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Abstract

Abstract

Nitrogen deficiency can often lead to slow or sluggish fermentation, resulting in wine out
of specification and at risk of oxidation and microbial contamination. Problems due to nitrogen
deficiency can be rectified by optimising grape chemistry (through vineyard fertilization), or more
commonly supplementing the fermentation with ammonium salts. An alternative is to use wine
yeast that can utilize nitrogen efficiently and complete fermentation more reliably. However, to
develop ‘nitrogen efficient’ yeast, it is important to understand how such yeast can utilize nitrogen
effectively by identifying genes that influence fermentation performance over a range of nitrogen
concentrations. Past research related to the identification of genes influencing nitrogen efficiency

under fermentative conditions is largely confined to laboratory yeast.

Investigation of the ~5,000 non-essential genes in yeast is possible through research tools
such as deletion libraries (collections of strains, each with a single gene deletion). Several genome-
wide studies have successfully used deletion libraries in the auxotrophic background of laboratory
yeast to investigate phenotypes in response to exposure to single stress factors associated with
fermentation. However, the need to supplement with amino acids to overcome auxotrophies makes
quantitative physiological studies in nitrogen limiting conditions impractical. Therefore, in this
study, we have used a prototrophic deletion collection in both laboratory and wine yeast

backgrounds to identify genes influencing fermentation performance.

Screening (micro-fermentation; 600 L) of the prototrophic laboratory yeast deletion
library (BY4741; 5,372 deletants) and the partial wine yeast library (AWRI1631; 1,844 deletants)
for growth and consumption of sugar and nitrogen under limiting (75 mg FAN L-') and non-limiting
nitrogen (450 mg FAN L-') conditions identified deletants with improved fermentation. To better
understand the role of individual genes in fermentation, candidate gene sets from each screen
were compared to each other and to other published data sets from genome wide transcriptomic

analyses related to fermentation.

Wine yeast deletants that enabled shortened micro-fermentation duration in low nitrogen
conditions were further investigated, since the experiment best represented nitrogen deficient
grape must associated with problematic fermentation. Fifteen deletants completed fermentation
quicker than the wildtype (c.a. a 15-59% time reduction) when tested in larger (100 mL)
fermentations. This group of genes were annotated to biological processes including protein
modification, transport, metabolism and ubiquitination (UBC13, MMS2, UBP7, UBI4, BRO1, TPK2,
EAR1, MRP17, MFA2 and MVB12), signalling (MFAZ2) and amino acid metabolism (AAT2). Among

~6~



Abstract

the genes identified, MFA2 (mating a-factor), which conferred a 34% decrease in fermentation
duration, was further investigated. We were interested to understand how deletion of this mating

type gene affected fermentation since a link between these metabolic pathways would be novel.

The 15 strains identified in this study, which were fermentation proficient in a ‘wine-like',
limited nitrogen condition, provide a basis to better understand how yeast adapt to nitrogen
limitation during fermentation. Furthermore, the corresponding genes can be targeted in second
generation strain improvement programs, using tools such as CRISPR (yet to be approved by
relevant regulatory bodies) to generate nitrogen efficient yeast to reduce the need to supplement

low nitrogen fermentations.
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Chapter 1

1. Introduction

This literature review was written during the first six months of Ph.D. candidature (August
2013), as the Core Component Structured Program (CCSP). The purpose of this literature review
is to provide the background material to the project and identify a research topic to address the
project aims. For more updated literature, please refer to the introduction sections for the individual

thesis chapters.

1.1 Yeast and winemaking

Winemaking dates back to 6000 BC, with the earliest evidence found in Asia Minor
(Mesopotamia and the Caucasus). Historically, winemaking is associated with the spread of
civilization, initially through the Mediterranean and later in the 15t and 16% century to the New
World - the Americas and South Africa (Pretorius, 2000). However, wine microbiology is only a
historically recent practice, with Louis Pasteur in 1863 showing that yeast, namely Saccharomyces
cerevisiae, are responsible for alcoholic fermentation. This knowledge that yeast can convert grape
sugars (mainly glucose and fructose) into ethanol, carbon dioxide, and other by-products has
contributed significantly to the control of the winemaking process (Pretorius 2000). Today, S.
cerevisiae is most commonly used in wine fermentations because of its reliable fermentative
properties and desirable sensory contribution to wine (Pretorius 2000; Astorga et al. 2007). Yeast
affects the aromatic profile through the synthesis of flavour compounds as well as the modification

and liberation of those from grape-derived (non-volatile) precursors (Bartowsky et al. 2007).

While grape musts are a complex mixture of nutrients, they are harsh environments for yeast
growth and metabolic activity. Grape musts generally contain high concentrations of sugars and
are low in pH (Backhus et al. 2001). During the progression of fermentation, yeast cells can be
subjected to extreme temperatures, progressive depletion of nutrients and increasing ethanol
content, which affects their growth and viability (Pretorius 2000; Mendes-Ferreira et al. 2007a).
However, wine yeast have distinct physiological properties that help them adapt to harsh
oenological conditions (Rossignol et al. 2003). Although wine yeast are usually able to complete
fermentation with nutrients naturally present in grape juice, sometimes this concentration is not
sufficient (Ugliano et al. 2009; Pretorius 2000; Barbosa et al. 2009). Complete fermentation is
defined as when the residual fermentable sugar in wine reaches <2-4 g L' and it is one of the
primary objectives for the production of dry table wines (Alexandre and Charpentier 1998). To
complete fermentation of the sugars, typically yielding 12 to 15% alcohol, yeast requires high
concentrations of nutrients such as nitrogen (Vilanova et al. 2007). However, the concentration of
nitrogen in grape juice can also vary widely and sufficient nitrogen is very important for completing
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fermentation (Bell and Henschke 2005). S. cerevisiae can use a variety of nitrogen sources,
however, some are not assimilable (Beltran et al. 2004; Crépin et al. 2012). Nitrogen compounds
readily consumed by yeast cells are termed as Yeast Assimilable Nitrogen (YAN) and in grape
juice typically comprise ammonium salts, amino acids and peptides (Bell and Henschke 2005,
Ugliano et al. 2007).

Insufficient YAN in the grape juice often results in problematic slow or sluggish fermentation if
not rectified (Alexandre and Charpentier 1998; Bisson 1999; Taillandier et al. 2007). Grape must
nitrogenous content depends on the grape variety, time of harvest, root stock, nitrogen fertilization,
berry maturation, vine water status, soil type and fungal infection (Alexandre and Charpentier 1998;
Salmon and Barre 1998; Pretorius 2000). Nitrogen present in the grape must range from 60-2400
mg L-" with the minimum requirement of YAN for a standard fermentation being 120-140 mg L'
(Alexandre and Charpentier 1998; Conradie 2001; Mendes-Ferreira et al. 2004). Ammonium and
amino acids are the primary YAN compounds present in the grape juice, making up to 40% and
51-92%, respectively of the total assimilable nitrogen (Beltran et al. 2004; Crepin et al. 2012).
These are readily taken up by yeast, with 50% to 100% consumed during the first 20 hours,
depending on the initial amount present (Jiranek et al. 1995a; Salmon and Barre 1998; Carrasco
et al. 2003; Vilanova et al. 2007).

Historically, fermentation was performed using indigenous microflora present on grapes, but
today commercial starter cultures predominate. Pure culture inoculation usually results in rapid
and reliable fermentations that are relatively predictable in flavour and thus quality of wine
(Pretorius 2000). Although there are over 200 commercially available starter cultures (Bartowsky
et al. 2007), there is still a focus on improving wine yeast strains to enhance the fermentation
process and produce a wine of improved quality (Pretorius 2000; Donalies et al. 2008). This is
being driven by the need for more reliable strains that are able to tolerate more extreme
fermentation conditions (which are becoming common) as well as strains that result in wines with

unique flavour and aroma profiles (Pretorius 2000).

Efforts involving development of certain traits of wine yeast, often involve using laboratory
strains initially as they are readily genetically modified (Donalies et al. 2008). Laboratory strains
are simple models for genetic studies as they are heterothallic, that is they carry mutations that
prevent them from switching mating type, are generally haploid or diploid (rather than polyploidy
or aneuploidy), and are engineered to have auxotrophies (Astorga et al. 2007; Donalies et al.
2008). Auxotrophy is a condition where the organism is unable to synthesize certain enzymes and

requires specific growth factors supplemented in the medium to compensate the nutritional
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deficiency (Pronk 2002; Mulleder et al. 2012). Auxotrophic markers are important selection tools
used to select against revertants after genetic modifications (Pronk 2002). While laboratory strains
are readily manipulable, they lack the phenotypic characters needed to produce quality wine
(Astorga et al. 2007; Donalies et al. 2008). It is preferable to use wine yeast strains in such studies,
however they are homothallic, are typically diploid, if not polypoid, aneuploid or alloploid, and tend
to sporulate poorly. Being prototrophic, they require dominant selectable markers such as antibiotic

resistance, to be suitable for genetic studies.

Gene deletions are important tools in determining gene function, and in providing an insight
into further strain improvement (Birrell et al. 2001; Giaever et al. 2002). Gene functionality can be
partially determined by analysing the phenotype of a yeast strain (deletant) carrying a gene
deletion (Winzeler et al. 1999; Ando et al. 2006). With recent developments in genetic engineering
and the complete sequencing of S. cerevisiag, it is possible to easily delete or introduce a gene
into the yeast genome (Donalies et al. 2008). To this end, a consortium was set up to construct a
complete collection (library) of gene deletions (i.e. the gene knock-out collection) of S. cerevisiae
by systematically inactivating every single gene (Winzeler et al. 1999; Birrell et al. 2001). This
approach has enabled research aimed at understanding the biochemical and physiological

functions of an entire biological system.

This Ph.D. project involves the use of yeast deletion libraries to identify genes influencing
fermentation performance in different nitrogen conditions, to better understand the process of

fermentation, enabling a guided approach to strain optimization of ‘industry ready’ wine yeast.

1.2 Importance of nitrogen during alcoholic fermentation

During fermentation, YAN compounds present in grape juice are metabolised to supply an
intracellular pool of polyamines, amino acids, nucleotide bases and their derivatives. These
products are needed for cell biomass formation, protein synthesis, and growth, and the excess
(e.g. arginine) is stored in the vacuoles until required (Sablayrolles et al. 1996; Hofman-Bang 1999;
Carrasco et al. 2003; Vilanova et al. 2007). However, yeast is unable to assimilate all forms of
nitrogen present in grape juice and can differentiate between preferred and non-preferred nitrogen
sources. Examples of preferred nitrogen sources are ammonium, asparagine, glutamate, and
glutamine. Proline, allantoin and urea are examples of non-preferred nitrogen sources (Hofman-
Bang 1999; Crépin et al. 2012).

As a consequence nitrogen availability during fermentation promotes biomass formation

and fermentation rate and shortens fermentation duration (Alexandre and Charpentier 1998;
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Beltran et al. 2005). When nitrogen is supplemented during fermentation, the timing of addition
influences its affect. For instance, nitrogen addition during the cell growth phase enhances
biomass formation, whereas addition during early stationary phase stimulates fermentation
resulting in shortened fermentation duration, with little increase in biomass (Beltran et al. 2005).
Nitrogen additions made after half of the sugar has been utilised can have a reduced effect (Bell
and Henschke 2005). In addition to biomass formation and fermentation rate, the concentration
and type of nitrogen present during fermentation also influences the production of many volatile
and non-volatile compounds. These compounds are responsible for desirable aromas in wine;
however, an excessive concentration of these can be detrimental to wine quality (Bely et al. 2003;
Vilanova et al. 2007).

1.3 Adverse effects of limited nitrogen

Nitrogen limitation during fermentation can negatively affect yeast growth and metabolism,
resulting in reduced sugar catabolism, sluggish or stuck fermentation resulting in wine that may
have residual sugars, is prone to spoilage, out of specification and therefore decreased quality
(Alexandre and Charpentier 1998). Typically fermentation takes approximately 7-10 days to
complete, while slow and sluggish fermentation can exceed a month or more. Excessive
fermentation time can be costly since tank space is often in short supply and the extra labor is

required

Additionally, nitrogen limitation can lead to the formation of H.S as part of the sulfate
assimilation pathway. During this process H2S is liberated as an intermediate product formed by
the reduction of sulfate or sulphite (Bell and Henschke 2005; Jiranek et al. 1995b). However, in
the presence of suitable and sufficient nitrogen sources H.S is sequestered by O-acetyl
homoserine, which is derived from nitrogen metabolism (Ono et al. 1999). On the other hand
insufficient nitrogen leads to the accumulation of H2S inside the cell that later diffuses into the
fermenting must producing objectionable ‘rotten-egg’ odour (Bell and Henschke 2005; Jiranek et
al. 1995b). However, in Australia, grape juices have typically low concentrations of nitrogen and
winemakers commonly supplement these juices with nitrogen salts often curatively (Alexandre and
Charpentier 1998).

1.4 Nitrogen supplementation and side effects
Problems due to nitrogen deficiency can be rectified by optimizing vineyard fertilization or
more commonly, supplementing the fermentation medium with ammonium salts (Jiranek et al.

1995a), usually diammonium phosphate (DAP) (Gutiérrez et al. 2013b). These supplementations
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are typically carried out empirically without determining the nitrogen requirement of the organism
or the nitrogen content of the grape juice (Jiranek et al. 1995a). High nitrogen supplementation
contravenes the wine industry’s desire to reduce the amount of additives used in the production of
wines and the level of DAP supplementation is commonly regulated throughout international
markets. Therefore there is a need to adhere to the demands of both regulatory authorities and
consumers (Pretorius 2000). Moreover, poorly considered supplementation during fermentation
can result in a wine with a high residual nitrogen content after fermentation, thereby encouraging
microbial instability and production of undesirable compounds (such as volatile phenols, ethyl
carbamate and N-heterocyclic compounds; Bell and Henschke 2005) that reduce the quality of
wine (Jiranek et al. 1995a; Taillandier et al. 2007; Gutiérrez et al. 2013b). Therefore it is important
to have a sound knowledge of the nitrogen content of the grape juice and the nitrogen requirement
of the yeast strain used in fermentation to avoid excessive additions (Gutiérrez et al. 2013b).
Knowledge of nitrogen content will render supplementation as an option rather than a routine
practice and reduced use of supplements is in line with the industry’s aim in producing quality wine
(Jiranek et al. 1995a).

1.5 Yeast nitrogen transport and metabolism

Through general and specific transport systems or permeases (membrane proteins) yeast
transports from the grape juice into the cell. The high capacity general permeases include Gap1p,
Can1p (arginine carriers) and the ammonium transporters (Mep1p, Mep2p, Mep3p). Among the
MEP proteins, Mep2p shows the highest affinity for ammonium followed by Mep1p and Mep3p
(with lower affinity). Apart from these, there are specific transporters which carry one or a few
amino acids, listed in Table 1 (Beltran et al. 2004; Crépin et al. 2012; Ljungdahl and Daignan-
Fornier 2012).
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Table 1.Plasma membrane-localized transporters of nitrogen substrates

Systematic name | Gene name Functional description Substrate specificity
Ammonium permease family

YGR121C VEP1 Medlum-afﬂnlty, high-capacity Ammonium
ammonium permease

YNL142W MEP2 High-affinity, low-capacity —f » oo
ammonium permease

YPR138C MEP3 Low-affinity, high-capacity | a0y
ammonium permease
Amino acid permease family

YKRO39W GAP1 General, h|gh-capa0|ty, All L-amino gmds, D-amlno acids,
amino acid permease GABA, peptides, polyamines

YGRO55W MUP1 High-affinity methionine Cys
permease

YBR069C TAT1 Tyrosine and tryptophan Val, Thr, His (low-affinity), Leu
permeases

YOL020W TAT2 High-affinity tryptophan Phe, Tyr, Trp, Gly, Ala
permease

YDR508C GNP High-affinity glutamine Thr, GIn, Ser, Cys, Leu, Met, Asn
permeases

YCLO25C AGP1 Broqd substratg range, Val, lle, Phe, Met, Ser, Leu, Trp,
medium capacity permease Met, Cys, Ala

YBRO6SC BAP? Branched-chain amino acid Val, lle, Phe, Met, Leu, Trp, Met,
permease Cys, Ala

YDRO46C BAP3 Branched-chain amino acid Val, lle, Phe, Tyr, Leu, Trp, Met,
permease Cys, Ala, Thr

YNL268W LYP1 Lysine permease Lys, Met

YGR191W HIP1 Histidine permease His

YOR348C PUT4 High-affinity proline Pro
permease

YNL270C ALP1 Arginine permease Arg

YEL063C CAN1 Arginine permease Arg

YNL268W LYP1 Lysine permease Lys, Met

Other transporters/ permeases
YLLO55W YCT1 Cysteine transporter Cys
YHL061C DUR3 High-affinity polyamine Urea

Adapted from Ljungdahl and Daignan-Fornier (2012)
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These specific and general transport permeases are regulated by different molecular
regulatory mechanisms such as Nitrogen Catabolite Repression (NCR) (Beltran et al. 2004;
Gutiérrez et al. 2013b) and the SPS sensor (Forsberg and Ljungdahl 2001; Ljungdahl 2009). NCR
controls the general (Gap1p, Agp1p) and specific amino acid carriers (Putdp), and the MEP
permeases. SPS regulates the synthesis of branched-chain amino acid permeases encoded by
BAP2 and BAP3, the high-affinity glutamine transporter Gnp1p, the tyrosine and tryptophan
carriers Tat1p and Tat2p, the dicarboxylic amino acid permease Dip5p, and the high-affinity
methionine permease Mup1p. To a lesser extent and with lower efficiency, these permeases can

also catalyze the importation of several other amino acids (Crépin et al. 2012).

1.5.1 Nitrogen Catabolite Repression (NCR)

Different mechanisms regulate the process of nitrogen transport into the yeast cells. One
of the primary mechanism is NCR, which represses the transcription of genes that encode for
permeases needed in the uptake and catabolism of non-preferred or poorly used nitrogen sources
(Pretorius 2000; Beltran et al. 2004; Jiménez-Marti and Del Olmo 2008). Genes such as URE2
and the four GATA-binding transcription factors, which are GLN3, GAT1 (positive regulators) and
DAL80, DEH1/GZF3 (negative regulators; Salmon and Barre 1998; Hofman-Bang 1999). In the
presence of preferred nitrogen sources, GIn3p and Gat1p (the positive activators of NCR) remain
in the cytoplasm conjugated with Ure3p, which does not enable the NCR-sensitive gene to use the

non-preferred nitrogen sources.
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Figure 1. The nitrogen catabolite repression (NCR) circuit. The URE3 and the four GATA factors: GLN3 and GAT1
(positive regulator) and DAL80 and GZF3 (negative regulators). All cross regulate each other’s expression based on
the presence of preferred and non-preferred nitrogen sources, corresponding to their positive and negative role in
allowing the expression of NCR-sensitive genes for the uptake of nitrogen sources. Figure and text adapted from
Ljundahl and Daignan-Fronier (2012).
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On the other hand, depletion of preferred nitrogen sources liberates GIn3p from the
URe3p/GIn3p complex and transports GIn3p and Gatlp to the nucleus, derepressing the
expression of NCR-sensitive genes allowing the cells to uptake non-preferred sources (Jiménez-
Marti and Del Olmo 2008; Crépin et al. 2012). Dal80p and Gzf3p act as repressors of NCR-
sensitive genes. All the four GATA factors have zinc-finger DNA binding motifs that enable binding
to the GATAAG sequence present in the promoter of the NCR-sensitive genes (Georis et al. 2009;
Georis et al. 2011). Also, mutation of URE3 leads to localization of GIn3p to the nucleus and lifts
derepression in spite of the availability of preferred sources (Salmon and Barre 1998). However,
GIn3p plays a significant role in NCR, as cells lacking GLN3 were unable to derepress NCR-
sensitive genes (Mitchell and Magasanik 1984; Minehart and Magasanik 1991). Therefore all the
four GATA factors control each other’s regulation (cross-regulation), contributing either positive or
negative regulation based on their role (reviewed by Ljungdahl and Daignan-Fornier (2012);
Fig.1).

1.5.2 Plasma membrane Ssy1-Ptr3-Ssy5 (SPS) sensor

The second mechanism by which nitrogen transport is regulated is the SPS sensor. The
plasma membrane of the yeast cell contains three core components, Ssy1, Ptr3 and Ssy5, which
together are known as the SPS sensor. SPS senses extracellular amino acids, inducing the
transcription of genes encoding for particular amino acid permeases (AAPS) to import the amino
acids into the cell. Ssy1p senses and activates Stp1p and Stp2p (latent cytoplasmic proteins).
These proteins enter the nucleus, bind to the permease genes, transcribing and translating into
AAPs, which are then targeted to the plasma membrane for the uptake of the particular amino
acids (Ljungdahl 2009; Crépin et al. 2012; Fig. 2).
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Figure 2. Schematic diagram of the major regulatory steps of the SPS-sensing pathway. (A) The non-induced dormant
state in the absence of inducing amino acids: low levels of amino acid permeases (AAPs) are present in the plasma
membrane (PM). (B) The induced state in the presence of extracellular amino acids: de-repressed AAP gene
expression leads to increased levels of AAPs in the PM and enhanced rates of amino acid uptake (Ljungdahl 2009).
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1.5.3 Nitrogen metabolism

Once YAN sources are transported into the cell, the nitrogen is either directly used for
protein synthesis or degraded to glutamate and glutamine through the biosynthetic pathways in
the presence of ammonium (Hofman-Bang 1999). Glutamate and glutamine are amino acids that
provide 85% and 15%, respectively, of total cellular nitrogen (Cooper 1982) and ammonium serves
as an amino group donor to produce these compounds. The ammonium needed for the synthesis
of glutamate and glutamine is either directly transported into the cell by the MEP transporters or is
generated by the degradation of some less preferred nitrogen sources (ter Schure et al. 2000;
Magasanik and Kaiser 2002; Fig. 3).
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Figure 3. Central pathway for nitrogen metabolism. All cellular nitrogen compounds are synthesized from either
glutamate or glutamine. (1) Glutamate is synthesized by ammonia combining with a-ketoglutarate, which is synthesized
from acetyl CoA and oxaloacetate in the early steps of the TCA cycle. (2) Glutamine is synthesized by the combination
of ammonia with glutamate. (4) Glutamine reacts with a-ketoglutarate, catalysed by glutamate synthetase encoded by
GLT1 resulting in the formation of glutamate (3) Glutamate reacts with NAD-dependent glutamate dehydrogenase
(NAD-GDH) encoded by GDH2 to produce ammonium. The pathways for utilization of other nitrogen sources like urea,
proline and arginine, are also shown. The S. cerevisiae gene for each of the enzymatic steps is designated in italics
(Magasanik and Kaiser 2002).

Yeast converts nitrogen sources into glutamate and glutamine using the Tricarboxylic Acid
Cycle (TCA). During fermentation, metabolism of carbon sources takes place through the glycolytic
pathway resulting in Acetyl CoA, which enters the TCA cycle to synthesize a-ketoglutarate. This
o-ketoglutarate serves as the precursor for the production of glutamate and glutamine in the
presence of ammonia. When ammonia is the only source of nitrogen, a-ketoglutarate reacts with
ammonia in the presence of the NADP-linked enzyme, glutamate dehydrogenase (NADP-GDH)
encoded by the genes GDH1 and GDHZ2 to produce glutamate (Reaction 1). The glutamate

combines with ammonia in the presence of the enzyme glutamine synthetase (GS) encoded by
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GLN1 to produce glutamine (Reaction 2) (Hofman-Bang 1999; ter Schure et al. 2000; Magasanik
and Kaiser 2002). When glutamine is the only source of nitrogen in the medium, Reactions 3 and
4 take place to produce ammonium, where glutamine reacts with a-ketoglutarate catalysed by
glutamate synthetase encoded by GLTT resulting in the formation of glutamate. This glutamate
then reacts with NAD-dependent glutamate dehydrogenase (NAD-GDH) encoded by GDHZ to

produce ammonium (Hofman-Bang 1999; ter Schure et al. 2000; Magasanik and Kaiser 2002).

1.6 Improvement of industrial wine yeast strains

The ability of yeast to assimilate and metabolize compounds such as YAN dramatically
influences the capabilities of S. cerevisiae to convert grape juice into wine. For this reason, when
formulating new strategies to improve wine technology and quality, efficient assimilation by yeast
of nutrients such as nitrogen is an important aspect to be considered. Techniques previously used
to produce wine of better quality and taste involved the isolation and screening of new yeast from
grape and wine samples. This technique has helped in identifying several strains with desirable
winemaking characteristics that are used commercially today. However, to improve specific traits

of wine yeast, alternative strategies have to be formulated.

Methods such as sexual (mating, sporulation) and parasexual (protoplasmic fusion)
breeding, random mutagenesis and genetic engineering are examples of strategies currently used
for strain improvement (Cebollero et al. 2007; Donalies et al. 2008). These strain improvement
methods have several advantages and disadvantages when compared with one another. The
limitation with breeding includes a lack of selection markers and genetic instability of industrial
yeast (Cebollero et al. 2007; Donalies et al. 2008). Random mutagenesis is simple, rapid and does
not require deeper background knowledge on the gene and its mechanism. However, presence of
multiple gene copies in the wine yeast often makes the selection of recessive mutations
complicated. Other limitations of random mutagenesis include chances of missing genes
contributing to a phenotype and difficulty in studying the entire genome (Winzeler et al. 1999;
Giaever et al. 2002). Also, usage of correct dosage of mutagen to produce the desired phenotype
and unknown mutations leading to the loss of desirable traits (Pretorius 2000; Steensels et al.
2014) creates further complexities. Conversely, while genetic engineering, allows for controlled
modification of genes, it requires a deeper background knowledge of the gene and mechanism
that has to be improved (Cebollero et al. 2007). To date, Saccharomyces cerevisiae strain MLO1
is the first registered recombinant strain, for wine making in the USA. Whereas most wine yeast
cannot readily use malic acid, MLO1, can complete malolactic fermentation, having the

Oenococcus oeni gene for malolactic enzyme and the malate permease gene from
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Schizosaccharomyces pombe (Husnik et al. 2006). Whilst the use of genetically engineered strains
in food production have received only minimal acceptance worldwide, genetic engineering has led
to the successful construction of gene deletion libraries. These mutant collections serve as a
platform to study gene functionality, which has potential application in understanding which
processes to target, regarding the optimisation strategies for future strain improvement (Winzeler
et al. 1999; Astorga et al. 2007).

1.7 Using a gene deletion library as a tool to study gene function

Gene deletion libraries can represent a powerful tool for identifying gene function
(Winzeler et al. 1999) and thus future target strategies for wine yeast improvement (Donalies et al.
2008). Deletion libraries are usually created by the precise deletion of every single gene or Open
Reading Frame (ORF), between its start and stop codon of a given genome. Each gene can be
deleted using gene replacement technologies incorporating Polymerase Chain Reaction (PCR)
based strategies to generate a cassette targeted at a specific gene and often containing a
dominant selectable marker (KanMX; Fig. 4). The KanMX deletion cassette contains an antibiotic
resistance marker coupled on either side with molecular barcodes or tags, made of a 20 base pair
oligonucleotide sequences, a “barcode” which allows identification of each deletion mutant
(Winzeler et al. 1999; Birrell et al. 2001; Giaever et al. 2002). Based on this strategy, Winzeler and
co-workers (1999) successfully constructed a collection of 6925 deletants in a laboratory yeast
background. However, as laboratory yeast do not often have desirable winemaking traits, for the
specific purpose of physiological studies under winemaking-like conditions, the Australian Wine
Research Institute (AWRI) has constructed a partial deletion library in the wine yeast AWRI1631,
a MATa haplotype of N96 (Borneman et al. 2008; Varela et al. 2012). Unfortunately due to technical

difficulties this currently still remains as only a partially complete library.
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Figure 4. The KanMX deletion cassette, containing an antibiotic marker coupled with UPTAG and DNTAG barcode
sequences or tags on either side. The B-U1, B-U2-comp, B-D1 and B-D2-comp are the biotin-labelled deletion-specific
primers used to amplify the unique UPTAG and DOWNTAG sequence (Giaever et al. 2002).

1.7.1 Previous studies on deletion libraries under fermentation conditions
Several phenotypic studies have investigated gene function during fermentation with the

use of deletion mutant collections in a laboratory yeast background. Some examples include the
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identification of genes essential for tolerance to ethanol and alcohols (Fujita et al. 2006; van Voorst
et al. 2006; Teixeira et al. 2009), high pressure and low temperature (Abe and Minegishi 2008),
acetic acid (Mira et al. 2010), oxidative and chemical stress (Tucker and Fields 2004), high glucose
(Teixeira et al. 2010), butanol (Gonzalez-Ramos et al. 2013) and growth under anaerobic
conditions (Reiner et al. 2006). A previous study from this laboratory did identify several mutations
allowing nitrogen efficient fermentation, yet this was far from comprehensive as a transposon
library was utilised and the identity of only a handful of mutants determined (Gardner et al. 2005).
To date , there is no published comprehensive study identifying genes related to nitrogen efficiency

under fermentative conditions by individually screening every mutant of a deletion library.

1.8 Limitations of current laboratory yeast deletion libraries

Screening for fermentation performance and other physiological studies have successfully
used the available laboratory yeast deletion libraries constructed on BY4741, BY4742 and BY4743
backgrounds. However, these possess auxotrophic markers, or mutated genes that encode
enzymes involved in the synthesis of amino acids and/or nucleotides (Pronk 2002; Miilleder et al.
2012). These auxotrophic strains are routinely grown either in complex medium (e.g. containing
yeast extract and peptone) or defined synthetic media supplemented with sufficient amounts of the
appropriate growth factor (Pronk 2002). Several studies showed that such supplementation often
produces misleading results that limit data interpretation. Supplementation can block some
biological pathways or can even create a combinatorial influence on metabolic networks, which
make quantitative comparisons of growth difficult. In addition to interference in metabolic and
physiological responses, supplementation can also reduce the life span of auxotrophic cells (Pronk
2002; Canelas et al. 2010; Mlleder et al. 2012).

1.8.1 Requirement for prototrophy and the available prototrophic libraries

To reduce the limitation caused by auxotrophic markers in physiological studies, restoring
prototrophy is essential in auxotrophic strains or to generate prototrophic strains carrying a
selectable marker to counter select against contamination (Pronk 2002; Canelas et al. 2010;
Mulleder et al. 2012). Such strains would have the functional genes required to synthesize
enzymes necessary for growth, and therefore should have similar growth kinetics to the wild type
strain (Pronk 2002; Mlleder et al. 2012). This would allow gene deletions, which affect processes
related to cell growth to be easily identified during a library screen. Recently, Milleder and co-
workers (2012) created a complete collection of gene knock out mutants (deletants) where

prototrophy was restored using the pHLUM vector (Fig. 5) in the gene deletion library of BY4741.
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The functional genes expressed on the plasmid, complement the mutated genes (auxotrophic

markers) on the genome.
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Figure 5. pHLUM vector used to restore prototrophy in the gene deletion library collection of BY4741 (Mulleder et
al. 2012)

The construction of a prototrophic gene knock out collection in the haploid wine strain
AWRI1631 using similar deletion cassettes to that of the laboratory deletion libraries (Varela et al.
2012) represents a further advancement. This partial library constructed by the AWRI has no
known auxotrophic markers and represents 30% of the non-essential genes in the yeast genome.
Both these libraries are suitable to study gene function under winemaking-like conditions, allowing
for the investigation of fermentation performance under varying nutrient conditions. This Ph.D.
project aims to use both these prototrophic mutant collections as screening tools, to identify genes

related to nitrogen assimilation during alcoholic fermentation in a synthetic grape juice

1.9 Nitrogen efficient genes and strains of Saccharomyces cerevisiae

Past research on yeast transcriptomics aids better understanding on how yeast alter their
gene expression pattern based on nitrogen conditions during fermentation. Transcriptomic studies
have identified genes that change expression pattern during fermentation under conditions of
nitrogen limitation and starvation (Rossignol et al. 2003; Mendes-Ferreira et al. 2007a; Mendes-
Ferreira et al. 2007b) and addition of DAP or amino acid to nitrogen-depleted medium (Marks et
al. 2003; Mendes-Ferreira et al. 2007b; Jiménez-Marti and Del Olmo 2008). For example,
Rossignol et al. 2003 identified significant transcriptional reprogramming of genes (especially the
genes associated with stress response) at the beginning of stationary phase as nitrogen became
depleted. Likewise, Backhus et al. (2001) used a microarray DNA analysis and compared gene
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expression in different nitrogen conditions during fermentation. In high nitrogen, they noticed
upregulation of genes involved in the biosynthesis of macromolecular precursors and low nitrogen
genes involved in translation and carbon metabolism were upregulated. Mendes and co-worker
(2007b) identified 36 genes that were highly expressed in a low nitrogen condition that could be
used to monitor nitrogen to avoid stuck/sluggish fermentation arising due to nitrogen depletion. On
the other hand, transcriptomic studies undertaken to understand the effect of ammonium or amino
acid addition to nitrogen-depleted medium identified that ammonium addition led to an upregulation
of genes involved in amino acid synthesis whereas amino acid addition initiated protein synthesis
(Jiménez-Marti and Del Olmo 2008). Similarly, Marks et al. (2003) reported a higher expression of

genes involved in amino acid biosynthesis on DAP addition.

In an attempt to study yeast gene expression in limited nitrogen followed by nitrogen
supplementation, Mendes et al. (2007a) identified variations in the expression of many genes
associated with cellular processes such as carbohydrate metabolism, oxidative stress and protein
synthesis during fermentation in limited nitrogen. However, refeeding of nitrogen affected the
glycolysis and metabolic pathway which allowed yeast to overcome stress and restart fermentation
(Mendes et al. 2007a).

Alternatively, in a study comparing gene expression between strains with similar
phenotypic and genotypic characters but differing nitrogen requiring strains, Contreras et al. (2012)
identified genes related to nitrogen uptake and metabolism. Genes such as URE2, MET31 and
ATO2 and URA2, HXT12, STR3 and /IV5 were identified between strains that differed in
ammonium and amino acid consumption, respectively. Therefore past transcriptomic studies
provide knowledge on the expression pattern of yeast genes based on the nitrogen conditions
during fermentation. Whereas, investigating individual deletants of the non-essential genes will
enable identification of genes that are proficient in conditions such as limited nitrogen during
fermentation. However, there is only limited research directly related to the identification of nitrogen
efficient mutants. Gardner and co-workers (2005) used transposon mutagenesis to construct a
library of ~5000 yeast mutants, disrupting individual genes in W303 (MATa, ura3A). The authors
screened for nitrogen efficient mutants in a nitrogen-limited: carbon-excess (75 mg FAN L-1, 200 g
glucose L-') medium, two genes were identified (NGR1 and GID7) that when deleted resulted in a
shortening of fermentation duration.

1.10 Bioinformatics as tools in determining gene function
Large data sets, for instance those generated during genome scale library screening
require specific analytical tools to deliver objective results. Tools such as Gene Ontology (GO;
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http://www.geneonotology.org) enable identified genes from a phenotypic study to be classified in
relation to gene function. GO provides functional and descriptive information on the molecular
function, biological process and cellular component using domain-specific ontologies. Domain
specific ontologies are vocabularies that are similar in all the organisms. GO are constructed and
supported by researchers from many model organism databases and bioinformatics groups
through several consortia (Blake and Harris 2002; Blake et al. 2013). An example of a database
group that provides information on budding yeast genome is the Saccharomyces Genome
Database (SGD, http://www.yeastgenome.org). SGD maintains information on yeast mutant
phenotypes using vocabularies such as the Ascomycete Phenotype Ontology (APO), yeast
biochemical pathways, systematic nomenclature and also the reference genome sequence. SGD
is constructed by collecting and organizing experimental results from the peer-reviewed literature.
Hence, SGD is considered to be an encyclopaedia of the yeast genome that can facilitate
experimental design and results (Cherry et al. 2012). This project involves the use of tools such as

GO and SGD to identify the function of genes linked to nitrogen efficiency.

1.11 Aims and objectives of the project
Based on this literature review outlining the importance of nitrogen during oenological
fermentation and its assimilation in the context of generating nitrogen efficient wine yeast, the

following gaps were identified:

1. Past transcriptomic studies provide knowledge on the expression pattern of yeast genes in
different nitrogen conditions during fermentation. However, identification of individual nitrogen
efficient mutants has been limited to those identified with the use of a transposon mutagenesis
system not covering the whole genome and identifying only a few involved genes. Analysis of
the fermentation performance of deletion mutants of each non-essential gene is required.

2. Past studies have used tools such as the yeast gene deletion libraries, with which screening
of individual deletants of non-essential genes has identified genes required for fermentation
related processes. Examples include the identification of genes essential for tolerance to
ethanol and other alcohols, high pressure and low temperature, acetic acid, oxidative and
chemical stress, high glucose and growth under anaerobic conditions. However, there is no
study using the deletion libraries to identify deletants influencing fermentation in sufficient and
limiting nitrogen conditions.

3. The laboratory yeast deletion libraries utilized in past studies contained auxotrophic markers,
which required medium supplementation to overcome auxotrophy. Recent investigations

report that auxotrophic markers can influence biological parameters like growth and aging,
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which in turn leads to a bias in physiological and metabolic studies. Also, the need for
supplementation does not allow for analysis under limited nitrogen conditions. Prototrophic
yeast deletion libraries should be screened for fermentation performance under limited in
comparison to sufficient nitrogen conditions. To highlight those genes specifically influencing

timely completion of fermentation when nitrogen is scarce.
The main objective of this research is to:

1. Screen the prototrophic laboratory yeast deletion libraries (in the laboratory yeast BY4741
and the wine yeast AWRI1631) to identify genes influencing fermentation duration in a
chemically defined grape juice medium containing either sufficient or limiting nitrogen
(Chapter 1).

2. Compare and further investigate (using Gene Ontology tools and past literature) identified
genes from screening experiments between the two libraries, in different nitrogen
conditions and to published related data sets to understand how the gene deletants confer
fermentation efficiency (Chapter 2 and 3).

3. Further characterize genes found here to be associated with fermentation efficiency in
limited nitrogen conditions to understand how deletion enables fermentation proficiency in

low nitrogen wine-like juice (Chapter 3 and 4).
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2.1 Introduction

Yeast requires sufficient macro-nutrients such as nitrogen to complete fermentation.
According to previous reports, the minimum requirement ranges from 120-140 mg L' (Bely et al.
1990; Cramer et al. 2002; Martinez-Moreno et al. 2012) and 200-267 mg L-' (Mendes-Ferreira et
al. 2004). However, nitrogen in grape juice is often limited and requires supplementation to prevent
problems such as sluggish fermentation and, in extreme cases, fermentation arrest (Alexandre
and Charpentier 1998; Bell and Henschke 2005). Commercial strains differ in their nitrogen
requirement (Barbosa et al. 2009; Gutierrez et al. 2012; Martinez-Moreno et al. 2012; Brice et al.
2013; Gutiérrez et al. 2013a), thus yeast with lower nitrogen requirements are more likely to
withstand nitrogen deficiency or starvation, thereby utilising the available nitrogen for growth and
metabolism, needed to complete fermentation (Gardner et al. 2002; Brice et al. 2013). Such strains

are therefore useful in enabling fermentation completion in nitrogen deficient grape must.

The differences in nitrogen requirement may be due to strains possessing high genetic
diversity due to a large number of allelic variants (Salinas et al. 2016). Previous QTL analyses
have identified some of the genetic basis of these variations related to nitrogen consumption during
fermentation. Brice et al. (2014) identified polymorphism in genes (GCN1, MDS3, ARG81 and
BIO3) involved in nitrogen metabolism and signalling using bi-parental crosses. Similarly, Jara et
al. (2014) identified variations in GLT1, ASI1 and GDH2 genes (involved in nitrogen signalling) in
strains from a different lineage (i.e. wine and sake). Although classical QTL studies involving bi-
parental crosses have mapped traits to loci with large phenotypic effects, these have failed to
identify loci contributing to minor phenotypic changes (Bloom et al. 2015; Cubillos et al. 2017).
Fulfilling this gap, a recent QTL study used multi-parental cross mapping (Cubillos et al. 2013)
together with RNA-Seq to identify variations in genes involved in the major metabolic pathways
(i.e. ARO1, biosynthesis of aromatic amino acid precursors; PDC1, pyruvate decarboxylase;
CPS1, permease involved in degradation of protein into amino acids; AS/2, SPS signalling; LYP1,
lysine permease and ALP1, arginine transporter) that are the basis for strains that are better
adapted to different nitrogen conditions during fermentation (Cubillos et al. 2017). While
commercially available strains are robust, the ability to complete fermentation in nitrogen deficient
juices remains a concern to winemakers. To date, research has focused on improving utilisation
of non-preferred nitrogen such as proline (Poole et al. 2009; Long 2014) and arginine (Martin et al.
2003) or increasing nitrogen efficiency, measured by shortened fermentation duration when

nitrogen is limiting (Gardner et al. 2002; Zhang 2014). Although some genes related to nitrogen
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utilisation and efficiency have been identified (Gardner et al. 2002; Zhang 2014), the knowledge

underlying these processes remains limited, with other genes yet to be identified.

Deletion libraries provide the means to determine other genes related to nitrogen efficiency
through high-throughput screening of fermentation performance under limited nitrogen conditions.
Whilst commercially available gene deletion libraries in haploid or diploid laboratory yeast
represent most of the yeast genome, a drawback regarding fermentation studies is that they
require supplementation because of the presence of auxotrophic markers (Winzeler et al. 1999).
Regardless, they have been successfully employed to study growth sensitivity to single
fermentation-related stresses. Examples include tolerance to ethanol (Fujita et al. 2006; van Voorst
et al. 2006; Teixeira et al. 2009), acetic acid (Mira et al. 2010), high glucose (Teixeira et al. 2010),
growth under anaerobic conditions (Reiner et al. 2006) and adaptation to low temperature (Salvadé
et al. 2016). Similarly, work by Walker et al. (2014) identified genes essential to successful
completion of fermentation when supplied with high sugar (200 g L") and sufficient nitrogen (450
mg L") in juice-like conditions which is valuable. However, these auxotrophic strains do not allow
fermentation studies under suboptimal nitrogen concentrations. Given that grape must nitrogen
content varies widely (50-350 mg L-'; Ugliano et al., 2007) and the risk of stuck and sluggish
fermentation increases at <150 mg L' (Alexandre and Charpentier 1998; Bell and Henschke
2005), it is necessary to investigate the genes affecting fermentation under both high and low

nitrogen conditions.

Comparative transcriptomic analysis has allowed a better understanding of how yeast
differs in their physiological response to nitrogen composition/content during fermentation. Several
studies using different nitrogen requiring yeast (both laboratory and wine strains) grown under Low
Nitrogen (LN) and High Nitrogen (HN) conditions have alluded to the genetic basis of their
adaptation to these circumstances. For example, studies include: in HN, Barbosa et al. (2015) (670
mg L") and Contreras et al. (2012) (518 mg L") and in LN, Barbosa et al. (2015) (67 mg L),
Mendes et al. (2007b) (66 mg L") and Brice et al. (2013) (100 mg L-!). Additionally, Rossignol et
al. (2003) used grape must with 300 mg L' (considered sufficient nitrogen) to examine gene
expression of the entire genome during alcoholic fermentation. Also, exploration of global gene
expression in response to various nitrogen sources has been examined (Scherens et al. 2006;
Godard et al. 2007), along with the effect of DAP addition during fermentation (Marks et al. 2003)
and ammonium and amino acid addition to nitrogen-depleted medium (Jiménez-Marti and Del
Olmo 2008) has revealed modifications in gene expression in order to adapt to various nitrogen

conditions. Whilst transcriptomic studies have involved prototrophic yeast (mentioned above),
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deletion libraries analysed to date have been auxotrophic, which require supplementation.
Prototrophic strains are preferable to auxotrophic strains for physiological studies (Canelas et al.
2010), because experimental protocols can be designed to avoid potential metabolic effects
associated with supplementation (Mulleder et al. 2012; Pronk 2002), since none is required, a
necessity in low nitrogen studies. Hence, this study reports the two prototrophic deletion
collections, one in a laboratory background and the other in a wine yeast background in HN (450

mg L") and LN (75 mg FAN L-') to identify genes influencing fermentation performance.

2.2 Materials and methods

Strains and media used in this study

Prototrophic deletion libraries

A Laboratory Yeast Deletion Library (LYDL) containing 5372 deletants in BY4741 (MATa;
his3A1; leu2A0; met15A0; ura3A0), where prototrophy was restored by complementation using a
CENG6/ARSH4 low copy plasmid, pHLUM (Mlleder et al. 2012) was used. In addition a partial
Wine Yeast Deletion Library (WYDL) containing 1844 deletants in AWRI1631 (a haplotype of wine
strain N96; Borneman et al. 2008) with gene deletions constructed as described in Varela et al.
2012 was used.
Replication of the libraries

The libraries were inoculated into 200 uL YPD medium (1% yeast extract, 2% bacto
peptone, 2% D-glucose; Guthrie and Fink 2002) in 96-well microtiter plates, using a 96-pinned
replicator, and incubated for 2 days at 28 °C. These cultures were used to inoculate plates for the
screening experiment, before addition of glycerol (to 15%) for storage at -80 °C. Liquid handling

was done using an 8-channel pipetting CAS-3800 robot (Corbett Robotics, Australia).

A schematic of the subsequent experimental work flow is shown in Fig. 1.
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Figure 1. Outline of fermentation screens. Micro-fermentations (600 uL) and laboratory-scale fermentations (100 mL)
and the number of gene deletants shortlisted at each stage as fermentation efficient (FE). Evaluation of FE deletants
from the WYDL_LN and WYDL_HN screens in 100 mL fermentations identified 15 and 12 FE mutants.

Micro-fermentation (Screen )

Micro-fermentations were conducted in 600 L of Chemically Defined Grape Juice Medium
(CDGJM; Jiranek et al. 1995a; Walker et al. 2014) in deep 96-well plates. The CDGJM contained
3 g L' of grape polyphenol extract to mimic red wine fermentations (Walker et al. 2014). The
CDGJM was supplemented with different amounts of nitrogen to simulate LN (75 mg L -') and HN
(450 mg L) conditions. Four replicates microtiter plate (library) were inoculated with 1% (6 L) of
the overnight YPD culture. A replicate was removed at intervals during fermentation for
determination of residual sugar and nitrogen concentration. This sacrificial approach to collect
samples over time was used to prevent cross-contamination and experimental artefacts arising

from multiple sampling of the same plate during fermentation.

Laboratory-scale fermentations (Screen Il and lll)

Fermentations (100 mL) involved an initial non-replicated screen of 92 candidates with a
1% (culture v/v) inoculation rate. Thirty strains were chosen from these based on their sugar
utilisation and re-evaluated in a triplicated screen using a standardized inoculation rate of 1 x 107

cells mL-1. All the laboratory-scale fermentations were conducted on an automated 96-flask
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fermentation platform (Peter et al. 2017). Briefly, the platform was built on a Freedom EVO® robotic
work desk (Tecan) and consisted of four 24-position water-jacketed carriers to maintain
temperature, and stirrers to continuously agitate the fermentations. Each flask comprised of a 100
mL Schott bottle with an inverted internal fermentation lock and silicon sealed sampling port in the
lid. The liquid handling arm of the platform collected ~1 mL of samples at programmed intervals
into 96-well plates. Samples were stored at -20 °C for subsequent analysis of residual sugar and

nitrogen.
Determination of residual sugar and nitrogen concentration

Residual glucose and fructose were measured enzymatically as described by Boehringer-
Mannheim (1989) with modifications to a 96-well format described by Liccioli et al. (2011b).
Residual free amino acid was determined by the NOPA (o-phthaldialdehyde/N-acetyl-L-cysteine)
procedure (Dukes and Butzke 1998).

Calculation of area under the curve to determine fermentation performance

The residual sugar values measured at each sampling point from the 100 mL
fermentations were used to plot fermentation curves for every deletant. The Area Under the Curve
(AUC) of each profile was then calculated using the composite trapezoid rule using GraphPad
Prism 6 (GraphPad software INC., La Jolla, C.A., USA) as described by Liccioli et al. (2011a).
Deletants were considered to be fermentation efficient when the AUC values of the deletants were
significantly less than that of the wildtype using a two way ANOVA (Dunnett’s multiple comparison
test).

Interpretation of screening results and selection of efficient candidates

Deletants were chosen from the initial micro-fermentations (LYDL_HN, WYDL_HN and
WYDL_LN) based on their ability to catabolise at least twice the sugar of the wildtype at one or
two sequential time points. These ‘Fermentation Efficient’ (FE) strains were compared between
each screen and also with other previously reported gene sets (Marks et al. 2003; Scherens et al.
2006; Mendes-Ferreira et al. 2007b; Contreras et al. 2012; Barbosa et al. 2015). In the WYDL
screen, FE deletants in the HN screen, had a sugar content < 16.5 g L-! for the deletants vs ~33 g
L-* for the wildtype. In the LN screen, the residual sugar was < 24.5 g L-' (FE deletants) vs ~48 g
L (wildtype). However, in the LYDL_HN screen, a more stringent cut-off was set since the library
contained more deletants (5372) than the WYDL (1844); selection was based on two time-points.
Candidates with <34 g L-! sugar compared to the wildtype (69 g L) at the first time-point, and <11

g L' sugar vs wildtype (23 g L) at the second time-point, were shortlisted.
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Besides these LYDL candidates, 92 best performing strains were chosen from the WYDL
based on residual sugar and, in the case of HN fermentation, nitrogen content for laboratory-scale
trials. From the WYDL_LN screen, candidates with residual sugar < 48 and 26 g L at time-point
1 and time-point 2 (when the wildtype was ~88 and 48 g L-') and from the WYDL_HN, candidates
with residual sugar < 90 and 40 g L' (while the wildtype was ~99 and 33 g L-1) and nitrogen > 200

mg L' were chosen for further evaluation.

Identification of gene function and enrichment of the identified gene data sets using

computational software tools

The function of candidate genes identified from the micro-fermentation screen was sought
using the Saccharomyces Genome database (http://www.yeastgenome.org/; Cherry et al. 2012).
Gene sets were analysed using the Gene Ontology (GO) software GoToolbox and GO-Stats (http:/
genome.crg.es/GO ToolBox/; Martin et al. 2004) to determine enrichment of genes based on their
GO terms. This computational tool uses a hypergeometric distribution with hypothesis (Bonferroni)
correction to calculate P-values (Martin et al. 2004) and the cut-off for significance was set as P <
0.01. The gene set were also analysed using KEGG (Kyoto Encyclopaedia of Genes and
Genomes) pathway database (http://www.genome.jp/kegg/tool/map_pathway) (Kanehisa and
Goto 2000; Kanehisa et al. 2004; 2016; 2017) to classify genes based on their involvement in

distinct cellular pathways.

2.3 Results

Genes whose deletion resulted in shorter fermentation.

Prototrophic yeast deletion libraries in a laboratory yeast (BY4741) and wine yeast
(AWRI1631) were used to identify genes influencing fermentation duration in the HN and LN
conditions. The wine yeast deletion library (WYDL) containing 1844 deletants was analysed in
micro-fermentation in LN (WYDL_LN; 75 mg L-'; Appendix 3, Pg 163) and HN (WYDL_HN; 450
mg L1, Appendix 2, Pg 149). The Laboratory Yeast Deletion Library (LYDL) containing 5372
deletants was tested only in HN (LYDL_HN; Appendix 1, Pg 108; Fig. 1). The instability of the
plasmid pHLUM in some of the BY4741 strains of the LYDL deletants (100 mL fermentations; data

not shown), precluded the screen under LN conditions.

Deletants were selected based on their sugar utilisation profile in micro-fermentations in
comparison to their wildtype. Those classified as FE (see Materials and Methods) were shortlisted
for in silico analysis. Micro-fermentation of the LYDL_HN, WYDL_HN and WYDL_LN identified
842, 299 and 257 FE deletants, respectively (Appendix 4-6, Pg 177-187).


http://www.yeastgenome.org/
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Evaluation of selected yeast deletants in laboratory-scale fermentations

Ninety two of the best performing FE candidates from each of the WYDL micro-
fermentation (WYDL_HN and WYDL_LN) were re-evaluated in 100 mL fermentations, as the larger
scale provided better control of inoculum, anaerobisis and a larger sample volume. Since one of
the aims was to further characterise a set of the most FE deletants, fermentation progress for
individual strains was plotted as residual sugar (g L-*) versus time (Fig. 2A and 2B ), and the AUC
was determined to rank the strains based on their overall performance during fermentation. Thirty-
seven deletants were identified from the WYDL_HN screen, having AUC values 85-99% of the
wildtype (5975 - 6990 compared to 7006 for the wildtype; Fig. 3A) and 51 deletants from the
WYDL_LN had AUC values ranging from 7185 - 9959 (or 72-99%) compared to 9999 (100%) for
wildtype (Fig. 3B).

To further define the fermentation performance of the shortlisted candidates, the 30 best
performing deletants the WYDL_LN screen (having the smallest AUC values of the wildtype,
indicative of FE), were evaluated in triplicate 100 mL fermentations (Fig. 1). In the WYDL_HN, 12
deletants were observed to have an AUC of up to 9% less than the wildtype. The AUC values for
the deletants were 4824 — 5284 (91-99%) compared to 5314 for the wildtype (Fig. 3A). The small
reduction in fermentation duration can be attributed to the high amount of nitrogen (450 mg L),
which resulted in fermentation being completed in 68 h. However, in WYDL_LN (75 mg L-1), 15
strains finished fermentation in a significantly shorter time (121 to 249 h compared to 293 for the
wildtype; Fig. 3B). The deleted genes of these deletants were TDA7, UBP7, AIM26, MFA2,
UBC13, UBI4, MMS2, MRP17, MKT1, MVB12, AAT2, BRO1, INA1, TPK2 and EAR1 (Peter et al.
2017). Four genes (AAT2, YPR1, INA1, and MMS2) of the 15 were also present within the 12
strains highlighted in the WYDL_HN fermentations.
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Figure 2. Sugar utilisation of the wildtype, AWRI1631 and 92 shortlisted deletants. Fermentations (100 mL)
were conducted at 28 °C in CDGJM with (A) 450 mg L' (HN) and (B) 75 mg L-* (LN). AWRI1631 (black line) 4
replicates and 92 deletants (grey lines) single cultures. The standard deviation of the mean is represented as error
bars.
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Figure 3. Sugar utilisation profile of the wildtype, AWRI1631 and 30 shortlisted deletants. Fermentations
(100 mL) were conducted at 28 °C in CDGJM with (A) 450 mg L (HN) and (B) 75 mg L' (LN). AWRI1631
(black line) and 30 deletants (grey lines). Standard deviation of the mean (triplicates) is represented as error

bars.
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In silico analysis of the FE gene set reveals genes common and unique to each micro-

screen

Comparison of the FE deletants identified in all micro-fermentation screens (Screen |, Fig.
1)-WYDL (HN and LN) and LDYL (HN), revealed genes common and unique to each experimental
condition (Fig. 4). Twenty four genes (as deletions) were common to all three data sets (Table 1).
Furthermore, 27 genes were presented only in LYDL _HN and WYDL_HN, whilst 87 genes were
present in the WYDL_HN and WYDL_LN data sets. Nineteen genes were also represented in
both LYDL_HN and WYDL_LN data sets. A large number of genes identified as deletions capable
of shortening fermentation, were exclusive to the individual screens: LYDL HN (748), WYDL_HN
(161) and WYDL_LN (127). The gene deletant found in two or all data sets originating from the

micro-fermentation screen are presented in Table 1.

LYDL_HN 842 deletants

748

161

WYDL_LN 257 deletants WYDL_HN 299 deletants

Figure 4. Comparison of the FE gene sets identified in the study. The Venn diagram shows common and unique
FE deletants capable of fermenting twice more sugars than the wildtype during micro-fermentation of WYDL (HN and
LN), and LYDL (HN).
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Table 1. Genes of FE deletants in two or all data sets from the micro-fermentation screening
of WYDL (HN and LN) and LYDL (HN)

Library Screen(s) Identified Genes

AAT2, AGE2, AIM25, AZF1, BEM2, BOL1, CCP1, CWH41, CYS4, DOAT,
DOT5, EAR1, EMC4, AU1, FLC3, FLO11, GGA1, GRX4, HAP5, HCST,
IGO1, INA1, IST1, JID1, KAP122, KSS1, MAL32, MFA2, MIT1, MKT1,
MPC1, MRH4, MRP17, NAS2, NIS1, OAC1, OSM1, PBP1, PEP8, PEX31,

WYDL_HN and PGM1, PHB1, PHB2, POM34, PTC2, RMD5, ROM1, SAK1, SAS5, SAY1,
WYDL_LN (87 genes) | SHO1, SIP2, SMA1, SPP1, SPR2, SPT3, SWA2, SWP82, TDA7, TPC1,
TPK2, TVP38, TWF1, UBCS8, UBPT7, UBX3, VMA21, VMA3, VPS68, XPT1,
YMC1, YPR1, YPT10, YRF1-3, YER137C, YIL055C, YKLO70W, YKLO71W,
YKRO51W, YGRO015C, YGR168C, YMR254C, YOR225W, YPR063C,
YPRO71W,, YKLO18C-A, YMR105W-A

AFT2, DLD1, DOG2, EMCS, FMP48, GET1, HSP150, HUT1, IDS2, KEL3,
MEI5, MET10, MSH5, OPI3, OYES3, PPT2, RME1, SKG3, SLI1, STBS, TIM21,
YDL114W, YGR045C, YGR051C, YOR062C, YPL191C, YPL247C

LYDL_HN and
WYDL_HN (27 genes)

common to LYL_HN, | RAD16, TOG1, YLF2, CKA1, MSN4, VPS60, MMS2, PDE1, BBC1, VPS55,
WYDL_HN and ENT4, 10C2, FARS, RSF1, GIS2, HXT14, SDD3, DBP1, MLH3, RPL7B,
WYDL_ LN (24 genes) | YHL00SC, YGL082W, YGR066C, YGR237C

Micro-fermentations (600 L) were conducted in CDGJM as described in Materials and Methods. Deletants resulting
in improved fermentation performance (i.e. fermenting twice more sugars than the wildtype) were shortlisted:
WYDL_HN (299 genes), WYDL_LN (257 genes) and LYDL_HN (842 genes). Genes represented in 2 or 3 data sets
are represented (Fig. 4). Genes denoted in bold represent the genes identified among the 15 genes, whose deletion
shortened fermentation duration in CDGJM (LN; 75 mg L-'; 100 mL fermentation; Screen IlI).

Gene Ontology and KEGG pathway analysis of the FE genes

The gene deletants identified in micro-screens as FE were classified using GO toolbox
GO-Stats into specific Gene Ontology categories based on their role in biological processes. GO
analysis of the 24 FE genes common to all the three micro-screens and the 27 FE genes
represented in LYDL _HN and WYDL_HN highlighted enrichment for 7 different processes (Table
2 and 3). However, GO analysis of the 87 FE genes common to WYDL_HN and WYDL_LN,
identified enrichment of genes that were for 34 different processes (Table 4). Kegg pathway
analysis of this 87 FE genes highlighted 6 genes (SHO1, BEM2, KSS1, ROM1, FLO11 and MFA?2)
that are targets of the MAPK (Mitogen Activated Protein Kinase) signalling pathway.Additionally,
GO analysis of the 161 and 127 genes unique to WYDL_HN and WYDL_LN, respectively,
identified enrichment of genes for process mainly involved in catabolic process and regulation in
the HN (Fig. 5A) condition and in the LN conditions the data set was enriched for process such as

ubiquination and protein turnover (Fig. 5B)
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Table 2. GO enrichment analysis of the genes common to LYDL_HN, WYDL_HN and

WYDL_LN.
TERM P-VALUE GENES
GO_ID

G0:0009214 | cyclic nucleotide catabolic process 3.46E-03 PDE1
GO0:0006198 | cAMP catabolic process 3.46E-03 PDE1
G0:0019932 | second-messenger-mediated signalling 4.56E-03 PDE1, RSF1
G0:0045324 late endosome to vacuole transport 6.48E-03 VPS60, VPS55
G0:0006821 chloride transport 6.90E-03 YHL008C
G0:0051599 | response to hydrostatic pressure 6.90E-03 MSN4
G0:0050826 | response to freezing 6.90E-03 MSN4

Table 3. GO enrichment analysis of the genes common to WYDL_HN and LYDL_HN.

TERM P-VALUE GENES
GO_ID
G0:0015785 | UDP-galactose transport 3.78E-03 | HUT1
AFT2, SLI1, DOG2, HSP150, STB5, GET1,
G0:0050896 | response to stimulus 4.60E-03
OYE3, MEI5, MSH5, MET10
G0:0007126 | meiosis 4.71E-03 | MEI5, IDS2, MSH5, RME1
G0:0051327 | M phase of meiotic cell cycle | 4.71E-03 | MEI5, IDS2, MSH5, RME1
G0:0051321 | meiotic cell cycle 4.79E-03 | MEI5, IDS2, MSH5, RME1
G0:0042221 | response to chemical stimulus | 5.04E-03 | AFT2, SLI1, STB5, GET1, OYE3, MET10
(G0:0042493 | response to drug 9.40E-03 | SLI1, STB5,MET10
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Table 4. GO enrichment analysis of the genes common to WYDL_HN and WYDL_LN.

GO._ID TERM P-VALUE GENES
late endosome to vacuole
G0:0032511 | transport via multivesicular 3.00E-05 | EART1, IST1, GGA1, VPS68
body sorting pathway
endosome transport via
G0:0032509 | multivesicular body sorting 3.88E-05 | EART1, IST1, GGA1, VPS68
pathway
G0:0045861 | Nedative regulation of 4.19E-04 | PHB2 PHB1
proteolysis ’
G0:0045324 It?;i:;:r?some to vacuole 7.73E-04 | EAR1, IST1, GGA1, VPS68
G0:0016197 | endosome transport 7.83E-04 | EAR1, IST1, PEP8, GGA1, VPS68
GO:0042177 negativg regulation of protein 8.28E-04 | PHB2 PHB1
catabolic process '
G0:0009895 | negative regulation of 8.28E-04 | PHB2 PHB1
catabolic process ’
. ubiquitin-dependent protein ; RMD5, DOA1, UBP7, EAR1, SWP82, NAS2,
G0:0006511 catabolic process 1. 17E03 UBC8, GGA1
protein targeting to vacuole
GO:0043328 durln_g ublqwtln_-dependent. 136E-03 | EARY, GGAT
protein catabolic process via
the MVB pathway
PTC2, SAK1, NIS1, AZF, RMD5, MKT1, YRF1-
3, SIP2, MFA2, SHO1, TPK2, SPP1, KAP122,
. L . } ROM1, SAS5, TWF1, BEM2, DOT5, SWP82,
G0:0065007 | biological regulation 146803 | pipo” HAPS PBP1, AGE2 KSS1. VMA2T,
SPT3, PEP8, AIM25, PHB1, UBC8, GRX4,
PGM1, YPT10
) modification-dependent } RMD5, DOA1, UBP7, EAR1, SWP82, NAS2,
G0:0019941 protein catabolic process 1-90E-03 UBX3, UBC8, GGA1
modification-dependent
. . } RMD5, DOA1, UBP7, EAR1, SWP82, NAS2,
G0:0043632 | macromolecule catabolic 1.81E-03 UBX3, UBCS, GGAT
process
PTC2, SAK1, NIS1, AZF1, RMD, MKT1, SIP2,
requlation of bioloaical MFA2, SHO1, TPK2, SPP1, ROM1, SASS5,
G0:0050789 rgcess g 1.90E-03 | TWF1, BEM2, DOT5, SWP82, PHB2, HAP5,
P PBP1, AGE2, KSS1, VMA21, SPT3, AIM25,
PHB1, UBC8, GRX4, PGM1, YPT10
. proteolysis involved in cellular } RMD5, DOA1, UBP7, EAR1, SWP82, NAS2,
G0:0051603 protein catabolic process 191803 UBX3, UBC8, GGA1
G0:0040007 | growth 1.91E-03 | SIP2, SHO1, TPK2, ROM1, BEM2, KSS1, SPT3
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PTC2, AZF1, SAY1, MFA2, YKLO70W, CCP1,

G0:0042221 | response to chemical stimulus | 1.98E-03 | KAP122, CYS4, DOT5, YPR1, KSS1, YKLO71W,
GRX4

G0:0032269 | Negative regulation of cellular {5 o3¢ 03 | yr¢ priB2 PHBY

protein metabolic process

PTC2, SAK1 ,NIS1, AZF1, RMD5, MKT1, SIP2,
MFA2, SHO1, TPK2, SPP1, ROM1, SASS,

G0:0050794 | regulation of cellular process 2.25E-03 | TWF1, BEM2, DOT5, SWP82, PHB2, HAP5,
PBP1, AGE2, KSS1, VMA21, SPT3, PHB1,
UBCS8, GRX4, PGM1, YPT10

. . . ] PTC2, SIP2, MFA2, SHO1, TPK2, ROMI,
G0:0007165 | signal transduction 234803 1 pevio AGE2 KSS1. YPT10
G0:0001403 'Jlii'svee l?nrq‘l’t‘g’t:);]“ response 10 | 5 40E-03 | SIP2, TPK2, KSS1, SPT3
G0:0030162 | regulation of proteolysis 2.80E-03 | PHB2, PHB1
G0:0051248 | Negative regulation of protein  f 5 g5r 03 | 1yEs B2 AIM25 PHBY

metabolic process
G0:0007034 | vacuolar transport 3.44E-03 | EAR1, TVP38, IST1, PEP8, GGA1, VPS68
regulation of protein metabolic PTCZ2, SAKT, MKT1, MFAZ TWF1, BEMZ,
G0:0051246 | €9 P 4.14E-03 | PHB2, PBP1, VMA21, AIM25, PHB1, UBCS,
process
PGM1
G0:0007166 SZ}'”Zl”ﬁiﬁiéﬁiﬁﬁtn‘” linked 1 4 32E.03 | PTC2, MFA2, SHO1, KSS1
G0:0045721 | negative regulation of 4.68E-03 | RMDS, UBCS
gluconeogenesis ’

. . } RMD5, DOA1, UBP7, EAR1, SWP82 ,PHB2,
G0:0006508 | proteolysis 0.54E-03 | NaS2 UBX3, PHB1, UBCS, GGA1
G0:0051181 | cofactor transport 6.99E-03 | FLC3, TPC1
G0:0006109 | regulation of carbohydrate | 7 43¢ 03 | RiDS, HAPS, UBCS

metabolic process
G0:0030447 | filamentous growth 7.44E-03 | SIP2, SHO1, TPK2, KSS1, SPT3
negative regulation of
G0:0045912 | carbohydrate metabolic 8.29E-03 | RMD5, UBC8
process
negative regulation of cellular
G0:0010677 | carbohydrate metabolic 8.29E-03 | RMD5, UBC8
process
PTC2, SAK1, AZF1, RMD5, MKT1, MFA2,

) regulation of primary ] SPP1, SAS5, TWF1, BEM2, DOT5, SWP82,

G0:0080090 metabolic process 8.51E-03 PHB2, HAP5, PBP1, KSS1, VMA21, SPTS3,
AIM25, PHB1, UBC8, PGM1
G0:0007154 | cell communication 8.57E-03 PTC2, SIP2, MFA2 SHO1, TPK2 ROM1,

BEM2, AGE2, KSS1, YPT10
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Figure 5. Enrichment of FE genes annotated to specific GO terms from SGD using GO ToolBox GO-Stats. Number of genes
found in the indicated GO term which shows significant enrichment under the two growth conditions. (A) Genes specific to
WYDL_HN. (B) Genes specific to WYDL_LN. P-value marked above each bar indicates significance of enrichment.
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Genes influencing fermentation efficiency that are unique to each experimental screen and

influenced by genotype, environment or both

Large number of FE deletants identified in the micro-fermentation were unique to each
screen (Fig. 4): 748 (LYDL_HN), 161 (WYDL_HN) and 127 (WYDL_LN).

Figure 6. Comparison of FE genes (Screen I) to genes affected by Genotype (G), Environment (E) or both (GE) under
HN and LN conditions, as reported by Barbosa et al. (2015). (A) LYDL_HN genes identified in the HN condition. (B)
WYDL_HN genes identified in the HN condition. (C) WYDL_LN genes identified in the LN condition.

The identified 161 and 127 FE deletants in the WYDL are likely to be affected by
Environment (E; high and low nitrogen). Comparison of the LYDL_HN data set to the WYDL, which
represents only 30% of the LYDL, revealed that 73% (548 deletants of the 748 identified as FE
and unique to this screen) were not present in the WYDL_HN and the remaining 224 did not exhibit
improved fermentation in the WYDL. Therefore the 224 genes are likely to be dependent on
Genotype (G). Comparative transcriptomic analysis of wine yeast strains CEG, VL1 and QA23 by
Barbosa et al. (2015) identified genes whose expression was influenced by Genotype (G),
Environment (E; high and low nitrogen availability) and both Genotype and Environment (GE).
Comparison of genes unique to each screen identified in our study, which are likely to be

dependent on G and E to clusters reported by Barbosa et al. (2015) as influenced by G, E and GE,
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in HN and LN, identified in HN, 19 and 47 (from LYDL) and 9 and 31 (from WYDL) genes to be
affected by G and E, respectively, and in LN, 18, 8 and 5 (from WYDL) genes to be affected by G,
E and GE, respectively (Fig. 6, Table 5).

Table 5. Fermentation efficient genes influenced by Genotype (G), Environment (E) and

interaction between both (GE)

Genes

dependency Genes

, YBR214W (SDS24), YCLO32W (STE50), YELOO3W (GIM4), YHL021C (AIM17),
Genotype in HN: | v 022C (SPO11), YHR154W (RTT107), YHR156C (LIN1), YKLO10C (UFDA4),
19 genes YJR109C (CPA2), YJR110W (YMR1), YJR111C (PXP2), YLR267W (BOP2),
YOL110W (SHR5), YOR197W (MCA1), YOR221C (MCT1), YOR323C (PRO2),
YPRO4OW (TIP41), YPL107W, YPL162C

YGRO61C (ADES), YDL156W (CMR1), YGL191W (COX13), YIR032C (DAL3),
YDL178W (DLD2), YPRO23C (EAF3), YDL234C (GYP7), YFRO24C-A (LSB3),
Environmentin | YGLOB6W (MAD1), YPR167C (MET16), YFRO11C (MIC19), YLR265C (NEJ1),
HN: 31 genes YGLO13C (PDR1), YDLO93W (PMTS), YGLO37C (PNC1), YGR123C (PPT1),
YER185W (PUG1), YKLO38W (RGT1), YPL208W (RKM1), YER161C (SPT2),

YGR129W ( SYF2), YPR133W-A (TOMS), YFROO7W (YFH7), YHR132C
(ECM14), YDL175C (AIR2), YDL243C (AAD4), YFRO24C-A (LSB3), YDL144C,
YLLO53C, YGL242C, YPR148C

Environment in
LN: 8 genes YDR370C (DXO1), YDR379W (RGA2), YGR162W (TIF4631), YGR232W

(NAS6), YJR124C (MGR2), YLRO52W (IES3), YPRO69C (SPE3), YJR124C

GE interaction in
LN: 5 genes YILO15W (BAR1), YIL041W (GVP36), YGR112W (SHY1), YLL0O39C (UBI4),

YPLO84W (BRO1)

In silico analysis of 257 genes whose deletion confers improved fermentation under limited

nitrogen in a wine yeast

The 257 FE genes (Screen I: WYDL_LN micro-screen), were compared to genes down-
regulated under different nitrogen conditions, reported in several transcriptomic studies (Marks et
al. 2003; Scherens et al. 2006; Mendes-Ferreira et al. 2007b; Contreras et al. 2012; Barbosa et al.
2015). A total of 39 genes were down-regulated in response to either nitrogen content or
composition, or yeast nitrogen requirement (Table 6). Among the 39, 14 and 10 genes were
identified to be down-regulated in LN (66 - 67 mg L") in the studies conducted by Barbosa et al.
(2015) and Mendes-Ferreira et al. (2007b), respectively. Further, 13 genes were down-regulated
upon DAP addition following nitrogen starvation (Marks et al. 2003), 6 genes in different nitrogen
sources (Scherens et al. 2006) and 3 genes down-regulated in strains of differing nitrogen
requirement (Contreras et al. 2012).
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Table 6. Thirty nine genes identified in this study that are down-regulated in response to

nitrogen content, composition, or yeast requirement

Transcriptomic Study Down-regulated genes
Low Nitrogen YLR413W (INA1), YIL085C (KTR7), YLR150W (STM1), YMR265C,
67 mg L": 14 genes, Barbosa et | YER156C, YLL039C (UBI4), YNL255C (GIS2), YBL024W (NCL1),
al. (2015) YPR063C, YPL198W (RPL7B), YFR032C-A (RPL29), YOR213C

(SAS5), YGR283C, YBL028C

Differing nitrogen sources
i.e. glutamine, proline, YLR027C (AAT2), YLR413W (INA1), YGR155W (CYS4),

et al. (2006)

Different nitrogen requirement
HN and LN strain: 3 genes, YNL190W, YNL229C (URE2), YJR102C (VPS29)

Contreras et al. (2012)

Nitrogen-starvation/low nitrogen | YIL035C (CKA1), YKL120W (OAC1), YJR102C (VPS25),
66 mg L': 10 genes, Mendes- YGR105W (VMA21), YBL024W (NCL1), YLR292C (SEC72),
Ferreira et al. (2007b) YGR085C (RPL11B), YJR124C, YLR413W (INA1), YNL084C
(END3)

DAP addition

20% w/v DAP addition after 30%
sugars were consumed: 13
genes, Marks et al. (2003)

YELO12W (UBCS), YER167W (BCK2), YIL055C , YDR320C
(SWA1), YDR386W (MUS81), YGLO87C (MMS2), YGR105W
(VMA21), YGR206W (MVB12), YPL203W (TPK2), YDL091C
(UBX3), YDR392W (SPT3), YGRO66C, YPRO61C (JID1)

257 FE genes identified in the WDYL_LN micro-fermentation (Fig. 1) were compared with genes highlighted in
transcriptomic studies, specifically those down-regulated in response to different nitrogen content, composition or
yeast nitrogen requirement. Reported are the genes from previous studies that were also identified in this study as
were down-regulated. Genes in bold were shown to have improved fermentation efficiency under LN conditions in 100

mL fermentations (Fig. 3B)

2.4 Discussion
Micro-fermentation of prototrophic deletion libraries to identify genes that confer

fermentation efficiency under different nitrogen conditions

Two prototrophic yeast deletion libraries were used to identify genes, whose deletion
conferred fermentation efficiency under high (450 mg L) and low (75 mg L") nitrogen conditions
(Fig. 1). The LYDL (5372 deletants), represented most of the non-essential genes in the genome,
with prototrophy being restored by plasmid complementation (pHLUM; Miilleder et al. 2012). The
WYDL (1844) constructed in a prototrophic wine yeast, AWRI1631 (Borneman et al. 2008; Varela
et al. 2012), represented 30% of the LYDL. A preliminary screen was undertaken (Screen I:
LYDL_HN, Appendix 1, Pg 108), but because of observed pHLUM plasmid loss from the relatively
rich CDGJM, further screen in this medium (i.e. LYDL_LN) was abandoned. Instead, screening
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was undertaken using the WDYL under both conditions (Appendix 2 and 3, Pg 149 and 163 ), with
the LYDL_HN data used to verify potential gene candidates, including those absent in the WYDL.

Laboratory-scale fermentation of the shortlisted candidates

Ninety-two of the best performing strains from each of the WYDL micro-screens (HN and
LN) were evaluated unreplicated as 100 mL fermentations (Screen Il; Fig. 2A and 2B). In the HN
condition, fermentation duration was expected to be comparable between deletants and wildtype,
as nitrogen was non-limiting. Therefore, FE deletants were instead defined as those that
completed fermentation with a smaller AUC and nitrogen consumption. In the LN condition,
deletants that were able to complete fermentation in a shorter duration were considered FE. In this
way, 30 of the best performing candidates were chosen from each of the conditions (HN and LN)
and evaluated in triplicated 100 mL fermentations incorporating a standardised inoculation rate
(Screen IlI; Fig. 3A and 3B). Of the 30, we identified 15 deletants in AWRI1631 (i.e. 16% of those
tested) that completed fermentation in a significantly shorter time under LN conditions; ranging
from 41 to 78% of the wildtype. These candidates, warranted further investigation and are potential

targets for strain improvement (Fig. 3B; Peter et al. 2017).

In screen Il of the 30 best-performing wine yeast deletants under HN conditions,
fermentation was rapid (67 h) due to the ready availability of nitrogen, therefore, only minor
differences existed between fermentations completed prior to the wildtype (Fig. 3A). However,
lowering of the fermentation temperature from 28 °C to 22 °C as well as reducing the nitrogen
concentration to levels similar to industrial fermentations (i.e. 300-350 mg L-'), was intended to

provide better differentiation in fermentation performance between strains.
In silico analysis of the FE gene sets from the micro-fermentations

In micro-fermentation (Screen 1), a cut-off based on deletants that were able to ferment
twice the sugar of the wildtype at the same time point(s), were used to identify yeast gene
deletants, which conferred fermentation efficiency. Deletants with this phenotype totalled 842
(LYDL_HN; Appendix 4, Pg 177), 299 (WYDL_HN; Appendix 5, Pg 184 ) and 257 (WYDL_LN;
Appendix 6, Pg 187). In silico comparison of these gene sets identified common and unique genes
(Fig. 4). Interestingly, 24 genes were common to all three groups (Table 1), suggesting that these
genes are capable of reducing fermentation duration independent of background and nitrogen
conditions. The presence of 27 genes in the WYDL_HN and LYDL_HN (Table 1) indicates that
these genes influence FE independent of strain background. These genes may be viewed as
environment (condition) dependent as they result in FE in both the LYDL_HN and WYDL_HN but
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are not present in the WYDL_LN data set (discussed below). However, this idea cannot be
confirmed, as the LYDL_LN screen was not undertaken. Eighty seven genes were identified as
conferring fermentation efficiency regardless of nitrogen content (WYDL HN and WYDL LN; Table
1). As such these genes seem unlikely to be directly related to nitrogen metabolism but perhaps
play a role in tolerance to high sugar conditions. These gene deletions are potential targets for
yeast strain improvement specifically for high sugar fermentations, an increasingly common
problem of oenological fermentation. Finally, nine genes of this set (Table 1: 87 genes; AAT2,
EAR1, INA1, MFA2, MKT1, MRP17, TDA7, UBP7 and TPK2) and MMS2 (Table 1: 24 genes) were
amongst the 15 deletants capable of significantly reducing fermentation duration in 100 mL trials
(Screen [Il: WYDL_LN; Peter et al. 2017).

Classification of genes into specific Gene Ontology categories identifies enrichment in the
87 genes common to WYDL_HN and WYDL_LN

GO Toolbox GO-Stats calculates the statistically relevant over-representation (or
enrichment) of GO terms associated with a gene set, relative to the genomic distribution of GO
terms. An enrichment of genes in a set annotated to a particular GO term implies the importance
of that GO cluster to fermentation completion. Classification of genes using this tool, based on their
role in a biological process (Martin et al. 2004) revealed an enrichment for genes that were for a
process. GO analysis of the 87 FE genes common to the WYDL_HN and WYDL_LN conditions
highlighted enrichment for 34 different processes (Table 4). Of the observed enrichment, we
identified a set of genes involved in cell communication (PTC2, SIP2, MFA2, SHO1, TPK2, ROM1,
BEM2, AGE2, KSS1 and YPT10; Table 4). Further Kegg pathway analysis of the 87 FE genes
highlighted 6 genes (SHO1, BEM2, KSS1, ROM1, FLO11 and MFA2), which were associated with
cell communication and also target of the MAPK (Mitogen Activated Protein Kinase) signalling
pathway (Fig. 7). The MAPK pathway is an intracellular signalling pathway that helps yeast sense
and adapt to a changing environment. The MAPK pathway is a cascade of three sequentially
activating kinases; a MAPK kinase kinase (MAPKKK), which activates the MAPK kinase (MAPKK),
which activates MAPK. Saccharomyces cerevisiae has at least five signalling pathways that
contain the MAP kinase cascade (Levin and Errede 1995; O'Rourke and Herskowitz 1998). The 6
genes highlighted in the Kegg pathway analysis are involved in the following MAPK pathways;
Pheromone response pathway (MFA2, mating a-factor and FUS3), Cell wall integrity pathway
(BEM2), High Osmolarity Glycerol (HOG) pathway (SHO7) and Filamentous growth pathway
(KSS1and FLO11) (Saito and Tatebayashi 2004; Saito 2010). Further investigation of these genes
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and others in the pathway is required to understand how their deletion confers fermentation

efficiency.
Pheromone response Cell wall Integrity High osmolarity glycaral
pathway pathway (HOG] pathway
i | | | | |
Stimulus MFA2 (a-factor) bow osmoseity, High Low nitrogen
mating factor high temp etc osmolarity =
Sensor " s ' ' e
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Figure 7. Yeast signalling pathways involving MAPK. Four of the MAPK signalling pathways (Pheromone
response pathway, green; Cell wall integrity pathway, purple; High Osmolarity Glycerol (HOG) pathway, blue
and Filamentous growth pathway, orange) are targets in the pathway from external stimulation to response by
the yeast cells. Genes identified as FE from the WYDL_HN and WYDL_LN are shown in red (adapted from
Saito and Tatebayashi 2004).

Genes that confer fermentation efficiency, only in one condition.

GO analysis of the genes specific to WYDL_HN (161) and WYDL_LN (127) identified
enrichment of genes for processes associated with cellular catabolic process and regulation in HN
and ubiquitination and protein turnover in the LN condition (Fig. 5A and 5B). These findings
suggest that under LN conditions, removal of key proteins within the ubiquitin protein degradation
pathway may slow turnover of transporters and other proteins critical to maintaining cellular
metabolism thereby enabling rapid fermentation. Nitrogen depletion occurs approximately halfway
through exponential growth, irrespective of initial nitrogen (Varela et al. 2004). During the late
stationary phase, yeast requires energy mainly for cell maintenance in response to diffusion of ions
into the cytoplasm due to increasing ethanol content, and for protein turnover due to nitrogen
depletion (Varela et al. 2004). In another study, Canelas et al. (2010) proposed that as protein
synthesis is an energy consuming process requiring more ATP, strains increase glycolytic flux by
driving more ATP and co-factors into protein synthesis. Nevertheless, deletion of genes associated
with protein degradation could result in energy saving by reducing protein turnover and extending
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the presence of transporter(s)/ion pump(s) in the plasma membrane thereby allowing continued
sugar uptake and glycerol efflux. An increased sugar uptake could increase ATP production to
support proton and ion homeostasis during ethanol stress (Alexandre et al. 2001; Viana et al. 2012;
Fig. 8A and 8B).

Although the start of nitrogen depletion triggers enormous physiological changes such as
autophagy, nitrogen recycling, decrease of protein synthesis and the storage of glycogen and
trehalose (Rossignol et al. 2003; Brice et al. 2013), the mechanisms involved in sensing external
nitrogen and initiating a cellular response to combat nitrogen starvation remain unclear.
Interestingly, there are distinct genetic mechanisms by which yeast with differing nitrogen
requirement respond to nitrogen limitation/starvation (Brice et al. 2013). In yeast requiring HN,
genes related to protein degradation, nitrogen recycling and the stress response are upregulated,
whilst in LN requiring yeast, it is those related to synthetic processes such as protein synthesis
and RNA processing that are upregulated (Brice et al. 2014). Although the nitrogen requirement
profile of AWRI1631 is unknown, it would appear that deletion of genes related to catabolism has
a positive but minor effect when yeast are grown with HN, whereas in the LN conditions,

dysfunctional ubiquitin-mediated protein turnover is more effective.
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Figure 8. Yeast metabolism (glycolysis, protein degradation and H* homeostasis) in LN fermentations. (A) In
the wildtype; transporters on the plasma membrane mediate nutrient transfer (hexose transporters il amino
acid and nitrogen transporters @ ) across the cell membrane. Transported hexoses are metabolised through
the glycolytic pathway producing energy (ATP). When limited nitrogen is available these transporters are down-
regulated and degraded, thus fewer are available. The protein degradation pathway aids protein turnover during
nitrogen depletion and the H* ATPase (§ ) pumps H* ions out of the cell during ethanol stress, which requires
energy. (B) It is proposed in deletants of protein degradation pathway genes, protein degradation is reduced
enabling more transporters to be present on the plasma membrane to actively transport more sugars resulting
in more energy to be used for other activities such as H* homeostasis, cell maintenance and fermentation
performance.

Barbosa et al. (2015), in a comparative transcriptomic analysis of 3 wine yeast (CEG, VL1
and QA23) in HN and LN fermentation conditions, classified genes into different clusters
dependent on whether their pattern of expression was affected by Genotype (G; strain-specific),
Environment (E; mechanism-specific) or both Genotype and Environment (GE). The genes specific
to each screen (161, WYDL_HN; 127, WYDL_LN and 224, LYDL_HN) were compared to the HN
and LN clusters reported by Barbosa et al. (2015) (Fig. 6). Nineteen of the 224 FE genes
(LYDL_HN), shown to be FE specifically in the laboratory yeast, can be considered as genotype
specific as their deletion did not result in FE in the WYDL_LN (Table 6, Fig. 6). Barbosa et al.
(2015) demonstrated differential expression of these 19 genes depending on wine strain. Of the
19 genes, 6 genes (STE50, SDS24, LIN1, MCA1, RTT107 and AIM17) represented significant
enrichment for processes associated with stress response. The genes from the WYDL_HN (161)

and WYDL_LN (127) may be environment (in this case, nitrogen) dependent given the differences
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in nitrogen availability in these media. In the two respective screens, 31 and 8 genes were also
identified as affected by the environment by Barbosa et al. (2015) (Table 5). Enriched GO terms
of these 31 genes were mainly related to negative regulation of cellular processes such as
transcription, metabolism, gene expression and biosynthesis (PDR1, SPT2, EAF3, MAD1, PNC1,
and RGT1), regulation of glucose transport (RGT7) and sulfate reduction (MET16). The identified
8 genes highlighted enrichment for processes such as spermidine metabolism (SPE3),
proteasome regulatory (NAS6) and stress granule assembly (TIF4631). Similar to Barbosa et al.
(2015), in this study the number of genes identified to be affected by environment in HN (161 and
31 genes) was comparatively more than in the LN (127 and 8 genes) condition. In LN
fermentations, early depletion of nitrogen allows yeast cells to adjust growth rate to limited nitrogen
and maintain homeostasis. In this case, transcriptional levels are more stable in LN when
compared to HN fermentations (Barbosa et al. 2015), therefore deleting a gene that is highly active
during HN fermentation could possibly affect the sugar uptake or catabolic pathway enabling
fermentation proficiency. However, these genes require further investigation, to elucidate the

underlying mechanisms behind fermentation efficiency and nitrogen availability.

Interestingly, 5 genes identified as FE (WYDL_LN) were reported by Barbosa and co-
workers (2015) as influenced by GE (Table 6). The authors suggest that those genes affected by
GE interaction, respond differently to the situation depending on the strain. These genes are
referred to as being genetically variable for transcriptional plasticity (Landry et al. 2006; Barbosa
et al. 2015). In this study, this gene set was significantly enriched for the processes of

ubiquitination, protein turnover (UBI4 and BRO1) and peptide catabolism (BAR1).

Comparison of the WYDL_LN genes that result in reduced fermentation duration when

deleted with published transcriptomic data sets

The 257 genes identified in the WYDL_LN micro-screen as FE upon deletion, were
compared to down-regulated genes from transcriptional studies conducted in various nitrogen
conditions (Marks et al. 2003; Scherens et al. 2006; Mendes-Ferreira et al. 2007b; Contreras et al.
2012; Barbosa et al. 2015). 39 genes were matched to the collated transcriptomic data (Table 6).
These gene deletions enabling fermentation efficiency in this study have also been shown to be
down-regulated in circumstances of different nitrogen conditions, suggesting that the expression
of these genes are down-regulated in adverse conditions such as limiting nitrogen. Further
investigation of these genes is needed to explore the mechanism that assists in adaptation to LN
conditions and improved fermentation performance. Further, these strains could be targets for

yeast strain improvement specific for LN conditions.
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2.5 Conclusion

Screening of the prototrophic deletion libraries in this study identified interesting genes
that confer fermentation efficiency upon deletion in high and low nitrogen conditions. 161 genes
(WYDL_HN) were specifically over represented for cellular catabolic process and regulation and
127 genes (WYDL_LN) that were related to ubiquitination and protein turnover. In addition, 87
genes common to the WYDL_HN and WYDL_LN conditions, several genes were enriched for
protein degradation. In general, these findings suggest that deletion of genes associated with
protein degradation pathways such as transport (via endosome/vacuoles) and catabolism confer
improved fermentation phenotype. Deletion of genes such as BRO1 (Nikko et al. 2003), MVB1
(Oestreich et al. 2007) and EAR1 (Léon et al. 2008) have been previously shown to interfere with
the degradation of amino acid permeases. This occurs either by hindering movement of these
permeases (Gap1p) to the vacuolar lumen (ear1A, Leon et al. 2008) or recycling Gap1p to the cell
membrane without ubiquitination in the presence of ammonium (Nikko et al. 2003). However, it is
not known if these and other gene deletions identified in this study affect the degradation of other
amino acid permeases or amino acid catabolic enzymes. Both could play a role in the observed
enhanced fermentation performance. Furthermore, of the genes whose deletion was identified to
confer FE in WYDL_LN, INA1, UBI4, MMS2, MVB12 and TPK2 have been shown to be down-
regulated in prototrophic wine yeast (Marks et al. 2003; Mendes-Ferreira et al. 2007a; Barbosa et
al. 2015) and INA1 and AATZ2 have been shown to be down-regulated in BY4741 (laboratory strain;
Scherens et al. 2006) during fermentation under different N conditions. Likewise, genes such as
BROT1 and UBI4 are referred to as being genetically variable for transcriptional plasticity (Landry
et al. 2006; Barbosa et al. 2015). For instance, these genes respond differently to environment
based on the genotype of the strain. Further investigations of these genes are required to better
understand how their deletion confers fermentation efficiency. These questions are worth further

investigations to extend to the knowledge of fermentation efficiency.
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Chapter 3

3.1 Abstract

A deficiency of nitrogenous nutrients in grape juice can cause stuck and sluggish alcoholic
fermentation, which has long been a problem in winemaking. Nitrogen requirements vary between
wine yeast strains, and the ability of yeast to assimilate nitrogen depends on the nature and
concentration of nitrogen present in the medium. In this study a wine yeast gene deletion collection
(1844 deletants in the haploid AWRI1631 background) was screened to identify genes whose
deletion resulted in a reduction in the time taken to utilise all sugars when grown in a chemically
defined grape juice medium supplemented with limited nitrogen (75 mg L' as a free amino acid
mixture). Through micro-scale and laboratory-scale fermentations 15 deletants were identify that
completed fermentation in a shorter time than the wildtype (c.a. 15-59% time reduction). This group
of genes was annotated to biological processes including protein modification, transport,
metabolism and ubiquitination (UBC13, MMS2, UBP7, UBI4, BRO1, TPK2, EAR1, MRP17, MFA2
and MVB12), signalling (MFA2) and amino acid metabolism (AAT2). Deletion of MFA2, encoding
mating factor-a, resulted in a 55% decrease in fermentation duration. Mfa2A was chosen for further
investigation to understand how this gene deletion conferred fermentation efficiency in limited

nitrogen conditions.
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3.2 Introduction

To complete fermentation successfully (i.e. utilisation of all fermentable sugars), yeasts
require sufficient Yeast Assimilable Nitrogen (YAN). The presence of sufficient YAN supports
appropriate cell growth and metabolism (Bell and Henschke 2005; Ugliano et al. 2007). The rate
at which a cell grows and maintains its metabolic activity can influence the regulation of other
pathways (e.g. sugar metabolism), which in turn affects fermentation kinetics (Alexandre and
Charpentier 1998; Bely et al. 1990; Sablayrolles et al. 1996). YAN metabolism also leads to the
production of various aroma and flavour compounds, which contribute to the organoleptic
properties of the wine (Vilanova et al. 2007). Therefore YAN availability is important in fermentation
by significantly influencing cell growth, rate of sugar catabolism and wine flavour (Bell et al. 1979;
Henschke and Jiranek 1993; Ugliano et al. 2007).

Although YAN is one of the main nutrient groups needed during fermentation, it is often
not present in sufficient amounts in grape must to enable yeast to utilise all sugar. The amount and
composition of YAN present in the juice can vary depending on factors such as the grape variety,
viticultural management practices, soil, climate and degree of ripeness (Alexandre and Charpentier
1998; Bell and Henschke 2005; Henschke and Jiranek 1993). For example the YAN content in
Australian grape juices varies between 50-350 mg L1 (Ugliano et al. 2007). YAN concentrations
below 150 mg L-" increase the risk of stuck and sluggish fermentation as a consequence of yeast
metabolism being affected (Jiranek et al. 1995a; Alexandre and Charpentier 1998; Bell and
Henschke 2005). Stuck and sluggish fermentations result in wine left with residual sugar, which is
not desirable in certain wine styles (Bisson 1999). Moreover, unfermented sugars can support
spoilage organisms (McClellan et al. 1989) producing undesirable aromas and flavours, as well as
volatile acidity (Alexandre and Charpentier 1998). The depletion of YAN in juices can also lead to

the liberation of excessive H.S in wine (Jiranek et al. 1995b; Ugliano et al. 2009).

In order to minimise problematic fermentations due to YAN insufficiency, it is common
practice for winemakers to supplement fermentations with inorganic ammonium salts. These
supplementations are often carried out empirically without determining the nitrogen requirement of
the inoculated strain or the nitrogen content of the grape juice (Jiranek et al. 1995a; Torrea et al.
2011). Poorly considered supplementation could result in wine with increased levels of residual
nitrogen that encourage microbial instability in the bottled wine, and thus reduce quality (Bell and
Henschke 2005; Jiranek et al. 1995a). Also, YAN supplementation plays an important role in

modulating the production of both primary metabolites and volatile compounds, which can affect
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wine aroma and flavour (Torrea et al. 2011) positively or negatively if not balanced or over
threshold (Ugliano et al. 2007).

An alternative paradigm to supplementation is to use yeast strains that are able to
efficiently utilise the YAN available in juice in order to complete fermentation. Commercial wine
yeasts have different requirements or demands for YAN (Jiranek et al. 1995a; Brice et al. 2014;
Gutiérrez et al. 2012; Gutierrez et al. 2013). Yeasts with lower YAN demands are less likely to
undergo nitrogen (N) starvation, enabling successful completion of fermentation in YAN-deficient
juices (Gardner et al. 2002; Manginot et al. 1998). Therefore identification of genetic determinants
conferring N-efficient behaviour has great merit. Previous work by this group utilising a transposon
mutant library in a wine yeast background identified genes impacting N-efficiency (Gardner et al.
2005). This study builds on that work by screening a library of ORF deletants constructed in a wine

yeast background.

Accordingly, the fermentation capabilities of a partial wine yeast deletion collection were
analysed in high-throughput micro-fermentations under limited-N conditions and mutants grouped
according to their performance. Those with the shortest fermentation were tested in laboratory-
scale cultures to confirm their ability to complete N-limited fermentation quickly. The deleted genes
of these mutants are of interest as they represent potential targets for strain improvement. Among
the genes highlighted was MFA2, encoding mating pheromone a-factor. This is the first report

describing the dual function of MFAZ2 in mating as well as fermentation.

3.3 Material and methods
Strains and media

The parental prototrophic haploid strain AWRI1631 (MATa) was derived from a widely
used commercial strain (N96; Borneman et al. 2008). A wine yeast deletion collection containing
1844 mutants was prepared in AWRI1631 by replacement of non-essential genes with the KanMX
cassette (Wach et al. 1994) as described for a subset of these deletants (Varela et al. 2012).
Strains were routinely grown on YPD medium (1% yeast extract, 2% bactopeptone, 2% D-glucose;
Guthrie and Fink 2002) with 200 mg L' of G418 sulfate for deletant strains and with 2% agar when
solid media were required for plating.

Chemically Defined Grape Juice Medium (CDGJM; McBryde et al. 2006) containing 200
g L' sugar as equimolar amounts of glucose and fructose with 75 mg L' of a mixture of amino
acids and ammonium chloride (Henschke and Jiranek 1993) was used for micro-scale and
laboratory-scale fermentations. To mimic red grape juice, polyphenol extract powder (Cat: Tppr,
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OenoProd, Sarl) dissolved in 1.67 mL g1 of 100% ethanol, was added to sterile CDGJM at the
rate of 3 g L~" (Walker et al. 2014).

Micro-fermentation of the wine yeast deletion collection in CDGJM
Measurement of cell growth

The wine yeast deletion collection and the wildtype strain, AWRI1631, were inoculated
from -80 °C glycerol stocks (2 pL) into 96-well microtiter plates (Corning Costar®; Cat No.
CLS3596) containing 200 pL of YPD and incubated statically for 48 h at 28 °C. Cells were
resuspended by agitation and 2 pL of the culture were inoculated into 200 uL of CDGJM in 96-well
microtiter plates and covered with clear breathable sealing film (Axygen; AXY BF-400) to allow
measurement of growth as optical density at 600 nm using a spectrophotometric plate reader
(Tecan M200 Infinite). All liquid handling was performed using automatic platforms fitted with 8-
channel pipetting head (CAS-3800, Corbett Robotics, Australia).

Measurement of fermentation progress

Fermentation progress was measured using a sacrificial sampling approach as described
in Liccioli et al. (2011b). In brief, four copies of the same plate were prepared by transferring 6 uL
of overnight YPD culture into 600 uL of CDGJM in deep 96-well plates (Axygen; Cat No. P-DW-
20-C) and covered with a cloth membrane (Diversified Biotech; Cat No. BEM-1). One plate of the
4 copies was collected and stored at -20 °C at each sampling point during fermentation to enable
subsequent determination of residual sugar content. This approach was used to eliminate the
potential influence of sampling from the small volume fermentations. Residual glucose and fructose
were quantified enzymatically as described in Boehringer-Mannheim (1989) with final volumes
adjusted to 200 pL for analysis in 96-well microtiter plates and reagents being purchased from
Megazyme. Liquid handling during plate preparation and enzymatic analysis was performed

robotically.

Evaluation of strains in laboratory scale fermentations

Flask fermentations (100 mL) in this study were conducted in CDGJM using either an automated
96-flask fermentation platform or 250 mL Erlenmeyer flasks fitted with an airlock (Walker et al.
2003). The automated fermentation platform built on a Tecan Freedom EVO consisted of four 24-
position water jacketed carriers, to maintain temperature with magnetic stirrers to continuously
agitate the fermentations. Each flask was comprised of a customized 100 mL Schott bottle with a
fermentation lock and septum-sealed sampling port. The liquid handling arm of the Freedom EVO


file://///Uofa/users$/users3/a1641933/Desktop/Writings/Final%20thesis%20writing%2016%2012%2016/chapter%203%20submitted%20files%20paper%201/Chapter%20version%20after%20revision.docx%23_ENREF_61
file://///Uofa/users$/users3/a1641933/Desktop/Writings/Final%20thesis%20writing%2016%2012%2016/chapter%203%20submitted%20files%20paper%201/Chapter%20version%20after%20revision.docx%23_ENREF_31
file://///Uofa/users$/users3/a1641933/Desktop/Writings/Final%20thesis%20writing%2016%2012%2016/chapter%203%20submitted%20files%20paper%201/Chapter%20version%20after%20revision.docx%23_ENREF_60
file://///Uofa/users$/users3/a1641933/Desktop/Writings/Final%20thesis%20writing%2016%2012%2016/chapter%203%20submitted%20files%20paper%201/Chapter%20version%20after%20revision.docx%23_ENREF_60

Chapter 3

collected samples (~1 mL) at regular intervals for off-line analysis. 200 pL from each sample was
used to measure growth (see above) and the remaining samples were stored at -20 °C prior to the
enzymatic determination of residual sugar.

Calculation of area under the curve and fermentation duration to determine fermentation

performance

Fermentations were considered complete and total fermentation duration determined
when residual sugar content was less than 2.0 g L='. The residual sugar values measured at each
sampling point were used to plot fermentation curves for each mutant from the 100 mL
fermentations. The Area Under the Curve (AUC) of each profile was then calculated using the
composite trapezoid rule using GraphPad Prism 6 (GraphPad software INC., La Jolla, C.A., USA)
as described by Liccioli et al. (2011a). Where the AUC values of the deletants were less than that

of the wildtype, the deletants were considered to have an improved fermentation efficiency.
Statistical analysis

A two way ANOVA (Dunnett’'s multiple comparison test) was performed to determine the
statistical significance between the fermentation performance of the individual mutants and the
wildtype during fermentation. A scatter plot representing correlation between residual sugar and
growth was performed using Pearson r correlation. Observed differences in the expression level
of gene(s) in the wildtype and deletants were statistically tested using a two way ANOVA
(Bonferroni's multiple comparisons test). All of these statistical analyses was performed using
GraphPad Prism 6 (GraphPad software INC., La Jolla, C.A., USA).

Primers used in this study

The primers and corresponding sequences used in this study are shown in Table 1.

Primers were sourced from Sigma Aldrich (Australia).
Confirmation of identity of individual deletants

The identity of individual deletants was authenticated by amplification of the deletion
cassette using gene-specific primers (Table 1) and comparison of the DNA sequence to the
reference genome of S288c using WU-BLAST2 (http://www.yeastgenome.org/blast-sgd). For
deletants incorrectly labelled, the barcode region of the KanMX deletion cassette was amplified
using primers U1 and D1 (Table 1). The tool FASTA  barcodes
(http://www.ttuhsc.edu/som/cbb/FASTAbarcodes/) was used to identify the query sequence to the
up and down tags of the deletion library (McMahon et al. 2011).
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Table 1. Primers used in this study.

r?:rrlz Forward primer sequence (5-3’) Reverse primer sequence (5’-3’)
TDAT2 TAATGCGATTATTTCGCTTGTAAAT GTATGTTAAAATGCCTTCCAGATTG
UBPTe GCATCCGGTAATACTAACAAGAGAA AATAATAATGGTGGTAATGGCAATG
AlM262 GCTGGTATTGACAGGTAACTATGCT GAATCCAGTTCGTTCTCAAACTTAG
MFA2z TGATAGTTTCCTTTTCCGTTAAGTG TGGCTCAAAACTTTTTCACTTTTAC
UBl4a AATAATCCTGGATAAACCAATTTCG CTTTTCCCTTTTGGTAGTCACAATA
MKT1a ATTAAGAACAAGACGAAAAATGGTG AACTTCAATCTATCCAGTAACGGTG
MMS 2z CACCACTATTGCTCATTTTGTACTG TATTTATTATTGGCTTGGACTGGAG
MRP17a | ATACCCACTCAAACAAACTCATTGT CTTAGTCAGGATTGTCGTTTAGCAT
MVB12z | TGATTTCATGTATTTTTGGTTCAGA GAAATTGACGATGGAGAAGAAGTAA
AAT2z ATACACAATTACTCCAGTAGCTGCC TATCCTTTATGTTCATGGGAGTTGT
BROf1a GCCTTCCCTTTTCTTGATGTATATT ACAGTCTAGCACGAAAAAGAAGAGA
TPK2 | TACAATTCTGGCCTTCTTACCTAAA TAATTTTTGCACTGAGATCATGAGA
INATa CTCAGTACTCGTTTAGCTTGAATCC TGGGCACTTACTCATACATCAAATA
EAR1a TACAGGCTTTAAGAACCTTGCTCTA TCATACGTTCTTCTTGTGACACATT
MFA1a GCCCATACCTTTATTCTTTGTTCTT AAGAAACAATGAAGCAAGATAAGGA
MFA1e ATGCAACCATCTACCGCTAC CTAAGCAATAACACATGCTGGG
MFAZ GATCACCACTGCTTCCACAC TTAAGCGATAACACAGGCGG
TAF10¢ | ATATTCCAGGATCAGGTCTTCCGTAGC | g0 <! TP TCATICTGTTGATGTTGTIGTT
ALGY CACGGATAGTGGCTTTGGTGAACAATT | TATGATTATCTGGCAGCAGGAAAGAACTTG

AC GG
u1e GATGTCCACGAGGTCTCT
D1°b CGGTGTCGGTCTCGTAG
KanB® CTGCAGCGAGGAGCCGTAAT
KanC® TGATTTTGATGACGAGCGTAAT

a Deletion cassette amplification.
b |dentification of clones that were incorrectly labelled in the wine yeast library.

a.b Primer sequences were from Saccharomyces Genome Deletion Project
(http://wwwsequence.stanford.edu/group/yeast deletion project/Deletion primers PCR_sizes.txt).

¢ Primers for gPCR target genes were designed using Primer3 software (http://simgene.com/Primer3).
dPrimers for qPCR reference genes were adapted from Teste et al. (2009).
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Construction of an MFA1 knock-out in AWRI1631

An MFA1 deletion strain was constructed in the haploid wine strain AWRI1631 using a
PCR based deletion strategy (Baudin et al. 1993; Wach et al. 1994). The mfa1A::KanMX deletion
cassette was sourced from the MFA1 deletion clone from the prototrophic BY4741 collection
(Mulleder et al. 2012). The cassette was PCR amplified using VELOCITY DNA polymerase (Bioline
21098) with gene specific primers A and D (Table 1) according to the manufacturer’s instructions.
The identity of the PCR product was confirmed by sequencing and transformed into AWRI1631
using the lithium acetate method (Gietz and Schiestl 2007). Transformants were selected on YPD
plates containing G418 sulfate (200 mg L-') and the deletions were confirmed by PCR amplification

and sequencing.
Quantitative PCR for gene expression studies

To study gene expression, a qPCR experiment was conducted following the MIQE
guidelines (Bustin et al. 2010; Taylor and Mrkusich 2014). Samples of the culture harvested during
fermentation at similar residual sugar concentrations (approximately 128, 83, 35 and 10 g L-') were
used to compare transcript abundance between strains. Cells were collected by centrifugation, and
resuspended in TRIzol® Reagent (Invitrogen; 15596026) followed by snap freezing in liquid N and
storage at -80 °C. Total RNA was extracted using Zymo Research kits (Direct-zol RNA MiniPrep
R2050) as per the manufacturer’s instructions. RNA purity and integrity were estimated from
OD260/OD2go (Tecan M200 Infinite) and gel electrophoresis. cDNA was synthesized from the total
RNA (BioRad iScript kit; 170-8897) and any contaminating DNA removed with an Ambion TURBO
DNAfree™ kit (AM1907). Relative quantification of the transcripts was performed on a Biorad CFX-
96 Real Time PCR system with Ssofast™ Evagreen Supermix (BioRad; 172-5203) with primers
as listed in Table 1. The amplification cycle included an initial denaturation at 95 °C for 30 sec
followed by 40 cycles at 95 °C for 5 sec and 60 °C for 5 sec. A sample maximisation strategy was
used with all six biological replicates being amplified in duplicate. At the end of each run a melting
curve was prepared for all samples from 65 to 95 °C. Transcript abundance of the target genes
was normalized with abundance of reference genes (TAF10, ALGY; Teste et al. 2009) in the same
sample. The stability of the housekeeping genes was determined using gbase+ software
(Vandesompele et al. 2002) and primer efficiency was determined by running a standard curve
using a serially diluted cDNA sample. The mean fold-change of expression for given genes per
sample for different time points was determined using a relative quantification method (Schmittgen
and Livak 2008) using the gbase+ software (Vandesompele et al. 2002), Excel (Microsoft Office
2013) and GraphPad Prism (GraphPad Prism 6 — GraphPad software INC., La Jolla, C.A., USA).
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3.4 Results

Construction of a wine yeast deletion library

To ensure the most industrially relevant genetic background was used in this study, a wine
yeast deletion library was constructed in the haploid wine yeast derivative AWRI1631 (Borneman
et al. 2008). Using the approach reported previously (Varela et al. 2012) a total of 1844 mutants
were constructed (Appendix 3, Pg 163). All the deletants were checked by PCR amplification and

sequencing of the deletion cassette.
High throughput screening (micro-fermentation) of the wine yeast deletion collection

In order to identify genes that influence fermentation duration when only supplied with
minimal N (75 mg L"), the sugar utilisation profile of clones from this wine yeast deletion collection

was compared to that of the wildtype strain, AWRI1631, in a high throughput micro-fermentation

screening in CDGJM (Fig. 1).

Screen | Screen Il Screen Il
Micro-fermentation Lab scale fermentation Lab scale fermentation
(600 L) of 1844 wine yeast deletants (100 mL) of 92 deletants (100 mL, tripicated) of 30 deletants

Figure 1. Schematic representation of the screening of the wine yeast deletion library for fermentation
performance in a chemically defined grape juice medium with limited nitrogen (75 mg N L-1).

To ensure supplied nitrogen would protract fermentation preliminary experiments were
also undertaken with the addition of sufficient N (450 mg L"), the wildtype strain was able to utlise
all available sugar in ~60 h in comparison to ~200 h when only minimal N is available (data not
shown). Additional fermentation wells containing the wildtype were sampled at a higher frequency
to accurately determine the most appropriate sampling points (A-D) for the deletants (Fig. 2A).
Initially the wildtype consumed sugars slowly (43 g L' by 96 h), however fermentation became
more vigorous after 96 h. Using this information, residual sugars were measured for the 1844
deletants at time points B (121 h) and C (146 h). The extent of sugar catabolism by the wine yeast
deletants was highly variable (Fig. 2B), when the concentration of residual sugars for the wildtype
was 42 + 8 g L' (time point C). Given this range the deletants were classified into three groups:

1040 with residual sugar around that of the wildtype (30 - 60 g L"), 282 with more residual sugar
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(> 60 g L") than the wildtype and 522 with markedly less residual sugar (< 30 g L") than the
wildtype group (Appendix 7, Pg 189). Apart from the sugar utilisation profile, growth was monitored
for the wildtype and the deletants during the early stages of micro-fermentation (Fig. 2A and
Appendix 7, Pg 189). The wildtype reached stationary phase at 113 h with an optical density of
1.77. Therefore, using optical density at 113 h and residual sugars at 146 h (time point C) a
correlation was plotted to identify whether the fermentation abilities of the deletants were
dependent on growth (Fig. 3). A weak negative correlation was observed, emphasizing a small
effect of growth on fermentation progression (i.e. increase in growth of the deletants leading to a
decrease in residual sugar). Further analysis of the 522 deletants that completed fermentation in
a shorter time than the wildtype, identified that the majority (408 i.e. 78%) of the deletants had
higher optical density than the wildtype.
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Figure 2. (A) Fermentation performance of AWRI1631 during micro-fermentation. Sugar utilisation (open symbols)
at four time points: A (95 h), B (121 h), C (146 h) and D (187 h). Growth as estimated by optical density at 600 nm
(solid symbols) Sixteen replicates were analysed. (B) Histogram representing the distribution of deletion mutants
(number) based on the residual sugar content at time point C (146 h). The arrow indicates the residual sugar
concentration range of the wildtype, AWRI1631 (42 + 8 g L) at time point C. Candidates for further analysis were
chosen from the groups with grey shaded bars.
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Figure 3. Scatter plot of the residual sugar (at time point C, 146 h) and growth (ODeoo at 113 h) of the deletion mutants
(grey) and the wildtype (black) during micro-fermentation. Deletants (114) exhibiting shorter fermentation duration and
decreased growth in comparison to the wildtype are highlighted in a bold box. Correlation coefficient (r) = -0.1616.

Based on the results of this screening exercise, 92 candidates showing the fastest
fermentation and no growth defects were chosen for further evaluation (Appendix 8, Pg 190).
These candidates were selected as they were observed to utilise significantly more sugar than the
wildtype, having less than 48 and 26 g L-' of residual sugar at time points B and C, respectively —
i.e. approximately half of that of the wildtype (88 and 42 g L' of residual sugar at time point B and
C, respectively). Of the possible 522 candidates, an arbitrary total of 92 of the fastest deletants
was chosen since this number (plus controls) could be accommodated in the 96-position

fermentation platform.
Confirmation of deletant fermentation performance in laboratory scale fermentations

The fermentation performance of the 92 shortlisted deletants was confirmed in laboratory-
scale (100 mL) fermentations (screen II) since this format allowed greater control of experimental
conditions and better representation of an anaerobic, wine-like fermentation (Walker et al. 2014).
Results of this experiment highlighted 48 deletants that completed fermentation in less time than
the wildtype (Fig. 4A), with 30 utilising all sugar within 131 to 205 h compared to 229 h for the
wildtype. As well as total fermentation time, the Area Under the Curve (AUC) of fermentation curves
of individual deletants was also used for a more holistic view of the pattern of sugar utilisation by
which deletants were ranked (Liccioli et al. 2011a). AUC values calculated for the 30 strains were
7185 to 9516 (i.e. 72-95 % of the wildtype at 9999; Appendix 9, Pg 191). These 30 candidates
were further assessed in a third screen conducted in triplicate (Fig. 4B). Fifteen of these deletants
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utilised all sugars in significantly less time than the wildtype (Table 2). Tda7A and aim26A were
the most rapid deletants, completing fermentation in 121 h, which was 172 h ahead of the wildtype
(293 h). Closely following were ubp7A and then mfa2A (Table 2). The remaining eleven deletants
exhibited fermentation durations ranging from 63 to 85% of the wildtype. The AUC for individual
deletants representing sugar utilisation over time was calculated as being 54-85% of AWRI1631,
with tda7A (AUC = 8911) being the most efficient and ear1A (AUC = 14073) being the least efficient
compared to the wildtype (AUC = 16399; Table 2).
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Figure 4. Sugar utilisation of the wildtype (AWRI1631, black line) compared to the shortlisted 92 deletants (grey
lines) over time. Fermentation was conducted in 100 mL of CDGJM with 75 mg N L at 28 °C on a robotic sampling
platform. (A) Screen |l of the shortlisted 92 yeast deletants (single cultures) compared with the wildtype (4 replicates).
(B) Screen llI of the selected 30 candidates in triplicate, along with the wildtype strain (6 replicates). Standard
deviation of the mean is represented as error bars
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Table 2. Fermentation performance of fermentation efficient deletants.

AUC % of
Deleted Gene function FD (h) FD % of AUC wildtype
gene (FD£SD) | wildtype | (AUC £ SD) (AUC % £
SD)
TDA7- Topoisomerase [ Damage | 1)1 Lo | 4140 | 8911+ 114 | 5440

Affected
UBPT2 UBiquitin-specific Protease 123+ 3 42 £1 9332+275 | 571

Altered Inheritance rate of

AIM26 . . 12140 |41 +0 | 96024482 |58+2
Mitochondria

MFA2e Mating Factor A 131412 |45 4 | 10825+431 | 66+ 2

UBC132 Ubiquitin-conjugating 185+17 |63 £6 12205+645 | 74+ 3

UBI4e Ubiquitin 19340 |66 +0 | 12225+306 | 74+ 1

mmsy | Methyl MethaneSulfonate | 50 L 4a | 74 46 | 124754720 | 76+ 4
sensitivity

MRp17a | Mitochondrial Ribosomal 201+7 |69 £2 | 12643485 | 77+1
Protein

MKT1 Q";'(?;e”a”ce of K2 Killer 191415 |65 +5 | 127124360 | 77+2
MultiVesicular Body sorting

MVB122 193+0 |66 0 13239+211 | 811

factor of 12 kilodaltons
AAT20 Aspartate AminoTransferase | 215+28 | 73 £10 | 132731986 | 816
BCK1-like Resistance to

BRO1» . 227 + 21 78 +7 13387 +699 | 81+4
Osmotic shock
. . 13567 +
INATe INdicator of Abscission 225 + 48 77 +16 1375 82+8

TPK22 Takashi's Protein Kinase 2017 69 £2 13593 +184 | 83+ 1

Endosomal Adaptor of
Rsp5p

EAR14 249+38 | 85 +13 | 14073+269 | 85+6

Wildtype 293+ 21 100 16399 + 752 | 100

Fermentation performance was calculated as AUC (Area Under the Curve) and FD (Fermentation Duration) of the 15
shortlisted gene deletants (from Screen I1l) and percentage difference in AUC and FD of the deletants in comparison
to the wildtype, AWRI1631 (i.e. AUC % = (mutant AUC/parent AUC)*100 and FD % = (deletant FD/wildtype FD)*100).
Fermentation duration corresponds to the time (h) by which residual sugar was <2 g L-!. Values represent the average
of FD/AUC * SD. Deletants significantly different in fermentation completion when compared to the wildtype are
represented by 2, p <0.0001; ®, p<0.001; ¢, p <0.01, 4, p <0.1 (two-way ANOVA).
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Characterisation of the deletants mfalA and mfa2A

To date, MFA2 has only been annotated to mating and cell-type regulation (Galgoczy et
al. 2004; Johnson 1995; Michaelis and Herskowitz 1988). Our results of improved fermentation
performance under N-limited conditions for mfa2A alludes to a dual function of this gene. In order
to explore the link between efficient fermentation and the yeast mating factor, the function of the
two genes encoding mating a-factor, MFA2 and MFA1, were further studied. The sugar utilisation
and growth profile of mfalA was similar to the wildtype (AWRI1631), whilst growth and

fermentation duration of mfa2A were reduced (Fig. 5).
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Figure 5. Fermentation performance of mfa1A, mfa2A and the wildtype AWRI1631. Fermentations (100 mL) were
conducted in triplicate in CDGJM with 75 mg N L-'. Data points represent the average value  standard deviation.
Sugar utilisation over time of the individuals (open symbols). Growth as estimated by optical density at 600 nm of
the individuals (solid symbols). Circle; AWRI1631, square; AWRI1631 mfa1A and triangle; AWRI1631 mfa2A.

The expression of MFAT and MFAZ2 during fermentation was also examined. RNA was
extracted from cultures of mutant (AWRI1631 mfa2A) and parental (AWRI1631) strains when the
sugar content was approximately 128, 83, 35 and 10 g L-'in each culture. Differential expression
of MFA1 and MFA2 was observed in the wildtype, with MFA2 being expressed to a greater extent
(~1.93 fold NREL) compared to MFA1 (~0.17 fold NREL) at the first time point (Fig. 6A and B).
The expression of both genes markedly declined at 83 and 35 g L' of residual sugar
(corresponding to 58.5% and 82.5% sugar consumption, respectively). In the case of MFA2,

expression recovered in the wildtype in the final sample (95% of sugar consumed; Fig. 6B). The
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absence of MFAZ2 transcript in the AWRI1631 mfa2A strain confirmed the deletion of the MFA2
gene (Fig. 6B). Interestingly, expression of MFAT was upregulated by ~6- to 7-fold in the MFA2
deletant at the initial sampling point (128 g L-1). Although MFA1 expression declined subsequently,
it remained ~4-fold higher than in the wildtype (Fig. 6A).
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Figure 6. Expression of MFA1 (A) and MFAZ2 (B) in AWRI1631 and AWRI1631 mfa2A strains. Normalized
relative expression level (NREL) is shown at four selected residual sugar levels (g L-'). Two-way ANOVA was
used to determine the significant differences in expression levels between mfa2A and the parent. Significant
difference is indicated as **, p <0.01; ***, p <0.001; ****, p <0.0001.
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3.5 Discussion

Yeasts differ in fermentative capabilities in N deficient must, which is dependent upon their
demand for nitrogen (N) to maintain glycolytic flux — the genetic basis of which is the focus of recent
research (Brice et al. 2014; Brice et al. 2013; Tesniére et al. 2015). In order to generate N-efficient
strains it is important to identify genes and processes that allow the yeast to perform well in low N
juices. Gene deletions provide a paradigm to better understand the mechanisms behind the
improved fermentation phenotype exhibited by these strains. Although there are several strategies
that are now available for strain improvement, whole genome investigations using collections of
yeast mutants with single defined gene deletions (Giaever et al. 2002; Winzeler et al. 1999) provide
opportunities to readily study gene functionality, and so identify targets for strain improvement
(Donalies et al. 2008). Some studies have successfully used deletion collections in auxotrophic
laboratory yeast backgrounds to investigate growth phenotypes in response to exposure to single
stress factors associated with fermentation. Examples include the identification of genes essential
for tolerance to ethanol and other alcohols (Fujita et al. 2006; Teixeira et al. 2009; van Voorst et
al. 2006), high pressure and low temperature (Abe and Minegishi 2008), acetic acid (Mira et al.
2010), oxidative and chemical stress (Tucker and Fields 2004), high glucose (Teixeira et al. 2010),
anaerobic growth (Reiner et al. 2006) and low temperature (Salvadé et al. 2016). Most recently
this approach has been used by this group to define the Fermentome, genes essential to allow the
successful completion of fermentation under the multi-stress conditions of a high sugar, juice-like
medium (Walker et al. 2014). Alternatively, genes important to the response of yeast to stress have
been identified through transcriptional analyses following exposure to stresses such as N limitation
(Backhus et al. 2001; Brice et al. 2013; Contreras et al. 2012; Mendes-Ferreira et al. 2007a;
Mendes-Ferreira et al. 2007b; Rossignol et al. 2003). But research in a wine yeast background to
identify genes related to N-efficiency in wine-like fermentations has been limited to the screening
of a random collection of transposon mutants of non-essential genes (Gardner et al. 2005) or a

few deletion strains (Zhang 2014). The present study sought to fill this knowledge gap.

The need to supply sufficient N (both in amount and specific amino acid composition) to
meet the auxotrophic requirements of laboratory strains used in previous studies, has meant that
investigations related to N efficiency were limited to high N content (Walker et al. 2014). Several
studies have shown that supplementation can affect metabolism through the blockage of
pathways, or by combinatorially influencing metabolic networks, thereby making quantitative
comparisons of growth and physiological studies difficult (Mulleder et al. 2012; Pronk 2002). The

recent availability of prototrophic libraries in laboratory yeast (Mulleder et al. 2012) and wine yeast
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(Varela et al. 2012) has made it possible to conduct studies under limited-N conditions, overcoming

previous shortcomings.

In this study, a prototrophic wine yeast deletion library (Varela et al. 2012) was used to
identify genes influencing fermentation in a wine-like limited N medium. Based on the sugar
utilisation profile of the wildtype, preliminary screening via micro-fermentations (Appendix 3, Pg
163) of the wine yeast deletion collection allowed mutants to be segregated into groups based on
the extent of sugar utilisation. Fermentation by 282 of the mutants (15%, Fig. 2B, (Appendix 7, Pg
189) was protracted indicating that these genes were essential for the timely completion of
fermentation. Walker et al. (2014) used the deletion library in the auxotrophic laboratory strain
BY4743 to identify 93 genes (i.e. the fermentome) essential for fermentation in CDGJM under high
N (450 mg N L") and high sugar (200 g L") conditions. Interestingly, despite differences in the
experimental conditions of these studies (i.e. N availability and strain background) our list of 282
protracted deletants included 15 of the fermentome genes (Table 3) identified by Walker et al.
(2014), underscoring the universal importance of these. A further 14 deletants of fermentome
genes, however, proved non-essential in the present study (i.e. in the AWRI1631 background),
since they were not protracted compared to the wildtype. Further work to explore the influence of
strain background and growth conditions will helped resolve such apparent differences. More
importantly, the wine yeast deletion library needs to be expanded to a complete collection from the
current 1844 deletants or at least the remaining 64 fermentation essential genes identified by

Walker et al. (2014) in order to assess their essentiality in the conditions of the present study.


file://///Uofa/users$/users3/a1641933/Desktop/Writings/Final%20thesis%20writing%2016%2012%2016/chapter%203%20submitted%20files%20paper%201/Chapter%20version%20after%20revision.docx%23_ENREF_58
file://///Uofa/users$/users3/a1641933/Desktop/Writings/Final%20thesis%20writing%2016%2012%2016/chapter%203%20submitted%20files%20paper%201/Chapter%20version%20after%20revision.docx%23_ENREF_58

Chapter 3

Table 3. List of genes essential in timely completion of fermentation.

ORF Gene name Gene function description
YELOSTW | VMAS8 Subunit D of the V1 peripheral membrane domain of V-ATPase
YHL020C | OPI1 Transcriptional regulator of a variety of genes
YKROO7W | MEH1 Component of the EGO and GSE complexes
YFR053C | HXK1 Hexokinase isoenzyme 1
YDR247W | VHS1 Cytoplasmic serine/threonine protein kinase
YGRO063C | SPT4 Sptdp/5p (DSIF) transcription elongation factor complex subunit
YJR033C | RAV1 Subunit of RAVE complex (Rav1p, Rav2p, Skp1p)
YLL007C | LMO1 Homolog of mammalian ELMO (Engulfment and cell MOtility)
YMR263W | SAP30 Component of Rpd3L histone deacetylase complex
YNLO76W | MKS1 Pleiotropic negative transcriptional regulator
YOR209C | NPT1 Nicotinate phosphoribosyltransferase
YOR221C | MCT1 Predicted malonyl-CoA:ACP transferase
YOR265W | RBL2 Protein involved in microtubule morphogenesis
YPRO36W | VMA13 Vacuolar Membrane Atpase
YPRO74C | TKL1 TransKetoLase

ORF; Open Reading Frame.

Twenty eight percent of the wine yeast deletion library mutants (522 deletants) completed
fermentation in a shorter time, alluding to the functional genes negatively influencing fermentation
progress. Whether these genes are directly related to nitrogen metabolism or instead are general
regulators of fermentation is worthy of future study. Of these,114 deletants were capable of
enabling shorter fermentation time in spite of exhibiting decreased growth. In general fermentation
rate has been reported to correlate with biomass (Varela et al. 2004), further evaluation of this
group of genes may reveal exceptions. However these 522 genes are potential targets for guided
strain improvement and thus were assessed in greater detail. A shortlist of the best performing 92
strains (< 48 and < 26 g L-" of sugar at time point B and C, respectively — i.e. approx. 50% of that
of the wildtype) were chosen for further evaluation in 100 mL fermentations. Fifteen strains
completed fermentation in between 41 and 69% of the time taken by the parent (Table 2). Gene

Ontology (GO) analysis (Appendix 10, Pg 192) revealed that 11 out of these 15 genes were over-
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represented for the GO terms related to different stages of ubiquitination and protein
modification/turnover or metabolic processes: protein polyubiquitination (UB/4, UBC13 and
MMS?2), protein deubiquitination (UBP7, UBI4 and BROT), protein modification by small protein
conjugation (UBP7, UBI4, BRO1, MMS2 and UBC13), post-translational protein modification
(UBP7, TPK2, UBI4, BRO1, MMS2 and UBC13) protein metabolic process (UBP7, TPK2, UBI4,
BRO1, MFA2, MMS2, MKT1, EAR1, UBC13 and MRP17) and endosomal transport (MVB12,
EAR1 and BROT). The remaining four genes include AAT2 (involved in aspartate
aminotransferase in nitrogen metabolism) and three with unknown function, INA1, TDA7 and
AIM26.

Ubiquitination is a protein degradation process that is required in many cellular processes
such as the cell cycle, endocytosis and stress response (Hershko 1997; Staub and Rotin 2006). In
a study of the stress response of yeast under sake brewing conditions, 235 genes related to stress
response or ethanol fermentation were deleted and investigated for their impact on ethanol
production (Wu et al. 2009). Amongst the 235 genes were UBI4, UBP7, UBC13 and TPK2, which
have also been identified in our study. Wu and co-workers (2009) demonstrated that deletion of
ubiquitin related genes such as UBI4 and UBC13, increased fermentation abilities producing
significantly more ethanol than the parental strain. Furthermore, enhanced fermentation abilities of

ubi4A were confirmed in a number of laboratory yeast strain backgrounds (Wu et al. 2009).

An important group of proteins regulated by ubiquitination are plasma membrane proteins,
in particular, amino acid permeases. Ubiquitination of these initiates endocytosis and the eventual
degradation of the ubiquitin bound protein in the vacuole/lysosome via the multivesicular body
(MVB) pathway (Hicke 2001). Genes such as BRO1 and EAR1 (in combination with SSH4) play a
role in the regulation of Gap1p (general amino acid permease) degradation by ubiquitination in the
presence of ammonium (Leon et al. 2008; Nikko et al. 2003). However, deletion of BRO1 (Nikko
et al. 2003), MVB12 (Oestreich et al. 2007) or EAR1 (in combination with ssh4A; Leon et al. 2008)
have been shown to disrupt this pathway thereby interfering with the degradation process.
Interestingly, ear?A (in combination with ssh4A) results in the localisation of Gap1p to the vacuolar
membrane rather than the vacuolar lumen, where it would otherwise be degraded (Leon et al.
2008) and bro1A results in the recycling of Gap1p to the cell membrane without ubiquitination in
the presence of ammonium (Nikko et al. 2003), essentially desensitising GAP1 to nitrogen
catabolite repression at the protein level. It is possible to consider that the lack of regulation of
amino acid permeases by the MVB pathway may play a role in successful low N fermentation.

However, it is not known how the gene deletions in this study affect the degradation of other amino
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acid permeases or amino acid catabolic enzymes, which could also play a role in the observed

enhanced fermentation performance.

MFAZ2 was further investigated to understand how deletion of this mating gene positively
affected fermentation. To date MFAZ2 has only been annotated to mating and cell-type regulation
(Galgoczy et al. 2004; Johnson 1995; Michaelis and Herskowitz 1988), MFAZ2, together with MFA1,
considered functionally redundant, are responsible for the production of a signalling molecule (a-
factor) in a MATa cell (Michaelis and Herskowitz 1988). Both MFA1 and MFA2 produce a
precursor (36 and 38 amino acids, respectively), which undergoes several modification steps
involving different genes before the mature a-factor molecule is transported outside the cell through
the ABC transporter STE6 (review by Michaelis and Barrowman (2012)). We hypothesized that
mating pheromone production and processing is an energy consuming process. Therefore in a
haploid heterothallic strain, where no mating or switching of mating types occurs, the ability to
down-regulate synthesis/processing of mating factor-a, may lead to a metabolic efficiency that
benefits fermentation. This finding is in keeping with the finding that deletants of MFA2 are
haploproficient in either carbon- or nitrogen-limited media (Delnieri et al. 2007). Given that deletion
of MFA2 resulted in a significant increase (34%) in sugar catabolism compared to the parent, we
chose to also examine MFA1, a functionally redundant gene encoding a-factor. As the mfa1A
deletant was absent in the deletion collection used in this work, the MFA1 deletant
(mfa1A::KanMX) was constructed in the same background as mfa2A, AWRI1631, to determine
whether an mfa1A exhibited a similar fermentation phenotype. In fact, mfa1A deletant performed
no differently to the wildtype in terms of fermentation and growth (Fig. 5), suggesting potentially
different roles for the MFA1 and MFA2 gene products.

In the wildtype background, transcription of MFA2 was dominant to that of MFA1 (Fig. 6A
and B). However, when MFA2 was deleted, MFA1 produced a pattern of expression through
fermentation that implied a compensation for the MFA2 gene product in mfa2A. Contrasting with
these results, others have shown MFAT and MFAZ2 to be transcribed at similar levels and to be
functionally equivalent. Thus deletion of one of the mating factor genes did not prevent the strain
being mating proficient (Chen et al. 1997; Michaelis and Herskowitz 1988). However, here we
show that these genes are not functionally equivalent, at least in terms of their impact on
fermentation performance. Further work is needed to determine the basis for the link between
these genes and fermentation, the extent to which they are functionally equivalent in mating type
functions and interactions with related genes, and the basis for their differential expression even

in the wildtype.
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Novel interactions between genes have been identified when unexpected phenotypes
result from mutations in two or more genes (Costanzo et al. 2010; Dixon et al. 2009). Nevertheless,
gene interaction networks (adapted from Costanzo et al. 2016 and the Saccharomyces Genome
Database), already indicate that MFAT and MFAZ2 genes interact with different sets of genes,
including genes involved in either carbohydrate metabolism, transport or storage (Table 4). These

genes will be examined for their potential role in fermentation speed in a mfa2A strain.

Table 4. List of genes interacting with MFA2 involved in carbohydrate metabolism/ transport

or storage.
Type of interaction Gene Gene function
Negative GAL10 GALactose metabolism
Negative GID7 Glucose Induced Degradation deficient
Negative HXTS HeXose Transporter
Negative STL1 Sugar Transporter-Like protein
Negative PCL6 Pho85 CycLin

Adapted from Costanzo et al. (2016).

3.6 Conclusion

Nitrogen efficient strains offer a means for avoiding or reducing the problems associated
with the fermentation of grape juices low in N, but the basis for these efficiency differences is not
known. Motivated by this and recognising the fact that wine and laboratory yeast strains can
behave differently under wine-like conditions, we generated and exploited a partial wine yeast
deletion collection to identify genes whose deletion improved fermentation performance in low N
media. Fifteen deletants were identified through a robust 3-stage screening process. The
unexpected link between one of these gene deletions, mfa2A, and fermentation remains to be
explored at a more fundamental level. Further candidates would likely be found with completion of
the library with all non-essential genes, with all showing promise as the basis for construction of
optimised strains for industry use, perhaps by genome editing (Bao et al. 2014). Their use would
avoid the need for YAN supplementation or at least reduce the incidence of problem fermentations

in unsupplemented juices.
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4.1 Abstract

Nitrogen insufficiency during oenological fermentation can lead to problems such as stuck and
sluggish fermentation. Although supplementation can alleviate these problems, an alternative
option is to conduct fermentation with yeast strains that utilize nitrogen efficiently thereby ensuing
fermentation completion. We previously reported that deletion of MFA2 (mating a-factor) in
AWRI1631, a derivative of the wine related strain, N96, resulted in a 34% reduction of fermentation
duration. Since MFA2 has not previously been reported to impact fermentation, we sought to
investigate MFA2 further in this context, and to determine whether the effect of MFA2 gene deletion
was dependent on the mating type, genotype, and gene dosage. We found that the shortened
fermentation by the MFA2 deletion was not only specific to the N96 strain background but also
specific to MATa cells. Shorter fermentation was also observed in diploids of N96 when mfa2A
was sourced from the AWRI1631 mfa2A (MATa) strain. Further, these MFA2 deletants also
showed reduced growth, which could be due to increased protein turnover and the strain increasing

glycolytic flux by driving more energy into protein synthesis rather than biomass formation.
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4.2 Introduction

Traditional winemaking relies on the microflora present on grapes and winery equipment
for the fermentation of grape juice to wine, whereas modern winemaking often uses commercially
cultured strains (Pretorius 2000). Commercial strains with well-defined technological properties
are a valuable tool to help winemakers manage wine styles, limit fermentation problems and
contribute to quality (Pretorius 2000; Schuller and casal 2005). One of the expected qualities of
such strains is an ability to ferment juices to "dryness" promptly. For this reason, commercially
available starter cultures are usually robust fermenters able to withstand harsh winemaking
conditions such as high alcohol concentrations and depletion of nutrients (Bradbury et al. 2006).

Yeast assimilable sources of nitrogen are often low in grape juices, which can be a cause
of protracted fermentations (Bisson 1999) and the production of off aromas (Jiranek et al. 1995b).
It is therefore commonplace to supplement juice/must with inorganic sources of nitrogen
(commonly diammonium phosphate; DAP) (Jiranek et al. 1995a). However as nitrogen
concentration and composition in grapes is known to vary significantly depending on environmental
factors, vineyard practices and grape variety (Alexandre and Charpentier 1998, Bell and Henschke
2005), supplementation may prove to be insufficient or excessive. Overuse of DAP can lead to
overproduction of some compounds (e.g. acetate esters, ethyl acetate), which negatively influence
wine aroma and flavour (Ugliano et al. 2007). In some cases, residual nitrogen can encourage
microbial instability and reduce the quality of the wine (Bell and Henschke 2005). Thus the nitrogen
concentration in grape juice and must influences both the kinetics of the fermentation as well as
aroma and flavor compound formation (Bell and Henschke 2005; Jiranek et al. 1991).

There is a wide variability between wine yeast strains in their nitrogen requirement (Jiranek
et al. 1995a; Brice et al. 2014; Crepin et al. 2012; Gutiérrez et al. 2013a; Julien et al. 2000). For
instance, some strains require more nitrogen to maintain high viability and metabolic activity (Brice
et al. 2013). Therefore, the use of yeast ‘nitrogen efficient’ strains represents an innovative way to
reduce the incidence of fermentation problems associated with nitrogen deficient juices (Jiranek et
al. 1995a; Gardner et al. 2002), without resorting to supplementation, which can have the
limitations detailed above. Although research in oenological microbiology has identified a few
genes influencing nitrogen efficiency (Gardner et al. 2005; Zhang 2014), there are likely other

genes and mechanisms to uncover.

Previously we identified genes influencing fermentation performance in low nitrogen
conditions (Peter et al. 2017). Upon deletion, these genes give rise to improved fermentation
performance, thereby making them possible targets for strain improvement (Astorga et al. 2007,
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Donalies et al. 2008), potentially using genome editing techniques, should strains produced in this
way be acceptable for use in the wine industry (Bao et al. 2014). Among the shortlisted mutants,
mfa2A catabolised all sugar in about 2/3 of the time taken by the wildtype. MFAZ2 encodes the
mating a-factor pheromone precursor and has not previously been linked to fermentation kinetics.

We therefore sought to further characterise the effect of mfa2A on fermentation duration.

Most wine strains are diploid (Pretorius 2000). Since the deletant was originally highlighted
in the haploid AWRI1631 background, the role of ploidy and gene dosage was therefore
investigated using diploid heterozygous and homozygous MFA2 deletion strains. Comparisons
were made for the fermentation performance of haploid strains derived from N96 (AWRI1633
MATa, AWRI1631 MATa) and L2056 (C911A MATa, C9 11D MATa).

4.3 Materials and methods

Strains, media and culture conditions

The strains used in this study are listed in Table 1. Strains C911A and C911D are
genetically related but non-identical haploid derivatives (Walker et al. 2003) of commercial strain
L2056 (Lallemand, Australia). Strains AWRI1631 and AWRI1633 are haploid derivatives of
commercial strain N96 (Anchor Yeast, South Africa). AWRI1633 was constructed using AWRI1631
(MATa; lacking HO gene) by introducing a plasmid bourne copy of the HO gene, driven by the
GAL4 promoter, which induced switching of mating type from MATa to MATa. The plasmid in the
resulting AWRI1633 was cured on 5-FOA plates. All strains were maintained on Yeast Peptone
Dextrose (YPD) medium (1% yeast extract, 2% bactopeptone, 2% D-glucose). G418 sulfate (200
mg L) was added for antibiotic selection. Fermentations were conducted in Chemically Defined
Grape Juice Medium (CDGJM, McBryde et al. 2006) containing 200 g L-' sugar with low nitrogen
concentration (75 mg N L-' as a mix of amino acids and ammonium chloride; Henschke and Jiranek

1993) with 3 g L-* of polyphenol extract to mimic red grape juice (Walker et al. 2014).
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Table 1. Strains used in this study.

Strains Genotype Source
2056 MATala Lallemand Ply L,
L2056 MFA2 mfa2A MATala, MFA2Imfa2A::KANMX4 This study
L2056 mfa2A mfa2A MATala, mfa2A::KANMX4imfa2A::KANMX4 This study
C911A L2056 hoA MATa Walker et al. (2003)
C911D L2056 hoA MATa Walker et al. (2003)
C911A mfa2A MATa, mfa2A::KANMX4 This study
C911D mfa2A MATa, mfa2A::KANMX4 This study
C911A/C911D MATala, MFA2IMFA2 This study
CO11A mfa2A/C911D %,:E/a, C911A mfa2A::KANMX4/ C911D This study
CO11A/CO11D mfa2A ACAS\1T13L/>a}n?a921 ifK";\’Z%/( y This study
C911A mfa2A/C911D MA Ta/q, C911A mfa2A::KANMX4/C911D This study
mfa2A mfa2A::KANMX4
AWRI1631 N96 hoA MATa (Bz%rgge)ma” etal.
AWRI1631 mfa2A MATa, mfa2A::KANMX4 Varela et al. (2012)
AWRI1633 N96 hoA MATa AWRI, Australia
AWRI1633 mfa2A MATa, mfa2A::KANMX4 This study
AWRI1631/AWRI1633 MATala, MFA2IMFA2 This study
AWRI1631 mfa2A/1633 MATala, 31 mfa2A::KANMX4/33 MFA2 This study
AWRI1631/1633 mfa2A MATala, 31 MFA2/33 mfa2A::KANMX4 This study
AWRI1631 mfa2A/1633 MATala, 31 mfa2A:KANMX4/33 This study
mfa2A mfa2A::KANMX4

Primers used in this study

Primers were sourced from Sigma Aldrich. The MFA2 deletion cassette was amplified
using primers MFA2 Fwd (TGATAGTTTCCTTTTCCGTTAAGTG) and MFA2 Ruvs
(TGGCTCAAAACTTTTTCACTTTTAC), whilst the mating type of a strain was identified with three
primers (Huxley et al. 1990): MAT (AGTCACATCAAGATCGTTTATGG); MATa
(ACTCCACTTCAAGTAAGAGTTTG) and MATa (GCACGGAATATGGGACTACTTCG).

Construction of MFA2 deletants

To construct MFA2 deletion mutants in haploid strains AWRI1633, C911A and C911D and
diploid strain L2056, the mfa2A::KanMX deletion cassette was PCR amplified from genomic DNA
of AWRI1631 mfa2A (Peter et al. 2017) and used to replace the endogenous MFAZ2 gene by
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homologous recombination (Gietz and Woods 2002). Transformants were selected on YPD agar
containing 200 mg L' G418 sulfate (Ameresco) and confirmed by sequencing of the PCR
amplicon (ORF::KanMX) encompassing the deletion cassette (Primers A and D; Table 2). The
mating type was confirmed by PCR amplification across the HMR region (Huxley et al. 1990).
Heterozygous diploid strain L2056 MFA2/mfa2A was sporulated in liquid medium (Codén et al.
1995) and individual tetrads dissected by micro manipulation (Guthrie and Fink 1991). L2056
mfa2A/mfa2A was then identified by PCR amplification of the mfa2A::KanMX deletion cassette for

both alleles.

The following diploid wine yeast was constructed through mating the corresponding
haploid MATa and MATa strains: C911A/C911D, C911A mfa2A/C911D, C911A/C911D mfa2A,
C911A mfa2AIC911D mfa2A, AWRI1631/1633, AWRI1631 mfa2A/1633, AWRI1631/1633 mfa2A
and AWRI1631 mfa2A/1633 mfa2A. Fresh cultures from YPD plates were mixed thoroughly on
thin YEPD plates and incubated for 4 hours at 30 °C. Actively mating cells were isolated using a
micromanipulator and their identity confirmed by sequence analysis of PCR amplicons

encompassing the deletion cassettes.
Fermentation conditions

Triplicate 100 ml fermentations in CDGJM (75 mg N L-') were carried out at 28 °C using
250 ml flasks fitted with airlocks (Walker et al. 2003), with agitation. Fermentations were monitored
by measuring residual sugar enzymatically (Walker et al. 2014) and considered finished when the
residual sugars were <2 g L-'. Growth was estimated at regular intervals by measurement of optical
density (ODeoo) at 600 nm. Yeast cultures at the end of fermentation were stained with propidium
iodide and analyzed by flow cytometry for total cell numbers using a Guava easyCyte™ 12 HT
FACS analyzer. Where haploid cultures tended to flocculate, they were sonicated for 30 seconds
before staining. Dry cell weight was also determined in duplicate from terminal samples (Salmon
1997).

Statistical analysis

Fermentation duration, total cell count and biomass yield are presented as a mean of
triplicates along with their standard deviation (SD). Student’s t-test (two tailed) was used to identify

statistically significant differences between two samples with a p-value <0.05.
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4.4 Results

Effect of deletion of MFA2 on fermentation performance of wine yeast derivatives

Previously we have reported that deletion of MFAZ2 in the haploid wine yeast strain
AWRI1631 resulted in a shortening of a nitrogen-limited fermentation by ~34% (Peter et al. 2017).
To determine the dependence of this phenotype on strain background and ploidy, we first
evaluated the fermentation performance of MFAZ2 gene deletions in both haploid mating types of
derivatives of two wine strains, N96 and L2056. Then the influence of gene dosage was assessed
by comparing fermentation performance of the diploid versions, both homozygous and

heterozygous for MFAZ2.
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Figure 1. Fermentations of MFA2 deletants. Fermentations (100 mL) were conducted in triplicate in CDGJM with 75
mg N L. Sugar consumption was monitored enzymatically and reported as total sugars (open symbols). Growth was
monitored as optical density at 600 nm (solid symbols). Data points are mean values of triplicate data with standard
deviation as error bars. (A) AWRI1631 and AWRI1633 (haploids); Circle, AWRI1631; square, AWRI1631 mfa2; upright
triangle, AWRI1633; inverted triangle, AWRI1633 mfa2A. (B) AWRI1631/AWRI1633 (diploids); Circle,
AWRI1631/AWRI1633; square, AWRI1631 mfa2A/1633; upright triangle, AWRI1631/1633 mfa2A; inverted triangle,
AWRI1631 mfa2AJAWRI1633 mfa2A. (C) C911A and C911D (haploids); Circle, C911A; square, C911A mfa2A; upright
triangle, C911D; inverted triangle, C911D mfa2A.
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Table 2. Fermentation duration, total cell count and biomass yield of AWRI1631, AWRI1633
and their MFA2 deletants.

Strains MT FD |FD%of| TCC TBY | B/cell | B% of
(h) wr (x107) (g L) (pg) | WT
AWRI1631 MATa |235+0 |100+0|123+02 [41+02 [333 [100

AWRI1631 mfa2A | MATa 146 £0* |62+0 |819+0.2" [20+£04* |252 76

AWRI1633 MATa 2309 |[100+0|140+08 |44+£00 |317 100

AWRI1633 mfa2A | MATa 230+9 |100+6 | 136+0.7 |45+03 |33.6 106

AWRI
1631/AWRI1633
AWRI1631
mfa2A/1633
AWRI1631/1633
mfa2A
AWRI1631
mfa2A/1633 MATa/a | 2010 | 870 |865+£09 |3.2+£02* |37.0 83
mfa2A

MATa/a | 2309 |100+0]9.60+£05 |42+0.1 44.5 100

MATa/a | 190 +£5* | 82+2 |852+12 |29+£01* |34.0 77

MATa/a | 235+0 |104+0|944+01 |44+02 |466 105

WT, Wildtype; MT, Mating type; FD, Fermentation duration; TCC, Total cell count (cells mL-* £ SD); TBY, Total
biomass yield; B, Biomass; Wildtype strains are written in bold text and MFAZ2 deletants are written in plain text.
* Values that are significantly different to the wildtype (p< 0.05, two-tailed Student’s t-test).

In the AWRI1631 and AWRI1633 backgrounds, only AWRI1631 mfa2A (MATa) was
capable of reducing fermentation duration (by 38%), which is similar to our previous finding (Peter
et al. 2017). For instance, deletion of MFA2 from AWRI1633 (MATa) did not result in reduced
fermentation as occurred for AWRI1631 mfa2A (c.a. 230 vs. 146 hrs, Fig. 1A and Table 2). To
evaluate the influence of ploidy, diploid heterozygous and homozygous strains were made by
mating wildtype or deletant forms of AWRI1631 and AWRI1633. Investigation of these diploids,
identified strains with shortened fermentation duration when the MFA2 deletion was in the
AWRI1631 background. For example, AWRI1631/1633 mfa2A completed fermentation in a similar
time to the wildtype (235 vs. 230 h, Fig. 1B and Table 2). Interestingly the heterozygous diploid
(AWRI1631 mfa2A/1633) was slightly more efficient than the homozygous diploid (AWRI1631
mfa2A/1633 mfa2A), completing fermentation in 82% of the time of the wildtype (compared to 87%,
Fig. 1B and Table 2). Conversely, deletion of MFA2 from L2056 derivatives (C911A, C911D) did
not shorten fermentation, either in the haploid (Fig. 1C and Table 3) or diploid homozygous or
heterozygous deletions (see Appendix 11 and 12, Pg 194 and 195). Notably, strains C911A and
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C911D, derived from the same background had a difference of 36 hours in fermentation duration
(c.a. 162 vs. 198 hours, Fig. 1C and Table 3).

In addition to fermentation performance, deletion of MFA2 in AWRI1631 affected growth,
as estimated by a 25% reduction in optical density for AWRI1631 mfa2A compared to the wildtype
(Fig. 1A). No effect was observed in AWRI1633 mfa2A. Total cell number, dry cell biomass and
subsequently biomass/cell was calculated from terminal fermentation samples (Table 2 and 4).
AWRI1631 mfa2A (MATa) exhibited a reduced total cell number and biomass yield and therefore
the biomass per cell was less than the wildtype (c.a.76%). In AWRI1633 mfa2A (MATa) and
AWRI1631/AWRI1633 mfa2A (heterozygous diploid) deletion of MFA2 did not result in a reduction
in the cell number or biomass yield. In fact, it resulted in a slight increase in biomass yield (~6%).
However, deletion of MFA2 in heterozygous AWRI1631 mfa2A/AWRI1633 and homozygous
AWRI1631 mfa2A/AWRI1633 mfa2A diploids resulted in a reduction of total cell number and
biomass yield, with biomass per cell calculated to be 77 and 83% of the wildtype AWRI1631/1633,
respectively (Table 2).

In L2056, heterozygous and homozygous MFA2 deletants resulted in a reduced total cell
number, biomass yield and biomass per cell (c.a.77 and 85%). C911D mfa2A (MATa) and
C911A/C911D mfa2A had similar total cell numbers to their wildtype, however, a significant
difference in biomass yield, with biomass per cell reduced to 59 and 70% of their respective
wildtypes. Compared to C911A mfa2A (MATa), C911A mfa2A/C911D and C911A mfa2A/C911D
mfa2A, deletion of MFA2 did not result in a noticeable difference in cell number or biomass yield
(Table 3).
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Table 3. Fermentation duration, residual sugar, total cell count and biomass yield of L2056,
C911A, C911D and their MFA2 deletants.

B

Strain T FD FD TCC Y | | B%of
h) | %ofwr| x107) (gL WT
(p9)
L2056 MATala | 142+6 | 100+0 |96+10 |35+02 |364 | 100
L2056 MFA2 | yaTala | 145+0 | 10220 | 132+£12* |37+0 |28 77
mfa2A

L2056 mfazA | yatais | 15141 | 10243 | 142402 |43+03 |309 | 85
mfa2A

C911A MATa 162+ 0 100+£0 1 193+£09 |[59+14 |306 100
C911A mfa2a | MATa 1620 100+£0 | 21111 |7.0+x14 |33.2 108
C911D MATa 198 £ 0 100+0 | 206+14 |67+£13 |326 100
C911D mfa2A | MATa 198 £ 0 1000 | 204£13 |39+01* | 191 59

C911A/C911D | MATala 186 £ 0 100+£0 | 134+14 |4.0+0.1 29.5 100

C911A
mfa2A/C911D
C911A /C911D
mfa2A

C911A mfa2Al
C911D MATala 186 £ 0 1000 | 129+£08 |3.7x0" 28.7 97

mfa2A

MATala 186 £ 0 100+£0 | 128+1.2 |3.7+£01* |29.0 98

MATala 186 £ 0 1000 | 125£13 2607 |205 70

WT, Wildtype; MT, Mating type; FD, Fermentation duration; TCC, Total cell count (cells mL* £ SD); TBY, Total
biomass yield; B, Biomass; Wildtype strains are written in bold text and MFAZ2 deletants are written in plain text.
* Values that are significantly different to the wildtype (p< 0.05, two-tailed Student’s t-test)

4.5 Discussion

Role of MFA2 deletion in fermentation is specific to AWRI1631 (MATa haploid of N96)

In this study, we report that deletion of MFA2 in AWRI1631 (MATa haploid of N96)
shortened fermentation duration by 38% in CDGJM supplied with limited (75 mg N L-1) nitrogen.
To determine whether mating type influenced fermentation phenotype, MFA2 was deleted in
AWRI1633 (MATa haploid of N96). Replacement of the MFA2 gene in AWRI1633 by the
mfa2::KanMX deletion cassette (amplified from AWRI1631 mfa2A), did not affect fermentation,
with the mutant behaving similarly to the wildtype. Gene dosage was also investigated to assess
whether deletion of one or both copies of MFA2 in the diploid could influence fermentation duration
and growth. Interestingly, in the diploid (AWRI1631/1633) strains capable of reduced fermentation
only when mfa2A originated from AWRI1631. Minor differences were observed between the
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heterozygous (AWRI1631 mfa2A/AWRI1633) and homozygous (AWRI1631 mfa2A/AWRI1633
mfa2A) diploids, which completed fermentation in 18 and 13% less time taken than the wildtype,
respectively. These findings confirm that the shortened fermentation of the MFA2 deletion in N96
derivatives was specific to being carried on genetic material derived from a MATa cell. The finding
that homologous replacement of the MFAZ2 gene by the mfa2A::KanMX cassette (from AWRI1631
mfa2A) in AWRI1633 (MATa) did not result in altered fermentation alludes to a functional and
interactional difference of MFAZ2 in the two cell types. MFAZ2, together with MFA1, is responsible
for the production of mating a-factor pheromone solely in MATa cells (Michaelis and Herskowitz
1988) whereas, MFa1 and MFa2 produce mating a-factor pheromone merely in MATa cells.
However, deletion of MFA1 from AWRI1631 (MATa) did not result in a similar reduction in
fermentation duration (Peter et al. 2017), and further investigation of MFa1 and MFa2 is required.
Previous studies have reported that the expression of ‘a-specific’ genes is repressed in MATa and
diploid (MATa/MATa) cells in cell-type regulation (Galgoczy et al. 2004; Johnson 1995; Johnson
and Herskowitz 1985).

These findings are novel as this is the first report of MFA2 having dual effects, on mating
and fermentation, specifically in MATa cells. Interestingly, MATa2 is known to exhibit pleiotrophy,
with reports of the gene being involved in cross talk between cell-type regulation and the HOG
pathway for pheromone-responsive genes in MATa cells during mating (Baltanas et al. 2013;
Galgoczy et al. 2004; O’'Rourke and Herskowitz 1998). Another gene, MDF1 (YCL058C), formally
known as FYV5, is also involved in the regulation of mating. Mdf1p is thought to promote vegetative
growth in MATa cells in a rich medium, by suppressing mating efficiency, through binding to MATa2
(Li et al. 2010). Furthermore, Li et al. (2014) propose that Mdf1p shortens the lag phase, by
interacting with Snfip, central to non-fermentable carbon utilisation, enabling the rapid
consumption of glucose during early exponential growth in rich media. It is unclear whether
deletion of these genes, as well as others such as MCM1, involved in cell-type regulation, affected
fermentation in other strains. Also, how deletion of MFA2 shorten fermentation duration or
provided yeast with an adaptive advantage in grape juice to enable improved fermentation

performance is yet to be determined.
AWRI1631 mfa2A have improved fermentation capacity for a given cell population

Deletion of MFA2 in AWRI1631 resulted in shortened fermentation under limited nitrogen
conditions. However, growth was significantly affected resulting in decreased cell number and

biomass, with biomass per cell reduced by 24%. Our findings are contrary to the consensus that
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fermentation rate is correlated with biomass, which is particularly important in nitrogen deficient
conditions, common to problematic ‘sluggish' fermentations. Thus in comparison, Varela et al.
(2004) demonstrated that reduced metabolic activity (sugar catabolism) under limited nitrogen
could be ameliorated by concentration of the biomass. In general, maximum fermentation rate (as
CO: evolution) is related to maximum cell population for a given medium (Albertin et al. 2011),
which further supports the hypothesis of a ‘critical’ biomass being required for efficient
fermentation. This relationship holds true for yeast with high nitrogen demand (requirements),
whereby nitrogen supplementation leads to higher fermentation rates through increased biomass
and overall population numbers. However, in the case of yeast with lower nitrogen demand, higher
fermentation rates are achieved with fewer cells, which are more metabolically active through
increased glycolytic flux (Gutierrez et al. 2012). Canelas and co-workers (2010) made similar
observations for chemostat cultures of CEN.PK113-7D having increased glucose uptake and
reduced biomass yield compared to YSBN2. Further, expression of genes associated with
biosynthesis and degradation of amino acid and protein significantly increased in CEN.PK113-7D.
The authors proposed that as protein synthesis is an energy consuming process requiring more
ATP, the strain increases glycolytic flux by driving more ATP and co-factors into protein (enzyme)

synthesis rather than biomass formation (Canelas et al. 2010).

Similarly, deletion of MFA2 in AWRI1631, which results in greater fermentation and
reduced biomass formation may be due to increased protein turnover. Given that MFA2 does
interact with UBI4, encoding ubiquitin, which is conjugated to proteins targeted for degradation via
the ubiquitin-26S proteasome (Drygin website; (Costanzo et al. 2010; Koh et al. 2010), it would be

worth to investigate whether ubiquitin and protein turnover are affected in AWRI mfa2A.
Fermentation improvement in yeast by MFA2 deletion is dependent upon genotype

To examine whether the effect of MFA2 deletion in reducing fermentation duration was
universal, we constructed and evaluated the fermentation performance of an MFAZ2 deletion in
C911A (MATa) and C911D (MATa); haploids of wine yeast Lalvin L2056. The failure of both mfa2A
strains to shorten fermentation confirmed that the fermentation phenotype was not only reliant on
MATa cell types but dependent on yeast genotype. This phenotypic variation between the two
strains may reflect the degree of heterozygosity between L2056 and N96 (Borneman et al. 2016).
Whole genome sequencing has identified a high level of inter-strain variation, as a result of
evolutionary processes including single nucleotide polymorphisms (SNP’s), Ty elements (number

and arrangement), gene transfer, as well as insertion and deletion events. These variations are
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sometimes specific to a strain, and the high variability in genes may be a reason for phenotypic

diversification (Borneman et al. 2011; Borneman et al. 2008; Novo et al. 2009).

Although deletion of MFAZ2 in C911D (MATa) did not result in the same ability to ferment
sugars as the original mfa2A deletion in AWRI1631 (MATa haploid of N96), similarities between
the strains were noted for growth and biomass formation. In both yeast genotypes, deletion of
MFAZ2 in the MATa strain resulted in reduced biomass formation. Conversely, deletion of MFA2 in
the corresponding MATa haploids, AWRI1633 mfa2A and C911A mfa2A, resulted in a slight
increase in biomass per cell (6-8% wildtype) whilst fermentation performance was comparable to

the wildtypes.

In the diploid N96 and L2056 derivatives, mfa2A on the MATa allele resulted in a reduction
in the biomass yield. Also, we observed that heterozygous deletions were more affected than the
homozygous deletions, which may be due to a ‘rescue effect’ rendered by the MFA2 deletion
originating from the MATa strain, which results in increased biomass formation. For example, the
calculated biomass per cell of the heterozygous diploids were 77, 70 and 77 % of the wildtype for
AWRI631 mfa2A/1633, C911A/C911D mfa2A and L2056 mfa2A, respectively. Whereas the
homozygous diploids resulted in 83, 85 and 97% of biomass per cell of the wildtype for AWRI1631
mfa2AJAWRI1633 mfa2A, C911A mfa2A/C911D mfa2A and L2056 mfa2Almfa2A, respectively.
Although L2056 and C911A/C911D strains are expected to be similar, they appear to differ in
behaviour. Such a difference could be due to genetic differences arising through segregation of
chromatids and genetic recombination during several rounds of mating and sporulation (meiosis)
performed to construct these strains. Also with the heterozygous L2056 deletion, we are unsure of

the mating type of allele bearing the MFA2 deletion.
Gene dosage affecting fitness and fermentation profile in diploids

Past studies have investigated gene dosage to assess fitness profile, by deleting a copy
of a gene in a diploid, which could result in growth advantage (haploproficiency) or disadvantage
(haploinsufficiency) (Delneri et al. 2008; Piggott et al. 2011; Pir et al. 2012). Competitive fitness
studies of the diploid heterozygous deletion collection grown in different conditions of limiting and
non-limiting nutrients (Table 5) have shown the MFA2/mfa2A strain to be haploproficient (Delneri
et al. 2008; Piggott et al. 2011).
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Table 5. Fitness proficiency of heterozygous MFA2 deletants in different culture conditions

reported from previous studies.

Deletants Fltmles.s Culture condition Reference
(heterozygous) | proficiency

MFA2/mfa2A HP Synthetic grape juice (Piggott et al. 2011)
MFA2/mfa2A HP (Delneri et al. 2008)

C- and N- limitation

C-, N- and P- limitation
(dilution rate in chemostat
0.1,0.2 h)

MFA2/mfa2A HP (Piretal. 2012)

HP denotes haploproficiency, C-, N-, P- denotes carbon, nitrogen and phosphorous respectively.

Contrary to these findings, specifically of Piggott et al. (2011) where research was in a
synthetic grape juice, we have demonstrated that MFA2/mfa2A had reduced fitness in terms of
growth (reduced cell number and biomass) although it was still capable of fermenting sugars
quicker than the wildtype (conditional to the mfa2A originating from the MATa wildtype). The exact
construction method of the heterozygous deletion strains (BY4743) used by Piggott et al. (2011)
are not stated, thus it is possible that the differences observed may be due to the mfa2A carrying
the MATa allele or more likely; genetic differences between the strains across the two studies or
differences in cultural conditions and experimental design. In addition this study tested individual
strains rather than looking at fitness in a pooled collection of the strains. When strains are
evaluated individually for fermentation performance, growth does not necessarily relate to
increased fermentation capacity (Canelas et al. 2010; Gutierrez et al. 2012). Here we report that
deletion of MFA2 in AWRI1631 (MATa) reduced fermentation duration under limited nitrogen
conditions; this is a desirable attribute given that the yeast is more likely to succeed in nitrogen
deficient juices and less liable to undergo starvation, leading to ‘sluggish' or even ‘stuck’

fermentation.

In summary, strains which have a lower nitrogen demand, are considered beneficial, given
that they do not require the same degree of supplementation as those of higher nitrogen demand
and are likely to complete a nitrogen-limited fermentation with fewer difficulties. Thus seeking the
genetic basis for such differences in nitrogen efficiency involving the MFA2 gene was highlighted.
We have demonstrated that deletion of MFA2 gene shortens fermentation duration. However, the
ability to do so was dependent upon genotype and mating type (i.e. only in AWRI1631, MATa).
These findings pose several questions as to why the improved phenotype associated with this
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particular gene deletion is limited to this strain. RNAseq analysis, whilst beyond the scope of this
study, would be worthwhile in understanding the transcriptional differences between these strains
during fermentation. Before concluding that mfa2A does not improve fermentation efficiency in
other wine strains, it would be important to investigate the effect of this deletion in other wine yeast
backgrounds. Also, further investigation into the expression of the genes associated with
processes like biosynthesis and degradation of amino acid and proteins (as reported in Canelas
et al. (2010)) might aid in uncovering the genetic basis of fermentation efficiency of AWRI1631
mfa2A.
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5.1 General discussion and conclusions

Lack of sufficient yeast assimilable nitrogen is often the root cause of stuck and sluggish
fermentations. The development of wine yeast that can efficiently utilise available nitrogen in
deficient musts to maximise sugar catabolism would be of great benefit. These yeasts together
with better management practices, such as appropriate timing and choice of nitrogen
supplementation, will significantly reduce the occurrence of problematic fermentations and the
associated reduction in wine quality. The availability of nitrogen efficient strains would also ideally
reduce the wine maker's dependence on supplementation, and enable increased efficiency in
vinification and tank throughput. Economic savings would be made due to a reduction in labour
and processing costs (re-inoculation and supplementation) and a need to blend away poor quality

wines, and would lead to overall increase in wine quality and value.

The generation of nitrogen efficient strains requires a greater understanding of nitrogen
metabolism in relation to wine making fermentations. This project used the approach of screening
prototrophic deletion libraries in laboratory and wine yeast backgrounds, to identify genes
influencing fermentation efficiency under different nitrogen conditions. This effort resulted in
revelation of cellular processes that influence fermentation efficiency and which are specific to a

nitrogen insufficient environment.

5.1.1 Functional genomic tools identify key genes influencing fermentation in sufficient
and limiting nitrogen conditions
Deletants with reduced fermentation duration were identified from both wine and

laboratory yeast libraries with sufficient and limited nitrogen availability.
As a result of the screening experiments, we determined the following:

1. High throughput micro-fermentation identified gene deletions that allowed twice the
sugar of the wildtype to be fermented (LYDL_HN, 748 deletants; WYDL_HN, 299
deletants and WYDL_LN, 257 deletants). Examination of the performance of
deletants in limiting nitrogen revealed a subset of 127 genes that only exhibited
improved fermentation in low nitrogen condition (WYDL). Deletants were also
identified, which worsen fermentation performance (50% less sugar fermented vs the
wildtype): (LYDL_HN, 501 deletants; WYDL_HN; 205 deletants and WYDL_LN; 187
deletants). Several of the fermentation essential genes identified as part of the
laboratory yeast Fermentome (Walker et al. 2014), have also been demonstrated to
be required by wine yeast in limited nitrogen. By comparison, the set of genes that

~ 100 ~
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reduced fermentation time upon deletion are potential candidates for yeast strain
improvement, whether as natural gene variants (having beneficial SNP/indels),
CRISPR genome editing, mutagenesis or breeding, etc.

2. Comparison of the genes (those capable of catabolising more sugar within a specified
time frame) from the micro-screens, identified genes that were common across strain
backgrounds and/or were independent of initial nitrogen concentration. This data set
was also compared to published data sets revealing genes shown to be regulated at
the transcriptional level under similar conditions or affected by strain background. A
Gene Ontology analysis of each data set revealed that genes common to WYDL_HN
and WYDL_LN were enriched for genes involved in protein transport, catabolism,
ubiqutination and cell communication. Of those associated with cell communication,
6 genes (SHO1, BEM2, KSS1, ROM1, FLO11 and MFA2) were highlighted to be
targets of the MAPK pathway. Further GO analysis of the 161 and 127 genes unique
to WYDL_HN and WYDL_LN conditions, identified enrichment of genes for
processes mainly involved in catabolic process and regulation in the high nitrogen
condition. In the low nitrogen conditions, the gene set was enriched for processes

such as ubiquination and protein turnover.

5.1.2. Screening of the wine yeast deletion library for fermentation efficient mutants in
limiting nitrogen

Physiological studies have traditionally been conducted in laboratory yeast, which are
easily genetically manipulated, and have enabled identification of a myriad of pathways related to
yeast metabolism. This research is now being undertaken in industrial yeast to better understand
the adaptive mechanisms behind fermentation (brewing, bread-making, sake and wine

production).

In this study, the primary focus was the investigation of how wine yeast withstand
fermentation stresses associated with nitrogen deficiency — a common cause of sluggish and stuck
fermentations. A wine yeast deletion library was screened when insufficient nitrogen was available,
to identify genes that confer fermentation efficiency when under nitrogen limitation. From the micro-
fermentation screen (WYDL_LN), we shortlisted 96 candidates that were observed to utilise
significantly more sugar than the wildtype, having approximately half the residual sugar of that of
the wildtype, these were evaluated in laboratory-scale fermentation trials (100 mL). The main
findings were the:

~ 101 —~
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1. Identification of 15 strains that were fermentation efficient, reducing fermentation
duration by 15-59%.

2. Gene Ontology analysis revealing enrichment for genes in processes related to
ubiquitination and protein modification/turnover or metabolic processes: protein
polyubiquitination (UBI4, UBC13 and MMS2), protein deubiquitination (UBP7, UBI4
and BROT1), protein modification by small protein conjugation (UBP7, UBI4, BRO1,
MMS2 and UBC13), post-translational protein modification (UBP7, TPK2, UBI4,
BRO1, MMS2 and UBC13), protein metabolic process (UBP7, TPK2, UBI4, BRO1,
MFA2, MMS2, MKT1, EAR1, UBC13 and MRP17) and endosomal transport (MVB12,
EAR1 and BROT).

5.1.3 Investigation of an MFA2 deletion in AWRI1631

Of the 15 wine deletants identified as fermentation efficient in limiting nitrogen, a deletion of
MFA2 (mating a-factor; involved in mating and cell-type regulation), resulted in a 55% decrease in
fermentation duration. MFA2 was further investigated to better understand how its deletion
conferred fermentation efficiency, since this gene and the process of yeast mating have not
previously been associated with fermentation. We also investigated the fermentation performance
of the functionally redundant MFA1, encoding a-factor. Fermentation dynamics of mfa1A and
mfa2A were studied in detail as well as the expression profile of MFAT and MFA2. The following

observations were noted:

1. Unlike MFA2, deletion of MFA1 did not confer fermentation efficiency.

2. Gene expression studies revealed upregulation of MFA2 in AWRI1631 when grown in
CDGJM with limiting nitrogen. Deletion of MFA2 from AWRI1631 resulted in an increased
expression of MFAT.

3. MFA1 was upregulated by ~6 to 7-fold in the MFAZ2 deletant at the initial sampling point
(128 g L' residual sugar). Although MFA1 expression declined subsequently, it remained
~4-fold higher than the wildtype

5.1.4 Fermentation performance of mfa2A is dependent on strain background, mating type

and gene dosage

Further to understanding the role of MFAZ2 in fermentation, studies were conducted to
determine whether the effect of mfa2A was dependent on mating type, genotype, and/or gene
dosage. Homozygous and heterozygous diploid MFAZ2 deletants were constructed in genetic
backgrounds derived from N96 (AWRI1633 MATa; AWRI1631 MATa) and L2056 (C911A MATa;

~ 102 ~
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C9 11D MATa). These strains were compared to the equivalent MFA2 wildtype strains in 100 mL

fermentations. The following observations were made:

1. The fermentation efficient phenotype associated with mfa2A was dependent upon

genotype and mating type, with the phenotype confined to AWRI1631 MATa.
2. The diploid AWRI1631/1633 strains enabled quicker fermentation when the mfa2A allele
originated from the ‘a’ mating type strain (AWRI1631 mfa2A MATa).

5.2 Future directions

1.

The involvement of MFA2 and potentially the mating pheromone pathway in
fermentation is novel. We hypothesize that mating pheromone production and
processing is an energy consuming process. Therefore, down-regulating the
synthesis/processing of mating a-factor, could lead to a saving in energy. This energy
might be redirected to other processes such as sugar uptake and catabolism. Deletion
of MFA2 resulted in significantly increased transcription of MFAT (functionally
redundant to MFA2), but deletion of MFA1 did not result in fermentation improvement.
Over-expression of MFAT when wildtype MFA2 is present remains to be examined.
The results suggest that deletion of MFA2 could also affect other interacting genes.
Of these GAL10, GID7, HXT5, STL1 and PCL6 are known to be involved in
carbohydrate metabolism/transport and storage (Costanzo et al. 2016). Further
investigation of these genes, and specifically their interaction with MFAZ2 during
fermentation is required to determine the mechanism(s) by which MFAZ2 influences
sugar uptake and metabolism.

Deletion of MFA2 from the wine yeast strain L2056 was found not to improve
fermentation efficiency. It is also important to generate this deletion in several other
strains (as MATa haplotypes) and evaluate their performance before determining that
this fermentation phenotype is specific to only AWRI1631 mfa2A. Transcriptomic
analysis (RNA-Seq) would help to decipher the transcriptional differences between
AWRI1631 mfa2A and wildtype during fermentation, enabling a better understanding
of the dual function of this gene in cell-type recognition during mating and
fermentation.

High-through screening exercises are powerful tools for identification of gene function
through phenotypic studies, as they allow simultaneous evaluation of thousands of

strains. This study encompassed identification of genes through genome-wide
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screening of fermentation performance in juice-like conditions with different nitrogen
content. These genes (and processes) add to our current understanding of the role of
nitrogen in fermentation. Not only were genes identified as critical to fermentation
(leading to protraction when deleted), several were shown to result in fermentation
proficiency, and represent likely targets using non-GM techniques in the generation of
nitrogen efficient strains.

Screening of the laboratory yeast deletion library when sufficient nitrogen was
available led to identification of 548 genes that enabled a ~50% reduction in
fermentation duration. These genes were absent in the wine yeast deletion collection.
Construction of these in a wine yeast background and subsequent evaluation of
fermentation performance is worthwhile to determine whether they are potential
candidates for wine yeast improvement. Also, growth of the laboratory yeast deletion
library in a nutrient rich media without selective pressure, resulted in plasmid
instability, possibly due to the rapid multiplication of yeast cells, failing to replicate the
plasmid along with the chromosomal DNA (Kleinman et al. 1986; Caunt et al. 1988;
Impoolsup et al. 1989). Contrary to Mulleder et al. (2012), this study suggests that the
library is better grown in minimal media (ammonium sulfate only) to ensure retention
of plasmid-based prototrophy.

In addition to the deletants identified as able to reduce fermentation duration, deletants
extending fermentation were also identified in each micro-screen (LYDL_HN, 501
deletants; WYDL_HN, 205 deletants and WYDL_LN, 187 deletants), which were not
tested further. These genes are worth further investigating to help increase
understanding of the underlying processes and pathways involved.

Laboratory-scale (100 mL) testing of the deletants shortlisted from micro-
fermentations identified candidates in the limiting nitrogen (75 mg L-') conditions. By
comparison in sufficient nitrogen (450 mg L"), fermentation of the deletants and the
wildtype was so rapid reducing the resolution between the strains. Therefore it is
suggested that the available nitrogen be reduced from 450 mg L' to ~300 mg L
(industry standard), for similar investigations to provide greater separation of the
strains.

In the micro-fermentations, 257 (WYDL_LN) and 299 (WYDL_HN) deletants were
identified as potentially fermentation efficient, however only 92 were tested from each
as this arbitrary number conveniently fit in an automated 96-flask fermentation

platform (Peter et al. 2017) with the controls. The number of identified and confirmed
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10.

candidates has therefore likely not been exhausted and additional genes may be
found through further evaluation.

As is the case for deletion libraries, over expression libraries (Gelperin et al. 2005;
Jones et al. 2008) serve as a powerful tool to study gene function. The function of the
identified genes could also be further determined by using an over-expression library
to examine impact on a fermentation efficient phenotype, including whether it is
restored to the wildtype.

The 15 wine yeast gene deletions identified to confer fermentation efficiency in limited
nitrogen are worthy targets for industrial strain improvement. Should genome editing
became acceptable for industrial strain construction and use in the wine industry (Bao
et al. 2014), deletants constructed by this approach may be able to be used directly
for the management of problematic fermentations associated with nitrogen deficient
juice. Alternatively these genes may serve as targets for non-recombinant
approaches. The 15 genes were mainly associated with protein turnover and
ubiquitination. Of the genes involved in the degradation pathway, BRO1, MVB12 and
EART have been extensively studied. Reports have shown that these genes regulate
the degradation of amino acid permeases through ubiquination. Deletion of some of
these genes disrupts this pathway reducing the rate of permease turnover (Nikko et
al. 2003; Oestreich et al. 2007; Léon et al. 2008). In the conditions used in this study
this may lead to increased retention of permeases on the cell membrane, thus
increasing nutrient (i.e. nitrogen and sugar) uptake. The present study could be
extended by investigating the ubiquitination process in these deletants during
fermentation by using antibodies to study cellular localisation of plasma membrane
transporters which might reveal the connection between ubiquitination and
fermentation efficiency.

Gene deletion may affect other interacting genes, therefore investigating the key
genes interacting with those highlighted genes may address how these deletants elicit
their effect on fermentation efficiency. Traditional gene expression profiling by
methods such as qPCR is effective in defining the expression pattern of genes during
fermentation. A comparison of changes in the expression levels of interacting genes
(mainly involved in adaptation to low nitrogen, nitrogen metabolism, stress regulation,
sugar uptake and metabolism) in the wildtype and deletants would help define the role
of the deletions in the network. Alternatively, gene array techniques such as micro or

macro arrays or RNA sequencing that permit high throughput genome wide transcript
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profiling could be used to study the expression of all annotated genes at the same
time. Past comparative transcriptomic analysis has enhanced understanding of how
yeasts differ in their physiological response to nitrogen composition/content during
fermentation (Rossignol et al. 2003; Mendes-Ferreira et al. 2007a; Barbosa et al.
2015). Rossignol et al. (2003) reported over a thousand genes that changed
expression at different stages of fermentation to adapt to the changing environment.
Therefore genome wide expression profiling of the identified deletants during
fermentation would help identify the key gene sets and processes contributing to
fermentation proficiency in low nitrogen conditions.

11. The genetic basis of a specific phenotype can be identified through QTL mapping.
This technique has been successfully used to identify the genetic basis for
physiological traits in nitrogen consumption (Brice et al. 2014; Jara et al. 2014;
Cubillos et al. 2017). Similar to these studies, to understand the effect of genes
influenced by high nitrogen and low nitrogen during fermentation, bi-parental/ multi-
parental crosses between the high nitrogen and low nitrogen users can be used to
identify the genetic basis of variation in the F2 progeny, which will help relate the

nitrogen efficiency phenotype to genotype.

Overall, this study has identified several genes influencing fermentation in various nitrogen
conditions and strains backgrounds. We have identified gene sets that are needed for
successful fermentation in high and low nitrogen conditions. Deletions that resulted in
protracted fermentation, highlight the importance of those genes in stressful conditions such
as low nitrogen. The set of gene deletions that positively influence fermentation are potential
candidates for yeast strain improvement and the knowledge generated here could be used to

formulate strategies to produce improved wine yeast for the future.
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Appendix 1. Micro-fermentation data of the LYDL_HN (all candidates).
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VALOBSW FUNT2 ; 5 4 5 [ 3920 747 8854 | 6812 | 12175 8618 315!
VAL0BGC RBGT : o7 8 175 11 7 . 00 230,
YALOBTCA VALOSTca : 7 3 [ 1370 54 o 78, a1 324,
VALOBTW VALOBTW ; T 4 7.05 1.4 @ 134 217
YAL03SC [ 9 9 | 2135 | 12601 | 1 2660 | 266. 509,
YAL040C CING & [ _f640 1 198 299
VALO#ZW ERVAG 4 70 8 4 3 @ 251
VALO#3C2 Unknown 14 ] 7 7 5 200,
YALO#C Gova 7 5 0 3 297
VALOWWA VALO#na 3 7 7| 1788 i
YAL045C VALO%5c 7 7 7 7 X 219
VALO4GC AT 09 1 7 X 6 1. g : a1 23,
VALOATC SPCTZ 7 7 : G507 | 5224 | 11260 | 10574 | 1776 | R
VAL046C GEMT 128 424 | 25065 | 510,
YAL046C GEMT 1054 B 16306 | 3%
VALO4SC A2 7 - 03 14 %62
VALO4SC A2 7 72, 303,
VALOSTW OAFT i E X 2
VALOSIW FLC? 7 5 7 24,
YAL0S4C ACST & 7. 76 3414
VALOBSW PEX2Z 3 10, 7884 2%
VALOBGW GPB2 7 3 X 767
VALOBSCA Unknown X o 3 0. T X 4. 307,
VALOSSW CNET ] 6 4 10, . 27,
VALOSOW EoMT 1 2 7 7 0. 7. 3 235.
VALOBOW BDH 9 T 7o, 3059 7] 29
VALOTW BDH 7 g G 0.6 09 60
YALOG2W [ 7 1 14, 731 194
VALOGICA VALOGIoa 0 384 14.28 25,
YAL0G5C VALOG5c o g EE A 587
VALOBGW VALOBGW 2 7 o7 7 2 [ 5 29
VALOTC SEOT 7 7 7 M I7E 149
VALOGTWA VALOGTw=a 3 9 4 . 76. 315:
YAL0G6C AR 2 K E 3. 40 181.
YARO2CA__|_ERP1 0 3 7. 3 § 50, 288!
VAR0O2W NUPGO 5 3 o7 : T | 1135 88 7 602 7.
VAR0OIW SWDT : i 7 : 5 [ 1100 380 i 60.16 261,
VAROTAC BUDIA 7 7 7 18 535 q 746 | 2
VAROTSW ADET To719 | ez | 12 822 | 22086 | 485
VARO16C KING X X 1179 I i 0: X X 258;
VAR020C PAUT : : X f i 7. ] : 201
VAR023C VAROZ3 : 4 7 ; X I 14: i 95 303,
YAROZTW UP3 X ; g 2 7 84 791
YARO2GW VAROZGw X E ; 6 Z 11.02 168
YAR02W VAR029w ; I ; - [ 0. X X 212,
VAR030C VAR030c : : I i o e I X 252,
VARO3TW PRI ; I y i i X X X 22,
VAR03SCA VARO350-2 1196 31 87 309:
YAROGSW YATT 4 71024 8 92 20
VAROITW Unknown 12 E 4 21
VAR040C Unknown 7 E 798
VAROI2W SWHT 1 g il E 186.
VAROI2W SWHT 2 384 T 282,
YAROZ3C Unknown 2 2 i E g - 126
VAROHW OSHT 8 08 2 7 7 24 K 2 230,
VARO4TC VAR0TC 0 12 3 7 0 a4 3 7.0 2.
VAROSOW FLo1 7 4 7 % 4| 1346 102 o 96 30,
YBLOOTC ECWT5 7 T T 7| 140 3 3521 7| 4059 318.
YBLOOZW. HTB2 5 3 9 | 12436 | 12084 | 1 10594 | 26624 | 22678 476,
VBL0OGC HTA2 3 7 3 14 AT 176 31
VBLOOSW PDRS 1 i 714 1303 7054 368,
VBL0OGC 087 7 7 B X PEx X 52,54 315
YBLOOTC SLAT 7 7 . X 53 543 628 265!
YBLOOTC SLAT 0 T 4 X 5 4! 2 5.0 311
VBLOOTW i X X 70043 8| 1103 09, 2107 20851 438!
VBLOOGW HIRT ; 7 126 ; ; ; 4.7 i 3.
VBLOOGW-A YBLOOGw2 04 77 4 259,
YBLOOSW ALK? ; z K 325:
VBLOT0C VBLO0S ; 3 I 1 2164 ; ] 7 ; 344,
VBLOTW SCT1 5 7 I X ZXER Y i 3. X 328;
VBLOTZC VBLOTZ5 X X 9990 | 0081 | 108, T 208, 21 [
VBLOTSW FMTT X X i 7] 322
VBLOTSW FMTT I g i 35 287,
VBLOTSW ACHT : I i X i 2 204
VBLOTSW ACHT 04 : 2 293,
VBLOTGW FUS3 7 5 |03 520,
YBLOT70 PEPT 5 3 61 320,
YBLOTOW 4PN T 3 2 105 328,
VBLO2TC HAP3 : : 104 32898
VBL022C X 7 : 838 5| 499,
VBL022C BT 3 126 519,
YBL022C PIMT 1 4 126. 0| 541,
YBLOZAW NeLT 1 i 34 | 258
VBLOZTW RPL1% 57 4 30;
VBL02GC VBL028 7 T T 33,
YBLO29CA VBL0290-2 E 295
VBLO29W VBLO29w 7 3 3%
VBLOSTW SHET 4 7 A1 o i g 1344 i 365.
VBLOGZW HERZ 7 7 5 I X i I ; 21 I 281
VBL0B3C RIBT X I I 0 g X 7.84 ; 214,
VBLO36C VBLO360 7 I z X ; 031 ; 2.
YBLOSTW APL3 %6 3. 1364 1164 35
VBLOBW 52.44 4t 00 | 8589 | 14343 | foud 4.
VBLOEW WRPLTG : : 9404 | 8954 | 13500 | fs2e8 | 22004 | o2 409,
VBLOGEW WRPLTG X X 4| 12640 | 10 T84 | 12081 | 2 241 537
VBL039C URAT 39 X X 4 7 44 260,
VBL0BSC 7 7877 1065 g 5054 1 o1, 358;
VBL03SC URAT 0 X 3 I 01 i : 19.01 9 21, 289,
VBLOBOW-A | VBLO3owa 0 : 7 91 07 i i 1622 0 7. 288,




Appendices

ORF.name Strain Optical density at 600 nm at regular intervals (h) GLUCOSE FRUCTOSE TOTAL SUGARS (g TOTAL AMINO ACIDS (mg/L)
2 3 4 5 ! 102 118h 102h 118 102
YBL042C Fuit 6 1 12.4¢ 7.29 63.72 .44 339
YBL043| ECM13 94 10.9! 6.0¢ 60.88 X 321.
YBLO44! 6 78.6¢ 59.1 192.76 164.¢ 458.!
YBLO44! YBLO44w 1 136.13 126.45 8 | 28401 261.¢ 521
YBLO44! YBLO44w 124.70 132.69 255.19 260.¢ 521.
YBL045C CORT1 b4 B 94 9.04 | 329 67.74 3 260.¢
YBLO45C COR1 .9 126.55 124.42 255.70 245.54 524.!
YBLO46W PS! .7 . . 318.¢
YBLO47C EDET N4 5 54. 292
YBLO48W YBLO48w 12.40 302.
YBLO49W MOH1 04 X 9! 282.
YBLO51C PIN4 2 2 7 12! 43.90 X 331,
YBL052C SAS3 B 1 8 S 1 8 . 17.24 35.! 3 300.
YBLOS3W YBLOS3w 17 26 64 .81 7 .47 374 337.
YBLOS4W TOD6 17 51 67 84 .94 340,
YBLO55C YBLO55¢ 37 i .94 .47 3234
YBLOS6W PTC3 22 53 .71 . .30 323
YBLO57C PTH2 20 53 .70 .2 .33 i 320.;
YBLOS8W SHP1 7 0 K 61.95 36.08 169. 347.
YBLOS9W YBLOS9w ! 19.35 312.
YBLO6OW YEL1 5 .1 1 304
YBLO1C SKT5 i .75 ¥ .9 279
YBLO62W YBLO62w B 68 K 83 .25 1.5: 134 287.
YBLO63W KIP1 .04 1 0 28.76 74, 335.
YBLO064C PRX1 .20 04 5. 336.9:
YBLO65W YBLOB5w .20 7 . 7. 324
YBLO66C SEF1 17 0 .94 327.¢
YBLO67C UBP13. B 94 343.
YBLO6SW PRS4 .74 314
YBLOGIW AST1 303.
YBLO70C YBLO70¢ 4 A 308.¢
YBLO71C YBLO71c 8 1 301
YBLO71C-B YBLO71c-b 3 1 K 317.64
YBLOTIW-A KTI1 4 B 103 309.
YBLO72C RPS8a 4 T .0 32. 281
YBLO72C RPS8a 2 51 .7 69.: 312.04
YBLO75C SSA3 3 74 .9 34 289.10
YBLO78C ATG8 9 7 7 8! . 286.54
YBLO79W NUP170 94 N B4. 321.4
YBLO79W. NUP170 8 . 309
YBL08OC 0 5484 | 44 2934
YBL08OC PET112 0 269.1 276. 534.44
YBL08OC PET112 6 8 251.99 242. 539.53
YBLOBTW YBLO8Tw 94 T 309.92
YBL082C ALG3 %4 B 319.;
YBL083C YBL083c %4 5 308.!
YBLOBSW BoIt 7 8 .. 321
YBLO86C YBLO086c 0 8 .05 .1 319.
YBLO87C RPL23a 9 5. .71 76 288.
YBL08SC TEL1 14 T 5 . 305.
YBLOBIW. AVT:! i 8.40 | 5 290.¢
YBLOSOW IRP21 2117 268.4! 531.
YBLOSOW IRP21 24§ 242 539.9:
YBL091C AP 66. 45. 294.
YBL091C-A cS22 .51 23 250,
YBL091C-A cS22 . .95 191 297.4
YBL093C 0X3 .7¢ 61 254.
YBL094C YBL094c 34.¢ 39. 305.
YBLO95W YBLO95w b4 64. 7. 287.!
YBL096C YBL096¢ 0 7 7. 534 300.;
YBLO9SW BNA4 5 1 4 4 2. 47. 336.!
YBLO9IW ATP1 5 4 7 5 34 .9 7.6 7. T 274.
YBL100C YBL100c 1 7 .76 4. . 308.
YBL101C ECM21 7 6 10. 7. 1. X 198.
YBL101W-C YBL101w-c 2 7 42 A .44 280,
YBL102W. SFT2 2 2 18.62 5 .S 197.
YBL103C RTG3 2 0 19.15 7.85 8.94 179.
YBL103C RTG3 1 84 5¢ 114 0.10 296..
YBL104C YBL104c 7 21.21 13.41 106.91 209.;
YBL104C YBL104c 2 10. 223 66.91 303.
YBL107C YBL107¢ 9 8 8 25.67 13.51 104.84 321.!
YBROO1C NTH2 94 0 17 1 1214 108.6¢ 357.
YBROOSW. coat T .98 1. 324.
YBROO5W. RCR1 9t 3 1. . 331.4
YBROO6W. UGA2 Bi 7 4 X .94 302.f
YBR007C DSF2 8 4 2. 54. X 307.¢
'YBR00SC FLR1 9 6 N 7 6.. K 298.
YBR00SC HHF1 84 4 2. 1. 290.
YBRO10W HHT1 .07 7. 774 316.1
YBRO12C YBRO12¢ 44. 300,
YBRO13C YBRO13c. 84 280.
YBRO14C GRX7. B 165.95
YBRO15C MNN2 T K 111.
YBRO16W YBRO16w .3 123,
YBRO18C ALT 4.57 152
YBRO19C L10 7! 6.1 1284
YBRO20W L1 [ 13. 114
YBRO20W L1 [ 1.5 276.
YBRO21W R4 7! 2.4 . 126.
YBRO22W POA1 1 T 13! 73.97 129.
YBR023C CHS3 1 .31 79. T 124
YBRO24W SCO2 84 X 4 .97 X 134
YBR025C OLA1 7 6 .22 .04 127.
YBR026C ETR1 3 .26 X 137.
YBR027C YBRO27¢ 8 1 .77 64. 230,
YBRO28C YBRO28c 71 64.. 236.
YBRO30OW RKM3 73 .64 192.f
YBRO31W RPL4a 17 155.
YBRO32W YBRO32w 94 145.
YBRO33W EDS1 0 13 . X .S 164.
YBR034C HMT1 04 132.24 129.22 1 132.2° 267.. : 261, 210.
YBRO35C PDX3 58. 41 1 9.] 174, 12 389.
YBRO36C CSG2 20.. 1 7. 209
YBRO37C Scot .2, 274
YBRO4OW FIG1 229.
YBRO41W FAT1 0 X 237.
YBR042C CST26 3 7! .94 241.
YBR043C QDR3 14 7! 239.!
YBR044C TCM62 B 246.
YBR045C GIP1 T 258.
YBR046C ZTAT . 187.
YBRO47TW FMP23 11.91 .. 222.95
YBRO48W RPS11b 13. 72 206.;
YBRO50C REG2 1 42. B 224,
YBROSTW YBRO51w X 44. 195.!
YBR052C RFS1 2 18.10 . 217.
YBRO53C YBRO053¢ 2 A 54.. 232,
YBRO54W YROZ 7 4 .7 238.
YBROS6W YBROS6w 77 5. 7 235,
YBRO56W-A YBRO56w-a E 303.
YBRO057C MUM2 281.
YBRO58C UBP14 X 286
YBR059C AKLT .76 Y X 2474
YBRO61C TRM7 3 12.3¢ 101 . 267
YBR062C YBRO62c. 7 K .00 281.
YBR062C YBRO062c 84 6! 5¢ 286.
YBRO63C YBRO063¢ 83 .82 .44 316.
YBROG4W YBROG4w 79 i 282,
YBRO65C ECM2 77 6 2.53 272,
YBRO66C NRG2 88 9.96 275.
YBR067C TIP1 7 74 .4 . 211,
YBRO68C BAP2 1 7 .41 4 285
YBRO69C TATT 7 78 .34 .3 2114
YBROT1W YBRO71w 84 50 84 A .0 205.




Appendices

ORF. | Optical density at 600 nm at regular ntervals (h) GIUCOSE ERUGTOSE] TOTAL SUGARS (of) _{SEINAERN OGS i
.name Strain

2 3 4 5 78 102h 118h 102 8 102 118 102
YBRO72C-A YBRO072c-a 94 1 1 0 1 14.58 5.6 . 7¢ 7.5 325.47
YBRO72W HSP26 77 .81 44. 241.
YBRO73W RDH54 .01 .55 7. . 283.!
YBRO74W YBRO74w .97 .34 .34 274.
YBRO74W YBRO74w 8. .2 298.
YBRO75W YBRO75w ! .9, ¥ 298.99
YBRO75W [ YBRO75w T 1. .94 . 324,
YBRO76W CM8. 14 ¢ 10. . 54.67 64. . 306.
YBRO77C LM4. 3 50. .06 94.27 . 144 144.38 214
YBRO78W CM33 8 1 .74 .6 1030 | 2.3 239.
YBRO081C PT7 04 34 75.34 61.81 113.12 104 188.41 166.21 422.
YBRO081C PT7 7 6 2 34 58.90 43.03 112.82 94.8¢ 171.7: 137.92 400.;
YBR082C IBC4. 2 6 6 94 25.69 9.83 79.87 57.5( 105.56 67. 308.
YBRO83W TECT 7! 13 i A .32 280
YBRO84C-A RPL1%a Tt .51 .54 211.
YBRO84W Mis1 8 .97 17 281
YBR085! YBR085¢c-a e .42 A7 314
YBRO85SW AAC3 2 B 0 X .97 1218 289
YBRO90C YBRO90c 94 17 2 9! 8.3] 294.44
YBRO90C-A YBRO90C-A 9 9! 4.9 300.77
YBR092C PHO3 %4 .9 1.7 304.21
YBR093C PHO5 2 10.57 26.3¢ 313.54
YBRO94W PBY1 7 .2 .64 24.61 .S 327.40
YBR095C RXT2 1 7 84 12 7.8¢ 51 X 6496 | 301
YBRO97TW VPS15 1. 7 434 1 B4. 162.30 375
YBRO98W MMS4 8 6.2! . 316.1
YBRO98W MMS4 i 13.8¢ . 6.06 3184
YBRO99C YBR099¢ 9. 3¢ .61 .3 291.
YBR100W YBR100W 9! . 7¢ 6! 11 293,
YBR100W YBR100W T 3¢ . 7 11.70 . 301.
YBR101C FES1 41.34 34.85 .27 141.62 339
YBR103W SIF2 12.09 .4 .72 8. 300.
YBR104W YMC2 .48 .7¢ 1. 307.
YBR105C VID24 934 7] 303.
YBR105C VID24 5 2 9! X X . 278.
YBR106W PHOB8 7 1 3247 2382 .83 1273 3784
YBR107C IML3 3 2] 17.14 5 29.07 .32 325
YBR108W AIM3. 6 2 17 .3, 31 9. 40.47 297.4
YBR111C YSA1 7 3¢ 22 4. 23.5¢ 284.
YBR111W-A SUst 64 21.86 78 40.! 99.94 329
YBR112C CYcs 6 65.57 120. 84. 186.2 404,
YBR113W YBR113w 6 35.14 13 38.2( 2951
YBR114W RAD16 0 05 .23 6 0! 5 EX .. 265.
YBR115C LYS2 34 34 17 .00 55.¢ 1.93 319.
YBR116C YBR116¢ 7 97 7 52, 6.65 304
YBR119W. MuD1 0 93 1 ¢ 34. .76 293
YBR120C CBP§ 4 55 8 3 . .6: 4. 1.94 284.42
YBR121C RS1 1 0 Tt .97 1241 | 61 .51 792 | 5157 305.
YBR122C RPL36 7 7 .87 12793 | 12313 141.34 269.27 | 23536 306..
YBR122C RPL36 119, 116.26 131.46 250.65 213.64 491.;
YBR125C C4 2. 6! 70.7; 3184
YBR126C TPST 14 7. .. .76 298.
YBR127C VMA2 9 .28 1 .08 4. 134.3 344,
YBR128C ATG14 [ .84 11.06 .07 7.4 285.96
YBR129C OPY1 84 1.7 24. 294.09
YBR130C SHE3 i 6.4: 7. ¢ 318.27
YBR131W ccz1 84 K B4 16.! 4.! 327.92
YBR132C AGP2 K Ni X 13. K 283.
YBR133C HSL7 2 .20 .03 .5¢ .7’ . 262.
YBR133C HSL7 7 3 68 18.4¢ 7. 315.4
YBR134W YBR134w 1 4 99 .7 X 5 41. 292!
YBR137TW. YBR137w 80 4 1 47.! .54 73. 296.
YBR138C YBR138c. 74 36.4 286..
YBR139W YBR139w 76 25.¢ . 285.
YBR141C YBR141c i 7 2 267.
YBR144C YBR144c 2 64 4. 295
YBR145W ADHS 8. 7 ¥i .87 ¥ 64. 300.
YBR146W MRPS9 34 8 0! .54 297.54
YBR147TW. RTC2 34 T 3.37 274
YBR148W. Yswi i 0.17 298.1
YBR149W ARA1 1 7 .1 X 287.4
YBR150C TBS1 04 8. 1 26.94 .4 36.48 103.37 354.
YBR151W APD1 7 7 4 .8’ .28 . 259.
YBR156C SLI15 8 2 .31 54 57. 300.!
YBR157C Ics2 8 8 1. .5 24, 284,
YBR157C 1Cs2 1 8! 9 . 1.0 .1 13 267.
YBR158W AMN1 [ 04 .34 X 34. X 296.
YBR159W IFA38 E N .94 7.4 281.
YBR161W CSH1 T .9 282,
YBR162C 70§ X 10.12 312
YBR162W-A YSYe 6 3¢ 295.9
YBR162W-A YSYe [ 57| 5 26. 279.90
YBR163W EXO! 9. 12342 | 1 2 237. 540.
YBR164C ARL: 14 8 305.
YBR165W UBST 7! 2814
YBR166C TYR1 . 5 290.
YBR168W PEX32 T 20.09 337.
YBR169C SSE2 8 16. X 318.
YBR170C NPL4 T .0: 44.42 296.;
YBRITIW SEC66 8 0 K 18.81 . 282,
YBR172C SMY2. 9 17 .9 4 2 T 30.5¢ 217.
YBR173C UMP1 94 5 74 26. 1 1014 328.9
YBR174C YBR174c 1 7! 0 11.32 7. 2991
YBR175W SWD3 1 8 0 7.5 58. 286.
YBR176W ECM31 34 8 0 4.1 49 296
YBR177C EHT1 .06 7 74 16.73 . 84. 328.
YBR178W YBR178w .11 1 0.92 .7’ 290.
YBR179C Fzo1 8 6 26.86 .96 290.1
YBR180W DTR1 7 94 .7 g 40.45 309.
YBR181C RPS6b 6 8 .7 1.} . 11.74 270,
YBR182C SMP1 .13 5 X Xi .41 .44 303.
YBR182C-A YBR182c-a .31 1 .07 10.9: 303.
YBR183W YPC1 7 1.79 327.4
YBR184W YBR184w .11 303
YBR185C MBAT 9.36 340.
YBR186W PCH2 283.
YBR187TW DT1 . 301.
YBR188C TC20 . . .3 310.;
YBR189W RPS9b 94 1. .34 .2 294
YBR191W RPL21a 9 X .96 .5 285.
YBR194W AIM4 .91 102, 333.60
YBR195C MSI1 .94 X 32.6 290.99
YBR196C-A YBR196c-a 21.02 .64 97. 24444
YBR196C-A YBR196c-a 1 34.66 1 123.54 283.84
YBR196C-B YBR196¢-b 7.4 7. 303.99
YBR197C YBR197¢ 34, 64. 313.
YBR199W KTR4 K 3. 9 288
YBR200W BEMT 7. 14 295.
YBR200W-A YBR200w-a B4 . . 1. .84 307
YBR201TW DER1 34 .01 - T T T 276.98
YBR201TW DER1 9.98 .3’ 304.
YBR203W Cost1t 6 .7 3114
YBR204C YBR204c 04 X 323,
YBR20SW KTR3 .34 323,
YBR206W YBR206w 9 318.
YBR207TW FTH1 17 319.
YBR206C DURT,2 8 X . 295!
YBR209W YBR209w i I 3.8! Xl 291
YBR210W ERV15 6 1. 34. K .84 329.
YBR212W NGR1 1 84 .03 12. 21.] 9 260.
YBR213W MET8 1 T .50 54 4 [ .53 .77 284.
YBR214W SDS24 04 3 7 1 0: .3 A7 .44 295
YBR21SW HPC2 3 3 1 7 X Xl .9 .32 ki 2864
YBR216C YBP1 6 4 14 4 9.96 62.¢ 1 7244 40.16 320.
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Appendices

ORF | Optical density at 600 nm at regular ntervals (h) GIUCOSE ERUGTOSE] TOTAL SUGARS (of) _{SEINAERN OGS i
name Strain
2 3 4 5 7 102h 118h 102 8 102h 8 102
BR21TW ATGT2 1 9 2 721 1164 7 114,01 1 319,
VBR216C PYC2 i 57 59 54 ; K 31
VBR219C VBR219¢ 67 I 54 @ 310
YBR220C YBR220c ; 6 Xi 293
YBR221C PDBT 04 X] I 287.
YBR221W-A YBR221w-a X 98 311,
YBR222C PCS60 04 .92 302.
VBR223C TDP1 .04 311,
YBR224W YBR224w 3 8 X .97 285,
YBR225W YBR225w 1 ; 1 X .75 337.
YBR226C YBR226¢ ] 78 .05 0.02 3. X 3. .54 286
VBR227C MCXT 3 0 87 I 21 34 5 16.56 1 16.90 16 290
VBR226W SLXT 1 6 86 05 17 88 33 3025 117 3213 1205 280
YBR229C ROT2 8 01 15 5 7 49,0 19.13 7. 19.9 31
YBR230C M4 9 08 3 .1 3 TN 15. 48 156 298,
VBR230WA VBR230W-2 7 i 4 .46 8 3949 | 96 2! 1050 279,
VBR231C SWC5 5 85 B 6342 4.28 108.5 10804 | 17199 162.3 399
YBR232C VBR232C } 8 04 6 1429 314 54.1 15 68, 1861 331,
YBR233W PBP2 3 1 1 2238 315
YBR235W YBR235w 12 1331 293.4°
VBR236C VBR238c 7 7065 31T
VBR239C ERTT NI} 4 65 2938
VBR240C THIZ 16 I 64 2963 3120
YBR241C YBR24Tc % 21 36 16.7 7 3009
YBR242W YBR242 77 1 6.0 3 292.
VBR2W GPX2 9 2 6. 314
VBR245C TSWi 7 2 41 279;
YBR246W RRT2 z 1 55 300,
YBR246C HIST 9 251 6 540,
YBR249C AROZ 1 11559 353,
VBR250W P023 I 1 60 3064
VBR25TW IRPS5 54 9 2 533.
YBR2S5W 704 T 49 324,
YBR26C | _SHGT 54 3 2 5 [ 294,
YBR259W /BR2G9W 54 } 8 9 1 70 15 316.
VBR260C RGDT 15 7 3 1 65, 87 319
VBR261C TAET 1 12 7 3 I 0 46 .05 307
YBR262C AIMS 3 4 04 2 3470 10.00 304,
YBR2G3W SHMT 3 13 01 1 6054 2630 315
YBR264C YPTI0 o4 4 7 2 3614 293,
YBR266C YBR266c 5 7 7 0 14077 375.
YBR2GTW RETT 9 7 i 8 8262 2551
YBR2GEW MRPL37 9 2459, 536.
YBR269C FMP21 2] 54. 271
YBR270C BIT2 2 . ; X 64 290,
YBR2T1W YBR27Tw 6 23, 4 16.4: 282.
YBR272C HSM3 1 11 40 30
YBR273C UBX7 1 42 14 2.
YBR2T4W CHKT ] 6.2 1 268,
YBR2TAW CHKT i 1 2354
YBR275C RIF1 51 X 305
YBR276C PPST 94 4. 294
YBR277C YBR277c [ 76 X . 251,
YBR276W DPB3 7 [ T 94, 235
YBR2T9W PAF1 6 I 1 264,
YBR260C SAFT 6 7 24 p 336.
YBR2B1C DUG2 8 7. 54. 200,
YBR262W MRPL2T 7 ; 196,
YBR283C SSHT 3 g 3 I 46 210,
YBRZBIW YBR264W 2 2 2 2 9 4 2 236,44
YBR5W YBR285W 0 3 9 5 1 } 3767 40, 4181 27945
YBR2G6W APE3 0 88 6 (A7) 87 49 268.95
YBR2GTW Z5P1 7 87 1 71 325.34
YBR286C APM3 2] 73 4 } X 333.
YBR2BIW SNF5 7 ] 9 1 1214 403,
YBR2SOW BSD2 6 03 2% I 1 710 284,
YBR291C CTP1 7 1 E 2 X 284,
YBR292C YBR292C 9 5. T .94 X 9 307.
YBR293W VEAZ 9 5. 4. .05 292,
YBR2SAW SULT 7 1. I .36 269,
YBR2SEW PCAT 7 9 5 L 34 2 261.
YBR296C PHO89 8 46 0 2 6.0 7. ) 265
YBR296C-A YBR296c-a 3 20 iz 0 99 04 303,
YBR2STW MAL33 34 7 6 2 1184 255.
YBR298C MAL31 6 8 34 7 5 1223 223
YBR2SIW MAL3Z 1 8 5 85 3 43 ; 283,
VBR300 YBR300C 8 3 6. 04 7 309,
[ VBRa0T PAU24 8 0 1. 4 295
YCLOOT RERT 7 7 365.
YCLOOTW-A YCLO0Tw-2 1 T ; 297
[ vcLooiws YCLOOTw- 9 54 .94 g 303.
[ vcLooz YCL00Z2e 5 04 424 348,
[ vcLooc YCL002e 34 ; 307.
[ voroosw LDB16 8 5.08 I I 330.
[ veroosw-A VMA9 1 75 25 134. 344
[ vcLooee Unknown 7 6.65 8.7 72 330,
[ vcLooee Unknown ) [ |14 X : 4524 294,
[ vcLoore CWH36 03 [ 12281 | 12645 | 1 1 26640 | 238 473,
[ vcrooa STP22 7 7. 19. EX 9.3 384
YCL00IC ILV6 0 1 1385 2, . 74 347,
YCL070C SGF29 Z 03 9 1634 . 81 385
YCLOTiC GBP: 74 T 34 65 . 331.
[ vcroize YCLOT2e 7 4 I 4 283,
[ veLoraw YCLOT2W. 04 I 28 331,
YCLOTSW. Unknown 3 64 84 334
YCLo74 BUD3 1 14 116 357.
YCLO74 BUD3 1 5 30
YCLOT6C DCCT 4 7 X I 291.
[ veroztw-A YCLO21w-2 7 1 34,87 265
YCL022C Unknown 1 34 .5 34 54. i 311
[ vcLozsc YCL023¢ 04 37 1 1491 45 338,
[ vcLozac YCL023c .42 277
[ vorozaw (] 306
[ verozse AGPT 364,
[ vcLozec Unknown ; I 304,
[ VCLoz6CA FRUZ 1 . 13, 14 294,
[ Vciozecs HBNT . 4 9 3. 244,
[ vcrozcs HBNT 4 15 0w 316
[ voroorw FUST 7 7 7 X 69 3.
| vcrozw RNQT 62, 312
[ vcLozsc BIKT - . 15| 86 279,
[ vcLosoc HISA K 15154 | 25023 | 250 535.
[ vciosoe HIS 0 11822 | 24389 | 238 526
| YCLO32W. STE50 2 B a 3 0 5¢ 271,
YCL033C WXR2 0 1.7 4 4 2 269
[ vcLosaw L5B5 9 7 29 9, .7 291.
[ vcLosse GRXT 7 9 678 7, 300
[ vorosew GFD2 34 097 4 278
[ vcLose SRO9 02 7. 329,
[ vcLosec ATG22 7 356.
[ vcLosec ATG22 34 7 31,
[ vorosow GID7 331.
| YCLO40W GLK1 . 298.!
YCLO42W YCLO42w 4 .14 X . 337.
YCL044C MGR1 07 5 34 X 306
[ vcLossc EMCT 293.
| vCLodsw YCLO4Gw 298.
| _YCLo47C YCL04Tc 1 299.;
YCLO48W SPS22 2 298.;
[ vcioasc YCL049e 5 i 294,
YCL050C APAT 34 7 277,
| YCLOSTW. LRET 3 .13 279.
| YCLOS5W. KAR4 1 .58 .. . 317.
YCL056C YCLOS6e 0 9 .06 44 il 282,

~ 111 —~



Appendices

ORFname Suaim Optical density at 600 nm at regular intervals (n) GLUCOSE FRUCTOSE TOTAL SUGARS (gf) | TOTAL AMINO ACIDS (mglL)
| 2 3 48 5 7 102 118h 102 18 102 8 102
[ vcLos7c-A YCLOS7c-a 1 34 7| 1 8 95 7. 705 @ 306
[ vcLosTw PRD1 7] 2 3 0 21 2. 74.54 320,

YCL058C FYV5 6 2] 34 o 1879 1. 11212 348,

YCL060C YCL060C 7 8 7 ; X 3. 98 335.

YCLOBIC RCT 84 7 8 38 4 5 256,

YCLOBIC RCT ; 22 A1 854 312
[ VcLoozw VCLOGZW. 91 07 74, 328,

VCLO3W VACTT 7 4 307.

YCL064C CHAT z T 9 295

YCLOGIW. VBA3 3 4 X 270,

YCLOT4W YCLO7w 5 19.45 14.20 I 344,
[ veLorsw YCLO5w 54 5| 2007 9.4 79 345

VCLOTOW YCLO76w } 1 2 9 33 . : 2. 30074

YCROOTW. YCROOTw 8 31 54 0 2] 09 1 581 13 90 267.

YCR002C CDC10 54 i 7. 21.94 20 71 7 290,

YCRO03W RPL3Z 6 5 1. 7. 5 252,

YCRO04C YCP4 07 7. 13 62 4 320,

YCRO05C CiT2 28 7 8 T ; 3. A 3054

YCRO06C YCRO0Go 54 7 1 52, 5. 6025 313

YCRO07C YCRO07c 62 10.00 7144 306.

YCRO0BW. SAT4 41 18.54 4492 312

YCRO09C RVST61 3; i 501 263.

YCRO10C ADY2 ; 27. 20.00 2981 288,

YCRO71C ADPT 1 7 8 1 12 3. 3182 3434 287.

YCRO74C POLY 1 0 9 07 .94 10.17 277,

YCRO15C YCRO750 o 3 7 : 05 63 300,

YCROT6W YCRO16w 34 7 8 48 267.

YCRO17C CWH3 i 57. 659 295

YCROT9W MAK32 7 Xi 50 274,

YCR020C PET18 04 0 59 X 71 321,

VYCRO020C-A MAK3T T 13. 3 14 290.

YCRO20WB | _HTLT 7 62! 70 74 25

YCR021C HSP30 0 7. 9 0. X 286

YCR022C YCR0225 8 6 6 82 7 275

YCR023C YCRO230 - 1 3 25 10.9 iB 210 280,

YCR024C SLM5 K 4 84 2. 232 76 484 243

VCRO24CA PIPT 3 8 I 15 i 70 16,5 23 7,65 323

YCR025C YCRO250 2] 7 2 7 2 307.

YCR026C NPPT 7 I 7 X 9 296,

YCRO27C RHB1 3 15.86 3 20, 2 342,

YCRO26C FENZ 6 32 12.74 66. 1240 340,

YCRO26C-A RIMT 1 1 37.69 2791 81 1334 288,

YCR030C SYPT 85 2] 8 6 3. 15,0 277

YCRO31C RPSTia iz X X 87.3 316,

YCRO32W BPHT 8 4 2. 67.7 291,

YCRO33W SNT1 7 104 7. 109.08 | 298,

YCRO34W FENT 5 7 35 8. 12991 306.

YCRO36W RBKT 54 9 0 175 4584 185,

YCR037C PHOB7 54 8 E 2 1 4 239,

YCRO37C PHOB7 a 47 14 119, 115,61 235.

YCRO43C YCRO43c 7 4 4 91 57. 4. 291.

YCRO044C PERT a1 2 6 28 7 273,

YCRO045C RRT12 73 X 5 . X 1773 | 26 272,

YCR046C IMGT 54 04 14206 | 13000 | 142 13191 | 284 26191 192,

YCRO47C 1 4535 2 34,71 74| 1 297.

YCRO47C BUD23 B4 214 2 205 133, 347,

YCRO48W ARET 5 E X 17 265

YCRO48W ARET 34 3 94 3.04 295.

YCR049C YCRO49 7 10. 84 1241 314,

YCRO30C YCRO30c 9 54 2 271 303,

YCROSTW YCRO51w 9 3 1. .71 312,

YCRO53W THRY 7] 7 a 77 14 2. 284,

YCR059C YiHT 0 82 5 7. 322,

YCROG0W TAHT 7 77 5. 290.9

YCROGTW YCROGTW 1 80 ; X 1 302

YCROGTW YCROGTW 04 02 7 29 52 554 . 308;

YCROGTW. YCRO6Tw 74 04 461 96 X 94 4454 10.9 276

YCRO62W YCRO62W i 2 170 74 62. 7. 74 54 310,

YCROG3W BUD31 2 7 9.9 5611 1 4. 18649 | 141 390,

YCROG5W HOMT 5 1 .76 21 2. 69 35 297,

YCROG6W RAD18 7 6 72 84 i 69. 2 3,

YCRO67C SEDZ 67 5 4 43 62.04 304,

YCROG8W ATGT5 iz 3,82 13.63 86 104, 81, 316

YCROGIW CPRA 7 7 1 2 1t 73 287,

YCRO71C IMG2 9 46 X 45 5 2. 192

YCRO73C S5K22 7 11.49 2 51 71 3. 300.

YCRO73WA__|_SOL2 I 87 1032 7. 5. 240,

YCRO75C ERST 6 92 07 1 X 13 285

YOROTSW-A__|_YCRO75wa 7 9 215 17 54 71 357,

YCRO076C YCRO760 1) 4 Z 28,

YCRO77C PATI 07 1 265,

YCRO79W PTC6 6 1 310.

YCROSTW. RES 4 X] X 300,

YCRO82W AHC2 54 2 4 ; 260.

YCROB3W TRX3 31 9 4. 293,

YCR084C TUPT 1414 1 142, 290,

YCR084C TUPT I 2 260.

YCROB5W YCRO85w I .22 70, 298.92

YCROG6W CSHT 5 ] .75 X 95 315,

YCROG7C-A YCRO876-2 9 6 .85 3 . 280,

YCROSTW. YCRO87w 7 91 4 ; 9 2. 293,

YCROBEW ABP1 6 1314 04 12.2 76 308.

YCROGIW FiG2 7 4 43 287,

YCR090C YCR0S00 7 12,65 . X 69.03 321,

YCRO9TW KING2 3 07 X 3 261.49

YCR092C MSH3 6 0 15 7 304.3

YCRO94W CDC50 0 A7 295.92

YCRO95C OCA4 7 71 265,

YCROS5WA CRO%5w-2 1 26 275

YCRO96C 1l 2 7 34 313,
[ VcRogac 099 2 7] 8 8 34 307.

YCR100C R100c 3 7 47 316
[ Vcrioic YCRI0Tc 7] .7 272.
[ Vcri02C YCR102c 9 X X 312,

YCR102w-a 9 5 1 285.
ADHT 4. 321.
RDST 1 321,
AAD3 322
RMDT 8 293,
NHP10 7 280,
PTCT 7 292,
VDL003e i 309.
GR I 306.
YDLO11c 44, 300.
YDLOT2e 7] X . 303,
SLX: 5 4 64 z 7.4 263,
ERP! 7 7. : 25 24,91 278,
OSH. 0 7. I : 4 [EX] 34,59 285
RPN4 1 7 31, 28,94 138.15_| 113.99 335
GPM2 8. 274,
GPD1 1 [ 9. 26
VDL0230 1 3 135. 121 324,
DIA3 0 . 304
RTK1 3 1. .94 293
VDL0Z6w, 03 64 9 301
VDL026w, 20 T [ 262,
YDLO027¢ 2 34 T .3 280,
YDLO32w 7 T B 2.46 274
SLM3 2 34 7! - 34. 7.17 295.;
VDLO34w, 7 8 34 X 295
GPRT B : 5 . 272,
PUS9 7 7 77 4 A1 278,
PUS9 34 & E 8 X 286
YDL07C BSCT 71 2. 9.75 414 302
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Appendices

ORF.name Strain Optical density at 600 nm at regular intervals (h) FRUCTOSE TOTAL SUGARS (g TOTAL AMINO ACIDS (mg/L)
2 33 48 5 ! 102 118 102 118h 102
YDLO38C YDLO38c 1 1! 68 1.90 51.5¢ 48.1 58, 54.39 2974
YDL039C PRM7 75 .97 12.4 13. 1335 | 1457 267..
YDL040C NAT1 84 146. 111.37 2724 232.81 324
YDLO41W. YDLO41w. 94 30. 14.9¢ 2. 16.07 2817.
YDL042C IR2 7 33.25 18. 5.67 20.20 288.
YDL044C TF2 1. 0 133, 129, 254.34 253.78 536.
YDLO45W-A IRP10 7 4 15.91 X 7. 11.74 271.
YDLO46W PC2 34 1 2 32.! 34. 27.67 291.!
YDLO4TW. T4 2 7 102.31 167.. 149.90 369.
YDL048C TP4. 4 7 7 2369 | 21 25.] 2351 281..
YDL049C KNH1 7 3 90 12627 | 126 248, 247.44 536.
YDL050C YDLO050c 6 2 09 3. 22 40.! 24.05 288.f
YDLOSTW. LHP1 0 78 4 15 34. 3. 37.39 34.29 292
YDL052C SLCT 8 17 64 .87 .S 316.44
YDL053C PBP4 54. 306.9:
YDL054C MCH1 3133
YDLO56W. MBP1 350.9
YDLO57TW. YDLO57w 537.9
YDL059C RADS9 16 9 305.9
YDL061C RPS29b 17 1. 264
YDLO62W. YDLO62w 06 9 47
YDL063C YDL063¢ 05 2 369.
YDL065C PEX19 31 1 293
YDLOG6W IDP1 94 10 303
YDL067C COX9 9 0 276.
YDLOG8W. YDLOB8wW b4 300.;
YDL069C CBS1 7 510
YDL069C CBs1 94 537.92
YDLO70W BDF2 1! ¥ 294
YDLO71C YDLO71c [ .| 64. 328.
YDLO73W. YDLO73w. K .35 .S 322
YDLO74C BRE1 5 9 X .04 E 3294
YDLO75W. RPL31a 04 8! 2 .4 .S X 296.
YDLO76C RXT3 7 T 7 5 11.15 328.
YDLO77C AME 3 ! 5 7.9¢ 5.71 X .4 .4 297
YDLO77C AME 94 E 5t 79 45. 2312 100.19 64. 145.95 404.!
YDL078C IDH3 84 .02 3 Bi 96 1.82 1.7: 27.2 5. 29.11 283
YDLO79C MRK1 0 5 84 1 .9 3.81 39.6: 285.56
YDL08OC THI3 1 7 64 9! 3.51 43.4° 286.
YDLO081C RPP1a 7 1 A7 17.73 1221 3591
YDLO82W 0 6 .8 4.4 38.9: 2714
YDLO82W RPL13a 2 9 8 .3 3.9¢ 60.7¢ .| 2974
YDL083C RPS16b 7 4 N 11.4 73. 306.
YDL085C-A YDLO85c-a 34 ! .84 318.
YDLO85W NDE2 4 K 317
YDLO86W YDLO86W 7 e 339.!
YDL08SC ASM4 2 9 . 326
YDLOBIW NUR1 8 4 9. 6.96 321.
YDL090C RAM1 5 34.10 127.34 366.
YDLO91C UBX3 %4 3194
YDLO93W PMTS 0 312
YDL094C YDL094c 7 318.
YDLO95W PMT1 5 325.
YDL096C YDL096c 2.99 290.
YDLO9IW BUGT 16.25 . 344
YDL100C GET3 3.2 A 40 312
YDL101C DUN1 B4 2.1¢ 5. B | 3792 | . 295.
YDL104C QRI7 129.89 1 13 . 260. 261.4 524.
YDL106C PHO2 7.2 55.. 8. 62.¢ .64 315.
YDL107W MSS2 20.31 4 81. 3. 101.41 K 243
YDL109C YDL109c 5 23.32 9.1 78.84 1. 102.16 .72 357.4
YDL110C TMA17 1 17 0! 1.1 44.22 49.02 .78 368.
YDL112W. TRM3 94 17 1 13.4 78.71 106.69 .89 366.
YDL113C ATG20 0 24 [ 3.27 68.21 .. 80.83 41.79 250.96
YDL114W YDL114w 3 74 1! 0.84 8.3 .61 917 | 7.5 287.
YDL115C IWR1 %4 51 8 79.28 113.37 118.07 187.39 197.35 312.
YDL116W. NUP84 .21 47 .73 7 47. 37.54 99.99 .10 14712 | 129.65 372.
YDL117TW. CYK3 .34 71 .01 7 22. 7.89 77.63 100.08 60.51 262.
YDL118W YDL118w 6 89 0 8 .3 114 7. 9.2 1.6¢ 260.¢
YDL119C YDL119c 7 74 7 4 23. 9.87 .87 98. 64.74 363.!
YDL121C YDL121c 1 5 73 2 0 17. 14.64 5 .97 86.. 75.61 340
YDL122W. UBP1 3¢ 0 2. 6. T4 73. 47.4 316.
YDL123W. SNA4 64 7.4 14. 107.57 366.
YDL124W YDL124w 1.61 4. g 69.0¢ g 357.;
YDL125C HNT1 1.78 9.1 4. . 96.1 .51 361
YDL127W PCL2 . 24 9. .40 43.1 .44 310
YDL128W. vext 44 1 9 .86 . 2.7 4. 0! 276.
YDL129W. YDL129w 94 0 4 21 1.0 5. .2] 241.
YDL129W. YDL129w 7 4. 5049 300.
YDL130W. RPP1b 34 8 6 303.
YDL130W-A STF1 330.
YDL131W. Lys21 14 i 336..
YDL133C-A RPL41b K 286..
YDL133W. YDL133w. 10. 342
YDL134C PPH21 4 .. . . 312
YDL134C-A YDL134C-A 34 6 11. .S 100.4¢ .54 358.
YDL135C RDI1 7 .70 100.4: 349.
YDL136W. RPL35b 79 .63 91.¢ 346.
YDL137TW. ARF2 00 .34 98. 355.¢
YDL138W. RGT2 1 92 4 .06 19.4 311,
YDL142C CRD1 0 . 34. 254.
YDL144C YDL144c 7 1443 7. 329.
YDL146W LDB17. 6 L1 1254 . 302.
YDL146W LDB17. 2 .3 1.4 13 219,
YDL149W. ATGY 64 34 .9! 1.52 . 21.24 295
YDL149W. ATGY 7 .91 12.4 .34 31.92 4.26 284.
YDL151C BUD30 4 .75 X 17 24.99 .75 291.
YDL154W. MSH5. B 97 .0 X 7.74 .62 303
YDL155W. CLB3 7! 94 17.76 .54 49 345.;
YDL156W. YDL156w 84 02 17.28 . 48 & g 339
YDL157C YDL157¢ 8 14.87 72 7. 46.2. 335.
YDL159W. STE7 84 T 54.! 3. 3,74 337.
YDL159W-A YDL159w-a 74. 95 5.1 332
YDL160C DHH1 116. 176.91 130.! 3234
YDL160C-A YDL160c-a 66. 81.¢ 328.
YDL16TW. ENT1 1! X 6. . 98.¢ 370.
YDL162C YDL162c 0 .81 10.! 23.44 11. .. 284.
YDL167C NRP1 T 125.73 1 10230 | 275 194. 395.1
YDL168W. SFA1 5 5 4. 3. 291
YDL169C UGX2. .84 .39 1. 1.4 305.9
YDL170W. UGA3 84 .54 .94 .S 312.
YDL171C GLT1 5 8 3] 280.64
YDL172C YDL172¢ 5 2 2419 12.7¢ .91 101, . 321.4
YDL173W. PAR32 1 2 .7 X 46. 3234
YDL174C DLDT 0 0! 54 302.
YDL175C AIR2 1 . 7¢ .96 315.
YDL176W. YDL176w 4 1297 X .20 350.
YDL177C YDL177¢ 14.76 80. .55 346
YDL178W. DLD2 04 1.7 X 61 .80 329,
YDL179W. PCLY 0.5¢ 3.00 3.5¢ .94 280
YDL180W YDL180w b4 749 | X 53.7¢ 6124 | 47.97 320.
YDL181W INH1 12332 | 12542 135. 25872 | 256.74 532.
YDL182W. LYS20 .9 3. 35. 38.3 .40 300,
YDL183C YDL183¢ 04 1 .7 3. 42, 45.9 .77 314,
YDL184C RPL41a 54 X 14 96.2 341.
YDL185W. TFP1 .7 13. 119. 329.
YDL186W. DL186w 9 1 X 3. 67. 347
YDL187C /DL187c 7 0 .4 2 51. 3314
YDL188C PPH22 7 9 i 91.9 . 346
YDL189W. RBS1 .62 44. 155.f 146.. 358.
YDL190C UFD2 04 A 314.
YDL191W. RPL35a 3 .45 32814
YDL192W. ARF1 2 i B 332,
YDL194W. SNF3 .0 0 .37 94.. 272.44




Appendices

ORF. | Optical density at 600 nm at regular ntervals (h) GIUCOSE ERUGTOSE] TOTAL SUGARS (of) _{SEINAERN OGS i
.name Strain

26 3 48 5 ! 102h 118h 102 8 102 8 102h
YDL197C ASF2 140 6 1 5 .70 15.41 X 64. 92.5° .56 346,
YDL198C GGC1 .24 34 T K 7 i 1.6( 54. .. 61.3: X 209.
YDL199C YDL199¢ .37 5 4 23.5¢ 10.4 . . 101. . 341.4
YDL200C MGT1 K 5 3¢ 10. 5 . 105. . 352.
YDL201W. TRM8 K 5 29.90 | 18 X . 11348 | g 352,
YDL202W MRPL11 X X 121. 1224 144.! 1 266.. 233.14 429,
YDL203C ACK1 E 34 X 28.59 16. . X 111.; 82.82 3304
YDL204W. RTN2 B 4 1149 1241 .S 73.14 3154
YDL206W YDL206w. . 54 04 4. 285.1
YDL210W UGA4 K 5 . .88 281.44
YDL211C YDL211c .41 4 7. .97 300.
YDL213C NOP6 43 0 9. .84 333
YDL214C PRR2 .35 3 2 4. . X .55 3294
YDL215C GDH2 .34 3 11 5 9.4 58. 96.36 7 312.9:
YDL216C RRI1 K 7 .86 2 1431 70.¢ 103.19 319.
YDL218W. YDL218w. B 6 14 7 4.9 43 96.79 309
YDL219W. DTD1 B 8 .97 1 9.9 56. 10213 294
YDL222C FMP45. B 91 .09 0 5. 45. 99.07 2324
YDL223C HBT1 9 78 1 .94 10.61 T 5 105.94 236.
YDL224C HI4 6 17 1! .57 7.80 4 il 53. 241.
YDL225W. HS1 94 68 0i 3 19.34 8 17 126. 319.
YDL226C GCS1 7 92 2 .74 317 74 34.88 94.¢ 271.
YDL227C Ho 5 K b4 85 X 1 2215 14.12 1. 5 100.05 317
YDL229W- SSB1 K 7 .12 5 2 5 332.9¢
YDL230W PTP1 K b4 .10 0 6.. il 56 342.
YDL231C BRE4 .24 34 5. 7 321.
YDL232W. 0ST4 A7 8 1 339
YDL233W. YDL233w. . .| 4 g . .S . 111 A 353.
YDL234C GYP7 94 K .| X . .. B 104 X 335.
YDL236W. PHO13 K 5 . 5 5 X 96.¢ 2 344.
YDL237TW. AIM6 B 4 .03 . 84. 5 114. .4 350
YDL238C GUDT 44 T g 60. 308.¢
YDL239C ADY3 54 94 15. 106, 307.
YDL240W- LRG1 K 7 16.. 129, 322,
YDL241W. YDL241w. 3! 0 7.6 85 236.
YDL242W. YDL242w 4 2 3 6.8: 86.54 54. 280.
YDL243C AAD4 49 74 33 8.1 24 E 99.2( 9.76 320,
YDR001C NTH1 7 17 14 2 T 6.6 .53 37
YDROO3W RCR2 9 1 58 2.7: .82 54 316.9:
YDROO3W-A YDROO03w-a 7 T . 3.4 .27 300.
YDROO4W RAD57 1 0 20. 1.6 .14 316.
YDR005C MAF1 1 34 9 22, 4.1 . 42 295.
'YDR006C SOK1 5 8 28. A 54 110.! 284.
YDROOTW. TRP1 0 [ 3. 3! . 304.
YDR008C YDROO08c. 34 i 1. 7 68.. 312,
YDROOIW GAL3 6 9 6.21 Al 54. . 294
YDR010C YDRO10c. 2 0: 29, 19.84 112.4 . 308.
YDROTIW SNQ2 .36 [ 04 1 7. 112, 86.0 351,
YDRO14W. RAD61 .47 6! 1 m 75.8 350.
YDRO015C YDRO15¢ i 4. . 45.4 323,
YDRO17C KCS1 14 2. 13¢ 100, 364.
YDR018C YDRO18¢ .31 70.92 310.
YDR019C GCV1 .64 .27 292
YDR020C DAS2 .14 3 283.
YDR022C CIs1 .72 7 311.!
YDRO24W Fyvi .76 131, 297.¢
YDRO25W. RPS11a 7 . K .54 13. 105.4 296.
YDR026C YDR026¢c K X 0! 0.94 67.¢ g 217.
YDR027C VPS54 K K 04 6.3] X 8977 [ 56. 244,
YDR028C REGT1 7 34 3 41.56 116.5: 160.38 | 158.1 288,
YDRO29W YDRO29w 0 1 8 8 451 42.3 78 46.8 232
YDR030C RAD28 .35 1 17 68.87 4. 233.
YDRO31W. IC14 .31 7 72 11. 201.
YDR032C PST2 .36 2 3¢ 2. 43. 8.1 54.
YDRO33W RH1 7 5 .9: X ] 39 10.. 34.1
YDR034C LYS14 3 8 14 b4. 8. 32. 44,
YDRO34W-8 YDRO34w-b. .11 .69 3.67 b4 78.! ..
YDRO35W. ARO3 .32 .07 14.90 83.! 5. .
YDRO036C EHD3 1 8 2.21 . 74. 150.
YDR042C YDRO042c. 7 - 1 .27 E 32 . 34, 250.;
YDR043C NRG1 4 8 10 49.49 32.28 103.4 .94 152.8 222
YDR046C BAP3 K 7 X 5 .34 3.4 49.43 184,
YDR048C YDR048¢ K K 26. .82 34. 110.04 269.
YDRO49W YDRO49w 34 X .17 X 74 43.03 5¢ 312
YDR050C TPI1 184 . 3 53.74 83.64 366.
YDR051C DET1 K 04 14.84 13.94 268.!
YDRO55W. PST1 6 .07 304.
YDR056C YDR056¢ 0 17 303.95
YDROSTW. YO0S9 34 94 .01 308.¢
YDRO058C TGL2 64 . .84 308.¢
YDR059C UBC5 2 .14 .54 316..
YDRO61W. YDRO61w. 7 9 - 211.
YDRO63W. AIM7 K 7 K . 5 314.
YDRO65W. RRG1 123.85 135.51 8 539.
YDRO66C RTR2 34 . . 299
YDR067C OCA6 B .| . .34 245.
YDRO68W DOSs2 K ¥ X 313.
'YDR069C DOA4 0] K 19.09 347.
YDRO70C FMP16 27 1 2924
YDRO71C PAAT 99 9 K 5 . 269,
YDRO72C IPT1 K 64 X 11. .9 55.24 3 66.9: 36. 324.
YDRO73W. SNF11 .84 34.60 1. 3667 [ 16. 291
YDRO74W. TPS2 35.2¢ 120.24 1 158.02 | 155. 301
YDRO75W. PPH3 A .34 27.24 2 28.7: 22 285.;
YDRO76W. RAD55 v 5 .0! 44 3 49.9° 35.! 312.
YDROTTW. SED1 4 64 7 ¥} [ .44 41.04 3 4572 33.9 309.
YDRO78C HU2 3 1 120.! 119.25 119.84 1 240.39 238.56 528.
YDRO79C-A TFB5 1 10 A 60.5: 5 7144 62.36 318.
YDRO79W. PET100 94 04 120.¢ 115.67 12215 1 242.24 234.60 5334
YDRO8OW. PS41 7 43 29. . 138.78 117.49 418.!
YDRO83W. RRP8 1 34 0. 1047 .2! 343.98
YDR084C TVP23 54 10. .1 334.
YDRO085C AFR1 .6: EX T 336.!
YDRO8IW. YDRO89w 5 1.4 .7 339
'YDR090C YDR090¢ K .| 5 . . . . .4 332.
'YDR090C YDR090c K X . 4( X . .74 4. .54 274,
YDR092W. UBC13 . 5 .1 5 5 T 7. .81 263.98
YDRO92W. UBC13 .2 X 1 0 229.;
YDRO93W. DNF2 .66 & . . . .| 332
YDR094W. YDR094w B 5 . .84 . X . 44 300.
YDR095C YDR095¢ K X X X .04 ¥ X 5 297.
YDRO96W GIST B X 5 X K ¥ X X 278.
YDRO97C MSH( 5 .94 K X .. . 330.;
YDR098C GRX: 94 X 319.
YDRO9IW BMH: 6 34 10. 330.
YDR100W. TVP15 94 1. 329.9
YDR101C ARX1 7 7.9 299,
YDR102C YDR1020 6 54 14, 327
YDR103W STES 1 3 6.5¢ X X . X | 303,
YDR104C SPO71 K 5 8.8’ . X X K . 308.
YDR105C TMS1 E 5 0.4 . X T . 283.
YDR107C TMN2 84 0 14.44 X X X X i 324.
YDR108W. GSGT 7 15.29 ¥ 5 E X B 324.
YDR109C YDR109c 1 1 361 X i f K X 3124
YDR110W. FoB1 E X 3.54 . . X 74 . 320.
YDR111C ALT2 E 5 1.34 .. X . 68.3° X 322.
YDR112W. DRT12w. . E X i 6265 | . 309.
YDR114C DR114c .25 27! . X 131.2: 103.5¢ 329.
YDR115W. DR115w 7 5.99 10. X X 7. . 3214
YDR116C MRPL1 E X 6. X ¥ X K . 295.
YDR117C TMAB4 E K 20.! X .. X . X 338.
YORT19W. VBA4 14, X X . X . 327
YDR120C TRMT 54 9.6: X X . b k 319.
YDR121W. DPB4 K 8 .| 1.8 . 19 .. . .| 300.




Appendices

ORFname Suaim Optical density at 600 nm at regular intervals (n) FRUCTOSE TOTAL SUGARS (g TOTAL AMINO ACIDS (mglL)
2 4 5 7 102 118 102 118 102h
YDR122W KINT 7 1 9 2655 | 11 272 8.1 280,
YDR123C INOZ 2 9 124 12008 | 24636 | 239: 533
YDR123C INO2 7 4 99.4¢ ¥ 14565 86, 300:
YDR124W YDR124w 8 7 7 .94 9 244,
YDR125C ECM18 54 34 o4 . 84 07 4 0.7 267.
YDR126W SWFT 820 | 1 7 62, 93 340,
YDR127W AROT 10898 | 10286 | 141 1 250.06 470.
YDR126W MTCS 2. 16. 74 365.
YDR129C SACG 54 . 332,
YDR130C FINT 7 .7 ; 309,
YDRI31C YDR131c 9 ) 3 5 ) 24 307,
YDR132C YDR132c 1 Kl 2 27 04 X 31 316,
YDR133C YDR133c 5 26 I 1 Xi I 4 52 290,
YDR134C YDR134c 29 49 X 475 87 36.09 76.88 322
YDRI35C YCF1 o7 1 7 4 7.69 65 ; 4598 86.27 341,
YDRI36C VPS61 24 3 0 8.91 61 4. 33.07 8291 343,
YDR1ZTW RGP1 16 3 4 X 5 10 17.87 ¥ 300
YDR136W. HPRT 14 1 0 108.08 A7 240.85 21097 445.
YDR138W HPRT 64 5 3 3 7 1271 113,51 I 353,
YDR139C RUBT 7 1 34, 54 341.
YDRT40W MTQ2 7 2 343,
YDR142C PEXT F 9 1 307,
YDR143C SANT 41 54 34 84 309;
YDR144C MKCT 7 7 34 3 0 T 304,
YDR146C SWis 2 34 0; L 286,
YDR14TW EKIT 54 7 54 5 ¥ 289;
YDR14TW EKIT 3 1 2. 5. X 2714
YDR146C KGD2 04 7 103.46 95. 125. 228 42
YDR149C YDR149¢ 3415 14, 1 326
YDR150W NOMT 28254
YDRI51C CTHT 2 31371
YDR152W GIR2. 24971
YDR153C ENTS5 252.9
YDR154C YDR154c I 288
YDR155C CPRI ) .40 X g 290,
YDR156W RPA14 24 8 5 z 34 7. E 258,
YDRISTW. YDRI157w 30 7 .5 i 9. A7 3. B 272,
YDR156W HOM2 7 0 1 0 3 7 X 67.30 11951 | 87.01 331
YDR159W SAC3 1 1 7 7 119, 112.81 198. 173.85 401.
YDR159W SAC3 9 8 7 6 104 94, 172 145.99 394,
YDR161W YDR167w 2 7 0 1 E 877 76.22 313;
YDR162C NBP2 8 1 7 14 07 749 231 321
VYDR163W CWCT5 5 2 07 5 . 314
YDR165W. TRM82 04 5 17 4T .54 302.
YDR169C ST83 1 4 2 . 283
YDR169CA YDR169c-a 2 6 5 X .78 308
YDR171W HSP42 0 1 9 33 61 ¥ X ¥ 273
YDRI73C ARG62 B4 14 342 14 45 246
YDRI74W HMOT 5735 4336 X 90.77 155.95 13414 299,
YDR175C RSM24 1271.20 3 142, 10036 | 270.04 138. 517.
YDR176W NGGT 38, 2 44 132 100 363
YDR176W SDHA 2. .07 2. 273
YDRI79C CSN9 8 11.02 32 ; 6. 294
YDRI79WA YDR179w= T .76 8 1. 284
YDR1T9W-A YDR179w-a 8 I 38 5. 267.
SASY 5 30, 108.01 334,
YDR182W-a 7 59 293
PLPT - 4 ; 75. 311
ATCT 8 3 I 44 102,97 ) 329
UPS3 5 3 4 T 9539 73 33327
YDR186c % 1 54 9 5 27 371 25764
HST4 1 7 13 3457 377 288,
NUP42 1 0.99 10.2 114 273
YDR193w 4 1.1 23.84 2570 | 271,
MSS116 2 12332 | 1416 2105 517
YDR194w-2 3 19 57.91 67.52 309;
YDR195W REFZ 2 5 7 206 824 105.96 ] 264
YDRISTW BS2 9 9 2.01 3841 12347 195.4 13552 374
YDR198C RKM?2 54 7 g 33 493 56.7 38, 281,
YDR199W YDR199w 0 6 251 11 774 102 69, 326
YDR200C VPS64 B 5 2 1241 77 . 99.4¢ 7. 278
YDR202C RAVZ 09 3 75 37, 3097 87 2 124 113.24 3084
YDR203W YDR203w a7 7 9 43.96 2747 | 98. E 142. 107.98 355
YDR20AW COQ4 8 9 34 1285 12981 133 140.3 261, 27047 519,
YDR205W MSC2 6 3 7] 157 9 509 60.22 328
YDR206W EBST 0 6 4 1 162 464 401 4482 37,
YDR207C UMES 6 7 1492 w“; 324,
YDR209C YDR209¢ 7 63 21
YDR210W YDR210w 276
YDR213W UPC2 281
YDR214W AHAT 283.95
YDR215C YDR215¢ 8 3 28711
YDR216W ADRT 7 . X 30096
YDR217C RADY 7 94 344,
YDR216C SPR28 I 316
YDR219C MFBT 14 T 289,
YDR220C YDR220c 3 y 1. 315
YDR221W GTB1 5 26 9 4 . 281.
YDR222W YDR222W 34 0 0 T z 4. X 262
YDR223W CRF1 3 2 0 ] [ X 1. 259
VDR225W HTAT 1 9 2184 453 2. 5. 280
YDR226W ADKT 3 6 7 37 444 il 5: 261.
YDR22TW. SIR4 54 04 34 174 17.04 183 18.14 274,
YDR229W %zl 1 02 X 4656 3967 535 454 270,
YDR230W YDR230W 5 91 12819 | 14561 14758 275.14 275.17 515,
YDR231C COX20 I 04 11627 | 125, 118,71 24790 234.98 513,
YDR233C RTNT Ki 54 154 9.04 61.70 102,95 7743 329.
YDR23AW VsS4 7 1 1.24 441 24.44 .3 296.
YDR23TW MRPLT 1 7 24,71 75.07 13771 294,
YDR239C YDR239 54 7 7 0 44 342 8146 311
YDR2ATW BUD26 1 6 4 48, 264,
YDR242W AMDZ 0 X 7154 322,
YDR244W PEX5 4 4 4. X 301
YDR245W MNNTO 7] 8 2 271,
YDR2A6WA YDR246w-a 324,
YDR2ATW VHST .93 321,
YDR248C YDR246¢ . ; 313
YDR249C YDR249¢ 73 7 351.
YDR250C YDR250c 73 4 z 354,
YDR251W. PAMT .7 45, 320
YDR252W BTT1 3 9. 341
YDR253C MET32 8 4.2 0. 335
YDR254W CHL4 4 2 110, 374
YDR255C RMD5 94 X& 313
YDR256C CTAT 74 I 335
YDR257C RKMZ 80 331.
YDR258C HSP78 )7 . 337.4
YDR259C YAPE . 65. .. 64 | 349,
YDR260C SWMT 1 4 1173 1224 119 233 463,
YDR261C EXG2 9 6 1 53 293
YDR262W YDR262w 4 2 296,
YDR263C DINT. 54 .74 . 305.;
YDR264C AKRT .3; .84 301.¢
YDR265W PEX10 .55 297,
YDR266C YDR266¢ 36 X g ) 289
YDR268W MSWT 12439 | 12837 | 145 114 428,
YDR269C YDR269¢. 2. 6.64 330,
YDR270W CCC2 7.0 309.
YDR271C YDR271c. 4 94 .74 317.4
YDR272W GLOZ 04 44 308
YDR273W DONT 3 297.
YDR274C YDR274c. 7 297,
YDR275W BSC2 94 .. X . 283
YDR276C PMP3 3 1 12 115 7. 5.54 3134
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Appendices

ORF. | Optical density at 600 nm at regular ntervals (h) GIUCOSE ERUGTOSE] TOTAL SUGARS (of) _{SEINAERN OGS i
.name Strain

26 4 5 ! 102h 118h 102h 8 102 8 102
YDR277C MTH1 94 147 0 3 744 9.81 .77 54.. .7 307.
YDR278C YDR278¢ 94 1 .87 11.55 7.} .70 303.
YDR279W. RNH202 34 X 8. 294
YDR281C PHM6 94 10.38 10.88 . . 316.
YDR282C YDR282¢c 94 6.4 X 34. 34. .. 293
YDR283C GCN2 -0. 54.. 4. 8 301.!
YDR284C DPP1 0 2794
YDR285W. ZIP1 54 . 312.
YDR286C YDR286¢c 34. 303.;
YDR28TW. INM2 . . 288.
YDR289C RTT103 121 54.. 319,
YDR290W. YDR290w b4 9 24.7¢ 344,
YDR291W HRQ1 94 K 0 0 11.86 . X . 5 297.
YDR293C SSD1 7 .51 0 3.84 21.5¢ 19. 25.28 23! 271.
YDR294C DPL1 .49 0 6.11 21.2( 2474 286.
YDR295C HDA2 .22 RE 137 32.3¢ 34.56 211.
YDR296W. HR1 .04 9 123.76 151. 1 27541 418.¢
YDR29TW. SUR2 .55 0 3.28 19.¢ 134 22.51 16.. 302.f
YDR298C ATPS .19 27 0 7! 2.7¢ 57.¢ 31.61 8.2 34.39 249.
YDR300C PROT .07 1 1 123.74 145.! 111.99 piil 235.74 436.
YDR304C CPR5 47 X 7 5.1 42. 34.05 9.4: 39.24 304.!
YDR305C HNT2 .42 5¢ %4 5.1 45, 33.49 1.8: 38.59 299
YDR306C 'YDR306¢c 45 A 3 3.2 42.! 1227 8.7: 15.55 300.
YDR30TW. YDR307w. 94 .49 1 8 .56 293,
YDR309C GIC2 7 1 279.
YDR310C SUM1 8 7 303
YDR312W. SSF2 b4 %4 E 308.
YDR313C PIBT 94 1. 298.;
YDR314C RAD34 . 24. . . 282,
YDR315C IPK1 T 23.54 21.88 7.4 .94 101. 3234
YDR315C IPK1 B 1 1325 5 9. 288.!
YDR316W. OMS1 1 3. 7. .| 258.f
YOR317TW. HIM1 94 0! 6. 384 | 5. 291.
YDR318W. MCM21 7 Ni 9 24, 5 102. 102.2. 333.
YDR318W. MCM21 8 .9 1 9 7.9 84.1 X 110. 53.9 327.
YDR319C YDR319¢ 9 .0 1 . 4.7 0. 33! 58.64 38.3! 304.43
YDR320C SWA2 K 9 2 1 1 .30 17.54 3. 64. 100.92 81.6: 319.;
YDR321W. ASP1 4! 11 4 .87 3.1 .S 12.30 45. 15.47 297.
YDR322C-A TIM11 04 1.4¢ 53.. 16. 6228 | 183 309.
YDR322W PL35 11 87.67 131, 131.51 22691 | 219.1. 409
YDR323C PEPT 28.38 34.12 82, 102.52 117.¢ 3294
YDR326C P2 7 .01 11 . 15. . 16.1 321
YDR329C PEX3 04 9 11.94 .94 .8t 299.98
YDR330W. UBXS 34 7.04 7! 304.
YDR332W IRC3 417 .84 283!
YDR333C YDR333¢ 3.83 284.
YDR334W SWR1 1 19.28 322
YDR335W. MSN5 3¢ 14 84 .02 29 283.
YDR336W. YDR336w 4! 7 .04 3! 292.
YDR337TW MRPS28 8 1 4. 291.;
YDR338C YDR338¢. i 7 1. 313
YDR340W. YDR340w 71 04 9. 314.
YDR344C YDR344c 75 9.9¢ X 314.
YDR345C HXT3 7 21.2! 101 332.
YDR346C SVF1 2 300.!
YDR347TW MRP1 7 1 542.
YDR348C YDR348¢ 1 1 9] 311.92
YDR349C YPST. X -0.07 336.24
YDR350C ATP22 0. 04 12¢ 119.45 23 542.99
YDR351W SBE2 14 84 8 .0 -0.01 0. 3134
YDR352W YDR352w 3 8 04 .1 5. 270.;
YDR354W. TRP4 94 7 17 3 26.26 356.
YDR357C YDR357¢c 54 9 4 .27 297..
YDR358W. GGA1 4 [ 1 .51 304.
YDR359C EAF1 34 8 6 14.0¢ .0 330
YDR360W YDR360w 7 B 2 21.71 17.¢ . 369.
YDR363W. ESC2 8 21. 15.! 76. 342.96
YDR363W-A SEM1 [ 33. 15.! 8. 351.
YDR364C CDC40 B 7. 734 182.¢ 461.;
YDR368W YPR1 9i 144 5. 348
YDR369C XRS2 A 47. 42.4¢ 401
YDR370C YDR370c 9 17 308.98
YDR371W. CTS2 9 .15 - 312.96
YDR372C VPS74 34 7 313
YDR374C YDR374¢ 8 1 K 296
YDR375C BCS1 8 1 1 12215 119.96 536.1
YDR3TTW. ATP17. 0 119. 118.81 K 536..
YDR378C LSM6 ! 54. 46.84 140.31 346.44
YDR379C-A YDR379¢c-a 10.: 311,
YDR379W. RGA2 16.. 3294
YDR380W. ARO10 9! 298.
YDR382W. RPP2b .4 291.
YDR383C NKP: 11.62 316.
YDR384C ATO: 0. 316.!
YDR385W. EFT: 0.08 5 3174
YDR386W. MUS81 84 34. 308..
YDR387C YDR387¢c 320.
YDR388W. RVS167 54 X 295.96
YDR389W. SACT 6 7. 352,
YDR391C YDR391c 1 84 11.22 319.!
YDR392W. SPT3 44 30.04 374.
YDR393W. SHE9 293.
YDR395W. SXM1 269
YDR399W. HPT1 298.+
YDR400W. URH1 307.¢
YDR401W. YDR401w. 34 294.
YDR402C T2 K 54 307.
YDR403W. IT1 4 307.¢
YDR405W. IRP20 7 517.
YDR406W. PDR15 94 1 330,
'YDR408C ADE8 489.
YDR409W. Siz1 310.
YDR410C STE14 314
YDR411C DFM1 X 300.;
YDR414C ERD1 .04 294.
YDR415C YDR415¢ K X 294.
YDR417C YDR417¢c 5 9] Al 323.9
YDR417C YDR417¢ 14.59 .01 325.1
YDR418W. RPL12b 34 1 296.!
YDR419W. RAD30 9 04 298.
YDR420W. HKR1 9 5 7 . 293.
YDR421W. ARO80 84 .01 1 44. . 298.
YDR422C SIP1 4 10.25 5 .44 302.
YDR423C CADT 11.64 54 322
YDR424C DYN2 .54 339.
YDR425W. SNX41 14 305.
YDR426C YDR4260 309,
YDR426C BNAT 2974
YDR430C CYMT . . 281,
YDR431W. YDR431w. 7 .4 36.. 299.
YDR432W. NPL3 44 1 125. 332.
YDRA433W. YDR433w. 04 84 3.7¢ 7 44 23 301
YDRA433W. YDR433w. 04 50. 14 107.2 344
YDR435C PPMT 54 10.14 315.
YDR436W. PPZ2 .21 K X 274.
YDR438W. THIT4. 17 10. K .14 320.
YDR439W. LRS4 19 4. .60 336,
YDR440W. DOTT 54 29 . 116. .46 337
YDR441C APT2 i .6 20, 295
YDR442W. YDR442w. 0 21.54 1 108.: .56 344.
YDR443C SSN2 T .61 . . .28 363.92
YDR444W. YDR444w 0 X 4. 34, . 297.46
YDR445C YDR4450 7 .08 X 31 .73 309.57
YDR446W. ECM11 20 .44 1.1 13. 34.34 14.56 309.11
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ORF. | Optical density at 600 nm at regular ntervals (h) GIUCOSE ERUGTOSE] TOTAL SUGARS (of) _{SEINAERN OGS i
.name Strain

2 3 4 5 ! 102 118h 102 118h 102 118 102
YDR447C RPS17b 7 129 8 9 .0 0.95 25. .86 2125 | 108 305.
YDR448W. ADA2 .32 1 64 31.34 101.; A7 154.94 122 360.
YDR448W. ADA2 7 4 6 2. . 9 118 82.! 326
YDR450W. RPS18a .38 7 0 g X . 328.
YDR451C HP: .37 04 .34 K 5 286.
YDR452W. PPN 1 304.
YDR453C TSA K 7 . .S X X .S g b 290,
YDR455C YDR455¢ K 5 184 5 5 .S . 3 373.!
YDR456W. NHX1 K 5 25. 5 . 60.61 104.64 3 389.
YDR45TW. TOM1 B .| 22, .64 . 57.35 . .S 343.
YDR458C HEH2 K 9 X 3 .69 7] . 2 . A 298.68
YDR459C PFAS K 03 . 3 .89 .75 . . .82 301.1
YDR461W. MFA1 i 66 K 0: .73 .97 2. 24 X .22 301.0:
YDR462W. MRPL28 7 0 5 22 18.02 5 64. K X 54.7. 320,
YDR463W. STP1 5 14 .. X 5 ¥ g 5 270.;
YDR465C RMT2 7 21 308.
YDR466W. PKH3 1 06 . 304.
YDR467C YDR467¢c 7 K 1 . 31 2 5 . . 71.64 3234
YDR469W. SDC1 5 4 69 04 .22 1 .00 62.( .37 71.86 325.44
YDR470C UGo1 19 8 .66 79 90.¢ .59 128.98 108, 347.
YDR470C uUGo1 44 1 77 .01 109. .07 164.76 142 368..
YDR4TIW. RPL27b A7 7 A7 .59 63. .84 79.81 48.4 337.!
YDR474C YDR474c 52 8 .18 .44 69. 11 90.04 48.5 335.
YDR475C JIP4 9 i 7 74 11 06 .87 95 284.
YDR475C JIP4 5 9 94 18.51 .04 7 330,
YDR476C YDR476¢ 7 8 97 .7 04 19 302.!
YDR4TTW. SNF1 1 4 24. 4 307.!
YDR479C PEX29 94 94 4.9 8 302.¢
YDR480W. DIG2 K 5 9! X . K 0 276.
YDR481C PHO8 K 54 5 1.99 X 5 X 5 X 295.
YDR482C cwea1 i K X X 5 . g g 293
YDR483W. KRE2 5 .S 4 .27 5 R . . 1 309
YDR484W. PS52 9. 5 261.
YDR485C PS72 7! .09 6. 329.
YDR485C PS72 [ 4.82 1 X 100.9: 316.44
YDR486C PS60 B 2 8 5 14 ¥ 21.59 0 2534
YDR488C PAC11 94 B 6 i .93 12.29 0. 8.87 72.50 42.85 291
YDR490C PKH1 .3 95 .16 19.98 13.61 89. 333.
YDR491C YDR491c 1. .33 14.61 5 X 73. 330.
YDR492W 1ZH1 9 7 15.12 7 . 44 8. 3214
YDR493W MZM1 2 3 4.5 42. 288!
YDR494W RSM28 64 6 15.39 34 75.92 3194
YDR495C VPS3 1 .21 [ 6 5.2 353.
YDR496C PUF6 ! 7 6.9 04 280.
YDR497C ITR1 T 1 1149 14. 307.¢
YDR500C RPL37b B 1 2 0. 229.!
YDR500C RPL37b 1 T 3 4. 0. 282.f
YDR501W. PLM2 8. 264.
YDR501W. PLM2 K E K X X ¥ X .S X 274.
YDR502C SAM2. . K . g ! . 306.
YDR503C LPP1 . . . . .S 3 286.48
YDR504C SPG3 9. 284.
YDR505C PSP1 K 1 249,
YDR506C YDR506¢c K 04 1 . 273.
YDR506C YDR506c 3 E 1 71| 315.;
YDR507C GIN4 127.93 135.31 13; 25324 | 277
YDR507C GIN4 04 .71 4 52.44 249.
YDR508C GNP1 .12 K 1.7 340.9
YDR509W YDR509w K .07 2 .7¢ X 7. 31770
YDR511W ACN9. 9 7 1 .53 94. 349.9
YDR512C EMI1 9 1 9 . 1 9. 312.7
YDR512C EMIT .2 .99 T 3. 10.21 289.43
YDR512C EMIT 4 17 37.61 .16 1.4 11.51 287.92
YDR513W. GRX2. 3¢ .19 . 4.4 4 21 1 271
YDR514C YDR514¢c 3 2 .94 21.3( 3 2 1 2224
YDR515W SLF1 1 6 5 .24 43.74 24.12 0.64 2 307.¢
YDR516C EMI2 B 7 8 .94 .16 255.
YDR517W. GRH1 Tt 34.84 230.
YDR518W EUGT B .47 282
YDR518W EUGT 84 44.16 g 262
YDR519W FPR2 06 . .78 9. 299
YDR520C URC2 04 4 74 .3 0.8 0. .0 1.4¢ 253.9
YDR521W. YDR521w. 34 7 Kl 36.0! 22.7° 68.¢ 321.
YDR522C SPS2 1 2 094 | 0.7 0f 5.9¢ 236.1
YDR523C SPS1 3 0 12389 | 121.20 136.97 128, 534
YDR524C AGE1 5 1 1.0¢ 0.7: 2 1 286.
YDR524C-B YDR524¢-b 5 E .44 301.
YDR524W-A YDR524w-a 5 299.
YDR525W. API2 7 . K . . . . 2914
YDR525W-A SNA2 54 g .. . .S 5 . 293.¢
YDR528W. HLR1 5 1 K . X X 1.1 . . 294.
YDR529C QCR7 B .| 10.27 . 344 318.
YDR530C APA2 .74 34. 309.
YDR532C YDR532¢ 118 107.55 310.;
YDR533C HSP31 i . . K 45! 265.;
YDR534C FIT1 K .. . X . 5 19. 231.
YDR535C YDR535¢ B 54 K .39 70.4 328.98
YDR536W. STL1 .35 2! 60.( 188.93
YDR537C YDR537¢ 7 1 .3 61. 306.!
YDR538W. PAD1 7 1 .46 3 47, 299
YDR539W. FDC1 B 77 7] 5 .80 309.
YDR540C IRC4 7 Tt .94 .61 307.
YDR541C YDR541¢c 9 0: .67 300.
YEL001C IRC22 7 0 .84 302.¢
YEL0O3W GIM4. 4 6 5 5 2 270.;
YELOO4W YEA4 9 7 0.4 298.
YEL005C B 7 7.4 318.
YEL005C VAB2 34 B 2 84. 317.!
YEL005C VAB2 34 B¢ 3 84. 327.;
YELOOW YEAS T 1 ¥ .S 309
YELOO7TW YELOO7w 6 B K 13.02 X .4 . X X 315.
YELOOSW YEL0O8w 94 . K .44 . 34. . . X 284.
YEL009C GCN4 286.
YELO1OW YELO10w 299.
YELOTIW GLC: 334.
YELO12W UBC: K 300.
YELO13W VAC! . 4 s 318.99
YELO14C YELO14c 1 04 318
YELO15W EDC: 1 283.!
YELO16C PP 6 .01 296.2
YELO17C-A PMP: 7 .06 L 7 308.
YELOT7W TT: 17 1 290.1!
YEL020C YEL020c 9 304.7
YELO22W GEA2 7t 7 287.54
YEL023C YEL023c E X X 21. 294.
YELO24W RIP1 K X 111.80 245. 415.
YEL025C YELO25¢ 54 8 313,
YELO2TW. CUPS 04 283.
YEL028W YEL028w. 54 292,
YEL029C BUD16 336.
YELO30W ECM10 E 278,
YELO3TW SPF1 8 7 14 196.
YELO33W MTCT 1 B 8.2 265.!
YEL036C ANPT 9 94 4 119.58 230.30 475.
YEL037C RAD23 B 34 X ¥ . X ¥ 2.8 278.
YELO38W UTR4 E K X . X . ! 6.0: 286..
YEL039C CYC7. 4 . E ¥ . . 6.7: 278.
YELO4OW UTR2 7 X ¥ X 13. X 14.14 292.
YELO4TW YEF1 B . X . X .6 282,
YELO41W YEF1 1 .84 14 .. 276.
YELO42W GDA1 1 22.04 22. 296.
YELO43W YEL043w. 3 5 282.
YELO44W IES6 7 . 6 I 323.
YEL046C GLY1 1. 95.79 117 106.21 212.94 186.07 474.
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ORF. | Optical density at 600 nm at regular intervals () GEIGOSH ERUGTOSE TOTAL SUGARS (o) |EIEEERENINCEESIIEIN
name Strain

2 3 4 5 7 102h 118h 102 11 102 118h 102h
VELO47C VELO4Tc 3 | 14 2 67 L X 9 10.09 295
VEL048C TCATT 04 .07 51 94 5. 5.20 292.
VELO4OW. PAUZ 2 .02 2 713 289,
YEL050C RML2 8 34 X 44 97| 5037 313
VELOSTW. A8 7 61 2%, 4 123) 108.85 321,
VELO52W. AFGT 3. [ X 293
VEL053C IAKTO 5, 53, 295
YEL054C RPL12a 13 75. 328
VELOS6W. HATZ iz 50 04 49, 300
YEL057C VELOS7c 0 56 X 423 | 2. 293
VELO59C-A SO o 4 100.25 16 131 23195 | 178. 423
VELO5OW. VELO59w 6 4 o4 7037 59.19 11 18207 | 160.26 4054
VEL06OC PRBI 8 0 4 10. 2 56.1 66.37 3 305
VELO61C CINg 3 1 1. 34 255.44
VELO62W. PR2 o4 1 54. 279
YEL063C ANT 1 1 7. 239
VEL064C AVT2 1 1 ) 5. Y 3124
VELOG5W. T1 o 14 2 3.48 } 9. X X 300
VELOG6W. HPA3 o4 1 597 373 4 54.43 I 308
YEL067C VELO67C 6 74 77 A7 54, 304
YEL068C VELO68c o4 1344 8.44 45 326.
VELO7IW. DLD3 7 1041 413 : 64 I 3124
VELO72W. RMDS 6 6 28 016 70 57 4 300
VEROOTW MNNT o4 7 2 54, 6455 303
VER002W NOP16 3 7 741 334
VEROO4W FMP52 9 6 7. 3234
VEROOSW YND 14 7 7 8. 328
YER007C-A TMAZ0 54 7 84 330
NERI PAC: o4 } Z 7. 322
YEROOT PAC: 7 19 2 4 263
YEROOT PAC2 23 1. X X 306,
YERO10 YERO10c 7 0. 124 34, 335
YEROTIW TIRT ] 0. 12. . . 43|69, 308
YEROT4C-A BUD25 91 124, 124 142.2 106. 26656 | 22714 475
VEROTAW HEM14 1 05 04| 12623 | 12 1238 119 250.05 24001 286
VEROTSW FAAZ 0 3 o 4 37 0. 3713 5.1 40.86 59 2734
VEROT6W BIMT 2 5 E .07 5 16.5 3 6339 3192 79.99 35.26 315
VEROTOW BIMT 2 5 7 % 7] . 3842|3763 4083 I3 249
YEROT7C AFG3 1 1 72, 124.2 122,71 208.36 195 41487
YERO19CA SBH2 4 9 67.1 5.12 51 38 351,
YEROTOW 7sC1 3 8 615 1.24 .72 34 329,
YERO20W GPAZ 5 7 ] 49.4 1.04 53 3. 343.
VER024W YATZ 40 5 10 24 3 16.9 4. 7% E 3304
VER027C GALS3 06 2] 76 o7 4 11. 7. 64 305
YER026C MIG3 7 7 74 0 7 19 T 34, 337,
YERO3OW CHZT 3 3 01 7 8 2. 3. : 356.
YER031C YPT31 9 7 16 9 7 47 1. 3. 284,
VER032W FIRT 9.42 4. 338
VER033C ZRG8 6 30599
YERO34W YERO34w 0 305
YERO35W EDC2 301.
VERO3TW PHMS L 259
YERO038W-A Unknown T 4. 338,
VER039C HVGT 4 4. 34, 344
YER039CA VER039c-a z X 3%6.
YERO4OW GLN3 7 1. 4. 364
VERO4TW VENT 3 5. 349
VER042W MXRT 2 y 7. 346
VER044C ERG28 0 7 .7 .94 B 303
YERO#CA MEI 7 5 11 54.64 X I 46.18 340
YER045C ACAT 8 6 2041 7. 2412 96 .04 355.
VER046W SPOT3 04 7 23 1 1 34, 54 4058 293
YERO46W-A Unknown .07 1 11. . 2. 44 34.70 333,
VER047C SAPT 13 4 15 4. 34, 49 37.24 3354
YER048C CAJT 6 8 g 7.0 51 7.14 284,
YERO4W TPAT 3 3 17.1 4.1 3. 40 3027 334,
VER050C RSM18 95 108, 60.61 112,81 23743 | 173, 438
VERO5TW JHDT o7 64 4. 357.
YER052C HOM3 71 y 324,
YER052C HOM3 72 4. 304
YER053C PIC2 %0 . : X 350.
VER054C GIPZ 3 7 2 18. 5. 8413 | 3 343
VER055C HIST B4 7|12 128.62 25482 | 231 531.
YER0S6C Fovz 6 1 32. 44 106. 62, 376,
YEROB6CA RPL3% 7 9 2. 27 . 95, 52 383
YER057C HMFT 8 1 11. 62 10. 67. 10. 321.
VERO59W PCL6 7 o7 28.49 27 348
VERO60W Fovar 7 .59 X 314
YEROGOW-A Fovaz 1 1577 64 : 1 324,
YER061C CEMT 7 o 5 ; 7 285
VER062C HORZ 9 .94 341.54
VERO63W THOT 1 31892
VER064C VERO64c 7 7 I 334,
YER065C TCLT 2 0 331,
YER0B6CA YER0B6c-a 54 1 7 i 350.
VERO66W RRT13 54 04 54 312,
YERO67C-A Unknown } X 352,
VERO6TW VERO67W 31 .94 353.
YER0GECA 4 4 . 431 } 330
YER06GC-A Unknown 8 6 16.59 43.04 273
VERO68W MOTZ 54 4 729 121,71 190.15 352,
VERO6IW ARG56 54 2138 | 6.4 X 348,
YEROTOW RNRT 04 12246 | 12337 111.20 | 268.26 475
YEROTIC YEROT1c 1 113 21 70. 292,
YEROTZW vCT 0 7.76 } 14 55 306.
YEROT. ALD5 34 9.50 29 63.72 3064
YEROT. RPS24a 2170 102.61 3864
YERO75C PTP3 21.78 E 342,
YERO76C YERO76c 4 124 232
YEROTTC YERO77c 04 04 12.66 308.7
VER078C 1CPS5 3 876 285.43
VEROTIW VEROT9W 1 .0 ! 341.7
YEROBOW AIM 4 .7 14 I 332
YEROBTW SER3 117.26 353,
VER083C GET2 320
VER084W 9 314
VEROB4W VER084W 7 . 275
YER5C VEROB5C 0 58 7 338,
YEROBEW [z 5 E 54 287
VERO86W LV 7 84 } 7 X 35092
YERO87C-A YEROS7C-A .59 .04 X X 4 310,
YER087C-B SBHT 4. 293
YEROBTW AIMT0 2 8 69 276
YER088C DOTE 54 1 327.;
VER089C PTC: 3 X 3 322,
VEROSOW TRP. 4 I 4 7 284,
YER091C MET 7 .6 . 1. 308.!
YER091C-A 34 6 .79 15.04 . 351
YER091C-A YER091c-a 2 31 . 50. 3034
VER092W IES5 6 67 343
YER093C-A AIMTT 6 71 331
YER095W RAD51 34 3621
YER096W SHC1 1 316.;
YER097TW YER097w 84 4 330.!
VER098W UBPY 1 Z 3 345
VER099C PRS2 7 .44 B 252,
YER101C AST2 1 & . 300.!
YER103W. SSA4 6 9 94 134.68 310.37 275
YER105C NUP157 1 T 9 . 287.¢
VERT06W MAMT 6 T 295
VER108C VER108C 5 T 309
YER109C FLO8 4 T . 305
YER109C FLOB 5 9 48| L X 9 288
VERT10C KAP123 7 9 91 13335 | 130, 1 264.32 29556 273




Appendices

ORFname Suaim Optical density at 600 nm at regular intervals (n) GLUCOSE FRUCTOSE TOTAL SUGARS (g TOTAL AMINO ACIDS (mglL)
2 3 4 5 78 102 11 102 8 102 B 102
YER111C SWi4 7 1 74 1 1 .64 .. E . . 324
VERT13C THING 2 : 94 X ) . 336
VERT14C BOI2 F 2 64 ¥ X I ¥ 322,
VERT15C SPR6 } 4 1 1 . ; ] 306
VERT16C SIX6. I 54 ) X 5 1 322
VERTITW RPL23b I 87 .7 302
VER118C SHO{ E 7 - .04 310,
VERT19C AVT6 I . 7 61 . 32,
YERT19C-A VERT19c-a I ; 4.05 12. 335,
VERT20W 5CS: o7 7.74 320,
VERT21W VERT21w NI I 69 g I 285,
VER122C GLO! NIl 0 I 9 12563 | 12351 2324 344
VER123W YCK! 7 7 5 E 1 1218 09; 1413 336,
VERT24C DSET 7 E 1 82 339,
VER128W VERT28W 9 09 34 328,
VER129W SAKT 3 14 .04 329
VER130C VER130c 34 %5 i 301
VERT31W RPS26b 5 8 07 5 1234 6 32321
VER132C PMDT 7] 1 1473 31
VERT34C VER134c 7 9.58 64 330.
VER135C VER135c 7] 1375 336.
VER137C VER137c 2] 13.03 64 326.
VER139C RTRT 1 4 1536 . 320,
VERT40W VERT40w 0 3 0 11.63 64 64 2. 34347
VERTAIW COX15 4 7 1 61 7 333
VERT42C MAGT 6 1 332,
VERT43W DDIT 04 2 333
VERT#C UBPS 5 4 1 36 333
VERT45C FIRT 7 1 54 94 4 .92 312
VERT49C PEAZ 8 1 0 271,
VERT50W SPIT o4 7 291
VERT51C UBP3 3 4 276.
VERT52C YERT52c 3 : . ; X L E 302,
VERT53C PET122 7 9 13567 | 13696 | 133 134, 26934 | 21154 321,
VERT54W OXAT 8 9 13320 | 14130 | 121 138, 260.89 27936 31,
VERT55C BEMZ 9 7 5.6 21 431 X 49.49 4 286,
VER155C BEM2 9 59 0.4¢ 3 18; 1187 18.97 1319 200.02
VERT55C BEMZ 9 392 231 36.79 21 212,
VERT56C VER156c 8 3137 2481 11430 101 335,
YER156C YER158¢ 54 16.03 1.7 79.12 19. 331
YERT61C SPT2 8 25.05 20.08 103.24 90. 360
YER162C RAD4 70 74 2.2 154 34, 307
VER163C VERT63c 04 29 o7 9 8 E 39; 303.
VERT64W CHDT 16 iz 4 4 84, 70. 31
YERT66W DNF1 7 6 7 z 4 04 52 296.
YERT6TW BCK2 0 6 54 42.85 133 7. 369
YERT69W RPHT 5 9 6| 149.34 144.0 293.1 291 308
VERTTOW ADK?2 0 84 15.4 323
VER173W RAD24 54 129 322
YERTT4C GRX4 E 321
YERTT5C TMTT 4 285
YERTT5W-A VER175w-a ) ; 54 4. X 322.
VER176W ECM32 ) 4 6 4 34 . 304.
VERTTTW BMH1 7 7 ; 7 297.
VERT76W PDAT 7 11 94 3 302
YERTTOW DMCT 9 iz 9 265
VER180C 1SC10 } 4 I 4 1.9 94 2334 281.
YER180CA SLOT } ; 4.64 48 321.
VERT81C VERT81c 22 3029
YERT82W FIP10 3 34 7 1424 37.94 29824
YER183C FAUT 0 9 6 7 5 8. 2 2817 286
YER184C VER184c 0 o7 7 9 7 9 04 278
VER185W PUGT 7 1 54 283.
VER186C VER186c 0 6 6 04 275
YERTB6WA Unknown 9 7 9 : 277
YERT8TW YERT87w B 7] 7 8; 286
VERT188W VER188W 54 21 7 68, 3329
[ vFLooiw DEGT 26 7 125. 345.56
[ vFLo03C MSHE 2 8 5 77 335,
[ vFLooaw vic2 7 7 4 2K 319,
YFLOOGW. YFLO06W 2 9 8 X 5 54, 68. 335,66
[ vFLooTW BLIM10 F 5 0.7 7 7 276,
YFLO10C WWIT } I 13. 51 325
YFLOTOWA AUAT 1. .97 280
YFLOTOW-A AUAT 1 64 264,
YFLOTIW. HXT10 1 E 97 X 284,
[ vFLo YFLOT2w 18 77 i 8 55. 303,
IEST 21 75 7 72 i 242
Unknown 8 0 84 17. 35 272
HSP12 7 7 0 9.2 254 218,
YFLOT5e 28 1 2 5407 | 256 31
MDJT 13 1 11857 | 11998 | 141 25989 | 228. 470
LPDT I 54 ; ] 1 0. I r 295,
YFLOT9c I X [ 7. X X 287,
PAUS . ¥ I X : . 316
GATT } i I I X X : g . 283
BUD27 4 14, I 320
BSTT 4 4 8. 7 49; 314
STEZ 7 14 102 54 345
GYP8 7 80 11 9 331,
CAF16 7 64 3 1318 329
AGXT 7 0. ) 326.
HACT 2 3 . 336
HACT 3 2 286
YFLO32w 7 2 4 34 289
RIM15 34 55 251.
RIMT5 2%, 295.54
RPL22b i X ¥ 64, 328
YFLO34w X I 48: 283
YFL035C-B ; . 38, 311
RPO41 54 ) 9 X 13412_| 12206 | 13146 551.
YFLO4OW 7 } 7 ; 477 7 336
FET 4 2 304
FLO4Tw-a 2 B X X B I 297.
FLO420 ) ; .7 : X X 34 . 21.
FLO420 ) I .57 I E 04 ; ) 313
FLO13C 6 47 84 320,
oTU7 8 7 7 318
FMP32 7] 7 311
RGDZ 1 299.9
EMPAT. ) ; 1 64 332,
SWPsZ } £ 7 34 330
ALR2 34 7 4 7 324,
YFLO51c 94 T 9 311,
YFLO52w 7 344
DAK?2 6 325
YFL054c 7! 325.!
AGP3 7 0 322
AADE 7 04 320.!
YFLO63w B 2.9 312
Loct 9 7 290.
YFROO06w 4 9! 316.¢
YFHT. 8 324
FART 9 299
GCN20 7 5 1 54 347,
G UBPS 21 7 344,
YFRO11C AIM13 3 )7 265.
| YFRO12W YFRO12w 7 73 3174
YFRO12W-A YFRO12w-a 8 .72 . z . .. . 304
FROTSW. 10C3 I 54 ) 9.97 X } I } . 262,
[ vrroT4C CMKT - ] 7. 0. ; . 3 . 350.
[ VFROT5C GSYT 256 114 L X g X 330,
FROT6C YFROT60 : 756 I I X X 314,
FROTTC YFRO17c - ] i 5.94 64 34.84 [ I 299.

~ 119 ~



Appendices

ORFname Suaim Optical density at 600 nm at regular intervals (n) FRUCTOSE TOTAL SUGARS (g TOTAL AMINO ACIDS (mglL)
26 33 4 5 7 102 18 h 102h 18 102h
[ vFrotec YFROT6C 74 64 0 5 7.44 0.7 7. 32178
G FAB1 30 64 1 7.94 296.95
[ VFro20W YFRO20W 79 2] 290.
[ VFro21W ATG18 57 321
YFRO22W ROG3 77 3 313
[ VFRo23W PES? } 7 1 310,
[ VFro24C YFRO24C 4 8 I 287,
[ VFRO24C-A 1583 7 75 . 321.
[ VFRo25C HIS2 4 0. 04 315
YFRO26C ULTT 7 1 1 1 344,
[ VFRosoW MET10 8 2 3 2. 2. 295,
VFRO31C-A RPL22 54 9 2 7. 4821 X 58 356
YFR032C RRTS 0 ) 7 8 2 1, 2325 54 27, 329.0
[ VFRO32C-A RPL29 28 7 1 } 78 X 7. 331,
[ VFRo32C8 FRO326D 7 54, 54, 305.
[ vFRo33C QCR6 4 14 297.
[ VFro34C PHO4 9 ; 308
YFRO35C FRO350 1 39 X X 294
[ VFRos6W CDC26 3 3 2] A7 63 31
YFRO36W IRC5 04 1 74, 330,
[ VFRossw IRC5 9 a 269
[ VFro35C YFRO39C 04 ] 37 291
VFRO40W SAP155 1 B 111 63.44 . 307
FRO4C ERT5 7 7 87 1 1579 7 . 76 110 328
[ VFRo4sC IRCE 54 04 12 6.13 300.
[ VFro4C DUGT 7 10. .35 305;
[ VFRossW YFRO%5W I 5 296
FRO4SW YFRO45W 3 04 .75 293,
FR046C ONNT 4 1 57 353
[ VFroa7C BNAG 54 1 X &l 320,
[ VFRossW RMDS 0 3 20, 3 300,
G YMR31 7 2 5 287,
[ VFRos3C HXKT 8 1 322,
[ VFrosaC YFRO54c 7 9 2 311
[ VFRos5W TRCT 7 7 79 1 316,
[ VFRos6C VFROS6C 04 ) 5 9 I 2 318
FROSTW YFROSTwW 6 2 2 81 00 1 I I 315
[ vGroozw ERP6 9 6 04 36 33 307,
YGL003C CDH1 ] T 1 71 15,55 73 97 359,
[ VGLooic RPN14 1 9 2 .94 6 46 0 320,
[ VGLoose C0G7 5 7 8 1 0 7 [EX 12 314,
YGLOOGW. PHCT 9 3 8 5 2 46 a 21 g 301,60
[ YGLOOGW-A YGLOOGW-a 3 0 9 1187 X .76 306.
[ VGLoo7c-A YGLO0ca 7 7 459 34 14324 366
[ VoLoorw YGLOOTw 1 0 4882 4 13737 1
[ VoLotow YGLOT0W 3 5 91 472 303,
YGLOTZW. ERGZ 3 9 8 42 60.7 337.
[ voLorow ERGZ 1 71 24,82 974 360,
YGLOT3C PDRT 1 63 455 302
YGLOT4W. PUF4 54 1046 g X 615 308.
[ VGLorsc YGLOT50 0 426 513 24 133, 381,
[ voLotew P122 7 5: 308 5 274,
[V ATET [ 1. 6.7 61 } 298,95
[V KB i 2 1341 ; 4. 373,97
[V GETT 7 7 7 T 2944
[V ALK 8 4 42 [7E 2967
[V PIB2 iz 7 I 5 279,
[V PIB2 6. 64 350.
[ e YGLO24w } 3 13. 3 24 4. 347,
[V PGD1 15 3 2 i 34 97 68 301
v TRP5 3 0 7 5 1 64 ; 34 271
[ v TRPS 57 5 7 9 1 16.0 40561 84 316,
[V CWHAT 5 0 0 3.6 14.85 7 276
[ e SCWiT 2] 7 2] 11.79 3103 64.4 318.9
[V CGRI 0 5 5 4 1 3 1 264,
v RPL24a 9 0 9 5 8; 2 11 296
[ v AGA 3 3 8 69 64 74 342,
[V AGA 54 8 8 97 270
[V HOP: 7] 7 303.
[V HOP: 1 9 297.
v YGLO34c 3 9 3 . I ! 323
[ v MIGT 7 0 T 51 27 144 310 330.
[V YGLO36w 7 . 3 45 27, 337 324 312
[V PNC1 9 1 11.6 64, 53, 8261 64.7 348,
[V OCHI 8 1 11556 | 119, 23649 2324 517.
v YGLO39W 8 T 2 13 75 102,59 716 360
Y YGLO4Te 8.2 722 53.2 335
Y YGLO4Tch 14 110.44 65.1 329,
[ Ve YGL0A2C 3 11992 | 11030 375
[ Ve DST 36 120, 12047 343
[V RIM 3 .34 37
[V RIMS 2 297.
[V YGLOA6W “ 335.
[V TIF4632 10.74 349,
[ Ve TYW3 34 329
[V MST27 6 357.
[V PRME T 7 331,
[V ERV1Z 04 I 10.7 329,
[ Ve SDS23 0 2 7 ; 306.
[ Ve GEPT 3 3 E I 71. . 332
[V RADG 1 7 31, 20, .55 1 7. 0 357,
[V PKP2 7 2] 13 . 22 34 73.2 40.5 330,
[V VBP2 7 20 11.03 24 2. 89,1 3.5 336.
[ Ve PYCT 4 9 121 17 238,
v PYCT 2 58.02 12783 365,
[ v PUS2 7 34 47 16. 311,
[V MRHA 1 115,46 29. 516.
[ Ve SGF73 7 21.2 4 352.
[V NPYT 9 14,6 2 339.
v RPB9 7 14 56 2861
Y AFT1 B 61 9.7 340.98
Y YGLOT26 7 87 851 310,
YGLO76C RPL7a 7 16 102 368.
Y C HNM1 .57 g . 335.!
[ voLorec DBP3 292 1. 329,
[ voLorow YGLOT9W 1 - 54 23,08 344,
[ VGLosow FMP37 a7 1144 3 300,
YGLOGTW. YGLOBTw 1262 24 324,
[ veLosiw YGLOBTwW 11 .56 275
[ VoLosow YGLOS2W .2 309.95
[ VGLosaw SCY1 4 XH) ; 326
[ VGLosac GUPT 1 7] 7.07 ; 94 339,
[ voLossw YGLO85w 5 1 457 12, 7 352,
YGLOBEW. MAD1 1 2 217 1 .. 350,
[ vGLosrc MMSZ 7 X .7 9 z 286.
[ VGLosew YGLOBW 2 7 A 5 24 244,
| YGL08IC MF(ALPHA)2 1 15.8¢ .44 2.1 330.
| YGLogow LIFT 94 11.8; 4.2 331.1
| YC 094C PAN2 1 0 19.5_ . .0° 338.
[ VGLosse VPS45 00 7] 12267 | 12814 | 143 374,
[ VGLosew 7058 47 9 z 7. 61. 331,
| YGL100W. SEH1 4 .2 2531
YGL101W. YGL101w 34 35. 244,
YGL101W. YGL101w 51.] 288
YGL104C VPS73 7 1 ; EX 4 256,
[ veLioic VPS73 i 5 45 2 290.
| YGL105W. ARC1 34 7! . 67.. | 82 311,
[ veLio7c RMD9 4 130.38 12345 _| 255. 325,
YGL107C RMD9 .6 . 255.
[ vGLiosc YGL108c 6 94 296
[ VoL togw YGL109w 11 335.
YGLT10C CUE3 10 295,
| YGL114W. YGL114w 2. . 308.
[ voLtiow SNF4 84 34; 273,




Appendices

ORFname Suaim Optical density at 600 nm at regular intervals (n) FRUCTOSE TOTAL SUGARS (g TOTAL AMINO ACIDS (mglL)
2 3 48 5 7 102 118 102 118 102
YGL117W. YGL117w 1 1 E 1 7 34.5( 8.5¢ 37.6( 9.3 286.
[ VoLirec VGL118c 1 7 33.6 T 3660 | 1195 284,
[ VoLtiow ABCT 7 B 138.4 104 26230 | 22547 496
YGL121C GPG1 7 4 [7X] 1562 288,
[ veLi2ic MONT 6. 102.4 94.2 330.
[ voLt25w 5 7 18.1 54 294,
[ VoL125w MET13 4 9 1 28 86.1 307 322
[ VoL126w 5CS3 7 2 4 X 3 5222 | 3864 296
[ voLiarc SOHT 4 91 91. 90. 15212 | 128565 361,
YGL129C RSM23 9 133.89 128; 13882 | 262 283,97 208,
[ veisic SNT2 2 iz 18.79 7145 54, 902 65.74 316.
[ VoLtsaw YGL132w 3 0 3 80 51 18 59 262 209,
VGLT33W TTCt 1 79 1 2267 80.70 65; 103,37 7779 323
[ voLtsaw PCL10 7 17 54 2179 76 9834 4438 1.
YGLT35W RPLT 7 04 05 X 01 7. 221.
YGL136C MRMZ 0 1178 6. .76 5720 269
R VGL138c o 458 ] 1. 13 3221 280
VGLT3IW FLC3 0 19.26 135 8. a4 73.05 329
YGL1400 YGL140c 5 0 19.3 20 68 87.68 5.9 329,
YGLT4TW HULS 2] i 2 97 81 109.98 60. 331,
YGL143C MRFT 1 9 136 1342|132 269.70 283, 250
YGL144C ROGT 3 7 11 81 56 68.01 32. 310
YGL146C RRT6 ) 7 8 18 85 70. 8894 58 323
[ veLiarc RPL%a ] 09 3 7 1 28 | 4 73 9%620 | 42 332
[ voLtaew AROZ 04 19743 | 5522 | 1 272, 305. 235,
[ VoLtagw YGL149w 9 24 74, I 314,
[ VoLtsiw NUTT 1 2 106.54 323
[ voLisc YGL1526 7 9 4 3 301,
YGLT53W PEX14 8 8 7 290
[ veLisic LYS5 34 7 1 X 332
[ VoLtsow ANST 7 1 336.
[ VoLtsTw ARIT 34 i 338.
[ voLtsew ROK1 6 : 323,
[ voLtsow YGL159w 7 13 318
YGLT6OW A4 6 102,03 331,
[ VeLisic ViP5 8 X X 90.41 . 355
VGLT62W SUTT ) 76 13 1484 9247 .54 327,
[ veLr63C RAD54 10 2] 60 12054 80.25 344.99
[ veLieic YRB30 12 1 70 726 61.8 308.92
[ VeLissc YGL1650 I 34 64 1313 12075 34322
[ VGLteow CUP2 7 2 88 118.8 10431 330.56
YGL167C PMRT 9 9 0 57 ) 87.3 63.5 314
[ vGLieew HURT 4 51 18 92.97 T 37
YGL170C SPOT4 54 iz X 21 9124 | 8. 325,
YGLI73C KEMT 0 .27 .07 ; 12833 | 102! 293
YGLI74W BUD13 6 53 77 84 703 300
YGLI75C SAE2 6 24 1 81 E 8.0 3351
YGL176C YGL176c 05 2] 6 9 54 4 11184 352
[ veLirw YGLI7Tw 08 7 4 54 332
[ VoLizew MPT5 7 7 9 293,
R 7053 7 2 320,
[ voLtsow ATGT 7 7 [ 302
YGLISTW GTST 1 9 34 316
[ veLisic STR3 3 0 2. 279.99
[ VGLissc YGL1850 7 2] 4 257.08
[ VGLissc YGL185¢ 4 X 290.46
[ VeLisec TPNT 00 3 54, 288,95
[ VGL1s8CA YGLi88ca 67 12. 323,
YGL190C CDC35 01 276
[ VoLtstw COX13 7 7 3 259,
YGLI9ZW IME4 68 3 5 X ; 25
[ veLisac HOSZ 8 6 6 70 62 61 2654
[ voLtsew GON 7 7 7 69 74 57. 278,
[ VoL tsew DSD 1 19 1 77 1285 74 754 306.
[ VoLtsow DSD1 5 6 3 82 X I 58 3 277,
YGLI9TW. MDS3 5 5 9 79 2182 2137 X 37 9 323
[ vGLigew YIP4 84 2561 2731 79: 10 320,
R YGL199c 7.0 09 48 5.7 294,
[ VGLisec YGL199c 1412 1441 52, 6.6 330.
[ VGLa000 ENP24 5141 4135 1001 151, 362.
YGL202W AR08 2 2915 15.82 84 L 112 1 338
[ verooaw AR08 86 33 9 7 19 830 278,
[ voL20sc KEXT 93 75 6 X 21 231 302
[ VGLa05w POXT 74 1513 X 68, .96 6.7 310,
[ v6r2060 CHCT 9% 54.09 3054 122, 176,31 1109 369
YGL208W. SIP2 89 1 55 65.76 83 302
[ vGrooow 162 0 84 .49 269,
[ voLz1ow PT32 6 60 .44 289,
YGL2TTW. CS6 7 7 276
[ veroriw CS6 . X 260.
[ voLarow AMT 3 2 297.
YGL213C SKIg 6 2] ; . 317
YGLZTAW YGL2T4w 7] 4 108. 321.
| YGL214W YGL214w 8 308.;
[ veLorsw CLGT 7 .44 314,
[ voLatew KIP3 I 4. 288,
[ voLatew KIP3 Al ¥ 269,
YGL217C YGL217c 7 1817 74 X 4. 320,
[ v6rzi7c YGL217c 8 1532 09 GE 4. 3264
YGL218W. YGL2Tw 2 9 97 2 6 . 27552
[ vGroaw YGL216w 3 7 98, 10 53. X 62. 302.95
[ voLz1ec MDM34 20 991 07 55 1 65 319.
[ vero20w FRAZ 7 13548 | 13942 | 133 1 26891 271.62 519.
[ 62210 NIF3 7 54 1121 9 68 318,
YGL222C EDCT 1 7 34 3461 A 13072 345
[ vGL2230 COGT 5 7 15.92 316,
YGL224C SDT1 8 1.46 286,
[ 62210 SDT1 34 31 .94 274,
| vGL226C-A 0ST5 7 14.5 X 324,
YGL226W. MTC3 0 2 X 4. 295
[ veroomw VID30 9 16,69 84 331,
[ VoL228w SHETO i 305
[ 62290 SAPY 299
[ voesc YGL2300 .44 254,
[ veLzsic EMC4 290,
[ VoLzsow TANT X 305.66
[ voLzsaw ADE5 7 222. 496.9(
[ V623w YGL235w 345
IR YGL235w 308,
[ voLzsec MTO7 313,
[ voLzsic HAP2 301,
[ veLzsic HAP2 3 3 272,
[ veroaw DOCT 2] 235 389.
YGL241W KAP114 7 74. 338.4
[ VeL2a2c YGL2426 5 3 7 1 44 331,
YGL243W TADT 5 4 [ 310,
YGL244W RTF1 94 .67 . .61 275
| YGL246C RAI A 64. z .7 309,
RER PDET 7 14 4 12 9 271,
[ VoLoaow 7IP2 16.42 78 332
[ VoLzs0w RMRT 14, 7. 316.
| YGL251C HEM1 3.0 289!
[ v6L2520 34 14, 341
| YC 252C RTG2 2 2.8 . 282.!
[ Vo250 RTG2 1 I I 330.
[ VoLz520 RTG2 54 g 34 318,
| YGL253w. HXK2 124 116.1 349.
| YGL254W FZF1 3 1. 100.3 339.
| YGL255W. ZRT1 1 9 0! 1.61 28.6¢ 279.
[ VoLzsow ADHA 7 7 93 2 13.9 104 334,
[ voLzs7c MNTZ 0 i 03 21, 125. 352,
| YGL258W. VELT I 7 2.7¢ g 41 269.1
IR VPS5 1 3 14 .07 I 30 . 268
[ voLzs0w YGLZ60w 9 08 2 10 84 930 18, 37 294,




Appendices

ORF.name Strain Optical density at 600 nm at regular intervals (h) GLUCOSE FRUCTOSE TOTAL SUGARS (g TOTAL AMINO ACIDS (mg/L)
2 3 48 5 78 102h 118h 102 102 118 102
YGL261C PAUTT 1 T 197 14 1219 .54 44.1 315.;
YGL262W. YGL262w 9 .78 B4 X 305.
YGL263W. C0S12 0 .49 . .84 283
YGRO01C YGRO01c 1. 1. 04 .64 322.
YGROO3W CUL3 1 7! 1. 1. 5 316.¢
YGROO4W PEX31 64 34 10. 5.4 279
YGRO06W PRP18 102.4( 5 128. 476.
YGROOTW. Muat 6.91 282.;
'YGR008C STF2 28.07 6.80 326.
YGRO10W NMA2 1.37 307.
YGROTIW YGROT1w 1.2 0. 284.
YGROT1W YGROT1w 9 .S 15.01 11.22 362.
YGRO12W YGRO12w 1 6 8 .04 1.27 0. . X 280.f
YGRO14W MSB2 9 2 8 5 .22 .06 .07 310.42
YGRO15C YGRO15¢ 1 8 7 .07 .17 .48 284,
YGRO16W YGRO16w 1 b4 %4 .42 21 .7 295.!
YGRO17W YGRO17w 0 2 %4 3 .04 .38 E .3 285.4
YGR018C YGRO18¢c 7 1 S 154 24 7.65 .01 X .2 285.;
YGRO18C YGRO18¢ 04 79 13 .2 34 3.3 17.7¢ 13 21.10 296.
YGRO19W UGAT 7 4 8 8 1 3. 64.2 37.94 76.77 298.¢
YGR020C VMAT 1 1 54 .7 0 4. 115. 100.8¢ 175.91 341.
YGR020C VMAT 6 B 7 5 .4 T 25. 112, 87.00 | 16323 337.4
YGRO21W YGRO21w 5 .41 3 0 .2 3 7. 71.71 51.: 91.23 328.f
YGR022C YGR022¢ 5 .23 07 21.94 7. 84.07 116.54 335.1
YGR022C YGR022¢ 94 .37 17 1.1 .94 7. 298.!
YGRO23W MTL1 Kil 24 1. .57 314
YGRO25W YGRO25w .25 2 7. .30 . 2954
YGRO25W YGRO25w 94 .37 1 .91 54.. 307.;
YGRO26W YGRO26w 2! 282.
YGR027C RPS25a 9. 29.! 339.
YGRO28W MSP1 7 27.18 283.!
YGRO31W YGRO31w. . . 273
YGRO32W GSC2 147 28.¢ g 322.
YGR033C Tim21 .44 271.
YGRO34W RPL26b 34 1.1 5 260.
YGR035C YGR035¢ 3 8 K . 20.71 .4 279.
YGRO35W-A YGRO35w-a 6 e 9 .14 . 1 60.79 15.07 300.
YGRO36C CAX4 24 0 16.89 475 8 .70 88.4 47.44 296.
YGRO37C ACB1 10 0.3¢ 0.66 X .4 9.4¢ 6. 264.
YGRO037C ACB1 14 39.06 24.14 .12 12518 814 307.¢
YGRO38W ORM1 84 11.05 .78 68. 28.. 320.!
YGRO39W YGRO39w 1 91 13.62 .67 7.2 554 342,
YGRO40W KSS1 84 7 4. 306.
YGRO41W BUD9 04 7. 320.
YGRO42W. YGRO42w 7 5. . 323
YGR043C Nom1 44 1 3. .54 316
YGR044C RME1 7 2. . .04 313
YGR045C YGR045¢ .44 7 1 21.30 .04 .22 308.56
YGRO49W SCM4. .37 0t 17.56 .77 285.90
YGR050C YGRO050c i 14.44 .5: 27041
YGRO051C YGRO51c 0: .54 . .84 263.35
YGRO52W FMP48 9 .0’ 4. 1 269.95
YGR053C YGR053¢ E X . 303.
YGRO54W YGRO54w E 04 K L .54 . 300.
YGRO55W MUP1 8 X .94 .54 292.34
YGRO56W RSC1 ¢ 2117 . 33047
YGRO57C LST7 8! .04 333.
YGRO58W. PEF1 K .0¢ K . . 319.54
YGRO59W SPR3 .3 .38 | A1 33. .74 ¥l 313.
YGRO61C ADE6 5 1 109.85 | 105.65 124.77 234 224.78 500.;
YGR062C COX18 0 2 7 21. 11.29 86.93 114. 76.. 3324
YGR062C COX18 8 .92 94 123.61 116.33 130.91 254.52 213 507.
YGR062C COX18 4 67 85 .6 59.( 71. 50. 292.
YGR063C SPT4 0 .47 74 96.. 144.56 129 367.
YGRO64W YGRO64w 1 07 15 98. 141.91 125.; 435
YGRO66C YGRO66c 0 3 21 29 .9 6.7! 3.2 257.;
YGR067C YGRO67¢ .52 T 34 7 296.9
'YGR068C ARTS .47 [ . 282.97
YGROBIW YGRO69w 3 [ .94 238
YGRO70W ROM1 7 T 5 . . 270
YGRO71C YGRO71c. 2 5 .64 9! .S .51 288
YGRO72W. UPF3 6 .26 2 15.58 .94 6.85 294.
YGRO76C MRPL25 34 .07 ! 45. 1.76 295.9
YGRO77C PEX8 7 2t .S 0 29221
YGRO078C PAC10 4 1 .S K 21.25 ! 5 318.64
YGRO79W YGRO79w 6 3 .| .04 4.6¢ . 5. 1.7 270
YGRO8OW TWF1 94 .5¢ A7 11.61 2. 295.
YGR081C X9 1 .21 321.
YGR084C IRP13 A7 265.!
YGRO085C RPL11b .04 . 275.!
'YGR086C PILT .2t . 250.
'YGR086C PILT 48.15 35. 308.
YGR087C PDC6 .2 268..
YGRO88W CTT1 34 281..
YGRO8IW NNF2 44 .. 287.4
YGRO92W DBF2 75.99 ! m 1 328.
YGRO93W YGRO93w . 7¢ . 311.
YGRO96W TPC1 .85 .54 334.
YGRO97W ASK10 94 .5 .4 310
YGR100W MDR1 2 .5 K .24 . g 325.!
YGR101W PCP1 17 N 2029 | 6 6.67 51 6| 57.6¢ 291.
YGR102C YGR102c .06 128.37 | 12364 131.77 127.! .14 251.23 559.
YGR104C SRBS 7 55.4¢ 33.87 11242 97. .87 131.61 449.;
YGR105W VMA21 7 20.7¢ 5. 83.26 57. .05 62 333.!
YGR106C VOA1 1 .7 1. 51.97 25 . 274 309.
YGR107TW YGR107w 73 34 .0’ 7 13 .6 1. 3 268.
YGR108W CLBT 0 1 .21 .85 .84 2] 8. 275.!
YGR109C CLB6 04 64 3 5 4 11! 285
YGR110W CLDT 5 0 7 32 328.;
YGR111W YGR111w 1 7 0 111 280,
YGR112W SHY1 247.46 558.
YGR117C YGR117¢ 13. 309.95
YGR118W RPS23a 9 310.70
YGR121C MEP1 34045
YGR121W-A YGR121w-a 84 320.65
YGR122C-A YGR122c-a . 289.95
YGR122W YGR122w 64.. 323.
YGR123C PPT1 3 310.
YGR124W ASN2 8 - 305.
YGR125W GR125w. 54 347.
YGR126W GR126w. 4 348.95
YGR127TW GR127w. 9 344.
YGR129W [ SYF2 94 5 334
YGR130C YGR130¢c 5 2 g . | 331.¢
YGR131W YGR131w .37 7 34 .04 - 8¢ 8! 310.
YGR132C PHB1 84 . .6 .6° 314.
YGR133W. PEX4. 3 .37 . 1254 289.
YGRI34W. CAF130 1 5.8 42 31.72 321
YGR135W PRE9 04 1 5.75 .79 1742 3204
YGR136W LSBT 44 7.2 04 4.39 .4 301.6¢
YGR137W YGR137w 7 34 .0’ 310.9
YGR138C TPO2 9 .84 37
YGRI39W. YGR139w 6 .70 358.
YGRI41W. VPS62 2 X 345,
YGR14: BTN2 -0.01 5! 344.
YGR14: SKN1 K ¥ 325.
YGR14: THI4 34 4.7¢ E .6 302,
YGR14! ECLT 4.3 E .0 285..
YGR146C-A YGR146c-a 5 34 13 X L 5 298
YGR148C RPL24b 22 - .94 87.¢ 8! 346.
YGR149W YGR149w 1216 | -0 K T 70.14 .64 316.
YGR150C CCM1 127.02_| 129, 139. 132.41 266.65 | 262.20 522.
YGR151C YGR151¢c 21. -0. 67.. A 88.4 74 345.44
YGR152C RSR1 .22 3 18. 0.74 63.¢ 22.2¢ 81.54 23.02 344.43




Appendices

ORFname Suaim Optical density at 600 nm at regular intervals (n) FRUCTOSE TOTAL SUGARS (g TOTAL AMINO ACIDS (mglL)
26 33 4 5 7 102 118h 102 118 102h
YGRT53W YGRT53w 3| 144 74 18 5.9 015 .0 0.0 26185
YGR154C GTO1 04 47 72 4 2792 | 94 2 9.6 262,90
YGRI55W CYst 6 12432 | 12005 | 24459 24116 53524
YGRISTW CHOZ 7 3 X 68 KX 0.8 233,
YGRT59C SR 42 4. 50. 323,
YGRT60W YGRI60W 1, 261 334,
YGR161C RTS3 2 37 X 280
YGRI6IW-C | YGRIBTw-c 6 258
YGR162W TIF4631 7 288
YGRT63W GTR2 1 284,
YGRT6AW YGRI64w 54 0 X ; 301,
VGR165W MRPS35 ) 1 0 1345 12581 | 23357 214,66 389
VGR66W KRET1 6 2 ] 8 435 242 | 4 65 300,
YGRI6TW CLCT 5 9 30 105.4 4 311
YGR168C YGR1680 ] 7 17 2, 322,
YGR169C PUS6 3 0 35 8. 286
VYGR169C-A YGR169c-a 1 6 97 ; 7. 345
YGRI7OW PSD2 3 0 33 84 4. 3 4 279
YGRI71C MSHT ] o7 ] 12329 | 13180 | 1ate2 | 25479 531,
YGRI73W RBGZ 5 75 0. .26 265
YGR174C CBPY 1 67 . 11. 15.96 12 264,
YGRI7AW-A__| YGRi74w-a 2] 58 82 20, 68.71 21, 307.
YGRI76W VGR176w 1 7] 3 7 X I I 0. 1003 0 281.
YGRI77C ATF2 0 26 7 01 0.0 097 08 1.08 09 263,
YGR178C PEPT 1 28 456 0.0 3977 3.3 [7xT) 33 299
YGR180C RNRZ 7 1982 | 107 7. 53; 91 63.8 320,
YGR180C RNRY .92 12750 | 12435 | 13564 X 26 25529 535
YGR180C RNRZ 99 115.95 90.9 12152 | 10954 | 237, 20044 480
YGRIBIW TIMT3 19.07 09 G 2 8 24,0 341,
YGR1620 YGR1620 4 .0 0.7 309 | 68 271
YGR183C QCRY 7 117.36_| 106,80 251 22968 499
YGR184C UBRT 6 5 0. z 16.04 8 273
YGR187C HGHT 6 2 001 5 7 .0 218
YGR188C BUBT 4 7 } 252 120 X 114, 89, 343
YGR189C CRH1 9 97 14 0 07 35 X 31 293,
YGR192C TDH3 5 9 10 4 09 8 2. 296
YGR193C PDXT 1 5 01 17 46 4 z 18 28 256
YGR94C XKST 8 20 X] 10, 65 10.76 281
YGR196C FYVE 2] 17 X 50. 12.78 21 301,
YGRI97C SNGT 3 39 .7 18. 71 42 287,
YGRI99W PTG 2 39 00 ; 4 50 .39 268,
YGR200C ELP2 T 1 X! 0.1 5 041 77 255,
YGR207C YGR207c 7] 7 0 320 12.49 73 1573 286,
YGR202C PCTT 3 34 11.36 54 495 8. 6631 305.
YGR203W YCHT 2] 0.1 55 -0.64 569 262.
YGR204C-A YGR204c-a 3 85 X 5511 1 63.67 299,
YGR204W ADE3 07 0 10413 | 11922 | 1 22309 488,
YGR205W YGR205w 3 7 1 279,
YGR206W MVB12 7 78 266
YGR207C YGR207¢ 04 7 269
YGR20BW SER2 7 g 256,
YGR209C TRXZ 1 7 ) 256,
YGR210C YGR210c 7 7 7. 301.
YGR212W SL7 2] 44 273,
YGR213C RTAT 7 305
YGR214W RPS0a ; 7 1 291
YGR2T5W RSM27 19.80 63, 287,
YGR21TW CCHI 9| 0. X I 275,
YGR219W YGR219w 12348 | 12228 | 1 1. 23382 42
YGR220C MRPLY 10305 | 117.98 | 115, 12869 | 20 246,67 530
YGR221C 7052 13.3 43! 57 29, 70, 3 334,64
YGR222W PET54 5 9 11980 | 12420 | 14081 | 11407 | 2 431
YGR223C HSV2 9 7 2092 53.7 37
YGR224W AZRT 2] 7 10.25 1.7 326
YGR225W AVAT 9 9 585 814 300
YGR225W AVAT 4 2 8 1033 15 302
YGR226C YGR2260 4 [ 69 304,
YGR227W DIE2 12 34, 21 3 297.
YGR228W YGR228w 7 8 262,
YGR229C ST 0 I X Xi 285,
YGR230W BNST 82 55 11. 44 301
YGR231C PHB2 04 9 T X 322,
YGR232W ASG 9 8 04 31
YGR233C PHO81 4 7 . 31
YGR234W YHB 0 [ 5 308.
YGR235C YGR235 4 5 9 87 X . 336.
YGR236C SPGT 14 252 A7 331
YGR237C YGR237c 43 3 300.
YGR238C KELZ 1.
YGR239C PEX21 291,
YGR240C PFKI 7 ; 249,
YGR241C VAP1602 8 34 299,
YGR242W YGR242w i 295,
YGR2A3W. FIP43 8 280.
YGR244C Ls5C2 8 308.
YGR244C L5C2 34 iz . 292
YGR2ATW CPDT 9 1097 310.
YGR246W S0L4 1 8 725 3054
YGR2AGW. MGAT 7 7] 1277 323
YGR250C YGR250¢ 7 6 148 274,
YGR252W GCN5 7 74 30,3 I 346
YGR254W ENOT 794 | 48 1 333.
YGR255C €006 1 12028 _| 138; 108; 477,
YGR256W. GND2 1 18.3 60. 36 352.
YGR257C MTMT 2 12162 13834 | 1 476
YGR258C RAD2 69 63 4 303,
YGR259C YGR259c 74 1. 324,
YGR260W. TNAT 71 7.92 X 314,
YGR261C APLG 1 52 361 2954
YGR262C BUD32 04 7132 107.78 179, 1 326
YGR263C SAY1 49 74 291,
YGR266W YGR266w 12.9 64.7: 331
YGR268C HUAT 357.
YGR269W. YGR269w X 334
YGR270W YTAT 14 344,
YGR271C-A EFGT X ; : 118.94 335
YGR271W SLHT .7 7 2 5945 | 50 328
YGR272C YGR272¢ 10911 76 15891 | 109 373
YGR273C YGR273¢ [ X ; 273,
YGR275W RTT102 7 04 14 54 349,
YGR276C RNH70 267.
YGR279C Scwa 351.
YGR2BTW. YORT 346
YGR282C BGL2 ! 329
YGR263C YGR283c 7. 3 2 331,
YGR264C ERV29 77 E . i [ I 344,
YGR285C 7001 54 7 X 6 I 5 303,
YGR286C BIOZ 4 04 T .1 7X E 299
YGR287C IMAT 4 1 1 . 9.14 27.18 . 319.
YGR286W MALTS 7 1447 4. 74 8.74 4555 334,
YGR289C MALTT 7 0.7 1 259,
YGR290W YGR290w 9 1 .61 334.
YGR291C YGR291¢c 7 .09 271.;
YGR292W MAL12 94 T 286.
| YGR295C C0S6 1 302,
YHLOOTW. RPL14D 6 2 i 284,
| YHLOO2W. HSET I 72 25 294
[ VHL003C LAGT I 3 54| 1. Z 6. )| 1 294
[ vALo0aw MRPZ 1 07 12810 | 12573 | 133 9, 261 22442 506
[ VALo05C VHL00Ge a 11 X 13.18 I 294
[ VHLo06C SHUT 7 E I 0. I 094 287.
[ vALoo7 STE20 K 2 79 X 290
[ VHL00EC YHL00Bo 1 0. K X 2 -0.08 284,
YHL009C VAP3 19 001 K 014 025 262.24




Appendices

ORF | Optical density at 600 nm at regular ntervals (h) GIUCOSE ERUGTOSE] TOTAL SUGARS (of) _{SEINAERN OGS i
name Strain
2 3 4 5 7 102 118 102h 118 102h 118 102h
700 ETP1 1 8 0 34 0.04 . 04 5 0 275
71C PRS! 7] 7 07 01 94 0. 350,54
LOT2W VHLOT2w, 07 30 10, 295
HL013C 07U 001 K 024 B 284
HL014C YLF: 3 . 0. X K 267.
HLOT5WA YHLOT5w-a 4, 8. 6324 299
HLO16C DUR3 X 282
HLOTTW. VHLOTTW, 0, ) - 283
[ VAL0190 APMZ 04 284,
[ VHL0200 OPIT 71. 66.04 103.42 327.
[ VHL027C AIMTT 54 2 .02 0. 026 10.36 0. 276
[ VHL022 SPOTT 7 } 2 0.14 544 070 557 0. 293
HL023C PR3 7 21 2 043 549 2123 6181 21, 285
YHLO24W RIMA 9 1 81 ©22 2248 5210 2629 296,37
[ VHLo25W SNFG 7 78 57.96 2547 7135 28,95 367.
YHL026C YHL026¢ [ 001 9 058 4 058 273
VHLO27TW. RIM101 34 7 16 76 9 2998 13 288
VHLO28W WSC4 5 9% ] 02 17.95 X 18.24 20 285
| vHLO29C OCAS 7 1 33 5 E Xl EX -0.08 EX 237.92
YHLO30W. ECM29 2 68 7 E 5 87 293,
[ VhLo31C GOS1 5 7 3 04 15.38 I 15.94 279
YHL032C GUTT 7. 29 3 04 2 KX 51 - 271
YHL033C RPLEa ) 4 18 8 X 7 0. 84 E 257,
[ VAL0320 SBPT 27 1 13 66 11.00 11 312
[ VHL0350 VMR1 0 09 33 2 281,
[ VHLo36W MUP3 7] 00 038 } 287,
[ VHL037C YHL037e 0.0 X ; 39| 1 296
[ VHL038C CBP2 7 5 12463 | 12469 | 131 13521 25626 | 259.90 538,
39 EFMT 9 4. 14 48 38, 304,
400 ARNT ) 2 0 090 0 076 275
[ VHLoZTW YHLO4Tw, 4 04 X 104 X B 263
420 VHLO42w, % 2502 293
430 ECM34 34, ; 4 294,
RG2S YHLO44w, 54 0. 2 E 276,
450 YHLOZ5w 5 0. } E 264,
[ VHLo46C PAUTS 3 4 Z . 47 K 262.
47C ARNZ 6 ) 62 3 X 2724 2818 290
[ VHRO0TW OSHT ] 25 T 48 T 111 4598 285,
[ YAROOTW-A__|_QCR10 9 33 0,07 0. 81 57 1 268
[ VHRo03C YHRO03C 1 7 1140 12. .7 49.90 64.8 3154
YHRO04C NEMT 7 2] 244 17. 2 71 7.6 7.
YHRO05C GPAT 6 9 78 038 4 .95 54.2! 82 2951
[ VHRo0GW STP2 53 477 91 275
[ VHROO7C-A HRO07c-a 27 4 1.4 34 308.
[ VHRo0EC 5002 5 72 97 4 302,
[ VHRo0SC HRO09C 4 3T X 6 2 284,
YHROT0W RPL27a 7 0 419 2578 2 144 319
HROTTW DIA4 2 86 0 1414 30 ¥ 36 7748 I 265
[ VHRoT2W VPS29 04 74 04 ) 013 24 44 07 3 332
[ VHRo73C ARD1 1 001 7 2045 7 243
[ VrRoTaW SPOT3 B E 047 84 G 265
[ VHRoToW MIPG 7 E 0.04 0.7 E 260.
HROT6C YSC84 43 X 263,
[ VHRoTTW VSC83 84 302
[ VHRo78C ARGA 304
[ VHRo21C RPS27b . 264,
[ VHRo21WA 12 3 3 3%6.
[ VHRo22C HRO22C 2 E 276
[ VHR022C-A HR0220-2 7 ) ) 314,
[ VHRo25W HRT 1 9 0 1 260.
HRO26W PPAT 9 8 2 7 58 308,
[ VHRo28C DAP2 2 i 9 9 89 289
[ VHRo29C YHIY 7] 25 54 2] 71 270,
[ VHRo30C SLT2 04 7 04 9 78 539,
YHRO31C RRM3 7 5 0 2 269,
YHRO32W ERC1 9 6 2 32 319
[ VHRo33W YHRO33W 9 1 0 326
[ VHRo34C PIHT 04 1 5 289,
[ VHRo35W YHRO35w 04 04 279,
YHROITW PUT2 1 7 : 276
YHRO38W RRET 5 0 I 34 X 269,
[ vHR039C MSC7 8 T 28 37 [ X } K 20 260.
[ VHR039C-B YHRO039C-B 1 44 7. 4637 264 104, 85 150.94 324,
[ VHRo41C SRB2 7 70 9 3626 21 87, 72, 12342 93 381
[ VHRO43C DOG2 B 7 3 0, 21 7 2393 .7 245
YHRO#C DOGT 5 20 3 0. 15 3 16.87 E 2551
[ VrRoz5W YHRO%5m 7 5 2 a4 325
[ VHRo46C INMT 4 2 384 273,
[ vAR047C AAPT 272
[ vAROZ8W YHKS X 298,
[ VHRo0495C-A YHRO049c-a .44 2 . 84 [ 296,
[ VHRos9w FSHT 1 6 7 4. 262,
YHROS0W SMF2 3 I I 72 303.
[ VAROS0W-A YHRO50w-2 2] 12222 | 12252 | 135 22154 482
[ VAROSTW COX6 4 Z 318,
[ VARo57C CPR2 7 7. 4. 276,
[ VHRos9W FYVi 1 ; [ 350,
YHROG0W VMAZZ 80 7¥ 320,
[ vAR06TC GICT 8 76 273.
YHR063C PANS 7 } 77 273
[ VARo64C SSZ 70 .64 5 290.
[ VrRoG6W SSF 77 5 256,
[ vAROGTW HTD: B § 2995 X 315.
[ vAROTIW PCL 64 . 84 15.33 5624 281,
YHRO73W OSH. 34 5 2537 X I 10345 257,
[ VARo75C PPET 23 6 3 12111 124, 2513 261.
[ VrRo76W PTCT 1 7 01 113.26 34 120. 234, 283,
YHRO77C NMD2 9 4 B 2] 34 6 491 56. 256,
YHRO78W YHRO78W 7 1 7 9. 122, 218, 257.
YHRO79C TRET 7 0 3 1498 2. I 7. I 258
[ VARo79C-B YHRO79C-B 54 7 7. 13.01 1 15 318,
[ VHRo80C YHR080c 7 253,
YHROBTW LRPT 261.
| vAR082C KSPT 201
[ VHRos6W AME 1 [ 280,
[ VHROB6W-A__| _ VHROG6W-a At 320,
[ VHRosTW RTC3 16. 4. [ 332,
[ vAR090C YNG2 7] 10159 9 123. 185 5.
[ vAR091C MSRT 3 23 3 3 4 33 266
[ VARo97C SRT 7 12, g 57. . X 53, 315
[ VHRo92C FXT4 1 23 30 X 327 1 262,
[ VHRo93W AHTT 4| 12254 125. 6 2481 285
[ vAR094C HXTT 6 | 12208 124 6 24673 260.
[ vARO95W HRO95W 4| 10549 116, 14 2215 306,
[ VHRo96C HXT5 8 64 7622 275
[ VHRo97C YHRO97c } 7 364 61 306.
YHRO98C SFB3 2 5 X 17. .08 281.
YHR100C GEP4. 0 7 .1 0. 17 . 239.
YHR103W. SBE22 94 1 10.¢ .91 1. 284.
[ VrRT0MW GRES 1 7. 1 36 1151 282,
[ VrR105W YPT35 9 34 . 16, 271
| YHR106W. TRR2 0 B 3.4: 4.5¢ 283.
[ VAR T08W GGAZ ] 7 128.05 127.92 255 279
| YHR109W CTM1 1 22.99 100. 287.
[ VrRTIOW ERP5 - I 277
HRTTTW UBAZ 05 15.2 277,
| YHR112C YHR112¢ 270,
HR113W. YHR113w. 261.;
HR114W BzZ1 B 2841
[ VeRti5C DWAT 34 ) 295
[ VrRTToW COX23 : 1450 279,
| YHR117W. TOM71 1 T 8 .5’ 1. 297.
| YHR120W. MSH1 5 B! 7 . .81 . 33.31 5 221.
HR121W LsM12 5 9 9 .99 7 4 47 86 3061

~ 124 ~



Appendices

ORF | Optical density at 600 nm at regular ntervals (h) GIUCOSE ERUGTOSE] TOTAL SUGARS (of) _{SEINAERN OGS i
name Strain
2 3 48 5 7 102 11 102h 11 102 118h 102
YHR123W EPT1 g | 112 2] 7 1 14 963 10.7 .38 287.
[ vART24W NDT80 7 12 127 1247 . 252, 93 29554
[ vAR125W VHR125m A7 2, 73 94 93 X 285
[ VHR126C ANST 139. 1 274, ] 299,
[ VHRT2TW YHRT27w 19. 79 343,
[ VHRT29 ARPT 1 ; 33 12,6 : 314,
R130C YHR130¢ 4 7 1.0 1 94 300.
R131C VHR131c 7 0 X 2 301
HR132C ECMT4 12 1243 68.84 z 391,
1602 7 1 ; X @ 8 297.
NSGT 54 0 } 3 2147 8 107.9 278
WSST 5 8 00 1 12241 1200 20251 326
VK1 8 ) 0. 25 3% 456 404 4482 274,
SPL2 19 0 7 13.81 54 60, 73 312
AROY 1 6 63 304.45
VHR1380 34 64 10 275
SPS100 0 7 X 14 286
VHR139c-a 1 1 ] ; 1025 19, 298
YHRT40w 51 g 9.5 0.89 56.0 311,
RPL4Zb 17 7 3633 7.37 132. 332
CHS7 28 0 33 6.34 7 312
DSE2 31 1 44 137 431 306
CRPT 50 ] 497 . I 0.6 472 311
MRPLG 7 16 16 91 4015 2437 78 13593 301,
SKG6 5 17 87 269,
PEX28 7] 2] 04 54 300
TC6 5 75 ; 324,
POT2 7 1 7 308.44
POT6 } 2] X 314
TTI07 19 1 94 310,
VSP1 2 0. 310,
TINT A7 B4 4 293
REC104 19 4 ; 316,
KELT 08 3 17.04 X 18.1 288
YHRT59w 4 2 4 1 I 3967 1 4464 314,
PEXT8 7 3 2 12242 125.26 0; 2476 313,
VAP1801 21 34 ] 2 116.27 X 118,71 71 2349 34 335
YHR162w 1 09 13.9 686 532 34 67.1 78 327,
S0L3 7 15.43 104 61.7 774 [ 294
THPZ 8 126.3 747 1217 . 24815 .33 379.
MTGZ 1 1356 655 56.64 37 702 51 308.
ATGT I 2538 494 778 (X 103,72 4 331
HR175W-a 97 57 12068 | 12240 | 13534 | o4 256.02_| 2 472
FMOT 6 87 1284 328 70 64 314,
HRI77W 7 8 48 ; 134 4. 89 316.
785 9 1 4 4 2.94 10. 284,
OYE2 9 8 T4 ; 77 25 I 293
YHR180w 5 T I 712 20 X 12 304
SVP26 4 9.92 57 21. 32 305
YHR182W 45 7 280,
GND1 15 6 276
SSP1 ) [ [ . I 315
PFST 50 1 4 34 13, X 275
i1 29 7 354 107, 33,
PTHI 7 2731 1 103. 312
CTF8 5 I3 7. 121.08 | 39,
YHR192w 31 I 276.44
EGD2 17 235,
1940 MDM37 . 14.83 315,
1950 A7) 3 53 294 340,
198 AIMTB 0 51 41 1047 ; 3691
[ VAR199C A6 7] 42 7 3264
[ VHR200W RPN10 9 1 z 4. 4 343,
[ VHR202W YHR202w 04 64 7 294,
[ VHR203C RPS4b 7 0 47 306,
YHR204W MNLT 6 2 81 312
[ VHRa05W SCH9 7 7 80 5 : 164 0 2774
YHR206W SKN7 9 91 51 44 4824 322,
YHR207C SET5 6 74 1641 9 77 353.
[ VHR209W CRG1 7] % 1331 2 63 348
YHR210C YHR210c 2 72 16.08 4 91 357,
[ viLoorw VIL0OTw 9 5 51 89 269
[ virooze INP51 0 .7 .97 320,95
[ ViLoozw-a YIL002w-a 7 88 301.46
[ ViLoosw EPST 8 44 288,
006W. YIA 6 7 X ; 18 3 294
[ viroorc AS2 2 0 9 X 94 4 52, 7 322,
[ ViLoosw URMT 7 5 G 17.89 77 357.
[ ViLoosc-A EST3 2 7] 7 23,96 9. 365.
[ viLoogw FAAS 3 354 286
10W DOT5 7 18.79 79, 362
[ viLoriw TR .27 277,
[ viLorzw L0T2w 283,
YIL013C PDRI11 1 281,
VILOTAW T3 279
[ ViLorscA LOT5C-A 54 . 315
[ viLorsw BART - y 34 I 258,
160 SNLT 41 I .99 04 286.9
[ viorrc VID28 3 4 a } 3 273,
VILOT8W RPL2b 54 i 1 I 8 X . 9 254,
[ viroaoc HIS6 07 34 12012 | 12021 | 12152 11675 24164 531
[ Virozsc VKEA X X 77 256,
[ vitozac VIL024c 1 8 26 ; 275.
[ vitoz5¢ VIL0250 Xi Q. 10.75 306
YIL027C KRE2T X I 15 3 X 313
[ ViLozsw VIL028w 7 29 70 264 15.51 276
[ Virozsc VIL029c 6 29 40 18, 5. 276,
[ virosoe S 7 .8 87 49, 279,
[ vitosac YIL0326 1 9 .94 . 9 270,
YIL034C CAP2 2 2 07 79 ; 210 267.
[ viroasc CKAT 0 4 9 270,
[ ViLosw CST6 57 7 281,
[ viosrc PRMZ 291
[ virossc NOT3 7 321
[ ViLossw TED1 1 84 300,
APQ12 T 5 328,
GVP36 0 3 294,
v GVP36 T 6 285
i PKP1 34 7 2 5 320.
CBRT 7 8 284,
[V AGEZ L 67 300.
Iz PIGZ - 84 77 ; 288,98
VIL0%6w-a 1 7 X X 29182
SYGT 7 23 ; Xi 344,66
DFG10 50 54 04 I L 29124
PCLT 47 04 1. 280,99
RPL34b 1 34 5.6 300.45
RHR2 4 9! . . 276.
YILOS4w 7! .84 0. .. 304!
IL055¢ 84 94 26
HR1 2 i X z 301,
L057¢ 7 0 2 .5 264,
ILOS6w 3 [ 54 3 273.
IL05%¢ 4 i z 307.
VIL060w 2 7 X 57 353.
[V SEET 4 9 29 51 X 260,
065C FIST & 46 11 C . 294,
066C RNR3 3 7 3 2. G 356 246
067C VL0670 [ X 34 3541 [ZK7) 309.
069C RPS24b 2] 57 6 . 04 45 56 306,
070C MAM33 7 04 4 79 3564
[ vioric PCi8 [ 868 64 5 343
| YiLorw HOP1 7 11 .87 40.! 289.
073C SP022 6 4.8 3 72 33 291




Appendices

ORF | Optical density at 600 nm at regular ntervals (h) GIUCOSE ERUGTOSE] TOTAL SUGARS (of) _{SEINAERN OGS i
name Strain
| 2 3 48 5 7 102h 118 102 102h 18 102
[ virorac SER33 1 3 7 1 11.70 1 X 9. 297
0761 SEC28 2] o 10.39 1 7 309.
[ virorrc VIL077c 9 .07 57 300.
079C ART T 80 272,
[ virosic SDS3 7 34 270,
[ virossc KTRT i 299,
[ Virossc VIL086c 8 g 282
[ Viros7c AM19 } 8 1 304
[ virossc AVTT 2 iz 307,
[ viLossw VIL089w 29 [ 310,
[ ViLosow ICE2 8 8 ) 92 15.65 } 331
[ ViLoszw VIL09Zw 26 7 £ 08 ; 56 3 335
0920 VIL092 04 o El 02 ) 04 z 40, 48 253
[ virossc RSW25 1 6.1 86 2768 a3 54 294,
[ virossc LYs12 1 0.6 57 E 61 T [ 298,
[ ViLossw PRKT 9 1741 13 57 4660 7492 56.73 341
[ ViLossc VIL096c 1 101 .46 47 27,04 58.97 3151 321
097W. FYVi0 2 74 71 . 221 4853 2592 309
[ virossc FMCT [ E A7 17.62 5 281,
[ viLosw SGAT T .0 .49 58.85 31 307.
100W VIL100w 6 2. 10.98 61 105.14 59 316
[ viLioic XBP1 64 6 } 9 z 18.38 9 361,
102 VIL102¢ 1 9 1 ) 2 6152 40 304
[ virosw DPHT 51 74 9 419 X 22 3 323,
7050 SCMT 77 7 1 554 54, 37 273,
[ viLiorc PFK26 7 0 5 324,
[ ViLtosw VIL108w 7 1 3.04 343
T10W MNIT i 1 84 } . 323,
[ viriw COXGb 54 7. X 5 87| 43 308,
[ viLrizw HOS4 19670 | 12258 | 141 13099 | 278 .58 187.
T13W SDP1 g 0 i I 52, 161.
114C PORZ 9. 10.3 61, 59, 70. 188.4
T16W HIS5 4 12352 | 12445 | 122 123, 2 7 530
7170 PRMS X 51. 7794 . 207
[ viLrisc RPIT 54 1 6 0.5 X 89 218,
| viLizow QDRT 1 9 42 ; 74 7020 .05 184,
VILT21W. QDR2 2 3 05 4 3729 7162 4206 165
[ vicoow POGT ] 4 1 635 39 304
123W ST 9 0.85 9464 X 147
[ vir2aw AYRT 9 351 7X 140,
[ vir2sw KGD1 o4 X I 134;
127C RRT14 7 . 2 52 : 284,
[ vicr2ew MET18 7] 7 7.22 68.9 36.86 0. 114;
130W ASGT 6.14 13802 | 121 14200 | 2 280 2.
[ viLisic FH1 1.05 526 2877 63; 32 300
[ viLiazc CSM2 34 0 41 49 G 5.1 231
133 RPL16a 7 T 41 308 375 3330 3, 257.
134C-A Li34ca 1 74 2070 71 6.60 7. 326,
IR FIXT 04 2] 6.48 44 262,
[ viLiasc HS2 7 : 253,
[ ViL1sw OM45 . 34, ) 2964
1370 TMAT08 ; 6. 7 22
738 TPM2 © 02 192,
[ viL7asc REVT .04 . 213,
[ viraow AXL2 47 117.41 184
T41W VILT4Tw 27 119.95 26
7450 PANG 6 . ; 109.34 239,
7450 PANG [ 0 84 7.94 269,
746C ATG32 7 1514 84 2. 201.
[ ViLraw RPL40a 7 0 1207 4 25
749 MLP2 8 1 84 4 1 2.
[ viLTozw VILT52w 3 ; 2.
153W RRDT 1 74 320,
[ viLTs4c NP2’ 7 30, 235
[ viLissc GUT2 2 4.45 80, 2.
1560 UBP7 3 341 1036 . 214,
[ viLis7c COAT 0 9 1034 4 2 197.
[ viLTsew AIM20 3 8 14.99 44 305
[ ViLtsow BNRT 7 7 230,
[ viLieoc POTT 2] 7 242,
161W VILT6TW 3 7 z 24
[ viLTezw SUC2 2] 8 07 A7 23
763 L7163 7 X 240,
[ viLieic il 9 G 4 249,
[ viLiesc L1650 0 X . 27,
166 IL166c 84 ; 1. X X 7¥ 239,
[ viLterw SDLT 7] 9 1 .04 57 2064
[ viLTeaw VIL 168w 3 71 265
| YIL170W HXT12 7 88 208.f
VILTT3W VTHT 1 115.4 233
YIR001C SGNT 6 254,
YIR002C MPHT T 7 257.
YIR003W AlM21 G 5 g 255
YIROO4W DJPT 7 5 g 50. ; 312
YIROOSW. 1ST3 34 1 100 1431 269
YIROOTW. YIR007w 4 9 23,
YIRO0W MSLT 0 28,
VIR013C GATY 7 262.
YIRO14W YIRO14w 3 5 278.
YIROT6W YIRO16w 2 0 ; Z X 262,
YIR017C MET28 2 15 7 X A7 352,
VIROT6C-A YIR016c-a 0 6.7 T 4 04 290.
YIROT8W YAPS 3 34 14, 11 324,
YIR019C MUCT 0 1 2. 15.10 X 04 344
YIR020C YIR020c 2] 0 134 Xl 14 4. 332.
YIR020W-5 Unknown 7 7 9 2] 2 8 3. 331,
VIRO21W. MRST 0 2 5 2. 312,
VIRO21W-A YIR021w-a 3 7 9 1. 292.
YIRO23W DALST 2] 18.9 106. 375.
YIR024C YIR024 7 ; I 65 325
VIR025W MNDZ 9 2] 94 34 4.4 331
VIR026C YVHT 04 331
YIR027C ALT 0 326,
YIRO28W ALY 4 54 324,
VIR029W AL2 54 340,
YIR030C 06T X 283,
VIR031C ALT 01 346,
YIR032C ALY 27 297.
YIRO33W 1GA2 g X 40| 4 318
VIR034C VSt 1 1 279, 268 525,
VIR035C VIR035¢ 64. 324,
VIR036C 1RC24 5 X 54, 309,
YIRO3TW. HYRT 1 .04 338,
YIR038C GTT1 7 328.¢
VIR035C YPSE 15 2] 34143
VIR042C VIR042C 07 7 : 333,99
YIR043C YIR043¢ 0 .44 308.¢
YIR044C YIR044c 8 5 306.
YIL003W COX16 34 T g 6 295
[ ViLoosc 581 [ 2 7 293,
[ VaLooec CTKZ 5 109, 7126 350.
[ ViLoorc YJL007s 45 302
YJLO12C VIc4 94 2. 258.
YJLO12C VIC4 1 84 16.71 294.
[ Viror2ca YiL012c-a Z 17.77 X 295
[ ViLorac MAD3 04 2 233,
| viLorew YILOT6w 1. 57 232
| viLorew YILOT6w 1. 2.09 228.
YJLOTTW. YJLOT7w 1 .54 .34 .22 2521
[ viLozoc BBCT 4. 1 259.98
[ VaLoz0c BBCT 2] [ 8. 19 292,07
| vuLo21C YJLO21C I .94 7.6 . .99 271.04
| YJLo22w YJLO22w 9 . 58.! .7 .74 269.92
| ViLozac PET130 A 8 8 67.34 a7 123. 1905 14596 297.51




Appendices

ORF | Optical density at 600 nm at regular ntervals (h) GIUCOSE ERUGTOSE] TOTAL SUGARS (of) _{SEINAERN OGS i
name Strain
2 3 48 5 7 102 118 102 118 102 118 102
[ virozic APS3 1 T 1 3 2128 | 104 | 813 2 10267 | 231 299,
[ ViLozrc YIL027c 54| 13168 | 12248 | 156, 11409 | 28018 | 2361 12
[ VaLozsw VIL028w I X 1. : 288
[ ViLoasc VPS53 282,
[ Varosow MAD2 04 282.
RET X4 0 1 322
[ VaLosTw IRCT8 1 7 321,
[ ViLosec LOHT 04 7 .92 312
[ Viroaw MHPT 7 300,
YIL0Z3W YIL043w 3 . X ] 292
[ Virosc GYP6 9 54 14, 84 94 X 3%6.
[ Virossw VIL045w ] 3 10.05 67 .44 3064
YIL046W AlM22 o4 - 0 1399 X 54.61 32714
YJL047C RTTI07 3 7 5 2017 04 333,
YIL047CA YIL0475-2 0 54 301,
[ ViLossc UBX6 54 7 271
VILO4W VIL049w 9 9 2774
VILOTW TRC8 9 ; 4 . g . [ . 297
| viLos2w TDHT 5 7 1 34 .04 X 252 34.08 293 405 294,
[ ViLosaw PEPS 6 1 0 10.17 547 77 67. 56.9: 342,
[ ViLos5w VIL05w 7 3 2 32 320 21 3720 | 1848 293
[ ViLosec ZAP1 3 6 3 3589 103. 56 159.67 | 120.4 348
VIL057C IKST 3 2 .02 1219 59,1 26 78. 61.45 34812
[ viLossc BIT61 7 7 1 136 I 58 336.0;
[ VaLosow YHC3 3 9 14,4 54. 4 340.7
[ VaLosow YHC3 9 7 1442 323
[ VaLosow BNA3 2] a7 313
[ VaLosow LAS21 ; 277,
[ ViLoszwA RRGT0 230.1 485,
YJL063C MRPLS 7 04 2052 529,
[ VaLosaw YJL064w 7 7 305,
[ ViLossc DLS1 4 316
[ ViLosec MM 0 ; 304,
[ VaLosTw YIL067w 2 2 2 34 3.
[ ViLossc YJL068 7 1 07 369,
YIL070C YIL070¢ 1 1 57 X . 253.44
VILOTTW ARGZ 54 : 1 A7 4 T4 5. 260
YILOT3W JEMT 09 14,94 54 16 3364
YIL0750 YILO075 09 43 4 293.64
YILO77C 153 1 132 333,
[ ViLorrws YIL077wh I 96 303,
YJLO76C PRY3 9 54 I 14: X . 287.
[ virorsc PRYT 0 0 7 ; 4 04 321
[ viosoc SCP160 9 iz 78 13 64 298,
[ ViLoszw L2 2 7 .22 31 54 296
[ ViLos3w TAXd 7 7 57 54 304,
YJL0B4C ALY2 6 9 20 77 ; 327,
| vILossW ARG3 15 8 13 26 286
[ ViLossw ARG3 20 4 1.3 97 300.
| VaLosow SIP4 7 1 92 60 343
[ VaLoozw SRS2 2] 3 14, 1 356.
YJL093C TOKT 39 I 14 X 32 363.
[ ViLosac KHA 7 8 T 4 2 253,
[ ViLogsw K 7 .1 6. . 334,92
[ VaLosew IRPL4 T 277 14, 244 | 31
[ VaLosew IRPL4 04| 12161 | 177 | 1 1 25957 | 5054
| vacossw AP185 7 1 4 . 1. 94 3 345,
[ Virossw HS6 54. 54 331.
YILT00W L5B6 } 330,
YILI01C GSHT T 5 I 309.
YILI01C GSHT T 6 3 4 ; 2951
| vaL102w 27 8 8 146 | 444 4 281 289,
[ viLtoow MEF2 I 9 | 12289 | 12395 | 13351 135 | 541,
[ virto3c GST 6 7 15 4 2 7.94 27 328,
IR SET4 6 9 16 28, 7.35 3. 294,
YIL106W. IME2 5 5 48 17. 6.30 21. 307
[ viLiorc YJL107e 3 E 7 1 X 9. 32,
YIL108C PRM10 5 T 7 54, 7. 331,
[ viLrioc GZF3 7 0 0 . 54 344,
[ ViLTizw MDVT 5 9 7 10. 9. . 348
YILT15W. ASF1 2 3 9 2 : 132,84 1104 370
YIL1160 NCA3 7 7 0 26 0. 330,
[ viLriow PHO86 3 7 87 8. 342,
[ ViLTiew VILT16w 7 6 7, 362.
[ viLrioc VILT19c 1 4 X T 340
YIL120W YIL120w 7 9 3 14.78 84. I 342
[ viiric RPET 0 63 87 13 4. 356,
[ Virroow ALBT 1 77 . A 330.
|23 MTCT i 4 32. 319,
YILT24C K] 34 ! 128 380.
[ Virr2w NIT2 4 6. 46 310,
YIL127C SPTT0 7] 1 1 564 . 153. 348,
[ Virrrcs YILT27c-D 13, 2 3 37
| viLizac PBS2 103. 110.54 237. 370,
[ viLi2sc TRKT 9 7.4 3 [ 333
[ viirasc TR 7 1.9 99 12. 313.
[ virrsoc URAZ 11969 | 11130 2321 521.
YIL130C URA2 12334 | 13545 272,07 521,
| viLisic AM23 82 4 37 3001
YILT32W YILT32 74 i 25 299
IRAREA YJLi32w 07 6.8 7 . 296,
YILT33W MRS3 54 1.4 0 34 279.9
[ vaLizaw LCB3 16.68 7 I 4255 336
[ vaLissw YIL135w 14, 4 30 : 4676 329,
YILT36C RPS21b 0. 4 32 4 .70 284,
[ vLi36w-A YJL136w-2 7 9. L 303
[ viirs7c GLG2 7 7. 34, 305
[ viLizac TIF2 7 1. .44 276.
| viLi3s YURT 1 3. 293,
IAEE YURT 3 3 7. X ] 3001
[ Virraow RPBA 2] 44 74 X 4401 | 303,
YILT4OW RPBA 73, 6201 94, 202.2 435.
YILT41C YAKT .76 X ; 281,
YJL142C YJL142¢ 44 .07 23 296.1
[ viLraaw ViLT4w 284,
[ ViLrasw SFH5 1 3009
YILT46W IDS2 7] 299,
| vuL147C YJL147c X 302.¢
[ aLiaew RPA3 5 343
[ ViLrasw DAST 310.
[ Vi Tsow YILT50 1 31
YILT51C SNA3 301
[ viLisic SNA3 316
YJL152W YJL152w 1 303
[ viLis3c INOT 16 I 9 X 306
RES VPS35 7 54 67 7 18.91 353,
| YUL155C FBP26 9 2 283
| viLrsic FART 7 54 7 X 305,
[ viLisac CIS3 7 2 } 04 . 293,
[ ViLTsow HSP150 0 0 284,
VIL160C YIL160c 7 4 270,
| YJL160C YJL160c 94 84 294
YJLT6TW FMP33 304
YJL16TW FMP33 298
[ viLi62c J02 54 299,
VIL163C YILT63¢c 3 305
| viLi63c VIL163¢ 4 306
YJL164C TPK 7 . 351.;
| YU 165C HAL 2 1. X 328
[ ViLte HAL 7 0 9 4 2 332
[ YaLieew QCR 8 2] X 0. 297.
| viLieac SET. T 9 153 10477 350,
| viL169w YIL169w 5 7 . 109 . 87.25 z 331.
VIL170C ASGT 7 91 4 28 A 3 15.10 554 262,98




Appendices

ORF | Optical density at 600 nm at regular ntervals (h) GIUCOSE ERUGTOSE] TOTAL SUGARS (of) _{SEINAERN OGS i
name Strain
26 3 4 5 7 102 118 102 118h 102 118h 102h
YJLI71C YJL171c 04 14 64 1 .25 .. 7.35 5¢ 282,
| viLT72w CPST 54 0 a1 34 T 292,
[ vaizaw CPS1 6 X 94 316
[ vaLisw YILT75w 7 .44 54, .94 376.
YILTT5W YILT75w . I X 342
YIL1760 SWi3 7. [ 10. 54.04 1021 I 12
[ vaLi7rw RPL17D 23 0. 6. 28 71 292,
[ viLi7ec ATG27 1 1634 X 5410 18 63 306
[ vaLirow PFDT 0 37.95 21. ; 7275 4.34 100. 344,
[ virrsoc ATP12 7 15067 | 12109 | 133, 13134 4.05 25 520
[ viLrstw YILT87w 7 67 12 4756 13.91 54.34 154 315,
[ ViLts2c VIL182¢ 0 3 1056 6.7 5 4574 6.13 5244 318
VIL183W MNNTT ) 1 %0 1364 41 606 3595 425 201 261,56
AR GON7 0 37.35 19.61 67 4 124,02 0. 322,
[ virrssc YIL185 5 7 311,
[ Vi Tsow MNNS 0 34 4. 311,
[ viLtsrc SWET X ; 5. 296
VJL188C BUD1S 1 4 54 39.3 9 X 1 6. 341
| viLT89W RPL39 6 0 3 0. 27.41 2972 309,
[ ViLTeow RPL39 1 1 8 1147 34 37.62 258,
RAE RPS22a 4 9 2] 1.2 56 67 292
VIL19TW RPS14h } 4 9 2] 1122 3 04 3664 304
VIL19TW RPST4h 4 3 81 I 9 13 I 28, 3083 324,
[ viL192¢ SOP4 9 % 15 1465 23.7¢ 2 2561 300.
[ varrosw YIL193w 04 10 7 10 28 i 30.71 301,
[ ViL196c ELOT 3 14 54 251
[ Vir196c ELOT 1 I 300
[ viLrorw UBP12 7 7X 288
[ ViLroew PHO30 7 0.01 280
[ virresc YIL199 5 04 2 292,
[ Vara00c ACOZ 5 27,
[ VaLa000 AC02 0 300,
YIL20TW. ECM25 34 7 2 X 322,
[ vira0i ROY1 [ 1 84 4. 367.
[ vira060 YIL2060 04 8 0 2 X Z : 3134
[ VaLa06c VIL206¢ 1 2] 7 1 48 4 4. 302,
VIL206C-A VIL206C-A 04 3 1 ] 2 I X 97 311
[ viLz070 LAAT 3 3 6 7.90 95 312.14
[ Vira0s0 NUCT 7 8 21.76 14 340,
[ VaLa09w CBP1 5 7 .55 A7 260.
[ VaL2iow PEX2 2] 6 57 16 f 270,
YIL211C viL21Tc 5 8 1 61 29 75 279
[ vierc OPTT 3 30 0 0 7 z 286
YIL213W YiL213w 4 94 7 5 7 X 2 297,
YIL214W HXT8 1 2] 7 9 14 8 42 294,
YIL215C VL2150 7 1 7 9 4 .74 284,
YIL216C ViL216c 4 6 5 7 B } ; I X} 283,
YIL21TW REET 44 40 7 282,
YIL218W YiL218w 31. 291.
YIROOTW AVTT 7. . 301
YJRO03C YIR003c I 55, X 615 | 2. 31
YIR004C SAGT 04 54 12754 | 14664 | 1 275 396.
YIR005C-A YIR005c-a 04 X] 301,
YIR005W APLT 7 285
YJROOBW YIRO00BW 271
YJRO0SC TDH2 239
YIR010C-A SPCT I 248,
YIRO10W MET3 X 34 269,
YIR071C YIR0Tic } 4 13,74 I I 299,
YIROT4W TMA22 2 0 1374 69, .7 31
YJROTSW YIROT5w 6 B 2 9.48 58 X X 307.
YIROT8W YIR078w 7] 7 54 78.35 56. 3077 | 1 210, 17291 345
YIR019C TEST 54 9. 4 .0 305
YIR020W YIR020w 6. 7 2 7 300,
YJR021C REC107 1125 0 4. 4 318,
YJRO24C MDET 4 K X I 7 283,
YIR025C BNAT 7 207 10.52 78 6747 9. 37
YIR026W YIR026w 8 10.56 56. 5474 64, 321.
YJRO30C YIR030c 7 75 8.3 188 X 298,
YJRO31C GEAT 7 4 2 16.81 25 298,
YJRO32W CPRT 54 I 91 27,04 554 28 250,
YIR033C RAVT 7 9 77 5842 5113 106, 10399 | ea, 396.
YIR034W PET197 1 1 6.8 21 52 300,
YJRO35W RAD26 9 42 77 7 318.
YJRO36C HULE 7 1152 46 3374
YJROITW YIRO37w 1 6 6.1 04 292,
YIR038C YIR038c 18 3 4T 84 g 4 i 295
YIRO039W YIR039w 7 8 43 96 2! X 301.
YIR04OW GEFT 7 148 77 ; 2 269,
YJR043C POL32 7 2, A7 6554 4. 367.
YIR044C VPS55 ) 81 217,
YIR047C ANBT 7 81 X 273,98
YIR048W CYCT 61 1 389.93
YIR049C UTRT 7 2 [ 343
YIRO50W (52 1 24 9. 324,
YIRO5TW. OSWT i 3 ; 8190 347,
YIR052W RADT 64 4 .7 64 272,
YIRO53W BFAT 1 I I¥ 82 52 269.
YIRO54W YIRO054w 5 1162 0. 50.24 24 319
YIRO54W YIRO054w T 9. 2 54. 2844 64.4 288
YIRO55W HIT 27 14 Z 3054
YIR055W HIT 08 4 265
YIRO55W HIT 11.70 8. 305.
YIRO55W HIT 4.0 X 283.
YJROS6C /JR0560 1 44 186 21, ; 285
YIR056C YIR0560 7 7 I 26 254,
YIR058C APS2 9 i 12.09 73 345,
YJROSEC APS2 7 5 26 269.
YIRO59W PTK2 2] 0 X 34 274,
YIRO60W CBF1 2 X X f 78! 354
YIR06OW CBF1 5 7 465 10.51 456 10257 340,95
YIRO6TW. YIR06Tw G 24 7 32! 276,
YIRO6TW /IROGTwW 7 24 93 107.84 367.
YJR062C TAT 7 6 ) 272.
YIR062C TAT 34 54. 294,
YIR063W RPAT2 308.
YIROGEW. TORT 74 g 335
YIR069C HAMT 0. 326
YJRO70C TIAT 332.
YIR073C OPI3 X 25
YIRO74W MOGT ) 1 341,
YIRO75W. HOCT 41 212
YIRO77C MIRT 9 331
YJRO78W BNA2 7 330
YIRO79W YIRO79w 4 L 3%,
YIR080C AlM24 4 34 352
YJR082C EAF6 . 342
YIR083C ACF4 4. 303;
YJRO84W CSN12 7. 301.
YIR085C YIR0850 . 269
YIR086W. STE8 54 279,
YJROSTW YJRO87w .. .81 A 267.
YJR08EC ENC2 1 1 9 276
YIR090C GRRT 4 54 302,
YIR090C GRRT X 342,
YIR091C JSNT 5 2 2077 320,
YJRO92W BUD4 7! 3 . 328.;
YJR094C IMET 5 34 4 3. 279.
YJRO94W-A RPL43b Al 1 2 3. . 262
YIR095W SFCT 7 10. X 04 ; 313
YIRO96W. B4 11 0. 14.34 ) 315
YIRO96W YIR096w 6 3, E 7.3 271
YIR097TW I3 5 18. 20, 7.80 77.82 37,
YIR098C YIR098c 0 0 1694 13.04 0.54 [ 63,59 32924
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Appendices

ORFname Suaim Optical density at 600 nm at regular intervals (n) GLUCOSE FRUCTOSE TOTAL SUGARS (g TOTAL AMINO ACIDS (mglL)
2 3 4 5 78 102 8 102 118 102
[ varossw YUHT 7| 131 7 1 3456 i 29.0 306.87
YIR100C AIN25 554 759 | 896 163.14
[ voriow RSM26 136 26286 | 219, 496
[ Yor102C VPS25 72, X [ 66. 386
YIR103W. URAS 4. 7 59, 12, 320,
[ Yori04C S0D1 4 8 g 102 78, 232,
[ voriosw ADOT 4 7 X 25, 299,
[ Voriosw ECM2T - T 7. E z 272.
YIRT0TW. YIR107w 7 K 1 T 74 283,
[ YorioTw YIR107w 7 6 39 7.2 4 .00 297,
[ ariosw ABMT 60 7 8 304 45 Z i 310,
[ voriosC CPA2 32 40 7 9 3 135 B 88 14 4 267,
YIRTIOW. VMRT 64 81 1 } 2 0 3.02 63 14 94 5.7 271.01
YIRTTIC YIRTTTc 6 7 21 3. 0 1477 24 18.04 5.53 278,
[ YORT12WA YIRT12wa 0 8 6.4 4834 X 548 151 297
YIRT13C RSMT 7 2 34.09 7821 4. 112.3 112, 309;
YIRT13C RSMT 1 2] 51,09 104.7 1558 133 335,
YIRTT4W. YIRTT4w 9 I 5 2 9 12387 135.6: B 259.49 2174 502,
[ YIRTI5W YIRT15w 5 iz 3 7.40 X 91 50.83 9.9 305,
YIRTI6W. YIRTT6w 7 1475 61 7295 67.17 281
YIRTITW. STE24 8 417 2 84 43.42 51.24 267,
YIRT18C [ F 4 147 0. 204 10 232,
2 JHD2 2 30 I 0 28.56 1557 [ 41 10016 79; 205;
[ v YIR120w 7 79 4. 23 51 82.8 326.
[ Vorizw ATP2 7 10. .25 85,81 . 231
v IBAST 7. 57 811 54, 303;
[ Vo VJR124c 15 84 X 1104 25,
Bz ENT3 8 .64 233
Rz VPS70 13.24 L 281.
Rz RSF2 ] 6 3024
[ Vo YIR128W 1 302.
[ voriz9C YIR129 44 X 298
YIR130C STR2 34 321.
[ Yori3W MNST 54 275
YIRT33W. XPT1 - 1 ; 265,
YIR134C SGMT 3 4 8 B . 95 314
YIR135C MCM22 4 48 8 I 5. 94 10814 X 371,
| YIRT35W-A TIME 3 5 6 428 1011 4911 1.0 279.
YIR137C METS 1 1 0 97 3 70 4917 1T 319;
[ voridoc HIR3 0 7 7 6.31 13.4 .49 118.71 774 211,
[ Voria2w YIRT42w 1 8 8 18. 13 106.25 86,8 181,
YIR143C PMT4 1 7 61 1 T 51 6111 16.8 3064
YIR144W MGM10T 8 2 2 i 1116 5200 | 1243 244.98
[ Yor145C RPS4a 54 3 4 2 X 12813 | 109: 219.95
[ voriasw VIR 146w 7 7 9 7 534 128 309
[ Vvoriaw HMSZ 0 7 1 X 25 455 103 3024
YIRT48W BAT2 5 4 7 2 X 7291 101.34 931 213,
YIR149W. YIRT49W 1 7 2 3! 32, 5. 3. 89 278,
YIRT50C DANT 0 7 2661 14, 781 6291 105. 7698 257.
YIRT51C DAN4 54 1. 1423 1544 297,
YIRT5TWA VIR 152 84 2 X 2747 2978 285
YIR152W. DALS 3! .94 } 717 253,
YIRT53W. PGUT 54 19.73 14.54 63.41 74 7794 315
YIRT54W. YIRT54W 9 7 2.9 2, X 5. 280,
YKLOOTC MET14 54 04 1.0 X 10, 8 5, 239
YKLOOZW DDA 12 0 13 11 X 2 248,
YKLO02W. DID4 62 3. 99; 69.44 13358 | 8. 3554
YKL003C MRPTT I .95 12448 | 13664 | 142.99 261 27014 509,
YKL005C BYET 46 17 27 .07 61. .7 73.4 342,
YKLOOGW RPLi%a 04 7 212 72 57 9 6.8 328
YKLOOTW CAPT 30 7] 9 % 94 28 2 299 29244
YKL00BC TACT 20 0 1 7. 93 29, 85 314 304.
YKLOOSW. MRT4 7 4 7 27 12 85 13.6 275.7
YKLOT0C UFD4 36 04 2 B 174 292.
YKLOTIC CCET 3 1 50.07 7.79 1913 280
YKLOT5W PUTS 4 8 7 4672 ; 247 2762 296
YKLOT6C ATPT 1 1 1 29 75! 64 4. 258
YKLOT7C HCST X 2989
YKLOT8C-A YKLOT6c-a .04 64 315
YKL020C SPT23 4 298
YKLO23W YKLO23w 250 X 298.64
YKL025C PANZ 9 7 6 24 34 49 289,
YKL026C PXT 54 34 7 1 294
YKLO2TW 027w 2 3 2] 7] E 296
YKL029C IAET 7 1 0 0 64 297.
YKLO3OW 030w 04 7 4 6 1922 15.32 I f ] 329
VKLO3TW. VKLO3Tw B 6 5 3. E 3387 2. 290
VKL032C IXRT 7 7 i I 2 24 27 . 252,
YKLO33W-A YKLO33w-a 1537 3. 4328 314
YKLO33W-A YKLO33w-a 17 .66 289;
VKLO3AW. TOLT T 296,
YKLOSTW. AM26 ; E 270,
VKLO38W. RGT1 1 } 4 7.32 270
YKLO39W PTMT 2 1 E I 183 304
YKL040C NFUT 54 0 2 62. 815 304
YKLOAT VPS24 1 4 o7 1 22,1 1251 10691 358,
YKL043 PHD1 6 26 .7 281.
VKLO44 YKLO44w 7 7 4 28595
YKLOA6! DCWT 8 A7 39.46 318
YKLO4TW YKLO4Tw B 7 4097 2799 304,
YKL048C ELMT 9 Ki] 7 54 132,37 94, 3364
YKL050C YKLO50c 7 24 344 8. 292,
YKLOSTW SFK1 1 9 756 4, 318,
YKL053C-A MDM35 7 34 487 1. 316
YKLOS3W YKLOS3w 2] L 634 [ 319
VKLO54C DEFT B4 84 1734 158. 370,
YKL055C 0ART 7 6.05 33 266.98
YKLO56C TMATS 3 3476 1267 28478
YKLOS7C NUP120 2 8 193.06 17441 41103
YKLOGTW YKLOBTw. 34 9 2 7430 452 32053
VKLOG2W. MSNZ 9 6.2 .78 27595
YKL063C YKLO63C .81 300.
YKLOG4W. MNR2 282
YKL0B5C YETT ) 6. 273
YKLO65C VET! 1477 11 316
YKLOG6W. YKLOG6W 3. 284,
VKLOGTW. YNKT 34, g 276
YKLOGBW. NUP100 4 246
YKLOGBW-A YKLOB8wW-2 290,
VKLOGIW. YKLO6IW } 2859
YKLOTOW. YKLOTOW 34, 293
VKLOTIW. YKLOTIw 01 4. 310
YKLOT2W ST86 I 273
YKLOT3W. LHS1 .. 1 301
YKLOT4C MUDZ } 34 14 273
YKLO75C YKLO75¢ 31 14 E 329
YKLO76C YKLO76¢c 7 3 44. 321
YKLOTTW YKLOT7w. 4 34 5¢ K . 44. 2974
YKLOT9W SMY1 1 9 29! 31 282.1
VKLOBOW. VMAS 2 4 2910 100.14 151.32 349
VKLOBTW. TEF4 7 16.34 3: ) 1237 356
YKLOB4W HOT13 8 .. .61 .21 266,
YKLOB5W MDH1 9! 1. 1 .25 286.¢
YKLOB6W SRX1 94 1 T 9 99 281,
YKLO8TC Y12 54 X ; 267.
VKLOSOW. CUEZ 9 1044 .44 284,
YKL091C YKLO91c 94 . 305.1
YKL092C BUD2 9 . . .94 2951
YKLO93W MBR1 7 8 1 .3 98 270,
VKLO94W. YJU3 I 4 297.
YKL096C-B VKL0%6cD 1 - . 3 2529
YKLO96W CWP1 7 2 1 14§ 16.1 25495
YKLO9EW-A Ccwp2 7 8 9 B . 4. . . 287.39
YKLO97C YKL097C 8 2 X 7 44 94 T 25 2, 274 27910




Appendices

ORF.name Strain Optical density at 600 nm at regular intervals (h) GLUCOSE FRUCTOSE TOTAL SUGARS (g TOTAL AMINO ACIDS (mg/L)
2 3 4 5 78 102h 118h 102 8 102 8 102
YKLO98W MTC2 1 8 1 17 .87 314,
YKL100C YKL100c .94 . 299.
YKL101W HSL1 64 2.5 .64 1 293
YKL102C YKL102¢ 94 .7, 3! 275.
YKL103C LAP4 7 ¢ 272,
YKL105C YKL105¢ .91 293,
YKL106C-A YKL106c-a 11.25 3184
YKL106W AATT 1. 298.4
YKL107W YKL107w 934 .0’ 312
YKL109W HAP4 94 .58 293,
YKL110C KTI12 1 54 .38 5 K 306.92
YKL113C RAD27 0 i 3 B 4.11 10.46 83 . 322.59
YKL114C APN1 0 Eil 3 6 ¥ 1 .32 1.9¢ 54. b 32, .72 291.66
YKL115C YKL115¢ 7 2 .15 2 421 15.04 .47 274.
YKL116C PRR1 1! .06 Nl 11.74 30.4° 296.44
YKL117W SBA1 3 .25 A 5.64 16.4° 270
YKL118W YKL118w K 40.01 18.9: 76.84 136.6: 3 333
YKL119C VPH2 5 40.84 25.8: 84.19 140.30 110.00 327.2
YKL120W OAC1 7 Tt 0t .97 7.6 18.89 290.
YKL121W DGR2 8 Tt 1 41.08 2891
YKL123W YKL123w 2 0i 3 7.69 289
YKL124W SSH4 4 [ 0 .. 7.67 271..
YKL126W YPK1 9 75 0: £ . .08 3141 309.!
YKL127TW PGM1 7 1 .67 1. .44 284
YKL128C PMUT 1. .37 284.54
YKL129C YO3 283
YKL130C HE2 . 289!
YKL131W L131w. .2 295.
YKL132C RMA1 4. 0 291.92
YKL133C YKL133¢ 1. . .. X K X 292.!
YKL134( OoCT1 9 96.: 154. 1 305.4 21417 523.
YKL135( APL2 7 70.¢ 55.¢ .04 4.11 340.;
YKL1361 YKL136w 34 10.! 1.49 297
YKL137! CMC1 5 1! 22 3.91 299
YKL137! CMC1 34 0 . 75 . .51 279.
YKL138( MRPL31 7 84 4 1 .S .64 33.37 .44 36.32 283
YKL139W CTK1 7 8 8 11 2 72.1 112.9: 107.70 194.61 179.90 386.
YKL140W TGLT 6 05 ¥ . 1.6 .S 290.
YKL142W IRP8. 7 96 X .34 7. .54 285.1
YKL143W. LTv1 2 44 7 2. 259.1
YKL146W AVT3 5 i 9 6. . 275
YKL147C YKL147c 3 87 0 4. 4. | 273
YKL148C SDH1 9 97 6.57 23.] 7.54 271.!
YKL149C DBR1 94 94 59.¢ T2 . 312.
YKL150W. MCR1 94 T 1. 141 X 21 24 22. 288
YKL151C YKL151c 9 8 3. 248 39.¢ 31, 4301 [ 33 277.!
YKL155C RSM22 7 1 A 120.43 119.97 139 260.3: 226.89 468.!
YKL156W RPS27a .21 .74 .31 .94 281.
YKL157TW APE2 .04 288.
YKL157TW. APE2 301.;
YKL158W L158W . 292
YKL159C RCN1 .3, . 292,
YKL160W ELF1 .92 X 54 290.
YKL161C KDX1 .64 .44 X 286.
YKL162C YKL162¢ .44 .54 303.!
YKL162C-A YKL162c-a 24.64 323.;
YKL163W PIR3 6. 303.9
YKL164C PIR1 1. ¥ 211
YKL166C TPK3 8 5 . 7. E 274.
YKL167C MRP49 3 .8 .93 50.81 3041 291.;
YKL168C KKQ8 0 .6 .15 55 37.24 318.;
YKL169C YKL169c 12 9 65.11 .16 178.3. 192.75 366.
YKL170W MRPL38 14 132.66 .11 2 290.54 562.
YKL171W NNK 73 04 3.40 .55 39. 265.9
YKL174C TPO! 02 1.0 6.6 286.63
YKL175W. ZRT. 69 1.1 7 194 261.82
YKL176C LST4 8 0 1.31 . .81 340.92
YKL177TW. YKL177w ] .34 Xi 298.
YKL178C STE3 T .7 292
YKL179C coy1 ¢ .40 312
YKL183W LOTS 8 B X .7 290.4
YKL184W SPET 0 .27 3¢ . .54 316.
YKL185W ASH1 34 94 .4 .94 309.
YKL187C YKL187¢ 04 .57 338,
YKL188C PXA2 7 X 310.;
YKL190W CNB1 9 .4 g . X L 3 332
YKL191W DPH2 3 .47 656 | 6.84 40.¢ 38. 7.05 |  45.0 312.
YKL194C MST1 04 .23 12622 | 121.70 1 132. 260. 254.35 541.
YKL197C PEX1 14.84 10.¢ 49 60.1 309.
YKL198C PTK1 1.6 0.7 2 278,
YKL198C PTK1 12 10. .81 322.
YKL199C YKL199C 19. 11. 337.
YKL200C YKL200C 16.. 13. .S 333.
YKL201C MNN4 4.5 7! 46. 304
YKL201C MNN4 5 60. 297
YKL202W YKL202w 74.4¢ .. 322.
YKL204W EAP1 160.9¢ 138.4: 352
YKL205W LOS1 70.78 56.7: 337.
YKL206C ADD66 .37 76.1 336.1
YKL20TW AIM27 7 6 . . .97 48.2 331.4
YKL208W CBT1 .4 X 12.81 49.2: T 59.8: 278.
YKL211C TRP3 .9 9.9( ! 30.7¢ .. 33.3 328.
YKL212W SACT 94 Tt 45.05 39! 100. 144. 140.¢ 409!
YKL213C DOA1 1 2 6.21 . 20. 49 23.2 308.¢
YKL214C YRA2 7 1 1412 10.3: 3 46. 68. 57.1. 308.
YKL215C OXP1 A 64.8( 8165 [ 24 330.
YKL216W URAT X 109.3¢ 164.85 128, 369.95
YKL217W. JENT 14 .7 .04 45. 311
YKL218C SRY1 6 34 .2 52 347.;
YKL220C FRE2 3 7 . 4 25. 321.1
YKL221W MCH2 .97 17.24 10.66 58. 344.
YKL222C YKL222¢ 16.06 15.77 70. 337.
YKRO001C VPS1 4.9 .5 278
YKROO3W OSH6 1431 .9 3394
YKRO04C-A YKRO04C-A 1.8 1 . ! 260.
YKR005C YKROO05¢ - 8. . 031 | X 351.
YKR006C MRPL13 157. 1 29374 | 23185 393.
YKROOTW MEH1 12859 | 127.24 416.1
YKR009C FOX2 5 341.¢
YKRO10C TOF2 . 302
YKRO11C YKROT1c. .. .27 319.
YKRO12C YKRO12c. X 11. 331.
YKRO13W PRY2 4 13 X 3 3254
YKRO14C YPT52 6 6.8 .94 .7 315.
YKRO15C YKRO15¢. 7 .87 12, .94 349.
YKROT6W FCJ1 .99 16.04 349.
YKRO17C YKRO17c 7 1143 328,
YKR016C YKRO18¢c 6 X X : 331.!
YKR019C IRS4 3 1 1. 9 5.7 310,
YKRO20W VPS51 .34 8 4 1. .. .67 336..
YKRO21W ALYT .44 9! 5 12, 54.. .34 329.
YKRO23W YKRO23w 7 7 .07 307,
YKR024C DBPT. 4 4 .80 226.
YKR026C 54 1 . .94 X 309,
YKR026C CN3 7 34.. .89 273.
YKR026C CN3 .S 1.76 286.
YKRO2TW CH2 44 474 254,
YKRO28W AP190 L 44 . 272,
YKR029C SET3 .84 44, 253,
YKRO30W GMH1 E 54 94 7. 318.
YKRO031C SPO14 .47 325.
YKRO32W YKRO32w 1 0 . 7.
YKRO33C YKRO33¢ 13 7 11.40 5 311
YKRO34W DAL80 .11 9 1.2¢ 7. 274.
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Appendices

ORF | Optical density at 600 nm at regular ntervals (h) GIUCOSE ERUGTOSE] TOTAL SUGARS (of) _{SEINAERN OGS i
name Strain
2 3 4 5 78 102 118 102 11 102 118h 102
YKRO35C Unknown 129 1 7 231 16 62 7 78.90 368
VKRO35W-A__|_DID2 47 40 45389 343,
VKRO36C CAF4 X 4 X 3 296,
YKRO39W GAPT 54, 21, 54, 51 312
YKRO40C YKRO40c 3 4 287.
YKRO4TW YKRO4Tw 54 [
VKRO12W UTHT ) 4
VKRO43C VKRO43C 44 4. .
YKRO#W UIP5 7 1, K
YKRO45C YKRO%5¢
YKRO46C PET10 1 : X
VKRO4TW VKRO47w 3 3 L X 48
VKRO46C NAPT . 0. 74 90 5. o7.
YKR049C 2 ] 07 1 8.
YKROSOW TRKZ 1 3.09 X
VKROSTW VKROSTw 2 3.03 54,
VKR052C MRS4 2 ]
VKRO33C VSR3 ) I 2 0.92
YKROB4C DYNT 7 9 9 0 1 37
YKROS4C DYNT 2] 54 7 37 100.24
VKROS5W RHO4 7 8 X 78 41
VKROS6W TRM2 7 54 X 58 89
VKROSTW RPS2ia - 3 1 2 1 96 20 7 81
YKROS8W GLoT 7 57 ] 2 61 54.2
YKROS9W TIFT 5 1 7
VKROGOW UTP30 7 34
VKROGTW KTR2
YKROGIW OAF3 04 3 I .44
YKROG5C PAMITT 2 07 7 9
YKROG6C CCPT 54 8 13 584 3
VKROGTW GPT2 04 7 2. 4.
VKROGIW MET? 6 A7 4
YKROTOW YKRO70W 7
YKR072C SIS2 5 ; I
YKRO73C YKRO73¢ 7 2 0 . 5.
VKROTAW AM29 8 1 3 54 ) 108.1
VKRO75C VKRO75¢ o I 2 2 2 1 8.78 68.73
YKROT6W ECH4 7 12 2] 4 36 82 77
YKROTTW MSAZ 14 7 4T, 94 .7
YKRO7EW YKRO7W 5 1 11 27 2
YKROBOW MTDT 7 6 17. I 14 =
YKROBZW NUP133 9 2 2 I 2 21 14 1223 .
YKROB4C HBST 01 44 6. 6378 9075|8221
YKROB5C MRPL20 95 119.44_| 121 14139 | 10976 | 260, 230
YKROB7C OMAT I 3 0 4 931 53, 12
YKROBEC VP38 54 7 0 0 4 10.58 57. 134
YKROBIC TGL4 54 1 Xi 2 3 1430 46 17
YKROS0W PXLT 6 44 T
YKROSTW SRLS 04 1 X 9 ;
YKROSTW SRL3 9 94 X 34;
YKR092C SRP40 54 ] 7%
YKROS3W PTR2 04 X 7 9 7 4
YKRO94C RPL40H 7 54
YKROS5W MLPT 07 0
YKROS6W YKRO96w 0
YKROSTW PCKT 1 X }
YKRO96C P11 04 42 1 44
YKRO99C-A YKRO99C-A 54 2 17.59
YKROS9W BAST 54 0 7 571 }
YKRT00C SKGT 6 6 9 5 1031 562
YKR100C SKGT 7 9 67 45 15.30 751
YKRIOTW SIRT 6 43 0 3 I 342
YKR102W FLOT0 1 12 7 8 84 69 [
YKR103W NETT 7 a7 0 5 0, 274 15
YKRIOMW YKR104w 3 a7 0 4. 1.90 7. 25
YKR105C VEAS 2 38 9 I 1 9.10 54.4 3
YKRI06W YKR106w 5 2] 7 43 2 59 6. 652
[ ViLooiw DNMT 8 6 9 49 2. 3898 | 2398
[ ViLooow RTT109 2 04 3 6442 87, 167. 13050
[ ViLoosc SPOT5 7 2 54 7.46 38 52, 465
YLLOOGW MMMT 0 7 2 T 34 [ 19 10, 297
[ ViLoosw MMM 1 9 40 3181 29 76.04 10495 99.03
[ ViLoosw-A VLLO0w=a 1 91 17.97 04 7.59 4873
[ viLoorc YLLOOTe 54 8 6.37 4
[ ViLoosc COX{7. 7 7 114 0
YLLO10C PSRT 8 5 6 322 X
VEHT iz B 9 73
PUF3 5 7 1
EMCE 7
BPT1 7.
[ v SDC25 6 .
VLLOTTwW iz [ 7.
COX19 6.4 1 6 ; 91
KNST 14 2 X 774 2
YLLO20c 4.7 A
[ v SPA2 .94 I
[ v POM33 7
[ v SSA2 1 [ 0.4 ]
[V PAUTT i 33 0.3 z .73
HSP104 4 4 X 10. 34
[ vl 1SAT 04 1 1372 4543 79: 50.53
[ Vi 1SAT 04 14,55 34, 74 39.61
[ it TPOT 1 0.4 161
[ Vi FRAT 1024 1169
[ Vit 110300 0 X 14.95 I 1840
[ Vit VL0320 7 76| 14 14 35 2. 45
VLLOS3W IRC19 12358 | 2. 114; 14440 | 23174 | 27243
[ viLo3sC ENT4 64 3 1.09 0.44 2 17 33
[ vitosc UBH a 2, 4.5 4514 202 48.02
YLLO35C UBH T 4 i 5.7 2984 119 141
[ v UBIZ 34 I 7 3 172 86 21
VPST3 3 98 0 174 17
SDH2 7 7 X 3 X
[ viio ATG10 Y 11.4; T 54
[ v FPST 1
Unknown
RPLED X
[V RNPT 4 6.9 44
Unknown 04 14.
[ v VBT 1 ) 54,
[ v LDB18 6 13 69
[ v FRE6 } 9 X 2
[ it AQY2 54 8 7 1 15.4
VL0530 8 7 2 64
[ Vi VL0540 21 12 67
[ Vi YCT1 29 06 X
| YLl YLLOS6c 7 7 34.
[ v JLPT 4 4
Yl YLLOS8w 1
[ vl YLL059c X
[ ViLosoc GTT2 4
| YLLO6TW MMP1 7. X .
[ Vito62c MHTT 4 9 3: 7 } 4
_YLLDESC AYT1 4 3 16.38 17.¢
[ ViRooic VLRO07c L 57
[ ViRo03C CMST 44 57
| VLRo04C THI73 6.
[ ViRooec SSK1 4 2225 12.4
YLRO11W LOT6
LRO72C VLR0T26 1
ROTSW GAT3
RO14C PPR1
15W BRE2
76C LT 5 84
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ORF | Optical density at 600 nm at regular ntervals (h) GIUCOSE ERUGTOSE] TOTAL SUGARS (of) _{SEINAERN OGS i
name Strain
| 26 3 4 5 7 102h 11 102h 8 102h 8 102h
VLROTTW MEUT 14 1 7 T 29 I 61 64 13.90 I 1488
[ Virotac POM34 - i I [ - 44 . 1157 : 1647
[ ViRo1ow PSR2 ) I I I . I 651 I 13261
[ ViRo200 VEH2 ) 54 I [ . 51 X 241 . 140.9
[ ViRo2 1w TRC25 ) 3 X L Z : 3 X 200,
[ ViRo230 1ZH3 - 3 [ B EX 5 0. X 121,
VLR024C UBR2 } 64 I I i 9. 64 I} 193;
VLRO25W SNFT ) ; X 2 ) 3 325,
[ ViRo270 AATZ 4 I 1 - 115 57.81 i 3 293,
[ ViRo28C ADET6 ) I .0 X I 133 X .94 204,
[ ViRozow YLRO30W } 3 3 44 X 04 42 734 295
ED VLRO31w, } 6 3 17.31 2 ; 3429 39.68 341,
VLRO3ZW RADS ) 1 I 24 62 X 18.98 5 2261 327"
[ ViR SMF3 5 67 0 7 .09 34,88 330,
[ ViRo35C MLHZ T 7 1 27 47 35,
[ ViRo36C VLRO36c 54 5 9 09 i 24 350.
[ ViRo37C PAUZ3 2 5 8 06 8 89 321,
R038C COX12 6 5 9 11 X . 29 274,
[ ViRo330 RICT 7 T 0 17.85 7364 97 34,
[ ViRoa00 R040c 1 11.33 54 34 61. 39, 323,
[ ViRostw RO4Tw 1 827 49 17 314,
[ ViRos2c RO420 - 34 329 1 354 % 2.
R043C TRXT 20 3 54 ; 101 I 0 K 1 9 199,
R044C PDCT 54 6 7 77 7 91 12.26 34 371 183.92
R046C LR046 54 5 6 2 32 19.50 1 139 17464
FRES 7] 7. 04 7 14 84 182,
RPS0b 2] 73 . 212,
LR049c ) 3 7 ) EX 072 EX 139,
LR050c - 3 11.02 : 46 57.95 3. 323,
IES3 } I 16. 11 55, 7 60. 342,
VLRO53c } 4 0; 1. E 0 0 150,
0SW2 9 19 209,64
0SW2 5 19 303,
SPT8 1 181 13.86 g 314,
ERG3 7 2570 18.42 04 366,
VLROS7w 7 T 45 20 ; 1 232,
SHMZ 9 4 ; 7 2031 95 54, 9 302,
REX2 a9 0 27 51 0 158;
RPL22a 18 7 04 0.03 0 261.
BUD28 14 K 7 041 gl 177,
YLROG3W 56 1 3 61 2. 156
PER33 4 31 o 0 X 18.5: 2045 18, 194,
VLROG5e 1 5 1 284 2 2519 3223 188
PET309 91 12157 | 12781 | 1155 23714 | 26644 513,
FYW7 77 154 49 94 7761 4291 304,
MEFT 90 10866 | 1341 | 1120 22069 | 25097 472,
XYL2 04 7 7.0 1.08 7 6.78 9.94 306
ROT2W 5 11.69 286,
RFUT 4 275 274,
BUDZ0 54 192 9.56 281,
FMP25 X 0 185
C1 1 04 0 8, .7 248,
ENP5 14, 14 16 4 184
GAL2 6 1 11 17 74 179,
SRL2 3 E EX 0 034 193.
ENP70 74 180;
RA 309.
RA . . 6. 281.
ARP 55,55 ; 7633 107.10 376,
F 213 X 2352 26 342,
ALTT o 7 A 9.1 10.2 319,
XDJ1 2 0 2 148 | 16.34 17 206
GEP5 0 3 12451 | 12448 14368 267.85 505,
SUL2 7 7 14 T 0. 1245 277,
YT 7 5 15 1 738 8.8 274,
GIs3 3 1 1.2 1. 16, 18, 272,
10c2 } 2 9 2, AT 202,
KINZ } 7 2 10 2 217,
HRT3 7 44 2 292,
CHA4 8 16.7 12 341,
1cT1 0 18, 12 338,
APCY 6 7 19. 45 333
YLR104w 6 10, . 7 31
REX3 7 04 4 269,
VLR108c 7] 7 i 64 286
AHPT 7] 9 84 X .04 ) 261,
RT10C CCwiz 5 5 1 1 8. 27 426 12 304,
[ ViRTiw RTTTw 7] 8 8 I K 48 386 31. 275,
[ ViRTi2W RTT2W 7 7 2 I 2006|2671 2662 | 2. 217,
RTT3W HOGT 15938 | 14981 | 132 12401 | 29216 | 273 528,
R114C AVLY 13084 | 12041 | 124 138 25541 | 261 511,
R118C R118c 2677 1 7 66 100.37 3 336.
R118C R118c 207 12. iz 315
SRN2 7 7 - - 314,
[ ViRrT200 PST - - 300,
R121C PS3 [ E 269.
LR722C R1220 - 3064
R123C R123c - 268,
[ ViRT2aW Ri24w 0 . 331,
R125W R125W 4 6 E 5 E X 274,
VLRT25w 2 34 7] 13 6030 70 74.2 X 316.
VLR1260 0 54 7 2 4178 7 265 293,
DONT 54 2 4 3574 7 6 154 261,
ZRT2 8 6 8 755 5 7 4 245
ACE2 6 1 19.40 i 21 14 61 308.
] 6 4298 54 314
PDC5 7 13.45 2 297.
SLX4 0 76 63 284,
TISTT 7 9 3 2045 1 292,
RI3Tw I 1177 269.
NHAT 4 1 3 1 Z 2 266,95
SLST 2] 4 66 5. 2529
PUTT 54 54 4 i 236.4
VLR143w 72. 62 4.7 308,
ACF2 7 X 3 3.3 269,
SPE4 1 79 45 50,9 345,
PEP3 9 1 o7, 228 476,
YLR149c ! 1 2. 300.
STMT 9 4 ] 272.
PCD1 7 7 284,
VLR1520 B 294,
RNH203 298,
YLR164w 34 280.
PUS5 316,
PS2 59 3229
RI69w 9.94 329)
APST 15.84 340,
R171w. 7. 317.
DPH5 1 1 10. 309
VLR173w 9 298,
1DP2 8 7 298,
REXT 04 44 3 286,
YLR177w 7 1 279
TFS1 6 2751
VLR179c 7 7] 12 296
SAMT 7 307.
VTA1 8 2. 329,
SWi 8 3 1 102, 336.
7054 7 .2 ; 300,
VLR184w ) - 27 . 9 310,
RPL37a Z X 7 260.
SKG3 7 1 4 284,
MDLT 8 . 2 7 2 308.
ATG26 7 81 65 3 28]
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Appendices

ORF | Optical density at 600 nm at regular ntervals (h) GIUCOSE ERUGTOSE] TOTAL SUGARS (of) _{SEINAERN OGS i
name Strain
| 2 3 48 5 7 102 118h 102 118h 102 8 102
RTSOW MMRT o 34 i 1 5.0 3682 513 .7 337.6¢
RE PEX13 04 1 0 4 3774 49 2720
[ Vir152C HORT 2 6 7 14 94 265.7
R1930 PST 7 54 11.29 53 341.
R194C R194c 5 25. 322,
[ Vir19i0 R194c 7 271
[ ViR199C PBAT 332,
[ ViR200W VKEZ } I 337
[ ViRaoic 0009 7 264, 528,
[ ViRa020 YLR2020 08 1 255, 531.
[ ViRa03C MSS51 8 19 T 253, 520,
[ virR204W QRIS 9 05 06 9 254, 513
R205C HMIXT 1 24 3 7 7. 328
[ ViRa0ew ENT2 7 1 275
[ ViRa0Tw HRD3 275,
[ ViRa09C PNPT 281,
R210W 164 2984
R211C R211c 1 ; 323
R211C VLR21ic 7 7 8 A7 284,
R2130 CRR1 Z 296
R214W FRET 0. 293
R216C CPRE } 294,
R21TW VLR217w 4 I 2 X 30171
[ ViRa180 VLR2180 7 00 16 7 25 1. 223,54
[ ViRa1ow MSC3 07 1 6. 291.
[ ViR2200 ccct 2] E 290
[ ViR22ic RSA3 4 29
[ ViRa2aw YLR224w, X 261.
YLR225C VLR2250 2 294,
[ ViR226w BUR? 8262 7 1 395.
[ ViR227C ADY4 X 286
[ ViR2280 ECM22 34 284,
[ ViRasic BNAS 54. 301
[ ViRazow VLR232w 84 I 315
[ ViRa330 EST ) 9 Z . 50. 300.
[ ViR23aw TOP3 ) 7 04 7 2. 44 344,
VLR235C VLR2350 6 16 El 06 3 54. .79 I 303;
[ ViRa360 YLR2360 7 2 A7 4 294 7 306.
[ ViRasTw THIT 1 164 . 7. 37
ET FARTO 5 4. 14 299,
[ ViRa2390 TPz I} X 24 ) . 296,
R2AOW VPS3 0 01 5 53 37 1. 168, 118 331
R2ATW VLR24TW, 04 5 11 47 } 43,04 72 478 316,
TR242C T 13863 | 13244 | 134 130.71_| 273, 263. 535.
LR242C ARVT 04 122, 12465 | 134 13045 | 256 255 530.
R242C ARVT 9 118 11924 | 124, 117.58 I 236 525.
R244C MAPT 1 81, 7156 129. 2 21 166 410,
[ ViRazew ERF2 7] 4 34 77 E 7 37.75 894 98, 135.78 320,
[ ViR2a7 1RC20 6 07 50 7 6 21.70 14,5 74, 297.
[ ViR2zew RCK?2 74 7] 7 319
[ ViR2s0W SSP120 7 304,
[ ViRasTw SYm1 294,
[ ViRasTW SYMT I 291,
[ ViRas2w VLR252W ) 4 5. 308,
[ ViR253W YLR253W 0 3. 287.
[ ViRasC NDLT 7 6. 31
[ ViRas5C VLR2550 0 1142 ; 309.
[ ViRasTw VLR257w 04 0 14 .7 287,
[ ViRasew GSY2 54 ) T 79 4 3. 300.
[ ViRa60w LCB5 5 0 15429 | 12682 | 145 25332 537.
R260W LCB5 2 0 13140 | 13043 | 144 276,80 521.
[ viR267C VPS63 25 1 82 135 X 4. 7.
[ ViR2620 PTG 7 0 74 14,5 37
VLR262C-A TWAT 2 34 69 8.0 54 307.
VLR263W REDT 7 7 86 9.1 313
VLR264C-A YLR264c-a 2 3 65 86 292.
[ VIR264C-A YLR264c-a 2 7 67 3 10.96 295,
[ ViR26aw RPS28h 20 8 9 31,
YLR265C NEJT 5 7 4 3054
[ ViRa6C PDRE 7 9 1 X . 264,
VLR267W. BOP? 0 34 8 3 6 ; 5 289.44
[ ViRacew SEC22 0 2 04 1 . 647 504 312
[ ViRa630 YLR269c 5 7 7 18. 1.3 300,
[ ViRa7ow DCS1 2] 0 2| 13129 0 141 2728 522,
[ ViRaTIW VLR27Tw 0 0 0 5 6 2, X 269,
YLR273C PIGT 9 0 3 3 1 204 4 76 7 324,
[ ViR R2780 34 7 07 94 301.
[ ViRa79w R279 7 7 I 284,
[ vir280C R280c 1 19.89 7 324,
[ Viros1C R281c 9 z 299
[ ViRas2c R2620 7 z .34 : 308.
[ ViRasaw R283W 85 8 7 74 304,
[ ViRasiC ECIT 79 4 299,
YLR285C-A LR285¢-2 54 04 I 268,
YLR285W. NNTT 1 10,6 2 . 306.4
[ ViRasec CTS1 1 7 7 4 0 ] 2.
[ ViRas7-A Unknown 7 34 299,
[ ViRas7C VLR267c 8 1 290.
YLR288C MEC3 7 3 4.06 15.78 285,
YLR289W. GUFT 0 2 9 7 2.86 I 343,
[ viR290C YLR290¢ 1 2 1 .94 299,
[ ViRa520 SEC72 7 16 5 64 . 313,
[ Vir294C YLR294c 54 1 31 7. 4. 335
[ Vir295C ATP14 8 .93 331,
YLR296W. YLR296w 7 i 291.
[ viR29TW YLR297w 04 5 7 293;
VLR299W ECM38 7 281,
YLRI00W. EXG1 3 292,
YLRI03W. METT7 2 278,
YLR304C ACOT 0 8 266
[ VLR306W Ci2 8 X 288,
[ ViR307C-A R307c-a B4 45 04 262.
[ ViRs0TW DAT 7 6 292
[ ViR308W DAZ 7 284,
R309C IMH 1 . 313.9
R3T1C R3tic 54 101, 343,
[ ViRs12C R3T20 . 954 329,
[ Virs120E R3126-D 34 . 36 263
R312W-A IRPLT5 1 141, 272! 520,
R313C PHT 5 . 290.9
NKP2 2 .44 308,
EST2 I 2 X 292,
BUD6 3 13 50. . 290,
MMS22 11 25 78, 136.4 103.45 354,
VPS65 7 14,04 2 ; 145.4 11247 308.
PEX30 3 2 84 22 3054
RPL38 15.91 4. 4.8 324,
YLR326w .1 1 280.
TMA10 g 308.¢
MAT 54 7 4 294
REC102 7 304,
REC102 54 9 . 272
CHS5 8 } 4 305
YLR331c 2 3.7¢ .6 286.!
MIDZ 7 4.92 25
MIDZ 01 42 294,
RPS25b 54 . 7! .54 . 318.
VLR334c 5 .04 9 8 308
NUP2 4 8 13 316
VRP1 .07 3. 234,
VLR338W Z 258,
YLR338w. 21 279.
SPO77 04 . . 26 303
FKST 1 8 6 7 28 302,14
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Appendices

ORF. | Optical density at 600 nm at regular ntervals (h) GIUCOSE ERUGTOSE] TOTAL SUGARS (of) _{SEINAERN OGS i
name Strain
| 2 33 48 5 78 102h 118h 102 8 102 118 102
R342W-A VLR3420-a 121 E] 7 193 1 82 ] X I : 7 265
[ virszaw AS2 - 7 21 83 ; ) ] X [ 284,
[ ViRszaw RPL26a ) 07 64 ; 3 . X . 321.
RIHEW R345wW 04 3 293,
R346C R346 0 0 4 290,
[ VviRs#aC DICT 3 314
[ ViRszow VLR349w 04 313,
[ ViR3s50W ORMZ 1 214 45 308.
[ ViRssic NIT3 7 7 319
[ ViR3s2W VLR352W } 3 G 288
[ viRssaw BUDS ) I 2 4 54 300.
[ ViRss4C TALT } 8 I 20 0.1 3 312
RI56W ATG33 7 8 21 2 . X 9.0 3164
[ ViR3sTW RSC2 7 09 1 6 7 1 1044 904 164,06 1320 351,
[ ViRssTW RSC2 8 4 1 7. 2 78, 59,6 10015 333
[ ViRssec R58c 1 .95 9 5 .24 111 103.2 176.44 331,
[ ViR3eow PS38 7 21 3 9 3 38 12.8 405 318
R361C DCR2 7 .57 0 8 01 8 [ 210 52 2 305
[ VIR367CA VLR367ca 3 8 00 1 4 04 1 3 19 268,
[ ViRs6ow STETT 1 7 94 1 ) 37 .04 283,
[ ViRs63C MDA o4 8 i 1 15.05 85 7 7 .56 298,
[ v VLR363u-a 3 8 03 1 X .02 34 1 44 254,
GRXS 3 7 ES 12 z 34 64 0 87.04 93 314,
[ v R365W 1 E il 04 .76 9 321,
[ v R3G6W 7 9 6 z 305
[ v RPS22b 7 7 .76 : 318,
[ v IDM30 54 04 63 64, 263,
ssaf 9 .79 7 134 404
ARC18 4 X; 4 4 290,
ROM2 4 19. 253,
ROMZ 8 1892 7 7] 330
URY 7 7 19.42 325
ViD22 34 7 3 X 233
VLR374o T 1 [ .00 269
STP3 9 8 1 16.99 31 326
PSY3 2 7 1 34 96 283
Fap1 9 5 3 8 19 16.82 54.10 330
CSRT 54 6 T 573 9 4711 8 293
CTF3 1 0.88 3 104,34 81,04 365
NAMZ 7 8 59 z 267.
1KI3 2 481 9 1 3297 31
SWC7 7 9 6.52 7 2 4670 322
ACT4 1 21 77 2227 5751 342,
REHT 3 14 7 4 281,
RPS29a 54 7 5 12 4451 37
STE23 0 1 6 5 269
ECM19 0 9 0 5 4518 315
COWT4 54 9 T 7 3048 3. 29297
VLR39TW 6 T K 74 o 277,
ART10 1 i 280
ATP10 Z 271.
CST9 1 X 300,
COX8 54 1 I C I 314
VPS33 7 124, 1 145. 270 393
SKI2 5 756 54; 186 | 297
BDFT 1 11668 | 11868 | 145, 264, 12
/LRA00W 54 13, 65 7856 319
US3 54 12 61. 18 737 3154
LRA02W 3 9 0 3 6 ] 256
FPT 1 7 7 3. 74 425 221,
LD7 2 6 0 1 151 70 7450 315
DUS4 756 .7 289
RPL31D 10,81 313,
Ré06c-2 1. 263,
VLRAOTW. RAOTW 11 329
YLR408C RA08C 4 3 1t 54 3251
VIP1 5 7 4 127 364,
[ Vi YLR#120-2 7 21292
[V BERT 6 320,
VLR413w 7 1 319
PUNT 8 288
Ré150 77 4 5 3 I 287,
R#160 8 2 7 2769
PS36 65 12 4618 3467
[V DC73 77 2 19 313.45
RAToW 0 9% 6 1276 283,
[ 1 7 133 20171 548;
[ Vi RA% 0 123 26,66 519,
[V RAZ 7 126, 521
[V RPNT3 4 3 3, 334,
[ Vi Ri22w 04 7 355
[ Vi ATGTT 1 7 341.
[ Vi TUST 4 298,
[V YLRA426w 313,
[ Vi MAG2 350.
[ Vi VLR428c 331,
[ Vi CRNT 2] 7 348,
[ Vi ATG23 3 4 355,
[V TMD3 9 5 3 3 349
CNAT 9 7 1 4 299,
Vi Unknown 7 1391 64 3464 4 328
Vi TSR2 2314 1 5135 338
v ECM30 .89 48 301.
YLRAZOW. MRPLA 31 3313 257,
YLRA41C RPS1a 1842 2 4150 64 331
[ v R3 0 7 .75 0 1 4 5 14 272,
ECMT 62 55 194 7 342
[ v Réddc 7 91 11. 5.60 345.
[V Ri45w 0 33 5 8.5 350
Rid5w 7 5 5 9 14 280
[ Vi YLR#GwW 3 T 27 1632 9 04 74 7 370,
VIAG 7 7 37.62 22 91 1 105, 328,
[V RPLGD 7 2151 1. 74, 331
FPRY 1 7 0 253,
HMGZ 34 290,
LEU3 290.
SST2 6 1 293
RIF2 7 315
FMP2T ] 356.
Ra55W 7 X 1 262
[ Vi RA56W 9 44 7444 342
Ri60 . 1 .06 7367 33,
PAUA 44 5 7 346
PTT .04 - 366.
YMLO02W YMLO02W X I 123 K 4 4 289,
YMLO0SW YMLO03W ; I 89 b } . g 282
YML004C GLOT 4 0 273 I [ ER 44 278,
YMLOOSW TRM12. 2 .. = .04 268,
YML006C GIS4 1 2 -1.49 = -0.04 281.¢
YMLOO7C-A YMLO07c-a 7 5 ) 5534 18. 6261 292,
YMLOO7C-A YMLO07c-2 2] 54 17 3. 11 4203 272,
YMLOOTW YAP1 5 4 4 E -1 0.31 R 290.1
YMLO0BC ERGE 8 1 5 gl 291.
YMLOOS¢ MRPL39 1 34 2 4 - 280.
YML009C IRPL39 8 09 77 331,
YMLOTOC-E__|_Unknown } 7 04 3 1047 66 7 5. 368,
YMLOTOW-A Inknown .. 13.65 K . 107, 7. 340.
YMLOT1C RAD33 . K . B 14§ 277.
YMLOT2W ERV25 8! .2 = 10.¢ 284.
YMLOT3C-A Unknown 7 4 K 9 - 282.
YMLOT3W UBX2 I 8 E 283
YMLOT4W. TRMS. 2 T = 231
YMLO16C PPZ1 4 8 6: -0.3¢ = 268.
YMLOTTW PSP2 X 9 9 ] 4 i E 236,




Appendices

ORF. | Optical density at 600 nm at regular ntervals (h) GIUCOSE ERUGTOSE] TOTAL SUGARS (of) _{SEINAERN OGS i
.name Strain

2 3 4 5 ! 102h 118h 102 118 102h 118h 102h
YMLO18C YMLO18¢ 8 11.75 .3 1. 1411 -0.08 25415
YMLOT9W 0ST6 7 1. - 1. 0.1 265.97
YMLO20W YMLO20w 1.2 - 1. 0. .| 2524
YMLO21C il 11.29 31.! 37. 341.
YMLO22W APT1 K Tt X 6.1 326.
YMLO24W RPS17a 67 Al 1. 305.
YMLO26C RPS18b . -1 266.
YMLO27TW 1 14! . 276.;
YMLO28W TSAT 94 7 -0. - .04 302.!
YMLO29W USA1 94 - 299,
YMLO3OW AIM31 5 T 1. X - -0.21 269
YML032C RAD52 1 8 04 11.56 E . - b 5 35147
YMLO33W YMLO33W 9 X 7 K 09 10.86 .62 -0. - .64 .09 274.1
YMLO34W SRC1 .01 1 9 .06 2 17.07 -2.95 - 290.
YMLO34W SRC1 7 T .91 8 4 49.04 1 292,
YMLO35C AMD1 5 0 AT 34 10.67 3 -1 278
YMLO35C AMD1 1 8 .83 3 21, 4. 298
'YMLO35C-A Unknown 5 8 .05 2 15.75 E -0. - X 304,
YMLO36W Cal121 T 22. 1.7¢ T 24 95.80 315.
YMLO37C YMLO37¢ 1. 1. - -0. 255.
'YMLO038C YMD8 g 50.74 581 306.
YMLO41C VPST1 43.52 97.28 . 140.80 332
YMLO42W CAT2 4 . X 42.92 10.¢ 47 292
YMLO47C PRM6 14 .3 Al 46.14 299.;
YMLO48W GSF2 1 .2 T 4. 286.1
YMLO48W-A Unknown g 64. 324!
YMLOSOW AIM32 1. 262.4
YMLOSTW GAL80 B 9 1 332.
YMLOS2W SURT. 6 5 ¢ K . . 276.
YMLO053C YMLO53c A 10. 75.( .04 345.1
YMLO54C CYB2 8 262.4
YMLOS4C-A YMLO54c-a i . 63 307.!
YMLOSSW SPC2 .0; 12.84 A 255,
YMLO56C IMD4. 7 14. -0.78 354 268.8¢
YMLOSTW CMP2 5 04 1.79 54.70 15. 301.92
'YMLO58C-A Unknown 6 94 6 13.07 1.00 . 0. 285.56
YMLO58W SML1 0 1 4 2 1.61 -1.35 0.2 0. 296.52
YMLOS8W-A HUGT 34 17 .00 17 11.04 58.94 69.98 34. 306.
YMLO59C NTE1 1 .06 4 1. K -1.51 - 15 283.
YMLOBOW 0GG1 4 4 7 6. .44 .97 - .85 309
YML061C PIF1 5 7 0 9. .85 - 10.17 2794
YML062C MFT1 0 4 4 114 K .94 - 12.55 346.;
YMLOG3W RPS1b 39 7 20.07 6. 44. 326.
YMLO066C SMA2 2 1. 1. 311.
YML067C ERV41 i 134 1. 306.¢
YMLO68W. ITT1 44 16.4 7.84 3 3254
YMLO70W DAK1 4 Tt 124 4. . 4 336.64
YMLO71C COG8 .41 8 62.¢ 350.
YMLO72C TCB3 .33 0 5 714 340.
YMLO73C RPL6a 7 14 .4 5 289
YMLO74C FPR3 7 .2 4. . 309.
YMLO75C HMG1 84 .94 7 5¢ 34.. 290.
YMLO76C WART 1 .12 322.
YMLO78W CPR3 7 .97 T - 332
YMLO79W. YMLO79w 7 7 - . 310.
YMLOBOW DUSt 1 B - -0.04 304
YMLO81C-A ATP18 7 57.56 3 .. 46.87 336.
YMLOSTW YMLO8Tw - 14. Xi 281.
YMLO82W YMLO82w 5 - 12 .1 272.
YML083C YML083c 8 Xi - 1. .0 2834
YMLO84W YMLO84w 9 .7 K 1. - 0.22 .11 308.¢
YMLO086C ALO1 7 7 8! A7 1.4 -0.14 2 278.
YMLO086C ALO1 4 [ . 45. 51.04 310.
YMLO087C AIM33 7 9! .54 -1.4 - 0.14 ¥ 299.
YMLOBSW. UFO1 3 7 .34 -0. - 0.52 -0.04 2951
YML08IC YML089¢c 8 ¢ B .7 - 241 . 3274
YMLOSOW YMLO90w 3¢ 54 .04 7 11.59 4. 61.0° 26.6: 331.!
YMLO94W GIMS. 5 .07 2261 11.6: 91.6° 63.8 334.92
YML095C RAD10 i 1 .3 27.8: 18.3¢ 280,
YML095C-A Unknown A 3 35.81 26. 115.7 102.4 3524
YMLO9EW YMLO96w i 0 3 12.68 .. 62.1 33.3¢ 332
YMLO97C VPS9 5 E 0 X .04 15.! 44. 339.
YML099C ARG81 T 5 10.04 28.] 306.
YML100W. TSL1 8 7 .24 1.6 310
YML100W-A YML100w-a 84 14 .85 276.1
YML101C CUE4 68 7 .32 5 . . .S 293!
YML102C-A Unknown 9 .63 1 8 2! .57 .04 72.1: 33. 331.
YML102W AC2 7 .47 0 .7, 48.4° 22. 270.
YML103C P188 94 0 Tt X 41.21 143. 127.80 371.!
YML104C DM1 4 .6: .5 . 54.1 234 305
YML104C DM1 .26 .9¢ .41 . .94 5726 | 17. 269.
YML106W RA5S 17 . A7 112.14 110. 20374 | 197 455.
YML107C IL39 .35 7 23. 15.. T2.7¢ 57.5¢ 96.¢ 72 349.9
YML108W L 108w 7 4 4. .1 24 .24 28 1. 286.!
YML109W 208 9.4 3! 47. 26.7: 5672 [ 31 318.4
YML110C CO 122.83 150.f 114. 27289 | 235 439.
YMLITIW BUL 62.¢ 724 18. 283.
YML112W CTK: .. 66.82 130.¢ 212. 159. 430.
YML113W DAT: 46 36. 43.31 191 304
YML115C VANT 17 1! 46 . 52.2! 16.. 306.!
YML116W ATR1 5 81 .5 44 34. 7.
YML117TW NAB6 94 5 .04 332.
YML117W-A Unknown I 3 12.10 343
YML118W NGL3 2 3.14 327.¢
YML119W YML119w 1 1 55 5 . 306.¢
YML120C NDI1 7.1 60.( Al 333.
YML121W GTR1 7.4 110.11 395.
YML122C YML122¢ 57.4 303
YML123C PHO84 .. 70.0: 323
YML124C TUB3 7 .46 .. 71.2¢ X 329
YML128C MSC1 .37 20.48 .7 . .9 54. 340.
YML129C COX14 .16 4 7.76 X .94 N 54 298..
YML131W YML131w 8 4 1 .94 354 315.
YMROO1C-A YMROO1c-a 7 8 134 287.4
YMROO2W. MIC17 -0. 284.
YMROO3W. AIM34 84 f 266.
YMROO4W MVP1 319.
YMRO006C PLB2 34 287.;
YMROOTW. YMROOTw. 1 T - 1. 2794
'YMR008C PLBT .44 290.
YMROOIW ADI1 - 0. 290.
YMRO10W YMRO10w - - 0. 291.
YMROTIW. HXT2 8 K - 10.! 281.;
YMROT2W CLUT 0 .94 1. . 294
YMRO13W-A YMRO13w-a 54 X .56 70.¢ .96 295.98
YMRO14W_ BUD22 44 . 7¢ - 1. 292.!
YMRO15C ERGS 4 E 294.
YMR016C SOK2 E 0.14 o 283
YMROTTW SP020 4 E 1. . 278,
YMRO18W_ YMRO18w 7 - .04 294.
YMRO19W STB4. X 7! . N - -0.34 301.
YMRO20W FMST 9 34 42, Xl 42.87 282.
YMR021C MACT 7 0. E 31
YMRO22W UBCT. 5 E E . 275,
YMR023C MSS1 54 - - 0. 310.95
YMRO24W MRPL3 04 - - 0. «f 475.77
YMRO25W cSit 7 E E 0. 210,
YMR026C PEX12 1 E E 0. 295
YMRO2TW YMRO27w. 6 1 E E 0. 310,
YMR029C FARS 7 - 1. 0. 275.
YMRO30W RSF1 - 1. 0. 273,
YMR031C YMRO31c E -0, 0. 277.7
YMRO3TW-A YMRO31w-a E 0. 0. 360.8
YMRO32W. HOF1 8 - 1. -0.44 202.1:
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Appendices

ORF. [ Optical danslty at é00 wn at regular intarvals (h) GIUGOSE ERUGTOSE TOTAL SUGARS (gf) | SEEH RSN NN AN
.name Strain
2 3 4 5 ! 102h 118h 102 118 102 118h 102h
YMRO32W HOF1 1 1.65 22.85 8.6( 71.1 36.7( 94.0: 45.30 269.7
YMR034C YMRO034c .07 -1.54 0.5 0.18 295.
YMRO35W._ IMP2. .04 1234 246. 252.94 520.44
YMRO036C MIH1 2! .98 295.
YMRO037C MSN2 7 . 7¢ X 280.
'YMRO038C CCst X .4 276.;
'YMR039C SuB1 5 .| i 34. .. 313.
YMRO40W YET2 54 2.37 1.91 .87 326.
YMR041C ARA2 3¢ 291
YMRO42W- ARG80 0 . . 309
YMRO44W 10C4 4 .S .89 14.00 300.;
YMRO48W CSM3 25 .51 8: 24.59 14.36 1 338.
YMR052C-A YMRO052c-a 88 .05 1 11.90 2.34 66.49 313.
YMRO52W FAR3 78 17 .07 17 .S 9] 308.
YMR053C 782 94 17 0 64. T 328.f
YMRO54W TV1 86 4 .11 318.
'YMR055C UB2 90 9 .4 310.
'YMR056C ACT 94 4 .8 . 296.79
YMRO057C YMROS7c 7 8 1! 50.44 34.03 290.
YMROS8W FET3 7! 1! 9.04 1.75 278
'YMR060C SAM37. 8: 2 .S 90.85 67.47 321.
YMR062C ARGT7 9 2 26.4 42.714 31.15 287.
YMRO63W RIM9 0 1! . 73.11 43.44 334.
YMRO64W AEP1 8 6 7 83 113.8¢ 2 239.75 4321
YMROG5W KAR: 94 1 17 31.] 5 36.7' 331.1
YMROG6W S0V 7 1 2 235.! 438.
YMRO067C UBX4 1 X 1! 324.
YMRO68W AVO: 1 .84 .2, 330
YMROGIW NATA 7 84 Xl 292,
YMRO70W MOT3 . 7¢ 298.¢
YMRO71C TVP18 5.7 296.
YMRO72W. ABF: 240.7¢ 526.
YMR073C IRC21 . 318,
YMRO74C IRO074c 5 1 7.93 302.;
YMRO75C-A IR075¢-a 4 2 1.44 330,
YMRO75W._ RCO1 3] 2 8.19 313.
YMRO77C S20 .43 6 0f 6.71 377
YMRO78C CTF18 7 .63 73 1 34 7.] 300.
'YMR080C NAM7 94 .39 7 X 302.
YMR081C ISF1 3 7 2. .54 292.
YMR082C YMR082c 94 1 9 299
YMRO083W ADH3 7 4 54 5 . . 256.
YMRO84W YMRO84w 3 .30 3 4 7. .46 X 325.
YMRO85W. YMRO85w 94 .31 7 3 0.11 .84 84.¢ 329.
YMR086C-A YMR086c-a 04 7 6 1 .13 355.
YMRO86W YMR086w 7 6 0 7 1.73 . 319.
YMRO87TW YMRO87w 8 4 81 3 .89 . 14 X 316.
'YMRO088C VBAT 7 .87 .2 7.6 61.2 306.
'YMR08IC YTA12 .70 .7¢ . 59. 51.3 255.
YMROOW YMRO90w .9 .3 9 13. 90 286.;
YMR091C NPLE .67 104. 1 343.
'YMR092C AlP1 34 0 .41 332.9
YMR095C SNOT 14 .8 338.
YMRO96W SNZ1 2 6 . 338.
YMR097C MTG1 7 84 125.58 1 234 439.
YMR098C ATP25 20.87 1 232. 462.
'YMR099C YMR099c 94 54. 342
YMR100W Mus1 4 321.54
YMR101C SRT1 0 X 319.
YMR102C YMR102c 04 04 7 . 4.1 308..
YMR103C YMR103c 3 1 7 .04 . .. 329.
YMR104C YPK2 T .91 il .0¢ 306.
YMR105C PGM2 9 .37 5 .7, 325.
YMR105W-A YMR105w-a T .97 .2 5 251.
YMR106C YKU80 94 9 8! .64 304
YMR107W SPG4 96 1 10.09 .. ¥ 331.
YMR109W MYO§ [ 04 10.95 .7 .34 294.
YMR110C HFD1 6! 9.1 4] .1 320.
YMR111C YMR111c 7 4.2 .71 .70 300.
YMR114C YMR114c [ 14. . .34 .6 322.
YMR115W MGR3 7 18. 12.2 1.72 . .8 344.
YMR116C ASC1 T 6 2824 X 116.4 103, 7.
YMR118C YMR118¢c 54 .64 .34 368.9:
YMR119W ASI1 X .34 316.13
YMR119W-A YMR119w-a .70 .. 317.27
YMR120C ADE17 8 1.36 .. . 2! .. X 32221
YMR121C RPL15b 4 T 12.97 .5 49.! 34.¢ 2.} 41.2( 319.99
YMR122C YMR122¢c 7! 0t 13.22 Al 54.¢ 7.4 4591 330.68
YMR123W PKR1 T 30.98 2! 75.¢ . 106.81 | 102. 363.
YMR124W YMR124w .54 4. 35.] .| 295.
YMR125W_ ST01 9 .9° 54 44, 313.
YMR126C DLT1 04 4 9 7. 44. 347.
YMR127C SAS2 301.
YMR129W POM152 .51 319.;
YMR130W YMR130w X 306.
YMR132C JLP2 44, 310.
YMR133W_ REC114 X 313.
YMR135C GID8 .24 .64 K . 315.
YMR135W-A YMR135w-a 0 1 4 .34 .27 24.. 318..
YMR136W GAT2 0 23 2 8 . .92 0. 5 . 321.
YMR137C PSO2 84 7 .84 .21 T 6.10 .6° 302.99
YMR138W_ CIN4. 7! .71 .36 301.
YMR139W RIM11 [ . .57 .94 289.
YMR140W SIP5. T .2 24.94 .36 266.
YMR141C YMR141c 4 . 8.91 .88 296.
YMR142C RPL13b T X 9.4 3.35 284.
YMR143W_ RPS16a 4 .80 .. 7.1 X 8.04 .. 217.
YMR143W RPS16a 5 1 13.48 64. 23.¢ 7.55 26.36 298.
YMR144W YMR144w T 7 -0. 0.44 0.3 253.
YMR145C NDE1 7 -0. 0. B 275
YMR YMR147w 84 21 28.4 311.
YMR OSW5 0 36. 305.
Vv WPt 7 2906 | 524,
YMI YIM2. 1 34 304.
YIM1 .. 299.
YMR153c-a 22 .95 287.
NUP53 5 291.
RIMT3 X 61 327,
YMR155w 22.4¢ .41 339.
TPP1 .9 . .14 286.
AIM36 X .74 A .00 304.
YMR158C-B K 1 9 .4 X .84 X .93 305.
MRPSE 54 3 3 5 |36 2093 I 11338 44 334,
Unknown 9 2 4| 12559 | 11603 | 13024 255, 3 519,
ATG16 A7 25. 79.! K 104.99 .57 320.
YMR160w 2.9 7! .6 262.
HLJ1 18.74 49 316,
DNF3 PERE] 77 295,
NP2 E 0 2%.
MSST1 84 15. .2 288.9:
YMR166c T -0 0.1 286.
MLH1 T 3 .93 2934
ALD3 3 g 44 07 7y 299.
ALD2 9 9. .34 301.
EAR1 44 i . 331.
YMR172c-a 7 [ 6! K 290.9
HOT1 34 7 [ 1 .. 302
DDR48 8 T 7 .9 309.
YMR173w-a 4 [ 1 1. 299.
PAI3 .94 5 . 7 293.
PAI3 .43 5 .04 .94 E 336.
SIP18. 17 34 . . .8 282.
SIP18. 24 7 .09 3. .34 301.1
YMR175W-A YMR175w-a .20 5 4 .86 13.2( .20 283.
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ORF. | Optical density at 600 nm at regular ntervals (h) GIUCOSE ERUGTOSE] TOTAL SUGARS (of) _{SEINAERN OGS i
.name Strain

2 33 4 5 78 102 118h 102 8 102 8 102h
YMRI76W ECM5 1 1 3 1 1 Xi .94 291
YMRITTW. MMT1 1 .4 299.
YMR178W._ YMR178w 64 .4 3034
YMR179W SPT21 54. 303.
YMR180C CTL1 K X 296.
YMR181C YMR181c 13.64 . 34. 40. 327.4
YMR182C RGM1 1.7¢ .5: 0.9 1.15 28547
YMR182W-A YMR182w-a 34 3.0 X 35.62 270.04
YMR183C 802 15411 | 1 X 6593 | 364.64
YMR184W_ ADD37. 120. 122.32 131.4 128.00 | 252. 533.
YMR186W_ HSC82 1 0.3 2.7] 16.. 10.71 16.! 283.
YMR187C YMR187c A 0.40 0.5! 9.2 6.66 9.6¢ 281.¢
'YMR188C MRPS17 3 7 8.48 0.6¢ 56. 22.63 5. 306.¢
YMR189W GCV2. 82 1 -0.84 80 278.
YMR190C SGST 97 51.90 .64 308.
YMR191W._ SPG5 74 1. 264,
YMR191W_ SPG5 83 . 0. 287.
YMR192W. GYL1 2 B 9 94 3. . 14.05 . 278,
YMR193C-A YMR193c-a .16 4 2. 271.
YMR193W_ MRPL24 .19 7.6 284.
YMR194C-A YMR194c-a .34 4. 3384
YMR194C-B CMC4 .21 2. X 263.!
YMR194W. RPL36a 13 8 4 K 5 .S .4 2. .56 284
YMR195W Icy1 94 .19 26 ¢ 0.4: 26.04 4.4 28.6 14.87 285.46
YMR196W IR196w 17 26 .6° 0.34 22 .04 22.6 15.38 287,
YMR198W._ K1 74 49. 421 102.97 104.58 152. 146.70 407.¢
YMR198W_ K1 Bi 4337 24.4 104. 147. 11210 348.1
YMR199W CLN1 2 .0¢ .0 .5 .6° 1. 280.
YMR201C RAD14 1 1! K 52.¢ 286.
YMR202W ERG2 X . .34 59.; 3 308.
YMR202W ERG2 34 40. 29! .46 . 133, 1 407.;
YMR204C INP1 4 .6 8. 8] 274.
YMR205C PFK2 .S .84 . .32 291
YMR206W IR206w_ .54 .34 .94 Xi 271,
YMR207C HFAT ! 3! 272.
'YMR209C ‘MR209c .95 48.11 351.¢
YMR210W. YMR210w B 5 4 . 1 . .2 280.04
YMR214W_ SCJ1 9 .22 4 11 3 .1 1. 4. 1.21 263.
YMR215W_ GAS3 9 .10 .7 9 .84 70.: 44, 305.
YMR216C SKY1 94 7 0 2 3.51 40 315.
YMR219W ESC1 5 5 B4 1 A 21! . 278
YMR221C FMP42 8 0 1 9 0¢ 2 K .82 37.! .42 287.4
YMR222C FSH2 0 84 27 2. . 23, 43.¢ 24.27 296.
YMR223W UBP8 E 17 5. 4. 1. 50.; 11.59 296.
YMR224C MRE11 3 72 61.4 5 110. 110.58 171 158.73 413
YMR225C MRPL44 8 21 244 1 34. 36 7.9 304,
YMR226C 94 28 4. Ni 45. 49. 17.39 304.!
YMR226C YMR226c .15 81 11.62 .7, 5 42.87 311.
YMR230W RPS10b .07 64 X Al . 6.1 282
YMR230W-A YMR230w-a 7! 25.12 .94 21. 251
YMR230W-A YMR230w-a 8 36.29 41.39 301,
YMR231W._ PEPS 8 292.
YMR232W FUS2 T K X 275.
YMR233W TRIT 34 T 9] .1 281.
YMR234W RNH1 K .0 2714
YMR237TW. BCH1 [ 1 X 24.94 298,
YMR238W DFG5 7 6! .87 2. 0. . 2111
YMR241W._ YHM2 ! .. 7. .54 X 314.8
YMR242C RPL20a [ 8 10. 1.34 X 44, 312.9
YMR242W-A YMR242w-a 4 3 . 4. 235.7
YMR243C ZRC1 8 3 | . 45. 2951
YMR244C-A YMR244c-a [ .1 K 286.
YMR244W_ YMR244w [ i 5.. 299.
YMR245W YMR245w E .5 1. .9° 302.
YMR246W FAA 9 Xi . 7. 1 305.
YMR247C RKR1 4 64 -0.0¢ .04 0. .53 285.
YMR247TW-A YMR247w-a 7! 0 .6 7.4 .1 272.
YMR250W GAD1 7 . 7¢ .1 307.
YMR251W GT03 5 .7 T 304
YMR251W-A HOR7 1 15.52 X 333
YMR252C YMR252c 6 .7 .41 312
YMR253C YMR253¢ .4 [ 6 0¢ 5.79 300.
YMR254C YMR254c 4 39.8 332.
YMR255W GFD1 0 .S 33.5¢ 313
YMR256C 7 9320 | 213 434
YMR256C COX7 2 127. 250.¢ 524,
YMR257C PET111 7 127. 236.. 535.
YMR258C YMR258¢ 2 12. 5. 334.
YMR259C YMR259¢ 2 15.. 336.!
YMR261C TPS3 7 134 309.
YMR262W YMR262w 300.
YMR263W_ SAP30 287.
YMR264W CUET 338.
YMR265C YMR265¢ 314.
YMR266W RSN . 316.!
YMR267W._ PPA: 7 12008 | 530.
YMR269W TMA23 1.3 242,
YMR269W TMA23 1 9 19.35 59.12 339.
YMR271C URA10 1 1 13.01 25.93 342
YMR272C SCS7 04 A 9 34 0.6 13 265.
YMR272W-B YMR272w-b .54 285.
YMR273C ZDS1 8 ! 318.
YMR274C RCET1 8.61 .94 336.
YMR275C BULT .41 .. 278
YMR276W DSK2 14 91 9 .5 34. 300.
YMR278W PGM3 .07 .4 294.
YMR279C YMR279¢ 11 343.
YMR280C CAT8. 6 301.
YMR282C AEP2 7 34 341
YMR283C RIT1 2 316.;
YMR284W_ YKU70 94 290.
YMR285C NGL2 306.
YMR286W MRPL33 94 518.1
YMR287C DSst 532.
YMR289W ABZ2 328.
YMR291W. YMR291w 311.
YMR292W GOT1 309.
YMR293C HER2 525.¢
YMR294W JNMT 319
YMR294W-A YMR294w-a .10 287.
YMR295C YMR295¢ - .08 246.
YMR297TW PRC1 17 290.
YMR299C DYN3 340.;
YMR300C ADE4 [ 5364
'YMR300C ADE4 497.
YMR302C YME2. 7 5 312.96
YMR303C ADH2 8 1 7 289.
YMR304C-A YMR304c-a 54 . .94 3124
YMR304W UBP15 4 19. 3464
YMR305C SCwW10 .21 ¥ 67.! 331.
YMR306C-A YMR306c-a A7 .5¢ 46.¢ K 303.
YMR306W FKS3' 4 56 38 X . 349.
YMR307W GAST 3 . 11, 100.03 1 149.84 388.
YMR310C YMR310¢ 1 8 . 283
YMR311C GLC8 .47 44. 328.
YMR312W. ELP6 363.
YMR313C TGL3 345
YMR315W YMR315w. i 340,
YMR315W-A YMR315w-a .3 293,
YMR316C-A YMR316c-a K i 306.
YMR316C-B YMR316¢-b .87 K 339.
YMR316W DIAT 54 9 4. 346.
YMR3TTW YMR317w. 2 5. 321,
YMR318C ADH6 8 .01 8.1 316.98
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ORF. | Optical density at 600 nm at regular ntervals (h) GIUCOSE ERUGTOSE] TOTAL SUGARS (of) _{SEINAERN OGS i
.name Strain

2 3 4 5 ! 102h 118h 102 11, 102 118h 102
YMR319C FET4 2 1 0 4 11.90 27 .75 318.
YMR320W YMR320w 2 1 9. .. .84 303.
YMR322C SNO4 7 7 X 5. 54. .94 304
YMR326C YMR326c 0 34. 13. ! .75 318.
YNLOOTW. DOM34 6 0 .79 5 79.: 114, 101.03 366.
YNL003C PET8 34 ! 1 5. 8 9§ 282.0
YNLOO4W HRB1 14 8 1 340.7
YNL005C MRPT T 0 .S 294
YNL00SC ASI3 8 1 64. 316.;
YNLOO9W 1DP3 8 1 336.
YNLOTOW YNLO10w T 10 K .44 348.;
YNLO11C YNLO11c 90 21 . .04 .5 256.
YNLO12W. SPO1 1 82 13 .94 .05 14.23 321.!
YNL013C YNLO13c 8 86 1! 44.¢ 5 3391
YNLOT4W. HEF3 6 94 . 8. 54. 309.
YNLO15W. PBI2 14 T .04 7. 333
YNLO16W. pPUB1 K 8 0f 1. b 266.!
YNL020C ARK1 .24 3 8 . 54.90 X .41 314
YNLO21W. HDA1 4 8 2 .34 44 .| 319.;
YNL022C YNLO22¢ 9 0 1. 54. 338.
YNL023C FAP1 e 7 .44 98.. 347.4
YNL024C YNLO24c 9 1 . 74. 332.
YNL025C SSN8 1 B 4 1 X .01 122,61 .. 347.!
YNLO27TW CRZ1 .21 74 08 5 106.07 88.7( 307.
YNLO28W YNLO28w .26 T 10 58.2 43.] 306.
YNL029C KTRS .24 14 106.37 2954
YNLO3OW. HHF2. 17 97 . 124, 253
YNL031C HHT2 84 14 .54 X 257
YNLO32W- SIw14 54 2 g 94. 322!
YNLO34W YNLO34w 1! b4. 339.
YNL035C YNLO35¢ L 335.!
YNL037C IDH1 x 1 . 349
YNLO4OW YNLO40w 94 94 .2 .71 .94 274.64
YNL041C COG6 94 20.75 . 344,
YNLO42W-B YNLO42w-b .94 .74 293.
YNL043C YNLO43c 8 8 16.94 . . .49 325.4
YNLO44W YIP3 94 9 3 11.36 g 64. .44 .57 2 315
YNLO45W LAP2 84 1 .24 10.65 715 54. 97.3¢ .27 321.4
YNLO46W YNLO46w 17 .58 13.34 .62 99.2 .64 338.
YNLO47C SLM2 99 .5: 3. .27 .7 .27 288.!
YNLO49C SFB2 58 18 12.55 84. 111.3¢ .37 336
YNLO50C YNLO50c 71 9 .73 17.39 .S 123.8: .32 287
YNLOSTW. COG5 14 6 .09 T¢ 8. 273.92
YNLOS52W COX5a .07 6 1.4 X 300.
YNLO53W MSG5 7 14 .S 2. 2794
YNLO54W VACT 8 6 9.68 314 292
YNLO55C POR1 1 2 T 3 . 6. 284
YNL055C PORT ¥5 .4 280.
YNLOS6W 0CA2 .34 .0’ 288.
YNLOS7TW YNLO57w | .42 30.24 283.;
YNLO58C YNLO058c .27 . .04 .S 3244 297,
YNL059C ARP5 B .99 14 T 1. 273.
YNLOB3W MTQ1 7 .87 . B 92. 314
YNL064C YDJ1 7 4 14.94 B4. 112 316.9
YNLO65W AQRT 294.
YNLO66W SUN4 295.!
YNLOB7W. RPL9b . 296.
YNLO67W-B YNLO67w-b 94 1. . 261.
'YNL068C FKH2 3 9! . .97 268.
YNLOBIC RPL16b 2 5t 5 11 298
YNLOSIC RPL16b 9 5 7 4 11 330,
YNLO70W TOM7 .99 ! 8 9 1 . 281.37
YNLOTIW LAT1 .98 [ 3 T4 .54 291.
YNLO72W. RNH201 .14 8 4 4 86.¢ X 304.
YNLO73W MSK1 7 2 6 . 85. .74 250.63
YNLO74C MLF3 9 e 3 . .84 102.2: .78 305.50
YNLO76W MKS1 17 4 5.7¢ 68.2¢ 310.97
YNLOTTW. APJ1 7 14.08 100.1 X 300.
YNLO78W NIs1 7 1. 1.84 60. 298!
YNLO79C TPM1 1 5 24 . & 1.5 29 306.¢
YNLO8OC EOS1 8 .5: 0. .64 4. 9.1 154 286.!
YNL081C SWS2 7 4 64 2 .4 1. 2. X 3.6 .75 262.67
YNLOB2W PMST 5 7 45. 34, 106.29 89.¢ 151.! 124.10 288.44
YNLO83W SAL1 9 5 2. 38 15.6 42, .79 269.
YNLO84C END3 34 3 0. 9.1 27 270.4
YNLO85W MKT1 2 86 1. 2. 20. .16 300.
YNLOB6W YNLO86w 0 7 17 5 -0. 0. X -0.13 292.
YNLOBTW. TCB2 9 .34 1. 64.¢ 3 310.
YNL08IC YNLO89¢ 4 1. .44 351
YNL08IC YNLO89¢ 315.2(
YNLO9OW RHO2 319.95
YNLOOW RHO2 303.
YNLOTW. NST1 335.
YNLO92W YNLO92w 34 9 304
YNLO93W YPT53 4 . 343
YNLO94W APP1 - 84 .04 292.
YNL095C YNLO95¢ 17 . . 335.
'YNL096C RPSTb 94 4. 49 303.
YNL096C RPSTb 2 9. . 61 301.
YNL097C PHO23 9 11.! X .34 76 147.
YNL097C-A YNL097c-a 14.06 298.
YNL098C RAS2 84 X 7. 341.
YNL099C OCA1 94 .2 1. 319.;
YNL100W. AIM37 2 .3 4. . 315.
YNL101W. AVT4 4 1 1. 2. 244
YNL104C LEU4 8.. 319.
YNL105W. YNL105w 3 .5 69.( 308.9
YNL106C INP52 1 59. 332
YNL10TW YAF9 44 84 129. 268
YNL108C YNL108¢ 7 4 . . 60 X 2854
YNL109W. YNL109w 74 . 5¢ .0’ 35.54 7! 300.
YNL111C CYBS 4 Xi Al 3.71 .91 263.
YNL115C YNL115¢ 4 A 2. 7.98 .86 309.
YNL116W DMA2 ¥ 2. 44.66 .37 317.!
YNL117TW. MLS1 .8 4.94 .47 .41 247.
YNL119W. NCS2 Xi .44 2 321.
YNL120C YNL120c 4 16. X 304.
YNL121C TOM70 T 214 1 314
YNL122C YNL122¢ 44 8 1. . 328,
YNL123W. NMAT11 9 T 64.44 240.
YNL125C ESBP6 1 7! 306..
YNL12TW. FART1 34 E 321.
YNL128W. TEP1 6 3.0: X . 301,
YNL129W NRKT 1 1.5 0 .9 266
YNL130C CPT1 22.9. . 307.
YNL130C-A DGR1 .34 .34 275.
YNL133C FYV6 261.
YNL134C YNL134c 2174
YNL135C FPRT 303,
YNL136W. EAFT X 263.
YNL138W. SRV2 K 0 268.
YNL139C THO2 64 10.35 X 41.3 268
YNL140C YNL140¢ 2013 1 .7 336,
YNLT4IW. AAHT 1037 L 266
YNL142W. MEP2 .64 288.
YNL143C YNL143¢c 301.
YNL144C YNL144c 6f 305
YNLT45W. MFA2 6! 313,
YNL146C-A YNL{146c-a 7 . 1 . 211,
YNL146W. YNL146w 84 ¥ .34 1.68 |  30.11 299.
YNL147TW. LSM7 7 .39 115.35 169.47 | 105. 350.
YNL147W LSM7. 7 .19 95.6 K 135.14 84.0 335.
YNL148C ALF1 0 X .76 79.1 2. 114.00 100.06 400.
YNL153C GIM3. 9 1 1.2 .83 12.4: 8¢ 13.64 3.6¢ 245.
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ORF. | Optical density at 600 nm at regular ntervals (h) GIUCOSE ERUGTOSE] TOTAL SUGARS (of) _{SEINAERN OGS i
.name Strain

26 3 4 5 ! 102 118h 102 8 102 8 102
YNL154C YCK2 7 147 1 3 I X . X g . 332
YNL155W. YNL156w E X . X . . X 5 326.
YNL156C NSG2 B 4 N .S . 5 5 L 360.
YNLI1STW. 1601 K B4 5 .| X . . . .| 3211
YNL159C ASI2 K 5 23. 13.89 . X . . 371.
YNL160W YGP1 . K 136.2 130.04 143.4( 534.
YNL162W. RPL42a E 5 21.7: 25! 714 . X x 362.
YNL162W. RPL42a B 34 12.7: K . . 724 .| 297.;
YNL162W-A YNL162w-a 84 1 0f 04 5! 247
YNL164C 18D2 7 5 04 307.
YNL165W YNL165w 1 X 11.74 339.
YNL166C BNI5 6 9t 22.87 16.68 346.7
YNL167C SKO1 2 0 23.52 16.43 g 366.1
YNL168C FMP41 94 47 10.14 .87 48.11 32.5; 58. 38.3¢ 322.09
YNL169C PSD1 73 7. .14 16. 301.27
YNL170W. YNL170w 24 91.89 88.37 .4 193.! 471.44
YNL171C YNL171c 38 B 69. 63.81 100.3¢ 95.0¢ 170.1 158.¢ 456.
YNL173C MDG1 K 60 1 1 .05 50.7¢ 28.5¢ 62.4: 334 326.
YNL175C NOP13 1 3¢ .0 1 24 3.0: 9.0; 10.81 22, 134 285,
YNL176C YNL176c Xl 1! i 14.56 6.1 5! 87.4¢ 0. 351
YNL177C MRPL22 7! 1 47.26 30.44 104.15 8 151.41 118.52 303.
YNL179C YNL179¢ .0 1 87 2.9 4.6 51.5( 7.6 316.
YNL183C NPR1 K 1 2] 32 29 1.6 24.9: 4.7 318.
YNL184C YNL184c K 1. 1! 1 121.36 119.38 130.! 251.94 248.55 529.1.
YNL187TW. Swr21 K b4 .| 1! .29 10.13 X K 5 7.4 3449
YNL190W. YNL190w K 5 g 4.2 . . X 1. 329.7
YNL191W. DUG3 B .S . 3.6! . .S .S 4. 325.
YNL192W. CHS1 K 64 5 21.39 1017 5 5 . X 331.
YNL193W. YNL193w. 934 79 2, 2 311
YNL194C YNL194c 1 3. 7 327.
YNL195C YNL195¢ 3 4. i 345.!
YNL196C SLzZ1 94 17.24 115.61 380.
YNL197C WHI3 8 9. ! 296.
YNL198C YNL198¢c 3 8 4 4. 311,
YNL199C GCR2 7 K 54 .58 7. S . 327.
YNL200C YNL200c 0 .54 64 34 4 4. 7. .38 319
YNL201C PSY2 94 .46 64 2 A7 8. . 64, 54.04 3284
YNL202W- SPS19 04 4 A7 8.75 4 48.37 33.16 13 38.58 321.
YNL203C YNL203c K 5 13.70 . 53.96 34, .66 40.71 343.
YNL204C SPS18 2. . 6.21 1. 04 .74 287.
YNL205C YNL205¢ 2! 1335 3. .33 00 283
YNL206C RTT106 5 0 4. 31.36 1. .94 10.32 2914
YNL208W YNL208w 72 1 34 2.9¢ 57 4 282,
YNL209W SSB2 9 .4 286.
YNL211C YNL211c 7 .2 296.
YNL212W viD27 14 155 .. .35 | 334
YNL213C RRG9 9 111.64 109.72 233.48 525.
YNL214W. PEX1T. 7 84 1. 13.24 9056 | 341.
YNL215W. IES2 34 [ 7.4 28, 12590 | 360.
YNL217W YNL217w. 1. . 322,
YNL218W MGS1 3. 311.4
YNL219C ALGY K X 8.1 342.
YNL220W ADE12 B .4 411.
YNL220W ADE12 512.96
YNL220W ADE12 9 490
YNL220W ADE12 04 505.:
YNL220W ADE12 487.
YNL220W ADE12 K K 501.
YNL220W ADE12 K K 9 523.
YNL220W ADE12 5 531.
YNL220W ADE12 5 0 1 517.4
YNL220W ADE12 04 7 4 9 3¢ 519.
YNL220W ADE12 04 6 512.
YNL220W ADE12 3 4 519.
YNL220W ADE12 1 6 519.1
YNL220W ADE12 6 8 528,
YNL220W ADE12 2 521.
YNL220W ADE12 1 537.
YNL220W ADE12 7 519.;
YNL220W ADE12 1 502.
YNL220W ADE12 %4 5 504
YNL220W ADE12 .07 8 7 4 523.
YNL220W ADE12 17 8 520.
YNL220W ADE12 B 7 5241
YNL220W ADE12 3 4 524.;
YNL220W ADE12 4 3 529.1
YNL220W ADE12 B .28 516.
YNL220W ADE12 B .27 511.
YNL220W ADE12 514!
YNL220W ADE12 509.¢
YNL220W ADE12 524.
YNL220W ADE12 566.
YNL220W ADE12 570.
YNL220W ADE12 5334
YNL220W ADE12 535.!
YNL220W ADE12 522.
YNL220W ADE12 B 519.
YNL220W ADE12 4 .12 3 528.
YNL220W ADE12 8 4 4 532,
YNL220W ADE12 7 4 6 0 5434
YNL220W ADE12 540.
YNL220W ADE12 B K 542.
YNL220W. ADE12 34 519.;
YNL220W ADE12 518,
YNL220W ADE12 518.;
YNL220W ADE12 529.
YNL220W ADE12 506.
YNL220W. ADE12 510.!
YNL220W ADE12 494!
YNL220W ADE12 504,
YNL220W ADE12 507.
YNL220W ADE12 K X 520.
YNL220W ADE12 4 5241
YNL220W ADE12 525.;
YNL220W ADE12 5 517
YNL220W ADE12 B 4 B 514.
YNL220W ADE12 K 1 K - 516.
YNL220W ADE12 520.1
YNL220W ADE12 513.!
YNL220W ADE12 522.
YNL220W ADE12 507.
YNL220W ADE12 521.
YNL220W ADE12 507.1
YNL220W ADE12 510.
YNL220W ADE12 4 .27 511.
YNL220W ADE12 0 .42 518.
YNL220W ADE12 4 7 522,
YNL220W ADE12 7 3 521.
YNL220W ADE12 9 1 520.
YNL220W ADE12 7 0 520.
YNL220W ADE12 E 1 514.
YNL220W ADE12 54 7 7 518.
YNL220W ADE12 7 34 512,
YNL220W ADE12 3 5 362,
YNL220W ADE12 94 04 543.
YNL220W ADE12 7 515.
YNL220W ADE12 407
YNL220W ADE12 34 379,
YNL220W ADE12 410,
YNL220W ADE12 356.
YNL220W. ADE12 421.
YNL220W ADE12 408,
YNL220W ADE12 41,
YNL220W ADE12 343.9




Appendices

ORFname Swan ptical density at 600 nm at regular intervas (] GLUCOSE FRUCTOSE TOTAL SUGARS (gl TOTAL AMING ACIDS (mgiL)
2 3 4 5 78 102h 118 118 102h
VNL220W ADET2 1 12 8 | 1 7| 10375 | w231 | 215 28835
YNL220W ADET2 17 1 12288 | 120. 250. 423,99
YNL220W ADET. o7 7 145.34 124, 254, 208.24
YNL220W ADET 14 6 14734 | 145. 2951 384,
YNL220W ADET 3 128. 121, 249, 371,
YNL220W ADET 4 04 11957 | 117, 22, 424,
YNL220W ADET2 12740 | 155, 312, 3434
YNL220W ADET. 13763 | 122 254, 433
YNL220W ADET 12640 | 122 251 1.
YNL220W ADET 1 T 12324 | 122 253, 467.
YNL220W ADET % 9 139 148; 54 298. 410,
YNL220W ADET2 30 8 1293 | 38 X 08| 4049 311
YNL220W ADET2 21 1 121. 12960 | 13174 | 13224 | 25931 26193 435
YNL220W ADET2 2 3 3| 120 7. 12532 | 1211 24562 239 478,
YNL220W ADET2 1 T 1 137 9. 137 138, 21487 | 278 408,
YNL220W ADET2 1 1 2 136. 7 1381 144 27434 286. 458
YNL220W ADET2 0 0 1 120 1. 1231 116. 24323 | 228 4684
YNL220W ADET2 2 5 9 34.0 13.90 82, 60.3 116.20 74.27 382.
YNL220W ADET2 18 1 17 X 112 10621 25357 | 21869 496.
YNL220W ADET2 14 1 16 114; 19| 22495 478,
YNL220W ADET2 14 1 15 115. 04| 22944 512,
YNL220W ADET2 - 17 1 14 4| 4266 513
YNL220W ADET2 4 15 0 12 ) 212.09 511.
YNL220W ADET2 2 T 125 6| 213 497
YNL220W ADET2 1 1 119: 97| 2617 509.
YNL220W ADET2 7 126 29 | 262 511
YNL220W ADET. 110 32| 2634 507.
YNL220W ADET o4 132, 88| 262, 518
YNL220W ADET 94 T 123 ) 263 516.
YNL220W ADET 241 498
YNL220W ADE12 T | ar: 518
YNL220W ADET 21. 5134
YNL220W ADET 4964
YNL220W ADET - 8 21. 508
YNL220W ADET 9 2 1 22| 116 5 521,
YNL220W ADET2 7 21 15 18| 124 8 508.
YNL220W ADET2 5 17 08 09| 11593 4 517
YNL220W ADET2 I a7 2 1 1 1183 523
YNL220W ADET2 1 7 1194 506.
YNL220W. ADET2 1 3 121. 507.
YNL220W. ADET2 2 1 120. 519.
YNL220W. ADET2 0 5 114 Z 507.
YNL220W ADET2 8 11323 | 11955 516.
YNL220W ADET2 54 1 12051 | 11482 521,
YNL223W. ATG4 7 19 9 3%6.
YNL224C S0ST 6 10.05 4 339,
YNL225C CNMGT 4 2 5394 4 338,
YNL226W VNL226w 41 1 X 2734
YNL227C it i 345,
YNL22GW YNL228W 307.
VNL229C URE2 z X 321.
YNL230C ELAT 4 14 342.9
YNL231C PDR6 X 04 303,
YNL233W BN 11 X 306
YNL234W. YNL234w 54 27 X 329,
YNL235C VNL2350 7 37 66. 321
YNL236W SING A1 102 349.
YNL23TW VTP 0 91 71 336.9
YNL238W KEX: 4 ; 26 304
YNL239W LAP: 0 i 3 47 3 286
YNL241C ZWFT 0 1 0 6 .3 z ; 21, 287,
YNL242W ATG2 3 6 17.75 61.34 306.60
YNL246W VPST5 04 7 0. 15 303.
YNL248C RPA49 0 0 i 1. 28 285.9:
YNL249C MPA43 8 9 0. 0. 7 X . 274,98
YNLZ50W. RAD50 5 54 4, 3. 86.1 141 12048 39797
YNL252C MRPLTT 6 7. 1097 : 2263 56. 2589 298,92
YNL253W TEXT 5. 83 16, 9 271
YNL254C RTC4 414 041 42 04 264,
VNL255C Gis2 4.7 16 264,
YNL257C SP3 1.5 15.54 X 312
YNL259C ATXT 3 i 5 E 184 12 299.
YNL264C PDRIT 7 7 54 16. 87 314,
YNL265C IST1 5 2 28, 01 305.
YNL266W YNL266w % % 11. 28 z 331,
YNL2GGW. LY 8 9 E 64 13 68 0 319,
YNL268W LYPT 7 2 3773 3028 19 304
YNL269W BSC4 2 .07 5. 14 6 260.
YNL270C ALPT 77 274,
YNL271C BNIT 1 238,
YNL273W TOF1 21,
YNL274C GORT 289,
YNL2T5W BORT % ~0.05 i 269.
YNL276C VNL276 05 262,
YNL276C YNL276c . 39 299
YNL2TTW MET2 T 1 2 249.
YNL2TTWA YNL277w-a i 258,
YNL2T8W CAF120 44 294,
YNL279W. PRI 54 08 322
YNL280C ERG24 9 X 303
YNL280C ERG24 9 3895 2747 I 58.64 12714 368.
YNL2BTW HCHT 04t 001 19, 44 19.8 279,
YNL283C WsC2 7 148 | 004 2 7 2961 | 267,
YNL284C MRPLTO 12388 | 12285 | 145 11052 | 26939 | 473,
YNL285W. YNL285w 09 027 22, 3 237 211,
VNL286W CUS2 0 7 314
YNL288W CAF40 1 8.9 330,
YNL289W. PCLT 34 6.8 298,
YNL291C MID1 6 13.59 X 37
YNL292W. PUSE 8 .1 ; 5 274,
YNL293W WSB3 4 9 46 299.
YNL294C RiM21 X 7 295.
YNL295W. YNL295w K X 84 268.
YNL29GW YNL296w 7] 107, 343
YNL297C MON2 2. 282.
YNL298W CLAd 4. 280,
YNL299W TRF5 7. 360.
YNL300W 7086 . 308.¢
YNL301C RPL18b 0 297.
YNL302C RPS19 1 310,
YNL303W YNL303w 5 262,
YNL304W YPTT1 16. 346,
YNL305C YNL305¢ 5 X X 1.
YNL307C MCK1 9 1 71 2 I 252,
YNL309W STBI X 1.7 287.
YNL311C SKPZ 1 1 16.2 296
YNL314W DALS2 . 086|162 298
YNL315C ATP1T 79 19 109. 105.54 343
YNL315C ATPTT 1 1 54 .03 1 14368 | 111.31 361
YNL316C PHA2 5.64 79 28 3144
YNL318C HXTT4 - 4 : 31 289.9
YNL319W YNL319w 4 } 3 } 8.6 . 25244
YNL320W YNL320w 2536 4034 105, X 355
YNL321W VNXT 4 . 304;
YNL322C KRET % 84 X T 9 322,
YNL323W LEM3 4 4 20.70 484 54.75 340,
YNL324W YNL324w 4 1581 1424 14 333
YNL325C FIG# 7 3 434 304
YNL326C PFA3 4 7 262,
YNL327TW EGT2 X 302,
YNL326C MDJZ 4. 300.99
YNL329C PEX6 1 E 7. 30478
YNL330C RPD3 5 7 .42 0. . 3 326.70
YNL332W THITZ 7 9 1 05 9. 69. 6 315,86
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Appendices

ORF. | Optical density at 600 nm at regular ntervals (h) GIUCOSE ERUGTOSE] TOTAL SUGARS (of) _{SEINAERN OGS i
name Strain
2 3 4 5 7 102 118h 102 118h 102 18h 102
VNL333W SNZ2 1 7 10,4 34 Gl 238 3.
YNL334C SNOZ 6 9 5 299,
YNL335W DDI3 .44 14 305
YNL336W oSt .99 .02 3.
YNL338W YNL338w 8 .96 . 37,
YNL339C YRF1-6 7 X 44 37,
YNROOTC CiTt 5 ; 54 X 33
YNR00ZC AT0Z 1165 4. 0.4 349.
YNROOAW SWMZ 10.25 95.3 338,
YNROOSC YNROD5C 7. X ; 44 359,
YNROOGW VPS27 G - 7. 64, 5.9 37,
YNROOTC ATG3 I 7 %5 19.73 X 137,74 360.
YNROOGW LROT 0 7 % [ 413 7. 6 308.
YNROOIW NRMT 38 T 93 o7 18.60 77.60 3 99.32 321,
YNROTOW CSE2 1 2 a7 74 4035 119.14 .04 180.99 330,
YNROTOW CSE2 37 8 .00 16 4 54 36.25 265,
YNROTZW URKT - 39 7 %5 1 X 65.64 80 323
YNRO13C PHO9T 25 « 8 07 21 72 6383 74,30 324,
YNROT4W YNROT4w 83 17 2, 54, 302
YNROTSW SMMT 77 7. 49,
YNROTSW AIM38 76 4 4 342.42
YNROTOW ARE2 ] 9. 3425
YNR020C ATP23 8 I 5; § i ) 352
YNRO21W YNROZ1w 6 7. 89 0 1361 27 11282 78, 37,
YNR022C MRPL50 1 8 99 1 E 60. 351.
YNRO24W MPPE 54 7 E 0 24 48 302
YNR025C YNROZ5¢ 5 83 0 2 7. 304,
YNRO2TW BUD17 i % 1 i 307.
YNRO28W CPRE T o7 1 3 34 X 313
YNR029C VNR0Z9c 7 T E 4. 313,
YNRO3OW ALG12 T [ 57 297.
YNRO31C SSK2 34 T 0 .1 329,
YNRO32C-A HUBT 8 1 X L ; 292
YNRO32W PPGT 7. 9.7 12277 6. 35,
YNRO33W ABZ1 8 38 279 4 271,
YNRO34W SOLT 7 211 - 100.06 5. 3.
YNRO36C MRPSTZ - 7 I 36 34 1358 406 272.47
YNRO37C RSM19 7 13 T 4 7 6 34; 183,59
YNRO39C ZRGIT 39 10. 2629
YNROOW YNRO4OW 0 4 } 259,
YNRO41C C0Qz 4 A I 44, 262,
YNRO42W YNRO42w, 7 3 2% : 10113 264,
YNRO45W PET494 77 57 6.06 L 45 518 314,
YNROATW FPK1 7. 16.90 84 7084 81.7 266.
YNRO4EW YNROZBW % 2681 17.8 79, 1058 274
YNRO49C MS0T 7 233 17 80 103.2 191
YNROS0C YS9 G 137 128 X 944 303
YNRO51C BRE5 3 1 09 2 1247 49 492 61.6 2. 332.92
YNR052C POP2 1 34 57 7 6311 52 10834 7146 | 12828 39154
YNR052C POP2 7 6 4209 34, 101, 14311 12831 347
YNROS5C HOLT 4 1 6. 5 18.5 305
YNROS6C 05 - 2349 1. 4.7 53.74 364,
YNROS7C 04 3 1, 7. x X 244 320,
YNROS8W 03 K 1 7 7 258,
YNROSOW | MINTZ 2 - T ; 309.
YNROGOW REZ 1 04 77 304.43
YNROG1C YNROGTe 7. 346.4¢
YNR062C YNROG2C 339
YNROG3W YNROG3W : y Z 32645
YNROGAC YNRO64c 9 0 03 94 1. 310,14
YNROGSC VST 3 9 9 24 X 64 331.60
YNROG6C YNROG6e 42 90 16,51 ) L 07 33,
YNROG7C DSEZ 28 75 18.24 7 04 322,
YNROGEC YNROG8C a1 9 11.42 z 323,
YNROGIC BSC5 Z 7 52 304 4. 243
YNROTOW PDR1E 54 8 % [ 1021 X 4. g 318,
YNRO7IC YNRO7Tc 3 8 9 12 8.9 79 7. 37 309.92
YNROT2W HXTTT 1 04 7 64 44 340.95
YNROTSC YNRO73c 54 5 335
YNROT4C AFFT 3 2 y I 31
YNROTSW C0S10 8 7 ) 7 4. 278,
YOLOOTW PHO0 04 .1 2] 6 76 10510 8.2 362,
YOL00ZC 1ZHZ I I %15 253 295,
YOL003C PFAL .0 X y 520 144 298,
YOLO4W SINg 34.46 3 .94 12581 114 333
YOLOU6C TOPT 7 57.33 108.00 16533 | 138, 395.
YOL0OTC Csiz 18.22 7. 84 347,
YOLOOGW 010 9. .84 284,
YOL00SC MDM1Z X 32
YOLOTTW PLB3 3 50. 301.
YOL02C HTZ .74 127 370,
YOL0T3C HRDT 89 304,
YOLOTIWA YOL03w2 .97 3 308,
YOLOT3W-B YOLOT3wb 54 44 262,
YOLOT3WB YOLOT3wb 3 267.
[ vororaw YOLOT4w I 54 295
[ vororsw IRC I 6 73,
YOLOT6C CHK? 1. g 309,
YOLOTTW ESC8 I ] 40 299
YOL018C TLG2 8 1518 80 E 331
OL0T9w [ 4 44 038 31,
OL019wa 7 T 260,
AT2 11 322,
M1 7 275
YOLOZ4w 1 17. X 335
1AG? 0. 4 15, 306,
M35 7 X 298,
YAPT g K 2 3214
YOL029c 9 K 1034 . 10. 345,
GAS5 9 43.42 11564 46 355.
SILT I 2] 5. . 0 7. 4. 331,
OPI0 04 599 75 10, 5078 | 0. 297,
MSET 12215 12874 | 13256 | 25090 | 257, 527,
YOL0350 1342 } . 74, 5 338,
YOLO36w 5 -0.04 5 2, 297,
YOL037c 7 15. 14 78 334,
YOL038ca 35 274,
RPP2a 9 308.
NOPT2 7 300.
NGLT 034 : E 320,
NTGZ 7 X 34 325,
PEXT5 5 78 4.94 7 335
PSK: 2 26 [ 87 343,
YOLO46e 34 82 64, .56 3354
W YOL047c o4 E X 54 275,
¥ RRT o4 72 1857 X 14 33,
[ Vo RRT 1 A 12.14 54; .26 25,
[ Vo GSH: 71 K 4 X . 264,
Y0 GSH: 7 13.23 10.66 34 0.98 338,
YOL050C YOLO50c 9 9 34 7 1441 11.70 1186 315
YOLOSTW ALTT 9 54 1 9. .76 1. 290.9
YOL052C SPE2 94 7 7 11.55 .. .2 3291
YOL052C-A DDR2 94 9 4 7. 30 284,
YOL053C-A OL053CA 2 7 9 5. 3%.
YOL053W AIM39 33 X X 3%,
[ voLosaw PSHT 26.96 04 114; 348,
[ voLossc THI20 13.95 76 333,
[ voLosow GPM3 2178 i Z 9. Z 354,
YOLO57TW. YOLO57w 0. .1 -0. .44 -0.48 281.1
YOL0SGW ARGT 12 7 5 226,
YOL0S9W GPD2 14 X 5 327,
YOL0G0C MAM3 16.64 g 13 8 333,
YOLOGTW. PRS5 2163 .94 g 335 3 46.2 357,
YOL062C APIM4 36 54 8. 54. .34 .0 299,




Appendices

ORF | Optical density at 600 nm at regular ntervals (h) GIUCOSE ERUGTOSE] TOTAL SUGARS (of) _{SEINAERN OGS i
name Strain
| 2 3 4 5 7 102 11 102 118h 102 118h 102
YOL0B3C CRT10 1 2 0 3 10.20 4 1037 340,
[ voLoeec MET22 4 7 04 3383 82 321
[ voLossC INP54 0 4 331
[ voLoerc RTG1 54 7 54 X 348,
[ voLoe7c RTG1 1 ] 04 .96 ) 287.
YOL0GC HSTT 7. K Z 4. 331,
[ voLoroc NBAT 13 44 : 324,
[ voLoriw EMI5 1 16. 68.54 2 | a5 | 332
[ voLoraw THP1 8| 108 1 130.41 235, 468.
YOL073C YOL073e T 2 34 X 7. 277,
[ voLorsc YOLO756 9 194 00 4. 347
[ voLorew MDM20 6 200 X 82 94, 250,
YOLOTTW-A__|ATP19 G 5 i 84 43 54, i 295,27
YOLOTIW YOLO79w 7 1 10.76 32 58, 32 692 13 321.45
YOL08OC REX4 ] 14,5 33 66. 53 809 164 323,
YOLOSTW IRA2 7 0.0 02 E 341
YOLOS2W ATGT9 7 438 041 312,
YOLOB3W YOLOB3W 6 I 125 15 . 336
YOLOBIW PHMT 1 0 8 02 18 1547 0 47 335.
YOL085C YOL0B5e ] 7 ] 07 1 15.84 1 5.1 335,
YOL086C ADH1 2 5 2 01 7_| 12431 | 13215 27583 525
YOL086C ADH{ 6 2 2 02 3 | 107.56 | 10463 23111 497.
YOL086C ADH{ 7 7 7 0 7| 11043 | 10183 217.44 499.
YOLOBGW-A YOL0B6w=a 31 67 92 1 357 1 X 280,
YOL07C YOL07c i 1 27 5 4 314,
YOL08C MPD2 04 319,
YOL0BIC HAL 342,
YOLOSOW MSH2 X 346,
YOLOSTW. SPO21 54 04 1 346
YOLOS2W YOL0S2W 6 I 347,
YOLOS3W TRM10 04 i 7 L 334
YOL095C HMIT 7] 9 X 44 . 297.
YOL0S6C 0003 51.96 5 4. 140, 121 360.92
YOLOSTW-A YOL0S7w-a T 1 10.90 0. 298,64
YOL0S8C YOL098c - 0 2 ) X 1 265
YOL099C YOL099c 2 8 1 87 X 13,9 75 2 316.
YOLT00W PKH2 0 2 7. 1221 3. 466 77 3 257.54
[ votoic 1ZH4 2 64 04 31 .35 7 2 299,
YOLT03W TTR2 9 4 1 10 I 324,
[ voLtoic NDJ1 54 7. 30 6 64 306,
[ voLiosc WSC3 8 a 1 01 3 339,
YOL106W. YOL106w 9 5 21 421 X 7 331,
YOLT0TW. YOL107w 0 1 54 24 16. 332
YOL108C INO4 7 54 54 14 27 70, 259,
YOL108C INO4 6 a7 15. 11573 86, 241,
YOL109W. ZE0T 0 64 g 6143 2 31,
YOLT10W. SHRS T 4 2260 7 298.
YOLTT1C MDY2 3 7] 08 54, 322,
[ voLtrow MSBZ 314,
YOLT13W. SKMT 325
[ voLrrc YOL114c X 285
[ voLtrsw PAP2 54. 339,
[ voLtiew MSNT 3 I 284,
YOLTTTW RRIZ 64 8 316
YOL118C YOL1180 1 303,
YOL119C MCHA 2] 291.
[ voLr2ic RPS19a X 3.
[ voL1220 SMFT ) X 4 312.98
[ voL12iC TRMTT 486 4 67 314,
[ voLtz5w TRM13 7 84 544 11.30 X 10129 342
YOL126C MDH2 9 09 487 02 X 34, 339,
YOL126C YGK3 5 50 0 ) 70 3. 332
YOLT29W VPS68 7 22 54 10, 57 . 344,
YOLT3TW YOLT3w 6 51 04 4 4 263,98
YOL132W. GASY 0 7 54 13 315,65
YOL136C K27 7 7 3 02 ; . 304,
YOLTSTW. BSC6 7 04 7 331,
[ voLssc RTCT 7 X 342,
[ voLtaow ARGE 7. 2 300.
YOLT41W. PPMZ 9 . X X 37,
YOL145C CTRY 4 1. 100: 142.88 3%,
YOL147C PEXTT 6 T 4 94 4120 4614 260.
[ voL1asc SPT20 5 .16 108.78 17195 | 139, 409
[ voLtsoc YOL1500 7 il X 0. 4769 18, 306.
[ voLtstw GRE?2 54 7 24 3.2 1.04 2 37
YOLT51W. GRE? 1 719 16.4 7.2 85.07 83, 33,
YOLT52W FRET 05 5 76 3529 5 I 1772|1649 343,
YOLT52W FRET 7 5 7 X] . X 6494 49.90 31,
YOL153C YOL153c 4 0.0 5 0. 1 0. 262,
YOL154W ZPS1 3 534 I 296.
YOL155C HPFT 11.6 71 4. 32347
YOL158C ENBT 8.7 309.99
YOL159C YOL159c 54 69 300,
YOLT59C-A YOL159c-a T X X 278,
YOL160W. YOL160w 6 2] 1. ) 54 314,
YOLT62W YOLT62w 7 o4 X 94 321,64
YOLT63W YOL163w 8 2. 324,
YOLT64W BDST 3 7 4 21 293,
YOL164W-A YOL164w-a 3 74 I 54 255,
YOROOTW. RRPG 4 9 17.54 31 : 35.
YOR002W ALGE 7. 62 27 300.
YOR003W YSP3 7] 8 51 308,
YOR005C DNL 2 7 X 304,
YOR006C TSR3 1 7 .04 I . 266,
YOR007C 5672 5 8 . 04 83 307.
YOR008C SLG1 0 [ 293 1 1 242,99
YOR00C-A YOR008c-a 7] 7 47 6 295,
YORO00SW. TIR? 0 9 79 Xi 276,
YOR010C TIRZ 0 0 44 2 .4 219,
YOROTTW. AUST 7 7 9 Xl 19 7 251,
YOROT2W YORO0T2w, 9 9 11.08 X] 270,
YOR0T3W YORO013w 0 1 377 4 299,
YOROT4W RTS1 7 4 K X 40 257,
YOROT5W. YORO15w 8 3 51.4: 754 327,
YOR016C ERP4 0 7 K 9 116! piik
YOROTTW PET127 7 6 K 01 34 K 279,
YOR0T6W RODT 34 7 7 E A I 303.
YORO19W. YOR019w 34 K ; 7 01 . 284,
YOR020WA__|_YOR020wa 7 4124 28.7 45.04 3. 270,
YOR021C YOR021c 8 14 0 6. I 287,
YOR022C YOR0220 7] 34 7. 8 13 27.
YOR023C AHCT 6 5 13 273,
YORO024W YOR0Z4w 1 1 25 37 274,
YOR025W HST3 2 34 . .. 28 . 275.;
YOR026W BUB3 } 0 8 35.67 14 13354 54 349,
YOR026W BUB3 16 2] 77 3092 1 119.62 [ 333,
YORO027W. ST 1 1 2! 11.06 76.¢ 1. 318
YOR028C CIN5 7 0 2 94 I 33 1 297,
YOR029W YOR029w 3 2 2 .3: 0.4 . -l 276
YOR030W DFG16 134 2 4 301
YOR031W CRS5 0.0 84 K 14 267.
YOR032C HMS1 . 9. 328
YOR033C EX01 i 7. X 284,
YOR034C AKR2 34.( 13, 2924
YOR034C-A YOR034c-a 27 0 . 3. 2; 262,
YOR035C SHEZ 4 71 E K KX 0. E 219,
YORO036W PEP12 7 7 .. 54.¢ 306.;
YORO37W. CYC2 5 27 .1 7. 2734
YOR038C HIR2 2 15 3 298.!
YOR039W CKB2 77 1 127 I ; 367.
YOR04OW GLOZ - ) 7 5 275
YOR041C YORO041¢c 3 27.80 .64 297
YOR042W CUE5 3 X X 79 278,
YOR043W WHI2 04 3 0.1 10.86 63 290,64
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Appendices

ORF. | Optical density at 600 nm at regular intervals () GEIGOSH ERUGTOSE TOTAL SUGARS (o) |EIEEERENINCEESIIEIN
name Strain
2 4 5 7 102h 118h 102 118 102h 118h 102
YORO#W IRC23 1 2 9 12 13 6 7 81 489 2844
YORO45W TOM6 04 14 001 0,04 I 0. 1 0561 281
YOR047C STD1 7 33 X 5, 274
YOR049C RSBI 15 10. 13.00 305,
YOR050C YOR050c 37 42 3 280,
YOR051C YOR051c .44 3. X 297.
YOR052C YOR052¢ 4 273,
YOR053W YOR053w 309,
YOR054C VHS3 i 301,
YOROS5W. YOR055W, A7 300.
YOR058C ASET o4 .02 282.9
YOR059C YOR059 2 ) 3 85 z 277.1
YOROGTW. CKA2 1 41 8 X 34 49 297,
YOR062C YOR062c 3 1 1 0.1 514 0.7 273
YOR064C VNG 02 15.98 756 278,
YOROBSW. CYT1 129, 259.69 2793 524;
YOROB6W MSAT 01 9.02 19 267,
YOR067C ALGS 2 4 7] 11 26.93 901 276
YOR068C AMT0 o4 49 8 1 0 50.74 12 3384
YOROGIW PS5 o4 4 7 E 9 0. 320.
YOROGIW PS5 3 5 27 60, 390,
YOR070C GYPT 7 0 01 44 308,
YORO7IC NRT F 4 8 K 0.4 269,
YORO7ZW. YOR072W, Ki 1 289,54
YORO73W 5GO1 282,
YOR076C SKIT 294;
YORO78W. BUD2 0 54 - T 322,
YOR079C ATX2 X 56 .94 269,
YOROBOW DIAZ 04 } 2 103,87 91 159.03 113.67 374,
YOR081C TGL5 31 E ) 94, 279,
YOR082C YOR082c 37 34 34, 253
YOR0B3W WHIS E 270,
YOROB4W. LPX1 282,
YOROB5W. 0573 288,
YOR086C TCBT 04 34 295
YOROBTW. YVCT 0 49 7 1 6 ¥ 288,
YOROBTW. YVCT 2 22 3 7 5 g 46 301,
YOROBEW YOR0BEW. 1 18 44 34 341
YOR089C VPS21 54 17 356.
YOR090C PTC5 20 331.
YOR09TW. TMA%E 17 Y X . 328
YOR092W. ECM3 1 29 E 1 2. X . 91 331
YOR093C YOR093c 6 15.25 1 74 340
YOR094W ARF3 5. 30192
YOR096W. RPS7a 1 343
YOR097C YOR097c 8. 319
YOR099W. KTRT 7. E 37
[ vOR700C CRCT 76 9 0 E 295,
YORTOTW. RAST 54 7 4 04 34, 291,
[ vorioaw PINZ 1 04 7 84 298
[ voriosw YOR{05w 8 I 2. 3 292,
YOR106W. VAM3 04 7 4. 1 108.1 11520 419,
YORT0TW. RGSZ 04 3 ) 64 y 2 310,
YORT08W. LEU9 7 7 34.34 348
YORT09W. INP53 7] . ; 371
YORTTTW. YORTT1w 54 4. 40 328
[ vorTTaW CEXT 54 323
YORT13W AZF1 ) 360,
YORT14W YORT14w, - 1 0 I 316.
YORT5C TRS33 1 7 5 5 30, 300
YORTT8W. RTC5 5 6 5 X 47 315
[ vORT20W GCVT a7 71 27 5 2. 290.
YOR121C YOR121c 4 75 8 . I 307,
YOR123C LEO7 3 57 16.29 7. 4031 333.95
[ vori2ic UBP2 3 56 46 37 ; . 303,
YOR125C CATS 1 17 1 1941 1294 24884 24965 546
YOR126C 1AHT 74 6 9.06 53.44 62.50 35.19 346,
[ YorT2rW RGAT 9 1190 62, 73.90 1731 335
[ vorizac ADE2 4 10256 133 236.41 20051 459
[ vori29C AFIT 6 142 5 70.57 2965 332
YOR130C RTT 1 0 340 [ 3 3965 96 307
YOR131C YOR131c 3 5 9 5, 1. 4931 24, 30392
YOR132W VPSTT 24.64 1a. .76 106.51 7. 3878
YORT33W. EFT1 T 1910 34 3127
YORT34W. BAGT [X 6 07 297.4¢
YOR135C YOR135¢ . T Y 2037 94 2. 321
[ YORT36W IDH2 1 15 166 .0 [ 415 343,
YOR137C SIAT 27 19.7 7 7 52, E 632 342,
[ vOR738C RUPT F 985 76 139, 951 341
[ vOR139C YOR139% 109.84 54 135 134 24535 | 2331 476
YORT40W SFLT 79 123 10171 202 147.06 416;
[ vori4iC ARPS 1 107. 165. 133.6: 372,
YOR142W 1 34 101, 150. 384,
YORT44C G7 130, 338
| voriaTW | MDM3Z 1 Z 58, X 269
YOR150W IRPL23 I 7 8 36 .5 279,
YOR152C OR152¢ 64 1. 123 I 344
YOR153W PDR5 41 7. 113 118. 319,
YORT54W. SLP1 7 3 134 129, 356
[ Yor155C ISNT 8 I 4 138. 978 354,
[ vor156C NFIT 749 11 99, 190, 148.70 3864
[ vorTs8W PET123 157 T 2 7.63 23 83 242
YOR161C PNST 7851 1 10214 19459 156.12 393;
YOR161C-C YOR161cc 391 3 41 7.1 45 35 274
YOR162C YRRT 7] 70. 120. 7.4 19059 114563 400
YOR163W DDPT Z 117 194, 13237 430,
YOR164C GET4 105 156. 112,74 374
YOR165W. SEVT 90: 121 7123 356.
YOR166C SWTT 1 86 118. 60.83 353
YOR167C RPS28a 2 851 1131 68.49 350,
[ vORT7OW YORT70w 9 X I 16242 | 106.04 393,
[ vori7ic LcB4 7 4 194 121. 431.
[ vori7aW YRIT 6 18107 | 110 390,
YORT73W. DCs2 X 1 197.55 | 183 401,
YOR175C ALET 9 107. 9. 167. 137, 378,
YORT77C MPC54 100, 74, 144 9184 355.99
YOR178C GACT } 113 86 168. 11195 369,
[ vORi79C SYCT 54 7 ) 44 49 50.1 7 294,
[ vORr780C bert 7.68 3. 832 1. 307
[ voriszC RPS30b 1. 1 7. 123. 7. 330
YOR183W FWi2 34 1 61. 0.6 2. 313,
YOR184W SERT 5 37 6. 277
[ vORTgaW SERT 9 I 13 311
YOR185C GSP2 3044 10.35 94 124, 72; 354,
YOR186W YOR186w. 26.71 92, 1194 336.
YORTBTW. TUF1 54 6 ; 39, 437 } 230.
YORT88W. MSBT 2 522 2, 102 147, 101, 361.
YOR188W MSB1 84 94 T . 426 48. 33 295
YORTE9W. IESY 5 9 55,67 A 106! 62, 139 392,
YORT90W SPRT 7 54 3992 102 69 342.
YORT9TW. ULST 1 100. 101 3534
YOR192C THIT2 84.61 339.
YOR193W PEX2T .3 . 348
YOR195W SLK19 110. 167.. 398.
YOR196C LiP5 8 3 9. 132 359
YORT9TW. MCAT 7 141 16. 1811 295
YOR198C BFRT 4 70. 121 191,94 41,
YOR199W YOR199w 6.0: 46 52 238,
'YOR200W 'YOR200w 44. 95. . 139. 315.
YOR201C MRMT 122, 104 197 344
YOR202W HIS3 90. 4956 127 351.
YOR205C GEP3 . 127 107, 20822 | 356,
'YOR208W PTP2 75.6 52.4 98.. 332
YOR209C NPT 7 9 8 62.64 123 113.2 212, 37396




Appendices

ORF | Optical density at 600 nm at regular ntervals (h) GIUCOSE ERUGTOSE] TOTAL SUGARS (of) _{SEINAERN OGS i
name Strain

2 3 4 5 7 102 118 102h | 18h | 102h | 118h 102
YOR209C NPTT 121 1 8 10201 | 10076 | 15, 150.74 292,
YOR211C GMT 54 I 7. 1, 13748 | 103. 259,
YOR212W TEA 3 94 7. 127, . 356,
YOR213C AS5 X 132, 356,
YOR214C OR214c 64, 93.6 336,
YOR215C AM4T 3 101, 333,92
YOR216C RUD3 9 109; 335,
YOR219C STET3 7 X . 4 331,
YOR220W RON2 2] 1 70 7 344,
YOR221C MCTT I 71 4 277,
YOR222W 0DC2 9 3] 1 I 46 7 303
YOR223W YOR223w, 7 5 7 8 I 754 9.79 4 312
YOR225W YOR225w 9 a 7 8 6. 98 7272 143.22 363.
YOR226C 1802 0 17 27 10.06 109.77 337,
YOR227W HERT 10.94 ; 103, 336.
YOR228C YOR228c 938 64, 71. 319,
YOR229W W2 . 494 97. 333,
YOR230W W ; B 14 445 113; 347,
YOR23TW MK ] 04 4 ] 3. 10430 342.9
YOR233W KINg 17 7 2. 89.7 310,
YOR234C RPL33b 13 64 7. 93.6 319,
YOR235W YOR235w 10 5 T 100.2 328,
YOR237W HEST I 10 ; 5 1 924 } 125.1 . 336.
YOR236W YOR238w. 9 09 1 27 40 77 2485 63 24335 | 10548 450,
YOR239W ABP140 54 99 19 30 75 13.41 87 14191 8. 371,
YOR239W ABP140 2 7 15 34 69 2 31
YORZ40W YORZ40W 7] 2444 a7 147, 11161 363.
YOR24TW METT 18.72 . 87 121, 356,
YOR2420 S5P2 11.76 94; 25 128 343,
YOR243C PUST 7] 34 44 315
YOR245C DGAT - 2] 37 . 332,
YOR246C YOR246c A7 7 59 322,
YOR24TW SRLT . Z 71 304,
YOR248W YOR248w. 14.85 4, 3 1113 340,
YOR251C UM ) 7. 54 122.3 331.
YOR252W TWATE 5 I 5 54 i 1187 343
YOR253W NATS 7 07 4 1 10.39 . 62. 127.1 ; 352,
YOR255W OSWT 7 0 17 3 2 50, 90 10431_| 101 163; 14186 394,
YOR258W HNTS 1 2 4 57 7. 67 117, 100, 18854 144.30 388.4
YOR263C YOR263¢ 1 5 B 74| 4. 102, 56 149. 67.18 379,
YOR264W DSE3 1 54 7 8| o4 817 56. 10642 | 6462 341,
YOR265W RBL2 31 1 g 0| 42 04 951 90, 138, 127.70 334,
YOR266W PNTT 7] 9 8 07 54.8 9 63.3 306
YOR267C HRKT [ 317 1 34 176, 3169
YOR266C YOR268¢ 7 17 265,
YOR269W PACT 6 584 I 314
YOR270C VPHT 7 3 20 4. 293,
YOR271C FSF1 6 5 2 10.96 56.28 29 5 302
YOR273C TPOZ 4 7 71 10.76 56.64 97 308.9(
YOR274W MODS % 3 - 1 X 268
YOR275C RIM20 % 7 427 277
YOR276W CAF20 261
YOR277C YOR277c 332,
YOR279C REMT 04 332
YOR280C FSH3 342,
YOR283W YOR283w 320,
YOR284W HUA2 4 54 353.
YOR285W RDLT I 363.
YOR286W RDL2 13 3 ; X 373.
YOR283C MPDT 5 9 28 E 307
YOR289W YOR28%w 5 2 8 428 } 328,
YOR290C SNFZ 7 1 54 7 @7 95 439,
YOR29TW YPK9 5 001 293,
YOR292C YOR2920 1 .0 018 37.
YOR293C-A YOR293c-2 i 14 24,
YOR293W RPS10a 5 i 8 8 74.5 69.44 i 436
YOR295W UAF30 T 3 4379 330,
YOR296W YOR296w 7 3 18.31 330,
YOR297C TIM18 9 2] 7 310,
YOR298C-A MBFT 5 0 X L 36,45 309.43
YOR298C-A MBFT 1 7 0 9 .95 71 278
YOR298C-A MEFT 21 87 3 5 286
YOR298W MUM3 41 7 .09 03 333.
YOR299W BUD7 2 2 .09 22 342,
YOR300W YOR300w 7 1 15 1.7 : 320,
YOR300W YOR300w 7] 0 0 7 181 X 2%, 269,
YORI0TW RAXT 2 9 7 84 X 2 3 293,
YOR302W YOR302w 7 7. .99 7 5 276,
YOR302W YOR3024 7 9 25 0! 269
YOR303W. CPAT 1 0 30 2864
YOR303W CPAT 7 iz 1.2 261
YOR304C-A YOR304c-a 4 323,
YOR304W 1SW2 1 4 330,
YOR305W. RRG7 7 L 321,
YOR306C MCHS Xi 3. 401
YOR306C MCHS .44 13. . 324,
YOR307C SLy41 519 3. 7 335.
YOR308C SNUG6 1 592 2, 3 30, 341,
YOR309C YOR309 4 129 13.10 94 54 75 336.
YOR309C YOR309 1 54 22 12.23 72, 3004
YOR311C DGKT 73 1 35 I X . 302
YOR312C RPL20b 54 4 54|10, 3 1 146,65 406,98
YOR313C PS4 6 . 4 4 67 3054
YOR314W YOR3 14w 1 : 14, 94 493 40 313,
YOR315W SFGT 5 34 114 3 1.4 291.
YOR316C CoTT 94 276,
YOR316C-A YOR3T6c-a iz 26
YOR3ITW. FAAT [ .95 ; 331.
YOR316C YOR318c 54 9 64 299.
YOR320C GNTT 54 9 X z 297,
YOR321W T3 2 x] 52 60, 3. 314
YOR322C [DB19 04 3] 70, } 69. 375
YOR323C PROZ 7 3 8 2 331
YOR324C FRT1 2 64, 338,
YOR325W R3Z5W . 299,
YOR327C SNC2 34; . 286,
YOR326W PDR10 28 X ; 23 290.
YOR330C MIPT 120. 1 2707|268 512,
YOR331C YOR331c 9 L 102 64 136.3 320,
YOR332W VMA4 0 1 11 z 280,99
YOR333C YOR333c 34 7 8. 64 292,
YOR334W MRS2 54 X 34 269,
YOR337W. TEAT X 1119 X 261,
YOR336W YOR336wW X 6 33 84 264,
YOR339C UBCTT a7 3208 .96 3.
YOR342C YOR342c [ 4145 14 3.
YOR343C YOR343c 3 X a 261.
YOR344C TYET 3 .01 .7t 316.1
YOR345C YOR3%50 .99 27 341,
YOR36W REVT 07 84 I 279,
YOR347C PYK2 . 34, 284,
YOR348C PUT4 34. . 272
YOR349W. CINT .. 4. 1. .0¢ 286.
YOR350C MNET 1 . .06 6.1 .2 256.1
YOR351C MEKT .92 44 ; 7.64 X 279,
YOR352W YOR3521 0.04 001 E 5 £ 257,
YOR354C MSCE 2. 09 281.
YOR355W GDS1 3. .27 g ; 302.
YOR356W YOR356w Z 11.26 44 7 7 322.
YOR357C SNX3 K 6 . 319,
YOR356W HAPS X L 321,
YOR359W. VISt 9 . .54 . 270,
YOR360C PDE2 1 .2 0.4 -0 .0: -0.. 268.1
YOR363C PIP2 2 356 .04 21 39, 7 7 279,




Appendices

ORF. | Optical density at 600 nm at regular intervals () GEIGOSH ERUGTOSE TOTAL SUGARS (o) |EIEEERENINCEESIIEIN
name Strain
2 3 4 5 7 102 118 102h 118h 102 118h 102h
YOR364W YOR364w. 3 | 118 8 7 197 0 7 7.01 4 9 281.9;
YOR364W YOR364w, 0 01 4 87 . 44 % 65 295.64
YOR365C YOR365¢ 04 4 I 2720
YOR366W YOR366w. 8 .55 5 335.9
YOR367W. SCPT 04 Z 279,
YOR368W RADTT o4 ) 7. 1, ! 276
YOR369C RPS12 4 6 2 Y 5. 108.41 319,
YORS71C GPBI 3 1 02 ) 241,
YORS74W ALD4 2] .7 297,
YOR375C GDHT 1 276
YORS76W YOR376w. 8 7 I 296
YOR376W-A YOR376w-a 6 ¥ 9 44 X g 288
YOR3TTW. ATF1 3 13 0 1 94 09 X 308;
YOR378W YOR378W, i 08 3 16.4 64.53 9 341,
YOR379C YOR379¢ 79 1 17.2 51 7 348
YOR380W RDRT 04 3 1738 27 A 343,
YOR3BTW. FRE3 01 2 9 32 2 285,
YOR382W. FIT2 . 02 2 4 32 7 271.
YOR383C FIT3 1 39 17. 17.86 268,
YOR3B4W FRE5 7 29 2. 21 2729
YOR385W YOR385w. 2 K 12. 13. 2774
YOR386W PHRT 9 K3 X Y 44 27153
YPLOOTW. HATT 1 3 7] 3.07 34 55. 68.. 3194
| vPLOv2C SNF8 4 2] 7 95 10.66 2. 11 369
003W ULAT 24 0 7 8. 34
[ vPLOvIC LSP1 24 2 7 X 265,
EE AEP3 .87 34 7 44: 42, 244,
[ vPLOoGW. NCRT 1 41 9 z 253
PLOOBW CHLT 5 7 X 7 I 35 288
PLO0SC YPLO0S: 1 5. X .44 .93 286.9
PLOT3C MRPST6 0 I T .74 235.8!
PLOTAW YPLOT4W 7 7 254.9
PLO15C HSTZ 5 275,31
[ vPLoT7C IRCT5 7 0 2 i 288.92
PLOTBW CTF19 5 9 14 5 5 3 3263
PLOT9C VTC3 9 2 65 9 1 401 324.9;
PLO2IW ECM23 6 4 88 I 2 X . 4 39, 3201
[ vPLO22W RADT 34 74 92 1 7.3 7 42 64 308,
| vPLO23C METT2 8 02 9 . 295
[ vPLo2aw RMIT 6 4 1537 54, 321,
YPLO25C YPLOZ5c 7 7 1 269
YPLO026C SKS1 6 8 T I 278
[ vPLO2TW SMAT 2] 2] 7 .08 9. 3. 289,
[ vPLoZ9W SOV3 1 2564 4. 110 267,
[ vPLozow TRM44 7 37 6. 312 275
[ vpLos1c PHO85 2 101.5: 134, 3 416
YPL032C SVL3 54 7 88 6.11 B 19. Xl 262.
[ vPL033C RLZ 6 Kil 2] 6 5 1 9 5 618 25096
[ vPLosaw PLO3W 1 12 2 iz 04 .07 .04 1.90 286
[ vPLo35C PLO35c 84 7 7 2 73 263
PLO36W PMAZ 84 4 289
EGDT 15 39 316
MET31 12 57 320
YPLO36W-2 7 34 85 3 X 322.
YPLO39W 1 44 1. 54 311
TSMT 0 . 7. 3 301,
YPLOATC K 11.26 1 1 5 267.
SSN3 } 25.06 02| 10132 309,
VPS16 91 12736 | 1 11 260 24079 382.
ELCT 0 1 6 313 K 79 9.19 240
SGF11 2 0 57 8 3 437 X 97! 2814 202
CAMT 3 7 2.94 16.04 77 254,
DIGT 7 i 55 9.54 .73 273
MNN9 5 3, 1.04 14.72 .86 287,
ARL3 54 3 A7 20 14 254,
0AZT 9 4 2,01 1497 283
KTR6 7 5 68 5 3 287,
LEET 7 £ 4 10, ; ) 307.
LGET 6 9 I 54. 54, 284
YPLOB6c 7 7 6 283
SURT 6 1 8 X E X . 266,
PDR12 7 5 6 1 0 5 2, 172 | 2. 265
GRX5 7 0 1 121.95 1 111 2694 23049 378
LPE10 6 7 84 1 21 19.7 247 265
ALD6 1 9 2 4 56. 484 67.2 234,
YPLOGZW 5 5 8 3 35.1 37.3 222
[V cwear 9 74 o7 X 1 18.9: 7.0 266
[V PS28 7 5 76 1092 67.1 344,
v PLOG6W 6 37 40, 279;
[V PLO67C 7 .78 113. 332
[V PLOGEC 54 69 . 31391
[V 3 .9 4. 319.
[V BTST 1 2 7. 297.
[V MUKT 7] . 3024
[V YPLO7Tc 11 302
UBP16 1. 285
YPLO73c 6. 290
[V YTAG 3. X I 49 | 2 291
GCRT 71 5276 112 183.86 13192 365
YPLO77C 1. 97 3 54 28 275
ATP4 7 70. 294
[V ATPY } ) 2714
[ v RPL21b 20 54, .54 297
[V YPLO80C 283;
RPS9a 34 1 3 313
[ Vel BROT 6 04 } 231
[ Vel ELP3 - 7 84 X 269
[ VPl DCT 7 2 83 283,
[ VPl PLOBBW 04 15.49 I 283
v RLMT 1 34 4 1043 64 262.
[ v RPS6a 7 34 4 X 240,
[V GLRT 298
[V SSUT 308
[V EEBT [ 318
[V ERI1 6. 286,
[V PNGT X ; 77| 13, 29599
[V MSYT 14242_| 125 141.5 25095 | 283 528.
v MGR2 B 83 304,
[V AIN43 34 27 298
ATG21 21 291.
ELP4 I E 57 309
[V YPL102c 0, 3. .96 264,
FMP30 54 0.04 156 | 0. - 0, 303
MSDT 7 12645 | 12183 | 12155 | 12382 254.00 24565 531,
[ vPL SYHT 3746 14 40.66 15. 289.54
SSET 51.76 46 59.34 53.84 278
| VP YPL107w. R - 1.67 .6: 249
| VP YPL108w. 7 R - 0.61 .5 . 254
YPL109 1 1 15.01 4 1513 49.96 272,
GDET - } ) 264,
CART 4 4 -0.04 X a4 225
PEX25 7 4 1 34 325,
YPL113¢ 1 8 . 2921
YPL114w 1 7 4 .74 -0.: 278
BEM3 I 20 295
[ Vel HOS3 ] K 79| 0. 278,
[ VPl MRP5T 12252 | 11989 | 12883 | 2532 521
[ VPl MRPST 12230 | 12059 | f2r27 | 20228 538,
DBPT 0.1 0. 54 0.7 283;
[V YPL119ca 7 48 0 283
VPS30 - 2.99 E 331.
METS T 1.05 E 290,
[V RNYT 2] 0 0.09 E 287
KAPT20 54 20 0 0.58 E 290




Appendices

ORF | Optical density at 600 nm at regular ntervals (h) GIUCOSE ERUGTOSE] TOTAL SUGARS (of) _{SEINAERN OGS i
name Strain
2 3 4 5 7 102 118h 102 118 102h 118h 102
YPL127C HHOT 1 93 92 5647 | 3258 | 6579 | 3450 330,
[ vPLizow TAF14 110.25 a 12945 | 12048 | 20970 | 21592 458,
PLIZOW SPOT9 03 07 X 3. 19.02 3 313
[ veLiaw COXTT 14, .94 4. 7547 277,
PLI33C RDS2 94 2 4593 297,
[ vPLi3ic oDci 7] I 17. 4524 295,
GEE TSUT 4 KX 274,
EEET] PLI36W 9 3004
PLI37C GIP3 G X 273
PLI3EC SPPT 3 19, ¥ 285
PLI39C IMET - 14 C X 293,
PLI40C MKKZ 3 7 } K 5 E 2774
PLI4IC FRKT 4 09 I I 14 0. 0.1 0 292
PLI4AW POCZ 1 52 i 1 24 2] 24 18.51 7366 65.81 8433 335,
PLI45C KEST 37 7 9 244 18, .9 299,
PLIATW PXAT 43 27 1 1.3 14, 6 288
[ veLisc PPTZ 16 10 7 14 9.3 I I 268
PLIAIW ATGS 8 26 34 00 9 71 X } 340
[ YPLT50W PLT50W 9 7 12 X 9.5¢ 4351 X 297,
[ veLisw RRD2 ] [ 3 7 0.0 7 .0 282
EEZ PLT520a 5 7 4 4 17.4: 53.90 283
WEEY PEPZ 8 8 3 58, 268 65.40 298,
VPLI55C P2 7 9 34 ; 27 6.84 2885 291,
[ YPLT56C PRM4 84 16.39 83 .98 6.0 324.92
RGEE 7GST 16,82 14 47 6 300.
[ vPLi56C A4 26564 73 74 1047 324,
| vPLIS9C PET20 9 .04 300
[ veLi6ic BEM4 X 299,
[ veLi62c YPL1620 2 84 X 301,
YPLT63C VST 2 X 2 7 K 299
[ veLibic MLH3 7 0.01 7 2 I 2 285
YPLI65C SET6 X 37 4. 300
[ veLiesc SET6 4 704 94 308
[ vPLiGow ATG29 0 . .05 . 299
[ veLi67C REV3 1 2 2 2 047 L 0, 271,
EEE VPL166W 04 5 0 3 3 7 3430 34 37.94 320
YPLITOW. DAPT 9 52 0 14 30 84 1747 34.93 1772 298
PLI7IC OYE3 7 5 04 78| 44 224 458 293,
PLT72C COX10 1 12563 | 12390 | 248, 246.90 533
PLI7IW MRPLAD 1 132. 129. 256, 250,85 532
[ veLi7ac NIP100 g 67 16| 837 69.04 292,
PLI76C TRET 6 1 57 64 68.4 [ 324,
[ veLiTTe CUP9 6 5 7 40 62 465 1913 303
[ vPLi7ew CBC2 1 0 . 139.02 101.77 300,
[ veLi7ow PPQT 04 7 8 35 B 278,
[ vPLiaow 7C089 1 2 7. 106.12 7.42 420,
YPLIBIW CTle 04 4 9 17 : 17.6 3 296
[ vPLT82C YPL1820 7 6 5 21 1.7; 443 315,
G RTT10 7 4 58.67 4. 7082 312
RGEE Unknown 13.48 1474 269,
[ VPLiaawA RTC6 1194 13 281,
PLIBAC RNT 0 310,
PLIBEW PLIBW 0 y 2 40 306.
PLIB6C P4 9 0 T 81 301,
GEE F(ALPHA)T 2] 04 . 63 0. 294,
GEE POS! 2452 1541 10272 76.64 355
R COA a7 X X .7 2239 275,
PLIBIW GUP: A7 84 X 2 284,
PLIBIW GUP: 4 84 34 7 5 273,
[ veLigic YPL197c 1 15 344 2 .43 286,
1920 PRI 7 24 44 3 294,
PLISSW RSAT 77 00 I 2 321,
PLISAW DDCT T 97 54 X} 297.
R DDCT B 79 X .7 316,
G APLS 7 9 1729 . 84 2 338
PLIS6W OXRT 1 9 2 g X 6 } .96 290,
[ vPLT97C YPLI97c 4 0.2 1 i 1 E 280,
[ vPLioew RPL7b 54 1.8 X 2 2964
[ veLigsc YPL199c 11.3 4385 . 321.
[ vPr200w CSM4 44 14.21 1478 295
YPL201C VIGT X ; ; 2. . 305 299,
[ vPL202C AFT2 5 2 0 0 4 079 121 074 272,
[ vPr2osw TPKZ 7. I 3 84 34 .05 364 .89 296
[ vPr20sc PL205C 4 1 26, 1 15 34 105.99 44 343
[ vPr206C PGC1 7 5 E 0 3 4 5. 320,
YPL20TW YW 4 7 9 31 86 38 79 293,
[ vProosw RKMT B 6 34 2 X 96 39.50 45.08 43 296,
YPL212C PUST I 7 1 X 0.1 I 3. 64 3. 268,
YPL213W LEAT 89 25 1484 61.14 51, 3054
YPL214C THIG 34 021 E 4 52 2, 267.
YPL215W. CBP3 7 315
YPL216W. YPL216w K 26,
[ vPr2tow PCLE E 290,
[ vPL220W RPLTa } I ; 290,64
W FLCT 04 0. 2. 0.82 234 - 276
[ vProoow P40 7] 04 34 4 K 4. ] 30 296,
[ vPr22sc RET 1, 18.01 59 322.
YPL224C MT2 I 2982 14 37
YPL225W YPL225W, I 7 . 1145 00 3 338,
YPL226W NEWT 5 2 o4 6 7 46 299
[ vPL227C ALGS 2 E 44 292,
[ vPr22ow YPL229w 3 7 ; 52, 297.
YPL23OW USVT 4 0 E 0. 03 0. X 264,
YPL232W 5501 2 8 X 0. 46 0. 4 260
YPL234C TFP3 1 9 38.57 11 4 80 132,59 332
[ vPr2sic TFP3 7] 7 37.94 26 1, 61 128; 322
[ vPr23sc YPL236c 7] 1 K q 7 282,
[ vPL23sw YART 7 1365 1 .04 306.
PL240C HSP82 B 4 4 303,
PL21C CINZ 2 I I I 297.
PL244C HUTT 0 5 [ 159 268.
PL2ASW YPL245w 1 K 26 74 2768 280
PL2#6C RED2 34 E 2. 28.70 296.
PL2ATC YPL247c B E 2. 2137 269
PL24EC GALY - 2 34 273
PL24IC GYP5 3 40, 4523 301
[ vPr2ssCA RPL36D 54, 100.34 2 15477 373.
PL250C 1CY2 a5 5 44 286,
253C K1 4627 E 512 306,
2540 HEIT 104.4¢ 117.25 167.79_| 377,
2540 HFIT 103.2 165. 393
2560 Nz [ 281 292 303.95
257W PL25TW X 453 X 52,1 AL
258C THI21 4. 0. -l 2674
[ vPr2sec APMT } 1 300.
[ vPr260W PLIGOW. 34 7 298,
| vPL261C PL26TC 6 5 g 268
YPL262W Fum1 5 2 X .. 5 272,
YPL263C KEL3 7 81 .0 0.4 5’ -l 287.4
[ vPr26ic YPL264c 1 4 314
[ vPr265w DIP5 7 K 304,
| YPLI6TW. ACM1 4 321
YPL268W PLCT 314,
YPL269W KAR9 3 . 304!
[ vPL27ow MDL2 17 34 69 7. 341,
[ vProriw ATP15 83 11063 12252_| 11976 469,
PL272C YPL272¢ [ X 299
PL273W SAM4 34 )7 5 .57 301.1
PL274W SAM3 1 4 .04 . .10 306.;
[ veroric PL2TTC 97 3 14 1214 269.
[ verROOTW 3 77 1177 A0 . . 317
| YPROOW PDHT 84 81 341 .6 .7: .2 264.
[ vPRO03C PRO03S 4 60 434 72 3, 1. 279
[ vProviC AlM45 0 74 338 01 21, [ 267.
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ORFname Suaim Optical density at 600 nm at regular intervals (n) GLUCOSE FRUCTOSE TOTAL SUGARS (gf) | TOTAL AMINO ACIDS (mglL)
2 3 48 59 7 102 118h 102 8 102 8 102
_YPRODSC HAL1 1 7 5t 1.70 4.1 6. 278,
[ VPROOGC T2 7 7. X 345
YPROOTC REC8 54 31
YPROOBW HAAT 300,
[ vPROOSW SUTZ 64 - 340.
[ vPRoTIC PROTIC o4 54 321,
[ vProT2W PROT2W ; 330,
[ VPRoT3C PROT3C 4 z 315
[ vPROT4C PROTAC .44 2 .44 284,
[ vPRoT5C PROTSC .0 ; 310,
[ VerRoT7C DS54 15.82 4 331
[ vProTSW RLF2 B 3 14.99 5 . 6 9 330.
YPROZ0W ATP20 6 3 7 8 9.5 45 4 g 52 8. 318,
[ vPrO21C AGCT © 0 7 40 8. 74 7 284,
YPR022C YPRO22C 1 5 7 A7 16.23 7 295
[ VPrO23C EAF3 2 7. E A4 18.91 3 .02 318,
YPROZAW VMET 2 B 5 75 X 84 69 336
YPROZ6W ATHT } 4 8 0 55 7i 6 282,64
[ vPrO27C YPROZ7c 49 71 0 19 64 04 335
[ vPrOZ8W YOPT 77 1 21 I .94 I 335
YPRO29C APL4 69 0 23 54 I 54 40 333
[ vPro3W CSR2 51 8 07 54 54 64. . 338,
YPROSTW NTO1 ) 38 8 01 3 2. X 54 31
[ vPrOG2W SRO7 35 9 1 8.07 3. 44 309.6
[ vPrOS6W VMATS 54 2 7 1 571 7 13 3214
[ VPro3TC ERV2 27 448 i : 07 301,
[ VPrO3sW PRO3BW 13.64 2. 34 .44 349,
[ vPRO39W PRO39W B 34 64 287.
PROOW TIP4T 37 293,
[ VPRO42C PUF2 7 2 304,
[ vPrOs3W RPL43a 0. ; ; I X 236
[ VPRO#4C PRO4C 1 3 01 7. 11 274,
[ VPRO45C PRO45C 1 4 50 30 7. 15 271,
PROJEW ICM16 ) 07| 790 | 72, 363.
[ vPrOaTW MSF1 1 88| 106 208, 207. 529,
[ VPrO45C ATG11 7. K 3 3 7964 72, 11475 98.72 335,
PROS0C YPROS0C 2 8 00 2.0 124 2745 18. 2954 19.47 267.
[ vPrOSTW MAKS 2 801 3. 151 328,
[ VPROG2C NHPGa 1 11.81 7. 7. 344,
[ VPRos3C YPRO53c 2 6. 1. 4. 3.
[ VPrOSIW SMKT 1 2 3 1327 7. 2. . 365.
YPROSTW BRRT 1 1 34 3. 1. 4. 82 264,
[ vProseW YHMCT 7 7 15,59 8.0 1. 39 473 341
[ VPRoz9C YPROG9C 2] 1460 | 1266 3. 49 850 | 625 302
[ VPROGOC AROT 3 12045 | 12023 | 13848 | 13 25863 |25, 527,
YPROG1C JID1 9 97 437 453 55,0 297 37,
YPROG2W Fovi 87 4 17.8 824 7.4 75.3 472 350,
[ VPRoG3C PROG3C 4 7 1 7 89 7.9 55 79.44 3554
[ vPrOGIW PROGAW 08 I 0 A O 25 .66 293.
[ VPrOGSW ROX1 5 7 i o7 67 54 343
[ VPrOGEW BA3 7 3 363,
[ vProsTW A2 54 7 ) 04 44 314
[ vProGTW A2 04 4 8 . 302
[ VPRoGEC 05T 0 7 [ 76 342,
[ VPROGIC SPE3 T 04 X 3.
YPROTOW MEDT i 01 133.4 388,
YPROTIW YPROTTW 0 3 74, 353.
[ vProT2W NOT5 7 4 15 293,
[ VPrRO73C L7PT E 161 ; iz 343,
[ VPROTAC TKLT 9% 0 7| 11140 133, 481
YPRO75C 0PY2 2 78 9 8 19.37 54 35,
[ vPrOT6W YPROT6W 4 % 2] 1415 84 X 333
YPROT7C YPROT7c 88 .05 4. 361.
YPROTEC YPRO76C 77 . 303,
MRLT 91 86 354,
MDM3E 9% . 281
PROBAW 7 02 42 40 355.
PS69 34 87 77 79 338,
PROBI 5 3 89 54 4554 342,
PROBIW 1 0 23 4 14, 301,
PROSOW 54 8 71 3 5 4411 352,
PRO9TC 06 32 } 0. 4. 283,
YPRO92W 98 17.59 94 1. 75 341
ASRT 7 1344 . 7. 6294 334,
SYTT 5 1153 04 24, 56. 320,
YPRO%6C 7 9 74 . 54 24 45 . 314,
PROSTW 1 0 7 7 7 9 86 43 351.
PROSBC 7 5.6 4 69.1 4. 341,
PRO9EC 54 2 3 X X 5.7 18, 299,
[ VPRos9c 1 X 10366 | 88 4744|111, 343,
MRPL5T 4 10119 10282 | 105 204,01 210, 530.
MRPL5T . 11 . 12 22,
SNT309 4 02 7 12984 | 118.02 369.
TSRT ; 271
YPR10Bw-a 4 7 272,
YPR109W 64 . 275.
DBF20 0 259,
YPR1T4w 54 T 290.
RGCT 4 3 1. 23,
RRGS 1 1 14.98 : X . 286
PRITTW 7] 5 2218 53 264 309.
RIT 15,57 X 73 94 340,
CLB?. 4 3341 1.7 } 6 11276 8234 344,
CLB5 9 9.0 .76 219,
THI2Z 1 ; 07 X 15.42 .93 250,
AXLT 7 82 5. 64 16, 4 277,
YPRI23c 64 7 z 95 9. 51 46 3 297,
CTRT 1 7 1444 1475 1. 94 754 7 287.07
YLHAT 32 X 41 11 1 259,
YPRI26c 4 41 81 350 2 1 264,
YPRI2Tw 3. 53 8 272,
ANTT 6. 78 3 25
SCD6 7 1.69 67 ; 9 292,
YPRI30c 7.82 44, .4 327,
NATS 87 X 299.9
RPS23h X 295.
TOMS 3 ; I E 285,
WSST8 7] T L X 26 .44 274,
CTF4 19 1423 } 24 103.4¢ 4 320,
MEP3 2 4 0. 7; 259,
MEP3 - 3 X 5 74 5 29,
VPS66 2 2 74 7. 7 70 9 246.44
TAZT 5 T 3 71 7 34.97 40 285,
KAR3 1 1 2 73 34 7. . 70.: 3134
KAR3 7] 7 3 84 283,
ASNT 7 X 2864
YPR146c .01 301.!
YPR147¢ 320,
YPR148c g 340.;
NCE702 2016 351
YPR150W 6 9.99 L 318.
SUET 0 94 318,
URN1 T 276.!
YPR153w 84 . 301
PING 21 04 278.9
NCAZ 25 54 317,
TPO3 7 64 310
YPR157w 9 4 .. 303.!
CURT 7 1 71 3. . 324
VPR159c-a 1 . i X 263,96
KRES 11.09 112, 331,
GPHT 1147 102, 39,
TIF3 11.76 87.5 354,
MMST 937 85 336
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ORFname Suaim Optical density at 600 nm at regular intervals (n) GLUCOSE FRUCTOSE TOTAL SUGARS (gf) | TOTAL AMINO ACIDS (mglL)

2 3 4 5 78 102h 118 102 118h 102 118h 102
YPR166C MRPZ 1 1 1 1591 64.7 470 51.95 335

PRT67C MET16 0 370 01 281,34
PRI70C YPRI70c 4 15.05 54 303.
PRI7TIW BSP1 14,61 .00 304,
[ vPriTW YPRI72W T X 5, 2. 283,
PRT73C VPS4 T 18.28 103 383.
PRI74C VPRI74C 7 5 4. 310,
PRI79C HDA3 8 7 292,
PRIBA GDBT 81 4 333,
ATG13 77 3 X 306.
MLC2 8 9 24 79 330,
H 7 71 82 40 I 323
CR2 3 66 ) 11.46 g X 66, 315
AQYT 7 7 K 1 X 71 10.91 486 300,
HPA2 7 9 3 38 . 303.
PT2 5 64 25 66.11 100. 78.04 376.4
PR1950 X 0 I 15.74 43 19.25 31
PRI96W 1 E 6 7. 19.59 55 2321 37

YPRI97c iz 13 25 34 4 5.5 8.7 277.44
SGET 84 01 42 92 294,
ARR1 82 01 8.0 11 3 307.
[V ARRZ 77 97 1173 X 3. 4. 3%,
YPR20TW ARR3 o1 09 1 2038 13.24 57. 348,
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Appendix 2. Micro-fermentation data of WYDL_HN (all candidates).

[ Optical density at 600 nm at time intervals (1) GLUCOSE FRUCTOSE TOTAL Sugars(g/L) | TOTAL AMINO ACIDS (mglL)
ORF 2 7 4 6 7 7 3 7 h 48h
YALO02W. 09 | 170 | 200 | o 2.36 204 E 715 323 91.9 7.31 111.66
YAL0OTC 0% | 152 | 173 | 197 | 203 304 E 78.0 302 108.20 5.1 20613
YALOT2W. 088 | 139 | 165 | 2 223 336 8 107.69 1.0 146,32 7.91 153.22
YALOTSW. 2 34 7 41 9173 8.8 a7 33.00 94
YALOT4C 7 X 85.17 6.79 . 2990 87
YALOT5C ) ] ; i 87.42 65 q 741 167.59
YALO30W. X } I I 106,81 . 85
YAL031C 7 X 61 109 109
YAL036C 64 8450 106. 86
YALO37C-A 91 67 139, 125
YALO#C 53 X ! 9. 104
YALOHWA 54 51. X 62.07 59 109
YAL049C a7 14 54 23878 9.1 304
YALOSTW. 54 ; 54 107, 148,87 434 123
YALOS5W. 6 T 534 37 12472 178,66 554 111
YALOSOW. 1 8 0 1 34 7869 9273 32.7 1574
YALO62W. 1 5 7 5 61 121.74 175.46 431 187,
YAROSC 7 3 0. 9.7 12576 4 9414
YAROTSW 34 1 104 4 803
YAR020C 7 7 118. 1551 7 105.3
VARO2TW. 7 7 751 9. 4 86.4
YAR029W. 2 5 78! 101 5 915
YARO33W 6 92.7 12204 8 105.8;
YARO64W 1 771 997 7 9564
YAROT3W. 7 797 106.52 5 162.0:
YBLO03C 1 74.1 996 4 162.0:
YBLOOSW. 9 1045 132.2 1 145,04
YBL007C 7 o4 2] 37 84.08 7 110 3132 116,47
YBLOOBW-A 4 7 1042 112,58 159. 6010 132,94
YBLOT3W. 6 42 10473 141 4347 44
VBLO24W. 2 24 105,07 146. 2653 101.24
VBLOZTW. 8 2 2 21 101.33 132, 2574 27
YBL028C E 6 104, B 0.44
YBLOSTW. 7 0 107, 3 104,
VBLO43W. 7 112, 1 86
VBLOS4W. 6 126. 129,
YBL082C K 03 E
YBROT6W 44 6
YBRO33W 7 37, 0 7
YBRO4TW 1 1. 8 116.26
YBROS6W 16. 4 108,63
YBRO86C 156 96
YBR101C 0 122 123,55
YBR103W 5 131.2 190.56
VBRI0BW 7 1386 65.1
VBRIT4W 1 I 21 79.98 72 254,64
YBR125C 4 B4 17 3342 o4 33 57 227 172
YBR129C 7 7 259 91 . 7.97 150,
YBR132C 6 9 273 | 1 22154 36161 514,
VBRI46W 8 84 55.66 42 . 4.79 198,
YBRI50C 7 8 2562 61 100.1 7.92 126,
YBR162W-A 54 8 7 7 9.4 2
YBR164C 54 9 34 54 103; E
VBR1TIW 7 145 .
YBR176W T 101 3
YBRIGOW 9 145, 193,64
VBR183W - 4 7 3 ; 1197 32
YBR186W X I . 04 114, 22710
YBRTETW 107 124.33
YBR1BEC 105 32
YBR194W I 54 2 3.0
YBR195C I 4 [ 146,12
YBR197C X 7 18 35
YBR20TW 4. . 35
YBR203W 1251 2 331.09
YBR204C . 8075 | 25 134,91
YBR204C - 106, 115.29 290 305, 505.77
YBR205W I 5 04 17 3 o77 5.3 36217
YBR2OTW 0 1 2288 9 116,17 4.9 35887
YBR212W 64 1 2234 7 12222 5.4 30
VBR2T4W. 6 11 104.7: 0. 24260
VBR215W. 9 24 126, 1 194.10
YBR216C 7 7 4 115, 1 2.9
YBR21TW 9 4 4 1 145, 7 3.2
VBR221W-A 2 1 2 61 82, ¥ 109 177.20
YBR222C X 54 9 24 34 : 81, I 108, 22012
YBR223C 7 14 9%. -
YBR227C 9 4 88 0
VBR228W 0 7 89 E 3
YBR230C 7 5 99! 78 £
YBR231C 2 70 B4 119 1710 17 Y
VBR233W. 7 17 %2 118.7 6 X
YBR238C 7 7 ] ; 1 X 189.2( 7 3
YBR239C 54 . y X : 127.2 7 152
YBR240C I ] ; ; ; 4 177
YBR241C I 6 } ; } I 9 193.
VBR242W. ; 3 I I X X 7 434
YBR245C. 7 X j ; : 6. 221.
VBR246W . X 110 ; 1 441
VBR251W. I ] 34 ¥ 4, 3 129, 3
VBR255W. X 7 54 I 7 X : 120 EX
YBR258C ) B4 ] 3 1 z } 1234 X
YBR259W X : P X 4 3327
YBR260C 01 X 102 072 173,21
YBR261C X I ] 18108 | 125, 1 8| 35361 34
YBR262C X I . 7 1031 3 2 2.7
YBR264C I } I 0.0 67, X E 9.1
YBR26TW 1 7 7764 I 103, 7 3534
VBR2GEW 9 7] 0 73 I 86.6 3 154
YBR269C 8 B4 103, 73 135
VBR2TIW. 8 4 7 108, T 165,
YBR272C 7 X } ; X o, 105,
YBR276C 3 z I 118, Z 176, 256
YBR280C T } B 3 ] 118, 161,
YBR281C X 7 5 1 133, 157 107
VBR285W. 34 Z X 11 1 1031
YBR26TW 1 . 44 z z 125 9. 161.
YBR28EC 3 39 I X . 129, 7 187
YBR290W 4 1 115 1 240
YBR293W. X 7 9 54 9.44 307.
VBR295W. 7 04 96.79 156.
YBR2GTW B 9643 345
YBR298C 1 . ; 9 X 116.84 119,
YBR299W. ) ] ) 0. 7434 04 471 8 68.1
VBR30TW. I } ) 124 X 184.91 7 236-
YCLOOTW. I } ; 108 04 16141 188.
YCLOOTW-A X } 67.7 E 2 138:
YCL002C X X 781 } 102.10 155.
YCLOOSW-A I 84 ] I 80, I 107.22 163.
YCLO0BC ) ) X 106. X 146,44 432.
YCLO0SC X X 3 . E 9334 1221
YCLOT0C 2 X 01 } 7147 74 235
YCLOTIC T 57 84 10474 2.1 825
YCLOTOW T 1 222 | 23 24 71 87 96.60 328 188.36
YCLOZ4W. X 199 | 220 | 23 24 42 X 65 105.35 33.6 190.45
YCL025C 1 163 | 185 | 20! 227 39 X 10884 95 15422 534 17521
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[ Optical density at 600 nim at time intervals (n) GLUCOSE FRUCTOSE TOTAL Sugars(glL) | TOTAL AMINO ACIDS (mg/L
| OrF 2 7 3 7 4 h 4
| vcLosaw 0.86 4 3 1 58.82
| vcLosaw 07 1 8 1 304
| YCLoS5W. 17 328
|__YcrotsC 4 4 § 232,
YCR020C 1 7 I I 7 314
YCRO34W. ) 16.08 11028 | 59: T 256
YCRO75W-A 7 | 14214 | 12830 | 16086 | 195: 2 521.
YCR106W. 54 4 316 33 %, 26 30.1 34T
YDLOOTW. X 0 1 104.91 108.18 173, 16617 | 523.0
YDLOT2C 57 5 358
YDL022W. 91 2864
YDL039C 87 253.
YDLO76C .96 54 34 164
YDLO78C 93 7 r 138.
YDLOBIC 0.52 86.70 2. 5 32889
YDLO82W. 101 890 | 5 74
YDL083C 0.93 18351 | 16 6 52299
YDLOB5C-A 0.95 18155 | 183 B 517
YDLOB5W. 0.9 8 7 I 57, 3 2 155.
YDLOG6W. 4 75 13 7 2 1104
YDLOBSC 3 70 00 9 9.
YDL091C 7 7 24 E 5 109
YDLO93W. 7 1404
YDLOS6C 54 1464
YDLOSIW. E 127
YDL100C 4 T 207
YDL109C 3 1331
YDL112W. 0 158,
YDL114W. 7 112
YDLT17W. X 282
YDL119C 44 1005
YDL121C X X ¥ B 23836
YDL122W. 7 10 8. I 81 3 85
YDL123W. 1 71 1 98.09 363 1374 124,96
YDL130W. 0 57 102.70 474 32 111,59
YDL130W-A 34 6 82,60 5.10 7 ¥
VDL144C 0 011 7572 84 73 72:
YDLT49W. X 3 8 10034 331 69 208.71
YDL154W. 98 7 04 6 6 E 65.94 104 3 783
YDL156W 01 8 0 1 E E 74 X 1054
YDL16TW. 9 7 7 2] . 4 71 134 3 243;
YDL168W. 7 5 2] 0 68: 12 1 146:
YDL174C 1 6 2 3 5 79 1. 8 1684
YDL175C 54 15 9 7 80: 3! 239;
YDL176W. 07 3 79: Z 113,
YDL177C 3 99; 3181
YDL178W. 1 70: 1
YDL162W 7 27 ; 79:
YDL184C 34 94 99
YDL188C : 80
YDLT94W. 1 84 4 7517
YDL196C 7] 9 87
YDL200C 7 107.24
YDL201W. 7 88
YDL203C 5 I 0 168.07
YDL211C I} 7 X 144 540 14918
YDL213C 5 84 1 A ¥ 16. 7.91 135.34
YDL215C 93 3 71 78 7. 15157
YDL219W. 87 69 73 K 88
YDL222C 5 77 72: X 7. 731
YDL226C 1 81 751 7 9. 152
YDL227C 1 77 6834 | 284 6. 126
YDL232W. 18630 | 16321 | 37180 | 33156 518.4
YDL233W. 82, 2 100.03 100.3
YDL234C 69, 7 8321 76.94
YDL236C 774 92.13 745
YDL235C 7 X 72: 3 8570 1194
YDL243C 79 34 3 73 07 89.1 4 116.
YDL245C 5 0 7 73. 04 925 7 150.
YDROO3W. 7 1 3 74 9121 0 195
YDROOAW. 54 2] Tt 122 B 146,
YDROOSC 7 64 7 K 108.2 7 207,
YDROOSW. 34 1 92561 8 774
YDRO15C 4 78561 0 89,
YDRO75C 5 106.73 296
YDRO34C 1 106.26 322.
YDRO36C 4 I 9251 1164
YDRO36C 54 4 12242 282
YDRO76W. 4 07.01 107.
YDROB4C 7 115 4814 19
YDROB5C 6 108.10 5.47 278!
YDRO92W. 54 87 7.0 328
YDROS6W. 924 37 132
YDROSOW 102.77 6.7 317
YDR104C 2 108 102
YDR108W. 82 2 90 113, 1104
YDRTT9W. 7 45 50 1 296 9. 12414 268.
YDR123C 77 24 296: 113 14317 249;
YDR125C 72 2 184 X 62. 14 347,
YDR130C 9 7 198.49 X 205 404 522,
YDR134C 5 5 18.52 7 9.0 266
YDR142C 7 8 101 338.76
YDR144C 7 12 32291
YDR152W. I 107. 23449
YDRI55C 5 114, 20957
YDRT58W. I 1 123 160. 13254
YDR163W. 3 7. 7 136. 173, 93.44
YDR165W. 7. 1 817 % 7 7.
YDR169C . 8364 109) 131
YDRT71W. 4 I 7361 X 89 126
YDR174W. 14201 9 175. 1577|317 2 475
YDR176W. 9. 0. 123, 231 343
YDR179C B4 9. K 120, 19.9 342
YDR184C 46 129 170. 1654
YDR185C 34 57 108 140. 104
YDR204W. 9 1 127, 197
YDR205W. 7 267.
YDR210W. 7 279,
YDR213W. 6 165.01
YDR2T4W. 2 17691
YDR216W. 6 102
YDR216C 7 123
YDR229W. 7 255,
YDR231C 1 7 105.
YDR2ATW. 7 136.34 314
YDR242W. 9.1 198,
YDR244W. 7 1 2384
YDR2ATW. 7 1 5 20252
YDR252W. 7 0. 7 681
YDR253C 7 3 2 321,
YDR254W. 9 7. 52 130
YDR255C 0. 4.26 5456
YDR256C 206, 353.24 520
YDR256C i 747 956
YDR259C 108.
YDR261C 54 105
YDR261W-A 142,
YDR262W. 104
YDR263C 85
YDR265W. 101
YDR270W. 4 107
YDR273W. 7 107,
YDR276C X 1601
YDR277C 69 ) K 1 114
YDR279W. 1 05 1 91 6 100 4.5 123 100.1
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[ Optical density af GLUCOSE FRUCTOSE TOTAL Sugars(g/L) TOTAL AMINO ACIDS (mglL)
20 43 7h 43 7 43 48
YDR281C 1 .36 93 . 120. 7! 113
YDR283C 1. | .11 87 . 110. T 104.;
YDR284C . .S X .S 93 . 120, 72.]
YDR285W .S 5 X 5 107.81 X 138. 1
YDR291W 0 72 K 88.4 90.
YDR296W. . 98 76.¢ . 91.8 794
YDR29TW X 1. 4 X X 100.. . 131.22 104.
YDR298C .S 0f 04 207.77 175.47 194.06 | 401.84 341.7¢ 526.16
YDR304C .95 02 180.10 174.81 187. 83| 36787 343.65 522.67
YDR305C T 6 .74 78.09 .04 95.78 5.7¢ 1.5
YDR306C .4, .31 101.95 .05 131.37 3. 1094
YDR307W .2 17 70.18 40 5.45 7. 79.!
YDR309C .7 .32 102.38 .67 132.16 3. 98.!
YDR312W .S 1 .2 .73 72.28 .34 2.54 2. 114.;
YDR313C X 7 8 Xi .24 .86 85.61 130.58
YDR318W 8 .87 X 114.93 7
YDR320C 4 .09 2. 76.6¢ .09
YDR321W 5 90 34. 109.38 124.84
YDR326C 7 .44 . 8. 89.7 .44
YDR329C 6 1 4 105.04 . 132.53 9! 101.4¢
YDR330W 7 74, . 97.] 9 108.0¢
YDR332W 5 . 5 103.62 A4 224.9
YDR333C 1 11264 X 148.69 190.1.
YDR336W 34 5 X 114.44 5 14161 99.11
YDR342C 9 34 X X .9t K 108.47 03.
YDR343C X 1 X .97 X 73.4¢ X 97.47 30.
YDR345C . .S . . 67.7 g 8.1 147
YDR351W . .S X . 110.46 X 13717 77.
YDR354W K .| X X . . 11861 76.
YDR357C 1. 9 111.48 100.
YDR358W 1.04 4 T 7.89 1" 86.48
YDR359C 1.01 2 A .56 | .68 134.96 64, 240.35
YDR363W 0.96 0f 0 i 180.77 154.47 35113 307. 521.17
YDR363W-A 1. 8 .19 6 8. 17.79 91 19.95 195.
YDR364C 9 34 94. 31.81 117.10 3344 124,
YDR368W K 2 7. 6. 8.76 7.70 288.
YDR370C .S 2 5. 15.: 2.15 17.04 181.!
YDR372C .S 82 7 4. 21.26 91.44 21.67 98.4
YDR375C 70.80 7. 9 6.
YDR37TW . 5 X I 69.77 .34 )5 1.
YDR378C X . 75.34 94. 37 7.
YDR379C-A . . 76.83 1 4.
YDR379W. 44 8 .04 ¥ 62.35 X 07 7.
YDR382W . 9 K X 14.45 121.14 76.¢ 175.;
YDR383C . 7 X X X . 5 .S 245.
YDR385W. . . .2. X . 278!
YDR386W. . .24 7! X 5 394
YDR388W . 5 X .61 5 X . 384.
YDR38IW. K X X . 1 X 149.27 264.
YDR391C . X 34 0 1. 280.
YDR392W. 24 . 104.
YDR393W. .87 2 7. 201,
YDR405W. . .. .34 2 .S 22.84 296.
YDR408C K K 140.79 151.67 1434 308.14 483.
YDR409W X 14 X 26.39 290 | 75 21.73 118.2
YDR411C 1 149.72 18213 151.60 339.60 519.1
YDR415C 9t 28.14 3.7 79; 39.18 270.7
YDR419W. . 7 0 8 142.4¢ 167.63 141.14 327.80 514.07
YDR420W ! 3 26.2 2.7¢ Tt 97.¢
YDR423C 8 4 17.5 1.7¢ 67.4¢ 97
YDR424C i 8 30,6 3.3 79.2 31167
YDRA425W. 0: 8 146.4: 186.56 149. X 354, 516.f
YDR428C 7 9. 71 6.. Tt 79.
YDR436W. 5 8. 73.] 1. 1 106.!
YDRA438W. 0 7. 70, 7. 3 94
YDR444W. 54 7. . 6831 | . 4 159.
YDR448W. 2 9 156. 176.79 155.! 154. 1.7 5234
YDR452W. K X 34 1963 | 26! 65.94 30. 32.82 109.
YDR458C . K 158.11 207.92 142. 160.! 368.51 524.
YDR459C 2521 .8 8. 9. 32 14217
YDR462W 26.23 .1 73! 6. 2987 14162
YDR469W 4 23.32 .1 71 34. 5 38.04 166.77
YDR470C .96 9 96 83.] 112.97 72 118.16
YDR4TTIW. .94 7 86 72 95.16 7 96.¢
YDR479C 1 0 T 80 107.97 149.
YDR482C 4 70! 84
YDR485C 7 84 97.¢ 8 134.84 149
YDR486C 5 49.] 6 266..
YDR488C 1 100.4 1 262.
YDRA493W. 7 71 141.
YDRA494W 34 X 0. 130.
YDR495C . K 161 16! 530.
YDR516C 244.
YDR517W. 192§
YDR524C ¥ . X 17.
YDR529C 3 . 84/ 75.6¢
YDR533C 8 2 ¥ 114.70
YDR536W. 7 0 3. .7
YDR538W. 5 T 106. 5!
YDR539W. 1 3 72 2
YDR540C T 41 4
YDR541C 7 130.
YEL001C 1 149,
YELOO3W. 34 210.
YEL005C 7 124.3 198,
YELOOTW. 9 2 66.8¢ 257
YELOTIW K .08 7 7 112.5¢ 1 176.
YELO12W . 84 5 5 3 ¥ K 79.44 2. 296.
YEL017C-A 7. 87 . . 75.2 7. 187
YELOT7W. 5 F . X 112 7. 96
YELO18W. . .. 34 B .S K 101 3. 128
YEL025C . ¥ X 96. ¥ 120. 7.14 132
YELO27TW . X X X X 7T 5.75 200.
YEL039C 4 X . X . 9259 | 8.48 185.
YELO41W. 160. 2 32918 | 380.14 525.
YEL048C . .. 19. 86.4 17.5¢ 178.
YELOSTW. K B 157. 319.21 349, 525.
YELO52W . X 17. 86. 7.2 94.9;
YEL053C 4 45 158.25 4.4 191
YEL054C 3 49. 166.46 7. 152,
YEROO2W 64 8 7 101 Tt 134,
YEROO4W 7! 7 3 ! 6. 233.
YER019C-A 4 1 .07 133, 127.
YERO30W T 34 .88 X 784
YER033C B¢ 0 .38 .54 108.
YERO34W 7 34 2143 | X 20.1 89.¢
YERO37TW . 73 207 175.61 382. 527.31
YER039C 4 8! 13 121 17.72 101.64
YERO41W 1 .61 1.4 110, 16.91 88
YER044C 5 7 4.7 184, 40.07 172,
YER044C-A K T 2 123, 113!
YERO46W . 4 4 14! 159
YER047C T 0 L T . . 95.41
YER048C ¢ . § . . 102.
YERO49W K .. K 107.¢ K 322
YER050C . ¥ .| 79.4 X 96.6( 87.4
YERO51W 121 92.]
YERO51W . . . . 104, 128
YER052C 17 191.63 176. 175.14 34785 | 366.77 524.
YER054C . .. X 101. 19.7: 127. il 93.!
YER057C . ¥ X 9.9° 18.5! 124, 0. 101.¢
YERO60W-A X X 5 6836 | 15.1 88.49 6. 305.
YEROBOW-A 04 145.2 118.26 200 154, 345.74 272, 516.f
YER064C 4 3 29.3 E 11, 216 14047 3, 100.
YERO66W .97 8 .. 8 24.2 3 94.4: 19.4¢ 118.64 0. 96.5¢




Appendices

Optical density at 600 nm at time intervals (n GLUCOSE FRUCTOSE TOTAL Sugars(gll) | TOTAL AMINO ACIDS (mg/L
ORF 0 2 2 4 6 h 7 4 7 [
YEROT2W 1 01 61,6 5 847 14884
YERO75C 1 45 71 ] 9584 2
VEROBOW. I } 77 - 102 } 129. 9
VEROBTW. 14 66.4 . 86 270,
YER063C z 27 106. 2 143 30132
YEROB5C I 3 3. 88 9.6 [ 120, 4 11057
YER089C X 1 4 37 524 z 67 7 28577
VERO90W. X 5 7. 64 105. 2063 133. 7 9498
YER099C 0. 7 0. 65 105: 2056 136. 2 101.41
VERTT5C 092 3 6 16353 | 18740 | 171 17708 | 33522 | 36518 517.05
YERT16C 101 7 9 1194 131 6604 197. 77.9 22691
YERT16C 106 5 7 175 52 9. 66.8 116 18849
YERT19C 108 1 7] 0.80 10181 15,66 124, 16.4 9065
YER122C 107 2 9 128 102.02 18,64 126. 19.9 14432
VERT23W T 1 68.80 37 89,86 2193
YER124C X 2) 100.82 12519 fi]
VER128W X ) 10234 94 12682 874
VER129W X 7 5664 ; 7655 322
YER134C 0. 5 7 E 98.88 8 12666 89
VERT37C 0. 5 2 A 7 7 907 5 197
YERT44C X 6 7 E 84 113 7 262
VER145C X B4 5 3 9317 329
VER150W/ X 7] 7 6 829 224
YERT51C 1. 6 110, 13941 102
YER152C X 7 I 72 8 20
YER153C X 4 3 94 72. E 248
VERT55C 0. 34 7 66, 1 178.
VERI56C 0. 7 X 04 764 4 189.
YERT61C 1 7 61 7 143:
YER162C X 34 70 256
YER163C X o4 1 105 9.2
VERT64W X 8 2 o 125.
VERT66W 1 7 9 . i 64 B 163.
VERT6TW T 77 19.5: 22 64 19.15 150
YERT74C 13.6 02 X 9.8 737
YER180C 1375 18480 | 145 355.13 381
VER180C-A 167.1 177.18_| 167 340.26 9.6
VER180C-A X I 166.4 21094 165: 380,69 5.91
VERT63C 98 72 0 27 7 %.81
YERT84C 01 54 T 22695
VER185W 7 7 9 76.13
YFLOOTW. 2 3 8 101
YFLOTOW-A 6 2 9 1164
YELOTIW 1 77 2] 29
YFLOTW 9 [ 168;
YFLO19C 7 G 121,
RG 54 7 170.
| YFLo21W 54 8 141
[ vFLozsw 7 X 9|10 342,
FLO26W 04 141 20804 | 1 163. 280 2 520,
| YFLO3IW. 3 2 3745 | 1 2.7: 131
[ vrLossw T 19409 | 1 166 281 360.14 516
FLOAOW. 9 3 93
[ YFL042C 0 K 21964
FLO#C 2] X 5 20175
FLOATW. 5 72 4 20307
/FL048C B 7 z 66 8 136,
VFLO49W 5 84 9 64 82 4 191
YFLOS0C 4 7 6 91 7 244
YFLO51C 7 9 7 64 79, 8 102
YFLOS2W 6 9 7. 90, 5 212
YFLOS3W 3 9 72 0 20.
[ vFLossW 7 7 7 2 3. 7 9973 7 191
[ YFROOTW. 6 2] 1 I ; } 11478 114,
YFROOTW. 7 1 7. E . . 8312 111
| YFROOBW. 7 9 106,00 167,
| YFROOSW. 9 3 8346 4 9%
[ YFROTOW 54 7 1 193 884 2127
[__YFRoTIC 0 7 13,8 790 253
YFROTZW. 1 1 14341 278.9 519.
| YFROT4C 34 1 2354 978 2532 285
[ YFROT6C 7 5 2316 1105 128 202,
[ YFRO17C 33 54 il 884 9%
[ YFRO21C-A Z 03 817 152
YFRO3OW. 51 86.4 94
|__YFRO31C-A 03 E |2 11254 116
G 14654 | 1 137 16533 | 28431 | 3% 520,
[ YFRO32C-A 16 108,12 147,
| YFRO33C 86 54 80 151.
| YFRO36W 57 X I . 12652 107,
| YFRO38W I X I ) 78 216.
YRO4OW. X } . 1 X 101 192.
YFRO4C 7] 161,
YFRO43C 34 2] 17197
YFRO#C. 8 6 07 122,06
| YFRO%W 9 0 02 I 8 174.12
[ YFRO46C 9 7 [ I 8 4 266,31
[ YFRo47C 7 B 5 7 74
[ YERO4GW. 1 6 8 } 106.91 156,66
| YFRO53C 107 2 13413 184.04
| YFROB5W 64 o7 4 75 2 952 2%. 25312
YFRO56C 1 78 1648 | 10038 3 171,
YGLOOTC-A 122 19055 | 14 18915 | 26904 | 3797 444
YGLOSC i 14 7 7.7 89.1 17 1334
YGLOTOW. 2. [z 7 3 100,12 4 165:
YGL0T3C 2 iz T4 1 98.01 2 243,
YGLOTEC 9%.15 1762 216,
YGLOTW. 64 4 7179 5 467
YGLOTTW. 9364 1844 138
YGLOTOW. 1 127.2 132 205,
YGL020C 4 4 106.0¢ 7 124,
YGL023C X 3 g 4 5 X 1073 137,
YGL026C X 3 3 X [ 901 126
YGL027C [ X z : 11881 126
YGL026C I I I X 181
YGLO31C 1 o 162
YGL032C 7 7 146.
YGL037C T 82 7 269
YGLOS3W. 7 9 109, 4 201
YGLO57C 5 7 2 I 944 5 206
YGLOSW. 5 824 89 4 2512
YGLOGOW. 7 740 72 Z 90 7 20207
YGLOGIW. 6 44 X 1024 I 130. 137,
YGLOG4C 7 27 X 675 ; 80, 175
YGLOGEW. 6 1 747 3 91 168,
YGLO77C 7 21 6 2 6 1101 262
YGL076C 1 27 34 4 54 2 123 257.
YGLOTOW. 2 6 67 I . X 7 111
YGLOBOW 0 2] 97 } X 3 a7 187
YGLOBZW. 9 66 E X 4.06 27 238
YGLOC 1 75 1 77 1 652 17.78 169,
VGLOBGW. X 52 ; 3 04 4.2 4.4 15.30 1361
YGL087C 77 ] X I I 3 205
YGL08SC 81 2 91 2 249;
YGLOJOW. T 18 121 [ 133,
YGLOS6W. 4 7 2605 | 122 2 269
YGLIOOW. 1 9 | 62 41251 520,
YGL108C 1 49 123
YGLTTAW 1 77 802
YGLITW. 1 100,
YGLIIW. X I 7 3 14 ] I 120,
YGL121C I ] [ ¥ X 187,
YGL127C ; ; 9. 3 114, 146
YGL128C 3 12 5 I 108 103
YGL129C X ] 8 7] 3 I 922 144,




Appendices

| Optical density at 600 nm at time intervals (h) GLUCOSE FRUCTOSE TOTAL Sugars(g/L) TOTAL AMINO ACIDS (mglL)
ORF 2 27 43 7 3 7 43h h 4
YGL131C 6 Tt 8 7. 7! .0 11.7¢ 85.¢ 4 179
YGL134W 7 9. 1 .1 15.7 108.01 141
YGL138C [ .7 14.2 114 116.¢
YGL139W. T 6.2 92.4 6.82 256..
YGL141W 102.f 8. 61.88
YGL15TW 5 105 5. 194,
YGL158W 0.96 6! X 102 7. 144
YGL162W. 0.95 4! X 118.; 9. 160.4°
YGL164C 0.89 3 5. 2.1 . X 117 7. 148.3(
YGL166W 1. 4. 6 .18 111.79 .64 147.97 489.
YGL175C 1 1 .24 113.94 .55 149.18 127§
YGL178W. Tt 7 77 67.96 54 8473 332.
YGL181W. 5 3 2.89 6.31 .07 109.21 185.f
YGL191W. . 2 56 3.69 103.72 .19 127.40 147.1
YGL192W 1.01 7 5.97 .04 114 4 185.:
YGL194C 1. 94 118.98 .75 162.; 177.;
YGL205W. 0. 113.76 .67 147§ 1084
YGL208W 0. 90.16 11 108.! 1134
YGL210W. 0. 34 105.71 .53 135.1 149
YGL211W 54 T A4 113.73 .75 145. 8281
VGL212W 6 95.14 7
YGL213C 34 103.51
YGL219C 64 )4 94.:
VGL222C 1 9! ; I
YGL22TW 4 142.; 180.: 220.
VGL228W 122: 166 180:
YGL230C 137 179.00 169.
YGL231C 83. 8.31 196
YGL232W 1 X 98.¢ 124.1 160.¢
YGL236C 4. 104.( 1304 7.12 113
YGL242C .5 8.15 120.6¢ 0.86 164.14
YGL246C 9! .81 - 2. 109.4( 9.97 .68
YGL248W . 7 9! .5 . 2. . 98.84 12.02 170.27
YGL249W 0. 7 04 7 168.64 164.25 17315 | 163 341.8 328.18 515.5.
YGL251C 1. 7 7 164.10 175.53 167. 161. 331.7: 337.38 519.7
YGL252C 0. 5 3 4273 1.7 142. 17. 184.8° 19.5¢ 189.5¢
YGL253W. 0. 3 8 43.90 0.4¢ 136. 10. 180.6¢ 10.9: 166.0¢
YGL257C 0. 5 1 20.96 0.64 94.2 12, 115.2¢ 12.7! 148.8:
YGL261C 64 9 7.7 4 115.53
YGL262W 7 T 9 126.!
YGL263W. 2 5 7 128
YGROO4W 5 0 7 65
YGROOTW 5 0 . 46 209
YGRO10W 9 0! 15] 312,63 515.21
YGRO14W. 14 T 6.9¢ 8.
YGRO15C 9 1319 175.24
YGROTOW 9 9. 67,
[ YGRO17W. : 9. 139.93
[ YGRO19W. 2 25071
|__YGRO2IW. 7 14867
YGRO23W 94 .. 5. 275.04
| YGRo27C 7] 164, 322 514;
YGRO28W 4. 2 140.¢
YGRO31W. 181 31, 512.
YGRO32W. 54 47. 1.3 146.;
YGR033C 5 30, 16.1 139
YGRO35W-A 66 2. 218 106.
YGRO38W. 7 21.00 10217
YGRO40W 9. 154.24
YGROATW 8, 180.67
YGRO43C 7. 207.17
YGRO44C 54 I 9. 31035
YGR045C 54 8 3. 14, 24.
YGR051C 0 T 1. 1" 1.1
YGRO52W 8 i 28 6.8 79,
YGRO53C 4 1 226 26757 18,
YGRO55W 8 8 7. 72 38.
YGROS6W .01 96 0 17.82 132
YGRO59W .94 72 3 9.2 231,
YGR061C 8 87 4 16.32 124
YGR063C 7 24 34 1 101.80 357.
YGR066C 7 06 2 9 18.f . X 11.74 264.
YGR067C 57 .31 .34 128 [X 141.
YGR068C 87 4! T 95.. 24, 133.;
YGROTOW 77 7 3 67 68,
YGROTIC 6 G 82, 2009 1
YGRO72W. 191 172.00 162.( 319.91 519.
YGRO76C 34 54 84.f 120
YGRO79W 87. 108
YGROBOW 80 120,
YGR081C 118, 317
YGR085C 106.! 2 158.
YGR087C 223, 13862 | 18581 | 270, 516.
YGR087C 162.77 162.69 174, 346, 506.
YGROS6W 3 730 2 67. 16.12 160
YGR101W 2 2 3.1 1. 103. 5.23 158.1
YGR105W 79 0. 7 1. 66.¢ 11.99 145§
YGR109C 44 7! 34 0.1 100.; 6.5( 208.
YGR111W 1 0 2 198, 154.22 179 B 295.36 519,
YGR112W. 14 T 1 124 6 62.f 16.34 5. 17.99 176.
YGR122W. T 2 45. .7¢ 120.! .58 165.76 36. 162.
YGR123C 5 .04 37.5 9.7 169.38
YGR124W. 9 216.56 308.35 518.95
YGR126W 7. 35 32,6 9057
YGR129W 7 41 85 295.17
YGR130C 2 31 2902 8338
YGR132C .00 5. 150.4¢
YGR133W. .94 .7
YGRI35W
YGR142W 7
YGR143W._ X X
YGR144W. 165.
YGR146C B 120.4
YGR148C 0. 9.
YGR153W 3: 28147
YGR155W 9.71 | 149
YGR155W_ 25045 | 338.7: 513.
YGR159C . 1 105.72 332
YGRI61W-C 4 9 25! 0.99 1505
YGR162W. 7 4 4 0.89 284.7!
YGR168C 4. 128.1
YGR168C 9. 159.1
YGR169C-A . 7 137.17
YGR169C-A T 22101 293 51648
YGRI7OW 7. [ 470 71.13
YGR171C 4 195. 276.70 518.01
YGR174C . 203. 33.5! 516.
YGR176W 7 4 21, 7.7 250,
YGRI77C 7 27 310 521,
YGR178C 3 12 252.
YGR180C A7 7.21 149
YGR181W 148§
YGR183C 7 248,
YGR184C 34 126.
YGR192C 04 | 2 238.
YGR193C 7| 3 518.
YGR194C 136
YGR196C
YGR197C }
YGR199W .57 129.87
YGR199W 5 146.67
YGR201C 5 .24 166. 5
YGR202C 3 44| 2 85| 32 133 7
YGR204C-A 54 17689 | 162 50| 15377 | 345 31 500.1
YGR204W 2 177.33 116. 61 126.79 354.9 243.26 471.56
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[ Optical density at 600 nm at time intervals (n) GLUCOSE FRUCTOSE TOTAL Sugars(gll) | TOTAL AMINO ACIDS (mg/L

ORF 20 7 3 7 43h [
YGR206W 099 6 3 3 83 10025 7 18478
YGR207C 101 7 1 o X 10956 3 15833
YGR208W 7 77 6 4 13129
YGR210C 0 78 74 7 7054
YGR212W 04 9 } 4 14971
YGR214W 4 54 6 1712
YGR220C 3 1 X 5 931
YGR221C 76 I 9 144 E E 233 1223
YGR222W X 3 80 1201 39.80 1712 9. 291, 139.03 380.7
YGR2230 0. 5 8 3 61 9171 61 12207 2 11879
YGR224W X 7 05 7 74 106.76 57 135, 3 7T
YGR225W 0. 2 4 E 33 94.08 A1 117. 4 168.78
YGR226C 0. 3 71 8 74 9271 3.0 116, 7 13368
YGR227W 0. 3 61 I 2 37 11233 3.06 142, 4 19320
YGR230W X 54 9 3 9 109: ) 14225 624 207
YGR231C 2 2] 7 65 64 7817 577 144,
YGR232W H 0 4 80 34 97.12 4.90 143,
YGR233C X i X 9 99; 12582 751 148;
YGR234W 99 7 0 3 123. 175.93 159 203
YGR235C 9 69 834 1580
YGR236C 7 74 900 131
YGR237C 7 76 947" 199;
YGR238C 129, 166. 144
YGR239C 8 I 13619 _| | . 101
YGR240C 9 18 179, [ 368, 31221 510,
YGR240C-A 4 27 T 91 X 118; 7 118,
YGR243W 16 72 ZK 86 125.
YGR244C 12 7 65 7. 7834 66
YGR250C I 182,64 200, X 382, 527
YGR252W X 9% 4 119; 99
YGR255C X 6 6 82 1404 103: 9 B4
YGR258C 0. 8 064 87, 95 109.0 9 86:
YGR261C 0. 54 2 1 100; 68 145.3 8 209
YGR263C 94 54 7 7 2 84,6 90 105; 5 1774
YGR266W 99 9 4 8 158.28 57| 203 7 2201
YGR268C 94 54 8 835 51 102, 1 14756
YGR271C-A .95 0 12 172,01 29| 267 9 281.7
YGR271W 01 3 1 T 75 40 93 1457 173.9
YGR273C X 8 9 15331 4 10148
YGR276C 7 7 10264 14360
YGR283C [ 0 97 19181
YGR286C i 1 10132 74,
YGR289C 7 5 2 82.1 54
YGR292W 5 o741 _| o191 14057
YGR294W 04 38763 | 26891 511
YGR296W 652 8.9 163:
YHL00GC 155. 55, 169:
YHL00BC 86 14 109:
YHL00BC 08 363. 318,54 514,
YHLOT1C 06 354 325 508.
YHLOTAC 7 107, 43 16!
YHLO04C 356, 321 511
YHLOT5W-A 04 1 325 304 509
YHLOTBW. 29613 | 294 511
YHL020C 7 5 316 305 513.
YHLO21C 0 [ . 345 302 512,
VHL022C 6 14.22 1.5 59 9 73.2 2, 252,
YHL023C 6 3 1 2, 771 E 0212|319 226
YHL026C 7 3425 13417 7 21698 | 124 320,
YHL029C 7] T T 562 4 8184 2.7 281,
YHLO37C T 2. 134 3 10453 | 249 191,
YHL032C T 264 7.5 E 11381 256 74
YHL033C 1 6 113,03 751
YHL035C 54 76 ] 87 97
YHLO39W. 7] 121, 163. 10447
YHLOZZW. ] 3 138, 214 23673
YHROOTW-A 7 62 41 115. 156, 10867
YHROOZW. 50 1 101 13554_| 3 162.70
YHR003C 89 04 9. 10747 | 6 5347
YHRO04C 1) 1 85 10552 | 4 7602
YHRO06W. 7 707.06 X 134.92 T 109.39
YHROOTC-A 0 8 .44 12168 | 3 ]
YHRO0BC 8 73 12778 181
YHR009C 0 07 I 7.07
YHROT6C 7 2. 31 0
YHRO18C 7 100; 69 6.
YHR022C [ 97 7 7 z
YHRO25W. 7 143. 3 20989
YHRO27C 4. 126 86
YHR030C 1 135:
YHRO31C 5 2 9 153,
YHRO32W. 7 84 9 178;
YHRO33W. 7 145.
YHRO3TW. 3 127,
YHR039C 6 92
YHRO39C-A 7 2 X 110.
YHRO41C 1 7 18] 7 167
YHRO043C 7 8 151,
YHROSOW. 2 B4 233,
YHRO52W. X 1054 3 205
YHROW. .4 X 2 142.
YHROGOW. 2] 1 0 4 127
YHRO61C I 3 1 160,
YHRO64C 7. 5 7 13564
YHROBEW. 3 2 7 10, 11867
YHRO7TW. 8 7 95 2 32272
YHRO75C 7. 144, 763 198;
YHROT6W. 2 135 2 202
YHRO79C 5 148; 7 314,
YHRO79C-A 7 7 100 4 150,
YHR080C 93 7 102
YHROBTW. 54 2 80 26547
YHR082C 190 14429 | 253, 330 52937
VHROBIW 6.7 B1. 17844
YHROBEW-A 7 6.4 734 163.
YHROSTW. 7 X 165:
YHR089C 4 85 242
YHR090C 87, E 208
YHR092C 50 1031 25 203
YHR094C 19 82 7.1 214
YHRO96C 104 197 198.
YHRO97C 64 B4 201
YHRO96C 54 91 106.
YHR100C 69 67 41
YHR102W. 117, ; 385
YHR103W. a7 i 93 94 12361 2 23671
YHR104W. 7 74 9 7 12030
YHR109W. 121 150. 2 82
YHR112C 1 14 4 143,
YHR3W 2 12 2. 1.
YHRT14W 3 11731 6 112
YHRT15C 146.97 } 4 125.
YHR12TW. ] 84 B 124,
YHR123W. 6 114; 7 18]
YHR124W 7 7 7 109; E 158;
YHR126C 8 117, 1 11
YHR127TW. 7 108; 7 269
YHR128W. 207
YHRT29C I 4 189
YHR132C 34 101 8 176.
YHR135C 110.05 T 216.4
YHR136C 105.71 357 201
YHR3TW. 9 8857 1290 304,
YHR138C 8 0 ] . 9749 1401 236,
YHR142W. 1 3 5 9850 1233 1 131

~ 154 ~
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[ Optical density at 600 nim at time intervals (n) GLUCOSE FRUCTOSE TOTAL Sugars(glL) | TOTAL AMINO ACIDS (mg/L
ORF 2 2 43h 67 [ 7 ah | o
YHR147C 0 6 04 16474 | 16166 | 14249 | 134 307 295
YHR149C 1 7 7 6 6 E 934
YHRT51C 4 104 44 1 )
VHR153C 7 7 14
YHRT54W. : 92
YHRT55W. 04 4 3084
YHR156C I 1 6 3 116.
YHRTSTW. 0. 5 3 7 3 347
YHR158C 0. 7 25 .1 9. 135,
YHRT59W. 8 17 2] 5 27
YHR160C 9 19 0 26,
YHR161C 7 09 ) 4 74
YHR163W 1 .04 I 54 0 2z
YHR167W. 6 % 4, X ) 9 12,
YHR168W. 21 7 H 07 147
YHRIT5W-A 17 2 8. 54 257,
YHR176W. 16 4 0. 2031
YHR178W. 22 8 E 124 1161
YHRT79W. X .08 1 61 : 285
YHR1BIW. 93 5 i 54 12934 24 7 275
YHR185C 54 7 4 I 7 33 2124
YHR189W. T 74 260
YHR191C 8 241
YHR193C 0 199
YHR194W. 7 ; 346
YHR195W. 8 g 1 220
YHR196C 7 94 I 279:
YHR199C 5 : 78, 239
YHR202W. 7 I E 1831
YHR203C 01 3
YHR204W. 99 6 4 54
YHR206W. 7 24 9 6 ; Z . E
YHR209W. X 9 7 6 4 0.1 9.22 84 . 965 Y
YHR210C 57 7 9 6 6.35 67 3: 7968 242
YHR214W-A 9 8 7 3.92 103,69 253,
YILOOTW. 54 7 7 7.7 74 194
YILOO2W-A 2 9 6 0.28 774 222.
VILO05W. X 6 8 ] 7 7.57 X 68 . X 1261
[ viLoosw Ell 7 07 7. 72 59 34 90 309
[ viLoorc 1 77 74 154
[ viLoosw 03 89, 165
VIL003C-A 011 66 249
VILO0SW. 54 2 ] 32 X 89.44 2174
[ viLorow 7 9 9 99 493 7 5B.7¢ 740 352
011W 54 4 143, 189.69 7] 134
14CA 1 9! 117.62 7 1104
[ viLotsw. 7 74 % 221,
[ viLotew’ I X 2054
[ vitor7c b4 1 253
[ vioisw. 9. 12172 101
020C 3 9%: 210
[ viLo23c ; 116 148 119,
[ viLozc i 120 154 170
[ viLozrc 2 56,4 3 1 379
[ ViLo2sc B K 751 7.7 4 294
030C 4 3 69 } 4.8 5 1104
| viLossc 4 7 I 2 132,09 341 160.7¢ 2 129
[ ViL0350 84 iz 04 1644 026 | eatl | 40 110 37 324,
[ ViLossw 92 16403 | 16644 | 16862 | 155 33265 | 32201 514
036W 6 15075 | 19368 | 211 171 36218 | 365.10 523
R 7 35,63 0: 117 i 153 56.1 101
[ viLossw 8 46,64 7 141 7. 187, N 124,
[ viLoatw’ 6 61 6. 7341 7 91
[ viLos2c 2 55 194 67.16 88.6
043C 7] 65 44 276.95
[ vico#c 1 4 65 o7 21074
VILO45W. 3 B 57 179:
[ viLosrc 02 7 2 o7 161
[ ViLoasw’ 97 2 2184 524,
0500 8 15,68 68 227
| viros5c 1 2 4 271,
[ viLossw 6 3 2942 A1 110,
[ ViLos4w 7 6 651
067C 9 7 717
[ virossc 7 7 757
070C 779
[ vitoric 707
[ viLorsc 1 14247
[ vicozew. 4 3 59 9
| vitorrc 5 6412 | 7970 | 2
[ vitorsc 9 7 2 189 39217 | 285
| viLossC 7 11 6. 4 101 127.33
[ viLos7c 5 4. 7 127 182.10
[ viLossC 7 7 6. 774
| viLossw 7 7] 4 64 8084
[ ViLossw 34 6 3 } 0 175, 150.75
[ viLosec 7] 9 7 7 4
[ viLossC 7 7
[ viLossw’ 8
107C 7
[ viLitiw, 7 i
[ viLizow, 4 102 133.29 7
[ viLt1aw’ 8 106 136,
115C 2 68 81
[ viLizow 7 87 10747
[ viLiziw, 6 2] 1 78! 9694
[ viLizow, 9 3 9 1 84; 111.90
[ viLizaw 7 04 7 1 81, 104.24 7
| viLizsw. 6 7 89, 116,21
731C 9 69; 9072
133C 7 85. 113.06
134CA 8 92; 124,82
1350 7 o1 12121 :
[ viLrsrc 65 7844 108
|__viL138c ) 76 1 136,
[ viLtaow’ 4 127.4 1 135.
[ viLr46C 7 64 130: 1 911
[ vicisaw. 7 5 97.54 7 16111
154C 3 47 102 5 136,96
[ viLisow. 91 21 I ¥ L 02 112.36
[ viLissw, 7 84 12 65 4 85.0 1 9
[ viLieiC 5 9 21 77 1177 84 157.
ILI70W 1 7 7 7. 8595 17 120;
VIR005W 7] 7 3 B 7119 2 9%
VIR018C-A 6 4 8. ; X 9031 234 100
YIRO19C 8 12 7. 01 7. E 163.
VIR024C 7 .07 1. 4 9. 127, 219:
VIR025W 1 1 7. 7 70, 87.4 194
YIR029W 7 0 0. 82 12364 154, 1781
YIR031C 6 7 1 A7 107.68 129 1684
VIR032C 1 ] 81 o4 [ 3164
VIR033W 9 7 67, 1 226
YIR034C 7 K 9 122 181
YIR035C 7 3 1M 1 198
YIR036C 54 7 ; 107, 234
VIR03TW 8 94 105, 240:
YIR038C 7 126, 133
YIR039C I 123 1314
YJL0T2C 119.47 152 137
YJLOT3C ] 67. ] 88.44 183.
YJL020C 21 E 9. 7 106 4 233
YJLO3TW. 17 64, 85 234
YIL0A3W. 34 102 151 11217
YJL044C 1 } I 78.1 E 106,44 .
YJL047C 8 89 34 94 93.1 51 117.05 12419
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Optical density at 600 nm at time intervals (h) GLUCOSE FRUCTOSE TOTAL Sugars(g/L) TOTAL AMINO ACIDS (mglL)
ORF 0 20 27 7 43 43h h 48
YJLOSTW. 0.97 RE 0 4 7. 108.04 4 116.
YIL053W 1 9 1 54.1 207.
YJLOSIW 1. 9 . 140.
YJLO62W 1. 14 7! .64 202.
YJLO70C 1. 54 84 8 155.;
YIL079C 0. 3 y i 213
YJLO8IW 1. 54 84 3 6 E 9.8¢ T 249.
YJLO9SW 1. 64 94 0 .8 04 112.8¢ 3 305.
YJLO9BW 1. 8 2 .. 5 .21 113.5° 4 153.§
YJLOIW 1. 5 .29 .84 142.56 53.51
YJL100W 1 .07 86. 108.12 216.41
YJL108C 34 .15 96. 120.28 166.80
YJL110C 5 .91 774 93.¢ 98.6¢
YJL134W K 79 .29 71.4 K 83.7( 103.32
YJL139C 1.08 8 6 16.39 80 19. .4 18 101.4¢
YJL142C .96 7 34 6.08 52.! 6. .6° .34 129.1
YJL146W .97 64 13.31 71. 14. 84.7( 1547 259.0
YJL157C 4 9 11.85 6. 1. 15.09 103.7¢
YJL159W .99 9 .. 10.47 5 62.¢ 73.1: .54 111.9¢
YJL165C 0.97 1 .31 55 0.06 58. 67.67 8.38 66.42
YILI75W 1. 5 .81 1. 169.7: 7 224.04
YJL187C 7 14 1131 55.!
YJIL191W 8. .07 118.7: 236.88
YIL201W. T .21 107.1. 104.94
YJL206C T 4 1.67 11241
YIL210W 94 34 8.40 4 63.¢
YJL214W K 84.24 108.10
[ YJROOTW 64 .27 101.32 89.
[ YJRO09C 1 .64 6.44 131
| YJRO19C 7 99.41 191
| YJR025C X 5 118.70 155,
[ YJrRO30C .07 3 62 . g 93.34 5 23.0
YJRO32W .03 2 21 . . 16.50 132.65 3. 195.63 6! 429.24
YJRO33C .96 1 .79 84 48.71 15.69 121.05 169.83 81.2! 213,
YJRO35W. .94 1 .04 331 317 90.7¢ X 123.94 26.8! 142.;
YJRO35W .00 4 .05 180.4: 173.95 137.4 140.1 318.33 314,
YJRO36C .07 4 .27 21.4 1.20 9.6 21.4 91.15 226!
YJRO4OW .00 69 .23 34 22.4 0.71 7.4 21.] 89.91 22.41
YJRO43C 3 T .05 4 .7’ 7.15. 1
YJR044C 0 8 .14 1! 1.25
YIRO51W. 7 7 7 9 7.61
VIR053W. 7 9 3 7 177
YIR056C 1 9 6 10534
YJROS8C 22 5 30. 112.97 143! .24
YJRO6OW 74 0. 9.4 81.(
VIRO6TW. 7 7 78
[ YIR062C 104
| YJRO69C 124,
| YJRO70C X ¥ 116
YJRO73C 4 K 2] 100. 0!
[ YIRO75W. X 100,
YIRO7T9W. 87.84
YJRO8OC T K
YJRO84W 5 78.¢
YJR090C T .33 97.¢ 1
YIRO94C 72 5 100, 3
VIR097W. 79 9 9. a4
YJR100C 97 8 65.! 6
YJR102C 70 6 105.94 33
YIR103W. 80 04 84 7
YIR104C 2 6 165.83 0
YJR104C 15 4 333.65 364.34
YJR106W 5 79 17 89.51 21.33
YJR107TW 9 17 E 252.75 | 128.50
YJR107TW. 34 32 2 287.25 | 308.10
YJR108W 0 78 2 133.7: 29.61
YJR109C 0 56 9 108.8: 23.07
YJR110W 1 .80 2 102.5¢
YJR111C 6 .01 5 107.5.
YJR115W 7 7 7 128.3¢
YJR116W 7 2 1 7764 |
YJR118C 1 )5 2 287.34 336.60
YJR119C 17 84, 228
YJR120W 0. 1. 49,4
VIR124C 8 2.
YIR125C 7 9.
YJR129C 102.
YJR130C 81
YJR133W . 96.
VIR134C 82, 10465
YIR135C 132. 20665 | 89
YJR135C 201.28 153.¢ 331 360.
YJR135W-A 1 8 68. 4,
YJR137C 4 Tt 54 7. 151 3.
YIR139C 2 - 91, 117, 7
YIR140C 1 X 78 14 8
YJR142W 2.4
YJR147TW 7.
VIRT48W. 4 0.
VIRT49W. 8
YIRT50C 102, 1
YJRT5TW-A .97 1 7470
YJR152W .94 )4 93,
VIRT54W. 4 106,64
YKLO03C 5 i 76.
VKLOOTW. 7 7 52 115,58
YKLO00BC .2 34 113.09
YKLO10C X 9 109.14
VKLOT5W. 6 4 115,54
YKLO17C 7
YKLO18C-A 9
YKL020C T 9 54
YKL026C 7
YKL032C 12184
VKLO33W-A [
YKLO34W 87.1:
YKLO37TW . 126.
YKLO38W .01 X 80,
VKLO39W. 2 7 a4 75, 4
YKLO46C 1 B¢ 8.24 123.; 161 7
YKLO47TW .91 7 47 94 7.4 68.¢ 86. 8
YKLO048C .01 5. 109. 162.39 7
YKLOS0C 7 86.2
YKLOSTW. i 104,12
YKL056C i 9 11118
YKLO6TW 2 X 94.4¢ 2
YKLO62W 04 . 7! 68.6¢ 9.1
VKLOGEW 3 7 10334 138.2 27, 3
YKLOTOW. T 54, 80.2 12 108.27
VKLOTIW. 4 8 84.54 1 114,91
YKLOT7TW 7 [ . 108.41 108.(
YKLO79W 2 84.. 100.2¢ 77!
VKLOBTW. 0 4 X 102.22 140,
YKLOG7C 7] 7. T EX
YKL091C 64 T 104.34
YKLO93W 94.04
YKLO94W 4 116.0:
YKLIOTW. 113.24 151.7¢
VKLA05C 90,
YKL107TW K . 9 155.!
YKL109W 14 K 34.. 113.81 151.¢
YKL110C 7 .10 94 131.01 122,
VKLIT4C 7 i 31 45 130.76 4 112
YKLT16C 83 6 14 X 711 79.25 2 1104
YKL117W 97 A7 .85 105.24 137.09 19.26 131
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[ Opical density at 600 nm at fime intervals (i GLUCOSE FRUCTOSE TOTAL Sugars(giL) | TOTAL AMINO AGIDS (mg/L
ORF 20 7 4 3 o7 67 43h 67 h
YKL20W iz 9 3 21, 03 836 2. 0473|1266 11231
YKLI24W 1 8 1845 | 22 734 1568 | 019 1792 921
VKLT24W 07 1% 16820 | 1714 152, 3671 32073 579,
VKL27W. A7 25! 07 86 4as_| 11182 5.17 209
VKL128C I 196 15 71 2% 90.9 490 109
VKL1330 T 2075 | a4 7 21 99.1 466 851
VKL1330 T 2095 76160 | 162 1431 372 30473 52801
VKLI34C T 0| 215 057 9212|1801 11969 | 1858 17419
VKLI35C 1 94| 18219 | 19150 | 16454 | 16382 | 34674 | 3553 519.93
YKLISTW 104 i 1| 137 05 6967 2087 8338 214! 14416
VKL1380 I} 2 | 889 2920 | 13808 | 7425 | 22707 | 10344 27750
VKLI36C 0 7_| 1354 13388 | 16433 | 12641 | 29945 | 26029 526,17
VKLI40W. 7 2 | 190 22 7537 2484 | o437 7707 232,15
VKL46W. X 27 I 4| 183 18 76.78 2850 %.14 3031 16047
VKL148C 701 0 T 21 1 7. 434 9073 16199
VKLT590 T 7 E 34 9239 - 11175 70
YKLI61C 1. 1 0 9437 7 118.01 2%02.
VKL162C 0. 7 7 7374 5 9182 13337
VKLI64C X 9 3 ) ) 90 0.1 79.19 720:
VKL166C 9 19 7 9 10279 137.99
VKLT67C 8 5 10297 19147
VKLIG6C 7 7 2. 72
YKLIZIW 7. 110 17785
YKLIT4C 54 X 101 165.10
YKLI75W 1 %6 122: 5493
VKL1760 5 125 17130
VKLI76C 54 113, 13047
VKLIG6C 2 X 106. 145.
YKL197C 5 54 84 120, 163
VKL206C I 7 i 11201 179.
YKL20TW. T 2 87 9.7 176,
VKL213C 700 75 X 8761 92 312,
VKL214C 0.98 66 3 1 80 893 | 10269 | 1987 158:
VKL2150 X 7. 25 24,03 82.71 10674 | 2184 1321
YKL216W T 0 13 169.06 186.13 ) 35518 | 36386 5117
YKL216C 0. 7. 27 1817 7724 18. %541 19 1544
VKL220C 0. 8 30 13.03 86.72 2. 9974 25 2057
YKL221W X 6 El 20,08 7871 20 %79 2102 1324,
VKL2220 1 900 10967 |3 84,5
YKROOTC 7364 9 [ 132,
YKRO05C 79.7 102. [ 170.
YKR006C 83.7 107 2 154,
YKROOTW. z 1899 | 11 z 159, E 237.
VKRO09C 3 3. 4 83 T 0667 | 33 172!
YKRO10C 7 5480 | 14099 | 179: 122 407|263 517,
YKROT1C 714 E 78 47 162
YKROT3W. 7 734 175
YKRO15C 185.
YKRO19C 7 [ 123:
YKRO20W. 3 119:
YKRO26C X 90! 179:
YKRO2TW. 47 56 136:
YKRO28W. 101 127 129,
YKRO34W. 5 80 1014 150.
VKRU36C 79 %2 144
YRO39W. 54 8 123; 158. 139,
YKR046C 5 3 i 94 12234 377,
YKRO51W. 9 0 2. 5. 787 799
VKRU52C 92 5! 7 54.5 760.
YKRO53C 7 7. E B4 10189 116,
YKRO54C 2] 9 9.3 1744
YKRO55W. 5 8.1 9%.
YKRO6W. o7 7 7 85,94 2 85
VKR8 9 1011 7 171
YKRO59W. 7 X 100.4 2. 234,
YKROGOW. 9 85 1116 1 151
YKROGTW. 5 0 I 103; 1245 B 173:
YKROG4W i 14, 14169 106.
VKRU66C 4 4 75: 8984 254,
YKROGTW. 9. 834 10311 6.2
YKROTOW. iz 76 %176 20950
YKRO72C 5 1. 112,13 700.30
YKROT6W. 7 9 ¥ 995 3429 %48
YKROTTW. 54 54 K 92 19.95 18203
YKRO7EW. 7 4 X 89 26.00 13747
YKROBOW. . 141, 227, 041 20,
YKROBOW. 16484 | 1 185, 1 35004 | 2% 532
YKROB2W. 72 7 1 82
YKRUBAC 4 9. T17.96 3 123
YKROB7C 90 11167 1 139;
YKROBEC 74, T 162.
YKRU89C 9 85 104 205,
YKRO93W. 6 127 170, 145
YKR094C X 7 137 789 [
YKROSTW. 4 9 0: 9. 120, 245
YKRO98C 1 7 9 i 714 9,34 768
YKROS9W. 9.48 5 85
YKR100C 747 847 126
YRIOTW. X 1 7.8 187,
[ viLooiw 82 4 7.00 213,
[ viLooow 6| 10397 | Al 5 7.30 254,
[ viLoore 2 170: 1074|251 15754 213,
[ viLoioc 1 87 7 707 78 =
1073C 4 119: 153 54 163.
[ viLoraw 9 10717 134, 77 167.
[ viLofew 7 X 7 i 120, 70 934
[ viLoise 7 1 X 7 79 74 90:
[ viLozc 7] 3 9% 144
[ viLozic ] T 7 109 79,
[ virozsw I 17 85
[ vicozow 1 130. 1834
[ viLosec 9 179:
1039C 4 z ; 6. 7.7
| vitoasc 5 7. 110, 147 210
[ viLosee 7 6. 125 183:
[ viLosic 3. 7.2 24,
[ viLoszc 7 7. 114, 0.
[ viLos3c 4 121 164
[L054C 2 ; 107 3424
[ viLossw 100: 7 133 2982
[ viLosec 0 10759 T 0. 756
[ viLos7c X 71 54 7 792,
[ viLossw 7] 74 135.
[ viLosiw 77 127
[ viloeac 5 71 180.
[ viLos3c El 7 7 82 10177 2 794
[ viR003C 34 1007 139.08 7 1754
[_VIR004C 3 10552 13135 160,
[ VIRoo6C 7 69; 81 120;
[ VIRoTW 10884 134,84 145.
[ viro72C 89 %: 118, 1351
[ VLRo1aW. 04 7 Z 684 83.34 130:
[ Virorec 6 103 127, 165
[ ViRoz2tW 7 34 ; 7. 149, 2002,
[ virozic 5 34 4 014 509 5 225,
[ virozsC 5 7 97 2181 170.
[ YLRo30W. 7 10354 13007 780
[ ViRo3W 7 106,34 13245 170.
[ ViRo3zW 5 97 12897 153,
[ viRo4oC 2 7. X 108 126.
[ ViRos2W. 4 1. 7. 122 233,
[ viR0S3C 7 2. 91| 24 . 174
[ ViR0s6C % 161 783 | 18569 | 139, 347 3 534,
[ virog2C 8 P2 PX 86,9 EX 0. il X
RO70C 66 g 31, 29 10791 31 39 34 187
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[ Optical density at 600 nm at time intervals (n) GLUCOSE FRUCTOSE TOTAL Sugars(gll) | TOTAL AMINO ACIDS (mg/L
| ORF 20 27 I7 7 43h 7 [ h 48h
[ VIRo72W 7. i 6 4 5 10874 5 1 14724
[ Viror3c 7 9 94 10836 2 169.67
[ VIROGTW. 7 18 44 80 7 58.01
|__YLR084C 7 4 Z 6 73! 4. 1348
[ ViRossC 57 16829 | 20707 | 1704 174 401 5200
YLRO9OW. I iz 0 24 7 0 83 1644
YLR095C 099 iz 0 22 6 0 774 206.3
VLRO6W. 0.87 1 7 97 2 227 109.1 1774
YLR097C 095 5 1 91 4 1.00 10391 Z 162.4
[ ViRrm2ic 094 I} T 9. 12585 6 20157
[ ViRi28W 101 5 15 95 4 12764
LR130C 102 7 6. 81 7 9777
LR144C 098 64 104; 127. 5 229582
LRT49C 0.99 65 ) 7.64 108.0 7 216.92
[ VIRi50W . 7 28 4 99 4.8 45 1804
[ VIR51C 6 47 64 ; 7. 70 183;
[ ViR152C H 19 80 7 4 27 163:
[ VIR164W. 7 7.0 11844 8 5. 1 174,
VLR165C X 4 1 1.0 i 11947 10 150. 04 186.
[ VIR170C 102 67 19 9 7 2. 1024 2. 0 157
[ VLR172C 701 68 08 6 7 132 73 797
VLRI73W 0. 72 27 34 3 117, 47 77.
VLRITAW 0. 54 2] 5 1. 44 74
VLR178C X 7 I X 126 168.14_| 226
YLRT79C 0. 25419 | 153 198; 1 452, 3297 523
YLR181C X 5 6.1 1 94.9 121, 7 124,
[ VIRiG5W. 5 47 1 143, X 2074 132:
[ VIR1G7W. 1 7 761 84 93.6 235
| VIRigeW 5 2] 160. 102
YLR189C 5 g 187, 122,
VLR19TW. I T 3. X 155, 213
VLR193C X 7 40 ; 94 170, 1948
VLR199C 1 7 29! 100: 129; 2164
[ YLR200W 1 1 34 2,68 144.40 207.0% 454,
[ VIR204W 757 12679 1643 376
[ YLR205C 164 12184 1634 199
[ VIR207W. 2.95 8952 1124 178;
VLR211C I 7 572 X 97.08 12281 2 1914
[ VIR213C 1 iz 0 030 54 EF 156 2 154.7
[ viRe1aw 7. 7 73 93.49 7 138;
YLR216C 0 8 125,04 158.17 1 179.
| ViRz19W 7 7 17544 22994 7 211.
[ ViRz20W 54 9 2 167.57 22061 3 180
[ ViR221C 71 7 1747 154
VLR224W 54 0 150, 168;
[ VIRz25C 170 202.
[ ViR227C 4 } 2529 | 133 187
| YLR227W-A 14 132, 320 2 525
[ ViR228C 21 25 100, 62 206,
[ YIRe3sW 34 29 133. 5 181
VLR239C 19 201 420 4,17 525
| ViRz46W 75 173 214,
| ViRo51W 57 ; 18] 206
[ VIRe53W 7 0 165, 210
VLR254C 7 7 X 141 168:
| ViR258W 4 7 o 136,14 189
[ ViR260W 9 9 T 163.1 38127 | 3% 523.
[ YLR262C-A 95 75 10 157.97 8 161
[ VIR265C 04 84 13 9.8: 4 121,
YLR267W. 7 87 7 14740 7 203
[ ViRz70W 1 72 3 150,94 5 183
| VLR281C 9 85 5 I ) 136,27 4 212
[ VLR283W 2] 5 i 1 0. 8 11828 7 264
| VLR285C-A 7 i 7 4. 7 3477 181,
VLR285W. 7 8 6 0 4 155 234,
VLR286C 2 8 7] 0 9 74 119:
VLR288C 0 8 5 36 4 149.07 138.
VLR292C 7] 7 3 20 14240 227 2513
YLR293C 5 16 165, 36764_| 6215 52272
YLR294C 7 20 9.2 260 60.1
VLR2STW. 1 55 . 20522 38.5 175.9
[ VLR300W 5 181 ¥ 27 10134 319 1477
[ VIR304C 38 67 69 1 6 56.55
VLR307C-A 79 9 701 1318 0 167,
YLR309C 7] 7. 771 97.0 4 147,
VLR372C 6 8 110. 193,
VLR313C 7 iz 126 203
YLR319C 118 181
VLR325C 105 151
| ViR328W 205,
[ VIRa3W 239
IR 187,
[ YIR33sW. 165:
[ VIR363C 34 2 141
[ VR3GeW 5 I 106,64 3 186
[ VIR375W 1 160.11 o7, 34363 | 319 526
| VIR3seW. 7 6.8 864 X 187.01 66, 2522
[ YLR3g0W’ 6.0 17 75.6 24 9174 2% 166.92
[ YLR395C 7.1 14 76,1 21, 9322 22 9.
[ ViRaoec 4 164 165, 35755 | 329 527
IRIE 27 8277 7.0 355
[ VIR#TTW. 75 120 77 286
[ VIR#25W 57 X
[_VRa7C 4 . 1031
[ ViR#sW 114 125.
[ ViRra520 1 4 9 2. 82
YMLO2ZW B 0 101 119 45
YMLO2TW. 7. 5 82 747 89
YMLO52W 7] 188
YMLO53C 279
YMLOT6C 1 101,
YMLI09W 3 99
YMROTC 152 126 517.34
YMRO25W 19 2] 1001
YMR029C 10 29 273
YMRO30W 4 15 15 257
YMRO32W. 156 29765 5%6.
YMRO42W. I 17 21 1]
YMRO53C 9 8 1 158.13_| 31451 527.
YMROS4W 9 4 7| 15430 35683 523
YMROG5W. 2 7 6 163,
YMRO73C 6 5 183;
YMROT5W. 7 1 156.
YMRO77C 4 7 1834
YMRO095C ] X 3 169
YMRI00W. 99 1745 79 298 527
YMR101C 7 %683 | 95| 322 175.
YMR104C 167.79_| 4| 398 530,
YMRIO5W-A 219 X 16.4 157
YMR109W. 2.4 278 145
YMRT10C 2. 29 27
YMRTT9W. 0 14651 371 526,
YMR124W. 54 189
YMR127C 0 196.
YMR129W 190;
YMR130W 54 249
VMR139W 34 486
YMRT20W 4 2 141 021 2791
YMRI43W. 034 ER 180 237
YMR145C 017 EE 161 162
YMRIATW. 8 99 2 3 192.
VMRT46W. 7 011 0 167
YMRISEW. 9 13 9491 12004 164
YMR156C 2] 14 9928 12542 187
YMR158C-A 23 15 9411 12225 173;




Appendices

| Optical density at 600 nm at time intervals (h) GLUCOSE FRUCTOSE TOTAL Sugars(g/L) TOTAL AMINO ACIDS (mglL)
ORF 2 2 7 7 3 h 48
YMR160W. 0 04 NE 76.6: 93.46 250.
YMR161W 54 3 97.2: 127.46 194,
YMR162C 8 109. 146.76 207.
YMR169C %4 107. 133.24 274.
YMR171C 7 K .90 9. 308.
YMR173W K 84 g 100
YMR174C 0. 54 83 3.1 150.4
YMR176W 0. 7 i 5 i £ 4. 163.91
YMR181C 0. 2 89 9 1. 104.31 . 6. 170.51
YMR182C .95 1 8. 9 107.26 .97 132 5i 91.1;
YMR189W .87 4 7! . 103.50 135. 6 1344
YMR198W .03 2 9 34 101.73 122, 4 107
YMR199W .01 8 9 5 2.60 115. 1 157.
YMR201C .97 1 A 5 EQ 86.82 108 14 161.¢
YMR202W 1. 1 00 1. 1.! K 113.48 87.31
YMR204C 7 T 4. 1144 7.6 148.93 190.2¢
YMR205C 2 i 9. 119. 4. 149.77 94.1.
YMR214W 2 2 7. 81 3. 98.80 32.0:
YMR215W .S 7 3 B 81 6.05 5 75 0. 91.91 150.6¢
YMR216C .91 .73 .64 90.51 34. 117.4¢ 3 2535
YMR221C .93 .07 .7 104.8: 44 128§ 134
YMR222C .94 130.2¢ 178. 187.
YMR225C 119.7: 155.. 180.
YMR226C 106.4¢ 4 197.
YMR228W. 133, . 7: 4 172
YMR230W. 147. 54. 156
YMR232W 91 211.
YMR233W 7 228.
YMR234W. 884 248
YMR238W. X 91 . 186.
YMR243C 6 .06 K 101.; .16 119
YMR246W 2 .72 .94 120.; 41 152
YMR251W-A .S 6 14 . .54 96.41 .31 79.2:
YMR252C 0.4 17 .04 4 20. 2.5¢ 81 27§ 30.2 203.19
YMR254C 1. .97 1 9.7 0.11 76.: 11! 11.6¢ 63
YMR255W 0. .84 %4 1642 | 194 78 16.( 17.9¢ 196.23
YMR257C 0. .89 84 151.54 20717 181. 183. 390, 527.98
YMR258C 0. 34 .94 6 24. 3.1 93.34 31.1. 343 142.01
YMR259C 4 70 .04 7 .92 .76 104.79 .54 15.30 200.
YMR261C 8 1 .07 .27 86.( .45 72 171.!
YMR262W 1 b4 73 13 105 .91 04 194.
YMR263W 7 5 .57 2817 159. Ni 121.94 188.
YMR265C 7 6 77 94 9. 19.23 199.
YMR266W 6 .87 .06 7.4 4,75 184.94
YMR269W 64 .91 .10 94. 2 168.45
YMR271C 7 .47 K . 4 80.61
YMR272W-B .54 84.¢ 7 158.65
YMR273C .04 96.4 5 100.14
YMR275C 84 104.21 93.¢
YMR276W 108.61 83.!
YMR279C iz 153.
YMR283C 210
YMR285C 217,
YMR28IW 54 5 179
YMR291W 9i 94.(
YMR294W. 64 26.! . 5 243§
YMR300C 9 160.94 141.75 4,50 484
YMR302C 4 .24 8 115.01
YMR304W .47 T 140
YMR310C .09 5! 67.9¢
YMR313C . 74 9 181
YMR317W. 8. .21 3 165
YMR318C 7 76 3 ¥ 5. 197.¢
YNL008C 7 .94 .64 7. 143,
YNL022C 1 .37 6. 186.
YNL023C 6 .20 3. 172.
YNLO24C 9 1 .84 8. 188
YNL029C 7 7. 8 4, 194
YNLO3OW 2 9! 9 9. 1944
YNLO31C 0 T 7 1 123
YNLO32W. 4 8 4 7. 105
YNLO34W. 1 1 0 6. 157.
YNL037C .91 3. 17 70.77 161
YNL041C T 156.
YNLO42W. 106.
YNLO42W-B. 110.
YNLO44W 1271 133,
YNLO45W 0 103. 1774
YNLO46W 44 129, 88.04
YNLO049C T X 13, 116
YNL050C 1.( 100. 153.
YNLOSTW. 1. 120. 96.]
YNLO52W 7. 115. 86.(
YNLOS3W 103.4 123, 180.:
YNLOS4W. 4 94 114. 159. 363.50
YNLOSEW. 5¢ 04 92. 114, 163.29
YNLOSTW. 8! 4 108.29 126.87 6. 96.74
YNL058C T 83. 103. 4. 1468
YNLO059C 9 86 110. 7. 2088
YNLOG6W i 124.71 155. 0. 119.7
YNL068C 4 T 5 8241 101 6.44 114.4:
YNLO70W 33.4 113.41 146.90 37.9 118.6:
YNLO72W 190. 142.22 205. 1 395.57 318.52 522.7!
YNLO73W. 2. .4 125, 155.26 7 97.44
YNLO74C 44 261 106. 13317 4 104.71
YNLO76W. 9 18 74 9347 78 90.34
YNLO77TW. .87 76 7. X 128.22 4.84 140.72
YNLO78W 04 7. 1. 65.0¢ 17 9.9;
YNLOB2W. K X 116.47 13 162
YNLOB3W. 3 27 116. 76 173
YNL084C 13.77 33. 71 195. 7 258.
YNLO85W X . T4 13, 91 230.
YNLO8EW .88 4. 84 25.] 109. 171.!
YNLO9OW 1 7. 2! 62 21 9. 3. 119,
YNLO9OW 14 224.28 181 1 327.74 404, 508.78
YNLO9TW .9 4 102.! 135.42 1 162.09
YNLO93W .5 [ 83.! 100.13 71.81
YNLO94W 54 K 9 69.. 90.99 135.86
YNLO94W 12 191 184.05 195.24 1 386.26 4. 51947
YNL095C 1 26 6.5 .7 94! 121.17 07 161.94
YNL096C .91 28.9 3! 8648 | 34. 115.37 84 124
YNL096C .07 157.76 191.83 191.¢ 168.. 348.77 360.1 512.
YNLO97C 3 165.94 0. 123
YNL101W. 1 102.53 5. 155.
YNL104C 7 91.02 2, 9565
YNL108C 88.4: 98.75
YNL111C 118. 199.41
YNL115C 105. 132.
YNL116W. 106.28 | 1 157..
YNL116W. 1 309. 363.4¢ 14,
YNL121C 7 109.53 22, 34.
YNL121C 1 300.93 11§
YNL122C 2 44, 27.
YNL125C 4 74.7, 88. 248
YNL12TW . 14 39. 148§
YNL127TW 1646 | 352 512.
YNL128W 105. 152.§
YNL129W. 104, 208
YNL133C 176. 166
YNL134C 10952 | 102.(
YNL134C 382. 517.
YNL135C 2 111
YNL135C 0 345.4 516
YNL136W. T 426 153.
YNL139C 2% 41.3 105§
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[ Optical density af FRUCTOSE TOTAL Sugars(g/L) TOTAL AMINO ACIDS (mglL)
ORF 2 67h 43 67 h 48
YNL141W. X 10718 | 19.60 107.¢
YNL141W. .81 326. 330.12 522.
YNL145W 5 128 .28 405.
YNL145W 44 323. 37464 512.
VYNLT46C-A 95! 86
YNLT46W 100,
VNLT48C X 143,
YNL157TW .91 8 124,
YNL157TW .97 9 . 366.54 516..
YNL160W 0.88 T .88 236 145.11
YNL160W 1.01 .07 312, 515.12
YNL164C 0.88 .85 28, 94.11
YNL165W 0.82 .73 51 118.07
YNL167C 0.92 .19 37. 14213
YNL167C 1.04 7 11 348.62 515.04
YNL173C .91 2322 1084
YNL173C .05 361.21 516..
YNL176C .76 B 12. 85.!
YNL180C .89 X 176.19 209.
YNL180C .93 9! 331.89 520.4
YNL183C .91 T 25.4 104!
YNL183C .94 365.41 521.
YNL187TW 30.8: 104§
YNL190W 17.4¢ 123
YNL190W 348.74 519.
YNL191W. 45.28 107.
YNL193W 54 39.85 134.88
YNL194C 0 2117 108.41
YNL194C 7 328.95 519.87
YNL195C 0 35.2! 1034
YNL196C . 34 38.8 105
YNL199C .8 4 6 92 39.0: 121
YNL199C .9 3 0 97 316.03 514.
YNL200C .81 2 55 7 39.98 91.51
YNL202W .81 7 83 04 28.58 91.01
YNL204C .88 8 17 7 21.88 105.69
YNL204C .98 04 01 7 360.51 518.11
YNL206C .79 5 81 . 5 27.46 94.43
YNL208W .74 .57 35.5! 105.25
YNL211C .7 T 4! 105.61
YNL214W. 5 7 0 9225
VNL215W. 5 4 5 7721
YNL217W. 5 5 B 7.11 116.25
YNL218W 4 .81 41.27 104.59
YNL219C 18.13 128.14
YNL219C 349,51 51710
VYNL223W. 7 66.74
YNL229C 4 161.!
YNL230C 34 6 250.
YNL234W 6 9 172.
VNL234W 4 1 358,50 508,
VNL237W. 34 3399 17,
YNL255C 7! 6 4.1 96.94
YNL265C 8 7 7 9 151.1
YNL30OW T 34 1 7 121,
YNL309W. 55 9 2 7 144,
YNL311C 45 59 9 1 35 148.
YNL314W 4! 5 199.!
YNL318C T 7 321.
YNR002C B 7] 137,
YNROTBW. 5 0 120,
YNRO2TW. 5 1 6 I 170.
YNR032C-A .94 3 1 82.¢ 104.65 .90
YNROG3W 9 7 104.¢ 132.84 .31
YNRO67C 7 14 81 Z 101.7
YOLOT4W. 7] 7 73, 7. 143.0
YOLOTSW 7 79, K ] 1404
YOL028C 6 E 99.99 76 146
YOLO42W 1 44 62.27 9 15,
YOL070C B4 X 103.70 7 2.
YOL0SIC 1 [ 84 109.54 1 71
YOL0g2W 3 1 . 103.93 7 123
YOL098C 0! 8. 5 -0. K 76.8: 5.95 48.¢
YOL100W 5! T A4 34.04 101.¢ 717 127.64
YOL108C 7 X 109; 62,
YOL110W 8 131 181. 102.68
YOL117W. X b4 X 106. 139.67
YOL129W 64 5 91.2 221.
YOL132W A 101 131
YOL158C K X 100, 156,
YOR002W 3 103; 136 118:
YOR052C - 11 140. 191,
YOR054C 87.( 109. 179.73
YOR061W 78. 96. 157.76
YOR062C 43| o3 X 110.92 98.66
YOR092W 18340 | 181 171 33262 | 354 520,14
'YOR09IW 1 8 5¢ 12 149.96 647 229, 77.40 356..
YOR101W 4 7 6¢ 0.4 63, 10.7: 74.4¢ 1117 1094
[—_YOR108W. 54 4| 794 | 1% 3 329) 35468 527,
YORT13W 9 ) 70, 83 147 180.
[ YoRT2rW 1 4 12 75 932 2115 146
[ YOR133W .24 2 1.9¢ 86.! 108.37 26.38 125.68
[ YOR136W 34 61 7! 7.1 141 201.7 54.11 525.11
YOR139C 34 7 9t 1.8 10521 | 133.02 | 2840 12477
YORT72W 1 9 0183|176 i 328 389,54 525
[ YOR?78C 34 9 9 7 122 1 .7 138. 20.00 119.
[ YOR186W .93 57.¢ .2 68.2 15.25 188
[ YOR187W .97 34 86.. .6t 114.04 112,
YORT89W 7 734 X 184
[__YoR191W 104, 1251
YOR192C 21 170.
YOR196C 208.
|_YOR197W. X 492
[ Yora01C 6 107 255,89
[ Yor209C 4 7 2144
| YOR213C T 7 92.84
|__YOR214C 8; 3 94 204
_VOR21GC 6 1 1! 25.28 176.¢
[__Yora21C 7. 7 35.00 140.
| Yorz21C 9 306.43 523,
YOR225W 1 .9° 7311 8.97 128.50
YOR229W 7. 101.09 7. 111.30
[—_YOR231W. 11454 2 151,57
[—_YOR237W. i 7.7 4 204,34
[ YOR238W 8 1 X 4 4 226,38
[ YOR239W T .04 7. 1 204.17
[ YOR241W 7 9. 1 235.
[ Yora43C 84 z 8 7 288,
[ YoR245C 4 734 4 1 215
[ Yores1C 1 1 7a. X 7 9 291,
[ YOR252W 7 66. .4 1.64 6.5¢ 231.
|__YOR255W. 7 78 04 10325 | 39 243,
| YOR265W. 84 2437 129. 113.2 183 Tar. 2051
| YOR266W. 8 7 90 7 121 4 120.
YOR268C 8 69.. 86.0¢ 165.
'YOR269W . 7 102. 1414 307.
YOR271C .01 1. 100.26 203.
YOR276W 69, i 8954 2034
YOR279C 72 7 899 6 184,
YOR280C 34 94.. 116.16 7 191,
'YOR285W 64.11 204.
'YOR286W 102. 217.
YOR288C ¥ 118 304
YOR292C i X 123 238,
YOR293C-A 9 111.4 8¢ 150. 257.
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[ Optical density at FRUCTOSE TOTAL Sugars(glL) | TOTAL AMINO ACIDS (mg/L
| OrF 2 4 67 h 4
| YOR293W 05 2 1 12001 14,81
| YoR295W 14 150 1 157.77 21
[ YOR298W. 87 1 393.82 Z
[—_YOR300W 21 [ 2| 2234 0.
| YOR304W 91 166.7 35844 6.
[ YoRr3o7C 09 0 8.
[ Yorsffc 01 4 199
|__YoRraz2C 7 5 04 - 0 241
YOR323C X 8 06 99 157.0 54.2 489,
YOR33ZW. 101 7 0 4 402
YOR334W. 5 7 2 1891
YOR33TW 5 8 1 3704
YOR339C 7 0 7 240
YOR342C 6 9 I 0 268.
YOR3#4C 5 7 05 1 1 2508 1154
YOR346W. 0 9 01 137, 34472 524,
YOR347C 7 04 7 2338 282.
YOR3AIW 4 8 95 26.66 256.
YOR355W ) 2 55 98 2128 112
YOR356W 0. 54 0 2069 2074
YOR356W. X 291 273
YOR363C 147 41090 506
YOR365C 279 2524
YOR368W. 3424
YOR375C I 3547
YORS7TTW. X 1 32892
YOR3E0W 0. 3827
YOR3B1W 0. 7 . a3
YOR38ZW. 1. 0 1 384.1 ]
YOR383C . 4 1581
YOR385W. 9 5 149
YOR3B6W 8 8 1754
YPLOOTW. 8 I 2 187.
YPL002C 89 9.47 491
YPLOO4C 4 143
YPLOOGW. B 228
YPLOTAW. 7 257.
YPLOTSC X 2 - 1 219.1
[ vpLoizc 1. 45 5 71 266.55
[ vPLO2iW. 08 04 1 326 63
PLO22W. 7 2, 21581
| vPLO2ZTW. 0 13, 314.83
PLOSOW. 1 2, 196.95
[ YPLO34W 13 8 1 4 31391 6.44
[ vPLOS6W o7 7 0 4.2
PLO37C 7 269,91
| vPLo3sW. 1 4.4
| vPLO3OW. 0 17 216
PLO0C 4 262.
[ vPLogic 207
PLO6C 4 ; 0 190;
[ YPLoaTW. 9 101 132 1 2451
| YPLOSTW. 7 4 54 777 98.00 7 175
[ vpLos7c 7 107 3 3 249
PL06BC 2] 1 105 ] T 266
[ PLoTow. 3 0 111 4 239 247
PLOTIC 9 2 | 1 18461 181 T 5 362.8 522.
[ YPLOBaW. 7 14 5 3292 133 66. 5 439
[ vpLogse 7 2] 4547 124, 70: 4 27573
PLOJIC 7 1 79 141 21 2 41
| YPLOSTW. 6 3 34 113 8. 7 22241
[ vprogsc 9 9 2! 83 04 2. 275,85
[ YPLOS6CA 3 5 1 1024 147, 1411 29573 4.5
[ YPLOS6W. 6 9 1267 43 299.7
PLOSTW. 7. 7 I 109.8 77 197.5
[ vPLossC 5 7] .94 34 114.2 71 2518
[ vprossc 54 84 9 1 18 X 106.0 01 2134
[ YPLI00W. 9 10864 1344 19877
[ vPLioTW. 7 123 157 225
[ vPLioBW 7 118! 152 210
PLT0IC 0 9. 123, 149,
[ YPLITIW. 1 54 8 I ¥ 118, 154 1981
PLT12C 01 4 05 24 115,12 z 51 300 23447
PLITAW. 08 7 41 173.92 92.76 1 22. 338, 44
PLIT5C i B 7 109.84 44, 4
[ vPLTT6W. 7 130 77 2 43
[ vpLitsc 825 95 7 125.
[ vPL120W. 34 109 139 104
[ veLr2iC 7 z 2 106, 113.
[_vpLizic 8 7. : 104 134;
| YPLT29W 6 117 155 4.2
| vPLI30W. 7 11441 154, 4.4
[ YPLI35W. 1 2 100, 1 7
PLI37C 4 886 107, 4
[ vPLi3sC 5 1032 128) B
[ vpLidoc 34 ] 852 104.0 7
PLI41C 7 7 94.4 B X
PLIZAW 111 7 119,84
[ vpLi4sc 110, 5 126.01
PLIATW. 105: 7 62.
[ vpLi46C o4 - 103; 9. 79!
[ YPLT50W. 01 9 102 129, 3 327
[ vpLis4C 07 4 34 4 119 160, 166 353
PL156C 0 7 119; 163 487 147.93
| vpLi56C 7 X3 1024 139, 7,54 37
[ vpLi62c 4 z 118: 156, 6 105.73
| vpLi6ic 7. ; 107.09 4 117.02
PL166W 4. 78 9 120
| YPLi68W. 116,98 4 129
[ YPLT70W. 1 106 7 145
[ vpLizic 4 34 95 77 108
[ vpLizac 7 16, 133 199 272
PLIT6C 5 114.85 150, B
PLITIC 8 34 1 25 109
[ YPLIT9W. 7 7 82.1 106.
| vPLisIW. 8 34 1263 180, 1 E
| vpLigic 6 1344 192.1 1 1431
PL186C 7 1 9.64 1235 7 165
YPLIBTW. 7 i 111 1547 1 361
YPL189C-A 8 2 74 95.1 7 10262
YPL191C 7 54 88 112.24 1 126
YPL192C T 110 145, 2 116
YPLIS4W, a 125. 173 4 257
YPLTS8W. 1 6 76, [ 110:
YPL199C 0 1 7 80 T 108
YPL201C 1 54 787 1847 116
YPL202C 7 18 I 11 13.49 154
YPL203W. 6 7 9 4 68 6.37 1801
YPL206C 9 7 I 117 18 178;
YPL208W ! 0 4. 77.7" 15. 165.1
YPL212C 9 4. 14 1 157
YPL220W. 7 34 115,67 7 37
YPL221W. 94 474,
YPL222W. 7 9% 154
YPL223C 11147 143
YPL224C 106.94 49.1
VPL229W. - 81 4 130,12
YPL232W. 3 103,04 2 7
YPL236C 6 3 90 0 384
YPL239W. 2 7 1 159, 217
YPL240C 7 7054 82 102
YPL244C 7 91, 110, 1691
YPL2A5W. I 771 % 1251
YPL246C 1 4 80, 102, EX
YPL24TC 4 3 75. 89 11673
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Optical density at 600 nm at time intervals (n GLUCOSE FRUCTOSE TOTAL Sugars(gll) | TOTAL AMINO ACIDS (mg/L

| ORF 0 2 27 I7 7 7 4 h 8
YPL246C 0 2 2 811 I 1002 7
YPL249C 4 i 1 4 741 937 137,
VPL25TW. 722 918 118;
YPL258C 105: 137, 127,
YPL259C I 103, 130, 154,
YPL2GOW. 3 4 L 830 102
YPL263C X 8 7 49 484 10141 139,
YPL264C 97 9 0 34 86 077 116,77 130;
VPL265W. 13 9 0 744 A1 2.13 119.79 . 35
YPL2GTW. 91 204 5 1925 106.3 208 12938
YPL2GEW 91 27 4 16,31 109.7 178 14762
YPL269W. 07 2.7 O I 2238 112.3 2.0 7
YPL271W. 91 142 1721 1341|3143 193 1187
YPL271W. 91 191 199, 17578 | 3914 343 52442

[ vPL7aw X 71 0 2 4 5 107 X 67 57 3.6

[ YPROOZW. X 4 6 7 2 75 7 3.6

[ YPROOSC 0. 7 i 3 7 94 3 159.89

[ YPROOGC 0. 1 7 ) 8 E 06 42 6 169:
YPROOTC 0. 34 8 £ 0 3 4 2 37 0 208

[ YPROOGW. 1 . 0 31 1 4 7S 120 157.45 37

[ YPROOSW. 7. 7 8 7 127, 16557 3.9

[ YPROTIC 4 107 138.04 151

[__YPRO73C 130, 169, 102

[ YPROT5C 1 4 59 68 102

[ YPROTEW. 1 0 44 97. . 144,

[ YPRO22C I 7 74 95 7 310

[ YPRO23C 0. 47 102 3 170.

[ YPRO24W 0. 9 123.05_| 1 211

| YPRO2W X 04 158.23 17407_| 36021 514

[ YPRO2GW. 0. 87.9 16348 | 12670 523

[ vPRO27C X 4 16,8 E 855 15,62 5144

[ YPROSTW. 0. 2 - 2 178.04 55 | 17840 | 292,05 508.76
YPRO3TW. 0. 5 0 16245 15| 18244 41099 520,98

[ YPROSGW. 1 164 27 | 16016 | 28055 51875

[ YPRO3GW. 1 176 122|195 39551 516,39

[ YPRO40W 7 19.7 2975 301

[ YPRO42C B 21.3 2595 83.59
YPRO42C X 6 1 2.7 q 3590 186.00

[ YPRO43W 1 iz 04 ¥ 1 2.0 88 247 152.

[ YPRO46W. 7 289 91 6. 252

[ YPRO4TW 6 2888 | Z 25 128.

[__YPRO43C 1 155.1 2| 387 524,

| vPRO52C 5 35 7 32 107.7

[ YPROG4W. 64 %! 76 2639 K]

[ YPROSTW. 10 35 119.04 38.89 Ti0;
YPROGGW. 7 i 6 100.

| YPROSTC 7 1 0 212,

| YPROGZW. 54 7. 165.

[ YPROG3C 0. 161

[ YPROGSW. 1 2391 | 14547

[ YPROGGW 4 16064 _| 519;

[ YPROGTIW 14839

| YPROGSC 27

[ YPROTOW. 3

[ YPROTIW. X E
YPRO74C 4 0 1531

| YPROTOW. 2 4 I 3 2

[ YPROBAW 86

[ YPROSEC 31

[__YPRI00W. B
YPR10GW. 7

[ YPRT74W 57 3 .

[ YPRITIW 7 13

[ YPRI19W. 1 159

[_YPRI20C B

[__YPR721W i

[ YPRT24W 8

[ YPR125W. 99 13

[ YPR12TW. 94 61

[_YPRIZ8C 4 4

[ YPRT29W 7 7

| YPRT32W 6 2

|__YPRIG3W-A 85

[ YPR34W. 04

[ YPRI35W i

|__YPRI8C

[ YPRI45W

[__YPRI47C

|__YPRI48C 2 fi]

| YPRZ9W E 124 43

[__YPRI52C 1 E 10. 110, 118

| YPRI54W. 7 34 5. 21 108 229 El

[__YPRI55C 3 4 160. 45 256 E 24467
YPRI56C 7 16661 86 108 314 -

[_YPRT9C-A T4 116, 147 2 EX

| YPR160W K 9. 123 [ 51

[ YPRT64W 54 I 234 24 71 27,9 413

[__YPRI67C 6 1 ; 2 75 61

[ YPRITIW 4 185.17 147, 7 302 34

[__YPRI72W 61 8 14 3 15 4

|__YPRI73C ] [ 8 3 554 4 62 257,

[__YPRI74C 3|10 21 16511 751 26538 | 10118 31679

[__YPRI79C 3 7 i 7048 86.07 5 86
YPRIG5W 2] 1 I 93.5 117 0. 4

|__YPRIgEC 7 3 54 11127 142 4 3

| YPR189W 4 5 5 T 9 10111 126 7 9%.

[ YPRI9TW 09 | 1% | 2 239 | 245 17.83 198 89 107 16.91 1611

[ YPRI9ZW 9| 151 T 202 | 221 2520 189 10322 128 15.72 13340

~ 162 ~
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Appendix 3. Micro-fermentation data of WYDL_LN (all candidates).

ORF name

o
S

3

600 nm at sampling time
4

oints_(hours

GLUCOSE

FRUCTOSE

120 14¢

120h

146

120

TOTAL SUGARS

146 h

YNL145W.

2|8

-0.5 0.

8.29

-0.3:

1.1¢

-0.27

YDR368W.

8

3.32 0.}

26.28

29.61

-0.11

YKLO37W

Slgz

0.3¢ 0.]

9.8!

0.77

YDR358W.

9. .04

9.47

YER118C

B B N N

2.}
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1.6

YDR486C

YER156C
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YER129W

YDR359C
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YER184C

SIEJE R

YER167TW

YDR383C

YELO27TW

=

8

YDR370C

EEHEEEE

AERNER

YFLOTIW.

|22

YFLO19C

YGR296W

YNL176C

YIL156W.

2lzlzl3lzlz215512 2l

3|3
P B R

YER083C

&

YALO44W-A

YERO72W

YOR113W

NEENEEE

HHEEE

YGL087C

B

YMR171C

YDR386W.

HEEEHER

YPLO84W

YNL318C

YLR027C

a[(2|8|s

YPLO96C-A

YGRO40W

YMR029C

Silal=|El

YLLO39C

B[r[8|=

YBR299W

YLR413W.

YIL055C

YJR044C
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YELOT2W

YLR095C
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YGR206W

YDR320C

YKL213C

YIL035C

Sla[2]S)E

YNL084C

YNL219C

YGR112W

YLR417TW.

YGLO19W

YNL12TW.

YGRO8OW

8[3[a|8|&

YMR254C

YPRO58W

K N E IS EY
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YGR132C
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YIL085C
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YPLO27TW
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YLR238W.

YKRO66C

=

YJLOB2W

YDR37TW.

YOL129W.

YNLOT8W

YKL003C

YGLO82W

HEEEE

YDR255C

'YKR088C

YER174C

YPROT1W.

YGRO70W

=[3[3]|8|3]

S15[2[%|5]8

YER137C

YDRITIW.

YNLO32W

YHL008C
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2lB|2|=|2|E]

YMR265C

YGR105W.

b P e ey ey Y
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YGL208W
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N B R
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®
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NEE
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2(8
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<]
S

at 600 nm at sampling time points (hours) GLUCOSE FRUCTOSE TOTAL SUGARS
0 20 7h 44h 6 93 11 120 146 h 120 46 120
YPL138C 1 2 147 1 1 5.1 . . .. !
YER089C 1 1 1 181 16. 17 . .64
YBLOO3C
YGR178C
YLRO9OW .S . K .S K . . .
YGROOTW K K K .| .| . . .64
YNL141W.
YPL260W
YHL029C
YPL098C
YGR168C
YHRO32W.
YMR232W
YDR385W
YGRO17W.
YNL024C
YDR438W.
YGL027C
'YGR068C
YNL134C
YGROO4W.
YBR204C
YGR232W
YOL098C
YLR452C
YER183C
YKLOTIW
YJR103W
YDL227C
YMR304W
YNL190W.
YJR100C
YGR162W I K K ¥
YHR155W X K K Ni N
YILO76W
YGRO15C
YGR237C X . K K K K
YGRO96W I K K X K 6.
YPRO7OW X K 4!
YELO17C-A
YNL311C
YDR375C
YGL139W
YNL146W. X K 6 4
YLR150W X K 54
YGR180C
YKL117W
YNL183C
YGRO21W K K K 5 5 . .
YPLO46C X K K K K X 5 . X
YJROITW. .
YGL211W i 4. r . X K
YER150W X K B .| .| 16.74 5 . .04 108.
YBL028C X K K K K g K
YDR378C X K K 5 5 . .84
YIL007C 6 3 5
YNLOSTW 0 4 81 7
YJR148W
YIL044C
YGR221C
YKR101W.
YNL146C-A
YERO51W X K K 81
YLR292C X B K 30 K K g
YPL198W. 74 10.90 .S
YGRO66C 99 . .34
YFRO32C-A 3 70
YNL068C
YNLO42W-B
YNL202W
YILO41W 44
YGRO35W-A 8
YAL049C X .03 .5 5
YDL091C X .47 Ni 7 X X ¥ X
YNLT16W 2 . 5 1.

54

1

7

ORF name

==
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2|2
=

3
g\
2

BN EE

N E NN R

EHEEES
B B E i =
MENENE]

|

S|z|5l52
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2%

sl2lzEle
R

HEEEHENE

NEEEER

N NENNER

®

S|

®

SIEE S b

=
2
@

o
%

MREERNENE
2

EEEEIS

VLRO52W
VIRT51W-A X } 1
YDR479C ) } 1
VKL126C
VIR124C
YIRIZ3W
YDL194W.
YGR169C-A
YOR054C )
YDR392W 6
VKL207W. 1
VIL0OBW.
YHR193C ) }
YOR334W 7
VLR170C
YOR213C
YIR142W.
VLLO57C
YFLO49W
YKRO54C
YDROT5C z
YOR002W
YOR139C
VKLO4TW.
VHR195W
YIRT4W
YHROGOW.
YIRO37W.
VILO96C
YIROSTW I X . ; X
YBR264C X I I 3 3 g ) I ; .44
YNL204C
YPL259C
YDR428C
YKLOT6C-A
YMR105W-A
YILO83W
YGLOBOW :
YKRO51W. 54
YGR227W 4
YOR225W
VKL27W.
YGL231C
YOR099W
YGL24GW 1
YCL00BC
YGRO85C
YIROTSC
YHLOT4C Z X ; 3 z .
|_vALosic ) 31 - ; ; I X X ; : 44
[ YGR263C I 47 I I I : E : X 7 44
[ YLRo6C
[ ViLi7ow
YMR261C Z X 2
YPL164C X } ; I ; } 84 .04
YKL017C
YHR168W ) } X ; ; z i X . z .
YGL213C ; [ X 2 3 67
YNLTZ1C 4 10. X : 3 X
YGR168C 94 } I 7. I I Z [ I .48 54 70

BEEE

EEdEEY

HMNNEEE

El K EE

Slzlz|zlex

SHEE
4

N RN
o

NNE
HEENE

s
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0D at 600 nm at sampling time points_(hours) GLUCOSE FRUCTOSE TOTAL SUGARS

0 20 7 44h 6 3 11 120h 14¢ 120 16 120 4

YCLOOTW-A 1 1.4 1.74 .23 . . X

YGL127C 1.4 1.67

YIL077C X B .36
1
7

ORF name

8!
! 1 .57
7
=

YOR186W
YGLOTIW
YKLO34W.
YIRO75W.
VGLTT9W
VAROGAW
YKROZ6C
YGRIBTW
VKLI37W.
VMR266W.
YFRO43C )
YCL009C ) 4
YFLOS1C
VLR221C
VNLO6W.
YKRO15C X -
YPRITTW X 7
YLR0970 X 39
YHR57W
VKL124W. X ) ; ) ) z I g . X
YDR420W ) I ) I I I X ; I 54
YPRI25W X ) 8
VIL164C ) ) 7
YHRT69W
VER04C
YGR2