach to define the metabolic strategies used by yeast
to cope with alternative nitrogen sources during different phases of the diauxic growth.

Keywords: Saccharomyces cerevisiae, Metabolism, Systems Biology, Enhanced growth,
Transcriptomics, Metabolomics

[PS3-4] Gsm1, a Novel Zinc Cluster Transcription Factor, Requires the
Hap2/3/4/5 Complex for Expression and Plays a Role in Gluconeogenesis

Bhondeley Manika, Liu Zhengchang
University of New Orleans (USA)

The budding yeast S. cerevisiae utilizes glycolysis for energy production when grown in
glucose medium. Growth on nonfermentable carbon sources leads to changes in expression
of many glucose-repressed genes, some of which are involved in respiratory metabolism.
Among transcription factors that mediate the switch from fermentative to respiratory
metabolism is the Hap2/3/4/5 complex (Hap complex), a master regulator of mitochondrial
biogenesis. The Hap complex regulates the expression of its target genes by binding to
CCAAT sequence elements in their promoters. Genome-wide transcriptional analyses have
revealed that the Hap complex controls the expression of more than one hundred genes,
many of which are involved in respiratory metabolism. One potential target of the Hap
complex revealed by transcriptional profiling is GSM1, encoding a zinc cluster protein of
unknown function. Here we confirm that GSM1 is a target of the Hap complex using lacZ
reporter gene analysis. GSM1 has two CCAAT elements located at -287bp and -634bp in its 5’-
flanking sequence. A mutation in the CCAAT element at -287bp abolishes GSM1 expression.
Gsm1 is a putative transcription factor and genome-wide CHIP analyses revealed many
potential in vivo binding sites. We analyzed 25 of them and found that FBP1, LPX1, PCK1,
SFC1, and YAT1 require both Gsm1 and Hap4 for optimal expression. FBP1, PCK1, SFC1, and
YAT1 play important roles in gluconeogenesis and/or utilization of two-carbon compounds.
These four genes are also known to be regulated by transcriptional activator Cat8p, which is
also important for the expression of several genes involved in the glyoxylate cycle.
Consistent with Gsm1 as a potential regulator in gluconeogenesis, GSM1 overexpression in
cells carrying a cat80 mutation not only increase the expression of these genes, but also
suppresses the growth defects on lactate medium. We further found that gsm1A has little
effect on the expression of genes encoding enzymes of the glyoxylate cycle, namely, CIT2,
ACO1, ICL1, MLS1, and MDHZ2. Like GSM1, CATS also requires the Hap complex for
expression. Taken together, our data indicates that the Hap complex coordinates the
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utilization of non-fermentable carbon sources by regulating not only the expression of
genes involved in respiratory metabolism directly, but also the expression of genes
implicated in gluconeogenesis and utilization of two-carbon compounds, indirectly via
transcriptional activators Gsm1 and Cat8.

Keywords: Gsm1, Gluconeogenesis, Hap2/3/4/5
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The pathogenic yeast Candida parapsilosis utilizes a range of hydroxyaromatic compounds
as the only carbon source using either 3-oxoadipate (30AP) or gentisate pathway (GP).
Fumarate and pyruvate are final products of 3-hydroxybenzoate catabolism via GP, while
30AP converts 4-hydroxybenzoate to succinate and acetyl-CoA [1]. The enzymes of both
pathways operate in either cytosol or mitochondria [2]. Several reactions of both pathways
can require NADPH, which is regenerated via the oxidative part of the penthose phosphate
pathway operating in peroxisomes [3]. When we analyzed transcriptomes of cells grown on
hydroxybenzoates by RNA-seq, we identified a number of genes, whose products are
involved in peroxisomal functions such as fatty acids oxidation and peroxisomal
biogenesis. Indeed, we observed that the assimilation of hydroxybenzoates is accompanied
by strong induction of peroxisomes. We also demonstrated that the enzyme activities of
catalase were increased significantly on substrates of both GP and 30AP. However, the
activity of isocitrate lyase, a marker from glyoxylate cycle, was induced concomitantly only
with GP. Our data suggest that catabolism of hydroxyaromatic compounds is tightly
connected with peroxisomes in Candida parapsilosis but the mode of coordination with
30AP and GP is different.

References

1. Holesova Z., Jakubkova M., Zavadiakova 1., Zeman I., Tomaska L., Nosek J. (2011)
Microbiology 157: 2152-2163.

2.Zeman I, Nebohacova M., Gerecova G., Katonova K, Janosikova E., Jakubkova M.,
Centarova I, Dunckova L., Tomaska L., Pryszcz L. P,, Gabaldon T., Nosek J. (2016) G3 6: 4047-
4058.

3. Strijbis K., den Burg J., Visser W. F., den Berg M., Distel B. (2012) FEMS Yeast Res 12: 61-68.

Keywords: 3-oxoadipate pathway, gentisate pathway, hydroxybenzoates, peroxisomes

118



Book of Abstracts 28" International Conference on Yeast Genetics and Molecular Biology

[PS3-6] Regulatory Roles for Membrane Fluidity in Yeast Flocculation and
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Modulation of lipid metabolism is used to maintain membrane homeostasis and
physicochemical membrane properties. We recently described a metabolic engineering
approach to experimentally control fatty acid unsaturation that serves as a key regulator of
cell membrane fluidity in S. cerevisiae [1]. This approach allows for investigating
systematically the physiological effects of changes to fatty acid unsaturation by bypassing
the cell’s native lipid regulation pathway.

Repression of the sole fatty acid desaturase-encoding gene in S. cerevisiae OLE1 resulted in
a surprising phenotype: Flolp-mediated yeast flocculation which we found is a
transcriptional response to low membrane fluidity. Expression of FLO1 is triggered by two
ER-resident membrane ordering sensors that are key components in yeast’s native lipid
regulation pathway and that are activated upon low membrane fluidity. This pathway is
also triggered by oxygen-limited growth in wild type cells as Olelp catalyzed fatty acid
unsaturation relies on the availability of molecular oxygen. Transcriptional analysis
revealed that not only FLO1 but a set of membrane fluidity-sensitive genes is globally
activated as a part of yeast’s long term response to hypoxia during fermentation. This
shows how the lipid homeostasis machinery of S. cerevisiae is adapted to carry out a broad
cellular response to an oxygen-limited environment.

Our yeast strain in which expression of OLE1 is under experimental control also serves as a
cellular platform to assay the activity of heterologously expressed stearoyl-CoA desaturases
(SCDs). Functional SCDs complement for repressed endogenous OLE1 and abolish
flocculation, thus providing for an easy, fast and affordable assay read-out. Based on this
assay we expressed putative SCDs from different eukaryotes (fungi, plants, kinetoplastida
e.g. Trypanosoma) and confirmed enzymatic SCD activity. This assay also provides a tool to
screen for inhibitors of SCDs, which are interesting drug targets in the treatment of a
variety of disease states as well as bacterial and parasitic infections in humans.
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[PS3-7] Extreme Calorie Restriction in Yeast Retentostats Induces
Uniform Non-Quiescent Growth Arrest
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Non-dividing Saccharomyces cerevisiae cultures are highly relevant for fundamental and
applied studies. However, cultivation conditions in which non-dividing cells retain
substantial metabolic activity are lacking. Unlike stationary-phase (SP) batch cultures, the
current experimental paradigm for non-dividing yeast cultures, cultivation under extreme
calorie restriction (ECR) in retentostat enables non-dividing yeast cells to retain substantial
metabolic activity and to prevent rapid cellular deterioration. The use of these tightly
controlled yeast retentostats has allowed detailed characterization of the transition from
slow to virtually no growth at the level of (quantitative) physiology, transcriptome and
proteome.

These prior studies have, however, studied retentostat cultures at the whole culture level,
while cells in SP-cultures are known to differentiate into different cell-types. The aim of the
current studies was therefore to investigate heterogeneity in yeast cultures transitioning
towards cell division arrest under ECR.

Cellular DNA content analyses and visualization of actin structures showed that the
majority of cells resided in G1 of the cell cycle. In sharp contrast to starved cultures,
including SP cultures, only few cells (< 10%) contained F-actin bodies in continuous
cultures, independent of the average culture doubling time. Furthermore, no
subpopulations with distinct cellular HSP12 or HSP26 transcript concentrations, genes
known to be differentially expressed in different cell types in stationary phase cultures,
could be detected under ECR based on smRNA FISH analyses.

These findings show that retentostat cultivation yields highly homogeneous and robust
cultures, in which cells most likely survive in an extended G1 phase. Furthermore, it
demonstrates that yeast cells exposed to ECR differ from carbon-starved cells and offer a
promising experimental model for studying non-dividing, metabolically active, and robust
eukaryotic cells.

Keywords: Saccharomyces cerevisiae, Cell-division arrest, extreme calorie restriction,
Heterogeneity, mRNA FISH, Actin structure, Retentostat

[PS3-8] SOD1 Recovers Mitochondrial Dysfunctions and Changes the Cell
Wall Composition in S. cerevisiae Strain Deleted of Porin
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Sod1 (Superoxide Dismutase 1) is the major cytosolic superoxide dismutase responsible for
inactivation of superoxide, a free radical that is highly reactive and can cause cellular
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damage. Recently, literature data have described others functions for this enzyme in yeast
S. cerevisiae glucose metabolism [1]. In a recent work, SOD1 has been proposed to
translocate into the nucleo, where acts as a nuclear transcription factor inducing gene
expression of ROS-stress related proteins [2]. Related to this achievement we also found a
similar modification, upon transformation of the yeast with human SOD1 [3]. In particular
we are using a yeast strain (Apor1) genetically devoid of porin, the most abundant protein
of the outer mitochondrial membrane (also called VDAC (Voltage Dependent Anion selective
Channel), that exchanges metabolites and ions between cytosol and intermembrane space:
porin has a key role in respiratory mitochondrial metabolism since its deletion results in a
phenotype unable to grow on not-fermentable carbon source [4].The addition of SOD1 to
Apor1 strain restores the yeast growth on many not fermentable carbon sources, the
mitochondrial functionality and the physiological ROS levels. Moreover, the presence of
hSOD1 increases the gene expression of B-barrel MOM proteins [3]. By means of a
microarray analysis based on a collection representative of the whole S. cerevisiae genome
we discovered that the pathways related to the synthesis of components of the cell wall are
strongly altered. This observation was confirmed by calcofluor staining of the yeast cell
wall. We are now investigating in detail the metabolic relationships between the
bioenergetics metabolism delivered in mitochondria and the cell wall formation, and the
mechanistic role of the overexpressed SOD1. Many evidence show the implication of SOD1
in metabolism regulation, but this study could explain how SOD1 is involved in
mitochondrial metabolism mediated by porin. The connection between SOD1 and
mitochondrial metabolism could be relevant in the pathogenesis of neurodegenerative
disorders where SOD1 is involved.

[1] S.Sehati et al.; Free Radic. Biol. Med. 2011; 50:1591-1598
[2] A.Magri et al.; Biochim Biophys Acta. 2016; 1857:789-798
[3] C.Tsang et al.; Nat Comm. 2014 Nat. Commun. 2014; 5:3446
[4] Blachly-Dyson E et al. ] Biol Chem. 1993; 268:1835-41
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Calorie restriction is the only non-genetic means which can effectively extend lifespan and
healthspan from yeast to mammals. Although a number of evolutionarily conserved
signalling pathways, such as IGF-1 and TOR, are implicated in the regulation of lifespan
mediated by calorie restriction, our understanding of the underlying mechanisms is still
poor. Using stress response reporters whose expressions are induced by glucose limitation
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and starvation, we have screened the whole gene deletion library and identified many
genes that are necessary to mount an effective defence against oxidative and heat stresses.
They fall into major clusters of signalling pathways, mitochondrial function, r-RNA
processing, DNA damage and repair, transcription from RNA polymerase and cell cycle
regulation. Subsequent analyses of the ‘signalling’ mutants not only revealed novel
regulators of chronological lifespan (CLS), such as the GSK-3 ortholog Mck1, but also
demonstrated that starvation signals transmitted by SNF1/AMPK, PKC1 and those negatively
regulated by TOR/PKA (including PAS kinase Rim15, DYRK kinase Yak1 and Mck1) are
integrated to enable metabolic reprogramming and the acquisition of stress resistance. The
coordination of the metabolic shift to respiration ensures the conversion of toxic
fermentation products (ethanol and acetate) to storage carbohydrates, which are used as
energy stores for quiescent cells to maintain viability. Our findings suggest that the key to
extend lifespan lies with the ability (and the opportunity) to metabolically adapt to different
nutrient conditions (metabolic flexibility) and to overcome redox stress associated with
metabolic reprogramming to maintain proteostasis.

Keywords: glucose starvation, chronological lifespan, metabolic reprogramming, stress
resistance
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The fission yeast Schizosaccharomyces pombe shares in some aspects more common
features with metazoan cells than its distant cousin, Saccharomyces cerevisiae.
Unfortunately, the phospholipid metabolic pathways are currently only partially described
in S. pombe. That is true also for the biosynthetic pathway leading to the unique
mitochondrial anionic phospholipid, cardiolipin. First part of this pathway, biosynthesis of
phosphatidylglycerol and its regulation was described 20 years ago [1]. Information is,
however, missing about the rest of the pathway.

Here we show that cardiolipin synthase is an essential protein in S. pombe. It is encoded by
the ORF SPAC22A12.08c as a C terminal part of a tandem protein. Expression of S. pombe
cardiolipin synthase is able to complement deletion of the CRD1 gene of S. cerevisiae and
vice versa, S. cerevisiae CRD1 gene complements deletion of S. pombe SPAC22A12.08c. The
proper expression levels of cardiolipin synthase and its partner in the tandem protein,
mitochondrial hydrolase with unknown function, seem to be regulated at the level of
alternate intron splicing. This regulatory mechanism will be discussed.

Supported by grants of the Slovak Grant Agency of Science (VEGA 2/0168/14 and 2/0111/15)
and by the Slovak Research and Development Agency under the contract APVV-15-0654.
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High temperature fermentation is an available technique in the high temperature
production of some materials, likely to bioethanol. The brewing yeast, Saccharomyces
cerevisiae, is usually used at 25°C to 30°C in ethanol fermentation. If the fermentation,
using yeast, is carried out at 45°C to 50°C, some advantages are present, for example,
protection of the unsuitable contamination, faster recovery of ethanol, and considerable
savings on capital and running costs required by refrigerated temperature control. Thus,
the thermotolerant yeast strain of Kluyveromyces marxianus, growing at higher
temperature (45°C) than S. cerevisiae, is important in high temperature fermentation.
However, the tolerant mechanisms to higher temperature or heat treatment (heat-shock) in
that thermotolerant strain are not clearly reported. Here, we analyze the thermotolerant K.
marxianus strain for the response to heat-shock and the metabolite flow in the high
temperature culture.

The thermotolerant strain IFO 0482 (Institute of Fermentation Osaka) of K. marxianus
showed stronger survivals by heat-shock at 50 °C than the S. cerevisiae, unable to grow at
high temperature (45°C). The effect of heat-shock on yeast survivals shows that the decrease
of the survival rate was slower and the cellular reduction activity assayed by MTT-
procedure was more tolerant in K. marxianus than those in S. cerevisiae at 50°C heat-shock.
The intracellular trehalose accumulation in K. marxianus was much increase in S.
cerevisiae, cultured at 30°C. These results suggest that K. marxianus protects heat-shock
induced damages by the accumulation of trehalose. Thus, the trehalose accumulation and
the cellular oxidation were assayed for K. marxianus cultured at 45°C. Trehalose was more
accumulated at 45°C that at 30°C in K. marxianus, suggesting that trehalose plays an
important role in the thermotolerant growth of K. marxianus. Since the cellular oxidation
level was higher at 45°C than at 30°C, the activity of anti-oxidative enzymes, catalase and
superoxide dismutase (SOD) were assayed. The catalase activity was increased until the
stationary phase culture but the SOD activity was only increased in the exponential phase
culture at 45°C. These results suggest that K. marxianus is tolerant to culture at high
temperature by the activation of anti-oxidative enzyme. Now, we have tried to assay for the
gene expression of those enzymes and the other factors (heat-shock proteins etc.) involved
in the heat stress.
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[PS3-12] Quantitative metabolomics of a xylose utilising Saccharomyces
cerevisiae strain expressing the Bacteroides thetaiotaomicron xylose
isomerase on glucose and xylose

Mert Marlin ]ohnl, Rose Shaunita Hellouisez, La Grange Daniél Coenradl, Bamba
Takahirog, Hasunuma Tomohisa3, Kondo Akihikog, van Zyl Willem Heber?

INorth West University, Potchefstroom Campus (South Africa); 2Stellenbosch University
(South Africa); 3Kobe University (Japan)

The yeast Saccharomyces cerevisiae cannot utilize xylose, but the introduction of a few
xylose isomerases function well in yeast, overcoming the limitations of the fungal oxido-
reductive pathway. In this study, a diploid S. cerevisiae S288c[2n YMX1] strain was
constructed expressing the Bacteroides thetaiotaomicron xylA (XI) and the Scheffersomyces
stipitis xyl3 (XK) and the changes in the metabolite pools monitored over time. Cultivation
on xylose generally resulted in gradual changes in metabolite pool size over time, whereas
more dramatic fluctuations were observed with cultivation on glucose due to the diauxic
growth pattern. The low G6P and F1,6P levels observed with cultivation on xylose, resulted
in the incomplete activation of the Crabtree effect whereas the high PEP levels is indicative
of carbon starvation. The high UDP-D-glucose levels with cultivation on xylose indicated
that the carbon was channeled towards biomass production. The adenylate and guanylate
energy charges were tightly regulated by the cultures, whilst the catabolic- and anabolic-
reduction charges fluctuated between metabolic states. This study helped elucidating the
metabolite distribution that takes place under Crabtree-positive and Crabtree-negative
conditions when cultivating S. cerevisiae on glucose and xylose, respectively.

Keywords: Metabolomics, Xylose isomerase, Bioethanol, S. cerevisiae

[PS3-13] Study of Protein Sulfhydration in the Saccharomyces cerevisiae
Proteome

Moreno-Alvarez Paolal, Rios-Castro Emmanuelz, Torres-Quiroz Franciscol

1Depto. de Bioquimica y Biologia Estructural, Instituto de Fisiologia Celular UNAM (Mexico);
2Unidad de Genémica, Proteémica y Metabolomica, LaNSE-CINVESTAV (Mexico)

Over the last years, hydrogen sulfide (H2S) has been recognized as a crucial mediator of
several physiological processes in mammals and plants. In fact, H2S due to its capacity as a
signaling molecule has been proposed as a new gasotransmitter along with nitric oxide and
carbon monoxide. H2S is a colorless, malodorous gas, with a high-water solubility that can
be cytotoxic in elevated concentrations. This gas flows freely through biologic membranes
and can be produced endogenously by bacteria, archaea and eukaryotes. H2S mediates its
effects through a protein post-translational modification: cysteine residues of target
proteins can suffer a S-sulfhydration in which free sulfhydryl (-SH) from a sulfhydryl donor
(H2S) is transferred to a thiol group, forming a covalent persulfide (-SSH). This protein
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sulfhydration affects protein function in a positive or negative way. In budding yeast, H2S is
produced as secondary metabolite during fermentation processes by the sulfate
assimilation pathway, in which sulfate is reduced to sulfide in order to synthetize organic
sulfur metabolites. During continuous culture, H2S is capable of cell synchronization in
ultradian oscillations and it is conceivable a physiologic role of H2S in glucose metabolism.
In this work, we use biotin switch assay in which -SSH groups can be detected by treatment
with biotin-pyridyldithio-propionamide (biotin-HPDP) and analyzed by anti-biotin
immunoblots. Total protein extracts from yeast cultures treated with sodium hydrosulfide
(NaHS), a H2S precursor, were obtained and incubated with methyl methanethiosulfonate
(MMTYS), a free thiol blocker and then exposed to biotin-HPDP. Also, cells were grown in
culture media with or without a nitrogen source, or with different carbon sources. In our
results, we observed that a large number of proteins are basally persulfhydrated, after
NaHS treatment the number of sulfhydrated proteins increased slightly. In order to identify
protein targets of H2S, streptavidin magnetic beads were used to isolated biotinylated
proteins and carried out mass spectrometry. Also, our results showed that several enzymes
of glycolytic pathway, chaperones and ribosomal proteins are persulfhydrated in
fermentative conditions. This post-translational modification is being evaluated in order to
elucidate the role of H2S in yeast metabolism. This work was supported by grant CB-238681
from CONACyT (México) and grants IA200315 and 1A202217 from PAPIIT-DGAPA, UNAM.

Keywords: hydrogen sulfide, fermentation, cysteine persulfide

[PS3-14] A tRNA Modification Pathway Couples Cellular Metabolic State
with Cell Cycle Progression

Gupta Ritu, Laxman Sunil
Instem,NCBS (India)

The decision of a cell to enter the cell cycle can be viewed primarily as a metabolic
problem. Cells must appropriately sense available nutrients, and regulate their metabolic
outputs, to enter and eventually complete the cell division process. However, specific
mechanisms that couple metabolism with cell cycle progression are poorly understood. Our
earlier work had suggested that a specific tRNA modification, which incorporates a thiol
group on uridines present at the wobble-codon recognizing position (s2-U), acts to sense
amino acid availability (Laxman et al Cell 2013). This tRNA modification appears to
integrate amino acid homeostasis with cellular translational capacity. In this study, we
observe that in the absence of these s2-U tRNA modifications, cells switch their metabolism
to an apparent “starvation state”. By combining translational reporter assays, along with
targeted, quantitative metabolite analysis, we find that this metabolic reprogramming
results in the activation of an amino acid starvation response, and altered accumulation
and utilization of amino acids and nucleotides, particularly during nutrient limited
conditions. Furthermore, this tRNA modification dependent metabolic switch altered
normal cell cycle progression, and also results in hypersensitivity to deoxyribonucleotide
depleting agent, hydroxyurea. Collectively, our results suggest that this s2-U tRNA
modification pathway play a critical role in overall amino acid sensing, and coupling amino
acid and nucleotide homeostasis with entry into the cell cycle.
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Keywords: Metabolism, Cell cycle, tRNA modification, amino acid starvation response,
metabolic switch, translational capacity, amino acid and nucleotide homoeostasis

[PS3-15] Carbon Source- and Mecl-dependent Switching of
Ribonucleotide Reductase Catalytic Subunits Promotes Respiratory
Growth

Corcoles-Saez Isaacl, Costanzo Michaelz, Boone Charles M.Z, Cha Rita S.1
lBangor University (United Kingdom); 2 University of Toronto (Canada)

In the yeast, Saccharomyces cerevisiae, fermentation is the preferred process for energy
production even under aerobic conditions. However, when carbon source levels are
limiting or in the presence of a non-fermentable carbon source, budding yeast are able to
reprogram their metabolism. RNR is a conserved holoenzyme that performs the rate
limiting step in de novo dNTP synthesis. Mec1 is a budding yeast ATM/ATR protein, best
known for its role in mediating replication stress- and DNA damage- checkpoint responses.
In this study, we present evidence of the switch between the catalytic subunits Rnr1/Rnr3 as
a response of a change in glucose availability or the presence of a non-fermentable carbon
source. The Rnrl downregulation is independent of Mec1 but is mediated by mitochondrial
respiration and a change in the intracellular ATP/dATP ratio sensed by an allosteric
regulatory site in Rnrl, however the induction of Rnr3 requires a functional Mec1. These
observations reveal a functional interplay among Mec1 signaling, RNR regulation and cell
metabolism, whereby Mec1 and carbon source dependent induction of Rnr1 or Rnr3
ensures fermentative or respiratory growth, respectively.

Keywords: Saccharomyces cerevisiae, Ribonucleotide Reductase, Rnr1, Rnr3, ATM/ATR, Mecl,
Carbon Source, Respiration, Mitochondria, ATP

[PS3-16] ylHog1 Is a Key Element for Yarrowia lipolytica Response to
Hyperosmotic Stress

Rzechonek Dorota A., Rymowicz Waldemar, Mironczuk Aleksandra M.
Wroctaw University of Environmental and Life Sciences (Poland)

Hyperosmotic stress is one of the main factors that may inhibit the growth of
microorganisms, thus many of them developed the comprehensive cell response pathways,
that trigger the adaptation to those conditions. The best studied example is high osmolality
glycerol (HOG) pathway from Saccharomyces cerevisiae, which results in the production
and accumulation of glycerol inside the cells. The pathway consists of osmosensors in the
cell membrane and cascade of protein kinases MAPK, where the most important element is
kinase Hogl. Unconventional yeast Yarrowia lipolytica synthetizes erythritol under
hyperosmotic conditions. The production pathway of this four-carbon polyol is already well
described, but little is known about the regulation of this process. BLAST analysis revealed
that many proteins from S. cerevisiae HOG pathway have their homologues in Y. lipolytica.
In order to determine if HOG pathway might induce also erythritol production, the deletion
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of ylHog1 (Y. lipolityca homologous of Hog1) was performed. The resulting strain exhibited
significantly higher sensitivity to osmotic stress and impaired erythritol production. These
results are a good base for further investigation of HOG pathway in Yarrowia lipolytica.

This work was financed by the Polish National Centre for Research and Development under
project LIDER/010/207/L-5/13/NCBR/2014.

Keywords: hyperosmotic stress, erythritol, HOG pathway

——[PS3-17] How purine starvation is communicated inside the baker’s yeast
cell

Ozolina Zane, Kokina Agnese, Martynova Jekaterina, Liepins Janis
Institute of Microbiology and Biotechnology, University of Latvia (Latvia)

Yeast strain inability to synthesize particular metabolite and lack of its external supply is
example of synthetic starvation. Uracil and leucine starvation leads to lowered stress
resistance and shortened cell half life. Adenine depletion, on the other hand, evokes stress
(heat, weak acid and oxidative) resistant phenotype, improves desiccation tolerance and
does not significantly affect cell half life. Interestingly, adenine starved cells effectively
arrest cell cycle in G1 and are insensitive to rapamycin treatment. Therefore we presume,
that adenine starvation specific phenotype is communicated in cell by cell signaling
pathways and resemble natural starvations (C, N, P).

To dissect how purine starvation is communicated in cells we explored various hypothesis —
depletion of crucial intracellular metabolites, rerouting of carbon flow, activation of TOR,
PKA signaling systems.

First two hypothesis were rejected as a sole causative agent of increased stress resistance.
Results that led to rejection of these hypothesis are demonstrated in poster

Purine starved cells are resistant to environmental stresses and resistance is rapamycine
insensitive that points to involvement of cell signaling pathways. Pathways that are
responsible for sensing nutritional status are TOR and PKA. Thus we wanted to find out if
and which of these pathways - TOR or PKA is responsible for generation of stress resistant
phenotype in S. cerevisiae.

To elucidate how purine depletion is perceived in cell we performed tagging and
immunostaining of transcription factors as well as gPRC of genes that are regulated by
those transcription pathways. Also we truncated transcription factors to see how unability
to fully bind to DNA of patriculal transcription factor affects purine starvation phenotype.
Results so far show that purine starvation phenotype is a intricate interplay of various
transcription pathways.

Yeast phenotypes evoked by purine depletion are not only side effects of cultivation in
poorly defined medium, but can also serve as a model for several biological phenomena
where purine metabolism is distorted.
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The results of this research will contribute to understanding of fundamental mechanisms
how cell reacts to sudden synthetic starvation and if there are key elements that could be
drugable to control eukaryotic parasites with similar metabolic features (auxotrophies).

Keywords: Saccharomyces cerevisiae, adenine auxotrophy, synthetic starvation, PKA, TOR,
nutrient signalling

[PS3-18] Guanine plays critical role in the development of stress
resistance phenotype in adenine auxotrophic strains during purine
starvation in budding yeast

Liepins Janis, Kokina Agnese, Ozolina Zane, Vamza Ilze, Martynova Jekatrina
Institute of Microbiology and Biotechnology, University of Latvia (Latvia)

Adenine auxotrophy is a common feature of many baker’s yeast laboratory strains. In case
of adenine auxotrophy purine de novo biosynthesis is shut down and yeast relies on
salvage pathways. Here we expolore how stress resistance is influenced by starvation for
purine nucleotides

Purine (guanine and adenine) synthesis in S. cerevisiae shares common metabolite ionosine
monophosphate (IMP). IMP conversion to guanine is unidirectional, meaning if cells cannot
synthesise adenine de novo, they are unable to synthesize also guanine, thus adenine
auxotrophic starvation yields purine starvation, while adding guanine - strictly adenine
starvation sets in.

Purine starvation can set in S. cerevisiae adenine auxotrophic strains when these are
cultivated in ill-defined media with poor adenine supply. We have identified several
adenine starvation effects which leads to elevated stress resistance in various stress
conditions. However, up till now, we did not know if these effects are due to general purine
starvation or lack of adenine only.

To assess changes caused by purine/adenine starvation yeast strains were grown in media
with varying carbon and purine content and exposed to sub lethal oxidative, thermic, weak
acid stress. Desiccation was used as an example of severe environmental stress. A panel of
stress responsive genes were used to assess the cell state before and after adenine or
general purine starvation.

Both, adenine and purine starved cells effectively stopped their cell cycle in G1. In both
cases glucose repression was lowered than rapidly growing cells supplemented with
necessary agents. Purine starvation increased stress resistance in all sub lethal stresses
tested. Thermic and acetate stress resistance was alleviated in strictly adenine starvation
(guanine added), but oxidative stress and desiccation stress tolerance was not influenced by
addition of guanine thus being strictly adenine starvation dependant.

We presume, that purine starvation effects on yeast stress resistance reflect mechanisms
how cell translate nutrient signals into rapid growth or stress resistance phenotype.
Difference in stress resistance among adenine and purine starved cells point to the
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different nutrient (C or/and N) signalling pathways, which are turned off in concert or
separately depending weather cells are purine or adenine starved.

Purine and adenine starvation could provide useful tools to explore general stress
resistance signalling mechanisms in yeast cell.

Keywords: purine metabolism, adenine, guanine, oxidative stress, heat shock, acetate stress,
G1 arrest

[PS3-19] Regulation of NAD+ Homeostasis by N-terminal
Acetyltransferase NatB in Saccharomyces cerevisiae

Croft Trevor, Lin Su-Ju
University of California Davis (USA)

Nicotinamide adenine dinucleotide (NAD+) is an essential metabolite for cell redox
chemistry, metabolism, and signaling. To understand the complex regulation of NAD+
metabolism, we establish a NAD+ intermediate specific reporter system to identify novel
NAD+ homeostasis factors. Mutants lacking components of the NatB complex, NAT3 and
MDM20, produce and release elevated levels of nicotinamide (NAM) and nicotinic acid (NA).
NatB is an Na-terminal-acetyltransferase responsible for acetylation of the amino terminus
of specific Met-retained peptides. Increased NAM and NA levels in the NatB mutants are
concomitant with decreased NAD+ levels. The nicotinamide riboside (NR) salvage pathway
has an important role converting NR into NAM in NatB mutants, and that increased NAM in
these cells largely comes from the vacuolar pool of NR. Our studies suggest autophagy plays
a role in trafficking NAD+ intermediates into the vacuole. Supporting this, increased
NA/NAM release in NatB mutants is abolished by deleting ATG14, a key autophagy gene.
Moreover, intracellular levels of NA/NAM and NR are increased by autophagy inducing
nitrogen starvation conditions. Our studies also demonstrate two major NatB downstream
pathways contribute to NAD+ homeostasis. NatB mediated acetylation of tropomyosin
Tpm1 is required for its proper binding to actin filaments. Overexpression of TPM1 largely
suppresses NA/NAM release in NatB mutants, suggesting Tpm1-mediated vesicular
trafficking plays a role in NA/NAM homeostasis. Interestingly, genetic manipulations to
decrease NA/NAM production and release are not sufficient to restore the NAD+ levels in
NatB mutants. This suggests additional NatB targets are responsible for the low NAD+
levels. We show that the levels of Nmal and Nmaz2 (nicotinamide mononucleotide
adenylyltransferase) are decreased in NatB mutants, and over-expression of Nma1 is
sufficient to restore NAD+ levels in NatB mutants. In summary, our results support a model
of NatB-mediated regulation of NAD+ homeostasis. Our findings may contribute to
understanding the molecular basis and regulation of NAD+ metabolism in higher
eukaryotes.

Keywords: Nicotinamide adenine dinucleotide, Metabolism, N-terminal acetylation
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[PS3-20] Metabolic Control of Lipid Metabolism by Cell Cycle Components

Madeira Juliana B., Matos Gabriel S., Bozaquel-Morais Bruno L., Masuda Claudio A.,
Montero-Lomeli Monica

Federal University of Rio de Janeiro (Brazil)

Understanding the regulation of lipid synthesis and storage has a great interest in
biomedical research, since it has often been associated with the onset of metabolic
disorders, such as obesity and diabetes type 2. Exacerbated lipid synthesis has also been
shown to be extensively associated to development of highly proliferative and aggressive
tumors. In cancer research, many studies have focused on investigation of how cell cycle
regulators control cell proliferation. As cell proliferation would require an adapted
metabolic response, it is reasonable to think in a strict correlation between the regulation
of cell cycle and the control of lipid metabolism. By the use of a fluorimetric method that
quantifies the neutral lipids stored in the lipid droplets (D), our group performed a
screening using the yeast deletion collection in order to reveal new regulators of lipid
metabolism related to the mitotic cell cycle. Interestingly, most of the strains with altered
LD content presented an increased content (HLC) rather than lower levels (LLC). Out of 227
mutant strains related to the mitotic cell cycle present in the collection, 12% were classified
as HLC strains while only 2% were LLC. As the hallmark of development of lipid disorders
are provoked by an increase in lipid synthesis and consequently its accumulation, we
decided to focus on the HLC hits. In this group, we identified that the deletion of an E2F-like
protein led to accumulation of LDs. The E2F proteins are similar to the SBF complex in
yeast, which is responsible for activating the transcription of genes necessary to the
transition between the G1 and S phases of the cell cycle. We further investigated the LD
phenotype of strains deleted in the other components of the SBF complex and showed they
also regulate LD metabolism. These results suggest that the SBF complex is an important
mediator between cell cycle and lipid metabolism.

Keywords: lipid droplets, E2F proteins, cell cycle, Saccharomyces cerevisiae

[PS3-21] Development of a New Method for Evaluating the Activation of
the TORC1 Signaling Pathway in Saccharomyces cerevisiae

Kessi-Pérez Eduardo I.1, Salinas Franciscoz, Martinez Claudio?

1Departamento de Ciencia y Tecnologia de los Alimentos, Universidad de Santiago de Chile
(USACH) (Chile); °Centro de Estudio en Ciencia y Tecnologia de los Alimentos (CECTA),
Universidad de Santiago de Chile (USACH) (Chile)

Saccharomyces cerevisiae is the main species responsible for the alcoholic fermentation in
the transformation of grape must into wine, being one of the main problems the deficiency
of nitrogen sources in the must, which can lead to stuck or sluggish fermentations. A major
challenge is to identify the genetic basis underlying the phenotypic variability in nitrogen
consumption and metabolism, with emphasis on the study of the TORC1 signaling pathway,
given its central role in responding to nitrogen availability and influencing growth and cell
metabolism. However, no clear mechanism has been identified by which the pathway is
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activated in the presence of nitrogen sources, with the study of allelic diversity appearing
as an alternative to identify genes involved in this process. Although there are methods to
evaluate the activation of the TORC1 pathway in the presence of nitrogen sources, these are
time-consuming, making difficult to analyze large numbers of strains. Therefore, a new
microculture method was developed using the luciferase gene as a reporter, which was
tested in strains representative of clean lineages described in S. cerevisiae (North American
'NA', Sake 'SA', West African 'WA' and Wine/European "WE'"). For these four strains, the
activation of the TORC1 pathway by a proline-to-glutamine upshift was evaluated by
traditional methods based on Western blot (Sch9 and Rps6 phosphorylation), and then
compared with the new method developed. The results between the methodologies were
concordant, verifying that there are phenotypic differences between the different
representative strains. This opens the possibility of using this new methodology to detect
the molecular basis that determine the differences in activation of the TORC1 pathway in S.
cerevisiae through high throughput techniques, like bulked segregant analysis or
comparative genomics between a large number of strains.

Keywords: TORC1 Signaling Pathway, Nitrogen sensing, Natural diversity

[PS3-22] Genetic and Transcriptional Analysis of Wine Yeast Strains with
Divergent Nitrogen Assimilation Profiles

Martinez Claudio, Gonzalez David, Garcia Veronica, Salinas Francisco
Universidad de Santiago de Chile (Chile)

The yeast assimilable nitrogen (YAN) is one of the most important parameters during the
alcoholic fermentation, influencing the yeast growth rate and metabolism. Additionally,
YAN deficiency in the grape must is the main source of sluggish or stuck fermentations,
resulting in wines with high levels of sugar concentration and possibilities of microbial
contamination. In this work, we assessed the nitrogen assimilation profile for a population
of 96 segregants, which were derived from the hybrid between two parental strains with
different nitrogen requirement and belonging to different phylogenetic clusters,
Wine/European (WE) and West African (WA). The segregants were fermented in MS300 and
the YAN profile of each strain was analyzed after six days of fermentation, showing a
normal distribution of the phenotypes, which is concomitant with the polygenic nature of
these traits. Among these segregants, two of them were selected for transcriptomic analysis
based on its differences in nitrogen assimilation profiles, specifically in the amino acid
consumption. Furthermore, these two segregants were selected due to its ability to
complete the fermentation process with low levels of residual sugar (lower than 5 g/L at day
21). The RNAseq analysis revealed 42 differentially express genes in the strain with low
amino acid requirements (segregant 692) respect to the strain with high amino acid
requirements (segregant 656), with 6 genes repressed and 36 showing overexpression.
Among the repressed genes, we found GAP1 gene, a general amino acid transporter, which
correlate with the low amino acid requirements observed in the segregant 692. In contrast,
LST8 and BTN2 genes were overexpressed in the segregant 692, these genes are involved in
TORC1 pathway and arginine assimilation, respectively; correlating with the lower amino
acid requirements of this strain. The analysis of the alleles expressed by each segregant,
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showed that WA alleles were mainly overexpressed in the segregant with low amino acid
requirements. Overall, our result suggests that low nitrogen requirements are related to
WA alleles, confirming the trend of the parental strains. Additionally, the results suggest
that low amino acid consumption correlate with a high activity of the TORC1 pathway
mediated by LSTS.

Keywords: Wine yeasts, Nitrogen, Transcriptional analysis

[PS3-23] The Role of the Mitochondrial Sco Proteins in the Defense
Against Oxidative Stress

Kost Luise, Gey Uta, Rodel Gerhard
TU Dresden (Germany)

The mitochondrial Sco protein family is highly conserved among prokaryotes and
eukaryotes. While the function of some family members as chaperones in the assembly of
cytochrome c oxidase (COX) is well established, the role of other members is unknown. In
the yeast Saccharomyces cerevisiae, which possesses two members of the Sco protein
family, only the deletion of the SCO1 gene leads to respiratory deficiency, whereas lack of
SCO2 has no effect on respiration.

Structural and functional studies on the Sco proteins suggest a variety of possible functions
including a role in copper homeostasis and redox processes. In addition, the identification
of a thioredoxin-like fold further supports a role in oxidative stress defense.

Loss of a putative antioxidant function upon deletion of the SCO genes might be
compensated by other proteins. In order to investigate this option, yeast double mutants
lacking one of the two SCO genes and concomitantly one of two superoxide dismutase genes
(SOD1 or SOD2) were generated and analyzed under oxidative stress conditions. We show
that the double mutants scol/sod1 and sco2/sod1 exhibit a higher sensitivity to oxidative
stress as compared to the respective single deletion strains. Our data are in favor of a role
of Sco proteins under oxidative stress conditions.

Keywords: Oxidative stress, Sco proteins, Mitochondria, SOD enzymes

[PS3-24] Physiological Changes in Saccharomyces cerevisiae in Response
to Inositol Depletion

Diepold Matthiasl, Hanscho Michaelz, Christen Stefang, Pacnik Klavdijal, Sauer Uweg,
Natter Klaus!

Imstitute of Molecular Biosciences, University of Graz (Austria); 2Department of
Biotechnology, University of Natural Resources and Life Sciences (Austria); 3Institute of
Molecular Systems Biology, ETH Ziirich (Switzerland)

The polyalcohol myo-inositol is an essential component of membrane lipids and signaling
molecules. It can be either taken up from the environment or de novo synthesized from
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glucose-6-phosphate. Optimal growth of the yeast Saccharomyces cerevisiae depends on
inositol uptake from the medium, whereas its extracellular depletion results in a reduced
growth rate and increased storage lipid synthesis.

Although the response of yeast to the lack of inositol has been extensively investigated on
the transcriptional level, the reasons for the growth defect are not clear. In this study, we
used carbon flux and metabolome analysis to characterise the differences between inositol
uptake and synthesis on the metabolic level.

The metabolism of baker's yeast relies on aerobic glycolysis, in which ATP is mainly derived
from substrate-level phosphorylation and the cytosolic redox balance is maintained
through ethanol excretion. Only a minor part of the energy demand is generated via
mitochondrial oxidative phosphorylation. Our results show that the respiratory activity and
fluxes through the tricarboxylic acid cycle were even more reduced in a medium lacking
inositol. In addition, such conditions resulted in reduced glucose uptake, strongly reduced
fluxes through the pyruvate carboxylase reaction and altered concentrations of some
metabolites, which are intermediates or end products of glycolysis. In particular, the
intracellular concentration of acetyl-CoA was reduced under inositol depleted conditions, a
possible explanation for the lower activity of the pyruvate carboxylase.

Furthermore, we found that the growth defect of S. cerevisiae under -inositol conditions
was restricted to fermentative growth, whereas no such phenotype was observed during
cultivation in media with non-fermentable carbon sources, suggesting a connection
between the Crabtree effect and inositol metabolism.

Keywords: Inositol, Glycolysis, Fermentation, Crabtree effect, Carbon flux and metabolome
analysis

[PS3-25] Characterization of Novel Regulatory Factors Involved in Lipid
Storage Metabolism

Pacnik Klavdij al, Ogrizovi¢ Moj caz, Natter Klausl, Petrovi¢ Uro$?

1 University of Graz, Institute of Molecular Biosciences, Humboldtstrajfse 50/II, A-8010 Graz,
Austria (Austria); ? ‘Jozef Stefan Institute, Department of Molecular and Biomedical Sciences,
Jamova 39, SI-1000 Ljubljana, Slovenia (Slovenia); 3 University of Ljubljana, Biotechnical
Faculty, Department of Biology, Ve¢na pot 111, SI-1000 Ljubljana, Slovenia (Slovenia)

In this work, we studied the regulation of lipid metabolism and its connection to other
metabolic and regulatory processes in the budding yeast Saccharomyces cerevisiae. In a
preliminary study, we investigated two yeast strains with different capacities to store
neutral lipids in a genetic screening for quantitative trait loci (QTL), to identify the causal
genetic variations that contribute to the increased lipid storage in one of the strains. Like
many other phenotypes, the degree of lipid accumulation is a polygenic trait. Consequently,
we identified several genes in the segregating sub-population with high lipid content that
were almost exclusively the allelic variants from the parent with high lipid content. For the
encoded proteins, no roles in lipid metabolism have been described yet and they are
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involved in diverse cellular functions, such as regulation of glycogen synthesis, histone
deacetylation and mitochondrial translational processes.

Our aim was to characterize these proteins with regard to their molecular functions and
their contribution to neutral lipid accumulation. Both knockout as well as allele
replacement strains were constructed and analyzed with respect to their lipid composition.
Strains with multiple mutations were used to investigate interactions between these genes
and to characterize their role in the lipid metabolic and regulatory network of yeast. In
addition, strains overexpressing the genes of interest or encoding GFP-fused constructs
were used to elucidate their role in storage metabolism.

Keywords: neutral lipid metabolism, lipid content, quantitative trait loci

[PS3-26] Directed Evolution of Complex Phenotypic Traits Using
Metabolic Models

Jouhten Paula, Konstantinidis Dimitrios, Pereira Filipa, Patil Kiran
EMBL (Germany)

Adaptive laboratory evolution is a powerful tool for developing strains with desired traits
without genetic engineering or in cases where the desired traits have complex genetic
background. However, it is difficult, if not infeasible, to use adaptive evolution to select for
traits that do not increase the cellular fitness. To tackle this, we have developed a novel
algorithm, EvolveX, for designing a suitable chemical environment (evolution niche) to
exert a natural selection pressure on pathways of interest. The resulting evolved strains
would then exhibit the desired non-growth associated traits in the target/application niche.

EvolveX achieves this duality through flux simulations using genome-scale metabolic
models. The underlying combinatorial optimization problem is tackled by using a
combination of mixed-integer linear programming and genetic algorithm. As components
of a chemical environment, EvolveX considers substrates as well as effectors (e.g.
inhibitors) of metabolic enzymes or regulatory proteins. As a proof of concept, we
demonstrate EvolveX by evolving new metabolic traits in Saccharomyces cerevisiae for
food applications where GMO are undesired.

Keywords: Modelling, Evolution, Metabolism

[PS3-27] Two units of CR complex have antagonistic functions in
regulation of FLO11 and biofilm development

Nguyen Van Phul, Hlavacek Otakar?, Marsikova ]anal, Vachova Libuse?, Palkova Zdena'!

1Faculty of Science, Charles University (Czech Republic); Institute of Microbiology of the
ASCR (Czech Republic)

Yeast biofilms are complex differentiated structures, the cells of which are protected from
hostile environments, including antifungals, host immune systems and other treatments. In
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Saccharomyces cerevisiae, Flo11p adhesin is a key player in formation of biofilm colonies.
Many wild S. cerevisiae strains form structured (“fluffy”) colonies when they are able to
produce Flo11p. In contrast, deletion of FLO11 gene results in smooth colony formation
(Fungal Genet Biol 47: 1012-1022, 2010). Several pathways regulate Flo11p including the
MAPK, TORC, Ras/cAMP/PKA, SNF1 and RIM101 pathways.

Here we show that two protein units of colony remodeling complex (CR), CR1 and CR2, play
antagonistic roles in regulation of FLO11 expression and biofilm colony development.
While CR1 induces FLO11 expression and promotes formation of biofilm colonies, CR2
represses the FLO11 gene and inhibits formation of biofilm colonies. Our results suggest
that the control of the FLO11 gene expression is highly complex and requires detailed
investigation.

Keywords: FLO11, structured colony, gene regulation, yeast biofilm

[PS3-28] Metabolism of invasive cells of differentiated yeast biofilm
colonies

Hlavacek Otakar!, Wilkinson Derek?, Marsikova ]anaz, Begany Marketa!, Vachova Libuse’,
Palkova Zdena?, Gilfillan Gregor3

Institute of Microbiology of the CAS, v.v.i., BIOCEV (Czech Republic); ZFacully of Science,
Charles University, BIOCEV (Czech Republic); 30slo University Hospital, Oslo, Norway
(Norway)

Wild strains of Saccharomyces cerevisiae, growing on semisolid substrates, are able to form
structured biofilm colonies, composed of an aerial part and of invasive pseudohyphae
forming the “roots” that attach the colony to the substrate. Wild strains are adapted to
hostile natural environments, which is reflected in their colonies, which use several
strategies to protect against environmental impacts. Multidrug resistance transporters are
active in surface cell layers and protective extracellular matrix is produced in central
colony areas. Additionally, production of Flo11p adhesin is indispensable for building the
complex architecture of biofilm colonies [1]. Here, we analyzed metabolic properties of
pseudohyphal root parts of biofilm colonies using genome wide RNA sequencing and
biochemical approaches. We have found that root cells behave like metabolically active
cells by activating genes involved in processes such as amino acid and nucleotide
metabolism and genes encoding amino acid transporters. Analysis of intracellular amino
acids concentrations showed similar levels of amino acids in root cells and in cells from
aerial parts of biofilm colonies. These data indicate that amino acids are not accumulated in
root cells but are used for proteosynthesis and biomass increase, as documented also by
upregulation of expression of many ribosomal genes and genes involved in translation [2].
This work was supported by GACR 13-08605S and Norwegian financial mechanism 2009-14
No. 7F14083.

1. Vachova L, et al. (2011) Flo11p, drug efflux pumps, and the extracellular matrix cooperate
to form biofilm yeast colonies. J Cell Biol. 194: 679-87.
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2. Marsikova et al. (2017) Metabolic differentiation of surface and invasive cells of yeast
colony biofilms revealed by gene expression profiling, (submitted)

Keywords: Saccharomyces cerevisiae, yeast biofilm colony, amino acid metabolism,
pseudohyphae

[PS3-29] Metabolic Processes and Regulation of Glycogen Synthesis in
Aerial Cells of Differentiated Yeast Biofilm Colonies

Marsikova ]anal, Wilkinson Derek, Begany Marketa?, Hlavacek Otakar?, Gilfillan Gregorg,
Vachova Libusez, Palkova Zdenal

1Facully of Science, Charles University, BIOCEV (Czech Republic); Institute of Microbiology of
the CAS, v.v.i., BIOCEV (Czech Republic); 30slo University Hospital, Oslo, Norway (Norway)

Biofilm formation, connected with the dimorphic switch to filamentous form and the
production of protective extracellular matrix, is crucial for yeast colonization, virulence
and invasion into substrates. Biofilms are thus very difficult to eliminate and serve as a
source of serious systemic infections. We use as our model a Saccharomyces cerevisiae
structured biofilm colony that is composed of a surface “aerial” part and agar-invasive
“root” part formed by pseudohyphae [1]. We implemented a novel method of separation of
cells from aerial and root parts of biofilm colonies to be able to perform genome-wide
expression comparison of aerial and root cells. Based on the gene expression data
combined with other analyses, we proposed a model of the metabolic pathways that
operate in root and aerial cells [2]. We show that environmentally exposed aerial cells are
resting cells accumulating glycogen and trehalose and expressing genes involved in
glycolysis, stress defense and protein degradation. Expression profiling also provided
indications of cell-specific regulations. Subsequent knockout strain analyses identified
Gip2p, a regulatory subunit of type 1 protein phosphatase Glc7p, to be essential for
glycogen accumulation in aerial cells and Piglp and Pig2p subunits to have additional
minor roles in regulating glycogen synthesis. The work was supported by GACR 13-08605S
and Norwegian financial mechanism 2009-14 No. 7F14083.

[1] Vachova L, et al. (2011) Flo11p, drug efflux pumps, and the extracellular matrix
cooperate to form biofilm yeast colonies. J Cell Biol. 194: 679-87.

[2] Marsikova et al. (2017) Metabolic differentiation of surface and invasive cells of yeast
colony biofilms revealed by gene expression profiling, (submitted)

Keywords: Saccharomyces cerevisiae, biofilm, structured colony, metabolism, glycogen
synthesis, regulation

[PS3-30] Nhp6 Proteins Affect Histone Acetylation Landscape By
Interfering With Ac-CoA Metabolism

Durano Dilettal, Caldarelli Federicaz, Lucaks Andreaz, Egidi Alessandraz, D'Alfonso Annaz,

Di Felice Francescaz, Saliola Michelez, Sciubba Federicoz, Micheli Alfredoz, Zambelli
Federico3, Pavesi Giulio4, Bianchi Marcos, Camilloni Giorgio2
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Ta Sapienza, university of Rome (Italy); ’La sapienza, university of Rome (Italy); Sunversita
degli studi di milano (Italy); Yuniversita degli studi di milano (Italy); San Raffaele Hospital
(Italy)

The Nhp6 A and B are chromatin architectural proteins homologous to mammal HMGBI1. In
yeast these proteins are encoded by two different genes, NHP6A and NHP6B. These two
proteins show, in the core region, 96% of identity, and their N-terminus domain called
HMG-box is committed to DNA binding.

Our recent data showed that in nhp6ab mutant there is a decreased histone amount and
increased acetylation at the H4 histone lysine 16 (H4K16), particularly evident at the
ribosomal loci (rDNA).

It has been highlighted that a link exists between epigenetic alterations and metabolic
processes. In particular histone acetylation is dependent on the acetyl-CoA availability. In
yeast the acetyl-CoA is produced through many pathways located at cytoplasm,
mitochondria and peroxisomes.

We demonstrated that the absence of nhp6ab proteins leads to metabolic genes
deregulation causing the overexpression of key enzymes involved in the fatty acid
oxidation as POT1. The product of this latter gene a 3-ketoacyl-CoA-thiolase, is responsible
for the last step leading to AcCoA biosynthesis from fatty acids. The upregulation of this
pathway in a nhp6ab background leads to increased acetyl-CoA avaiability. This metabolite
accumulation is related to the histone hyperacetylation phenotype previously observed at
rDNA. The observations here reported indicate that both H3 and H4 histones are
hyperacetylated in many residues in nhp6ab strain. Moreover, the recovered acetylation
state observed in the in nhp6ab/pot1 suggests that inhibition of beta oxidation pathway
provides less acetyl-CoA availability thus reducing histone hyperacetylation phenotype.

These findings indicate how the lack of two chromatin proteins affecting metabolic genes
expression, is reflected in an altered, genome wide, epigenetic landscape.

Keywords: nhp6, metabolism, epigenetics, acetylation
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[PS4] Transport, sensing and signalling

[PS4-1] Unraveling the Regulation of the Yeast Ppz1 Phosphatase by the
Moonlighting Protein Hal3

Molero Cristina, Casado Carlos, Arifio Joaquin
Universitat Autonoma Barcelona (Spain)

The Ser/Thr protein phosphatase (PPase) Ppz1 is an enzyme related to the ubiquitous type-1
PPases (PP1c) but it is found only in fungi (including pathogenic ones). Ppz1 controls
monovalent cation metabolism and it is regulated by an inhibitory subunit, Hal3, which
binds to the C-terminal catalytic domain of the phosphatase. Overexpression of Ppz1 is
highly toxic for yeast cells, so its de-regulation has been proposed as a target for novel
antifungal therapies.

While modulation of PP1c by its many regulatory subunits has been extensively
characterized, the manner by which Hal3 controls Ppz1 remains unknown.As a first
approach, we have constructed by PCR-prone mutagenesis a library of Ppz1 variants and
we have developed a functional assay in search of mutations affecting the binding or/and
the inhibitory capacity of Hal3. We have characterized in vivo and in vitro diverse Ppz1
versions carrying single or double amino acid mutations and found that, although in most
cases they were clearly refractory to Hal3 inhibition, none of them exhibited significant loss
in binding to the inhibitor. Mapping of mutations strengthened the notion that Hal3 does
not interact with Ppz1 through its RVxF-like motif (found in most PP1c regulators). In
contrast, construction of a 3D model of the C-terminal domain of Ppz1 based on existing
related structures revealed that functionally relevant mutations mapped in a conserved
acidic and hydrophobic substrate binding channel used by mammalian Inhibitor 2- to
regulate PP1c. However, Hal3 does not bind nor inhibit yeast PP1c (Glc7). Therefore, these
results indicates that modulation of PP1c and Ppz1 by their regulatory subunits likely
differs, although could share some structural features. The differential characteristics
would allow insulation of Glc7 and Ppz1 functions in the yeast cell.

Keywords: protein phosphatases, regulatory subunits, monovalent cation homeostasts,
mutagenesis analysis, functional screen

=——[PS4-2] The Yeast Mep2 Ammonium Transceptor Physically Interacts
With The 14-3-3 Protein Bmh1

Chembath Anupama, Rutherford Julian
Institute for Cell and Molecular Biosciences, Newcastle University (United Kingdom)

In response to limiting nitrogen levels diploid yeast undergo a dimorphic switch from yeast
like growth to pseudohyphal growth. During this morphological change yeast grow as
elongated chains of cells away from the colony to search for nutrients. Studies by a number
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of groups over many years have established that signal transduction pathways that regulate
pseudohyphal growth include the MAP kinase and PKA pathways. An essential but poorly
understood component of the regulation of pseudohyphal growth is the Mep2 ammonium
importer. Two models of Mep2 function during pseudohyphal growth have been proposed.
First, the Mep2 substrate (either ammonium ion, ammonia gas or ammonia gas plus proton)
cause changes in cytosolic pH that is sensed by a relevant signal transduction pathway.
Second, Mep2 acts as a transceptor that physically interacts with a signalling partner to
control pseudohyphal growth. In the transceptor model, Mep2 acts in a way analogous to G
protein-coupled receptors undergoing a conformational change during substrate
translocation that initiates signaling. We have undertaken a genetic screen to identify
potential Mep2 signaling partners and have identified an interaction between Mep2 and the
14-3-3 protein Bmh1. We have confirmed this interaction using western analysis of
membrane fractions and importantly established that this interaction is lost when
analysing signalling deficient Mep2 mutants. These data and the known role of Bmh1 in
signal transduction support the model of Mep2 as an ammonium sensing transceptor.

Keywords: Pseudohyphal growth, ammonium sensing, transceptor, stress signaling

——__[PS4-3] Allelic Variants of the GTR1 Gene, Involved in the TORC1
Signaling Pathway, Affect Nitrogen Transporters Gene Expression and
Nitrogen Consumption in Saccharomyces cerevisiae During Alcoholic
Fermentation

Molinet Jennifer, Cubillos Francisco, Martinez Claudio
Universidad de Santiago de Chile (Chile)

The role of TORC1 signaling pathway is to detect nutritional signals, mainly nitrogen, and to
coordinate cell growth. Among its targets are genes related to nitrogen transport and
metabolism. Therefore, the adaptation of Saccharomyces cerevisiae to changes in the
availability of nitrogen imply variations in the activity of this signaling pathway, which are
important in the regulation of the expression of its targets genes. Consequently, the study of
the TORC1 signaling pathway becomes relevant in certain areas such as wine fermentation,
where one of its main problems is the deficiency of nitrogen sources, such as ammonium
and amino acids, which leads to sugglish or stuck fermentation. Previous studies have
highlighted the GTR1 gene as a candidate to explain differences in nitrogen consumption.
The GTR1 gene encodes a GTPase participanting in the EGO complex responsable for
stimulating TORC1 in response to the absence of amino acids. Therefore, different alleles of
this gene could differentially affect the expression of target genes of TORC1, such as
nitrogen transporters and consequently, impact on the nitrogen consumption. In this
context, the objective of this work was evaluate the effect of allelic variants of GTR1 on the
differential expression of nitrogen transporters and the nitrogen consumption in S.
cerevisiae strains during alcoholic fermentation. The GTR1 gene was selected from QTL
mapping performed to a tetraparental population, called SGRP-4X, whose parents belong to
four distinct clusters: Wine/European, West African, North America and Sake. These allelic
variants were validated by reciprocal hemizygosity assay, which were fermented in
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synthetic must and determined the nitrogen content by HPLC. Expression of MEP1, MEP2,
MEP3, GAP1, AGP1, DIP5, GNP1 and TAT2 by qPCR at three points of the alcoholic
fermentation was evaluated. Differences were observed in the consumption of ammonium,
arginine, glutamic, serine, threonine, alanine and glutamine when comparing the Wine and
West African alleles. In general, the strain with West African allele showed lower
expression of the genes evaluate during the first hours of the fermentation process, which
could explain the differences in the consumption of the nitrogen sources. In conclusion, the
West African allele of GTR1 affects the expression of the nitrogen transporters, possibly by a
constant activation of TORC1.

Keywords: TORC1 pathway, Allelic diversity, Saccharomyces cerevisiae, Alcoholic
fermentation, Nitrogen consumption

——PS4-4] An In Vitro TORC1 Kinase Assay that Recapitulates the Gtr-
independent Glutamine-responsive TORC1 Activation Mechanism on
Yeast Vacuoles

Tanigawa Mirai, Maeda Tatsuya
The University of Tokyo (Japan)

Evolutionarily-conserved TOR complex 1 (TORC1) is an essential regulator of cell growth,
which responds to nutrients, especially amino acids. TORC1 is activated by amino acids
through multiple types of sensing machinery with different specificities for each amino
acid in yeast and mammals. In Saccharomyces cerevisiae, leucine, and perhaps other amino
acids, was reported to activate TORC1 via the heterodimeric small GTPases Gtr1-Gtr2, the
orthologs of the mammalian Rag GTPases. More recently, an alternative Gtr-independent
TORC1 activation mechanism that may respond to glutamine was reported, although its
molecular detail is not clear.

In studying the nutrient-responsive TORC1 activation mechanism, the lack of an in vitro
assay hinders associating particular nutrient compounds with the TORC1 activation status,
whereas no in vitro assay that shows nutrient responsiveness has been reported. In this
study, we have developed a new in vitro TORC1 kinase assay that reproduces, for the first
time, the nutrient-responsive TORC1 activation. This in vitro TORC1 assay recapitulates the
previously predicted Gtr-independent glutamine-responsive TORC1 activation mechanism.
Using this system, we found that this mechanism specifically responds to L-glutamine,
resides on the vacuolar membranes, and involves a previously uncharacterized Vps34-
Vps15 phosphatidylinositol 3-kinase complex and the PI(3)P-binding FYVE domain-
containing vacuolar protein Pib2. Pib2 interacted with TORC1 in response to L-glutamine on
the isolated vacuolar membrane, suggesting that Pib2 is directory involved in the
glutamine-responsive mechanism. Thus, the in vitro assay we have developed is proved to
be useful for dissecting the glutamine-responsive TORC1 activation mechanism.

Keywords: TORC1, rapamycin, amino acid, vacuole
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[PS4-5] Modulation of Cation Selectivity of Yeast Plasma Membrane
Na+/H+ antiporters by Repositioning a Single Methyl Group

Zimmermannova Olgal, Falson Pierrez, Meskarova Veronikal, Elicharova Hanal, Sychrova
1
Hana

1Department of Membrane Transport, Institute of Physiology CAS (Czech Republic); Institute
of Biology and Chemistry of Proteins, CNRS UMR5086, Lyon (France)

Potassium is the predominant ion inside the cell and its appropriate concentration is
important for many physiological functions. On the other hand, high intracellular
concentrations of Na+ (or its analogue Li+) are generally toxic. Among the cation transport
systems which participate in ensuring the optimal intracellular level of alkali-metal cations
and protons (pH) in most organisms belong Na+/H+ antiporters (CPA/SLC9 family). Their
topology consists of 12 transmembrane segments (TMS) and a long hydrophilic C-terminal
cytoplasmic domain. Yeast plasma-membrane Na+/H+ antiporters (Nha/Sod subfamily) can
recognize all alkali-metal cations as substrates but transport them selectively. For example,
the Saccharomyces cerevisiae Nhal antiporter transports Na+ (Li+) and K+ (Rb+), while the
Zygosaccharomyces rouxii Sod2-22 antiporter exports Na+ and Li+, but not K+ or Rb+. To
find out the molecular basis of such cation selectivity, we combined protein structure
modelling, site-directed mutagenesis, phenotype analysis and cation efflux measurements
to localize and characterize the cation selectivity region of the antiporter. A 3D model of the
ZrSod2-22 transmembrane domain (based on the X-ray structure of the Escherichia coli
NhaA antiporter and primary sequence alignments with homologous yeast antiporters)
revealed a close proximity of T141 (TMS4), A179 (TMS5), F180 (TMS5) and V375 (TMS11)
forming a phylogenetically highly-conserved (from E. coli to human) hydrophobic filter
(hole) in the putative cation pathway's core. A series of mutagenesis experiments verified
the model and showed that structural modifications of the filter resulted in altered cation
selectivity and transport activity. Strikingly, the single mutation T141S or triple mutations
T141S-A179T-V3751 in ZrSod2-22 gained a K+ transport capacity. On the contrary, the point
mutations A179T or F180S restricted the antiporter’s cation specificity to Li+ and reduced
its transport activity, while residues with smaller side chains at these positions (serine or
alanine, respectively) preserved a native cation selectivity. Our results indicate that the
position of a single methyl group within this part of the protein determines the antiporter’s
ability to transport a particular alkali-metal cation. Obtained data help in understanding
the structural code, molecular mechanisms of the function and activity regulation in other
members of the CPA family.

This work was supported by the project GACR 17-01953S.

Keywords: yeast, cation/H+ antiporter, cation homeostasis, potassium, salt tolerance

[PS4-6] The Hsp70 SSB is a new actor in endocytic patch dynamics
Albanese Véroniquel, Parnot Charles?, Frydman ]udith3, Léon Sébastien®

ICNRS, Institut Jacques Monod (France); ZFindings Software (France); 3Stanford University
(USA)
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While molecular chaperones are primarily known for their role in protein folding, they
have also been shown in recent years to participate in a large variety of cellular functions.
Here, we establish for the first time that the Hsp70 SSB plays a novel role in the endocytic
process. Endocytosis depends on an extensive network of interacting proteins that has been
characterized in detail, but the mechanisms that regulate the spatio-temporal dynamics of
the endocytic pathway is not fully understood. We demonstrate here that in the absence of
SSB, cells exhibit a severe defect in endocytosis, the endocytic coat proteins assemble in
aberrant structures, and the dynamics of the endocytic particles is slower. Our results show
that SSB is necessary for the structure and function of several components of the endocytic
pathway, in a step necessary for their progression to the late internalization stages. These
results define a novel role for Hsp70s, distinct from the classical role in clathrin uncoating.
Our study also clearly demonstrates that chaperones have key roles to play in cellular
processes beyond basic protein folding, coordinating the assembly and disassembly of large
protein complexes such as the endocytic particles.

Keywords: molecular chaperones, Hsp70, endocytosis, yeast

[PS4-7] Roles of SPS Pathway Genes (SSY1-PTR3-SSY1) and SIR3 During
Cycles of Growth and Starvation in S. cerevisiae Populations With
Differing Proportions of Quiescent and Non-Quiescent Cells

Wloch-Salamon Dominika M.!, Tomala Katarzynal, Aggeli Dimitra?, Dunn Barbara?
1 Jagiellonian University (Poland); ZStanford University (USA)

Over its evolutionary history, Saccharomyces cerevisiae has evolved to be well-adapted to
fluctuating nutrient availability. In the presence of sufficient nutrients, yeast cells continue
to proliferate, but upon starvation haploid yeast cells enter stationary phase and
differentiate into non-quiescent (NQ) and quiescent (Q) cells. Q cells survive stress better
than NQ cells and show greater viability when nutrient-rich conditions are restored. To
investigate the genes that may be involved in the differentiation of Q and NQ cells we
serially propagated yeast populations that were enriched for either only Q or only NQ cell
types over many repeated growth-starvation cycles. After 30 cycles (equivalent to 300
generations), each enriched population produced a higher proportion of the enriched cell
type compared to the starting population, suggestive of adaptive change. We also observed
differences in each population’s fitness suggesting possible tradeoffs: clones from NQ-lines
were better adapted to logarithmic growth, while clones from Q lines were better adapted
to starvation. Whole genome sequencing of clones from Q and NQ enriched lines revealed
mutations in genes involved in stress response and survival in limiting nutrients (ECM21,
RSP5, MSN1, SIR4, IRA2) in both Q and NQ lines, but also differences between the two lines:
NQ line clones had recurrent independent mutations affecting the SPS amino acid sensing
pathway, while Q line clones had recurrent, independent mutations in SIR3 and FAS1. Our
results suggest that both sets of enriched cell-type lines responded to common, as well as
distinct selective pressures.

Keywords: quiescence, experimental evolution, fluctuating environment
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[PS4-8] Lack of 14-3-3 Proteins in Saccharomyces cerevisiae Results in
Cell-to-Cell Heterogeneity in the Expression of Pho4-regulated Genes
SPL2 and PHO84

van Heusden Paul, Teunissen Janneke, Crooijmans Marjolein, Teunisse Pepijn
Leiden University/Institute of Biology (Netherlands)

In the yeast Saccharomyces cerevisiae genes involved in high-affinity phosphate uptake
(PHO genes) are strongly induced during both phosphate and potassium starvation,
indicating a link between phosphate and potassium homeostasis. As the signal transduction
processes involved are not completely understood and 14-3-3 proteins are key regulators of
signal transduction processes, we investigated the effect of deletion of the 14-3-3 genes
BMH1 or BMH2 on gene expression during potassium starvation and focused especially on
the expression of genes involved in phosphate uptake.

Genome-wide analysis of the effect of disruption of either BMH1 or BMH2 revealed that the
mRNA levels of the PHO genes PHO84 and SPL2 are greatly reduced in the mutant strains
compared to the levels in wild type strains. This was especially apparent at standard
potassium and phosphate concentrations. Furthermore the promoter of these genes is less
active after deletion of BMH1. Microscopic and flow cytometric analysis of cells with GFP-
tagged SPL2 showed that disruption of BMH1 resulted in two populations of genetically
identical cells, cells expressing the protein and the majority of cells with no detectable
expression. Heterogeneity was also observed for the expression of GFP under control of the
PHO84 promoter. Upon deletion of PHO80 encoding a regulator of the transcription factor
Pho4, the effect of the BMH1 deletion on SPL2 and PHO84 promoter was lost, suggesting
that the BMH1 deletion mainly influences processes upstream of the Pho4 transcription
factor.

Our data indicate that that yeast cells can be in either of two states, expressing or not
expressing genes required for high-affinity phosphate uptake and that 14-3-3 proteins are
involved in the process(es) that establish the activation state of the PHO regulon.

Reference

Anemaet IG, van Heusden GPH. Transcriptional response of Saccharomyces cerevisiae to
potassium starvation. BMC Genomics 2014;15:1040.

Keywords: Heterogeneous gene expression, Phosphate uptake, 14-3-3 proteins, Potassium
starvation, Ion homeostasis

[PS4-9] Resistance of Ogataea (Hansenula) polymorpha to
Orthovanadate: the Roles of the Phosphate Transport Control and of
Mannoprotein Phosphomannosylation

Agaphonov Michael, Karginov Azamat, Fokina Anastasia, Ter-Avanesyan Michael

Bach Institute of Biochemistry RAS, Federal Research Centre “Fundamentals of
Biotechnology” of the Russian Academy of Sciences (Russia)
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In order to study mechanisms underlying extreme vanadate resistance of the yeast Ogataea
(Hansenula) polymorpha, we performed screenings for genes related to this phenotype by
three approaches: (i) selection of O. polymorpha mutants hypersensitive to vanadate, (ii)
selection of vanadate resistant mutants in the closely related yeast O. parapolymorpha,
whose wild-type resistance is similar to that of S. cerevisiae, and (iii) search for O.
polymorpha genes able to increase vanadate resistance of O. parapolymorpha. The first and
the third approaches resulted in identification of the gene designated ABV1 (Alcian Blue
staining, Vanadate resistance) encoding a Golgi apparatus mannosylphosphate transferase.
The second approach revealed the gene designated similar to its S. cerevisiae orthologue
PHOA87, which codes for the low affinity plasma membrane phosphate transporter. In O.
polymorpha deletion of ABV1 decreased vanadate resistance, while in O. parapolymorpha
extra copies of this gene increased resistance to vanadate. The PHO87 had a dual effect on
the vanadate resistance. Its deletion was able to increase vanadate resistance of O.
parapolymorpha indicating that Pho87 is involved in the vanadate uptake as a phosphate
transporter. At the same time, protection against vanadate by elevating phosphate
concentration in culture medium correlated with expression of this gene, which reflects
Pho87 function as an external phosphate sensor. The latter was also confirmed by PHO87
effects on the regulation of promoter of the PHO84 gene encoding a high affinity plasma
membrane transporter. Overexpression of ABV1 increased vanadate resistance in O.
parapolymorpha even in the absence of PHO87 indicating that some other route(s) of
vanadate uptake is affected by protein glycosylation in the secretory pathway. This study
was supported by Russian Science Foundation grant 17-14-01092.

Keywords: vanadate resistance, phosphate transport, external phosphate sensing,
glycosylation, Ogataea polymorpha

~[PS4-10] H+-Influx Coupled to Amino Acid Uptake as a Key Signal
Stimulating TORC1 in Saccharomyces cerevisiae

Saliba Eliel, Corrillon Florentl, Georis Isabellez, Andre Bruno?!

IMolecular Physiology of the Cell Laboratory, ULB, IBMM, Gosselies, Belgium (Belgium);
ZInstitut de Recherches M icrobiologiques J.-M. Wiame, 1070 Brussels, Belgium (Belgium)

The Target Of Rapamycin Complex 1, TORC1, is a kinase complex conserved from yeast to
mammals that controls cell growth by fine-tuning anabolic and catabolic processes. Among
the various signals that impinge on TORC1 are amino acids, which modulate TORC1 activity
through the conserved Rag family GTPases. In mammalian cells, the intracellular
concentration of specific amino acids is sensed by different sensor systems modulating the
Guanine nucleotide Exchange Factors (GEF) and GTPase Activating Proteins (GAP) acting on
the Rag GTPases. Yet in yeast the upstream regulators of the Rag GTPases (named Gtrl and
Gtr2) responding to amino acids remain poorly known. In the context of our study of the
role of TORC1 in the mechanisms promoting the ubiquitylation and endocytosis of the yeast
general amino acid transporter, Gapl, we have found that the uptake of 3-alanine by Gap1
activates TORC1 in a manner dependent on the Rag/Gtr GTPases. Yet f3-alanine cannot be
used as a nitrogen source and HPLC measurements showed that it is not converted into
other amino acids. On the basis of these observations, we explored different hypotheses to
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account for TORC1 activation in response to $3-alanine uptake. For instance, the Gap1
transporter could act as a transceptor capable of signaling to TORC1, or the process of f3-
alanine transport by itself could somehow activate TORC1. We will present data indicating
that it is the influx of protons associated with H+-coupled transport of f3-alanine that
stimulates TORC1. We propose that this signal contributes to TORC1 reactivation
accompanying exit of cells from various nutritional starvation conditions.

Keywords: TORC1, Nutrient transporters, Protein trafficking

[PS4-11] Application of FAP Technology to Study a-Arrestin-mediated
Receptor Endocytosis in S. cerevisiae

Emmerstorfer-Augustin Anita, Shams Shadi, Thorner Jeremy
UC Berkeley (USA)

G protein-coupled receptors (GPCRs) are activated by many different types of extracellular
stimuli, especially various kinds of chemical agonists. Binding of such a ligand to its cognate
GPCR activates signal transduction pathways and thereby causes appropriate responses. In
yeast, the mating pheromone a-factor binds to and activates signaling emanating from the
GPCR Ste2. However, hyperstimulation of Ste2 can cause cell death. Therefore, cells have
evolved mechanisms that act at the receptor level to prevent excess signaling. Among the
feedback controls responsible for down-regulation of cellular response to GPCR-initiated
signaling is removal of the receptor from the plasma membrane (PM) via clathrin-mediated
endocytosis. Studies in yeast by others first showed that this internalization process
involves marking a-factor-bound Ste2 for internalization by ubiquitinylation mediated by
the PM-associated HECT domain-containing ubiquitin ligase Rsp5. However, recent work in
our laboratory has shown that a-factor-induced ubiquitinylation of agonist-activated Ste2
by Rsp5 requires either of two intermediary "matchmaker" proteins, the a-arrestins Rod1
and Rog3. PPxY motifs in the C-terminal segments of these endocytic adaptor proteins bind
Rsp5 and their N-terminal arrestin fold domains engage Ste2. To provide an assay to dissect
the recognition determinants in both the receptor and these a-arrestins required for their
productive interaction, we have been applying an innovative new method, called
fluorogen-activating protein (FAP) technology, to visualize Ste2 localization. A fluorogen is
an organic molecule that is relatively non-fluorescent when free in solution; however,
when the fluorogen is bound to a cognate FAP [a human single-chain antibody (scFvs) that
has been engineered to bind the fluorogen with high affinity and specificity], the fluorogen-
FAP complex is highly fluorescent. To "catch a-arrestins in action", we co-express a GFP-
tagged Rog3 allele, Rog3(A400-733) (called Rog3A400, for short), which lacks its PPxY motif-
containing C-terminal tail (and also lacks phosphorylation sites that we think may help
them dissociate from their targets) in cells expressing FAP-tagged Ste2 that have been
treated with fluorogen. Cells are then exposed to a-factor to examine whether the
fluorescent a-arrestin and fluorogen-FAP-Ste2 co-localize at the PM and other aspects of the
dynamics of agonist-induced Ste2 endocytosis. Results from such studies will be presented.

Keywords: G protein-coupled receptor, a-arrestin, endocytosis

145



Book of Abstracts 28" International Conference on Yeast Genetics and Molecular Biology

[PS4-12] "The Hoglp kinase regulates the Aftlp transcription factor to
control iron accumulation”

Martins Telma S.l, Pereira Claral, Canadell Davidz, Vilaca Rital, Teixeira Vitorl, Moradas-
Ferreira Pedrol, de Nadal Eulaliaz, Posas Francescz, Costa Vitor!

Imstituto de Investigacgdo e Inovagdo em Saude, Universidade do Porto, Porto (Portugal);
2Universitat Pompeu Fabra, Barcelona (Spain)

Iron acquisition systems have to be tightly regulated to assure a continuous supply of iron,
since it is essential for survival, but simultaneously to prevent iron overload that is toxic to
the cells. Our previous work revealed that cells lacking the sphingomyelinase Isc1p exhibit
an upregulation of genes involved in iron uptake leading to increased levels of iron (1). In
this study, we show that isc1A cells also exhibit deregulated iron localization with a
decrease in the vacuolar levels. In isc1A cells, despite the presence of iron, the low-iron
sensing transcription factor Aftlp is dephosphorylated, accumulates in the nucleus and is
transcriptionally more active indicating that Aftlp is improper activated. Aft1p activation
underlies iron accumulation in isc1A cells since deletion of AFT1, or expression of an Aftlp
phosphomimetic mutant S210DS224D that favours its nuclear export, abolished iron
accumulation. We also show that Aftlp is dephosphorylated and activated under iron
replete conditions in cells lacking Hog1lp, a kinase with altered activity in isc1A cells (2). Co-
immunoprecipitation analysis and an in vitro kinase assay revealed that Hoglp interacts
with and directly phosphorylates Aft1p. Moreover, Hoglp-Aftlp interaction decreased in
isc1A cells. We propose that the decrease in Aft1p-Hoglp interaction leads to Aftlp
dephosphorylation in isc1A cells and, as consequence, to Aftlp activation and iron overload.

This work was funded by FEDER - Fundo Europeu de Desenvolvimento Regional funds
through the COMPETE 2020 - Operacional Programme for Competitiveness and
Internationalisation (POCI), Portugal 2020, and by Portuguese funds through FCT -
Fundacdo para a Ciéncia e a Tecnologia/Ministério da Ciéncia, Tecnologia e Ensino Superior
in the framework of the project "Institute for Research and Innovation in Health Sciences"”
(POCI-01-0145-FEDER-007274). CP is supported by Fundo Social Europeu and Programa
Operacional Potencial Humano through FCT investigator grant IF/00889/2015.

1 Almeida T et al. (2008) Mol Biol Cell 19, 865-76
2 Barbosa AD et al. (2012) Mech Ageing Dev 133, 317-30

Keywords: Iron, Isc1p, Aftlp, Hoglp, Cell signalling

[PS4-13] Lysine acetyltransferase NuA4 and acetyl-CoA regulate glucose-
deprived stress granule formation in Saccharomyces cerevisiae

Baetz Kristin!, Huard Sylvaini, Pham Trang Thuyi, Morettin Alan?, Cote ]oceyln2
1ottawa Institute of Systems Biology, uOttawa (Canada); 2 University of Ottawa (Canada)
Eukaryotic cells form stress granules under a variety of stresses, however the signaling

pathways regulating their formation remain largely unknown. We have determined that
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the Saccharomyces cerevisiae lysine acetyltransferase complex NuA4 is required for stress
granule formation upon glucose deprivation but not heat stress. Further, the Tip60
complex, the human homolog of the NuA4 complex, is required for stress granule formation
in cancer cell lines. Our work suggests that NuA4 is regulating glucose-deprived stress
granule dynamics through two distinct pathways — regulating Acetyl-CoA levels and direct
acetylation of stress granule proteins. Surprisingly, the impact of NuA4 on glucose-deprived
stress granule formation is partially mediated through regulation of acetyl-CoA levels,
which are elevated in NuA4 mutants. While elevated acetyl-CoA levels suppress the
formation of glucose-deprived stress granules, decreased acetyl-CoA levels enhance stress
granule formation upon glucose deprivation. We found that NuA4 modulates acetyl-CoA
levels through the regulation of Acetyl-CoA Carboxylase Accl. We have also determined that
NuA4-dependent lysine acetylation of the core stress granule component poly-A-binding
protein Pab1 at lysine 131 contributes to the formation of glucose-deprivation stress
granule assembly. Altogether this work establishes that NuA4 regulates the formation of
glucose-deprived stress granules through acetylation of Pab1 and through regulation of
Accl and the metabolite acetyl-CoA.

Keywords: Stress Granules, Lysine acetyltransferase, NuA4, Pab1, glucose deprivation, Accl,
acetyl-Coa

[PS4-14] Characterizing Vacuolar Protein Sorting Pathways in the Yeast
Pichia pastoris (Komagataella spp)

Gasser Brigittel, Marsalek Lukas?, Gruber Clemens?, Altmann Friedrich3 Mattanovich
Diethard? Puxbaum Verena®

1BOKU University of Natural Resources and Life Sciences Vienna (Austria); 2Austrian Centre
of Industrial Biotechnology, Vienna (Austria); 3Department of Chemistry, BOKU - University of
Natural Resources and Life Sciences Vienna (Austria); 4Universily of Natural Resources and
Life Sciences Vienna (Austria); SACIB Austrian Centre of Industrial Microbiology (Austria)

Besides being frequently used as host for production of recombinant secretory proteins, the
yeast Pichia pastoris (syn. Komagataella spp) is also used as a model system to study the
secretory path-way. This is due to the observation that in contrast to the commonly used
yeast model Saccharomyces cerevi-siae, where the Golgi is distributed throughout the
entire cell, P. pastoris forms ordered Golgi stacks similar to the mammalian Golgi, which are
located next to discrete transitional ER sites.

The further steps of vesicular transport in P. pastoris, in particular the protein sorting
pathways towards the vacuole, were not well characterized so far. Thus, we set out to
identify genes involved in these vesicular transport steps and to generate mutants in the
vacuolar protein sorting pathways. In these strains, we investigated the changes in
secretion of native vacuolar and recombinant secretory fluorescent reporter proteins as
well as their intracellular localization. Vacuolar morphology was assessed by fluorescence
microscopy. Also in P. pastoris, vacuolar targeting occurs through the well-described CPY
and ALP pathways which are named after one of their transported cargo proteins
(carboxypeptidase Y and alkaline phosphatase, respectively). Disruption of either of the two
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Golgi-to-vacuole pathways can be complemented by the other pathway. Interestingly,
several genes that are non-essential in S. cerevisiae proved to be essential in P. pastoris,
indicating differences between the two yeasts. Furthermore, synthetic lethality was
observed for ALP and CPY components, as well as for genes involved in endosome-to-
vacuole fusion and late steps of secretory transport. Furthermore, the impact of the vps
mutant strains on secretion of heterologous proteins was investigated. Approaches how to
efficiently adapt the host cell’s secretion capacity will be presented, which confirm that
impairment of vacuolar protein sorting is an effective means of enhancing secretion of
heterologous proteins.

Taken together, these studies allowed us to gain comprehensive insights into the function
and regulation of vacuolar and endosomal protein sorting pathways in P. pastoris. Apart
from contributing to our understanding of intracellular transport, these strains proved be
valuable tools for production of recombinant secretory proteins.

Keywords: Pichia pastoris, protein secretion, vacuolar protein sorting, vacuolar transport

[PS4-15] Ypq2, the Yeast Ortholog of Human Lysosomal PQLC2 Cationic
Amino Acid Exporter, is a high-affinity transporter catalyzing passive
arginine transport across the vacuolar membrane

Cools Melody, André Bruno
Physiologie Moléculaire de la cellule ULB (Belgium)

Ypql, -2, -3 are highly similar transporters of the PQ-loop family known to be localized at
the yeast vacuolar membrane (1). Several previous observations — e.g. transcriptional
repression of YPQ3 under lysine excess conditions (1), high turnover of Ypq1l upon lysine
starvation (2), resistance of ypq2 mutant to canavanine (a toxic analog of arginine) (1),
reduced ATP-dependent uptake of basic amino acids in vacuolar membrane vesicles
isolated from ypq mutant (3) - suggest a role of Ypq proteins in transport of cationic amino
acids (arginine, lysine, histidine) across the vacuolar membrane. PQLC2 is a mammalian
ortholog of the yeast Ypq proteins. Biochemical characterization of PQLC2 expressed to the
cell surface of oocytes showed that the protein is a lysosomal exporter of basic amino acids.
Furthermore, PQLC2 was found to play a central role in therapy against cystinosis, a
lysosomal storage disease, by mediating export from the lysosome of a drug derivate
resembling lysine (1). As the yeast vacuole is known to accumulate high amounts of basic
amino acids including arginine, we sought to further investigate the role of Ypq proteins in
arginine transport across the vacuolar membrane. We have implemented the previously
described methods used for isolating intact vacuoles (still containing their sap) and we set
up conditions for measuring the activity of passive and active amino acid transporters. We
will present data showing that Ypq2 is a high-affinity transporter catalyzing passive
transport of arginine and histidine across the vacuolar membrane. Work is in progress to
assess the role of Ypg2 in vacuolar export of arginine under normal and starvation
conditions. As PQLC2 expressed in yeast is able to complement the phenotype of an ypq2
mutant (1), we hope that our study of Ypg2 will shed more light on the physiological role of
PQLC2 in human cells.

148



Book of Abstracts 28" International Conference on Yeast Genetics and Molecular Biology

Keywords: vacuole, cationic amino acid transporter, Ypq2, PQLC2

[PS4-16] Feedback Inhibition of the Rag GTPase GAP Complex Lst4-Lst7
Safeguards TORC1 from Hyperactivation by Amino Acid Signals

Péli-Gulli Marie-Pierre, Raucci Serena, Hu Zehan, Dengjel Jorn, De Virgilio Claudio
Université de Fribourg (Switzerland)

The target of rapamycin complex 1 (TORC1), a conserved serine/threonine kinase complex
localized at the vacuolar membrane in yeast, is a major cell growth controller. It integrates
a variety of stimuli including nutrients such as amino acids and modulates multiple
catabolic and anabolic processes accordingly. Amino acids regulate TORC1 via the
heterodimeric Rag GTPases Gtr1-Gtr2, which themselves integrate amino acid signals via
their regulators that include GTP exchange factors (GEFs) and GTPase activating proteins
(GAPs). One such regulatory module is the Lst4-Lst7 complex that functions as a GAP for
Gtr2. This complex exhibits a dynamic subcellular distribution: when cells are starved for
amino acids, it localizes to the vacuolar surface; upon amino acid re-feeding, however, it
stimulates Gtr2 (and consequently TORC1) and is then rapidly dispersed form the vacuolar
membrane. Interestingly, the crystal structure of the N-terminal region of Lst4 revealed the
presence of a split DENN domain that is involved in the interaction with Lst7. The intra-
DENN loop stretches over 200 amino acids and is not required for the interaction of Lst4
with Lst7. Here, we show that this intra-DENN loop is in fact necessary for anchoring the
entire Lst4-Lst7 complex to the vacuolar membrane. We also provide evidence, both in vivo
and in vitro, that Lst4 is a target of TORC1, which directly phosphorylates several residues
specifically within the intra-DENN loop. In addition, we show that the phosphorylation
status of the intra-DENN loop determines the localization of the Lst4-Lst7 complex rather
than its GAP activity towards Gtr2. Intriguingly, expression of an Lst4 variant that cannot be
phosphorylated by TORC1 mediates hyperactivation of TORC1 and causes growth defects
when cells are grown on a poor nitrogen source, while an Lst4 variant mimicking the
TORC1-phosphorylated state cannot reach the vacuolar membrane and compromises
TORC1 activation by amino acids. Combined, our data support a model in which TORC1
feedback regulates its own activation by displacing Lst4. This mechanism prevents TORC1
hyperactivation in response to amino acids and therefore lends support for the emerging
view that TORC1 is a homeostatic controller of growth.

Keywords: target of rapamycin complex 1 (TORC1), Rag GTPases, Lst4-Lst7 GAP complex,
amino acid signaling, growth control

[PS4-17] Function of Wsc Family Proteins as a Methanol-sensing
Machinery in the Methylotrophic Yeast Pichia pastoris

Ohsawa Shin, Sakai Yasuyoshi, Yurimoto Hiroya

University of Kyoto (Japan)
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Methylotrophic yeasts are capable of using methanol as the sole carbon and energy sources.
In these yeasts, many genes involved in methanol metabolism and robust peroxisome
proliferation are induced during growth on methanol. Several transcriptional factors for
methanol-inducible genes have been identified and characterized from methylotrophic
yeasts. However, the mechanism of how cells sense the presence and concentration of
methanol, and how cells transmit the signal through intracellular signaling pathway to
transcriptional factors remain as an open question. Wsc family proteins are plasma
membrane spanning sensor proteins conserved from yeasts to mammalian cells. We
investigated the functional roles of Wsc family proteins in Pichia pastoris and found that
PpWsc1 and PpWsc3 function as a methanol-sensing machinery during growth on
methanol (1). In the Ppwsc1A strain, expression levels of methanol-inducible gene were
significantly lower than those in the wild-type strain. In addition, we showed that
expression levels in the double gene disruption strain of Wsc family proteins
(Ppwsc1APpwsc3A) were lower than those in the Ppwsc1A strain. These results indicated
that PpWscl and PpWsc3 are involved in regulation of methanol-inducible gene expression.
Further analyses revealed that PpWsc1 responds to a lower range of methanol
concentrations than PpWsc3 and PpWsc1 also functions during high temperature stress, but
senses methanol as a signal that is distinct from high-temperature stress. Moreover, we
showed that downstream factors of Wsc family protein are also involved in regulation of
methanol-inducible gene expression.

Reference
1) Ohsawa et al., Mol. Microbiol. 104: 349-363 (2017).

Keywords: Methylotrophic yeast, Wsc family protein, Methanol-inducible gene expression,
Cell wall integrity pathway

[PS4-18] Role of glycerol-H+ symporters of non-conventional yeast
species in the osmotolerance

Duskova Michala, Zemancikova Jana, Sychrova Hana

Department of Membrane Transport, Institute of Physiology Academy of Sciences of the Czech
Republic v.v.i. (Czech Republic)

Microorganisms produce different osmoprotectants in order to adapt to environmental
changes such as changes in water activity. Glycerol plays this role in most yeast species and
is produced at high quantities under hyperosmotic conditions. The osmotolerant yeast
species (e. g. Zygosaccharomyces rouxii, Debaryomyces hansenii) are distinguished by a
more efficient glycerol uptake system, which helps them to reach necessary intracellular
concentration with relatively low glycerol production. Saccharomyces cerevisiae possesses
two systems for glycerol transport. First of them is Fps1, a plasma-membrane channel that
is required for a quick release of glycerol. Second transporter, Stl1, mediates active uptake
of glycerol in symport with protons and is repressed and inactivated by glucose in S.
cerevisiae. The regulation of glycerol transport in the wine-making yeast species (e.g.
Saccharomyces kudriavzevii, bayanus; Dekkera bruxellensis), which are exposed both to
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hyperosmotic stress and glucose presence during the fermentation processes, is probably
even more complex.

We have identified putative orthologues of the S. cerevisiae STL1 in genomes of S.
kudriavzevii (SKSTL1), S. bayanus (SbSTL1) and in the genome of D. bruxellensis (DbSTL1
and DbSTL2). All STL genes were cloned and expressed in a series of mutant S. cerevisiae
strains lacking different combinations of genes involved in osmotolerance. The presence of
all these proteins improves growth of S. cerevisiae hoglA stl1A upon osmotic stress (except
DbStl1) and upon conditions where glycerol was used as a source of carbon. Only cells
producing DbStl1 did not profit from its presence upon osmotic stress. The possible
explanation of this behaviour is the lower efficiency of DbStl1 in glycerol transport.

Supported by GA CR 15-03708S.

Keywords: glycerol transporters, hyperosmotic stress, non-conventional yeasts

[PS4-19] The Role of the Yeast Erv14 Protein in the Export of Alkali Metal
Cations from Cells

Hraskova Michaela, Papouskova Klara, Zimmermannova Olga, Sychrova Hana
Dept. of Membrane Transport, Institute of Physiology ASCR (Czech Republic)

Alkali-metal-cation homeostasis is crucial to all living organisms, including the yeast
Saccharomyces cerevisiae. S. cerevisiae cells possess several transporters, which together
ensure maintaining of proper alkali-metal-cation concentrations both in the cytoplasm and
in the organelles. There are two main alkali-metal-cation exporters at the plasma
membrane, the Na+,K+/H+ antiporter Nhal and the P-type ATPase Enal. Erv14 COPII cargo
receptor was shown to interact with the Nha1l antiporter (1,2). Erv14 binds the
transmembrane domains of Nhal and its lack results in the retention of Nhal in the ER and
in increased cell sensitivity to toxic sodium cations (2).

In this work, we studied the function and localization of Nhal-family antiporters from
various yeast species in S. cerevisiae cells either lacking or possessing Erv14. Nha1l
homologues included in the study significantly differ in the lengths of their hydrophilic C-
termini and our results suggest that the importance of Erv14 in the delivery of Nhal-family
proteins to the plasma membrane is proportional to antiporters” structure, as the lack of
Erv14 mainly affected the localization of Nhal homologues with long C-terminal parts.
Furthermore, we studied the effect of the lack of Erv14 protein on the function and
localization of S. cerevisae Enal ATPase and we found that Enal is properly localized in the
plasma membrane of cells lacking the Erv14 protein.

(1) Herzig Y, Sharpe HJ, Elbaz Y, et al. (2012) PLoS Biol 10:e1001329.

(2) Rosas-Santiago P, Zimmermannova O, Vera-Estrella R, et al. (2016) Biochim Biophys Acta
1858:67-74

This work was supported by a GACR grant 17-01953S.

Keywords: alkali-metal-cation homeostasis, Nhal antiporter, Erv14 cargo receptor
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[PS4-20] Variability of the Main K+-Importer Trk in Pathogenic Candida
Species

Elicharova Hana, Husekova Barbora, Sychrova Hana

Department of Membrane Transport, Institute of Physiology of the Czech Academy of Sciences
(Czech Republic)

Several tens of Candida species belong to the human pathogens capable of inducing life-
threatening infections. Virulence of single Candida species depends among others on its
ability to collect sufficient amount of various nutrients. Potassium is the main intracellular
cation, for which Candida and host cells compete, because the adequately high intracellular
K+ concentration is essential for control of many fundamental biological processes such as
the regulation of cell volume, intracellular pH and membrane potential.

In general, yeast cells use three types of potassium importers differing in their transport
mechanisms (Trk uniporters, Hak H+-K+ symporters and Acu ATPases). We identified the
genes encoding putative K+-uptake systems in genomes of nine Candida species, which
differ in their ability to grow on limiting low concentration of KCl and also in the number of
genes encoding potassium importers. Nevertheless, we did not find a direct proportionality
between the number of putative transporters and the ability to grow on extremely low K+
concentrations.

All studied Candida species have at least one putative Trk1 transporter. We compared Trk
systems from three clinically important Candida species upon heterologous expression in S.
cerevisiae Atrk1Atrk2 strain lacking its own potassium transporters.

Single Trk systems differ in their ability to provide S. cerevisiae Atrk1Atrk2 cells with
sufficient amount of K+ for growth and proliferation, while the most effective is the Trk1
from the major pathogen C. albicans, less effective is Trk1 from C. glabrata, and the worst is
Trk1 from C. krusei. We also identified a second putative gene for Trk system in the genome
of C. krusei, which, however, seems to be non-functional upon heterologous expression in S.
cerevisiae.

The presence of functional Trk system is also crucial for resistance to toxic Li+ because an
active uptake of K+ via specific high-affinity transporters prevents non-specific influx of Li+
into the cell. Li+ resistance of S. cerevisiae Atrk1Atrk2 cells is mostly increased upon
expression of CgTrk1, less by CaTrk1 and the least by CkTrk1.

The following functional characterization and stuructural analysis of Trk systems from
various yeast species would help to elucidate their key parameters such as transport
mechanism or activity regulation.

This work was supported by GA CR 16-03398S project.

Keywords: Candida, Trk, potassium, transport
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[PS4-21] Contribution of Phosphatidylserine to Protein Kinase C
Signaling in Saccharomyces cerevisiae

Nomura Wataru, Kawada Teruo, Inoue Yoshiharu
Graduate School of Agriculture, Kyoto University (Japan)

Protein kinase C (PKC) was identified as a Ca2+-dependent protein kinase in mammalian
cells. To date, mammalian PKCs are classified into three groups according to their domain
structures and their activating factors. Diacylglycerol (DAG) binds to the C1 domain of PKC,
which leads to activation of PKC. In the budding yeast S. cerevisiae, PKC1 is a sole gene
encoding PKC. Although yeast Pkc1 contains the C1 domain, Pkc1 is not activated by DAG. In
addition, the physical interaction between the C1 domain of yeast Pkc1 and lipids that
constitute membranes, including DAG, has not yet been characterized. On the other hand, it
has been reported that the C1 domain of Pkc1 bound to the small GTPase Rhol. Rhol as well
as Pkcl is an upstream module for the Mpk1 mitogen-activated protein (MAP) kinase
cascade. In the present study, we show that phosphatidylserine (PS) physically interacts
with the C1 domain of Pkc1, and PS plays a pivotal role in the physical interaction between
Rho1l and the C1 domain of Pkcl. CHO1 encodes a PS synthase, and the stress-induced
activation of Pkc1-Mpk1 MAP kinase cascade was abolished in a chol mutant. Bud tip
localization of Pkcl was perturbed in chol cells, and the physical interaction of Rho1l and
Pkc1 was also impaired in this mutant. Furthermore, repolarization of actin patches under
heat shock-stressed condition, the regulation of which the Pkc1-Mpk1l MAP kinase cascade
plays a role, was impaired in chol cells. These results suggest that PS is involved in the Pkcl
signaling through regulating the localization of Pkc1 as well as physical interaction between
Rhol and Pkc1.

Keywords: Pkcl, phosphatidylserine, Rhol

[PS4-22] Kch1 and Kch2 Membrane Proteins Participate in Membrane
Potential and Monovalent Cation Homeostasis Maintenance in
Saccharomyces cerevisiae but not in Candida albicans

Felcmanova Kristina, Sychrova Hana, Zimmermannova Olga
Institute of Physiology CAS (Czech Republic)

The maintenance of intracellular ion homeostasis is a crucial attribute for any living cell.
The model yeast Saccharomyces cerevisiae is a key organism for studying transport systems
and ion levels regulation in eukaryotic cells. Our work is focused on physiological
characterization of plasma-membrane proteins Kch1 and Kch2 homologous to animal
voltage-gated Ca2+ channels, which were shown to be essential for the K+-dependent
activation of a high-affinity Ca2+ influx system in S. cerevisiael. To search for their role in
the maintenance of alkali-metal-cation homeostasis, strains with deletions of KCH1 and/or
KCH2 genes in BY4741 background and its derivatives lacking main potassium uptake
system (Trk1, Trk2) were constructed. We tested the ability of these strains to grow in
potassium-limited conditions, and their tolerance to salts and extreme external pH. To find
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out other contributions of Kch1/Kch2 proteins to cell physiology, relative membrane
potential, cell volume and intracellular pH were measured.

S. cerevisiae strain lacking both KCH genes grew better on media with low K+, its plasma
membrane was relatively hyperpolarized, and cell size was significantly smaller compared
to the wild-type cells. In addition, this strain exhibited altered growth in the presence of
monovalent cations. The growth at different external pH and the intracellular pH remained
unaffected in the strain lacking both KCH genes. Nevertheless, the overexpression of KCH1
gene resulted in higher intracellular pH in wild-type cells growing in media with elevated
potassium concentrations. All phenotypes caused by the deletion of KCH genes were
associated with the presence of potassium importers Trkl and Trk2. We also examined the
importance of Kch homologue in the maintenance of cation homeostasis in Candida
albicans. However, no differences were observed between the wild-type and kch1/kch1
homozygous mutant in tested phenotypes. All our data demonstrate that fungal-specific Kch
proteins significantly contribute to the maintenance of optimal cation homeostasis and
membrane potential in S. cerevisiae but not in C. albicans.

This work was supported by GACR (16-03398S).
Reference
1 Stefan, C. P. et al. Eukaryotic Cell 12, (2013).

Keywords: Kch1, Kch2, monovalent cation homeostasis, plasma-membrane potential,
intracellular pH, Saccharomyces cerevisiae, Candida albicans

[PS4-23] Calcium Mediated Response to Cd2+ and Cu2+ Stress in
Saccharomyces cerevisiae Cells

Ruta Lavinia L., Popa Valentina C., Farcasanu Ileana C.
University of Bucharest (Romania)

Aim: The immediate response to changes in the environment is essential for cell survival
under stress conditions. Ca2+ ions are often involved in the cellular response to various
stressors, being used as second messenger by virtually all eukaryotic cells.To understand
the ways in which cells sense the presence of toxic concentrations of metals in the
environment, the involvement of Ca2+ in the response to heavy metal stress was
investigated in Saccharomyces cerevisiae cells.

Experimental design: To see if the cell response to excess metals was Ca2+-dependent, the
modifications in cytosolic Ca2+ were recorded in transgenic yeast mutants expressing the
Ca2+-dependent photoprotein, aequorin. The involvement of Ca2+ channels and exchangers
in metal tolerance was investigated, along with the Ca2+ signaling profiles of yeast cells
with defects in metal cellular transport.

Results: The yeast cells responded through sharp increase in cytosolic Ca2+ when exposed
to high Cd2+, and to a lesser extent to Cu2+, but not to Mn2+, Co2+, Ni2+, Zn2+, or Hg2+. The
cell exposure to high Cu2+ determined broad and prolonged Ca2+ waves into the cytosol
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which showed a different pattern from the Ca2+ pulses induced by high Cd2+. The
mechanisms of Ca2+-dependent response to surplus Cd2+ and Cu2+ are discussed.

Conclusions:The tolerance to high Cd2+ often correlated with sharp Cd2+-induced cytosolic
Ca2+ pulses, while the Cd2+ sensitivity was accompanied by the incapacity to rapidly
restore the low cytosolic Ca2+.0n the other hand, the Ca2+-mediated response to surplus
Cu2+ depended on the cell possibility to restrict the reduction to- and the accumulation of
Cu+.

Keywords: heavy metal stress, calcium signaling, aequorin, Saccharomyces cerevisiae

[PS4-24] Regulation of Entry into Meiosis in Budding Yeast
Tam Janis, van Werven Folkert
Francis Crick Institute (United Kingdom)

In budding yeast Saccharomyces cerevisiae, a binary cell fate decision is made based on the
mating type status of the cell and the availability of nutrients in the environment. When
nutrients including glucose and nitrogen compounds are depleted in the growth medium,
diploid yeast cell undergoes a highly conserved differentiation program known as
gametogenesis or sporulation. During sporulation, diploid cells undergo a single round of
DNA replication followed by two consecutive nuclear divisions, i.e. meiosis, to generate
progeny with half the number of chromosomes in the parent cell. The cell’s decision to
enter meiosis is tightly regulated and the decision is only made when IME1, the master
regulator of entry into sporulation is activated. IME1 has one of the longest promoters in
budding yeast (>2 kb) and consists of many regulatory elements. Importantly, the IME1
promoter functions as a signal integrator where all the mating type and nutrient signals
converge to regulate the expression of IME1. Transcription of a long non-coding RNA
ensures that cells with haploid mating type cannot induce IME1. In addition, glucose and
nitrogen compounds in the growth medium activate the Ras/PKA and TORC1 pathways
respectively to inhibit IME1 expression. The global repressor complex Tup1-Cyc8 was found
to be the integrator of these two pathways, such that when nutrients are ample Tup1-Cyc8
binds to the IME1 promoter and represses IME1.

The mechanism by which the PKA and TORC1 signals are relayed to Tup1-Cyc8 is unknown.
The central focus of my research is to understand how Tup1-Cyc8 integrates the nutrient
signals at the IME1 promoter. I identified three transcription factors, Yap6, Sok2, and Phd1,
that contribute to direct recruitment of Tup1-Cyc8 to the IME1 promoter. Binding of Tup1-
Cyc8 is affected in cells without these transcription factors and IME1 is mis-expressed.
Furthermore, these cells undergo meiotic divisions much earlier compared to control cells.
Interestingly, in nutrient-rich conditions Tup1-Cyc8 is still bound to the IME1 promoter in
these cells, suggesting that more factors are involved in maintaining Tup1-Cyc8 at the IME1
promoter. Taken together, more than three transcription factors are involved in integrating
the nutrient signals that control entry into meiosis. I aim to dissect the mechanism of Tup1-
Cyc8 recruitment at the IME1 promoter, and obtain a molecular understanding of how
nutrient signals control entry into meiosis in budding yeast.
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Keywords: Meiosis, Nutrient sensing, Cell fate decision, Cell signalling, Gametogenesis,
Sporulation, Cell cycle and cell division

[PS4-25] Monitoring the Effect of Xylose on the Sugar Sensing Network in
S. cerevisiae Through In Vivo Biosensors

Osiro Karen O, Brink Daniel P, Tufvegren Celina, Carlquist Magnus, Gorwa-Grauslund
Marie F

Applied Microbiology, Department of Chemistry, Lund University (Sweden)

Saccharomyces cerevisiae is a promising platform organism for the development of
lignocellulosic biorefineries due to its high fermentative capacity, industrial robustness,
easy genetic manipulation and broad biotechnological applications. However, one of the
main challenges with the utilization of lignocellulosic feedstock with Baker’s yeast is the
lack of functional assimilatory pathways for pentose sugars. Despite many successful
metabolic engineering strategies to recombinantly enable xylose utilization in S. cerevisiae,
xylose does still not seem to be recognized as a fermentable sugar by the yeast. This
indicates that there might be possible issues with intra- and extracellular sensing of this
sugar, which may, in turn, be of the main bottlenecks hindering an efficient xylose
metabolism. We have recently reported on a panel of in vivo biosensors for single-cell, real-
time monitoring of the sugar sensing of S. cerevisiae [1]. The sensors consist of a green
fluorescent protein gene (YEGFP3) coupled with one of eight different endogenous yeast
promoters known to be under control by at least one of the main glucose signaling
pathways: Snf3p/Rgt2 (HXT1/2/4p), SNF1/Miglp (SUC2p, CAT8p) and cAMP/PKA pathway
(TPS1/2p, TEF4p). By comparing the signal during growth on different carbon sources,
indications were found that extracellular xylose cannot be sensed by S. cerevisiae [1]. In
order to better understand how xylose affects the sugar signaling pathways, we have
expanded this study to also include strains capable of internalizing xylose. By increasing
the understanding of the effect of xylose on the main sugar signaling pathways in S.
cerevisiae, steps will be taken towards new metabolic engineering strategies to enhance
xylose utilization.

References:

[1] Brink, D., Borgstrom, C., Tueros, F. & Gorwa-Grauslund, M. (2016). Microbial Cell
Factories, 15(1), P. 183.

Keywords: S. cerevisiae, sugar sensing, signaling, xylose, biosensors, flow cytometry

[PS4-26] Lipids as Determinants of Drug Resistance in Candida albicans
Pasrija Ritu, Kundu Deepika
Maharshi Dayanand University (India)

In both pathogenic as well non-pathogenic yeasts, several mechanisms can contribute to the
development of multidrug resistance (MDR). Point mutations or overexpression of the drug
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target, decrease in the import of drugs and an enhanced efflux of drugs are some of the
strategies employed by drug resistant yeast to overcome the lethal effects of the drugs.
However, extrusion of noxious compounds from the cell, mediated by efflux pumps is one
of the most frequently used strategies for the development of drug resistance in yeasts,
which holds true for several prokaryotic and eukaryotic organisms.

Pathogenic fungi C. albicans has also mastered several strategies to develop multidrug
resistance (MDR) including over-expression of drug pumps. The two major efflux pump
proteins involved in MDR in this pathogen belongs to ATP-binding cassette (ABC) and Major
Facilitator (MFS) super families are both localized on the PM.

Recently, presence of the microdomains, also called ‘Lipid rafts’ in various organisms was
found to play an important role in cell signalling, protein sorting, virulence and drug
resistance. Lipid rafts are highly enriched in sphingolipid and ergosterol or cholesterol and
are characterized by their insolubility in detergent. In yeasts also, we have previously
shown that efflux pump proteins particularly of the ABC super family, are influenced by
imbalances in membrane lipid composition. The presence of detergent resistant
membranes (DRMs) within the yeast PM has recently been demonstrated. In order to
critically evaluate the role of the DRM lipid constituents in the localization of the efflux
pumps, we earlier overexpressed GFP tagged Cdrlp and CaMdrlp in different lipid mutant
backgrounds of S. cerevisiae. The mutants were either defective in ergosterol or in the
sphingolipid biosynthesis pathway. We demonstrate that the observed abrogated
functioning of Cdrlp in the various mutant backgrounds is mainly due to its missorting
because of which it remains poorly surface localized. CaMdr1p interestingly remains
unaffected by the defects in the mutant strains.

In addition, there are reports which suggest the importance of phospholipids in drug
resistance also. We checked the activity and translocation of these transporters in altered
phospholipids background. To our surprise, even phospholipids affected the sensitivity of
cells overexpressing these two drug transporters. However, their effect on translocation
still needs to be verified.

Keywords: candida, drug resistance, lipids, phospholipids, yeast, Rafts

[PS4-27] Gdtl and Erd1 Remove Byproducts of Glycosylation Reactions
from the Golgi Complex and Alter Ca2+ Homeostasis

Snyder Nate, Cunningham Kyle
Department of Biology, Johns Hopkins University (USA)

Glycosylation reactions in the Golgi complex and the endoplasmic reticulum consume
nucleotide sugars as substrates and produce inorganic phosphate (Pi) and acid (H+) as
byproducts. Here we show that homologs of mammalian XPR1 and TMEM165 (termed Erd1
and Gdt1, respectively) recycle luminal Pi for reuse and exchange luminal H+ for
cytoplasmic Ca2+, thereby promoting growth of yeast cells in low Pi and low Ca2+
environments. As predicted for reversible H+/Ca2+ exchangers, Gdt1 also promoted growth
in high Ca2+ environments when the Golgi-localized V-ATPase was operational but had the
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opposite effect when the V-ATPase was eliminated. Gdt1 activities were negatively
regulated by calcineurin signaling and by Erd1, which recycled the Pi byproduct of
glycosylation reactions and altered buffering of Ca2+ in the Golgi complex. Mutants lacking
Erd1 exocytosed Pi into the environment and exhibited strong defects in Golgi glycosylation
and Golgi to ER recycling of K(H)DEL proteins. Therefore, Erd1 can transport Pi in the
opposite direction from humanb XPR1 and other EXS-family proteins. These findings shed
new light on how the Golgi complex achieves its primary function while also contributing
to H+, Ca2+, and Pi homeostasis.

Keywords: Golgi complex, Calcium transport, Phosphate transport

[PS4-28] Glucose and calcium-responsive phosphatases mediate crosstalk
between organelle and plasma membrane proton pumps

Velivela Swetha, Kane Patricia
SUNY Upstate Medical University (USA)

In S. cerevisiae, coordinated activity of the intracellular V-ATPase proton pump responsible
for organelle acidification and the plasma membrane proton pump Pma1 is critical for pH
homeostasis. Both chronic loss of V-ATPase activity in vma mutants and acute loss through
treatment with V-ATPase inhibitors result in ubiquitination of Pma1 by the Rsp5 E3-
ubiquitin ligase acting in combination with a-arrestin, Rim8. Approximately 50% of Pmal is
then internalized and degraded in the vacuole. Failure to internalize Pmal when V-ATPase
activity is lost causes very poor growth, indicating that endocytic downregulation of Pma1l
is compensatory (Smardon and Kane (2014) J. Biol. Chem. 289:32316). The mechanisms for
communicating loss of V-ATPase activity to plasma membrane Pmal and designating 50%
of Pmal pumps for endocytosis are not understood. The negative genetic interaction
between mutations required for Pmal internalization and vma mutations allowed us to
uncover additional candidates involved in this signaling pathway. Mutations in the
Ca2+/calmodulin-dependent protein phosphatase calcineurin were previously shown to be
synthetically lethal with vma mutants. We obtained vma2Acnb1A mutants that grew very
weakly at pH 5, and found that Pma1 is not internalized. Treatment of a vmma2A mutant with
calcineurin inhibitor FK506 resulted in inhibited growth, reduced Pmal ubiquitination, and
accumulation of Pma1 at the plasma membrane. The vma2A mutation was also
synthetically lethal with the glc7-12ts mutation at semi-permissive temperatures and with a
reglA mutant, which lacks a regulatory subunit of the Glc7 (PP1) phosphatase. The vma2A
glc7-12ts double mutant compromised Pma1l ubiquitination and retained Pmal at the
plasma membrane upon a shift to the non-permissive temperature. These data indicate that
loss of V-ATPase activity is signaled to Pma1l through multiple pathways capable of sensing
cytosolic Ca2+, glucose metabolism, and pH. We also asked whether simply reducing the
level of cell surface Pma1l in a vma2A mutant would bypass the need for ubiquitination and
endocytosis. However, a pmal-007 mutation, which reduces Pma1 levels by 50%, is
synthetically lethal in combination with vmaZ2A; this lethality was not suppressed by
preventing Pmal endocytosis with a rim8A mutation. This suggests that compensation for
loss of V-ATPase activity may require populating endocytic compartments with Pmal,
rather than simply reducing plasma membrane Pma1 activity.
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Keywords: proton transport, pH regulation, endocytosis, arrestin, calcineurin, vacuole,
ubiquitination

[PS4-29] Role of the ScMep2 Ammonium Transport Protein and
Implication of its C-terminal Tail in Filamentation Induction

Brito Ana Sofia, Boeckstaens Mélanie, Marini Anna Maria
Université Libre de Bruxelles (Belgium)

Diploid Saccharomyces cerevisiae cells can switch from the yeast to a filamentous form of
growth in conditions of nitrogen scarcity. This occurs for instance when a limiting
ammonium concentration is provided as sole nitrogen supply (1). The transmembrane
transport of ammonium is mediated by proteins of the conserved Mep-Amt-Rh family
represented by three members in S. cerevisiae (Mep1-3) (2, 3). In several fungi, Mep2-type
proteins are specifically required for filamentation in contrast to Mep1/3 orthologues and
are proposed to act as ammonium sensors activating the dimorphic switch (4). However,
the precise molecular mechanism of Mep2-mediated signal transduction remains unclear.
We recently showed that the activity of Mep1/3 and Mep2 is controlled by TORC1 and its
effector kinase Npr1 via distinct mechanisms (5, 6). Mep2 activity is fine-tuned by its C-
terminal tail via the interplay between an enhancer domain activating substrate
translocation via Mep2 hydrophobic core and an auto-inhibitory domain counteracting the
action of the enhancer. Phospho-silencing of the auto-inhibitory domain occurs on S457 and
involves a balance between the activity of TORC1-Npr1 and the redundant Psr1 and Psr2
plasma-membrane phosphatases. A Mep2S457D variant is active, and insensitive to TORC1-
Npr1 control, with the C-terminal tail likely locked in a conformation preventing the auto-
inhibitory domain to counteract the enhancer domain action. We combined the latter
mutation with the D186N mutation, disrupting substrate recognition (7), to test whether a
Mep2 variant unable to recognize ammonium but potentially locked in a putative
constitutive active conformation could induce filamentation in the absence of substrate
translocation. The Mep2D186N,5457D variant turned unable to transport ammonium nor to
allow filamentation indicating that it is unable to signal constitutively. We currently address
the role of Mep2 C-terminus in filamentation induction using specific variants bearing
mutations/deletions in the auto-inhibitory and enhancer domains. We will present our first
data sustaining a close link between ammonium transport efficiency of Mep2 and its
capacity to allow filamentation.

(1) Gimeno et al., Cell 1992

(2) Marini et al., Mol.Cell. Biol. 1997

(3) Marini et al.,Trends Biochem. Sci. 1997
(4) Lorenz et al., EMBO J. 1998

(5) Boeckstaens et al., Nat. Commun. 2014

(6) Boeckstaens et al., PLoS Genet. 2015
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(7) Marini et al., Curr. Gen. 2006

Keywords: Ammonium transport, Ammonium receptor, Filamentation signaling

¢ —{PS4-30] Characterization of the Activity Regulation of Mep-Amt-Rh
Ammonium Transport Proteins by TORC1-Npr1-Amul/Par32 in
Saccharomyces cerevisiae

Soto Diaz Silvia, Boeckstaens Mélanie, Marini Anna Maria
Université Libre de Bruxelles (Belgium)

Ammonium is a major nitrogen source for microorganisms and plants, playing a critical
role in the acid/base homeostasis in animals. In addition, ammonium is proposed to act as
an inducer of autophagy in human tumor cells (1). Ammonium transport across cell
membranes can be ensured by proteins of the Mep-Amt-Rh superfamily, conserved from
bacteria to human, and represented by three members in S. cerevisiae (Mep1-3) (2, 3).

We have shown that the conserved TORC1 signaling pathway and its effector kinase Npr1
control the activity of all three Mep proteins via molecular mechanisms differing between
the regulation of Mep1/3 and that of Mep2 (4, 5). The Mep2 activity is fine-tuned according
to the quality of the nitrogen supply by phospho-silencing of a C-terminal auto-inhibitory
domain, involving a balance between the activity of the Npr1 kinase and the redundant
Psrl and Psr2 plasma membrane phosphatases (4). The activity of Mep1 and Mep3 is in
contrast controlled by a specific inhibitory partner, Amu1l/Par32, a low complexity protein
of unknown function regulated by TORC1-Npr1 (5). Under poor nitrogen supply, Npr1
promotes phosphorylation of Amul which appears mainly cytosolic while Mep1 and Mep3
are active. Upon preferred nitrogen supplementation, TORC1 upregulation enables Npr1
inhibition and dephosphorylation of Amul which accumulates at the cell surface and
mediates the inhibition of Mep1 and Mep3. The latter mechanism of transport inhibition is
reminiscent to the inhibition of prokaryotic ammonium transport proteins mediated by PII-
type proteins, key nitrogen signal transducers widespread in bacteria and Archaea (6).

To characterize in molecular details the Mep1/3 regulation mediated by TORC1-Npr-Amul,
we performed a genetic screen and isolated hundreds of suppressors recovering Mep1
ammonium transport activity in the absence of Nprl on minimal medium containing a low
ammonium concentration as sole nitrogen source. We will present the structure-function
analysis of the first mutations identified in Mep1 and in Amul. Of note, a group of
suppressors falls outside the MEP1 and AMU1 loci and is currently under investigation. This
study might reveal new factors involved in the control of the transport activity of Mep
proteins by TORC1.

(1)Eng et al., Sci. Signal. 2010
(2)Marini et al., Mol.Cell. Biol. 1997
(3)Marini et al.,Trends Biochem. Sci. 1997

(4)Boeckstaens et al., Nat. Commun. 2014
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(5)Boeckstaens et al., PLoS Genet. 2015
(6)Conroy et al., PNAS 2007

Keywords: Ammonium, Transport, TORC1

~—[PS4-31] New insight into mitochondrial retrograde signaling in the
developing yeast colony

Plocek Vitézslavl, Podholova Krist;’rnal, Vachova Libu§e2, Palkova Zdenal

1Facully of Science, Charles University (Czech Republic); ZInstitute of Microbiology, ASCR, v. v.
i, Czech Republic (Czech Republic)

During development, yeast colonies differentiate and form various cell subpopulations,
which have different physiological and morphological characteristics. Previously, we have
characterized two major cell subpopulations of U and L cells, which localize to upper and
lower regions of smooth colonies of Saccharomyces cerevisiae strains, respectively. U cells
with active TORC1 metabolically resemble tumor cells [1]. Recently, we have shown the
important role of mitochondrial retrograde (RTG) signaling during colony development and
cell differentiation [2]. The RTG pathway consists of Rtglp, Rtg2p and Rtg3p activators,
which mediate communication from mitochondria to the nucleus and activate expression
of numerous genes. In our work we have shown that different branches of RTG signaling
are active in different areas of the colony. We have identified new RTG pathway-regulated
genes ATO1 and ATO2, which are expressed in U cells, being prominent marker proteins for
these cells. Obtained data contribute to unraveling regulatory mechanisms involved in the
formation and development of U cells. The project is supported by GAUK 95821, GACR 15-
08225S and SVV-2017-260426.

[1] Cép M., §tépa’1nek L., Harant K., Vachova L., Palkova Z. : Cell differentiation within a yeast
colony: metabolic and regulatory parallels with a tumor-affected organism; Mol Cell. 2012
May 25;46(4):436-48.

[2] Podholova K., Plocek V., ReSetarova S., Kucerova H., Hlavacek O., Vachova L., Palkova Z.:
Divergent branches of mitochondrial signaling regulate specific genes and the viability of
specialized cell types of differentiated yeast colonies; Oncotarget. 2016 Mar 29;7(13):15299-
314.

Keywords: Yeast colony development, Retrograde pathway, ATO genes, Mitochondria

~——[PS4-32] Dynamic expression of Cit2p in developing yeast colonies is
regulated by mitochondrial retrograde pathway

Podholova Kristynal, Plocek Vitézslav', Vachova Libuse?, Palkova Zdena®

1Facully of Science Charles University (Czech Republic); “nstitute of Microbiology of the Czech
Academy of Sciences (Czech Republic)
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Mitochondrial retrograde (RTG) pathway in yeast, known also as mitochondrial stress
pathway in mammals, is conserved pathway that contributes to yeast cell survival under
adverse conditions. S. cerevisiae has three key positive regulators of RTG pathway, Rtglp,
Rtg2p and Rtg3p, and three major negative regulators Mks1p, Bhm1p and Bmh2p. In our
studies, we used colonies of S. cerevisiae as a model. We analysed colonies formed by
strains deleted in genes for positive Rtg regulators as well as in genes for negative
regulators of RTG pathway [1]. We found that dysfunction of RTG pathway decreases
viability of specific subpopulation located in lower colony region. Using different strain
constructs, we have found that RTG pathway is active in whole colony, but yet unknown co-
regulators affect production of different target genes. CIT2 gene encoding citrate synthase,
which is known marker of RTG pathway activity [2] has dynamic expression during colony
development as shown by monitoring of Cit2p-GFP level. In acidic phase colonies Cit2p-GFP
is produced in cells localized to upper colony regions, whereas its expression relocalizes to
lower cells in colonies entering alkali developmental phase. Cit2p level is gradually
decreased during colony ageing. Dysfunction of RTG pathway completely eliminates Cit2p
production in colony cells. This project is supported by GAUK 958216, GACR 15-08225S and
SVV-2017-260426.

[1] (Podholova K., Plocek V., ReSetarova S., Kucerova H., Hlavacek O., Vachova L., Palkova Z.:
Divergent branches of mitochondrial signaling regulate specific genes and the viability of
specialized cell types of differentiated yeast colonies; Oncotarget. 2016 Mar 29;7(13):15299-
314.

[2] Liao XS, Small WC, Srere PA, Butow RA. Intramitochondrial functions regulate
nonmitochondrial citrate synthase (CIT2) expression in Saccharomyces cerevisiae.
Molecular and Cellular Biology. 1991;11(1):38-46.

Keywords: Saccharomyces cerevisiae, retrograde pathway, mitochondria signaling, yeast
colony, citratesynthase

[PS4-33] Differences in metabolism within smooth and biofilm yeast

S —

colonies
Vachova Libuse!, Wilkinson Derek?, Marsikova ]anaz, Palkova Zdena?

IInstitute of Microbiology of the ASCR, v.v.i., BIOCEV (Czech Republic); *Faculty of Science,
Charles University, BIOCEV (Czech Republic)

Yeast colonies have become an excellent model for studying various processes connected
with microbial multicellularity, including differentiation into interacting cell
subpopulations with specific features localized to particular positions within the structure.
We have studied two Saccharomyces cerevisiae colony types: smooth colonies, formed by
laboratory strains, composed of tightly packed cells and structured biofilm colonies, formed
by wild strains. We have found that smooth colonies differentiate to at least two cell
subpopulations: U cells and L cells that are specifically localized within the colony structure
(Mol Cell 46:436, 2012; Oxidative Med. Cell. Longev. 2013:ID 102485, 2013; Cell Cycle 14:
3488, 2015). Unlike smooth colonies, part of the biofilm colony forms pseudohyphae
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("roots”) that invade the agar substrate. Also the surface (“aerial”) part of biofilm colony is
composed of less tightly packed cells than cells within smooth colonies (J Cell Biol, 194: 679,
2011). Here, we compare metabolic/physiological and other properties of subpopulations
forming smooth and structured colonies (submitted). Aerial and root cells exhibit some
similarities to, but more differences from, U cells and L cells of smooth colonies. Whereas
aerial cells of biofilm colonies behave like stationary-phase cells, upregulating catabolic
pathways and stress-related genes, the U cells localized to upper parts of smooth colonies
are metabolically active cells, activating many biosynthetic pathways, including protein
synthesis, and have an active TORC1 pathway. In some of these properties U cells resemble
more the subsurface pseudohyphae of structured colonies that are also metabolically active
and activate many genes involved in ribosomal biogenesis and translation. Root cells thus
differ from resting stressed L cells of smooth colonies. The numerous differences observed
between aerial/U cells and root/L cells clearly reflect the different multicellular lifestyles of
colonies and biofilms. This work was supported by GACR 13-08605S and 15-08225S and
Norwegian financial mechanism 2009-14 No. 7F14083.

Keywords: yeast colony and biofilm, metabolic differentiation, signaling and regulation

[PS4-34] A Synthetic Feedback Loop Circuit as a Tool for the Study of the
Yeast CWI Pathway

Martin Humberto, Alonso-Rodriguez Esmeralda, Jiménez-Gutiérrez Elena, Molina Maria
University Complutense of Madrid (Spain)

The Saccharomyces cerevisiae cell wall integrity pathway (CWI) is responsible for the cell
wall damage response necessary for the maintenance of this essential structure. Cell wall
alterations, for example originated by chemical agents like Congo red, are detected by
mechanosensors localized at the cell surface. Their stimulation lead to the sequential
activation of a cascade of protein kinases operating in this pathway, including the MAPKKs
Mkk1 and Mkk2 and the MAPK Slt2. Phosphorylation of Slt2 results in Rlm1 activation and
the strong transcriptional induction of different genes, like MLP1.

In order to generate a tool for the identification of novel stimuli and regulatory components
of this signaling route we have generated a genetic circuit named ‘IPAC’ (Integrity Pathway
Activation Circuit) that promotes the hyperactivation of the pathway in the presence of a
stimuli. To this end, the MKK1S386P allele, coding for a constitutively active allele of the
CWI MAPKK, was placed under the control of the MLP1 promoter, which is strongly
induced under stimulating conditions. Stimulation of the pathway in cells containing the
IPAC activates this positive feedback loop resulting in cellular lethality. By screening a
subcollection of deletion mutants we have identified several novel genes necessary for
IPAC-mediated sensitivity to Congo red, zymolyase or SDS, suggesting that they are involved
in the regulation of the CWI pathway. We have also identified novel compounds, such as
neomycin sulfate, EDTA, LiCl or diphenhydramine hydrochloride that induce IPAC
dependent lethality and SIt2 phosphorylation.
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Keywords: MAPK, Cell wall integrity, Feedback loop, Signaling pathway, Saccharomyces
cerevisiae

[PS4-35] The Condensation of the Metaphase rDNA by Stress is
Dependent on TORC1 Complex

Matos-Perdomo Emilianol, Machin Félix?

1(1) Unidad de Investigacion-Hospital Universitario Ntra. Sra. de Candelaria, Ctra. del Rosario
145, 38010, (2) Universidad de La Laguna. Tenerife, Spain. (Spain); 2Unidad de Investigacion-
Hospital Universitario Ntra. Sra. de Candelaria, Ctra. del Rosario 145, 38010. (Spain)

The ribosomal DNA (rDNA) has served as a model to study chromosome condensation and
segregation in the budding yeast Saccharomyces cerevisiae. Among the different structures
seen under the microscope, the rDNA metaphase “loop” is a valuable tool to study the
condensation process. How the rDNA condensation is affected by environmental stress is
something that has remained poorly understood. We will show that the Heat-Shock (HS) can
provoke the condensation of the rDNA. Since many of the roles in chromosome
condensation and segregation have been established using temperature conditional alleles
(ts), we have revisited the role of different factors using the auxin degron system (aid) to
deplete protein function. With ts alleles, the rDNA loop structure is known to depend on the
Condensin complex; whereas condensation and segregation require Cdc5 and Cdc14. We
will show that we get to similar conclusions with the aid alleles. On the other hand, we
further investigated the response of the rDNA chromosome structure under different
stresses. Besides being affected by the HS, others stresses like calorie restriction, nitrogen
starvation, and rapamycin treatment cause the compaction of the rDNA. We demonstrate
here that this condensation process mediated by stress, is independent of Cdc14 and
dependent on the TORC1 complex.

Grants that funded this work: BFU2015-63902- R (Ministerio de Economia y Competitividad)
and PI12/00280 (Instituto de Salud Carlos III) to Félix Machin, both co-funded by EU-ERDF.

Keywords: Heat-Shock, Rapamycin, TORC1, rDNA, Cdc14
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[PS5] Cell polarity, morphogenesis and cytoskeleton
dynamics

[PS5-1] A New Factor Involved in the Establishment of the Non-random
Inheritance Pattern of the Spindle Pole Bodies in Saccharomyces
Cerevisiae

Matellan Laura’, Manzano-Ldpez ]avierl, Monje-Casas Fernando?
1CABIMER/Universily of Seville-CSIC (Spain); 2CABIMER / CSIC (Spain)

Many cells, from yeast to higher eukaryotes, divide asymmetrically. During an asymmetric
cell division, different polarized factors can segregate preferentially to only one of the two
resulting cells, which acts as a mechanism for the generation of cellular diversity. An ideal
model to study asymmetric division is the budding yeast Saccharomyces cerevisiae.
Interestingly, in this organism the spindle pole bodies (SPBs, the equivalent of the
centrosomes in budding yeast) are asymmetrically distributed during cell division, so that
they display a non-random inheritance between the mother and bud. Specifically, the old
SPB, which is inherited from the previous mitosis, is segregated to the daughter cell, while
the new SPB, which is assembled de novo, is retained in the mother cell. Remarkably,
asymmetric inheritance of the centrosomes has been also shown in higher eukaryotes,
where the age of the centrosome can specify the fate of the cell and the disruption of this
inheritance pattern can determine important consequences. We have identified a new
factor that is necessary for the establishment of this non-random inheritance pattern of the
SPBs between the mother and the daughter cell in budding yeast.

Keywords: Mitosis, Asymmetric cell division, Spindle pole bodies

[PS5-2] Actin Filament Initiation and Regulation at Cell Membranes
Ayscough Kathryn, Allwood Ellen, Smaczynska-De Rooij Iwona, Tyler Joe
University of Sheffield (United Kingdom)

Actin nucleation is the key rate limiting step in the process of actin polymerization, and
tight regulation of this process is critical to ensure actin filaments form only at specific
regions of the cell. Arp2/3 is a well-characterised protein complex that can promote
nucleation of new filaments, though its activity requires additional nucleation promotion
factors. The best recognized of these factors are the WASP family of proteins that contain
binding motifs for both monomeric actin and for Arp2/3. Previously we demonstrated that
the yeast WASP homologue, Las17, in addition to activating Arp2/3 can also nucleate actin
filaments de novo, independently of Arp2/3. This activity is dependent on its polyproline
rich region. Through biochemical analysis we have identified key motifs within the
polyproline region that are required for nucleation and for elongation of actin filaments in
the absence of Arp2/3. When expressed in cells, Las17 harbouring mutations in these
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motifs, causes changes in the behaviour of endocytic reporter proteins prior to Arp2/3
recruitment, supporting a role early in actin filament initiation. Other experiments have
allowed us to identify key phosphorylation sites involved in regulating actin binding, and
regions of the protein conferring lipid binding properties. Overall our data support a model
in which Las17 interacts with primed endocytic sites to directly generate and tether new
actin filaments.

Keywords: cytoskeleton, actin, actin-nucleation, WASP family proteins, membranes

[PS5-3] The Pathway of Pulling Yeast Nuclei in Anaphase Controls
Nuclear Motility at All Cell Cycle Stages in a Multinucleated Yeast

Philippsen Peterl, Gibeaux Romainz, Grava Sandrinel, Politi Antoni03, Nedelec Francois?

1Biozentrum, University of Basel (Switzerland); 2 University of Berkeley (USA); SEMBL
(Germany)

Today, biologists want to understand the mechanisms of subsystems in cells. Biochemistry,
for a long time extremely successful in developing amazing in vitro systems, can no longer
handle mechanistic questions above a certain complexity. The only way to move forward is
to use all experimental data gathered in the past to reconstruct the system in a
mathematical model.

Our work demonstrates this approach by studying the coordination of movements of
multiple nuclei in a filamentous yeast which evolved from budding yeast. Two pulling
mechanism operate in S. cerevisiae, the Kar9-Bim1-Myo2 pathway for positioning of nuclei
at the bud neck prior to nuclear division and the Dynein-Num1 pathway during pulling of
nuclei through the bud neck. In the obligatory filamentous yeast Ashbya gossypii nuclei are
highly motile performing bi-directional short- and long-range movements including nuclear
by-passing. Homologs for all S. cerevisiae components involved in nuclear positioning and
pulling are expressed in A. gossypii. However, experimental data accumulated over the past
years had only identified the dynein motor, increased microtubule growth and shrinkage
rates, budding yeast-like spindle pole bodies as microtubule organization centers, and
Num1 (cortical dynein anchor) as key elements for the observed complex nuclear
movements in A. gossypil.

This knowledge was implemented to run for the first time realistic simulations of
movements of multiple nuclei in a common cytoplasm, which generated in vivo-like
nuclear migration patterns. The simulations could also verify mutant phenotypes. We then
exploited the simulation set up to study the influence of the number of microtubules per
nucleus, an increase in cytoplasmic flow, and changes in organelle concentration on
nuclear motility.

Keywords: Evolution of nuclear dynamics, Microtubule dynamics, Dynein, Simulations
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[PS5-4] Specificity of cytosolic class II J protein, Cajl in plasma
membrane homeostasis in budding yeast

Dobriyal Neha
Indian Institute of Science Education and Research Bhopal (India)

Hsp40s, also known as ] proteins are diverse group of molecular chaperones that partner
with Hsp70s to perform an array of cellular functions. Via their highly conserved ] domain,
they stimulate the weak intrinsic ATPase activity of their partner Hsp70. Although the ]
domains are critical for ] protein functions, the specificity of | proteins and the functional
diversity of partner Hsp70s comes mainly from the ability of J proteins to either bind
different client proteins or, tether Hsp70s to distinct sub-cellular compartments. Cajl is one
of the 13 ] proteins that populate the cytosol of budding yeast. Caj1 is a non-essential class II
] protein whose exact cellular role is still elusive. Here we used both deletion and over-
expression approaches to investigate the role of Cajl in S. cerevisiae. We show that cells
lacking Caj1 show increased sensitivity to antifungal drugs and severe mislocalization of
membrane proteins. On the other hand, over-expression of Cajl was toxic and showed
other pleiotropic effects such as temperature sensitivity, compromised plasma membrane
integrity, pseudohyphal growth and cell cycle defects. Detailed analysis revealed that
toxicity and perturbation of plasma membrane were C-terminal dependent and ] domain
independent. On contrary, appearance of pseudohyphal growth required both C-terminal as
well as the ] domain. Further, we identified complex genetic interactions between Caj1 and
components of the ubiquitination machinery (UBI4), ergosterol biosynthesis pathway
(ERGS6), cell-cycle regulation (SWE1).The data presented suggests that Caj1l is involved in
regulating plasma membrane homeostasis in budding yeast.

Keywords: | protein, | domain, Caj1, Plasma membrane, Budding yeast

[PS5-5] Role of Cdc42 Pathways in Regulating Group Cooperation and the
Transition to Differentiated Multicellularity

Chow Jacky, Edgerton Mira, Cullen Paul
SUNY-Buffalo (USA)

Group cooperation provides an evolutionary benefit and is thought to underlie
evolutionary processes including the transition to multicellular life. The decision-making
process surrounding group cooperation is poorly understood. Here, we identify decision-
making pathways as key regulators of group cooperation. By exploring filamentous growth
in unicellular fungal microorganisms, we describe a new response where cells assemble
into multicellular aggregates to promote nutrient foraging. The Rho GTPase Cdc42, its
effector MAPK pathway, and other signaling pathways regulated aggregate formation.
Aggregates assembled by a mechanism where filaments from different groups interlocked
to knit groups together, which resembled the intercalation of cells into tissues during
mammalian development. This system was used to model the impacts of cheaters and
handicapped individuals in aggregate assembly. Probing the limits of group cooperation
showed that individuals adopt an optimal range of social interactions to balance foraging
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needs. The uncanny resemblance between Cdc42 pathways in regulating group social
responses in yeast and tissue development in metazoans led to the idea that decision-
making pathways, by promoting group cooperation, may have contributed to the transition
to multicellular life. This theory was supported by the roles GTPase pathways played in
differentiated multicellular phenotypes in a laboratory selection experiment.

Keywords: Rho GTPases, polarity, fungal pathogenesis, multicellular development,
filamentous growth, signal transduction, Cdc42, MAPK

[PS5-6] Spermine Modulates Yeast-Hypha Morphogenesis and Colony
Morphology by an Acid Growth-Like Mechanism

Okorokova-Facanha Anna L.., Cogo Antonio Jesus D.2, Dutra Ferreira Keilla, Okorokov
Lev A.z, Ramos Alessandro C.Z, Facanha Arnoldo R.3

IUniversidade Estadual do Norte Fluminense Darcy Ribeiro (Brazil); 2Universidade Estadual
do Norte Fluminense (Brazil); SUNIVERSIDADE ESTADUAL DO NORTE FLUMINENSE DARCY
RIBEIRO (Brazil)

Polyamines play a regulatory role in eukaryotic cell growth and morphogenesis. Despite
many molecular advances, the underlying mechanism of action remains unclear. Here, we
investigate a mechanism by which spermine affects the morphogenesis of a dimorphic
yeast of emerging relevance in biofuels biotechnology and plant interactions, Yarrowia
lipolytica, through the recruitment of an auxin-dependent pathway involving an activation
of the plasma membrane H+-ATPase. Morphological transition was followed
microscopically and the plasma membrane H+-ATPase activity was analyzed in vitro and in
vivo. Proton flux and acidification were directly probed at living cells surface by a non-
invasive selective ion electrode technique. Spermine and indol-3-acetic acid induced the
yeast-hypha transition, influencing the colony architecture. Spermine induced H+-ATPase
activity and H+ efflux in living cells correlating with yeast-hypha dynamics.
Pharmacological inhibition of spermine and auxin pathways prevented these physio-
morphological responses, and indicated that it could act upstream of the auxin pathway.
This study provides the first compelling evidence on the fungal morphogenesis and colony
development as modulated by a spermine-induced acid growth mechanism analogous to
those previously postulated for the multicellular growth regulation of plants.

Keywords: Yarrowia lipolytica, polarized growth, acid growth theory, proton pump, scanning
ion-selective electrode technique, polyamine

[PS5-7] Analysis of the Role of PI4P in Prospore Membrane Extension
during Sporulation of Budding Yeast

Nakamura Tsuyoshi, Tachikawa Hiroyuki, Inoue Ichiro
The University of Tokyo (Japan)

Diploid cells of the budding yeast, Saccharomyces cerevisiae, form haploid spores in
response to nutrient starvation. In this process, post-Golgi vesicles assemble at the
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cytoplasmic surface of each spindle pole body and fuse homotypically forming de novo
double membranes, termed prospore membranes (PSM). The PSM is distinctive in that it is
derived from post-Golgi vesicles, which are redirected from plasma membrane (PM) to
PSM, and that it dynamically changes its morphology, engulfing nucleus.

Previously, we identified spo73A as a mutant defective in PSM extension and spore
formation. Spo73p contains a Dysferlin domain, an uncharacterized domain conserved in
the mammalian proteins dysferlin and myoferlin. Though Spo73p is expressed specifically
during sporulation and localizes to the PSM, the mechanism of PSM extension in which
Spo73p is involved remains unclear. Through a genetic screen, we obtained two genes, a
truncated allele of STT4 and the entire EFR3 gene, as multicopy suppressors of sporulation
defect of spo73A. STT4 encodes phosphatidylinositol (PI) 4-kinase (PI4K), which forms a
PI4K complex on the PM with two proteins, Efr3 and Ypp1.

In this study, we show that Stt4 localizes on the PSM where its product PI4P exists. In
addition, through the analysis of multicopy suppressors, it is implicated that suppression of
the sporulation defect of spo73A arose from dominant negative inhibition of Stt4 activity. To
examine this possibility, we attempted to degrade Stt4 during sporulation specifically using
an auxin-inducible degron (AID) system and found that degradation of Stt4 can partially
restore PSM extension and sporulation of spo73A. Furthermore, selective depletion of PI4P
on the PSM by a chimera of the Sac1 PI4P phosphatase domain fused to the PSM resident
protein Dtrl, also suppressed the defect of spo73A. These results suggest that the decrease
in PI4P levels on the PSM might contribute to extension of the PrM in spo73A.

To explore the downstream of PI4P, we compared the localization of markers, including
membrane traffic marker proteins, structural proteins for membrane contact sites, or lipid
transfer proteins, in wild-type and spo73A and found some candidates,. We are now
verifying the relationship between these candidates and decrease in PI4P level on the PSM.

Keywords: Sporulation, PI4P, Membrane morphology

[PS5-8] Lipid-Dependent Regulation of Exocytosis in S. cerevisiae by
OSBP Homologue (Osh) 4

Kozminski Keith, Heckle Lindsay, Chittari Supraja, Hand Marissa, Hyatt Dylan, Mantus
Grace, Sanfelippo William, Smindak Richard

University of Virginia (USA)

In many organisms polarized exocytosis is necessary for proper cell division or the
functional specialization of cells. Knowledge of the mechanics of polarized exocytosis is
therefore necessary to develop disease treatments or synthetic biology-based systems. In S.
cerevisiae, polarized exocytosis is necessary for daughter cell formation and is dependent
upon the OSH (Oxysterol Binding Protein (OSBP) Homologue) gene family, which encodes
seven OSBP-related proteins (ORPs), any one of which is sufficient to support polarized cell
growth. Family member Osh4p is sufficient, in the absence of other Osh family members, to
support polarized exocytosis and functions late post-Golgi. In this study, in an oshA
background, we used Osh4p a model to decipher ORP function in polarized exocytosis,
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asking at what specific step in exocytosis does Osh4p function and whether PI4P or sterol
binding by Osh4p is a requirement for this specific function. In vitro assays showed that
Osh4p is necessary for the efficient docking, but not fusion, of exocytic vesicles at the
plasma membrane (PM), in a PI4P-dependent manner. Osh4p defective in PI4P-binding also
showed both significantly reduced co-localization with exocytic vesicles in vivo, relative to
wild-type, as shown by fluorescence microscopy, and co-fractionation with Bgl2p, a marker
of vesicles engaged in polarized exocytosis. This effect was membrane specific. Osh4p
defective in either PI4P or sterol binding did not show decreased association with the PM.
In contrast, lipid-free Osh4p associated with exocytic vesicles at wild-type levels but did not
support vesicle docking at the PM, suggesting that the competitive binding of sterol and
PI4P regulates the association of Osh4p with exocytic vesicles and is required for vesicle
docking at the PM. Based on these data, we propose a two-step model for the regulation of
polarized exocytosis, in which Osh4p first removes PI4P from exocytic vesicles and then
exchanges bound PI4P for sterol at the PM to complete vesicle docking at sites of polarized
growth. In addition, preliminary experiments with Osh6p, which binds phosphatidylserine
rather than sterol, suggest that it is lipid exchange rather than lipid identity that regulates
docking. Our study describes a specific in vivo role for lipid ligand binding by an ORP in an
essential cellular process and guides our understanding of where and how ORPs may
function in more complex organisms.

Keywords: polarized exocytosis, oxysterol-binding proteins, OSBP-related proteins (ORPs)

[PS5-9] Assembly of Septin Complex to Higher Order Structures

FarkaSovsky Marianl, Patasi Csillal, Sadian Yasharz, Nie Yanz, Kacerikova Radkal,
Godo¢ikova Jana!, Raunser Stefan®

Imstitute of molecular biology SAS (Slovakia); 2Max Planck Institute of molecular physiology
(Germany); 3Max Planck Institute of molecular physiology (Slovakia)

Cytoskeletal proteins are involved in essential events of the cell division, process, in which
the physical division of mother cell into two viable progenies has to be both spatially and
temporally coordinated with the partition of replicated chromosomes. Septins are, together
with the actomyosin contractile ring, core components, crucially involved in the cell
division, notably in the cytokinesis. Septins are conserved guanosine phosphate-binding
proteins present in most eukaryotic organisms. They serve at the division plane as a
scaffold for other proteins and a diffusion barrier, which prevents movement of particular
proteins between the mother and daughter cell. Despite of recent developments, it is still
largely not understood at the molecular level how do the specific protein-protein
interactions and posttranslational modifications control the septin organization, in
particular via inducing changes in the polymerization of septin filaments and assembly of
higher-order structures in vivo. Our ultimate goal is to understand the complex regulatory
network of septins. Here, we have been depicting the role of two regulatory proteins of
septins. First, Gicl stabilizes septin filaments through bridging of pairs or multiple
filaments and forming structures which resembles railways. We have been show, using
yeast two-hybrid, deletion mutants and by decorating filaments with antibodies, that Gicl
binds specifically to septin Cdc10. Cdc42 in its active form binds to Gicl, which finally leads
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to the dissociation of Gicl from the septin filaments. Surprisingly, Cdc42-GDP in the absence
of Gicl directly interacts with septin filaments, resulting in their disassembly. Similar
railways structures of septins have been also observed in vitro in the presence of Bni5,
which crosslink adjacent septin filaments via interaction with Cdc11 subunits. We have also
shown, that Gicl and Bni5 bridge different septin subunits and stabilize septin higher-order
structures at the bud-neck in distinct stages of the cell cycle. In addition, protein kinase
Elm1 induces in the presence of Bni5 disassembly of long septin filaments, suggesting that
these proteins may participate in the hourglass to double ring transition. In summary,
interplay of small GTPases, accessory proteins and protein kinases was found to be crucial
for the regulation of septin higher-order structures formation and dissociation during cell
cycle.

Keywords: cytoskeleton, septin, Gicl, Bni5, GTPase
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[PS6] DNA replication and cell cycle

[PS6-1] The adder phenomenon emerges from independent control of
pre- and post-Start phases of the budding yeast cell cycle

Schmoller Kurt, Chandler-Brown Devon, Winetraub Yonatan, Skotheim Jan
Stanford University (USA)

While it has long been clear that cells actively regulate their size, the molecular
mechanisms underlying this regulation have remained poorly understood. In budding
yeast, cell size primarily modulates the duration of the cell division cycle by determining
the timing of the G1/S transition known as the Start. We have recently shown that cell
growth dilutes the cell cycle inhibitor Whi5 in G1 to increase the rate of progression
through Start. However, recent phenomenological studies in yeast and bacteria have shown
that cells increase approximately a fixed volume during their entire cell cycle, independent
of what size they are born. These results seem to be in conflict, as the phenomenological
studies suggest that cells measure the amount they grow, rather than their size, and that
size control acts over the whole cell cycle, rather than specifically in G1. Here, we propose
an integrated model that unifies the adder phenomenology with the molecular mechanism
of G1/S cell size control. We use single cell microscopy to parameterize a full cell cycle
model based on independent control of pre- and post-Start cell cycle phases. We find that
our model predicts the size-independent volume increase during the full cycle. This
suggests that the adder phenomenon is an emerging property of several aspects of the
budding yeast cell cycle rather than a causal consequence of an underlying molecular
mechanism measuring a fixed volume increase.

Keywords: size control, cell cycle, cell growth

[PS6-2] An Assessment of Yeast Mitotic Catastrophe in Topoisomerase II
Mutants: From Protective Factors to the Fate of the Progeny

Machin Félixl, Ramos-Perez Cristinal, Ayra-Plasencia ]esseli, Matos-Perdomo Emilianol,

Anaissi-Afonso Laural, Lorenzo-Castrillejo Isabell, Brown Grant Wz, Petes Thomas D3

1Hospital Universitario Nuestra Sefiora de Candelaria (Spain); 2 University of Toronto
(Canada); 3Duke University Medical Center (USA)

Topoisomerase II (Top2) is an essential protein due to its unique capability of removing
catenations between the sister chromatids, a necessary condition for successful
chromosome segregation in anaphase. For a long time, it has been known that most
thermosensitive alleles of TOP2 (top2-ts) lead to a mitotic catastrophe which largely
compromise survival of the progeny [1]. Nevertheless, what exactly happens to cells beyond
anaphase is poorly understood. We will present a thoroughly study carried out with two
broadly-used top2-ts, top2-4 and top2-5, and will show that the immediate progeny is largely
impaired to continue the cell cycle. We will present data quantifying different contributors
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to this deleterious phenotype and will show that a complex mixture of DNA damage
checkpoints, programmed cell death and genetic imbalances explain the majority of cases.
Besides, we have used hybrid diploids to assess what kind of genetic rearrangements are
found in the few survivors. We will show that there is an unprecedented enrichment of
Uniparental Disomies (UPD), in addition to many common gross chromosome
rearrangements observed in other genome instability models. Finally, we will present the
results of a genome-scale Synthetic Genetic Array (SGA) analysis where we looked for
modifiers of top2-ts lethality. We will show that deficiency in the Mitotic Exit Network
(MEN) greatly protects against top2-ts transient inactivation. Although this kind of
protection is somehow expected and has been already shown before [2], the fact that it is
the most important biological process picked up through SGA positions MEN as a putative
coadjuvant target for Top2-related therapies.

Grants that funded this work: BFU2015-63902-R (Ministerio de Economia y Competitividad)
and PI12/00280 (Instituto de Salud Carlos III) to F.M.; Predoctoral fellowship TESIS20120109
(ACIISL C.A. Canaria) to C.R-P,; Impact grant 702310 (Canadian Cancer Society Research
Institute) and MOP-79368 (Canadian Institutes of Health Research) to G.W.B.; GM24110 and
GM52319 (National Institutes of Health) to T.D.P.. The first three Spanish grants were co-
funded by EU-ERDF.

[1] Holm, C., Goto, T., Wang, J. C. & Botstein, D. DNA topoisomerase II is required at the time
of mitosis in yeast. Cell 41, 553-63 (1985).

[2] Baxter, ]. & Diffley, J. F. X. Topoisomerase II inactivation prevents the completion of DNA
replication in budding yeast. Mol. Cell 30, 790-802 (2008).

Keywords: Top2, Mitotic Exit Network, DNA damage response, Cell Senescence, Cell death,
Genetic instability

[PS6-3] The evolution of the temporal program of genome replication
Fischer Gilles’, Agier Nicolas?
TUniversité Pierre et Marie Curie - CNRS (France); °UPMC -CNRS (France)

DNA replication plays a major role in genome evolution by directly or indirectly promoting
the formation of point mutations and large-scale chromosomal rearrangements. Conversely,
both small and large-scale mutational events could possibly impact the evolution of the
temporal program of genome replication itself. However, the evolutionary dynamics of the
replication programs and the mechanisms by which the cohort of active replication origins
is progressively renewed during evolution remain unclear. We experimentally determined
the temporal program of genome replication in 10 related Lachancea species and
characterized the evolution of their replication programs and origin usage at the genus
level. We constructed families of orthologous replication origin to reconstruct the
evolutionary scenario of origin gains and losses in the Lachancea phylogenetic tree since
the species diverged from their last common ancestor. We inferred the functional
properties of all replication origins, such as their respective chromosomal location, firing
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time and efficiency, and revealed rules that govern the birth and death, or conservation, of
active replication origin over evolutionary time.

Keywords: Lachancea, Replication, Replication program, Replication origin, Genome,
Evolution, comparative genomics, functional genomics

[PS6-4] The RSC Complex Maintains Ploidy by Promoting Spindle Pole
Body Duplication in Saccharomyces cerevisiae

Sing Tina L.}, Hung Minnie P.l, Ohnuki Shinsuke?, Suzuki Godai?, San Luis Bryan-]osephS,
McClain Melainia4, Unruh Jay R.4, Yu Zulin4, Ou ]iongwenl, Huh Won—Kis, Costanzo
Michael?’, Boone Charlesg, Ohya Yoshikazus, Jaspersen Sue L.7, Brown Grant!

1Department of Biochemistry, University of Toronto and Donnelly Centre for Cellular and
Biomolecular Research, Toronto, Ontario, Canada (Canada); 2Department of Integrated
Biosciences, Graduate School of Frontier Sciences, University of Tokyo, Kashiwa, Chiba, Japan
(Japan); 3Department of Molecular Genetics, University of Toronto and Donnelly Centre for
Cellular and Biomolecular Research, Toronto, Ontario, Canada (Canada); *Stowers Institute
for Medical Research, Kansas City, MO, USA (USA); 5Department of Biological Sciences, Seoul
National University, Seoul, Republic of Korea. (South Korea); 6Department of Integrated
Biosciences, Graduate School of Frontier Sciences, University of Tokyo, Kashiwa, Japan
(Japan); 7Stowers Institute for Medical Research and Department of Molecular and
Integrative Physiology, University of Kansas Medical Centre, Kansas City, MO, USA (USA)

Ploidy, the number of complete sets of chromosomes an organism has, is tightly regulated
in eukaryotic cells and is critical for cell function and survival. Cells must coordinate
multiple pathways to ensure replicated DNA is segregated accurately to prevent changes in
chromosome number. Here, we characterize an unanticipated role for the S. cerevisiae
remodeling the structure of chromatin (RSC) complex in ploidy maintenance. We show that
deletion of any one of six non-essential RSC genes causes a rapid transition from haploid to
diploid DNA content due to non-disjunction events, resulting in increased fitness and in
morphological changes. Furthermore, we find that RSC promotes spindle pole body (SPB)
duplication by facilitating nuclear transport of the SPB component, Nbp1, through the
nuclear pore complex (NPC). Once inside the nucleus, Nbp1 stabilizes Ndc1 at the SPB,
which is a critical step for SPB insertion into the nuclear envelope. Thus, we provide novel
insight into a role for RSC in NPC function, SPB duplication, and ploidy maintenance.

Keywords: RSC complex, Spindle Pole Body, Ploidy Maintenance, Chromosome segregation

[PS6-5] Whi7 and Whi5: a Tale of Two Players
Gomar-Alba Mercé, Méndez Ester, Quilis Inma, Bafié M. Carmen, Igual J. Carlos

Departament de Bioquimica i Biologia Molecular, Estructura de Recerca Interdisciplinar en
Biotecnologia i Biomedicina (ERI BIOTECMED), Universitat de Valéncia (Spain)

Start is the major control point in eukaryotic cell cycle. At this stage, cells decide to initiate
or not a new round of cell division. Start involves the irreversible activation of a
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