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Genome-wide analysis of transcriptional regulation
is generally studied by determining sets of “signature
transcripts” that are up- or down-regulated relative to
a reference situation when a single culture parameter
or genetic modification is changed. This approach is
especially relevant for defining small subsets of tran-
scripts for use in high throughput, cost-effective diag-
nostic analyses. However, this approach may overlook
the simultaneous control of transcription by more
than one environmental parameter. This study repre-
sents the first quantitative assessment of the impact of
transcriptional cross-regulation by different environ-
mental parameters. As a model, we compared the re-
sponse of aerobic as well as anaerobic chemostat cul-
tures of the yeast Saccharomyces cerevisiae to growth
limitation by four different macronutrients (carbon,
nitrogen, phosphorus, and sulfur). The identity of the
growth-limiting nutrient was shown to have a strong
impact on the sets of transcripts that responded to
oxygen availability and vice versa. We concluded that
identification of reliable signature transcripts for spe-
cific environmental parameters can be obtained only
by combining transcriptome data sets obtained under
several sets of reference conditions. Furthermore, the
two-dimensional approach to transcriptome analysis
is a valuable new tool to study the interaction of dif-
ferent transcriptional regulation systems.

Recent rapid developments in DNA microarray technology
have had a strong impact in research on the yeast Saccharo-
myces cerevisiae, an important industrial microorganism and
model eukaryote. With the ability to study genome-wide tran-
scriptome expression in a single microarray, large on-line
transcriptome data bases obtained from different mutants
and under a wide range of cultivation conditions have become
available as research tools (Gene Expression Omnibus (1)
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and Yeast Microarray Global Viewer (2)).

Transcript profiles contain a wealth of information that may
be applied in several ways for fundamental and applied re-
search. When clear correlations are established between culti-
vation conditions and transcription of subsets of genes, such
correlations can be used to guide functional analysis studies of
genes with as yet unknown biological functions. Furthermore,
correlation of expression data with sequences of upstream reg-
ulatory elements can be applied to unravel the intricate net-
works of transcriptional regulation (3). In industrial biotech-
nology, one of the key applications of DNA microarrays lies in
diagnosing industrial fermentation processes. If transcrip-
tional responses can be directly correlated to important param-
eters such as nutritional status of industrial microorganisms or
to the stresses to which they are exposed in industrial pro-
cesses, transcriptome analysis can provide invaluable informa-
tion for process optimization (4, 5). For such diagnostic pur-
poses, it would be preferable to construct small, cost-effective
microarrays that contain a limited number of “signature tran-
scripts.” Such signature transcripts should respond uniquely to
a single chemical or physical parameter that is relevant for the
industrial process under study. This approach is analogous to
the application of small diagnostic arrays used in clinical re-
search for the rapid typing of tumors (6).

Hitherto, most transcriptome studies with S. cerevisiae have
been done in shake-flask cultures (7, 8). In such cultures, it is
not possible to control a number of important cultivation con-
ditions (dissolved oxygen concentration, metabolite concentra-
tions, pH, etc.). Therefore, shake-flask cultivation by definition
involves a continuously changing environment. Consequently,
interpretation of transcriptome data from shake-flask cultiva-
tion is likely to be complicated by differences in specific growth
rate, carbon catabolite repression, nitrogen catabolite repres-
sion, product accumulation, acidification, etc.

Chemostat cultivation offers a number of advantages for stud-
ies with DNA microarrays because it enables cultivation of mi-
croorganisms under tightly defined environmental conditions. In
a chemostat, culture broth (including biomass) is continuously
replaced by fresh medium at a fixed and accurately determined
dilution rate (D, h™1). When the dilution rate is lower than the
maximal specific growth rate of the microorganism (u,,,,h™1), a
steady-state situation will be established in which the specific
growth rate equals the dilution rate (w = D). In such a steady-
state chemostat culture, u is controlled by the (low) residual
concentration of a single growth-limiting nutrient. The option to
accurately control and manipulate individual culture parameters
(including medium composition, nature of the growth-limiting
nutrient, pH, temperature, and w) under steady-state conditions
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438 Two-dimensional Transcriptome Analysis

makes chemostats excellent tools for studies on genome-wide
transcriptional regulation. Indeed, a recent interlaboratory com-
parison of transcriptome data obtained in chemostat cultures
demonstrated that the accuracy and reproducibility of this ap-
proach are superior to those obtained in previous studies with
shake-flask cultures (9).

Chemostat cultures have recently been applied to study ge-
nome-wide transcriptional responses of S. cerevisiae to carbon-
limited growth on different carbon sources (10); to nutrient
limitation for carbon, nitrogen, phosphorus, and sulfur (4); to
starvation (11); to the presence and absence of oxygen (9, 12);
and to oxidative stress responses (13). In each of these studies,
attempts were made to vary a single cultivation parameter
while keeping all other parameters constant. This “one-dimen-
sional” approach resulted in sets of signature transcripts that,
within the experimental context, responded uniquely to a sin-
gle cultivation parameter (e.g. uniquely up-regulated under
nitrogen limitation, uniquely down-regulated during growth on
ethanol). There is an important potential pitfall in this ap-
proach, as it does not include the possibility that expression of
genes is simultaneously controlled by two or more environmen-
tal parameters. Such dual or multiple control would complicate
the identification of signature transcripts and the interpreta-
tion of diagnostic transcriptome analysis.

So far, there have been no dedicated studies to investigate
and quantify the way in which different transcriptional regu-
lation responses overlap and interact. The goal of this study
was to study this interaction by analyzing genome-wide tran-
scriptional responses to four different nutrient limitation re-
gimes under aerobic and anaerobic conditions in chemostat
cultures of S. cerevisiae. This “two-dimensional” approach re-
sulted in a new robust set of “anaerobic” and “aerobic” signa-
ture transcripts for S. cerevisiae as well as the refinement of
previous reports on nutrient-responsive genes. Moreover, the
identification of genes regulated both by nutrient and oxygen
availability provided new insight in cross-regulated network
and hierarchy in the control of gene expression. These newly
defined sets of signature genes were subjected to in silico
promoter analysis to identify consensus regulatory elements.

EXPERIMENTAL PROCEDURES

Strain and Growth Conditions—The S. cerevisiae prototrophic hap-
loid reference strain CEN.PK113-7D (MATa) (14) was grown at 30 °C in
2-liter chemostats (Applikon) with a working volume of 1.0 liter as
described (15). Cultures were fed with a defined synthetic medium that
limited growth by carbon, nitrogen, phosphorus, or sulfur with all other
growth requirements in excess and at a constant residual concentration
(4). The dilution rate was set at 0.10 h~*. The pH was measured on-line
and kept constant at 5.0 by the automatic addition of 2 M KOH using an
Applikon ADI 1030 Biocontroller, and the stirrer speed was set at 800
rpm. Anaerobic conditions were maintained by sparging the medium
reservoir and the fermentor with pure nitrogen gas (0.5 liter min™1).
Furthermore, Norprene tubing and butyl septa were used to minimize
oxygen diffusion into the anaerobic cultures (16). The off-gas was cooled
by a condenser connected to a cryostat set at 2 °C. Oxygen and carbon
dioxide were measured off-line with an NGA 2000 Rosemount gas
analyzer. Steady-state samples were taken after ~10-14 volume
changes to avoid strain adaptation due to long-term cultivation (17, 18).
Biomass dry weight, metabolite, dissolved oxygen, and gas profiles were
constant over at least three volume changes prior to sampling for RNA
extraction.

Growth Media—The synthetic medium composition was based on
that described (19). In all chemostats except for carbon, the residual
glucose concentration was targeted to 17 g liter * to sustain glucose
repression at the same level. For anaerobic cultivations, the reservoir
medium was supplemented with the anaerobic growth factors Tween 80
and ergosterol as described previously (20). These media contained the
following components: for carbon-limited cultivation, 5.0 g liter !
(NH,),S0,, 3.0 g liter * KH,PO,, 0.5 g liter * MgS0,-7H,0, and 25 g
liter ! glucose; for nitrogen-limited cultivation, 0.65 g liter !
(NH,),S0,, 5.75 g liter ! K,S0,, 3.0 g liter * KH,PO,, 0.5 g liter *

MgSO,-7H,0, and 46 g liter * glucose; for phosphorus-limited cultiva-
tion, 5.0 g liter* (NH,),SO,, 1.9 g liter * K,SO,, 0.12 g liter ! KH,PO,,
0.5 g liter * MgSO,7H,0, and 66 g liter ' glucose; and for sulfur-
limited cultivation, 4.0 g liter ! NH,C], 0.05 g liter * MgSO,-7H,0,
3.0 g liter * KH,PO,, 0.4 g liter * MgCl,, and 59 g liter * glucose. The
medium composition for the aerobic chemostat cultures was as de-
scribed previously (4).

Analytical Methods—Culture supernatants were obtained after cen-
trifugation of samples from the chemostats. For the purpose of glucose
determination and carbon recovery, culture supernatants and media
were analyzed by high performance liquid chromatography on an
AMINEX HPX-87H ion exchange column using 5 mm H,SO, as the
mobile phase. Residual ammonium, phosphate, and sulfate concentra-
tions were determined using cuvette tests from DRLANGE (Diisseldorf,
Germany). Culture dry weights were determined via filtration as de-
scribed by Postma et al. (21).

Microarray Analysis—Sampling of cells from chemostats, probe
preparation, and hybridization to Affymetrix Genechip® microarrays
were performed as described previously (9). The results for each growth
condition were derived from three independently cultured replicates.

Data Acquisition and Analysis—Acquisition and quantification of
array images and data filtering were performed using Affymetrix Mi-
croarray Suite Version 5.0, MicroDB Version 3.0, and Data Mining Tool
Version 3.0. Before comparison, all arrays were globally scaled to a
target value of 150 using the average signal from all gene features using
Microarray Suite Version 5.0. To eliminate insignificant variations,
genes with values below 12 were set to 12 as described (9). From the
9335 transcript features on the YG-S98 arrays, a filter was applied to
extract 6383 yeast open reading frames, of which there were 6084
different genes. This discrepancy was due to several genes being rep-
resented more than once when suboptimal probe sets were used in the
array design. To represent the variation in triplicate measurements,
the coefficient of variation (S.D. divided by the mean) was calculated as
described previously by Boer et al. (4).

For additional statistical analyses, Microsoft Excel running the sig-
nificance analysis of microarrays (SAM Version 1.12) add-in was used
(22) for pairwise comparisons. Genes were considered as being changed
in expression if they were called significantly changed using SAM
(expected median false discovery rate of 1%) by at least 2-fold from each
other condition. Hierarchical clustering of the obtained sets of signifi-
cantly changed expression levels was subsequently performed using
Genespring Version 6.1 (Silicon Genetics).

Promoter analysis was performed using the web-based software Reg-
ulatory Sequence Analysis (RSA) Tools (23). The promoters (from —800
to —1) of each set of co-regulated genes were analyzed for over-repre-
sented hexanucleotides. When hexanucleotide sequences shared largely
common sequences, they were aligned to form longer conserved ele-
ments. All of the individual promoter sequences contributing to these
elements were then aligned, and the redundant elements were deter-
mined by counting the base representation at each position. The rela-
tive abundance of these redundant elements was determined from a
new enquiry of the co-regulated gene promoters and the entire set of
yeast promoters in the genome. The gene annotation was made accord-
ing to the Comprehensive Yeast Genome Database at the Munich
Information Center for Protein Sequence (MIPS; available at mips.
gsf.de/genre/proj/yeast/index.jsp) (24), the Saccharomyces Genome
Database (available at www.yeastgenome.org/) (25) and the Yeast
Proteome Database at Incyte (available at www.incyte.com/).

RESULTS

Experimental Design and Physiology of S. cerevisiae in Aer-
obic and Anaerobic Macronutrient-limited Chemostat Cul-
tures—To investigate the impact of transcriptional cross-regu-
lation on the identification of signature transcripts, we
designed a two-dimensional experimental approach (Fig. 1).
Four nutrient limitation regimes (carbon, nitrogen, sulfur, and
phosphorus) were studied. In one set of experiments, the four
nutrient limitation regimes were studied in aerobic chemostat
cultures. A second set of experiments was performed under the
same nutrient limitation regimes, but in anaerobic chemostat
cultures. The resulting set of eight fermentation conditions,
each analyzed in three independent replicate cultures, enabled
the identification of genes with a specific transcriptional re-
sponse to one parameter only (e.g. induced under anaerobic
conditions irrespective of the macronutrient limitation regime).
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Fic. 1. Two-dimensional experimental approach. The experi-
mental design for two-dimensional transcriptome analysis is shown.
Each corner of the cube represents a chemostat condition. The upper
horizontal surface represents the four aerobic macronutrient limitation
regimes (carbon, nitrogen, phosphorus, and sulfur). The lower horizon-
tal surface represents the same macronutrient limitation regimes ana-
lyzed under anaerobic conditions. The arrows indicate the pairwise
comparisons included in the present two-dimensional transcriptome
analysis.

Furthermore, genes that transcriptionally responded to multi-
ple parameters were identified (e.g. induced under anaerobic
conditions only when growth was limited by the carbon source).

To minimize experimental “noise,” the compositions of the
growth media were designed such that residual concentrations
of non-growth-limiting nutrients were essentially the same in
all chemostat cultures (Table I). Control experiments con-
firmed that the concentrations of the growth-limiting nutrients
were below the detection limit of the respective assay proce-
dures (Table I). The option to control the steady-state concen-
trations of limiting and excess nutrients concertedly is a unique
feature of chemostat cultivations.

The physiological parameters of the eight cultivation condi-
tions are reported in Table I. Under aerobic conditions, only the
glucose-limited cultures exhibited a completely respiratory glu-
cose metabolism, without production of ethanol. This resulted
in a respiratory quotient close to unity (Table I). Conversely,
the aerobic cultures that were not limited by glucose exhibited
a respirofermentative glucose metabolism, with simultaneous
ethanol production and oxygen consumption (respiratory quo-
tient of >1). In the anaerobic chemostat cultures, alcoholic
fermentation was the sole mode of glucose dissimilation, as no
oxygen was available for respiration. The ATP yield from alco-
holic fermentation is much lower than that from respiratory
glucose dissimilation (20), thus explaining the lower biomass
yield on glucose of the anaerobic cultivations. The biomass
yield on glucose in glucose-limited cultures was higher than in
the non-glucose-limited cultures (Table I). Under aerobic con-
ditions, this can be partially explained by the involvement of
alcoholic fermentation in the latter cultures. However, a reduc-
tion of the biomass yield in non-glucose-limited cultures was
also observed under anaerobic conditions (Table I). This may be
related to the induction of energy-dependent transport systems
during nitrogen-, phosphorus-, and sulfur-limited growth (26).

Microarray Reproducibility, Global Transcriptome Re-
sponses, and Data Analysis—To obtain statistically robust, re-
producible transcriptome data sets (9), independent triplicate
chemostat cultivations and oligonucleotide DNA microarrays
were carried out for each of the eight cultivation conditions.
The average coefficient of variation for the triplicate transcrip-

tome analyses (4, 9) for each of the eight conditions was <0.21,
except for the anaerobic glucose-limited chemostats (coefficient
of variation of 0.27). The level of the ACT1 transcript, a com-
mon loading standard for conventional Northern analysis, did
vary by <13% over the eight growth conditions (Supplemental
Table 1).

The eight different cultivation conditions would, in principle,
allow for 56 different pairwise comparisons. In this study, we
restricted analysis of the data to pairwise comparisons between
cultivation conditions that differed in a single cultivation pa-
rameter only. Ultimately, this left 28 pairwise comparisons.
Four of these were pairwise comparisons between aerobic and
anaerobic cultures grown under the same macronutrient limi-
tation regime (Fig. 1, vertical arrows). An additional 24 pair-
wise comparisons involved all possible combinations of the four
macronutrient limitation regimes under either aerobic or an-
aerobic conditions (Fig. 1, horizontal surfaces).

Each pairwise comparison defined a set of genes that were
significantly up- or down-regulated (-fold change of >2 with a
false discovery rate of 1%; see “Experimental Procedures”). In
total, 3169 genes (52% of the genome) exhibited a significantly
different transcript level in at least one of the 28 pairwise
comparisons. 2542 genes (42%) of the genome did not exhibit a
significant difference in transcript level in any of the pairwise
comparisons. The remaining 373 transcripts (representing 6%
of the S. cerevisiae genome) remained below the detection limit
under all eight conditions investigated (Fig. 2 and Supplemen-
tal Table 2).

Transcripts that showed a consistent difference in the aero-
bic/anaerobic comparisons under all four macronutrient limi-
tation regimes were identified by combining the four relevant
pairwise comparisons (Fig. 1, vertical arrows). This set of con-
sistently oxygen-responsive genes contained 155 genes (2.6% of
the genome) (Fig. 3A and Supplemental Table 3).

To investigate transcriptional responses to macronutrient
limitation, we first identified transcripts that responded to a
single nutrient limitation regime under either aerobic or an-
aerobic conditions (sets I and V) (Fig. 3B). Combination of sets
I and V for each of the four macronutrient limitation regimes
yielded a subset of transcripts that showed a consistent re-
sponse to macronutrient limitation irrespective of oxygen avail-
ability (set III, 152 genes) (Fig. 3B and Supplemental Table 4).
In addition, this comparison yielded two sets of genes that
showed a transcriptional response only to one of the four nu-
trient limitation conditions under either aerobic conditions (set
11, 333 genes) (Fig. 3B and Supplemental Table 5) or anaerobic
conditions (set IV, 302 genes) (Fig. 3B and Supplemental Table
6). The data analysis approach described above enabled us to
dissect the S. cerevisiae genome clusters of genes that showed
either a consistent, robust response to oxygen availability or
macronutrient limitation or, alternatively, a more complex du-
al-parameter transcriptional regulation.

Signature Genes with a Consistent Transcriptional Response
to Oxygen Availability or Macronutrient Limitation—Ten clus-
ters of genes that were identified showed a specific and con-
sistent response to anaerobiosis, glucose limitation, nitrogen
limitation, phosphorus limitation, or sulfur limitation (Fig. 4).
In five of these clusters, the transcriptional response was de-
fined as “up-regulated” under the conditions indicated; in the
other five clusters, the transcriptional response was defined as
“down-regulated.” This terminology does not imply any mech-
anism of regulation. For example, down-regulation under nu-
trient limitation might, mechanistically, represent up-regula-
tion under conditions of nutrient excess. In our discussion of
these “consistent response” genes, we will restrict ourselves to
a detailed analysis of the anaerobically up-regulated genes and
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TABLE I
Nutrient concentrations and physiological parameters of chemostat cultures used in this study

Unless indicated otherwise, values represent the mean *= S.D. of data from three independent steady-state chemostat cultivations. RQ,
respiratory quotient (¢:02/q02); BD, below detection limit of assay; NA, not applicable.

Residual nutrient measurements

Physiological parameters

Growth-limiting

: Ref.
nutrient Gle NH; POT SO? Yaiex® 9Glu b Gethanol © qo2 i qcoz’ RQ rg?:?gg
glliter mm mm mum %
Aerobic
Carbon BD 582+ 13 19.8*0.6 38.6 049+0.0 1.1+0.0 0.0*x00 28+03 28+03 1.0+00 98=3 4
Nitrogen 16.7 £ 1.0 BD 186 +10 40.7+10 0.09=*+0.0 58*0.1 80=*01 27*+0.1121*+02 45+02 96=+1 4
Phosphorus 18.1 = 1.0 54.3 = 0.0 BD 47510 009*00 6.1x02 78=*01 40=*x01135+x02 3400 952 4
Sulfur 174+ 0.6 53.7+24 184 +0.2 BD 0.14+0.0 3801 44*01 3.0+00 80+08 27+02 96=1 4
Anaerobic
Carbon BD# 68.6 = 2.8° 22.3 + 0.6 424 +1.6° 0.09 0.0 6.0 0.0 9.6 =0.1 NA 103+04 NA 101 = 2
Nitrogen 16.2 £ 0.6 BD 21.9*+04 391+08 0.07+0.0 84=*=0.0 13.5*=0.6 NA 14803 NA 101 = 2
Phosphorus 19.1 + 2.2 60.2 = 2.6 BD  509+09 0.06=00 87*02 139+06 NA 158+07 NA  101=2
Sulfur 21.2+0.2 61.1 =13 215=*0.2 BD 0.07+0.0 7.9 0.2 11.9*04 NA 136+08 NA 98 =1
“ Biomass yield on glucose (g of biomass/g of glucose consumed).
® mmol of glucose consumed per g of biomass/h.
¢ mmol of ethanol produced per g of biomass/h.
< mmol of oxygen consumed per g of biomass/h.
¢ mmol of carbon dioxide produced per g of biomass/h.
Single assay measurement.
€ Mean *= S.D. of two separate chemostat steady states.
changed significantly in at '
least one condition /" regulatory profile genes changed
unchanged 3169 ',-"f higher in anaerobic 65
2542 ),"' lower in anaerobic 90
,./ O,-responsive genes 155
7
' regulatory profile aerobic aerobic & anaerobic
‘ only anaerobic only
higher in C-lim 145 19 35
lower in C-lim 48 14 167
i higher in N-lim 19 32 39
lower in N-lim 14 1 6
higher in P-lim 31 31 28
373 "‘.\ lower in P-lim 12 2 7
undetectable in all ‘\_ higher in S-lim 20 48 13
‘-
conditions % lower in S-lim 44 5 7
*, Nutrient specific genes 333 152 302

Fic. 2. Global transcriptional responses to growth in aerobic and anaerobic macronutrient-limited chemostats. The genome-wide
transcript profiles of S. cerevisiae grown under different oxygen availability conditions and limitations (lim) for carbon, nitrogen, phosphorus, or
sulfur are compared, and the classes of expression profiles are scored. About half of the predicted genome (48%) was either unchanged or not
measurable across all eight conditions. The remaining significantly changed genes (3169) were categorized into oxygen-responsive genes (155);
genes that responded to macronutrient limitation under solely aerobic conditions (333), solely anaerobic conditions (302), and irrespective of the
presence of oxygen (152); and genes with a more complex transcription profile.

some specific observations on the macronutrient limitation-
responsive genes.

Anaerobically Up-regulated Genes—Based on a statistically
robust, two-laboratory transcriptome analysis of glucose-lim-
ited chemostat cultures of S. cerevisiae, Piper et al. (9) identi-
fied 877 transcripts that were differentially expressed in an-
aerobic and aerobic cultures. These genes were distributed in
133 anaerobically up-regulated and 744 anaerobically down-
regulated genes. In our two-dimensional approach, the tran-
scriptional response to oxygen availability of 722 of these genes
(82%) depended on the macronutrient limitation regime, and
only 155 genes showed a consistent response to anaerobiosis
under all four macronutrient limitation regimes (65 up-regu-

lated and 90 down-regulated) (Fig. 3A).

Of the 65 anaerobically up-regulated genes, 20 have an as yet
poorly defined or unknown biological function. The 45 genes
with known function were distributed over the functional cat-
egories as follows: metabolism and energy (21 genes), transport
(four genes), cell rescue and defense (11 genes), protein synthe-
sis (three genes), and cell wall and organization (six genes)
according to the MIPS Database (Fig. 4) (24). A closer inspec-
tion reflected the biosynthetic role of molecular oxygen in S.
cerevisiae (27). Under anaerobic conditions, S. cerevisiae is not
capable of de novo biosynthesis of sterols and unsaturated fatty
acids, and therefore, these compounds are required as growth
factors under anaerobic conditions (28, 29). Although the an-
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Fic. 3. Data mining strategy: dissection of the transcriptome response with respect to nutrient limitation and oxygen availability.
A, Venn diagram of signature anaerobic genes. Red and green represent up-regulation and down-regulation, respectively, under anaerobic
conditions. Each of the four circles corresponds to a cluster of genes that showed a transcriptional response to oxygen availability under one of the
four macronutrient limitation regimes. The overlap of the four clusters represents genes that showed a consistent response to oxygen availability
irrespective of the nutrient limitation regime. Lim Ae, limited aerobic; Lim Anae, limited anaerobic. B, Venn diagram of macronutrient
limitation-responsive genes. The diagram shows pairwise transcriptome comparisons (see Fig. 1) of each macronutrient limitation regime against
the other three macronutrient limitation regimes for aerobic and anaerobic cultures. Each circle represents the cluster of genes up-regulated (red)
or down-regulated (green) for the reference macronutrient limitation. Sets I and V contain the genes that showed a consistent response to each of
the four macronutrient limitation regimes in the three pairwise comparisons under aerobic and anaerobic conditions, respectively. Combination
of sets I and V yielded three new subsets of macronutrient limitation-responsive genes. Set III represents signature genes that showed a consistent
response to each of the macronutrient limitation regimes under aerobic and anaerobic conditions. Sets II and IV represent genes whose
transcriptional response to a single macronutrient limitation regime was specific for aerobic and anaerobic conditions, respectively.

aerobic chemostat cultures were supplied with ergosterol and
oleate, 22 of the consistently anaerobically up-regulated genes
have been implicated in or associated with sterol or lipid me-
tabolism. Of these genes, UPC2 and SUT1 are transcription
factors for sterol uptake in yeast, and PDR11 and AUSI (mem-
bers of the ABC membrane transporter family) have been

shown to be involved in sterol uptake for anaerobic growth (30,
31). 13 members of the seripauperin family of possible cell wall
mannoproteins (DAN1, DAN2, DAN3, DAN4, TIR1, TIR2,
TIR3, TIR4, PAU1, PAU3, PAU4, PAU5, and PAU6) that were
consistently up-regulated in anaerobic cultures encode manno-
proteins. These important determinants of cell wall permeabil-
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Anaerobic Aerobic
CNP/SCINIP'S

Transport (4)
AAC3, PDRII, AUSI, FET4
Cell rescue and defense (11)

YHLO46C, YOL161C

Unknown/ Poorly defined (20)

SET4, YMLOS3C, YDR516C, YALO6SC, YBR30O0C,
YGL261C, YGR294W, YHLO42W, YIL176C, YDRS42W,
YIR116W, YLLOG4C, YLR413W, YLR437C, YMR325W,
YOLIDIC YORO}ZW YORO13W, YPL272C, YGRI31W

'I‘r:nsport (9)

PUT4, AACI, CRCI, MCH4, AQY2, YLLOS3C, CCC2,
PDR12, ANTI

Metabolism and energy (39)

¥TPI, YKROI6W, FAAI, HMXI, GRE2, YPCI, PUT2,

CYCI, CYTI, NDII, NDEI, COX5A, OCR2, CORI, COXS,
COX7, COX4, COXI12, CYB2, SDHI, GUT2, ATP20, ATPT
Cell rescue and defence (1)

SoD2

Cell cycle (2)

YKRO46C, RIM4

PAUI, PAU3, PAU4, PAUS, PAUS, TIR1, TIR2 TIR3, TIR4,

HMGI, OSH7, PDRI6, KGD2, MCRI, CBP4, RIPI, MBAI, YOR356W,
YMLOBTC, YIL042C, YIR035C, YFLO30W, YBLO86C, /SUJ, YNL274C,

Cell wall organization (6)

ECM34, DANI, DAN2, DAN3, DAN4, SRO77
Metabolism and energy (21)

BNA2, GSYI, ADHS, YDR54IC, SER3, YOLOO2C, ATF2, HESI,
HEM13, PLB2, YSR3. SUTI, UPC2, MGA2, SMLI, MUCI, COX3B,
AREI , YIL218W, YGLO39W, YDR541C
Protein synthesis (3)

ANBI, PMTS, EUGI

Transcription (4)
MOT3, ROX1, SOL4, PRPI2

Unknown/Poorly defined (35)

MDGI, PEX21, ECMI3, LSB6, YPRI51C, YBR230C,
YLR312C, YMROOSW, PHM?7, YPRO61C, YNLI10OW,
YGLI196W, YGLI10IW, MDVI, YPL10TW, YLR108C,
YLRI68C, YJLO48C, YOR215C, YDLI110C, YALO49C,
YBLO95W, YGR266W, YGR243W, YPLOO4C, YOL155C,
YCRO61W, YCRO62W, YHROBOC, YGLOSTC, YILO4OW,
YDLOS6W, YBRO4TW, YORI61C, YMROO2ZW

Tulupnrt (3)

JENI, MAL11, CSR2

Poorly defined/unknown (8)
MRKI, Pbm YLIUT.'C YFRUI?C YER067W YGR243W, YILO57C, YMRZDﬁW GAL4, SOLI

Trm rl(5)

HXTI, H?‘XS HTX4, TPO2, TPO3
Cell fate/cycle/rescue (3)
WSC4, RRM3, S5T2

"Metabolism and energy (6)
HXKI, MAL32, SUC2, SUC4, ALDJ, ISF1
Transcription (2)

" Transcription (3)

STDI, MIG2, TUP]

Poorly defined/unknown (3)
YERIZ8W, YPL245W, YGLI15TW

pecifical igher ex
Transport (8)
DURS3, DAL4, DALS, GAPI, PUT4, MEP2, YMROSSC, OPT2
Metabolism and energy (13
DALI, DAL2, DAL3, DAL7.DURL,2, PUTI, PUT2,
SDL1, ECM38, MLSI, ALD2, CPSI, DCGI
Poorly defined/unknown (8)
Ycklwc YILoa9w YHRO29C, YGK3, ADY3, YDRMDC mooow YLROSSC

Al LX) 3 £

GNPI

= Tlmripﬂon )

Cd.l and l'rouin fate (2)
SPS4, YBR139

Tranlpurt (7)

PHO&4, PHO8Y, PHOS6, ALRI, VTC3, ¥TC4, ¥TCI
Metabolism and energy (14)

PHOI1, PHO3, PHO&!, GITI, KCS1, PLB3, INMI, HOR2, PYK2, SPL2,
YPL110C, YNL21TW, DDPI, PMUI

yecifical DWE
Transport (2)
SULL, IPTI

ET 0D
Protein fate (1)
MAFI
Transcription (1)
ZAPI

Poorly defined/unknown (8)
FLO9,YAROGIC, GFD2, ICYI, DMLI, PHM6, PHMS YJIL118C

Transport (14)

ARNI, AGP3, YBR293W, YOR378W, YOL163W
Cell cycle and fate (3)

RADS9, SOHI, CHL4

Cell rescue and defense (3)

GTT2, CTTI, YLLOSTC

Poorly defined/unknown (10)

ICY2, PCLS, YLR364W, YFLO6TW, YGRI154C,
YLIIISGC YMLDIB(' YNLI9IW, YOL162W,YOL164W

Tramport )
HXT6, SSUT
Transcription (1)
SoLi

SUL2, MMPI, MUF1, MUP3, SAM3, HGTI, ATMI, YIL166C, YLLOS5SW,

Metabolism (14)

SER33, METI, METS, MET2, MET3, MET10,YLLOSSW,
MET16, MHT, CYS3, STR3, BNA3, PDC6, YHR176W
Transcription (3)

MET28, MET32, TiS11

Cell wall organization (1)

CWPI

DOIC
Metabolism (2)
GPHI, SC53

Fic. 4. Signature genes that respond to a single environmental parameter. The three independent transcriptome data sets for each
condition were averaged and then compared. Green (relatively low expression) and red (relatively high expression) squares are used to represent
the transcription profiles of genes deemed specifically changed. The signature genes were sorted by functional categories according to the
Comprehensive Yeast Genome Database (24) and the Saccharomyces Genome Database (25).

ity during anaerobiosis (32) may be involved in sterol uptake,
as recently shown for DANI (30). The MGA2 gene product
regulates the transcription of OLE1, which is involved in the
biosynthesis of unsaturated fatty acids (33). HES1, ARE]I,
YSR3, and PLB2 encode a putative oxysterol-binding protein,
an acyl-CoA acetyltransferase, a putative regulator of sphingo-

lipid metabolism, and phospholipase B, respectively (34—38).
In addition to genes involved in sterol and fatty acid metabo-
lism, COX5B and HEM 13 displayed a consistent up-regulation
in all anaerobic cultures. COX5B encodes the “anoxic subunit”
of cytochrome ¢ oxidase, which is proposed to be involved in
oxygen sensing (39). HEM13 encodes a cytosolic coproporphy-
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TaBLE II
Gene coverage of over-represented sequences retrieved from promoters of co-regulated genes

Unless stated otherwise, elements were counted present in a gene promoter only if they occurred at least twice. NS, no significant patterns

retrieved by RSA Tools.

Promoter element®

Regulatory cluster Forward Roverse Putag;fggﬁldmg Gene coverage Genome coverage® Range®
% %
Specifically higher AAGGCAC? GTGCCTT 38 8 0-3
in anaerobiosis
ATTGTTC? GAACAAT Rox1p 26 12 0-3
ddACGAGG? CCTCGThh Upc2p 40 18 0-2
TCGTwyAG? CTrwACGA Upc2p 38 7 0-3
Set II°  Set III  Set IV# Set II Set IIT  Set IV
Specifically higher dCCCCdh dhGGGGh Miglp 43 65 25 28 0-5 0-6 0-5
in C limitation
Specifically higher rGATAAs STTATCy  GIn3p/Gatlp/Dal80p/Gzf3p 11 61 14 6 0-3 0-5 0-3
in N limitation
CAATGA TCATTG  Dal82p 11 23 3 13 0—-4 0-3 0-2
Specifically higher mACGTGs sCACGTE Phodp 13 58 13 3 0-2 0-6 0-6
in P limitation
Specifically higher GCCACA TGTGGC  Cbflp/Met4p/Met28p 5 33 NS 3 0-4 0-5 0-1
in S limitation
CACGTGA TCACGTG Met31p/Met32p NS 10 NS 2 0-1 0-3 0-1

“ Redundant nucleotides are as follows: r = Aor G;y =CorT;s = GorC;k=GorT,m=AorC,w =AorT;d=A,G,orT;and h =

A, C,orT.

® Relative to 6451 open reading frame upstream promoters in the yeast genome according to RSA Tools.

¢ Range of motifs present in each promoter of the specific gene cluster.

< Elements counted present in a gene promoter when occurring at least once.

¢ Set I, containing aerobic-only nutrient-specific genes, as in Fig. 3B.

7 Set 11, containing aerobic and anaerobic nutrient-specific genes, as in Fig. 3B.
£ Set III, containing anaerobic-only nutrient-specific genes, as in Fig. 3B.

rinogen III oxidase and has been described as the first, molec-
ular oxygen-dependent and rate-controlling step of heme bio-
synthesis (27).

As a further approach to assess the biological significance of
the consistent transcriptional responses identified via the two-
dimensional approach, we analyzed the enrichment of regula-
tory motifs in promoter sequences of the oxygen-responsive
genes (Figs. 3A and 4 and Table II). Four over-represented
sequences were recovered from the 65 anaerobically up-regu-
lated gene promoter regions (Table II). At least one of the two
overlapping sequences (TCGTwyAG or CCTCGTwy) was recov-
ered from 34 genes (52%) in the cluster. These sequences are
similar to the previously described binding site for Upc2p
(CGTTT) (40), a transcription factor whose structural gene
itself was consistently up-regulated in the anaerobic cultures.
17 genes (26%) share the element ATTGTTC, which is the
known binding site for the anaerobic transcription factor Rox1p
(41). We also identified a new motif (AAGGCAC) within this
cluster of genes for which no DNA-binding protein has yet been
identified. The Upc2p and AAGGCAC motifs showed a remark-
able coincidence in the promoters of 12 genes of the cluster (Fig.
5). In the upstream regions of these genes, the Upc2p-binding
site is present at —450 to —380, and the AAGGCAC element is
present at —360 to —300 (Fig. 5). The conservation of both
the distance to the coding region and the distance between the
elements strongly suggests biological relevance. 70% of the
promoter sequences of the genes that were consistently up-
regulated in the anaerobic cultures contain at least one of the
three elements discussed above.

Transcriptional Responses to Macronutrient Limitation:
Genes Up-regulated upon Phosphate Limitation—The four
clusters of genes that were consistently (under aerobic as well
as anaerobic conditions) up-regulated in response to growth
limitation by a single macronutrient share some conserved
features. These involve induction of high affinity uptake sys-
tems for the limiting macronutrient, excretion of nutrient-scav-
enging enzymes to the extracellular medium, induction of sys-

tems for mobilization and utilization of intracellular reserves,
and induction of systems for transport and assimilation of
alternative sources of the limiting nutrient (Fig. 4). This is
exemplified by the transcriptional response to phosphorus
limitation.

Previous comparison identified 62 up-regulated signature
transcripts for aerobic phosphate-limited growth (4). Introduc-
ing a second dimension (anaerobic phosphate limitation) re-
sulted in a 50% decrease in the genes composing this cluster.
Indeed, 31 genes showed a consistent up-regulation relative to
the other macronutrient limitation regimes in aerobic and an-
aerobic phosphate-limited chemostat cultures. Among these
genes, seven are involved in transport, 14 in metabolism, one in
protein fate, and one in transcription, and eight have an as yet
unknown function according the MIPS Database (24) and the
Saccharomyces Genome Database (25). 23 of these phosphate
limitation-induced genes (74%) could be directly related to
phosphorus metabolism. All seven genes classified in the trans-
port category were associated with phosphate transport
(PHO84, high affinity inorganic phosphate/proton symporter;
PHOB89, high affinity sodium-dependent phosphate transporter
(42); PHOS86, protein associated with the phosphate transport
complex (43); GIT'1, glycerophosphoinositol transporter belong-
ing to the major facilitator superfamily (44); and VTC1, VTC3,
and VT'C4, subunits of the vacuolar membrane polyphosphate
transporter complex (45)). Of the remaining genes in this clus-
ter, several are involved in phosphate mobilization: PHO11 and
PHOS3 encode phosphatases; HOR2 encodes a glycerol-3-
phosphate phosphatase (46, 47); INM1 encodes an inositol
monophosphatase (48); YNL217W encodes a putative metallo-
phosphatase (49); YPL110C encodes a putative glycero-
phosphoryl-diester phosphodiesterase; DDPI encodes a diade-
nosine-hexaphosphate hydrolase (50); PLB3 encodes phospho-
lipase B (38); and PYK2 encodes a glucose-repressed pyruvate
kinase (51). The proteins encoded by PHM6 and PHMS8 are
likely to encode proteins involved in phosphate metabolism (45)
as well, and their promoter regions exhibit a Pho4p-binding
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Fic. 5. Localization of the consensus binding site in promoter
sequences of up-regulated genes in the absence of oxygen irre-
spective of nutrient limitation. The promoter regions of genes from

site. PHOS81 and SPL2 are presumed inhibitors of the Pho80p-
Pho85p cyclin-dependent protein-kinase complex and positive
regulators of phosphate-related genes (52). Furthermore,
KCS1, an inositol-1,2,3,4,5,6-hexaphosphate kinase involved in
inositol metabolism (53), was up-regulated. The remaining
eight genes in the cluster (25%) could not be directly associated
with phosphate metabolism. Interestingly, two of these genes
are involved in transcriptional regulation: ZAP1 encodes a
zinc-responsive transcriptional activator (54), and MAFI en-
codes a putative repressor of RNA polymerase III transcription
and a common component of multiple signaling pathways in S.
cerevisiae that sense changes in the cellular environment (55).

In silico promoter analysis of the genes that were consis-
tently up-regulated upon phosphate limitation revealed an
over-represented mACGTGs motif (present in 58% of the genes
in the cluster as opposed to 3% in the S. cerevisiae genome).
This sequence shows strong similarity to the CACGTG consen-
sus sequence for the binding site of Pho4p (56), the main
transcription factor required for expression of the phosphate-
related genes (Table II).

Transcriptional Cross-regulation Identified by Two-dimen-
sional Transcriptome Analysis—By combining the transcrip-
tional responses to (an)aerobiosis in cultures subjected to four
different macronutrient limitation regimes, it was possible to
identify gene clusters that were subjected to transcriptional
regulation by two environmental parameters. Identification of
such clusters is not possible in conventional one-dimensional
pairwise comparisons between cultivation conditions. Eight
such clusters (sets IT and IV) (Fig. 3B) could be assigned. To
explore the biological significance of defining these clusters, we
will discuss one of these clusters in more detail.

Of the 428 genes that showed a transcriptional response to
carbon limitation in our analysis (sets II-IV) (Fig. 3B), only 33
genes showed a consistent response to carbon limitation irre-
spective of the availability of oxygen (set III) (Fig. 3B). 193
genes (set II) (Fig. 3B) showed a significant transcriptional
response only under aerobic conditions. Of the remaining 202
genes (set IV) (Fig. 3B), which responded only to carbon limi-
tation in the anaerobic cultures, 167 genes were down-regu-
lated in anaerobic carbon-limited cultures, and 35 genes
were up-regulated.

Of the 35 genes that were uniquely up-regulated in anaerobic
carbon-limited chemostat cultures at the level of transcription,
21 genes are related to mitochondrial function (Fig. 6, upper
panel), even though glucose dissimilation in these cultures was
completely fermentative. 15 of these mitochondrial function-
related genes are involved in oxidative phosphorylation and
respiration: QCR2, QCR6, QCR7, and RIP1 as core subunits of
ubiquinol-cytochrome ¢ reductase (complex III); COX4, COX5A,
COX6, COX8, COX12, and COXI3 as core subunits of cyto-
chrome ¢ oxidase (complex 1V); ATP4, ATP15, and ATP20 as
core subunits of the Fy subunit of the mitochondrial ATP syn-
thase; INH1 as the inhibitory subunit of the mitochondrial ATP
synthase; and finally, CYC1 as the predominant aerobic iso-
form of cytochrome c. In addition, three of the four subunits of
succinate dehydrogenase (SDH1, SDH2, and SDH4) were sig-
nificantly up-regulated in the anaerobic carbon-limited cul-

—800 to —1 were based on the sequences obtained from RSA Tools (23).
A, Upc2p consensus sequence TCGTwyAG; V¥, Upc2p consensus se-
quence TCGTwyAG found on the Crich stand; +, Upc2p consensus
sequence CCTCGThh; B, Rox1p consensus sequence (ATTGTTC); [,
AAGGCAC consensus sequence. Consensus sequences on both strands
are indicated. The open reading frames on the Watson strand and on
the Crick strand are indicated by D and R, respectively. * Redundant
nucleotides are as follows: r = Aor G;y =CorT;s = Gor C; £ = G or
T;m=AorC,w=AorT;d=A G orT;andh = A, C,orT.
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Fic. 6. Hierarchical regulatory control of gene expression. Up-
per panel, normalized transcript profiles of mitochondrial function-
related genes that clustered with a set of genes that showed a specific
transcriptional up-regulation upon carbon limitation in anaerobic cul-
tures. The transcript level across the four conditions for each gene was
normalized relative to mean and variance. The data represent the
normalized abundance of all transcripts for each cultivation condition,
as well as the normalized average abundance of all transcripts of the
cluster (thick black line). Error bars represent S.D. Middle panel, nor-
malized transcript profiles of genes belonging to the cluster described
for A that do not have a (known) relation to mitochondrial function. The
data are presented as described for the upper panel. Lower panel,
transcript profiles of the structural genes for the components of the
Hap2/3/4/5p complex. Error bars represent S.D. B, HAP2; O, HAP3; e,
HAP4; [], HAPS.

tures. DLD1 encodes mitochondrial p-lactate-ferricytochrome ¢
oxidoreductase (57); MAM33 encodes a mitochondrial protein
required for normal respiratory growth (58); and NDEI en-
codes a mitochondrial, cytosolically directed NADH dehydro-
genase (59). The remaining 14 genes of the 35 genes of the
discussed cluster were composed of two hexose transporter
genes (HXT16 and HXT17), five genes encoding ribosomal pro-
teins (RSPI10A, RPS25A, RPP1B, RPL4A, and RPL9A), and
seven genes belonging to different metabolic routes (SUT1I,
OSH7,AGP1, IMD2, YLR089C, YAR075W, and GPAI) (Fig. 6,
middle panel).

The low mRNA levels of these genes in anaerobic chemostat
cultures that were limited by nitrogen, phosphorus, or sulfur
and thus had a high residual glucose concentration strongly
suggest that glucose catabolite plays an important role in their
transcriptional regulation. Conversely, under aerobic condi-
tions, the identity of the growth-limiting nutrient did not sig-
nificantly affect transcription. In fact, closer inspection indi-
cated that, in the aerobic cultures, high transcript levels were
observed in all four macronutrient limitation regimes (Fig. 6,
upper panel). Furthermore, also in the aerobic cultures, the
combined expression patterns of these genes suggest a moder-
ate induction under glucose-limited conditions (Fig. 6, upper
panel). However, the statistical criteria used for the definition
of the cluster did not identify this induction as significant.

A simple verbal model to explain these observations is that,
for this particular subset of S. cerevisiae genes, induction by
oxygen supersedes glucose catabolite repression. It is beyond
the scope of this work to analyze the molecular basis for this
apparent hierarchy in transcriptional regulation. However,
several genes of this cluster such as DLD1, QCR2, QCR7, and
CYC1 are known targets of the Hap2/3/4/5p complex (Fig. 6,
upper panel) (57, 60—62). In silico promoter analysis of the 35
genes of this subset revealed a significant over-representation
(3-fold) of the ACCAATnA sequence, which overlaps the
CCAAT core of the Hap2/3/4/5p-binding site. Furthermore, the
transcript level of HAP4, known as the regulatory subunit of
the Hap2/3/4/5p complex, correlated with the expression pat-
tern within this subset of genes (Fig. 6, lower panel). Interest-
ingly, HAP4 expression is reported to be glucose-repressible,
being up-regulated after the diauxic shift and during growth on
respiratory carbon sources (63). Further research is required to
investigate which factors, in addition to regulation by the
Hap2/3/4/5p complex, are involved in oxygen regulation of
these genes and which factors determine the relative impact of
glucose repression and oxygen induction.

DISCUSSION

DNA Microarrays as a Diagnostic Tool for Biotechnology—A
detailed understanding of the environmental stimuli to which
microorganisms are exposed in industrial fermentation pro-
cesses is invaluable for rational design and optimization of
such processes. DNA microarrays provide an interface that
allows, in principle, the use of the microorganisms themselves
as the ultimate “biosensor.” An unequivocal coupling between
relevant environmental parameters and transcriptional re-
sponses is essential for this application of DNA microarrays.
An important concept in this context is that of the signature
transcript, a transcript whose levels specifically increase (or
decrease) in response to a single environmental stimulus.

This study indicates that, in general, robust signature tran-
scripts cannot be identified by varying the process parameter of
interest against a single constant experimental background
(one-dimensional transcriptome analysis). Instead, identifica-
tion of robust signature transcripts requires that transcrip-
tional responses to an environmental parameter be analyzed
against multiple experimental backgrounds. For example, the
sets of signature transcripts for (an)aerobiosis and growth li-
mitation by four macronutrients that were previously estab-
lished in one-dimensional transcriptome comparisons (4, 9, 11,
12) were considerably reduced in size by the two-dimensional
approach followed in this study. Chemostat cultivation is an
indispensable tool for this combinatorial approach, as, in con-
trast to batch cultivation, it allows the manipulation of indi-
vidual culture parameters while other relevant parameters,
including the specific growth rate, are kept constant (4, 9,
11, 13).

Although this study covers only a minute fraction of the
staggering diversity of environmental conditions to which S.
cerevisiae may be exposed in nature and in industry, it clearly
demonstrates the complexity of transcriptional regulation. In
real life, transcriptional responses of cells are influenced by
hundreds of extracellular signals. The interplay of these sig-
nals results in a multidimensional space in which each possible
combination of signals results in a unique transcriptome. It is
therefore to be anticipated that the number of robust signature
transcripts will decrease further when, in addition to nutrient
limitation and oxygen availability, other chemical or physical
process parameters are included.

The significance of the combinatorial nature of the regulation
of gene expression extends beyond S. cerevisiae and industrial
biotechnology. For example, in the medical field, it is to be ex-
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pected that the transcriptional profiles coupled to a disease or
pharmacological efficacy will be equally sensitive to other stimuli
and variance received by the cells. Although, in a statistical
sense, such effects may be averaged out when the identification of
disease-correlated signature transcripts is based on large num-
bers of healthy and ill individuals (64), this does not exclude a
strong impact of transcriptional “cross-talk” in individual pa-
tients that have been exposed to special circumstances.

Unraveling Transcriptional Regulation—Despite the combi-
natorial nature of transcriptional regulation, identification of
unequivocal signature transcripts should be possible when
mechanisms of transcriptional regulation are fully understood.
Ideally, signature transcripts should be encoded by genes that
respond to a single transcriptional regulator protein whose
expression and activity are uniquely dependent on a single
environmental stimulus. Identification of such genes and reg-
ulators requires detailed knowledge of the regulons and recog-
nition sequences of all relevant transcriptional regulators.
Such knowledge is also essential for rational and predictable
reprogramming of transcriptional regulation to improve the
performance of industrial microorganisms.

Even for well studied organisms like S. cerevisiae, the phys-
iological roles of many transcriptional regulators, as well as the
sequence motifs they recognize, remain to be identified. The
two-dimensional chemostat-based approach proposed in this
study provides a powerful new tool for unraveling transcrip-
tional regulation networks. This is exemplified by the enrich-
ment of regulatory motifs in the consistently anaerobically
induced transcripts (Table II). Clearly, regulation by known
transcriptional regulators (relief of ROXI repression and tran-
scriptional activation by UPC2) (30, 65, 66) is not sufficient to
account for the transcriptional response of all 65 genes that
were consistently up-regulated under anaerobic conditions. In-
deed, our study strongly suggests that at least a third factor,
which recognizes an AAGGCAC motif, is involved in transcrip-
tional regulation by oxygen availability. This motif had gone
unnoticed in a previous one-dimensional aerobic/anaerobic
comparison (12). In general, a combinatorial analysis of the
transcriptional responses to environmental stimuli is likely to
increase enrichment of relevant regulatory elements and facil-
itate their identification.

The approach used in this study also allows statements on
the hierarchy of transcriptional regulation. This is exemplified
by a subset of genes related to mitochondrial function. Under
anaerobic conditions, these genes were regulated primarily by
glucose repression/derepression. However, under aerobic con-
ditions, a high transcript level was observed even under excess
glucose conditions. Together, these data indicate that, in the
aerobic cultures, oxygen regulation supersedes glucose repres-
sion (Fig. 6). By expanding data sets and combining them with
an in silico analysis of promoter structure, combinatorial anal-
ysis of transcriptomes can accelerate the unraveling of tran-
scriptional regulation networks.

Functional Analysis—Assigning physiological functions to “un-
known function” genes still poses a major challenge in the post-
genomic era. By identifying groups of genes that appear to be
coexpressed (67), DNA microarrays can guide functional analy-
sis. Indeed, many studies have correlated mRNA levels to culti-
vation conditions. However, even when chemostat cultivation is
used to change only a single environmental parameter, pairwise
comparisons characteristically lead to large numbers of target
genes, complicating functional analysis (4, 9, 10, 12). Moreover,
in a recent study on the genome-wide transcriptional responses
to low temperature (68), a very poor correlation was observed
between transcriptional responses of genes and the phenotype of
the corresponding null mutants at low temperature.

Compared with previous one-dimensional studies, the com-
binatorial approach followed in this study led to a clear enrich-
ment in our “robust response sets” of (i) genes with known
function related to the environmental status under study (Fig.
4) and/or (ii) genes with relevant regulatory elements (Table
II). By implication, also the unknown function genes found in
the corresponding data sets are more likely to have a direct
functional relationship to the corresponding nutritional/envi-
ronmental status. We are currently testing this hypothesis for
the subset of genes that showed a consistent up-regulation
under anaerobic conditions.

Among the robust response signature genes identified in this
study, 38% do not have a clearly established biological function
(Fig. 4). It is noteworthy that some of these (YJL118C,
YARO069C, and YGR190C) belong to a group of open reading
frames for which it has recently been proposed that they should
be discarded from the yeast genome directory based on genomic
comparison of S. cerevisiae, Saccharomyces bayanus, Saccha-
romyces mikatae, and Saccharomyces paradoxus (69). The ob-
servation that three of these genes showed a consistent re-
sponse to phosphate limitation (YJL118C and YARO069C) or
nitrogen limitation (YGR190C) strongly suggests they are bona
fide, biologically relevant genes.

Provided that yeast strains and cultivation procedures are
standardized, DNA microarray analysis of chemostat cultures
is well reproducible in different laboratories (9). We propose
that a multi-laboratory effort to build an extensive, chemostat-
based, “multidimensional” gene expression data base is an
invaluable research tool for functional analysis of the S. cerevi-
siae genome and for yeast system biology. Obviously, such a
data base should not necessarily be confined to transcriptome
data, but could also cover other levels of information.
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Culture limiting nutrient
Carbon

Nitrogen

Phosphorus

Sulfur

Carbon

Nitrogen

Phosphorus

Sulfur

Oxygen availability
Aerobic

Aerobic

Aerobic

Aerobic

Anaerobic
Anaerobic
Anaerobic
Anaerobic

Average coefficient of variation

0.18
0.14
0.21
0.13
0.27
0.19
0.17
0.15

ACT1
2489 + 81
2265 = 106
2314 + 266
2172 £ 249
3118 £ 319
2287 + 363
2517 £ 101
2346 + 249

Supplementary data Table 1
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‘Supplementary data Table 3

Upsegated underanserotoss (0= 0 change, ANA= ansertic A = aertic
systematic name  functional description cellular function CLMANA CLimANA N-mANA N-LimANA PLimANA PLMANA SLmANA SLmANA CLimA CLmA NAmA NimA PLmA PLmA SimA SimA FCC-LmANA Vs C-LIMA  FC N-Lim ANAvs N-Lim A FC S-Lim ANA Vs S-Lim A FC P-Lim ANA vs P-Lim A
Average  Sidev  Average  Sidev  Average  Sidev  Average  Sldev  Average  Stdev  Average  Sidev  Average  Sidev  Average  Sidev

4069_at MeA2 YIR03IW 'YIR033W may be involved in the remodeling chromatin structure TRANSCRIPTION 1033 564 1007 271 1023 76 772 89 457 79 296 44 27 5 245 47 23 a7 a3 31
SROT7  YBLIOGC 'YBLI0GC yeast homolog of the Drosphila tumor suppressor. lethal giant arvae SECRETION (PUTATIVE) 2442 1593 3457 617 2555 45.1 2558 477 839 192 78 138 569 151 an1 89 29 44 45 69
PAUT YaL223C M UNKNOWN 14825 4941 10646 606 14541 1962 28007 6622 3% 1683 1269 173 7105 1712 64 a4 84 189 164
TIR3 YILOTW YILOT1W strong similarty to members of the Srp1p/Tipip family UNKNOWN 39376 11759 24357 5926 33357 803 33062 3903 2523 933 888 6 sa2 137 e 173 156 274 396 19
0 YHLO46C 'YHLO46C strong similarity to members of the Srp1p/Tip1p family UNKNOWN 13217 4148 7372 1208 11287 783 29155 87 1832 611 883 75 742 10 17 201 86 83 152 213
PAUS YFLO20C YELO20G member o e sefpauprin proein\gen famiy (see Gene.dass PAU) UNKNOWN 6492 2748 2042 431 3564 38 623 188 1603 1098 428 56 416 196 67.9 04 a1 69 86 02
TIRT YEROTIW YEROT1W Cold-sh pr STRESS RESPONSE (PUTATIVE) 45633 39063 39531 13032 41555 2105 48574 10283 1497 281 744 116 874 a2 87 177 205 532 ar5 55
PAUS YCR108W . classPAU)  UNKNOWN 361 2047 2164 122 4623 423 638 2477 1393 1165 243 65 156 45 284 6 26 89 206 23
TR YOR009W YORDOSW similarity to Tirtp and Tir2p UNKNOWN 34466 10868 20316 a7a 21815 145 20087 4219 1008 444 487 71 425 61 w4 203 242 anr 654 2.1
TIR2 YOR010C induced protein of 1563.1 1944 5997 715 10523 1873 778 582 1594 235 1298 148 1476 205 2677 1138 o8 48 7.1 29
0 YoL1s1C oL to members of UNKNOWN 402 2061 4485 742 5108 555 801 3305 592 304 387 134 278 83 457 209 78 122 184 175
PAUS YNROTEW 'YNRO76W member of the seripauperin proteingene family UNKNOWN 5544 175 4357 654 4835 311 10118 3897 642 2 614 49 45 56 733 147 86 71 107 138
PAUS YLRABTW L of proteinvgene _ClassPAU)  UNKNOWN 12188 202 825 1238 102041 1852 20203 527 2142 17 143 127 867 62 1406 308 57 72 18 144
0 YGRI3W 'YGRI31W strong similarity to Nce2p UNKNOWN 2146 883 3106 589 3162 249 5083 1248 284 58 353 32 184 a4 29 82 78 88 172 222
ECM34  YHLO4IW 'YHLO43W ExtraCellular Mutant GELL WALL MAINTENANCE 325 188 435 141 817 205 766 95 12 25 141 34 2 27 12 06 27 31 68 64
COXSB  YILITIW. YIL111W Cytochrome-c oxidase chain Vb OXIDATIVE PHOSPHORYLATION 1498 326 190.7 153 179 108 1693 199 157 06 845 65 319 81 578 198 95 23 37 29
Gsv1 YFRO15C (UDP- GLYCOGEN METABOLISM 358 60.1 2369 29 985 182 1927 429 92 133 684 299 255 34 531 66 39 35 39 36
YSR3 YKRO53C 'YKRO53C DHS-1-P phosphatase SPHINGOLIPID METABOLISM 8528 2367 6047 604 5398 769 10484 982 435 19 563 75 58 58 793 214 196 107 93 132
BNAZ YJRO7BW 'YJROTBW similaity to mammalian indoleamine 2.3-dioxygenase UNKNOWN 713 628 1944 288 2039 388 3326 36 1562 425 8 28 784 98 543 7 24 23 37 6.1
0 YaL218W YJL218W strong similariy to E.col galactoside O-acelyliransferase UNKNOWN 1135 348 763 23 1064 158 1281 153 363 76 218 a1 178 2 416 125 31 35 6 3
Muct YIR019C I-anchores FLOCCULATION 7604 2002 11904 1006 12899 829 23654 119 307 69 565 51 743 261 848 86 247 211 174 278
ATF2 YGRI77C YGR177C Sterol O- METABOLISM 3846 164 4678 509 4155 224 3682 1054 798 435 341 a5 31 18 461 235 a8 137 134 8
0 YGLO3OW 'YGLOZOW similariy to V. vinifera dihydrofiavonol reductase. UNKNOWN 2011 a4 2915 337 3987 558 4149 122 1037 191 59 73 1228 111 784 119 28 a9 32 53
suTt YGL162W 'YGL162W Involved in sterol uptake TRANSPORT 168.4 145 53 73 756 192 67.4 9.4 75 87 206 38 73 12 173 24 a5 26 2 39
SER3 YEROBIW YERGBIW sttong simarty Lo phosphogycerat deycrogenases UNKNOWN 123.4 243 734 136 58.1 267 1367 328 335 59 318 14 224 04 31 4 37 23 26 38
0 YDRS41C 'YDRS41C similarty to dihydroflavonol-4-reduct UNKNOWN 95 73 1209 207 1834 125 168 136 313 13 165 39 629 64 385 6 3 73 29 a7
0 YORS16C 'YDRS16C strong similariy to glucokinase UNKNOWN 8969 1789 528 a1 369.1 141 6034 643 3055 436 2207 431 1187 13 1928 27 29 24 31 a1
upc2 YOR213W YDRE1SW regualory o e nconeo o sero pake UNKNOWN 343 265 409 219 662 154 203 157 132 57 2 23 12 1 2 54 26 42 55 75
HEM13  YDRO4&W 'YDRO44W Coproporphyrinogen Il oxidase HEME BIOSYNTHESIS 8367 3858 659 231 7034 1655 9184 1764 54 103 497 46 459 121 387 19 155 133 153 257
ARET YCRO48W 'YCRO48W Acyl-CoA cholesterol acymansfemse (sterol-ester synthetase) STEROL METABOLISM 3858 172 4122 132 5763 B2 5858 713 745 286 718 61 1018 568 1389 795 52 53 57 4
ADHS YBRI14SW 'YBRI145W alcohol dehydrogenase isoenzyme oLycoLysis 0457 o6 3073 0.1 3426 79 824 704 1642 28 123 o3 851 o5 1283 253 58 25 4 69
AAC3 YBROBSW ToROUE wiantmnit ASPUATH wanor TRANSPORT 345 1475 3108 708 3869 105 568 233 2 15 202 25 218 65 211 38 205 154 179 278
HEST YOR23TW 'YOR237W homology to human oxysterol binding protein STEROL METABOLISM 137.1 794 1985 s 2082 098 2217 579 166 11 2 14 2 09 12 16 83 165 174 185
0 YoL002C YoL to YDRA492w and S.pc protein UNKNOWN 6855 1824 10569 251 10737 1381 11804 873 2455 221 399 538 2458 322 33 35 28 27 a4 35

SMLt YMLOSBW YMLOSBW identfied by SAGE DNA REPLICATION 7662 1441 486.1 563 6821 64 7 157 1 17 2 191 46 488 405 568
PLB2 YMRO06C 'YMROOGC strong similarity to Pibp PHOSPHOLIPID METABOLISM o723 1711 5118 613 5632 02 7314 689 3329 972 815 108 682 121 692 161 28 63 83 106
EuGt YOR518W 'YDR518W Protein disulide isomerase homolog PROTEIN FOLDING 1944 604 1925 362 1707 151 1863 289 323 129 403 25 32 a2 313 81 6 a8 53 6

PMTS YDLOSIW 'YDLOI3W dolichyl phosphate-D-mannose:protein O-D-mannosyliransferase. PROTEIN GLYCOSYLATION 1022 463 1133 6 1324 11 199 379 24 402 32 a4 a8 413 108 27 35
ANB1 YIRO47C. 'YJR047C anaerobically expressed form of transiation iniiation factor eIF-5A PROTEIN SYNTHESIS 33198 4566 23923 2535 29669 2987 31934 4439 247 59 161 27 183 33 252 38 1342 1486 1619 1269

FET4 YMR319C 'YMR319C Low-affnty Fe(l) transport protein TRANSPORT 156.8 a4 33 &7s 3187 82 2032 189 12 19 1229 302 174 28 ss1 54 131 182
PORI11 YiLotsc YIL013C the ABC family of o TRANSPORT 1143 227 1232 69 1482 183 1189 18 273 39 323 54 427 2 274 51 42 38 35 43
Aust YORO1 W 'YORO11W strong simiarity to ATP-dependent permeases UNKNOWN 8015 1818 7729 564 8659 981 8963 728 3% 105 552 124 453 95 3 103 229 14 191 272
0 YLLOB4C 'YLLOBAC strong similarity to members of the Srp1/Tipp family UNKNOWN 639.1 2055 4836 77 603t 853 14083 5531 843 257 708 116 529 15 819 274 76 68 114 172
0 YURI16W YJRT16W similarityto hypothelical protein YPR1 14w UNKNOWN 5499 821 4715 408 4506 929 5734 311 1218 284 767 104 792 49 @31 256 45 61 57 62
SET4 YaL105W 'YJL105W similarty to hypothetical protein YKR029¢ UNKNOWN 808 a1 80.1 243 702 5. 791 9 134 93 12 18 12 290 2 33 67 67 59 66
YDR542W 'YDR542W strong similarity to subtelomeric encoded proteins UNKNOWN 9073 4218 516 % 7058 711 16452 4983 1883 1193 791 69 501 44 ep 17 48 65 141 176
0 YALOSSC 'YALOGSC strong similarty to subtelomeric encoded proteins UNKNOWN 1067.4 1825 580 309 7406 17 13158 5708 1959 942 1064 118 745 45 1382 7.1 54 54 a9 o5
0 YIL176C i to members of the UNKNOWN 1487 5566 0449 047 12309 765 25955 5032 2852 1564 1245 6 728 113 144 333 52 76 169 134
0 YHLDS2W 'YHLO42W similarty to subtelomeric encoded proteins. UNKNOWN 1362 w7 214 194 2074 301 2576 104 2 19 416 73 165 a1 2 16 114 53 181 09
0 YGR284W 'YGR284W strong simiarity to members of the Srp1p/Tip1p family UNKNOWN 0928 731 4923 s64 5828 B2 16098 5767 2065 1267 747 119 489 15 1069 288 48 68 19 151
0 YGL261C 'YGL261C strong simiarity to members of the Srp1/Tipt family UNKNOWN m 54 5303 247 6706 393 15179 4623 1613 934 845 131 707 6.1 o 22 48 63 o5 161
0 YDL241W YDL241W hypothetical protein UNKNOWN 608 105 486 199 508 105 629 168 2 & 123 33 2 16 2 6.1 5.1 4 5 52
0 YBR300C 'YBR300C strong similarty to hypothetical protein YGR293c: UNKNOWN 334 88 2638 4 395 53 4 1 12 28 12 23 12 23 12 48 28 22 33 37
0 YPLZ72C 'YPL272C hypothetical protein UNKNOWN 79 27 80.1 81 69.4 4 12 141 54 1 12 13 12 39 51 67 58 45
0 YOR012W 'YORO12W similarity to YDR391c. UNKNOWN 1886 627 1516 s amst 679 2152 174 227 8 624 121 455 45 397 28 83 24 6 69
0 YOR013W. 'YORO13W strong similarity to YOR391c UNKNOWN 4135 772 2966 449 3695 ar9 383 s 613 51 1097 205 763 129 829 139 67 27 48 46
0 YoL101C YOL101C similarity to YOL002C and YDR492w UNKNOWN 4211 1463 4186 438 5135 434 4548 298 1419 395 12 38 2 12 31 3 349 428 379
0 YMR325W YMR325W strong similarty to members of the Srp1p/Tipp family UNKNOWN 4514 819 2619 21 5094 586 7212 3265 187 1274 294 69 192 17 369 74 29 89 266 195
0 YML0B3C 'YMLOBIC hypothetical protein UNKNOWN & 28 5 68 89.1 4 825 a 12 17 0 2 o1 12 08 68 5 74 69
0 YLR437C 'YLR437G hypothetical protein UNKNOWN 478 1339 4835 899 600 1972 5183 451 1849 666 1345 245 1655 211 1556 565 24 36 36 33
0 YLR413W 'YLR413W strong similarity o YKL187c UNKNOWN 187.6 363 3203 189 272 07 3073 423 126 09 14 13 244 55 219 33 149 229 114 14
DAN2 YLRO37C 'YLRO37C strong similarity to members of the Srp1piTip1p family UNKNOWN 9404 1932 4108 276 4104 672 13439 8096 1922 714 904 207 659 112 92 289 45 62 14
DAN1 YJR150C YJR150C Protein induced during anaerobic growth UNKNOWN 39023 15785 2761 4688 31692 198 40202 4308 184 115 12 16 12 12 12 3 2124 2207 2641 335
DAN¢ YIRISIC YJRIS1C similrity to mucin proteins. YKL224c. Stalp UNKNOWN 5606 2508 7012 29 6185 553 15518 316 1116 208 1152 277 963 64 1326 583 5 61 64 17
7074 (st DAN3 YBRIOIW YBR301W YKL224 ¢ homolog UNKNOWN 7642 683 2621 ] 3657 421 8589 3812 1204 603 446 7 %5 24 e48 133 63 59 10 133

Down-regulated under anaerobiosis (FC = fold change, ANA = anaerobic, A = aerobic)

ProbeSet  Genename systematicname functional description cellular function CLmANA CLimANA N-LmANA N-LimANA PLimANA P-LmANA SLmANA SLmANA CLimA CLmA NmA NLmA PLmA PLmA SimA SlmA FCCLimANA VS C-LImA  FCN-Lim ANAvs N-Lim A FC S-Lim ANAvs S-Lim A FC P-Lim ANA vs P-Lim A
Average  Sidev  Average  Stdev  Average  Sidev  Average  Sidev  Average  Stdev  Average  Sidev  Average  Stdev  Average  Stdev
10518_at 0 YKRO46C 'YKRO46C hypothetical protein UNKNOWN 1812 25 2545 67 2402 349 2417 312 1523 2192 16174 1221 19778 1722 16586 5656 54 64 52
4584_at RIM4 YHLO24W 'YHLO24W RNA binding domain (N-term) vith asparagine rich region? SPORULATION (PUTATIVE) 138 89 200 2 157 14 148 64 2119 112 1265 144 101 177 e47 153 154 42 64
4526_at soD2 YHRO08C YHR008C Mznganlu containing superoxide dismutase OXIDATIVE STRESS RESPONSE 1772 852 977 64 885 213 873 143 11246 140 6661 1327 6044 903 1121 3643 63 68 68
9040_at MDG1 YNL173C YNL173C Jppressor of bem1 mutation. ING PATHWAY 291 169 313 64 168 a2 179 3 a7 78 1617 24 633 84 1086 335 5 52 38
7614_at ANT1 YPRI128C YPRIZ8G simfaty o catfior protein FLXT UNKNOWN 495 15 757 82 759 76 582 108 1905 325 1706 184 165 75 1431 347 39 23 22
8437_at CRC1 YOR100C 'YOR100C mitochondrial camitine carrior TRANSPORT 2 48 16.1 0s 12 23 12 62 2458 33 416 55 245 7 312 21 205 26 2
6803_at 0 YCRos2W 'YCROB2W similarty to Ytp1p protein UNKNOWN 2 08 12 22 12 26 176 88 487 81 363 31 348 106 586 46 41 3 29
7409_at ECM13  YBLO4IW 'YBLO43W ExtraCelular Mutant GELL WALL MAINTENANCE 263 151 226 43 165 06 2656 72 6016 1887 2429 313 1728 739 3218 1271 229 107 105
10533_at 0 YKRO16W 'YKRO16W weak similarty 1o mysoin heavy chain proteins UNKNOWN 465 251 55.1 125 447 7. 7 59 1254 293 1273 259 1213 115 955 128 27 23 27
10723_at MCR1 YKL1SOW, 'YKL150W NADH-cytochrome bS reductase ENERGY METABOLISM 3207 889 2346 199 1767 06 1705 198 7703 917 5182 543 5236 263 539 544 24 22 3
10977_at cvet YJRO4BW 'YJRO4BW iso-1-cylochrome ¢ OXIDATIVE PHOSPHORYLATION 1796 828 12 25 12 12 12 56 16089 2269 9409 938 12486 747 16113 155 K] 784 1041
4481 at coxe YHROSTW 'YHROS1W subunit VI of cytochrome o oxidase OXIDATIVE PHOSPHORYLATION 6637 424 2774 479 202 318 2003 93 14046 2527 10316 843 11912 694 12346 1403 23 37 41
4829_at cBPa YGRI74C YGRI74C activity of 809 18 731 164 376 32 35 105 204 505 777 86 959 65 41 20 28 24 26
5193_at coxd YGL187C YGLI87C subunit IV Mwlwhmme coridase OXIDATIVE PHOSPHORYLATION 5685 448 1424 162 1387 99 1513 412 12256 1161 8889 487 9387 491 10262 783 22 62 58
5766_at RIPY YELO24W YELO24W, b1 complex 6921 665 2019 784 2877 34 333 124 1615 1975 11363 598 13232 69 12706 2063 23 56 46
6330_at KGD2 YOR148C TCACYCLE 2681 284 1239 304 1181 152 1565 207 5041 555 3378 48 2559 895 3002 908 22 27 22
7186_at MBA1 YBRI8SC 'YBRI8SC respiratory chain assembly protein RESPIRATION 842 408 792 193 756 176 843 87 2604 20 1741 33 1565 265 1854 71 31 22 24
7407_at COR1 YBLO4SC YBLO4SC 44 OXIDATIVE PHOSPHORYLATION 2536 27 786 26 o8 542 1424 177 6220 2372 2886 321 4247 1002 5379 138 25 a7 43
7727 at ATP20 YPRO20W YPRO20W hypotheical protein ATP SYNTHESIS 797 154 341 38 269 05 20 61 o6 713 1733 16 1946 214 1874 404 35 51 72
8200_at 0 YOR356W. YOR356W transfer 107 86 862 11 484 18 708 6 4s25 307 2523 255 2504 277 2391 178 42 29 52
8493 at o YOR0BSW 'YOR0B5W Cytochrome 1 OXIDATIVE PHOSPHORYLATION 163.7 635 555 133 623 24 65 98 7625 1916 663 1442 7049 812 8004 2762 47 119 13
8935_at COXSA  YNLOS2W 'YNLOS2W Cytochrome-c oxidase chain Via OXIDATIVE PHOSPHORYLATION 3213 146 883 16 8.4 87 5.1 96 1672 2656 8007 702 402 1138 10043 389 36 91 161
o111at YiP1 YNL23TW 'YNL237W Yeast putative Transmembrane Protein UNKNOWN 2 3 2 05 2 23 2 13 108 25 802 176 63 4 s 12 K] 57 52
9350_at coxr YMR256C 'YMR256C subunit Vil of cytochrome ¢ oxidase OXIDATIVE PHOSPHORYLATION 815 3361 4928 1082 3876 178 5031 321 19015 1843 14324 995 15195 392 15106 1609 22 29 39
9500_at NDE1 YMR145C YMR14S UNKNOWN 1157 234 457 61 287 44 409 34 12573 681 6338 997 8088 624 11537 1249 109 139 282
o712_at 0 YMLOBTC YML YML125c. simiarity 25 111 188 6 134 36 181 87 593 155 522 31 33 57 35 175 24 28 25
9765_at NIt YML120C 'YML120C mitochondrial NADH ubiquinone 6 oxidoreductase OXIDATIVE PHOSPHORYLATION 1799 636 7 15 726 114 844 49 7998 2294 4459 265 4688 311 7017 2417 44 63 65
10143_at HuXT YLR205C 'YLR205C hypothelical protein UNKNOWN 189 93 214 64 285 33 258 79 4784 913 2301 829 3219 274 3514 338 253 108 13
10725_at SDH1 YKL148C 'YKL148C flavoprotein subunit of succinate dehydrogenase TCA CYCLE. OXIDATIVE PHOSPHORYLATION 2738 522 1171 247 1002 223 887 129 6085 1039 2805 355 2674 205 3125 498 22 24 27
4071at 0 YIR035C IRO3SG syt buman corostrid 11bola-dahydrogenase UNKNOWN 507 151 1207 12 712 122 1183 3 1674 393 2007 275 1685 81 4916 1428 28 22 24
4129 at 0 YlLoaze iL rat UNKNOWN 567 162 o079 203 979 199 692 201 1935 99 2438 554 2055 34 @11 829 33 25 21
4246 at Gur2 YIL155C YIL1SSC gycerol &Dhcspha(e dehydrogenase. mitochondrial GLYCEROL METABOLISM 9.9 459 721 181 605 165 326 53 11546 2484 3989 917 2855 423 260 198 116 55 47
4511at PUT2 YHRO3TW 'YHRO37W delta-1-pyrroline-5-carboxylate dehydrogenase PROLINE METABOLISM 1109 B3 8172 318 1149 53 1512 9 2ma 2 701 723 317 131 a5 674 24 24 28
4518_at osH? YHROOTW YHRODTW OXIDATIVE PHOSPHORYLATION 3056 2.1 946 234 773 51 93 94 799 667 6629 211 7661 913 6893 1149 26 7 99
5400_at 0 YFLO3OW YFLOSOW similariy to several transaminases. UNKNOWN 1325 45 1045 204 66.1 81 475 3 21108 1421 7448 632 5866 158 7827 604 159 55 89
7184_at yeet YBRIBIW 'YBRI83W strong similarty to hypothetical protein YPLOSTw. UNKNOWN 187 146 629 253 19 59 427 122 1203 202 2281 267 1222 118 1881 208 69 35 64
7455_at 0 YBLOBGC 'YBLOSC involved in sugar metabolism UNKNOWN 121 78 157 45 195 2 205 76 48 64 657 214 518 61 57 22 4 42 27
7685_at ROX1 YPROBSW YPROSSW site-specific DNA binding protein. repressor TRANSCRIPTION. OXYGEN-DEPENDENT 184 103 127 43 179 11 165 32 83 a4 520 49 72 129 48 107 45 42 4
7890_at 1sU1 YPLI3SW YPL135W NifU-like protein A UNKNOWN 179 41 207 w0 2071 371 2356 238 8199 1713 6073 448 6421 673 8431 2764 46 28 34
8207_at FAal YOR317W YORIITW g i ety s Coh yhatnse FATTY ACID METABOLISM 258 175 866 205 19 1 228 36 3709 643 5169 33 3087 474 311 45 145 B 162
8683 at GRE2 YoL1siw YOL11W induced plants UNKNOWN 184 11 957 37 1198 209 63 48 200 552 284 219 3%t 473 %074 372 109 3 3
o117_at PDRIG  YNL231C YNL231C weak similariy to Sec14 DRUG RESISTANCE 578 309 1475 33 1263 105 2102 34 2289 301 4842 607 3592 359 4478 533 39 33 28
9120_at 0 YNL274C YNL274C simiarty to gycorato. and formato-dohytirogenases UNKNOWN 571 227 75 183 68 15 76.1 275 3025 266 1912 324 1406 119 1555 12 53 25 21

9702_at cve2 YMLOS4C YML [ LACTATE UTILIZATION 213 57 267 41 12 24 23 145 23754 1919 669 1264 552 42 11509 885 At1a 25 -6



9724_at
10148_at
10290_at

HMG!

LsB6
MoVt

PHMT.

YMLO7SC
YLR168C
YLR038C

0 YMROOSW

YMLOTSC isozyme
'YLR168C probably involved in intramitochondial protein sorting

'YLRO3BC subunit VIb of cytochrome o oxidase

'YGR239C weak similarty to hypothetical protein YHR160c

'YKLO16C ATP synthase d subunit
'YGR24BW similar to SOL3

'YMR302C Integral membrane mitochondrial protein

'YMRO7OW 2 Cys2-His2 zinc fingers at c-erminus. glutamine and asparagine rich
'YLLOS3C similarity to water channel proteins

'YLLOS2C member of mip famil transmembrane channels

STEROL METABOLISM
UNKNOWN
OXIDATIVE PHOSPHORYLATION
PEROXISOME BIOGENESIS (PUTATIVE)
OXIDATIVE PHOSPHORYLATION
ATP SYNTHESIS
UNKNOWN
RRNA PROCESSING
MATING
UNKNOWN
RANSPORT. WATER

'YOR270W Copper-transporting P-type ATPase with similarity to human Menkes and Wils: OXIDATIVE PHOSPHORYLATION

'YPLOSBC multdrug resistance ransporter
'YOR348C putative proline-specifc permease

YOL119C similariy to monocarboxylate transporter protins
'YMROS6C mitochondrial ADPVATP translocator

'YLR312C hypothetical protein

'YLR108C strong similariy to YDR132¢

'YJLO48C similaity to hypothetical protein YBR273c

'YALO49C weak similarity to Legionella small basic protein sopA
'YILO4OW weak similarity to T brucei NADH dehydrogenase

'YHROB0C similarity to hypothetical protein YDR326c. YFLO42¢ and YLRO72w
'YGR266W hypothetical protein

'YGR243W strong similarity to hypothetical protein YHR162w

'YGLOSTC hypothetical protein

'YGLI01W strong similarity to hypothetical protein YBR242w

'YGL196W hypothetical protein

'YDLO8GW similarty to hypothetical Synechocysts protein

YDL10C hypothetical protein

'YCROBIW hypothetical protein

'YBR230C hypothetical protein

'YBRO47W hypothetical protein

'YBLOSSW similaity to C.albicans hypothetical protein

YPRI51C weak similarity o YPL159c

'YPRO1C weak similarity to Synechococcus sp. Dnad protein

'YPLOGAC strong similarty to YGRO8Gc.

YPL1O7W hypothetical protein

'YOR215C similarty to M xanthus hypothetical protein

'YOR161C similarty to C.elegans cosmid F35C8

'YOLOBAW similariy to A thaliana hyp1 protein

YOL155C similarity to glucan 1.4-alpha-glucosidase Stalp and YAROG6W
'YNL10OW hypothetical protein

'YMRO02W similarity to hypothetical S.pombe and C.elegans proteins
YMROO9W weak similarity to P.aeruginosa regulatory prolein mmsR.

/G RESISTANCE
TRANSPORT
UNKNOWN
TRANSPORT
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN

‘Supplementary data Table 3



‘Supplementary data Table 4

G = . A= aerobic)
ProbeSet  Genename systemaficname  funcional descrption celuar function CUPANA | GLTANA NTAA LAWK PAIANA PLDAA S AW SUDA CLIA CUTA NLmA NUmA PLOA PUTA SUnA | stma FCCim ANAVS -LIm ANA  FC G-Lim ANAvs S-LImANA  FC G-Lim ANA Vs P-LIm ANA  FC C-Lim AE vs N-LIMAE  FC C-Lim AE vs S-Lim AE  FG C-Lim AE vs P-Lim AE
Average Averags Average  Sidev  Average  Sidev  Average  Sidev  Average
e3at  MRKT YoLorec YOLOTSC MOS1 el prfln kinase NKNOW! 013 B o M %r a8 m Tos "o "Coa MR Mes M T MU 37 109 101 109 37 56 s
07254t NALR2 YeRa90W YBRZ99W Maltase (EC 3.2.1.20) MALTOSE METABOLISM B2 s iion 7 391 105 56 5054 257 811 233 183 28 51 127 37 99 62 278 38
si73a  ALDE YOR374W 121 UTILIZATION 11778 206 44 25 3393 N as 441 25166 2075 623 1468 5063 136 4808 288 27 35 53 37 5 52
10795 JENT YKL217W YKL217W carboxylc acid ransporte prolein homolog TRANSPORT 684 208 217 84 126 34 16 89 1o434 1428 3 2 83 a2 128 25 54 a3 492 1088 pre}
0435 et SUC2 YiLi62w YLISEW inarasn crte ol eye) SUCROSE UTILIZATION 16718 1883 1139 47 1129 e 173 244 523 %95 916 47 636 i a8 157 147 148 143 58 84 107
amigal MAL YGR289C 'YGR289C alpha-iucos TRANSPORT 10898 2844 1766 203 728 42 74 76 443 865 146 83 s34 42 669 116 62 151 149 a7 03 74
s07a XK YFROSIC VERGEAG Horikioass () (o cated Hoxkinaso A GLYcoLYsis 05 13194 7308 658 a1s 628 869 728 7231 2984 5420 230 696 41 428 653 5 o7 43 32 248 35
8002 GALS YPL24EC (CTOSE METABOLISM 318 7 2 19 12 6 12 13 27 49 2 02 2 o8 12 4 27 27 27 22 22 22
ose7at ISFI IROBIC. YHROBIC May et NAMT ct, sy aoveof A e RNA SPLICING. MITOCHONDRIAL 5126 1434 1339 25 259 28 643 144 s 747 18 75 71 45 35 a7 38 198 5 41 %2 54
9996 at 0 YLR3270 Yumoarc stong vty b S UNKNOWN 15378 2848 68 21 swm2 at1 2533 285 1998 1695 3127 713 37 347 @55 85 33 4 61 63 54 2
e7ssat SoLt YNROSAW TRNA SPLICING. PUTATIVE 9209 1667 4059 611 1445 B2 %623 764 B37 2344 2338 04 423 31 w24 67 23 64 26 36 198 f
4160t 0 YILoS7C V1097 stong sty o YEROST: UNKNOWN 648 875 a1 15 12 15 12 36 s 1499 12 16 2 1 12 2 r 54 5 1653 1653 1653
4763 at 0 YGR203W YGR243W strong ymﬂunlymhwmhe\m\ protein YHR 162w UNKNOWN sz 103 3 12 595 58 77 213 7esz 977 1555 95 1782 414 2033 458 57 64 5 114 89 87
5359 at 0 YFROI7C YEROVTC hypote UNKNOWN 215 503 901 165 453 73 495 o1 189 ae4  s7 262 34 99 831 224 23 a7 a3 34 5 24
5640 at 0 YEROSTW o6 Shon sty Ipoteeal profsn Y0570 UNKNOWN o218 7o e 65 1044 152 2243 ;25 w34 a9 1227 294 518 13 7 s 33 6 28 26 62 i3
msa csR2 YPROZOW EROSOW sty o YBLIO! UNKNOWN 504 191 125 31 12 13 12 52 783 69 169 25 131 19 2 e 3 a5 s 5 6 65
0433 at 0 YMR206W “woak sty o hypothetal prolon YNRO14w KNOWN 183 629 603 65 124 67 278 33 98 487 201 2 202 15 3 3 17 66 2 291 283
337 ga  sUCH suca SUCA invertase (sucrose y SUCROSE UTILIZATION ess  a22 1383 2 852 s 1168 175 612 78 %05 43 726 83 463 1" 127 207 151 52 [ 101
7sal PDHI YeRoo2W YPRODZW simiarity o B.subliis mmge protein UNKNOWN 6.1 s 214 53 159 pry 182 93 e @22 s 57 2137 59 3 4 i 54 a7 25 3 168
y arobic) CUNAKA CUBAVA MURAA MADA PLsAA PUNMA BUMAIA SLNAK ClmA GUnA BimA WnA PimA Pina slmd siinA FCCLimANAVS N-LIM ANA FC C-Lm ANAvs S-Lim ANA  FC C-Lim ANA v P-Lim ANA  FC C-Lim AE v N-LIMAE  FC C-Lim AE vs S-Lim AE FC C-Lim AE vs P-Lim AE
ProboSel  Gononame  systomalicnamo  funcional doscrplion collar function Average  Sudev  Average  Stev  Average  Suev  Average  Sidev Sty Averago Average  Sudev  Average  Sidev
4505at RRMG YHRO31C YHROS1C I 1.1 89 642 2 382 24 578 76 0 37 @5 45 &2 02 % 20 £ 22 34 23 22 2
sesear  SST2 YLRas2C 707 68 1912 a4 724 24 1914 3 w7 a1 1559 2 s 58 1es 121 27 24 27 46 a3 a5
WsCs YHLOZBW YHLOZBW! ‘Simiar, CELL WALL 313 157 2509 72 1893 as 264 5 243 45 407 w2 B 64 30 255 3 s 78 169 4 ‘6
P02 YGR138C YGRISAC snfrty o it esisance pocns UNKNOWN 144 96 141 289 2301 463 2145 207 323 85 81 492 3046 146 383 969 58 159 149 56 04 2
HXTa YHR092C HR092C fow to moderate-affinity glucose ransporer TRANSPORT 131 62 w83 %2 6509 162 3 137 697 138 4696 264 3155 349 5777 1038 534 498 ko 7 45 3
HXTH YHRO94C VHRO0C oty evons (Bocons) areporer TRANSPORT 12 27 102 49 2869 713 501 74 141 28 331 o a9 2% swe 157 25 239 as 22 07 )
YoL1sTw YGL157W similriy fo V. vinfera dinycrofavonol 4-reductase UNKNOWN 155 73 165 86 957 3 783 277 a4 43 124 71 759 85 1048 413 75 52 5 78 53 73
HxT3 YOR3#5C 'YDRBASC low-affinity glucose transporter TRANSPORT 622 296 264 a2 10416 B34 16047 4061 839 205 23607 1433 48B4 788 1931 968 39 312 258 281 77 2
wiG2 YGL200w contains GLUCOSE REPRESSION 2 57 879 211 756 317 747 8 182 16 11 86 a9 89 1969 471 73 53 52 ES) 27 108
TP 084C 885 98 2025 514 2283 04 193 W4 o917 a1 2078 s 218 198 213 37 23 26 22 23 24 23
s11 YORO4TC Yor s 198 52 1601 7 se 198 1674 188 209 45 1858 1ot 6 1682 284 32 iy 85 2 a4 56
P03 R156C VORIAC syt bl e v UNKNOWN 238 557 805 815 8173 922 8407 1169 2788 201 6574 541 8013 85 12153 639 25 a5 8 24 29 44
5537 0 YERTEEW YERBEW hypothetcalprotein UNKNOWN f018 02 448 27 212 27 956 73 162 s a2 128 438 62 344 1135 s 21 4 201 27 206
8005 at 0 YPL24SW YPL245W weak simiarty 1o human matt protein homolog UNKNOWN a8 s 212 29 859 87 539 72 658 47 o5 288 1501 51 126 % a2 23 25 ) 23 2
N A= aerobic)
ProbeSet  Genename systematicname  funcional descrption cellar function CLMAA CLnANA NumANA NLMAVA PLMANA PLIANA SLMANA SimANA CLmA ClmA NLmA NUnA PLmA PLMA SLmA SimA FONAMANAVS CLMANA  FCNAMANAVSSANA  FCNAmANAVS PAMANA FCNLMAEvSCMAE  FCNAmAEVSSAE  FCNimAE v Prim AE
Average | Sidev  Average  Stev  Average  Sidev  Average  Sidev  Average  Sidev  Average Average  Stdes“Average - tdey
B et sPst YOR313C 'YOR313C sporulation-specifc potein SPORULATION 252 17 103 178 2 68 508 28 12 a3 1098 37 29 59 41 32 2 02 5 5
ALD2 YNR170C YHRITOC sy dtagease (VD)) ey s ETHANOL UTILIZATION 159 59 1259 a7 235 a5 251 32 sz 4s w1 m o 3p as 43 79 54 5 28 45 41
ECM3B  YLRz9oW YLR299W gamma-gitamytransferase hor GLUTATHIONE METABOLIS 668 103 2761 136 1002 218 835 107 1536 259 4173 1081 1965 131 1698 642 a1 28 33 27 21 25
PUTH YUR1ZW ViRt (PUTH PROLI 12 33 aois 104 232 13 301 68 169 32 664 sS4 278 w07 137 41 212 163 a5 239 163
GAPt YKRO3OW W (chP TRANSPORT 1365 a8 aven  e9s 179 22 247 49 52 829 28983 2039 2769 248 4268 %2 2 169 135 105
DALED YKRO3AW 161 47 eas 59 202 57 639 04 127 3 w96 1802 2 a6 376 209 95 655 6 7
cpst Yati72w Viaw ulbmygsphulse =y PROTEIN DEGRADATION 192 59 294 1691 265 55 389 55 %24 s 34 150 23 52 23 81 13 94 64 103 145 132
DALY YIR027C YIRO27C alantona: ALLANTOIN UTILIZATION 168 71 219 28 262 105 535 99 148 35 2227 63 2 1 a2 78 12 7 38 151 186 a2
DALz YIR029W YIR029W (DAL UTILIZATION 182 68 i3 221 7 05 12 55 99 107 %2 519 194 55 183 87 78 83 118 5 103 109
DGt YIR030C VIRGS0C e moge-camlts mtabobm UNKNOWN 12 67 3 163 175 58 188 57 177 21 es  ss 127 1o 181 45 56 38 5 56
DAL7 YIR031C YIRO1G Malato synthaso 2 ALLANTOIN UTILIZATION 156 66 1793 154 202 54 252 74 61 54 219 208 ;3 7 w2 2 115 61 71 136 66 73
DALS YIR032C YIR032G ureigoglycolate hydrolase PURINE METABOLISM 746 19 630 488 1046 a7 1ar2 312 ams 638 7es 120 2556 979 1837 366 84 6 45 23 3 a2
soLt YILETW YILI6TW (SDL 134 88 115 283 267 19 225 29 188 a7 sss 71 303 14 03 86 a3 51 a7 29 61
puT2 YHROSTW YHROSTW delia-1-pyrroine-5-carboxylate dehydrogenase. PROLINE METABOLISH 1108 B3 a2 31s 149 53 1512 ERE ) 2 701 723 A 13y e 674 29 28 21 28 24 22
DURTZ  YBR2OEC NITROGEN. AMING ACID, NUCLEOTIDE NETA 273 YR 211 368 52 303 25  se5 271 49 e23  sas 12 612 198 125 113 6 84 68
M1 YNLH W YNG4 51) Mt synnase 1 urtonsin gl . asner ettt LYOKYLATE 12 i3 259 252 12 07 12 25 a1z 195 997 75 22 58 45 27 27 7 26 431 2
0 YBRI3W YBRI3OW Probable serine-type carborypepiidase (EC 3.4.16.1) uNdion 772 287 2563 o 129 73 37 186 29 397 586 1451 63 14 285 33 21 22 29 28 21
DURS YHLO16C YHLOTEC Urea transporter 203 69 sz 338 321 05 689 319 619 231 ass5 496 436 55 1 385 24 74 104
DALS YoR152W YURISZW alantoste permease ALLANTON UTiLZATION 839 % 2033 aw2 1105 159 178 46 %8 8 2u3s 1679 1055 73 1023 148 28 184 172 28 21 238
DALY YIRo28W YIRO2BW allantoin permease ALLANTOIN UTILIZATION 167 73 618 203 198 1 222 11205 23 234 202 o 16 236 87 39 29 ) 199 101
OPT2 YPRIBIC YPRISAC simiariy o S pombe ispd profein UNKNOWN 813 88 162 2654 12 04 2144 272 12 12 1265 1141 2 4 288 209 114 79 189 189 156
PUTA YOR348C 'YOR34BC putative proline-specifc permease TRANSPORT 169 66 176 2 281 5 217 89 1om8 1 2573 185 a8 5182 1795 104 81 185 19
NP2 14 Jved gener TRANSPORT ot 418 1631 4896 87 279 1594 24 4212 2194 25 855 205 w5 2 6 179 184 103 a8 o7 83
0 YMRoBEC YMROSSC imarty o g rosilance prolons UNKNOWN 1204 312 12009 185 115 T2 123 1026 226 1801 285 651 6 mis 119 10 104 108 125 135 157
0 YLROSIC hypothelica protein UNKNOWN 12 69 72 82 12 a1 263 11 sts 234 a2 218 2 3 1041 arg 61 61 28 41 2 32
0 YILOsOW, Voo sy o hypoetel prton YLRO36: UNKNOWN 12 51 561 172 234 3 208 62 258 65 w2 83 462 72 478 6 47 24 27 37 2 25
4503 at 0 YHRO29C YHRO29C Thymidylate synthase (putatve; weak) UNKNOWN 1033 12 4T 517 1002 97 1125 181 1135 262 417 1 157 86 717 167 47 as i3 a2 3 67
4800 at 0 YGRIS0C YGR190C questonatie ORF UNKNOWN 637 183 2 2 21 53 53 53 43 43 a3
6369 at 0 YDR0SOC RS0 imiariy to YRO2 protein UNKNOWN 71 .6 7981 8 2152 27 2175 154 1775 202 7032 1124 1994 171 1926 59 5 37 37 4 35 37
e7iaat  ADYS L235C L235C hypothetcal prote UNKNOWN 232 93 826 289 76 1 2 97 118 i E 56 44 189 36 33 26 48 39 29
Be6ial  YOK3 YoL125C YOL128C strong similarty t protein kinase Mok UNKNOWN 218 16 1173 278 326 3 359 18 w2 82 s w7 a0 68 32 s 54 36 33 a5 37 is
o532t 0 YMRoSOW UNKNOWN %6 08 1633 185 693 "3 771 88 %04 36 ;2 36 125 &1 1667 116 45 24 21 37 27 2
= fod change, ANA = anasrobic, A = aerobic)
ProbeSel  Genename  systematicname  funcional descrplion cellar function CLmANA  CLimANA NAMANA NLMANA PAmANA PLimANA SUmANA SUmANA CLmA CLmA NLmA NLmA PLmA PLmA SLmA SiimA FONAMANAVS CLIMANA  FONAmANAWSSANA  FCNAImANAVS PAMANA  FONALIMAEvsCLMAE  FONAMAEVSSAE  FCNimAE vs Prim AE
Average  Sidev  Average  SUev  Average  Sdov  Average  Sidev  Average  Sidev  Average  Sldev  Average  Sldev  Averege  Stdev
s77at GNPT YoRs0sC 'YDRSOBC high-affnty glutamine permease TRANSPORT 2535 1193 309 01 w95 1061 1543 121 785 99 7 26 2731 w7 642 162 2 R - 47 64 8
" - . A = aerobic) CLmANA  CLImANA NAmANA NLMANA PAmANA PLImANA SUmANA SLmANA CUmA CLmA NLmA NLmA PLmA PLmA SLmA SimA FCP-Lim ANAUS CLmANA  FCPim ANAVS N ANA  FCP-im ANA S SLImANA  FCP-Lim AE vs CLImAE  FC Paim AE v NAMAE  FC Poim AE vs S-Lim AE.
ProboSel  Genoname systemalicnamo  funclonal descrplion cellar unction Average  Sidov  Average  Stov  Average  Sdov  Averago  Stdev  Average  Sidey  Average  Sldev  Avorage  Sldov  Average  Stdov
vier YEROTZW 'YERO72W Homolog of S pormbe Nif1 ING. POL 218 15 a8 607 338 34 19598 86 w8 w415 6719 343 5516 354 212 747 61 a8 58 68 35 a3
DoP1 YORIE3W 'YOR183W strong simiarty 'S pombe SPACT3G. 14 protein UNKNOWN 85 181 8 103 661 58 1755 17 ss 07 105 197 064 68 2511 501 36 21 27 3 23 24
vics YPLoteC YPLOSC siong smiarty o YFLODAw, sty o iL0122 UNKNOWN 395 135 1019 362 695 27 72 607 727 313 1083 121 203 227 10136 ] 189 73 107 139 o4 51
AR YoL130w YOL130W ALuminium Resistance METAL RESISTANCE 1845 547 2439 25 2109 34 ame7 233 1634 233 2075 162 1841 a1 se 1276 34 2 23 34 27 31
spL2 YHR136C YHRI36C 17 kDa protein CELLCYCLE 12 31 138 it 12 21 174 1957 608 854 2 o6 2 173 839 3.1 08 o1 209 1056 1056
PMUT YKL128C 'YKL128C Phospo-mutase homolog UNKNOWN 2565 555 2845 35 323 a1 6705 236 2355 647 214 6 319 493 7688 2986 26 24 21 33 28 24
PHOT YAROTIW 'YARO71W Acid phosphatase. secreled PHOSPHATE METABOLISH 439 04 1124 179 819 98 %8s 226 552 w71 682 i21 447 42 23572 114 768 3 397 a1 346 527
N1 YHRO46C 'YHRO4GC Inosiol manophosphatase. UNKNOWN 412 184 725 197 813 4 w17 501 4 63 86 39 77 58 17 sed 57 35 3 44 23 24
PHOS1 YGR233C. 'YGR233C Posiive regulatory prolein of phosphate patway CELLCYCLE 1889 201 343 215 1905 6 e2s 725 2019 785 st 208 2856 126 9688 122 a4 24 44 a7 25 34
HoR2 YERoB20 'YERDBZC DL-giyceror-3-phosphatase GLYCEROL METABOLISM 549 148 506 s 665 25 3207 62 665 12 eea 108 8 a4 a9 1228 58 63 a8 63 63 51
o CRO9BC Ins)  UNKN 2 5 123 51 129 21 800.1 614 133 79 127 41 2 35 o3 1178 667 652 622 1 72 819
PHO3 YBRo82C YEROYD hcidphosphaase. cnsive THAMNE UPTAKE 1732 55 1571 655 7t 108 2236 378 2098 3% 2109 338 646 2 225 1656 129 142 314 72 95 312
Pyk2 YOR347C YORUTC Pyt ase. gucos-reprssed o GLYcoLYsIs 8 15 767 7 717 1 e a5 79 67 e02 122 518 19 24 738 26 25 27 39 38 44
Pl YoLotiw VoLot shong: s\muzﬂlyvaphusphnh PHOSPHOLIPID METABOLISH %01 83 1ss7 125 1394 6 3 35 1426 89 1322 325 %66 44 367 405 a2 24 27 28 3 41
PHOB YMLIZ3C VMLIZ3G incrgaic phosphalanspora ansmombians prtei TRANSPORT 146 45 at1 28 182 62 w218 485 324 5123 197 5 164 62 e 9 2202 1038 73 98 165 1982
MAF1 YDRO0SC VOROOSG requred ot soing ol iy PROTEIN TARGETING (PUTATIVE) 575 21 1035 203 1003 o 2m7 CYR 9 ss 7 ans sa7 42 24 41 32
YNL2TTW N UNKNOWN 154 sis 288 w1 250 24 oot 255 1268 328 359 276 2078 L 43 45 28 28 57 24 35
PHOBS Yo w UL 17W Putatve inorganic phosphae transporter TRANSPORT 2359 481 aes 588 355 212 w27 S22 %71 643 345 344 429 35 ser7 732 42 33 28 24 24 21
PHOBS YBR296C PHOSPHATE METABOLISH 187 63 357 9 205 54 83 1041 1125 %48 253 29 1509 1229 10881 425 81 22 304 o7 a3 72
2p1 YJLOS6C. “TRANSPORT (ZN) 12 64 2 71 251 25 585 76 199 17 278 1 o2e 29 6 151 49 24 23 35 25 3
kes1 YORO17C c 865 a4 7az a5 135 21 4409 257 1253 173 2501 223 1245 678 51 25 32 5 22 s
vice YaLo12C YALOLEC weak simarty b Toguision rten PHOB1 UNKNOWN 12 229 23 0 295 476 mams 334 %246 3 sees 311 3968 7 ws2s 1753 108 76 69 57 5 a7
YIL19C YJL119C questionabie O UNKNOWN 124 a7 17 62 12 3 774 71 s 45 12 3 s 22 me 154 63 53 65 51 74 54
YAROBIC JARODSG Paenti memotaneprotc UNKNOWN 284 95 312 1 215 7a 1501 173 2 1 2 7 o 37 o6 304 56 51 74 81 81 81
PHME YEROITW YEROSTW stong sniarty (o ypothtsl prten YGL2240 UNKNOWN 12 18 35 37 292 3 201 8 29 63 G614 28 33 %91 628 208 71 85 1o 62 i1
PHME YoRzs1C 'YDRZB1C hypothetical potein UNKNOWN 289 1 504 128 28 15 %609 648 22 257 498 118 224 56 901 897 33 191 37 2l 193 29
aFo2 YCLOBW (CLO36W simiarily 1o hypothelica prtein YDRS14c: UNKNOWN 01 2 504 13 29 77 282 249 s1a 199 s8r 313 e 49 a7 1217 56 a5 78 74 77 19
YeLTI0C ALt P UNKNOWN 845 163 47 102 963 2 w7 72 1135 243 10 26 149 169 7994 6 43 38 38 7 77 76
iov1 YMR1SSW YMRISEW simary o PL2SOc UNKNOWN 6129 1058 6555 28 1832 251 13832 @1 102 315 7665 1134 1689 23 te24 1976 22 21 83 131 24 109
43 DMLY YMR211W W woak similaiy 0 beta tubulins UNKNOWN 2 134 336 74 Py s 16 39 a2 72 3%ss 25 a8 38 1155 2 6 35 33 34 32 3
1138 FLOS YALOBSC VALGSSC pots e pomaen FLOCCULATION a8 54 1a9s 23 743 43 set3 765 ess 01 e21 a1 735 88 a2 9iq 153 39 78 61 a6 57
= 0id change, ANA = A= aerobic)
ProboSet  Genename  systematicname  funcional descrplion cellar function CLMANA  CLmANA NMANA NLMANA PLmANA PLmANA SLmANA SUmANA CLmA GLmA NLmA NLmA PLmA PLmA SLmA SlmA FCP-Lim ANA VS C-UMANA  FC PAim ANAVS N-im ANA  FCPHim ANAYS SLIMANA  FCP-LIm AE vs CUMAE  FC Pim AE v NAMAE  FC Poim AE vs S-Lim AE
Average | Sidev  Average  Stev  Average  Sidev  Average  Sidev  Average  Sidev  Average  Sidev  Average  Sidev  Average  Stdev
3 at  PTI YoR0720 YDRO72C inositophosphot SPHINGOLIPID BIOSYNTHESIS 753 147 739 64 509 81 268 38 14 178 1091 6 ea7 o6 321 103 28 28 23 43 34 26
7 suLt YBRz9aW VBRzBN Pret e anepen proten TRANSPORT 733 14 aore 755 14504 3199 12 23 10%2 674 472 05 1654 3969 2 e 586 En 1209 2486 s 449
Up gt undr - ansric s oo condions (F o hargs, ANA = anaerob, A~ s
eSet  Gene Systemalic name  funcional descrplion cellar function CLmANA  CLmANA NAmANA NLmANA PAmANA PLimANA SUmANA SUmANA CLmA CLmA NLmA NLmA PLmA PLmA SLmA SimA FCSUmANASCUMANA  FCSImANAVSNANA  FCSmANAVSPLIMANA FOSLMAEvSCUMAE  FOSAmAEVSNAE  FCSHim AE vs Pim AE
Average  Sidev  Average  Sev  Average  Sdov  Average  Sidev  Average  Sidev  Average  Sldev  Average  Sldev  Average  Stdev
sisat SO YoLizre YGL127C SOH1 encod 116 188 1536 261 641 162 1266 2 1206 121 1303 258 6889 1166 1509 255 55 a2 51 57 53 s
e2i9at  CHL4 YDRZAW 205 18 341 115 79.1 271 339 68 461 132 ea3 265 15 203 08 57 26 23 23 34 24 5
539 at  RADSO YoLoseC voLgs AR 1374 81 2474 s 7288 562 ot 59 7es 1 415 ess 0504 2444 2677 195 53 29 79 59 26 4
112608 OPTI izt Cstong siniarty oS pombe e e UNKNOWN 28 101 1757 a1 77 1o 208 1" 12 17 368 482 11096 807 475 148 202 a1 345 925 3 24
10373 at 0 YLLOS7C TLLo87G sy ol UNKNOWN 12 22 145 09 15805 3303 12 5 2 43 12 21 237 sl o 4 1317 1088 1317 186.1 186.1 186.1
04t6at  GTT2 YLLogoC VLL0B0G Gitathione vasior GLUTATHIONE METABOLISM 1153 s7 7 136 6078 120 a72 e8 83 181 s 93 w62 888 905 367 53 a1 7 02 02 10
seat  cm YGROBBW VGROSSW cytopasmi caiase T OXIDATIVE STRESS RESPONSE 12 18 157 52 452 22 12 33 w3 71 217 83 749 106 238 10 38 29 38 2 34 26
aas2at pOLS YHROTIW YHRO7IW GIUS cycin (weak) CELLCYOLE 2196 183 2082 38 5615 786 275 76 2155 1303 2442 a7 e 35 169 155 26 27 21 23 2 3
717 at 0 YoL164W YOL184W similarity to Pseudomonas alkyl sulatase UNKNOWN 198 131 715 94 1245 1330 713 177 258 124 408 B3 79 1928 416 119 649 18 e 671 428 s

10418_at 0 YLLosaW UNKNOWN 269 125 a7 a7 7021 754 a 129 2 2 256 33 s o s a4z 21 157 16 258 233 22



10494 ot METT YKRoBOW YKROBSW siroheme synihase. METHIONINE BIOSYNTHESIS arrs
VET3 YaRO1OW YIROTOW ATP suffurylase METHIONINE BIOSYNTHESIS o221
BNAS Yatosow 1536
cvsy YAL1ZW YALO1ZW cystathionine gamm-yase METHIONINE BIOSYNTHESIS 10049
VET: YIROITC YIROITC SULF s 2758
SER33 YiLo7ac UNKNOWN 369.
YHRI76W YHRI76W Dimethylaniine monoxygenase UNKNOWN 37
nuPs Lo36W 'YHLO3BW (MUP3) very ow affinity methionine pormeaso PO 622
PDCS. YGROBTC 'YGROS7C Third. minor Isazyme of pyruvate decarboxyiase GLvcoLysis 185
MuPt YGROSSW 'YGROSSW high affinity methionine permezse PO 417
STR3 YLiaic oL UNKNOWN 50
MET10 YFROS0W SULFATE ASSIMILATION 3582
VETS2 R55C 'YDRZSC zinc finger DNA binding factor. ranscrptional ey amino. Isi 1008
VETE YBRZ13W Y8 SULFATE ASSIMILATION 308
VET1 YPRIGTC YPRIB7C Sphosphoadenylisulfate reduciase SULFATE ASSIILATION 77
w3 274 YPLZ74W sirong similaiy to amino-aci ransport proteins TRANSPORT. AMINO ACID 521
VET2 N2 ‘YNL277W homoserine O-rans-acetylass METHIONINE BIOSYNTHESIS 5012
sui2 YLROOZW 'YLROS2W high affnty sulfte permease. TRANSPORT 535
TSt LRI st UNKNOWN 12
LLossW YLLOSSW similrityto DalSp OWN 939
et YLLostw TRANSPORT. AMINO ACID 102
YiLi66C YILIGBC simiary t allantoate permeasa Dalsp UNKNOWN 12
ARN1 YHLC YHLC por 231
GRS YFLOSS) YFLOSSW Amino acid pormease TRANSPORT 12
YBR20IW 'YBR293W Probable mulldrug resistance protoin UNKNOWN %93
0 YORS7W 'YOR378W strong simiarty to aminotiazole resistance protein UNKNOWN 12
YoLiasw YOL163W similriy to P.putida phtnalate transporter UNKNOWN 12
ATM YMR301 YMR301C mitochondrial ABC transporter protein TRANSPORT 558
YLLOS6C 251
WHT1 Lo2c 'YLLOG2C weak similarty fo M leprae metH2 protein UNKNOWN 774
0 YGRISIC 'YGRISAC strong simiarty t hypothetical poteins YKROT6w and YMR25Tw UNKNOWN 166
FLosTW 'YFLOGTW similariy to mouse period clock protein UNKNOWN 147
iov2 YPLZ50C YPLZ50C weak similaity to YMR 195w UNKNOWN 1854
719t oL 162w 'YOL162W strong simiarky to hypothetica pofein YIL166c UNKNOWN 155
9068 at 0 YNLTOIW YNLI91W simiary to Synachocystis hypotheticalprotein UNKNOWN 84
9646 at 0 YMLo18C YMLOTE similar Ri3w UNKNOWN 063
9943 at 0 YLRIGAW YLR364W hypothetical protein UNKNOWN 613
1088881 CWPT YKLOSGW YKLOSEW collwall mannoprotsin CELL WALL MAINTENANCE 1956
" -
Probo Sl Genename  systematicnamo  funclonal descrplion collar unction C-Lim ANA
Averag
ssut YPLoszw YPLOSZW sensitive o sulfte SULFITE TOLERANCE 2175
scs3 YoL1zaw YGL1Z6W required for inosiol prototrophy PHOSPHOLIPID METABOLISH 193
HXT6 3430 transporter TRANSPORT 32073
T4 GPHI YPRIGOW YPRIGOW Giycogen phosphoryiase: GLYCOGEN METABOLISM 509
eTesat SoLt YNROSAW YNRO34W hypothetical protein TRNA SPLICING. PUTATIVE 0209

C-Lim ANA
Stdev

41

473

10342

717
1667

NeLim ANA
Average

28
art
15918
a3
059

N-LImANA_ P-Lim ANA_ P-Lim ANA
Stdev  Average  Sidev
5

452 63
178 335 153
1205 7844 %3
e 774 08
611 145 182

SLimANA
Average

3085

6655

1839.1

2671

%23

sisa 1111 5268 701 21593 321 6899
7845 1128 948 627 21753 1653 699,
188 171 w2 @2 s 115
6569 1513 8005 2144 2287 3611 13781
289 83 2717 %93 1ai1 859 2515
814 218 2186 118 725 1048 258,
423 63 1198 209 7008 94 832
653 92 263 86 683 872 1163
6 439 811 303 16743 287 37
1048 389 1518 263 15443 2213 2374
282 739 w06 6 o B 1845
3202 s %019 249 1033 1009 334
2172 47 s 136 sms o7, 869
4 1 513 122 904 1201
224 397 66 431 10724 136 5285
) 5 81 195 21 546 1187
95 614z 815 15027 523 7093
M09 438 433 w5 1187 102
162 57 12 3 ®2 1 1
1742 691 454 224 20297 1874 1468
329 162 238 23 8219 176
23 20 217 22 04 22 243
57 164 434 57 w89 688 5is
4 2 02 s 13 1
134 2 o211 25 eenn 1108
12 18 629 16
25 219 68 196
725 78 959 133 3208 576 1003
i55 93 a1 74 83 265 537
1003 775 195 43 68 179 12
455 184 73 69 345 1
12 85 76 1 174
3047 1225 164 335 17055 1817 4987
138 24 31 suar %1 132
5 28 104 111 se22 1168 630

1007 21 1247 75 714 645 1081
2023 3 1008 175 1222 688 695

CLmA CLmA NLmA NmA PLmA PLmA SimA

Average  Sidev  Average  Sidev  Average  Sidev  Average
497 195 2875 10 0.1 47 1938
393 2005 489 2062 37 6027

2868 5277 17701 1319 8166 638 18445
336 443 4316 1006 3 24 3936
8357 234 2338 204 423 31 024

39 39 57
22 26 64
a1 25 a7
32 5 53
37 4 56
2 25 a1
186 85 169
7 3 s
528 158 484
215 187 304
108 55 112
26 21 66
44 a2 15
131 136 169
37 25 52
3 21 31
29 23 4
26 34 153
a5 35 45
212 62 265
72 52 278
27 158 128
76 25 iz
3 347 35
55 43 4
a4 a4 43
%7 79 189
44 26 37
52 39 5
77 107 308
73 25 79
29 35 21
a9 55 39
is 55 148
105 58 96
37 25 35
72 62 148
22 a3 36
26 28 57
125 181 189
42 2 23
58 57 35
4 28 25

Lim ANA

FCS-Lim AE vs C-Lim AE.

FCSHimAE vs NAE

‘Supplementary data Table 4

FC SHim AE vs P-Lim AE.



Up-regulated under C-Lim Aerobic only (FC = fold change, ANA = anaerobic,
systematic name

6729_at
6850_at
6887_at
7068_at
7140_at
7196 _at
7203 at
7252_at
7254_at
7291 at
7295 at
7314_at
7339_at
7580_at
7733 at
7753_at
7754 at
7758_at
7807_at
7867_at
7871 at
7891 at
7914_at
7923 at

CDA1
ECit

MRPL31

THIN
CPA2
IME1

SFC1

TEst

SIP4.

6LG2

INO1

RPS148

ACSt
GTT1

PRMS
PFK26
oM45
POT
GuT2

HXTS
MIP6

GuT1
GND2
SPG1

BNS1

siP2
POX1
HXT10

icLt

PMAZ

onct
PRM4
PXAT

YLR3OTW
YLR284C
YLR194C
YLR74W
YKRO91W
YKROB7W
YKRO75C
YKRO76W
YKR049C
YKR009C
YKLO26C
YKLO93W
YKL107W
YKL138C
YKLITAW
YKL187C
YIR156C
YIR109C
YJR094C
YIRO95W
YIRO9BW
YJR019C
YILO45W
YJLO37W
YILOBIW
YiL144W
YILI37C
YILIBIW
YIL153C
YJL185C
YILI91W
YIL21TW
YJL216C
YAROGBW
YALOS4C
YIR038C
YIRO16W
YIL117C
YIL107C
YIL136W
YIL160C
YIL155C
YHR209W
YHR096C
YHRO15W
YHLO32C
YGR256W
YGR236C
YGR250C
YGR230W
YGR201C
YGRO67C
YGRO43C
YGLOBOW
YGL117W
YGL208W
YGL205W
YFLOTIW.
YFLOSOW
YER103W
YER121W
YER065C
YER024W
YERO15W
YELO4IW
YELOS7C
YDR536W
YDR453C
YDR3B0W

YCRO18C
YCRO10C
YBR295W
YBR230C
YBR150C
YBR157C
YBR116C
YBR117C
YBROBEC
YBRO72W
YBRO46C
YBRO26C
YPR182W
YPRO26W
YPROOTW
YPROOZW
YPRODGC
YPLO3BW
YPL113C
YPL109C
YPL134C
YPL1S6C
YPLI4TW

aerobic)

functional description

YLR307W Chitin Deacetylase

YLR284C Peroxisomal enoyl-CoA hydratase

YLR194C hypothetical protein

YLR174W Cytosolic form of NADP~dependent isocitrate dehydrogenase
YKRO91W Suppressor of rads3 lethalty

YKROB7W strong similarty to Sct|

YKRO75C weak similarity to negative regulator Reg1p

YKRO76W ExtraCellular Mutant

YKRO49C hypothetical protein

YKRO09C peroxisomal multfunctional beta-oxidation protein
YKLO26C strong simiarity to glutathione peroxidase

YKLOS3W MBR1 protein precursor

YKL107W weak similarity to S antibioticus probable oxidoreductase
YKL138C 15.5 kDa mitochondrial ribosomal protein YmL31
YKL171W probable serine\threonine-specific protein kinase (EC 2.7.1.-)
'YKL187C strong similarity to hypothetical protein YLR413w
YJR1S6C Thiamine biosynthetic

YJR109C carbamyl phosphate synthetase

YJRO94C meiotic gene expression'; meiosis inducing protein
YJRO95W protein related to mitochondrial carriers

YJRO96W similarity to Corynebacterium 2.5-diketo-D-gluconic acid reductase and aldehyde

YJRO19C peroxisomal acyl-CoA thioesterase.
YJLO45W strong similarity to succinate dehydrogenase flavoprotein
YJLO37W slmng similarity to hypomeﬂm\ pm!em YJLO38C

YILOBIW (S
YiL144W hypomen

ical protei
YJL137C self-glucosylating niiator of glycogen synthesis\; similar to mammalian glycogeni

YJL161W hypothetical protein
YJL153C L-myo-inositol-1-phosphate synthase

YJL185C hypothetical protein

YJL191W Ribosomal protein $14B (1p598)

YJL217W hypothetical protein

YJL216C strong similarity to Mal62p

YARO68W Potential membrane protein

YALOS4C inducible acetyl-coenzyme A synthetase

YIR038C Glutathione transferase

YIRO16W weak similarity to YOL036w

YIL117C hydrophobic transmembrane domain

YIL107C 6-Phosphofructose-2-kinase

YIL136W 45-kDa mitochondrial outer membrane protein

YIL160C peroxisomal 3-oxoacyl CoA thiolase

'YIL1SC glycerol-3-phosphate dehydrogenase. mitochondrial

YHR209W similarity to hypothetical protein YER175¢

YHRO6C hexose transporter

YHRO1SW PolyA-binding protein

'YHLO32C glyerol kinase (converts glycerol to glycerol-3-phosphate
YGR256W 6-phosphogluconate dehydrogenase

YGR236C questionable ORF

YGR250C weak similarty to human cleavage stimulation factor 64K chain
YGR230W questionable ORF

YGR201C strong similarity to translation elongation factor eEF1 alpha chain Camp.
YGROB7C weak similarty to transcription fa

YGRO43C strong similariy to transaldolase

YGLOBOW strong similarity to C.elegans RO7ES.13 protein

YGL117W hypothetical protein

YGL208W Member of a family of proteins. including Sip1p and Galg3p. that interact with St

YGL205W fatty-acyl coenzyme A oxidase
YFLO11W High-affinity hexose transporter

YFLO30W similarity to several transaminases

YER103W member of 70 kDa heat shock protein farily
YERTZIW hypootcal proin

YER065C isocitrate lyas

through CSRE elements

cellular function

SPORULATION

UNKNOWN

UNKNOWN

TCACYCLE

UNKNOWN

UNKNOWN

UNKNOWN

CELL WALL MAINTENANCE

UNKNOWN

FATTY ACID METABOLISM

UNKNOWN

MITOCHONDRIAL BIOGENESIS
NOWN

PROTEIN SYNTHESIS
NOWN

PYRIMIDINE BIOSYNTHESIS
GLUTAMATE METABOLISM
MEIOSIS

TRANSPORT

UNKNOWN

FATTY ACID METABOLISM
UNKNOWN

UNKNOWN

GLUCOSE DEREPRESSION
OWN

GLYCOGEN METABOLISM

NOWN
INOSITOL METABOLISM
UNKNO!

PROTEIN SYNTHESIS
UNKNOWN

UNKNOWN

UNKNOWN

CCARBOHYDRATE METABOLISM
GLUTATHIONE METABOLISM
UNKNOWN

UNKNOWN

CARBOHYDRATE METABOLISM

MITOCHONDRIAL ORGANIZATION

FATTY ACID METABOLISM
GLYCEROL METABOLISM
UNKNOWN
TRANSPORT
MRNA EXPORT. PUTATIVE
GLYCEROL METABOLISM
PENTOSE PHOSPHATE CYCLE
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN

IKNOWN
TRANSCRIPTION
FATTY ACID METABOLISM
TRANSPOR
UNKNO
PROYE\N TRANSLOCATIDN

OWN
GLYOXYLATE CYCLE

YER024W (YAT2) Proten with camitine acetylransferase function. may function in the cytc UNKNOWN

YERO15W Acyl-CoA synthetase (fatty acid activator 2)

YELO41W strong similarty to Utr1p

YELOS7C hypothetical protein

YDRS36W sugar transporter-iike protein

'YDR453C strong similarity to thiol-specific antioxidant proteins
YDR38OW similaity to Pdcsp. Thi3p and to pyruvate decarboxylases
YDR384C strong similariy to Y.lipolytica GPR1 gene

YDR256C catalase A

YDR216W positive transcriptional regulator of ADH2 and peroxisomal protein genes
YDRO70C hypothetical protein

YDRO77W putative cell surface glycoprotein

YDRO34W identified by SAGE expression analysis

YDRO18C strong similariy to hypothetical protein YBR042¢
YDLOOSC questoriable OR

YDLO49C KRES hom

FATTY ACID METABOLISM
UNKNOWN
UNKNOWN
TRANSPORT
UNKNOWN
UNKNOWN
UNKNOWN
Ox\DATIVE srREss RESPONSE
TRANSCRI
uNKNDWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
ELL WALL MAINTENANCE

YDLOBSW Mischondral NADH dehydrogenase that catalyzes the oxidation of cytosolic NA RESPIRAY\ON

YDL214C strong similariy to putative protein kinase NPR1
YDL204W similarity to hypothetical protein YDR233c:

YDL223C weak simiarity to mucin

YCRO18C Transcription regulator

YCRO10C strong similarity to Y.lipolytica GPR1 protein and Fun34p
YBR295W Putative P-type Cu(2+)-transporting ATPase

YBR230C hypothetical protein

YBR150C Probable Zn-finger protein

YBR157C hypothetical protein

YBR116C questionable ORF

YBRI17C transketolase. homologous to t1

YBROBEC probable amino acid permease for leucine. valine. and isoleucine.

UNKNOWN
UNKNOWN

RRNA PROCESSING
UNKNOWN

TRANSPORT

UNKNOWN

UNKNOWN

UNKNOWN

UNKNOWN

PENTOSE PHOSPHATE CYCLE
TRANSPO!

YBRO72W Heat shock protein of 26 kDa. expressed during entry to stationary phase and in STRESS

YBRO46C Homolog to quinane oxidoreductase (E. coli)

KNOWN

YBRO26C Nuclear protein that binds to T-rich strand of core consensus sequence of auton M\TOCHONDRIAL RESPIRATION

YPR182W Sm or Sm-ike snRNP protein

PLICING

YPRO6W null mutant is viablel; mcreased lo\erance to dehydration. freezing. and toxic lev TREHALOSE METABOLISM
TCACYCI

YPROOTW Mitachondrial isoform of ctrate
YPROODW smarty o 8 sl mgE proen

YPROOGC 2-methyiisocitrate Iyase

YPLO36W plasma membrane ATPase

YPL113C similarty o glycerate dehydrogenases

YPL109C similaiy to aminoglycoside acelyliransferase regulator rom P. stuarti
YPL134C 2-oxodicarboxylate transporter. has specil
YPL1S6C weak similaity to YDLO10W

UNKNOWN
CARBOHYDRATE METABOLISM
SMALL MOLECULE TRANSPORT
UNKNOWN

NOWN

for 2-oxoadipate and 2-oxoglutara TRANSPORT

NOWN

YPL147W Pxa1p and Pxa2p appear to be subunits of a peroxisomal ATP-binding cassette TRANSPORT

CLimANA C-LimANA N-LimANA N-LimANA P-Lim ANA P- Lvm ANA SLimANA S-LmANA CLimA C-LimA N-LimA
Stdev.

Averag

366
3019

Average
a

Average

Average

110,
648
250.1
198
153.1
148.2
311

Stdev

Average

Stdev.
7.2

308
1143
8.9

Average
12

927
88.9
518
45
237
655
839
3621
104.8
1345
215
12
902
864
154
505
2174
16.1
12
2221
3598
275
345
12
731
248
228
2496
427
4266
286
12
419
%2

375
212
413
110
156.2
65.3
3989
18.2
391
206
54
269
12
153
57.4
559
301
196
196.5
441
325

2334

247

N-Lim A
Stdev
36

127

P-LimA
Average
12

48.4
168.8
41
208
1716
517
722
2014
755
59
526

P-LimA
Stdev
0.

S-LimA
Average
12

54.8

211

S-LimA
Stdev

FC C-Lim AE vs N-Lim AE

FC C-Lim AE vs S-Lim AE

Supplementary data Table 5

FC C-Lim AE vs P-Lim AE



Supplementary data Table 5

7928 at P4 YPL1BSC YPL186C weak similarity to Xenopus protein xigv7 UNKNOWN 349 241 869 227 242 49 262 46 3182 737 1438 135 232 02 478 a7 22 137 67
YPL201C YPL201C hypothetical protein UNKNOWN 2 26 2 2 2 04 2 1 5018 123 12 06 12 08 12 04 418 418 a8
usvt YPL230W YPL230W Up in StarVation UNKNOWN 519 338 439 8.1 29 5 13 24 1575 304 531 218 212 22 508 127 3 74 31
FDH2 YPL276W YPL276W putative formate dehydrogenaselputative pseudogene UNKNOWN 2 02 2 1 2 14 2 33 10417 3073 12 09 12 1 12 63 86.8 868 86.8
FDH1 YOR388C YOR388C Protein with similarity to formate dehydrogenases UNKNOWN 2 25 2 17 2 1 12 53 2089 5295 12 2 12 25 15 25 169.1 169.1 1355
e YOR180C YOR180C Peroxisomal enoy-Co hydratase FATTY ACID METABOLISM 2 28 2 15 2 13 2 07 361 83 12 2 12 22 12 3 3 3 3
Gevi YOR120W YOR120W Similar to mammalian aldoVketo reductases UNKNOWN 1304 624 1799 242 943 196 1222 148 8268 984 2139 272 1664 9 w2 679 3 5 25
CRC1 YOR100C YOR100C mitochondrial camitine carrier TRANSPORT 2 48 6.1 05 2 23 12 62 2458 3 a1 55 245 7 312 2.1 59 10 79
YOLO83W YOLOB3W similarity to YOL082w UNKNOWN 1927 304 1862 87 1678 287 1424 103 5878 106 1816 107 1012 81 1473 238 32 58 4
YOL101C YOL101C simiarity to YOL002c and YDR492w UNKNOWN 4211 1463 4186 436 5135 434 4546 298 1419 395 12 38 12 2 12 31 18 18 18
MDH2 YoL126C YOL(28C cyasokc it dehycropenase TCACYCLE 604 313 108 175 708 52 735 17 7224 1249 1506 129 562 47 133 184 48 129 53
PEX11 YOL147C YOL147C Peroxisomal membrane prot PEROXISOME BIOGENESIS 3477 532 3446 644 3646 466 2791 5 10186 1704 4681 447 4699 469 3793 39 22 22 27
BIO5 YNROS6C YNROSEC transmembrane regulator ov KAPAVDAPA ansport BIOTIN BIOSYNTHESIS 2 2.1 216 93 19 11 7 24 757 39 315 85 227 48 259 72 24 33 29
8I03 YNROSBW YNROSBW 7. (0APA) BIOTIN 302 138 636 86 532 109 505 43 1125 34 a8 72 463 16 478 92 25 24 24
FRE4 YNROGOW YNROGOW similar to FRE2 UNKNOWN 158 95 152 3 3 22 165 52 591 114 12 24 12 15 165 64 49 49 36
FUN34 YNR002C YNROO2C Putative transmembrane protein UNKNOWN 1456 745 795 09 453 82 0.1 58 16178 1479 429 138 772 87 872 6.1 377 21 186
spo1 YNLO1ZW YNLO12W encodes a protein with high similarty to phospholipase B MEIOSIS (SPOR.) 2 24 14 a7 2 3 2 45 325 82 124 29 12 07 12 26 26 27 27
IDP3 YNLOOGW YNLOOSW peroxisomal NADP-dependent isocitrate dehydrogenase TCACYCLE 127 74 216 a7 212 5.1 239 73 1746 347 258 17 238 25 201 42 68 73 87
sPsig YNL202W YNL202W peroxisomal 2.4-dienoyl-CoA reductase FATTY ACID METABOLISM 78 207 822 187 652 134 50.1 1310502 1269 134 82 559 5 569 95 78 188 185
YNL195C YNL195C hypothetical protein UNKNOWN 77 63 331 93 156 27 25 106 3817 1338 354 129 219 27 357 99 108 174 107
YNL194C YNL194C strong similarity to YDL222c and similarity to Sur7p UNKNOWN 2 16 181 56 2 24 12 06 2029 869 476 161 12 14 316 126 43 169 64
ALP1 YNL270C YNL270C Protein highly homologous to permeases Cantp and Lyp1p for basic amino acid: TRANSPORT 128 46 193 41 2 12 158 58 431 102 193 12 12 14 137 34 22 36 32
YNL335W YNL335W similarity to M.verrucaria cyanamide hydratase. identical to hypothetical protein ' UNKNOWN 12 26 176 69 12 24 12 26 1581 207 281 35 149 25 132 13 56 106 12
ADH2 YMR303C YMR303C alcohol dehydrogenase I GLYCOLYSIS 264 27 243 52 24.1 77 20 82 3852 1249 225 41 373 04 521 154 1445 873 62.4
CAT8 YMR280C YMR280C Zinc-cluster protein involved in related to Gald| GLUC 129 94 2 19 2 46 2 11 575 118 14 45 156 4 a7 56 41 37 33
YMRI9W YMR191W hypothetical protein UNKNOWN 1191 422 1605 w1464 188 1095 65 4394 475 1404 156 1722 29 1472 123 31 26 3
PAIR YMR174C YMR174C Cytoplasmic inhibitor of proteinase Pep4p OSMOTIC STRESS RESPONSE 4 126 443 134 34 9 228 48 3401 895 638 112 291 33 458 99 53 17 74
siP18 YMRI75W YMR175W protein of unknown function UNKNOWN 273 78 354 19 154 36 235 21 9548 2111 12 24 12 08 2 62 796 796 398
YMR118C YMR118C strong similarity o succinate dehydrogenase UNKNOWN 165 12 563 124 29 35 227 47 3254 181 174 24 12 37 12 62 187 271 274
snot YMRO95C YMRO5C SNZ1 proximal ORF. stationary phase induced gene UNKNOWN 16.4 95 129 3 147 39 30 58 499 74 133 13 129 39 231 2.1 a7 39 22
SNzt YMRO96W YMROSGI encados gy consrved 35 KDa protin hat shows increased xpressionafe UNKNOWN 635 263 575 186 375 52 70 159 1421 03 539 51 448 a7 862 98 26 32 21
YMRI07W YMR107W hypothetical protein UNKNOW! 188 15 732 105 217 72 19.4 45 26227 3203 12 15 159 13 12 41 2186 1653 21856
PLB2 YMRO0GC YMROOBC strong similarity o Plb1p PHOSPHOLIPID METABOLISM 9723 1714 5118 613 5632 %02 7314 689 3529 972 815 108 682 121 692 164 43 52 5.1
HXT2 YMROTIW YMRO11W high affinity hexose transporter-2 TRANSPORT 4573 2833 11698 509 9341 1364 177 1174 17449 3084 924 215 5975 695 2026 499 19 29 86
cAT2 YMLOs2W YMLO42W Carnitine O-acetylranserase. peroxisomal and mitochondrial FATTY ACID METABOLISM 546 193 557 164 351 83 32 19 5542 92 866 341 335 58 405 189 64 166 137
cve2 YMLOSAC YMLOSAC Cy L LACTATE UTILIZATION 213 97 267 41 2 24 23 45 23754 1919 669 1264 552 42 11509 865 36 43 21
MSC1 YML128C YML126C C-terminal part starting with aa 262 cause growth inhibition when overexpressed UNKNOWN 818 208 1794 56 1201 127 1159 61 9318 2009 2473 409 1219 56 2224 469 38 76 42
YML122C YML122C hypothetical protein uNKNOWN 12 28 2 14 2 1 12 08 411 54 12 05 12 32 12 31 34 34 34
CTR3 YLR11W YLR411W Copper Transporter TRANSPORT 617 2 409 92 234 55 349 12 10399 1301 43 203 266 55 3453 572 24 39.1 3
FBP1 YLR377C YLR377C (FBP1) Fructose-1.6-bisphosphatase. gluconeogenic enzyme. activity is istee CLUCONEOGENESIS 12 31 12 15 2 42 12 46 2144 30 12 09 12 2 12 45 179 179 179

Dawn +regulated under C-Lim Aerobic only (FC = fold change, ANA = anaerobic, A = aerobic)
robe S

Genename  systematicname  functional description cellular function CLimANA C-LimANA N-LimANA N-LimANA P-LimANA P-LimANA SLimANA SLmANA C-LmA CLmA NLmA NLmA PLmA PLmA SLmA SLmA FCC-LimAE Vs N-LmAE  FC C-Lim AEvs S-LmAE  FC C-Lim AE vs P-Lim AE
Average  Stdev  Average  Sidev  Average  Stdev  Average  Stdev  Average  Sidev  Average  Stdev  Average  Stdev  Average  Stdev

10159_at YLR179C YLR179C similarity to Tfs1p UNKNOWN 12372 1818 10353 82 11419 %07 1116 34 2195 565 6279 1232 9025 92 9572 1589 22

10227 at YLR108C YLR108C strong similarity to YOR132c UNKNOWN 12 29 238 39 215 28 231 07 38 106 1079 12 166 74 1123 38 28

10356 at  TPO1 YLLO28W YLLO28W similariy to mulidrug resistance proteins TRANSPORT 204 367 3229 656 3145 458 5306 493 197 305 455 555 3947 385 5976 89.7 23

104728t PTR2 YKRO93W YKRO93W Peptide transporter TRANSPORT 894 401 1419 a7 903 214 798 76 266 2 5046 349 874 761 1727 18 -19

10609.at  PHD1 YKLO4SW YKLO43W (PHD1) Transcription factor involved in regulation of filamentous growth PSEUDOHYPHAL GROWTH 10427 59.8 7.3 2251 10601 2678 10494 334 2827 489 11903 2788 6067 842 984 534 42

10634 at  MSN4 YKLOG2ZW YKLOB2W (MSN4) Zinc-finger transcriptional activator for genes regulated through Snf1p.  TRANSCRIPTION 604 189 905 136 1368 247 782 85 478 21 1515 273 1505 82 1238 208 32

10803at  STES YKL209C YKL209C ABC transporter. glycoprotein. component of a-factor secretory pathway MATING 1107 352 2629 336 2328 427 2029 203 857 173 2993 304 1803 93 1873 203 35

11004_at YJR030C YJRO30C similarity to hypothetical protein YJL181w UNKNOWN 356 124 677 24 633 277 40 122 559 253 1404 173 137 34 1122 275 25

11259_at YIL213W YAL213W simiriy to Metharcbacterium ariakyphosphataserlted prolin UNKNOWN 1515 212 119 221 156.8 125 2619 456 327 189 3649 73 3563 666 238 588 A

11260.at  OPT1 YiL212C YJL212C strong similarty to S.pombe ispd protei UNKNOWN 246 101 1757 a7 777 119 208 11 12 17 368 482 11096 807 475 1456 306

4200_at coxss YiLw YIL111W Cytochrome-c oxidase chain Vb OXIDATIVE PHOSPHORYLATION 1498 326 1907 183 1179 108 1693 199 157 06 845 65 319 81 57.8 198 54

4322_at YHR210C YHR210C UDP-glucose-d-epimerase (GAL10. galE) UNKNOWN 3003 775 109.1 131 75 4 3383 784 228 1 612 45 477 12 219 893 27

4339_at ovez YHR179W YHR179W NAPDH dehydrogenase (old yellow enzyme). isoform 2 UNKNOWN 13589 2184 7752 55 9404 90 9413 2954 42 629 7795 568 11145 926 10809 1952 23

4477_at YHRO48W YHRO48W similarity to multidrug resistance proteins UNKNOWN 46.1 134 798 19.1 829 72 66.1 138 12 08 32 104 625 38 392 23 27

4478 at FSHI YHRO49W YHRO4SW similarity to S.pombe dihydrofolate reductase and YOR280c UNKNOWN 489 1189 7312 1609 7467 1802 8143 2536 1476 575 9676 1263 55 638 8074 70 66

4802iat  TDH3 YGR192C YGR192C Glyceraldehyde-3-phosphate dehydrogenase 3 GLYCOLYSIS 44236 38621 38004 12289 40242 2076 4907 9337 1430 2149 3612 1696 3684 2259 39244 1632 25

4870_at YGRI25W YGR125W similariy to S.pombe hypothetical protein SPAC24H6.11c UNKNOWN 1066 179 606.8 1095 1789 243 1408 176 1129 102 7246 91 4158 695 2361 469 64

4967_at BUDY YGRO4TW YGRO4TW Among a group ofgenes whose producs are ncescaryfr ucso sletol: BUD SITE SELECTION 39.9 121 65 189 847 256 356 31 246 18 826 129 797 32 609 124 34

5087_at ALG2 YGLOGSC YGLOGSC (ALG2) OTEIN GLYCOSYLATION 36.4 184 613 97 737 151 672 42 389 65 83 102 899 14 % 13 2.1

5404_at STE2 YFLO26W VFLO26W (STE2) Pharomene alphafacor & prtein-coupled eceptor 1GPCR) member of MATING 3156 53.9 5783 743 4184 433 3608 72 197 169 672 103 3312 738 3965 968 56

5405_at BST1 YFLO25C YFLO25C (BST1) Protein that negatively regulates COPII vesicle formation. required for prc SECRETION 59 211 111 105 989 286 78.1 15 674 176 1888 213 1453 18 1432 344 28

5609_at DSE1 YER124C 'YER124C weak similarity to Dictyostelium WD40 repeat protein 2 UNKNOWN 485 482 637 227 511 7 54 96 285 26 1314 259 63 87 818 325 46

5665_at YER053C YER053C strong similarity to mitochondrial phosphate carrer protein UNKNOWN %87 383 2241 396 1743 163 2519 675 1355 47 7461 1272 445 518 6745 1227 55

5683 at YER028C YER026C similarity to Mig1p UNKNOWN 12 2 329 78 284 73 12 44 12 26 296 65 247 46 245 53 25

5731_at YELO16C YELO16C similarity to human nucleotide pyrophosphatase UNKNOWN 257 132 59.7 133 605 3 506 156 237 59 802 38 553 39 636 84 34

5746_at MNNT YEROOTW 'YEROOTW (MNNT) Alpha-1 required for complex bPROTEIN GLYCOSYLATION 1334 504 2408 161 1746 421 3069 368 8438 124 451 629 3954 646 4713 834 53

5057_at YDRS3IC YDRS33C strong similarty to hypothetical proteins YPL280w. YOR391c and YMR322c  UNKNOWN 5829 28 8235 762 757 2316 6624 1851 4015 461 9614 1295 10475 2093 14953 1139 24

6138 at YDR352W YDR352W weak similarty to hypothetical proteins YOL0S2w. YBR147w and YMRO10W  UNKNOWN 305 89 835 79 53.1 24 638 152 496 62 1447 132 1092 282 1095 176 29

6186_at Gic2 YDR309C YDR309C (GIC2) Putative effector of Cdc42p. important for bud emergence BUD EMERGENCE 3759 58.2 407.9 193 5617 68.1 5038 1089 2048 517 5903 983 6792 193 4938 813 29

6797_at YCR102C YCR102C Alcohol dehydrogenase UNKNOWN 2616 479 2383 252 401 468 2443 676 207 144 726 36 1594 193 1334 20 35

6831 at YCRO43C YCRO43C hypothetical protein UNKNOWN 316 201 58.8 132 336 53 278 25 27 27 838 8 545 123 555 58 3.1

6907_at AGP1 YCLo25C YCLO25C (AGP1) Broad substrate range amino acid permease with high affinity for aspara TRANSPORT 7629 56.7 1559 231 3634 685 3465 312 872 286 2086 173 2404 1169 3531 521 24

7207_at YBR161W YBRIB1W Homolog to suppressor of reduced viabilty of starvation (SUR1. S. cerevisiae) UNKNOWN 1019 37 1696 156 1673 23 2158 334 375 53 1871 132 785 83 1284 75 5

7376_at YBLO2OW YBLO29W hypothetical protein UNKNOWN 120.1 303 2353 76 1407 188 1596 25 7.1 38 3536 198 528 67 2336 798 207

7445_at YBLOSSW YBLOSW similarity to C.albicans hypothetical protein UNKNOWN 29 147 62 67 528 86 46.2 47 418 575 4577 774 3816 17 3533 704 32

7626_at MEP3 YPR138C YPR138C (MEP3) Ammonia permease of high capacity and low affinity TRANSPO! 1053 406 87 345 704 208 611 46 321 93 1527 51 739 a7 1112 65 48

7637_at 1SR1 YPR106W YPR106W protein kinase STAUROSPOR\NE RESISTANCE 238 57 562 11 452 77 455 6 34 105 1006 223 772 98 844 175 3

7765_at YPRO13C YPRO13C similarity to transcription factors UNKNOW! 465 12 777 77 774 99 75.7 25 247 121 63.9 19 564 103 778 363 26

7840_at YPLO9SC YPLOSSC strong similarity to YBR177G UNKNOWN 501.2 569 457.7 402 3064 583 3287 63.1 57 57 10223 519 1724 304 6827 797 181

8373 at Lce4 YORI71C YOR171C sphingoid long chain base (LCB) kinase SPHINGOLIPID METABOLISM 12 49 215 4 18.1 18 174 42 267 56 598 61 59.7 08 667 176 22

8698 at PFK27 YOL136C YOL136C (PFK27) 6-Phosphofructose-2-kinase. isozyme 2 CARBOHYDRATE METABOLISM 255 138 308 48 269 48 445 129 154 4 e 149 381 44 457 164 3

8787_at YNRO32C YNRO32C hypothetical protein identified by SAGE SIGNALING. HIGH OSMOLARITY PATHWAY 7 2 242 496 1809 55 116 218 87 108 1854 484 2332 147 1899 60 21

8922_at SUN4 YNLOGEW YNLOG6W Protein involved in the aging process AGING 4335 1829 6496 987 6656 52 7251 76 2272 302 7062 437 6136 491 8797 1925 31

8988_at YNL134C YNL134C similarity to C.carbonum toxD gene UNKNOWN 378.7 1288 501.7 396 5392 52.1 530.1 458 1678 438 4649 427 5762 424 594 535 28

9334_at NGL2 YMR285C YMR285C similarity to Cerdp UNKNOWN 543 7 1197 59 1297 272 994 99 467 61 1601 71 1329 97 1423 173 34

9363_at YMR269W YMR269W weak similarity to C.elegans hypothetical protein CELT2383 UNKNOWN 154 104 215 22 22 44 211 35 126 34 286 4 315 23 313 41 23

9587_at YMROS7C YMROS7C hypothetical protein UNKNOWN 347 124 972 128 714 86 347 69 195 122 616 68 633 155 495 1656 32

9864_at YLR460C YLRA6OC similarity to.C.carbonum toxD protein UNKNOWN 1224 639 2045 658 2823 258 1745 246 176 82 1103 182 1957 325 1167 236 63

Up-eguited undor N-Lim soobic oly (FC =/oldshange, ANA = anacraic, A = srobic) CLMANA LI ANA NAIM ANA. ReLImANA P-Im ANA P-LIMANA_ SLIMANA SUANA CLInA GLimA  NLIMA NLmA PLMA PAmA LA SiimA FCN-LIMAEVSC-LIMAE  FC N-lim AE vs S-AE FC NHim AE vs P-lim AE
name  systematicname functional description celular function Average  Std Average  Stdev  Average Average  Stdev  Average  Stdev  Average  Stdev  Average  Stdev  Average  Stdev

10208.at  PDCS YLR134W YLR134W pyruvate decarboxylase GLYCOLYSIS 849 274 2253 197 1039 9.4 1302 5.1 95.3 46 17083 865 1686 364 8356 334 7.9 101 2

10346_at YLROOAC 'YLROOAC similarty o allantoate transport protein UNKNOWN 22 10 834 322 436 28 648 245 39.1 69 112 199 196 66 21 6.1 29 57 53

10681 at  LAP4 YKL103C YKL103C vacuolar aminopeptidase ysc1 PROTEIN DEGRADATION 6257 1897 11918 188 5808 1664 6172 387 2842 14 8885 1793 4268 35 4112 1 34 24 22

4109_at BAR1 YILo15W YILO15W (BAR1) Secreted pepsin-iike protease that degradies alpha-factor MATING 3749 26 7174 80 4641 453 7156 889 1875 1074 642 129 317 71 3139 87 34 2 2

4134_at PRM2 YIL037C YILO37C hypothetical protein UNKNOWN 775 188 1224 25 9.2 196 103 459 59.8 61 1262 16.1 437 59 142 93 24 29 89

4158_at YIL059C YILOS9C hypothetical protein UNKNOWN 201 44 %7 204 187 43 56 107 276 33 232 249 253 56 576 44 86 93 41

4340_at YHR180W YHR180W hypothetical protein UNKNOWN 358 152 755 66 438 33 423 128 462 4 1581 138 394 73 612 208 34 4 24

4961_at YGRO35C YGRO35C hypothetical protein UNKNOWN 141 55 185 31 12 21 187 45 12 17 89 15 248 2 31 42 74 36 23

5310_at YFROSSW YFROS5W strong similaity o beta-cystathionases UNKNOWN 256 121 1002 465 341 66 66.5 7 12 58 92 129 221 22 314 13 77 42 25

6253_at AMD2 YDR242W YDR242W putative amidase UN 242 138 1202 308 433 79 67.5 44 347 56 1305 4 305 e 338 45 a8 43 39

6562_at THI3 YDLOSOC YDLOBOC positive regulatory factor with thiamin pyrophosphate-binding motiffor thiamin mi THIAMINE METABOLISM 76.1 178 1555 243 4712 68 1289 213 917 93 2487 B9 1048 158 1203 269 27 24 21



YoLo2rw YCLO27W serinelthreonine-rich membrane protein
YCLOB1C YCLOG1C similarity to myosin heavy chain form b from Chicken and Xenopus
YPL1SOW YPL1S0W similarity to serfthr protein kinases

YPL1STW YPL187W mating factor alpha

YOR032C YOR032C myc-family transcription factor homolog

YNROGEC YNROBEC similarity to Bultp

YNL129W YNL129W weak similarty to M pneumoniae uridine kinase udk

YMR319C YMR319C Low-affinity Fe(ll transport protein

Down-regulated under N-Lim aerobic only (FC = fold change, ANA = anaerobic, A = aerobic)

6905_at FUSt
6917_at MRC1
7920_at

7927_at MF(ALPHA)!
8505_at HMS1
8780_at

8993 at

9284_at FET4
Probe Set  Gene name.
10377_at

10378.at  AQY2
11133at NCA3
4801_at HIP1
4846_at

4860_at NSR1
6854_at HSP30
7291 at BAP2

7295 at HSP26
7981_at GRE
7999_at icy2

8724 at

9588_at FET3
9633_at HXT2

systematic name  functional description

MATING; CELL FUSION
NOWN

UNKNOWN
MATING

PSEUDOHYPHAL GROWTH
UNKNOWN

UNKNOWN

TRANSPORT

cellular function

YLLOS3C YLLOSIC similarity to water channel proteins UNKNOWN
YLLOS2C YLLO52C member of mip family transmembrane channels. TRANSPORT. WATER

YL116C YJL116C With NCA2. regulates proper expression of subunits 6 (Atpp) and 8 (Atp8p ) of U ATP SYNTHESIS

YGRIGTW YGRI91W histidine permease TRANSPORT

YGR146C YGR146C hypothetical protein UNKNOWN

YGRI59C YGRI59C nuclear localization sequence binding protein NUCLEAR PROTEIN TARGETING
YCRO21C YCRO21C Heat shock protein located in the plasma membrane with a role in cellular pH ho STRESS

YBR06SC YBROBEC probable amino acid permease for leucine. valine. and isoleucine. TRANSPORT

YBRO72W YBRO72W Heat shock protein of 26 kDa. expressed during entry to stationary phase and in STRESS

YPL223C YPL223C Induced by osmotic stress UNKNOWN

YPL250C YPL250C weak similarity to YMR195w UNKNOWN

YOL155C YOL155C similarity to glucan 1.4-alpha-glucosidase Sta1p and YAROB6W. UNKNOWN

YMROS8W YMROS8W multicopper oxidase TRANSPORT

YMRO11W YMRO11W high affinty hexose transporter-2 TRANSPORT

up mgmanea under P-Lim aerobic only (FC = fold change, ANA = anaerobic, A = aerobic)

systematic name  functional description

cellular function

YLROT4C LRO14G zinc nger ransorplon factor of e Zn(2)Cys(6) binucloar st doman type. PYRIMIDINE BIOSYNTHESIS
YKROS0W YKROS0W mermbrane protein\; low affinity potassium transport

YJLOBIW YJLOBIW similarity to hypothetical protein YKRO19G u KNOWN

YNROTSW YNRO75W Protein with strong similarity to subtelomerically-encoded proteins such as Cosé UNKNOWN

YBLOGOW 'YBLOGSW Protein involved in targeting of plasma membrane [H+]ATPase LASMA MEMBRANE PROTEIN TARGETING
YiL120W YIL120W similarity to antibiotic resistance proteins UNKNOWN

YHR210C YHR210C UDP-glucose-4-epimerase (GAL10. galE) UNKNOWN

YHRO32W YHRO32W ethionine resistance protein UNKNOWN

YGROT9W YGRO79W hypothetical protein UNKNOWN

YGL224C YGL224C strong similarity to hypothetical protein YERO37w UNKNOWN

YER186C YER186C weak similarity to hypothetical protein YMR316w INKNOWN

YDR3I9IW YDR393W mRNA (identiied by a library screen) that causes growth arrest when overexpre UNKNOWN

YDL109C YDL109C strong similariy to thiamine-repressed protein Thidp UNKNOWN

YCRO47C 'YCRO47C Protein carboxyl methylase UNKNOWN

YCLO38C YCLO3BC Membrane transporter UNKNOWN

YBROOIC YBROO1C Neutral trehalase. highly homologous to Nth1p TREHALOSE METABOLISM
YBLO70C YBLO70C questionable ORF UNKNOWN

YBLOGEW 'YBLOGBW ribose-phosphate pyrophosphokinase 4 PENTOSE PHOSPHATE CYCLE
YPR125W YPR125W suppressor of mrs2-1 mutation UNKNOWN

YOR343C YOR343C hypothetical protein UNKNOWN

YOL154W YOL154W similarit to S.fumigata Asp Il UNKNOWN

YNROT4W YNRO14W weak similrity to hypothetical protein YMR206w UNKNOWN

YNLOAGW 'YNLO46W hypothetical protein UNKNOWN

YNL224C YNL224C hypothetical protein UNKNOWN

YNL242W YNL242W similarity to human hypothetical protein KIAAO404. UNKNOWN

YMR194C YMR194C hypothetical protein identified by SAGE UNKNOWN

YMR279C YMR275C strong similariy to aminotriazole resistance protein UNKNOWN

YMLOS6C YMLOS6C strong similarity to IMP dehydrogenases UNKNOWN

YMLO8BW YMLOBBW hypothetical protein UNKNOWN

YLR4TOW YLR410W Homologous to . pombe asp1+ UNKNOWN

YLR346C YLR346C weak similarity to YGRO35C UNKNOWN

Down-regulated under P-Lim aerobic only (FC = fold change, ANA = anaerobic, A = aerobic)
robe S

systematic name  functional description

YKLOSTW YKLOS1W hypothetical protein
YNLO44W 'YNLO44W protein of unknown function

YIL037C YILOS7C hypothetical protein

YELOBSW YELOB5W probably multdrug resistance protein

YOR111C YORI111C strong similarity to alanine transaminase

YBRO99C YBRO99C weak similarity o T brucei mitochondrion hypothetical protein 6
YBLO4OW 'YBLO4OW hypothetical prot

YPL19BW YPL198W Ribosomal Dmlem s Lo 1!911) (v8)

YPL265W YPL265W dicarboxylic amino acid perr

YLR264C YLR264C identified by SAGE

YLRIGTW YLRIG7W Ribosomal protein S228 (S248) (1p50) (YS22)

YLR327C YLR327C strong similarity to Stf2p

Up vsgu\aled under S-Lim aerobic only (FC = fold change, ANA = anaerobic, A = aerobic)

Down-regulated under S-Lim aerobic only (FC = fold change, ANA = anaerobic,

Gene name.

10310at PRI

10522at  TRK2
costo
ASTI
QDRI
soTt
SHED
BUD23
AUT4
NTH2

7420 a0 PRSS

7611 at

8187 at

8726 _at

8862_at

8396_at

9079_at

9107_at APG2

9202 at

9328 _at

9700_at MD4

9711_at UFo1

9901 at viPt

9970_at
Gene name

10601_at
viP
PRM2
siTt
RPL7B
iP5
RPS228

9996_at
Gene name.

10625 _at

112178t CBP1

4077_at

4224 at csmz

4440 at Kict

at

oLD3
NPt
FLR1
oves
o

8241 at MCHS

8486_at ASE1

8633 _at MET22

8937 at

Probe Set  Gene name

10060at  GsY2

10158t TS

Systematic name  functional description

cellular function

UNKNOWN
UNKNOWN
UNKNOWN
TRANSPORT
UNKNOWN
UNKNOWN

UNKNOW!

PROTEIN SVNTHESIS
TRANSPO!
uNKNDWN

PROTEIN SYNTHESIS
UNKNOWN

cellular function

YKLOTIW YKLO1W weak similarity to A parasiticus nor-1 protein UNKNOWN
YJL209W YJL209W Protein required for COB mRNA stabilty or 5' processing MRNA STABILITY. COB MRNA
YIR042C YIR042C weak similarity to B licheniformi hypothetical protein P20 UNKNOWN

YL132C YIL132C hypothetical protein UNKNOWN

YHR102W YHR102W Ser\/Th protein kinase MITOSIS (PUTATIVE)

YFLOS7C YFLOS7C strong similarity to aryl-alcohol dehydrogenases KNOWN

YELOT2W YELO72W hypothetical protein UNKNOWN

YELOTIW YELO71W strong similariy to Aip2p. UNKNOWN

YDRS08C YDRS0BC high-affinity glutamine permease TRANSPORT

YBR292C YBR292C hypothetical protein unkown

YBR281C YBR281C Probable G-protein. -iransducin type NOWI

YBRO0SC YBROOSC Member of the multidrug-resistance 12-spanner (DHA12) family of the major faci SMALL MOLECULE TRANSFORT
YPLOS2W YPLOS2W hypothetical protein NOWN

YPLI7IC YPL171C NAD(P)H dehydrogenase UNKNOWN

YOR316C YORB16C Protein involved in cobalt dosage LL MOLECULE TRANSPORT
YOR302W YOR302W CPAT leader peptide UNKNOWN

YOR306C 'YOR306C similarity to human X-linked PEST-containing transporter NOWN

YOR056C YOROS8C(ASE) Microtubule-associated protein localized to the spinde midzone. requirec MITOSIS

YOL0G4C YOL0BAC 3(2)5-bisphosphate nucieotidase METHIONINE BIOSYNTHESIS
YNLOSSC YNLOSSC strong similariy to YOR092w UNKNOWN

= aerobic)
systematic name  functional description
YLR258W
YLR178C

YLR258W Gl (u
YLR178C suppressor of cdc25

DP-

cellular function

GLYCOGEN METABOLISM
CELL CYCLE

256 102 748
208 93 379
365 85 668
498 153 793
535 266 722
203 22 1467
58.9 306 1457

156.8 414 3343

C-LimANA  C-Lim ANA N-Lim ANA

Average  Stdev  Average
75 23 1574
239 68 56.1
27 18 441
1236 186 693
783 255 747
3944 541 2249
55.1 248 1139
102 9.4 267
1482 414 2811
133 44 249
1854 37 1637
2644 1368 73
138 6 152
457.3 2833 11698
C-LimANA  C-Lim ANA N-Lim ANA

Average  Stdev  Average
402 195 858
154 1 685
12 48 179
529 35 124
12 33 27
246 53 282
3003 775 109.1
27 5.1 53.1
291 125 413
668 243 257.7
1219 58 2519
235 56 211
12 23 1456
746 4 2283
753 452 1586
556 125 1227
12 2 12
1318 339 1959
1492 24 1399
744 29 491
54 77 3196
873 25 529
2272 549 3387
132 72 155
145 7 274
12 41 121
314 146 323
633 201 565
327 156 476
51 26 121
204 85 866

95

44
226
206

09
396
248
875

Stdev.
1

N-Lim ANA
Stdev.

122
91

amE gor L s
G822 822 oG.oNdw
Nor-sooneodloiielRe

Average
1729
773
476
1339
1658
3079
983
99.4
3522
473
9055
3002
455
934.1

P-Lim ANA
Average

CLimANA C-LimANA N-LimANA N-LimANA P-Lim ANA P-Lim ANA  S-Lim ANA

Average  Stdev  Average  Stdev
145 85 205 54
138.2 43 1312 182
75 188 1224 2
328 159 168.7 322
208 14 84 132
238 96 662 123
1489 586 2006 56.5
335 160.3 149 956
559.1 484 15768 3191
166.3 887 1154 50.2
3039 697 4075 759
1537.8 2846 466 421
C-LimANA  C- um ANA N-Lim ANA N um ANA
Average Average
12 54 347 128
189 74 222 23
202 1041 997 195
12 6 186 23
524 158 90.1 294
4683 1255 5268 327
264 133 66.1 13
9212 147.8 2574 537
2535 1193 309 10.1
1 33 17.9 48
252 211 493 9.2
726 76 7T 381
1004 296 1613 381
146.2 519 848 182
3314 298 2956 253
2665 499 2747 199.3
106 a7 1765 332
299 176 603 126
7324 954 7525 35
248 124 444 82

Average
195

1202

P-Lim ANA
Average

CLMANA C-LimANA N-LimANA N-LimANA P-Lim ANA
Average

w22
636

2163
7235

Average
134

37 17 194 239 81 75
153 227 52 23 57 506
83 414 65 489 221 1403
82 821 46 1046 1103 3055
18 7 8 12 25 835
33 928 107 613 48 1268
134 1031 181 626 24 2691
282 2932 189 12 19 1229
N-LMANA  P-LimANA P-Lim ANA S-Lim ANA S-Lim ANA C-LimA  C-LimA  N-Lim A
Stdev  Average  Stdev  Average  Stdev  Average
w2 1715 475 12484 1368 3488
10 86 182 4187 785 1301
5 491 57 1923 796 138
234 186.2 173 9.8 152 377
261 1689 827 148 363 138
1266 4128 659 5184 1272 1373
204 1143 137 4998 3349 62
97 45.1 94 3363 774 203
819 2584 317 17695 3173 2226
126 20.1 74 13604 9186 12
1389 2343 26 3047 1225 1264
294 64.3 286 11333 5884 214
231 12 44 1283 433 289
1364 177 174 17449 3084 921
P-LMANA SLimANA S-LimANA C-LmA CLimA  N-LimA
Stdev  Average  Std Average  Stdev  Average
9 1618 192 394 3 638
83 637 102 444 39 48
62 236 17 188 34 158
37 2782 333 12 17 122
39 35.1 62 187 19 19
4 494 19 217 7 207
4 3383 784 228 1 612
45 95 44 339 162 352
55 823 248 419 55 647
288 4769 17 1407 282 2699
595 3916 634 135 208 1843
1 344 53 226 26 313
27 213 152 133 16 12
136 1935 18 858 572 87.3
359 3098 176 617 131 1087
28 1037 93 1265 153 1465
34 12 31 12 09 12
183 3482 185 64 252 1803
216 1855 477 1854 273 1883
39 1469 211 741 137 296
313 2069 324 1618 42 1596
7% 471 4.4 1 3 193
44 269 241 1881 198 2283
a7 287 81 126 04 7
45 195 51 407 8 ar7
37 26 7.7 12 06 12
6.1 553 157 2 55 12
321 183.1 2 408 75 30
85 97.5 314 371 34 462
211 2143 39.1 76.1 135 1047
76 72.1 215 868 135 %
SLmANA C-LimA  CLimA  N-LimA
Stdev  Average  Stdev  Average  Stdev  Average
34 12 27 816 264 1155
342 1138 284 2872 1168 1955
196 103 459 598 61 1262
1063 488 5.1 876 21 1853
%27 69.1 79 1311 12 497
21 465 92 1092 373 919
326 2455 38 392 161 3303
895 2279 915 5299 1549 1717
389 3326 822 281 97 6968
98 1449 225 1908 99 1198
455 4352 532 5201 921 5174
314 2533 285 19698 1695 3127
P-Lim ANA  S-Lim ANA S-Lim ANA  C-Lim A A NLimA
lev  Average  Stdev  Average  Stdev  Average
49 25 43 19.1 44 302
194 344 3.1 221 8.1 219
66 413 3.1 228 27 1348
53 168 17 12 78 169
252 387 125 495 168 856
1047 3067 42 2868 38 3204
10.1 269 43 182 46 645
334 5917 214 287 416 1847
106.1 1543 121 785 99 167
62 12 27 18 09 7
38 31.9 36 553 3.1 549
183 1078 81 1008 188 1358
34 1218 199 1387 126 1339
158 441 41 1986 369 1778
558 2214 305 2884 574 2947
779 7002 1278 3997 1365 4388
368 3126 563 674 257 738
208 518 13 434 16 1041
1114 8405 634 4029 396 5572
72 57.2 68 38 32 39
P-LMANA SLimANA S-LimANA C-LmA CLmA  N-LimA
Stdev  Average  Stdev  Average  Stdev  Average
209.4 52 248 285 2073
445 3264 57 9133 1468 4844

ns.s

3278

N-Lim A
Stdev

N-Lim A
Stdev.

N-Lim A
Stdev.
17

472
6.1

59

18

6.2
751
538
444
253
934
713

N-Lim A
Stdev.

45

N-Lim A
Stdev.

8.
1242

PLimA
Average
27165
1355
875
1095
537
3678
2468
1193
519
8466
17055
18275
1095
5975

P-LimA
Average

657

519
1297
695

P-LimA
Average
56.3
196.8
437
1002
1209
100
3005
3376
4456
155
519
3637

P-LimA
Average

1026

66.1
3531

1734
1041

P-LimA
Average

9.
2193

P-LimA
Stdev.
a7:

P-LimA
Stdev.

P-LimA
Stdev

209
27
218

1214
50.1
168.5
54
169
1033
124

P-LimA
Stdev.

139

336 33
247 86
537 13
775 197
313 32
452 41
429 82
55.1 54

SLmA  SLimA

Average  Stdev
21256 7582
10758 5943

903 148
185.1 68
1374 283
408.4 111
1576 1
442 5
7343 1211
295 39
4987 235
2196 3431
1362 188
2026 499

SLmA  SLimA

Average  Stdev

1863 77
1165 6.1
473 208
345 1
712 197
646 175
219 893
1385 798
298.1 503
686.8 139
7432 1115
786 252
31 152
2589 120
2656 447
328 609
68.4 9
7003 865
4432 1337
2125 1114
3323 64
403 167
4742 1849
75 07
135 45
274 106
304 102
121 573
1227 198
3877 1014
2291 19

SLmA  SlimA

Average  Stdev

134 19
85.1 513
142 93
349 9
182 01
438 41
138.1 331
725 10
132 26
499 245
2348 153
855 95

SLmA  SlimA

Average  Stdev

478 24
246 51
35 42
18 46
534 103
4058 735
35 9
2894 56.7
64.2 162
137 34
463 152
1786 478
9.4 16.4
284 1289
2714 264
3956 3022
8.6 19.1
663 231
532.1 144
38.1 34

SLmA  SLmA

Average  Stdev

025 89
4825 1544

FC N-Lim AE vs C-Lim AE

FC P-Lim AE vs C-Lim AE

FC P-Lim AE vs C-Lim AE

FC S-Lim AE vs C-Lim AE

FC S-Lim AE vs C-Lim AE

25
42

FC N-fim AE vs S-AE

FC P-im AE vs N-im AE.

29
24

FC P-im AE vs Nlim AE

FC S-iim AE vs N-AE

FC S-im AE vs N-AE

23
22

Supplementary data Table 5

22
2
26
39
2
28
63
22

FC N-lim AE vs P-iim AE.

FC P-im AE vs S-Lim AE

FC P-im AE vs S-Lim AE

FC S-iim AE vs P-Lim AE

21
27
10.1
23
61

FC SHim AE vs P-Lim AE

22
22



10262_at
10795_at
10865_at
10908_at
11052_at

YLROS3C
YKL217W

YLR4IW

YLROS3C hypothetical protein UNKNOWN
YKL217W carboxylic acid transporter protein homolog TRANSPORT

YJRO25C C-terminal part of YJR030C: NICOTINIC ACID BIOSYNTHESIS
YJR115W similarity to hypothetical protein YBLO43w UNKNOWN

YJLOT6W weak similarty to hypothetical protein YNL278w and YLR187w UNKNOWN

YJLO52W Glyceraldehyde-3-phosphate dehydrogenase 1 GLYCOLYSIS

YHR139C sporulation-specific wall maturation protein SPORULATION

YGR256W 6-phosphogluconate dehydrogenase PENTOSE PHOSPHATE CYCLE

YGR248W similar to SOL3 UNKNOWN
YGL121C hypathetical protein UNKNOWN

YFRO15C (UDH GLYCOGEN METABOLISM
YFLOT4W Heat shock protein of 12 kDa. induced by heat. osmolic stress. oxidative stress : STRESS

YER150W strong similarty to putative cell surface glycoprotein Sed1p UNKNOWN

YERO35W hypothetical protein UNKNOWN

YELO11W 1.4-glucan-6-(1.4-glucano)-transferase CELL WALL MAINTENANCE
YELO49W member of the seripauperin proteinVgene family (see Gene_class PAU) UNKNOWN

YDR342C Hexose transporter TRANSPORT

YDR343C Hexose transporter TRANSPORT

YDR297W Syringomycin response protein 2 SPHINGOLIPID METABOLISM
YDRO70C hypothetical protein UNKNOWN

YDLO24C strong similariy to acid phosphatase UNKNOWN

YDLO21W Similar to GPM1 (phosphoglycerate mutase) GLYCOLYSIS

YBROS6W Homolog to glucan-1.3—glucosidase (EC 3.2.1.5\; S. cerevisiae) 2. UNKNOWN

YPR16OW Glycogen phosphorylase GLYCOGEN METABOLISM
YPR124W High affinity copper transporter into the cell. probable integral membrane proteir TRANSPORT
YPLOSBC multidrug resistance transporter DRUG RESISTANCE

YPLO92W sensitive to sulfte SULFITE TOLERANCE
YPL186C weak similarity to Xenopus protein xigv7 UNKNOWN

YPL230W Up in StarVation UNKNOWN

YOR344C TYET. a 33 kDa serine-rich protein. is a potential member of the basic regionihe GLYCOLYSIS
'YOR348C putative proline-specific permease TRANSPORT
YOR173W strong similarity to YLR270w UNKNOWN

YOL053C DNA Damage Responsive UNKNOWN

YOL126C cytosolic malate dehydrogenase TCACYCLE

YOL153C strong similarity to Cps1p
YNRO34W hypothetical protein

WN
TRNA SPLICING. PUTATIVE
YMR322C strong similarity to YPL280w. YOR391c and YDRS33c OWN

YMR291W similarity to serfthr protein kinase UNKNOWN
YMR250W similarity to glutamate decarboxylases UNKNOWN

YMR105C Phosphoglucomutase GLYCOLYSIS

YML100W 123 kD regulatory of phospl con TREHALOSE METABOLISM

YLR411W Copper Transporter TRANSPORT

234

10235
124.9

2.
2344

14
336
167

139.1
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‘Supplementary data Table 6

Up-regulated under C-Lim Anaerobic only (FC = fold change, ANA = anaerobic, A = aerobic) CLimANA CLimANA N-LimANA N-UmANA P-LimANA PLMANA SLmANA SLmANA CLmA CLmA NLmA NLmA PLmA PLlmA SimA SiimA FC C-Lim ANA vs N-Lim ANA  C-Lim ANA vs S-Lim AN FC C-Lim ANA vs P-Lim ANA

Probe Set  Gene name  systematic name  functional description celllar function Average  Stdev  Average  Stdev  Average  Stdev  Average  Stdev  Average Sidev  Average  Stdev  Average  Stdev  Average  Stdev

10253_at YLROBSC YLROBC strong similariy to alanine transaminases UNKNOWN 12552 265 5346 333 ass 77 a6 628 8052 114 10082 672 5826 505 6337 591 23 28 28

102908t COX12  YLRO3SC YLRO3EC subunit Vib of cytochrome ¢ oxidase. OXIDATIVE PHOSPHORYLATION 11686 2526 362 105 3647 448 436 54 25074 462 19282 205 20028 592 19564 1685 3 32 27
SDH2 YLL041C YLLO41C Succinate TCA CYCLE. OXIDATIVE PHOSPHORYLATION 11013 27 4805 491 5238 1066 5034 214 21717 684 12822 377 16164 2084 18757 2906 23 21 22
SDH1 YKL148C YKLI46C flavoprotein subunit of succinate dehydrogenase TCA CYCLE., OXIDATIVE PHOSPHORYLATION 2738 522 1171 247 1002 223 87 129 6085 1039 2805 355 2674 205 3125 498 23 27 31
HXTI6  YIR1SBW YUR158W hexose transporter TRANSPORT 842 383 12 23 12 68 12 2 135 61 12 31 12 36 157 35 7 7 7
cvet YJR04BW YJRO4BW iso-1-cytochrome o OXIDATIVE PHOSPHORYLATION 1796 828 2 25 2 12 2 56 16089 2269 9400 938 12486 747 16113 155 15 15 15

YARO7SW YARO75W strong similarity to IMP dehydrogenases UNKNOWN 14657 3961 4773 02 5127 591 4339 1524 3485 1097 5861 247 4168 558 4849 972 31 29 34

MAM33  YILO0C YILO7OC mitochondrial acidic matrix protein RESPIRATION 523.1 59 1926 62 2301 2 2542 85 4887 39 3859 61 3048 174 4681 598 27 23 21
D2 YHR216W YHR216W IMP dehydrogenasel; probable PURS gene NUCLEOTIDE METABOLISM 13909 1649 3793 281 383 823 2617 2 2622 509 5884 309 376 156 4114 62 37 35 53
coxe YHRO51W YHROS1W subunit VI of cylochrome c oxidase OXIDATIVE PHOSPHORYLATION 6637 424 2174 479 202 318 2003 93 14946 2527 10316 843 11912 694 12345 1403 24 23 23
osH7 YHROOIW YHROOTW 8.5 kDa subunitof the ubiqunol-cytochrome c oxidoreductase complex OXIDATIVE PHOSPHORYLATION 056 524 946 204 773 51 93 94 799 667 6629 211 7661 913 6893 1149 32 4 33
GPA1 YHRO05C 'YHROOSC May act cooperatively with Mrs5p in mitochondrial protein import of other related essential MITOCHONDRIAL PROTEIN TARGETING 833 8 3922 789 4007 119 3383 30 7759 937 6148 805 6296 97 5442 558 21 21 25
RPS25A  YGRO27C YGRO27C Ribosomal protein S25A (S31A) (1p45) (YS23) PROTEIN SYNTHESIS 8013 253 3169 o a5 927 3128 43 5626 o7 4851 127 4764 517 4129 996 25 23 26
RPLOA  YGLI4TC YGL147C Ribosomal protein LOA (L8A) (1p24) (YL11) PROTEIN SYNTHESIS 4146 98 1868 394 1863 a2 1624 204 2841 425 1944 448 2236 598 1973 646 22 22 26
suTt YaL162w YGL162W Involved in sterol uptake TRANSPORT 1684 145 53 73 756 192 674 94 35 87 206 38 373 12 173 24 32 22 25
cOX13  YGLI9W YGL191W subunit Via of cytochrome ¢ oxidase. may specifically nteract with ATP OXIDATIVE PHOSPHORYLATION 6449 27 722 233 2801 43 3095 665 9459 856 7869 248 8014 172 7507 343 37 23 21
coxa YeL187C YGLI7C subunit IV of cylochrome ¢ oxidase OXIDATIVE PHOSPHORYLATION 5685 446 1424 62 1387 99 1513 412 12256 1161 8889 487 9387 491 10262 783 4 a1 38
QcRs  YFROZIC (17kDa) OXIDATIVE PHOSPHORYLATION 8858 876 3148 469 3869 139 3075 534 13718 407 11017 1376 11139 416 12711 896 28 23 29
RIP1 YELO24W 'YEL024W Rieske iron-sulfur protein of the milochondial cytochrome bot complex RESPIRATION 6921 665 2019 784 2877 34 3u3 121 615 1975 11363 508 13202 69 12706 2053 34 24 21
QCR7  YDR529C YDR529C ubiquinolcytochrome o oxidoreductase suburit 7 (14 kDa) RESPIRATION 14508 3747 6096 687 5167 944 4748 342 19841 2776 14756 389 16308 612 15059 9 24 28 31
HXT7 YDR342C YDR342C Hexose transporter TRANSPORT 32296 606 12729 978 6497 778 14607 1736 22549 2012 13402 1107 6219 1318 14204 885 25 5 22
SDHA YDR178W YDRI178W succinate dehydrogenase membrane anchor subunit TCA CYCLE. OXIDATIVE PHOSPHORYLATION 1131 916 5341 189 3873 2 526 169 16687 822 @728 101 7474 1374 11317 29 21 29 21
RPPIB  YDL130W YDL130W ATPase stabilizing factor PROTEIN SYNTHESIS 9106 1521 4363 43 a9 126 4417 41 1345 1356 552 493 4107 188 7473 785 21 25 21
[ YDL174C YDL174C mitochondrial enzyme D-lactats ferrcytochrome ¢ oxidoreductase PYRUVATE METABOLISM 608.7 6 2001 88 1889 38 1982 132 921 1178 3456 248 5833 787 6824 1161 29 32 31
INH1 YoL181W YDL181W ATPase inhibitor ATP SYNTHESIS 3529 1026 102 173 411 25 832 145 7988 1527 5167 905 3706 1132 7083 1641 35 86 42
AGP1 YcLo25C YCLO25C (AGP1) amino acid high affinty for 0 (TRANSPORT 7629 567 1559 231 3634 685 3465 312 872 286 2086 173 2404 1169 331 521 49 2.1 22
RPLIA  YBRO3IW YBRO31W Ribosomal protein L4A (L2A) (1p2) (YL2) PROTEIN SYNTHESIS 3697 84 1579 54 1092 38 959 207 199 613 1642 156 1558 353 1598 515 23 34 39
Qacrz YPRIGIW YPR191W 40 kDa ubiquinol cytochrome- reductase core protein 2 OXIDATIVE PHOSPHORYLATION 216 786 1134 07 1069 w1 1376 38 808 995 5716 977 7094 319 962 227 28 3 23
ATP20  YPROZOW YPRO20W hypothetical protein ATP SYNTHESIS 797 154 341 38 269 05 30 61 276 713 1733 16 1946 214 1874 404 23 3 27
ATP4 YPLOTEC YPLOBC F(1)F(0)-ATPase complex delta subunit. mitochondrial ATP SYNTHESIS 5302 1002 2405 67 2523 153 236 131 8133 1435 5802 286 6533 616 5516 382 22 21 23
ATP1S  YPL2TTW YPL271W nuclear gene for ATP synthase epsilon subunit ATP SYNTHESIS 9815 1744 4771 79 368 597 2919 162 12008 843 8043 434 9097 1103 926 273 2.1 28 34
RPS10A  YOR293W YOR293W Ribosomal protein S10A PROTEIN SYNTHESIS 19239 1333 9129 2207 8302 1871 7835 1837 1366 2062 10083 2129 1119 1544 9755 2421 21 23 25
COX5A  YNLOS2W YNLOS2W Cytochrome-c oxidase chain Va OXIDATIVE PHOSPHORYLATION 3213 146 833 116 584 87 851 96 11672 2656 8007 702 9402 1138 10043 389 36 55 38
NDE1 YMR145C 14 hondrial NADH UNKNOWN 1157 234 457 6.1 287 44 409 34 12573 681 6338 997 8088 624 11537 1249 25 4 28
coxs YLR395C YLR3S5C Cylochrome-c oxidase chain Vil OXIDATIVE PHOSPHORYLATION 12233 1302 5173 599 a75 564 4042 657 2121 1601 16317 193 1785 714 1685 1124 24 26 25

Down-regulated under C-Lim Anaerobic only (FC = old change, ANA = anaerobic, A = aerobic) CUMANA CLIANA NLIANA KAIMANA PAINANA PUMANA SUMANA SUMANA CUIMA CUMA KUMA NUMA PLnA PUnA SlmA SlmA

Probe Set  Gene name  systematic name functional description cellular function Average  Sidev  Average  Stdev  Average tdev  Average  Stdev  Average Stdev Average Stdev Average  Stdev  Average  Stdev
10012_at YLR2OTW YLR297W weak similariy to Vibrio vulmﬁcus VwpC protein UNKNOWN 53.1 272 1439 15 1155 85 161 504 1198 433 831 1 752 73 075 179
10021 at  UBC12  YLR30GW 'YLR306W Ubiquitin-conjugating enzyme PROTEIN DEGRADATION. UBIQUITIN-MEDIATED 253 13 757 208 548 29 80 73 35 4 73 17 449 59 622 9
10094 at  ERF2 YLR246W VLR246W (ERF2) Proein ol m pamitoylation an lcalzaton of Ras2p UNKE 434 178 2125 381 9.3 13.1 87.8 7 53 108 177 27 103 124 975 115
10103_at YLR211C YLR211C hypothetical protein UNK? 302 125 735 128 124 19.1 9.8 249 688 53 685 162 692 75 524 33
FRE1 YLR214W YLR214W Ferric (and cupric) reductase RO HOMEOSTASIS 157 8.1 a7 105 38.4 24 364 19 464 109 435 54 327 29 452 84
BUR2 YLR226W YLR226W hypothetical protein UNKNOWN 178 122 383 158 538 89 437 14 341 39 46 47 625 12 573 148
ADY4. YLR227C YLR227C hypothetical protein UNKNOWN 21 85 781 178 428 7 447 22 448 47 606 77 365 52 366 139
SRN2 YLR110W YLR119W suppressor of ma-1 mutation RNA EXPORT. PUTATIVE 247 127 68.4 15.1 67.6 104 512 89 431 32 e84 257 53 34 429 55
CHA YLRO9BC 'YLRO95C DNA-binding transcriptional activator or CHA1 SERITHR METABOLISM 175 75 496 19.1 443 44 368 2 266 3 a5 197 38 a7 35 29
YLROS1C YLROS1C similarity to human acidic 82 kDa protein UNKNOWN 511 327 1047 44 1339 146 1214 133 1025 25 1578 368 179 346 1259 24
YLR022C YLR022C similarity to C.elegans and M jannaschii hypothetical proteins UNKNOWN 407 19 1145 5.1 1165 284 976 176 407 24 79 193 89 87 701 197
YLLOS3C YLLOSAC similariy to water channel proteins. UNKNOWN 75 233 157.4 129 1729 332 1715 475 12484 1368 3488 567 27165 2728 21256 7582
Aavz YLLOS2C 'YLLO52C member of mip family transmembrane channels TRANSPORT. WATER 239 68 56.1 72 773 10 86 182 4187 785 1304 57 1355 1209 10758 5943
YKRO35C YKRO35C hypothetical protein UNKNOWN 221 109 462 78 525 134 63 264 501 169 341 34 32.1 29 307 97
MNN4 YKL201C YKL201C regulates the mannosylphosphorylation PROTEIN GLYCOSYLATION 404 21 1902 532 1616 45 3137 453 1067 374 2848 898 1762 103 168 476
PRP16 YKRO8BW 'YKRO8BW putative ATP-binding protein MRNA SPLICING 252 133 64 12 55.4 13 56.8 79 56 155 672 125 349 36 495 76
YKR104W YKR104W similarity to multidrug resistance proteins UNKNOWN 12 6.1 42 89 32.1 84 314 24 214 56 471 91 2 52 456 63
Last YKR063C 'YKROB3C May regulate expression of genes involved in bud formation and morphogenesis MORPHOGENESIS. CYTOSKELETAL ASSENGLY 387 143 82 173 1155 202 895 177 s 5 1016 a6 N7 47 766 51
TRK2 YKROSOW 'YKROS0W membrane protein\; low affinity potassium transport TRANSPO 154 111 685 9.1 461 83 637 102 444 39 48 86 466 55 1165 61
YKROBOW 'YKROBOW hypothetical protei vl 243 126 o 22 s7.7 111 5.2 04 544 28 1005 108 787 86 943 36
YKRO23W YKRO23W similarity to S.pombe hypothetical protein SPAC23C4 UNKNOWN 149 67 323 78 a7 54 306 27 23 44 466 112 371 33 4
SAP190  YKRO28W YKRO28W Type 2A-related protein phosphatase CELL CYCLE 100 277 2439 36.1 2146 468 2117 527 1183 142 2361 467 2285 179 1969 514
MAK1 YKLO21C YKLO21C contains four beta-transducin repeats RNA PROCESSING/MODIFICATION 28 88 517 12 511 26 489 59 486 89 586 41 816 115 655 74
YKLO31IW 'YKLO31W hypothetical protein UNKNOWN 185 86 524 13.1 503 47 77.4 75 12 8 334 29 188 63 344 162
YKLOT6C YKLOT6C questionable ORF UNKNOWN 45.1 196 174.1 15 1444 19.1 111 0 736 157 1722 253 1597 354 1048 186
YKLOTSC YKLOTSC hypothetical protein UNKNOWN 358 193 848 24.1 1109 253 908 19 649 184 1144 114 1382 235 945 12
APNT YKLI14C YKL114C major apurinicVapyrimidinic endonucieaseV3-repair diesterase DNA REPAIR 75 396 1726 443 71 155 2118 26 14741 135 1625 65 2021 206 1688 14
YKL111C YKL111C questionable ORF UNKNOWN 124 41 313 64 404 71 5 48 258 12 185 a7 218 25 16 64
RMA1 YKL132C 'YKL132C probable folyl-polyglutamate synthetase UNKNOWN 146 66 634 148 373 58 426 66 184 33 518 86 259 53 419 24
PRR1 YKL116C YKL116C probable serineVthreonine-specific protein kinase (EC 2.7.1.-) UNKNOWN 218 97 526 6 5.5 188 5.5 163 396 32 586 5 538 18 393 37
SNUT14  YKLIT3W YKL173W US snRNP-specific protein related to EF-2 MRNA SPLICING 207 102 541 13 426 56 3 103 464 107 798 79 515 64 606 154
AAD10 YIR155W YJR185W Hypothetical aryl-alcohol dehydrogenase (AAD) UNKNOWN 747 403 1976 344 1647 288 157.9 143 1214 6 1102 161 86.3 a8 83 158
TAH11 YJR046W YJRO46W weak similarity to Xenopus vimentin 4 UNKNOWN 34 12 768 25 129.1 16.4 1011 51 666 194 818 259 1394 15 627 158
YJR0S4W YJROS4W similarity to hypothetical protein YMLO47c: UNKNOWN 419 128 86 163 922 65 851 18 417 63 666 103 691 66 448 56
LsM8. YIR022W YJRO022W Sm-fike protein MRNA SPLICING 43 93 %04 13.1 939 267 106 279 845 98 1253 249 962 218 684 167
ASPC1  YJRO10C YJRO10C the SPC12 subunit Protein is impc SECRETION 164 56 423 201 366 77 362 11 23 104 226 101 195 27 173 7
APS3 YJL024C YJLO24C similar to Aps1p and mammalian small subunit 1s\gma ; ‘adaptin) of plasma membrane-ass VACUOLAR PROTEIN TARGETING 182 49 415 17 a2 46 371 61 274 43 408 74 45 124 348 4
YILOTTW YJLOT7W hypotnetical protein UNKNOWN 20 13 892 386 61.1 64 863 161 344 106 52 61 218 25 415 101
YJLO4OW YJLOAOW hypothetical protein UNKNOWN 505 287 1224 371 136.1 122 1311 19 1136 146 1596 196 1701 284 1209 173
KHAT YJL084C YJLOSAC similarity to E-hirae NaH-antiporter NapA UNKNOWN 756 a7 2632 652 275.3 287 2061 153 1438 235 2111 28 1546 565 1172 214
YJL091C YJLO91C weak similarity to human G protein-coupled receplor UNKNOWN 1439 495 347.4 8 3178 509 3001 201 1673 342 3065 342 2462 39 219 254
NIT2 YaL126W YJL126W N2 nitrilase UNKNOWN 365 136 80 105 824 14 907 59 668 84 716 62 717 58 668 79
s8Y5 YIL1S6C YJL1S6C sensitive to sulfonylurea herbicides on complex media (YPD) TRANSPORT. AMINO ACID (PUTATIVE) 386 127 917 216 1108 231 1065 63 854 5 148 17 1163 125 1162 104
YUL147C YJL147C weak similarity to C.elegans hypothetical protein C43G2.4 UNKNOWN 196 29 441 43 48 142 423 67 626 83 79 136 g2 101 643 197
YAR033W 'YARO33W membrane protein UNKNOWN 12 68 282 177 502 146 307 07 12 26 197 61 176 63 22 17
Swo1 YARO03W 'YAROO3W beta transducin domain UNKNOWN 553 312 1542 61.1 1383 211 1853 135 599 199 1051 275 951 121 1066 104
SEN34 YAR008W YAR00BW the tet NA splicing TRNA SPLICING 283 106 80 115 732 17 642 49 458 131 744 141 817 44 589 32
YALO2TW YALO27W hypothetical protein UNKNOWN 164 116 487 109 443 121 514 89 871 25 586 29 614 52 458 43
LTEY YAL024C YALO24C putative GTP-exchange protein CELL CYCLE 125 86 437 171 353 33 325 86 266 27 365 51 218 25 27 29
CNET YALOSBW 'YALOSBW Calnexin and calreticuiin homolog SECRETION 155 14 403 48 382 86 409 143 29 115 304 5 256 63 318 67
COS10 YNROTSW YNRO7S protinwithstong smiariy to subilomericaly-oncoded prolons such a3 Coss. Y030z INKNOWN 12 48 286 18.1 445 74 67.4 7.7 12 26 12 34 12 11 12 45
YLLOGTC YLLOB7C strong similarity o sublelomeric encoded prot UNKNOWN 129 57 186.7 194.1 55.3 45 17.9 104 316 40 302 194 169 29 2052 1854
YIR020C YIR020C hypothetical protein UNKNOWN 139 76 402 63 288 44 33 85 142 24 155 35 12 2 7 69
YiLoo1w YILOOTW similarity to S.pombe hypothetical protein. weak similarity to human ankyrin UNKNOWN 19.8 102 435 109 426 12 409 87 423 41 551 83 505 94 39 116
RPI YIL119C YIL119C inhibitor of ras. SIGNALING. RAS PATHWAY 193 74 764 277 913 9 79 133 809 189 2323 423 1141 99 1292 496
YiL135C YIL135C similarity to Ymk1p UNKNOWN 785 47 261.7 262 2209 773 2753 579 737 65 1971 15 1267 249 1709 432
KEL1 YHR158C 'YHR18C protein containing kelch repeats. similar to YGR238¢ UNKNOWN 286 124 503 204 719 182 58.3 55 273 141 928 108 735 143 522 9.1
SPCO7  YHR172W 'YHR172W spinde pole body component. associates in a complex with Spc98p and Tubdp perhaps e CYTOSKELETON 311 101 %09 431 89 203 724 73 374 8 786 63 57 174 623 127
SPS100  YHR139C YHR139C sporulation-specific wall maturation protein SPORULATION 121 52 317 27 264 48 303 28 3108 232 424 85 185 62 49 133
YHROBTW 'YHROB7W hypothetical protein UNKNOWN 35 122 1035 244 714 42 778 65 805 193 1279 114 753 47 517 8
cLBt YGRI0BW YGRI0BW G{sub)2-specific B-type cyclin CELLCYCI 163 79 441 75 608 1.8 a3 94 487 52 733 6 471 18 1228 20
RNATS  YGLO44C 'YGLO44C component of the cleavage and polyadenylation factor CF | involved in pre-mRNA 3-end ¢ MRNA 34 EAD PROCESSING 274 13 563 78 69.1 132 639 204 358 3 463 8 a7 12 766 333
YGL184C YGL164C similarity to S.pombe hypothetical protein SPAC31A2.10 UNKNOWN 32.1 15 1292 714 1976 66.2 157.7 60.7 60 188 47 %06 976 85 1046 387
YGL196W YGL196W hypothetical protein UNKNOWN 243 106 %04 23 516 31 51 66 1486 202 2844 7 1239 78 1136 204
SDT1 YGL224C YGL224C strong similarity to hypothetical protein YER037w UNKNOWN 66.8 243 257.7 6 148.4 288 4769 17 1407 282 2699 21 1556 167 6888 139
YFRO26C 'YFRO2EC hypothetical protein UNKNOWN 16.1 75 54 232 366 89 56.8 2 197 3 21 49 289 47 37 97
ECO1 YFRO27W YFRO27W hypothetical protein MITOSIS. SISTER CHROMATID COHESION (PUT 274 98 899 9.1 726 124 638 127 505 149 752 113 94 176 611 195
BLM3. YFLOOTW YFLOO7W weak similarity to Mms19p DRUG RESISTANCE 339 207 1254 774 1187 34 1534 216 979 124 62 202 717 58 976 573

X PEA2 YER149C YER149C Protein with coiled-coil domain MATING 342 49 775 10.1 1239 s7.1 738 51 552 154 718 115 109 49 584 88
5572_at PMD1 YER132C YER132C Paralog of MDS3 MEIOSIS 481 134 18.1 122 1204 a7 1055 105 735 143 1445 78 842 45 1224 108




5656_at ACA1 YER045C 'YER045C weak similarit 1o transcription factor SkoTp. UNKNOWN
5692_at PHMS YERO37W 'YERO37W strong similarity to hypothetical protein YGL224c UNKNOWN

5919_at YORS540C 'YDRS40C hypothetical protei UNKNOWN

5082_at LGt YDR46EC 'YDR46C ISNARE that afects a Late Golgi compartment ENDOCYTOSIS

5087_at PRP3. YDR473C 'YDR473C essential splicing factor MRNA SPLICING

6018_at YDR459C YDR4S9C weak similarity to YNL326c UNKNOWN

6106_at CDC40  YDR364C 'YDR384C Member of the beta transducin family CELL CYCLE

6112 at YDR370C 'YDR370C hypothetical protein UNKNOWN

6233 at YDR222W 'YDR222W strong similarity to hypothetical protein YLR225¢ UNKNOWN

6257_at VPS6a YDR200C 'YDR200C similarity to hypothetical protein YLR238w UNKNOWN

6266_at YDR209C YDR209C questionable ORF UNKNOWN

6346_at YOR111C YOR111C strong similariy to alanine transaminase UNKNOWN

63538t APCA YOR118W 'YDR118W subunit of the anaphase promoting complex (APC) CELL CYCLE

6358_at INO2 YDR123C YDR123C helix-loop-helix protein PHOSPHOLIPID BIOSYNTHESIS
6444_at RAD28  YDRO30C 'YDRO30C Protein involved in the same pathway as Rad26p. has beta-iransducin (WD-40) repeats  DNA REPAIR

6447_at MRH1 YORO3IW 'YDRO33W strong similarity to putative heat shock protein YRO2 UNKNOWN

6483 at DIA3 YDLO24C YDL024C strong similariy to acid phosphatase UNKNOWN

6513 at PRM7 YDLO3OC YDLO39C questionable ORF UNKNOWN

6514_at YDLO3SC YDLO3C similarity o muci protins UNKNOWN

67625 at  KCC4 YCLO2AW 'YCLO24W Ser\Thr protein kinase. UNKNOWN

6851 at MAK32  YCRO19W YCROIOW Protei fecured RNA- Py ICATION
6870_at SGF29  YCLOT0C YCLO10C strong similarity to Saccharomyces pastorianus hypothetical protein LgYCLO10c UNKNOWN

6905_at FUS1 YCLo2TW YCLO27W serinelfthreonine-rich membrane protein MATING; CELL FUSION

6922_at KAR4. YCLOSSW YCLOS5W May assist Ste12p in pheromone-dependent expression of KAR3 and CIK1 MATING RESPONSE

7127_at APGT2  YBR2ITW YBR217W autophagy AUTOPHAGY

7286_at YBRO63C 'YBROB3C Probable phosphopanthethein-binding protein

7382_at RRN1O  YBLO25W YBLO25W Upstream activation factor subuni TRANSCRIPTION

7422_at S8A3 YBLOTSC YBLOTSG heatnduchlo cylosolc mmborof th 70 08 hat shock proti amiy PROTEIN TRANSLOCATION
7436_at YBLOBOW 'YBLOBOW hypothetical prote UNKNOWN

7463_at NUP170  YBLOTOW YBLOTOW Nocteopori Highly simier 0 mutant can b NUCLEAR PROTEIN TARGETING
7464_at AUT? YBLOT8C YBLOTSC Form a wt2p.

7592_at NCE102  YPR149W YPR149W involved in secretion of proteins that lack classical secretory signal sequences SECRETION. NON-CLASSICAL
7595_at YPR152C YPR152C hypothetical protein UNKNOWN

7601_at YPRISTW YPRISTW strong similarity to YGR141w UNKNOWN

7602_at YPR158W YPRIS8W simiarity to YGR142w UNKNOWN

7631_at SNT309  YPR10IW YPR101W splicing factor MRNA SPLICING

7651 at cLe2 YPR11OW YPR119W G(sub)2-specific B-type cyciin CELL CYCLE

7660_at YPROBAW 'YPROBAW hypothetical protein UNKNOWN

7686_at UBA3 YPROS6W 'YPROB6W ubiquitin-lke protein activating enzyme PROTEIN DEGRADATION. RUB1P-MEDIATED
7711 at MCM16 YPRO46W 'YPRO46W Required for chromosome segregation MITOSIS.CHROMOSOME SEGREGATION
7719 at YPROS3C YPROS3C questionable ORF UNKNOWN

7755_at YPRO03C 'YPROO3C similarity to sulphate transporter proteins UNKNOWN

7908_at YPL162C YPL162C hypothetical protein UNKNOWN

7911 at YPL159C YPLIS9C weak similarity to YPR151c UNKNOWN

7971 at NSL1 YPL233W YPL233W hypothetical protein UNKNOWN

81455 _at YOR390W 'YOR390W nearly identical to YPL279¢ UNKNOWN

8218 at PDR10  YOR328W YOR328W Putative ABC transporter highly similar to PdrSp. TRANSPORT

8348 i at YOR192C YOR192C strong similarity to Thi10p. UNKNOWN

8351 at ToA YOR194C 'YOR194C Transcription factor lIA. large chain TRANSCRIPTION

8408_at YORI61C YORIB1C similariy to C.elegans cosmid F35C8 UNKNOWN

8422_at ORT1 YOR130C 'YOR130C mitochondrial integral membrane protein ARGININE METABOLISM
8487_at YOR059C YOR059C weak similarity to YGL144c UNKNOWN

8490 at YOR062C 'YOR062C strong similarity to YKRO75c UNKNOWN

8524_at YOR051C 'YORO51C weak similariy to myosin heavy chain proteins

8546_at CiNs YOR028C 'YOR02BC bZIP protein. can activate transcription from a promoter containing a Yap recognition site SALT TOLERANCE

8627_at YOL070C YOLO70C hypothetical protein UN

8638_at Wsc3 YOL105C YOL1050 putaie itegral marmbrane prten contaning novl cystane ot Swm\an\y 10 SLG1 (W¢SIGNALING

8683_at GRE2 YoL151w YOL151W induced similar UNKNOWN

8697_at YoL137w YOLISTW weak simiary o eacycin rsistnce proins UNKNOWN

8717_at YOL164W YOL1BAW simiarty to Psoudomonas all s UNKNOWN

8726_at YOL154W YOL154W similarity to S fumigata As UNKNOWN

8802t AGA1 YNRO44W 'YNRO44W anchorage subuni of “ggluumn MATING

8809_at BRES. YNROS1C YNROS1C weak similarity to chicken nucleolin NOWN

8816_at BI04 YNROS7C 'YNROS7C dethiobiotin synthetase BIOTIN BIOSYNTHESIS

8842_at ZRGI7  YNRO3SC 'YNRO39C weak similarity to Anopheles mitochondrial NADH dehydrogenase subunit 2 OWN

8892 at YNLOSOC 'YNLOSOC hypothetical protein UNKNOWN

8899_at BOP3 YNLO4ZW YNLO42W Bypass of PAM1 UNKNOWN

8969_at YNL108C 'YNL108C strong similarity to YOR110w. UNKNOWN

9010_at YNL1S8W YNL158W hypothetical protein UNKNOWN

9085 _at MGs1 YNL218W YNL21BW simirtyto &.col ypoletcal prlen i serS Sregion UNKNOWN

9110 at KEX2 YNL238W YNL23BW Ca2+-dependent serine prot SECRETION

9117 at PDR16  YNL231C YNL231C weak similarty to Sectdp DRUG RESISTANCE

9157_at POP3 YNL282W YNL282W involved in processsing of tRNAs and rRNAS RRNA AND TRNA PROCESSING
9160 at PRM1 YNL27OW YNL279W hypothetical protein UNKNOWN

9285_at YMR320W YMR320W hypothetical protein UNKNOWN

9313 at KS3 YMR306W YMR306W Protein with similariy to Gis1p and Gis2p (GB:249212) UNKNOWN

9337_at HSH1S5  YMR288W 'YMR288W strong similarty to hypothetical S.pombe and C.elegans proteins UNKNOWN

9340 at GFD1 YMR255W YMR255W hypothetical protein RANAPROCESSING (PUTATIVE)
9356_at YMR262W YMR262W similarity to S.pombe scn protein UNKNOW!

9405_at UBP8. YMR223W YMR223W encodes putative deubiguitinating enzyme PROTEI DEGRADATION. UBIQUITIVMEDIATED
9482 g at  ALD3 YMR169C 'YMR169C Aldehyde Dehydrogenase (NAD(P)+) ETHANOL UTILIZATION

9563_at VPS20 YMRO77C YMRO77C similarity to SNF7 protein UNKNOWN

9566_at NAM7 YMR0BOC 'YMROBOC putative helicase

9578_at NUP116  YMRO47C 'YMRO47C Nuclear pore complex protein that is member of GLFG repeat-containing family of nucleo NUCLEAR PROTEIN TARGETING
9508_at MAC1 YMR021C YMR021C metal-binding transcriptional activator METAL-DEPENDENT GENE REGULATION
9633_at HXT2 YMRO11W YMROT1W high affinty hexose trans| TRANSPORT

9636_at BUD22  YMRO14W YMIRO1W weak simiariy to S porbe hypothetcalprotein SPACSF10 UNKNOWN

9675_at SRC1 YMLO3AW YMLO4W simiarity to YOR458¢ UNKNOWN

9901 at VIPY YLRATOW YLR410W Homologous to S. pombe asp+ UNKNOWN

9915 at YLRA24W YLR424W weak similarity to Stutp UNKNOWN

9938 at SFP1 YLRA0IW 'YLRA03W split zinc finger protein UNKNOWN

9939_at YLRAOAW 'YLR404W hypothetical protein UNKNOWN

9957_at YLR376C YLR376C hypotnetical protein UNKNOWN

9085 _at DCR2 YLRIS1C YLR361C similarity to YOR3329¢: UNKNOWN

9988 _at BUDG YLR319C YLR319C Actin Interacting Protein BUD SITE SELECTION

9992_at WC24  YLR323C YLR323C weak similarity to N.crassa uvs2 protein UNKNOI

AFFX-YELO21 URA3 YELO21W YELO21W orotidine-5'-phosphate decarboxylase PYRMIDINE BIOSYNTHESIS

Upegulted under N-Lim anasraicany (FC = ald change, ANA = anasrtic A = serobi)
Gene name  systematic name  functional description

cellular function

10027_at YLR312C YLR312C hypothetical protein unkown
YLR2STW YLR257W hypothetical protein
RED1 YLR263W YLR263W involved synapsis and chiasmata for MEIOSS, SNAPSIS
ERF2 YLR24SW VLR (ERF2) Protn fovod 1 palmmoy\amn and localization of Ras2p UNKNOWN
YLR202C YLR202C questionable ORF UNKNOWN
YLR1S6W YLR156W identical to hypothetical proteins YLR161w and YLR159w UNKNOWN
YIL163C YJL163C hypothetical protein UNKNOWN
YALOSTW YALOB1W simiarity to alcohol/sorbitol dehydrogenase UKo
YIL088C YILOBSC weak similarity to A thaliana aminoacid permease AAP4
X SDL1 YiL168W YIL168W (SDL1) Serine dehydratase. converts serine to pyruvate and ammonia for gluconeogenesis GLUCONEOGENES\S
a767_at cPD1 YGR24TW YGR247W hypothetical protein

149 27 384
12 18 35
229 132 566
ar7 278 115
229 195 856
24.1 11 66
292 129 69
273 168 818
12 52 364
27 17 57.2
274 17 71
208 111 84
226 88 686
19.1 77 582
165 52 559
4646 265 1041
19.9 49 54
67.3 72 198.4
183 7 737
2 77 208
206 59 459
253 106 531
256 102 748
37 192 78
226 125 505
299 13 78
233 16 535
252 137 997
156 57 744
243 19.4 946
2068 535 437.4
5086 2474 10646
304 11 66,
135 73 303
339 176 90
311 193 761
12 44 279
234 74 5.4
136 24 402
312 95 683
192 18 503
123 46 421
12 85 431
206 4 635
172 a8 3.3
12 8.1 282
512 155 2202
415 146 8.8
8.1 213 029
2 a7 66.7
67.6 268 150
1539 687 4354
285 78 113
77 146 2013
20 109 136.9
27 169 59
351 207 5.6
184 11 5.7
176 102 614
19.8 13.1 715
54 177 3196
432 135 195.1
319 146 783
457 105 1283
511 18.1 1183
415 19 856
12 a7 a1
243 87 525
a2 162 %04
12 34 481
526 238 140.4
57.9 309 1475
19 57 482
828 ars 168
223 158 852
173 105 553
223 78 583
356 24 86.1
a 17 167.6
168 10 393
3.1 286 3524
404 254 131
27.1 177 695
1303 703 2897
467 19.7 1131
457.3 2833 1169.8
30 129 7
182 93 52
51 26 121
12 8 301
368 183 946
204 2.1 555
19.1 8.1 693
235 101 735
289 18.1 %2
251 82 631
828 309 1818
CoLmANA CeLim AN i AN
Average  Stdev  Average
273 212 81
3613 926  1160.1
12 4
434 178 2125
2219 854 5769
13.4 32 105.4
229 96 116
12 77 895
1917 895 3976
12 a7 341
16 59 434

48 405 a1 344 62
37 292 3 2491 8
152 465 26 67.5 8
306 1055 164 8.4 16
216 [ 7 794 28
145 513 6 493 129
124 72 188 61.1 48
281 s7.1 149 657 105
106 359 34 40 17
119 56.9 42 549 10.1
174 875 252 1373 127
132 199.1 327 69.1 79
177 467 23 50 12
107 448 24 478 31

5 516 12 386 129
2245 971 1412 15228 641
157 512 1 1 105
36.1 187.9 197 189.1 205
145 1084 34 1144 32
74 307 36 339 64
105 54 46 485 64
311 504 177 925 95
95 727 37 171 19.4
114 844 14 741 99
149 58 04 6.7 27
143 66.9 55 67.4 59
212 519 83 541 6
74 s7.1 122 526 89
207 35 34 5.1 82
78 499 2 51
1125 4816 147.3 4308 606
2762 11954 1212 12976 1256
76, 27 6.3 16.
6.1 329 35 443 34
13 877 67 716 79
321 66 186 757 57
4 314 15 202 a3
196 513 14 488 62
103 314 73 399 74
83 639 66 64 16
68 425 25 405 54
21 28 133 354 92
103 339 84 521 45
221 482 127 457 32
99 404 6 467 33
99 26.1 63 305 42
249 1771 302 71 27
378 92.1 189 3158 384
6.1 834 73 87.1 63
65 272 2.1 518 106
152 1549 218 144 203
67.9 4168 546 342 446
166 854 163 57.1 7.7
225 168.9 86 1906 248
436 1285 148 1835 205
62 65 73 6.1
10 718 129 792 10.1
a7 119.8 209 63 48
15 1.1 97 467 25
94 12845 1539 713 177
3 1893 313 2069 324
7.1 1917 468 258 203
399 167.4 314 1148 206
265 918 158 974 27
243 17 254 120 264
108 1128 18.4 848 10
47 282 23 296 27
125 549 129 66.4 29
152 9.3 124 973 138
5 356 93 465 36
144 145.4 243 144.9 78
33 1263 105 2102 364
13.1 57 145 60.7 66
4 207.7 504 3504 57.8
304 35 & 5
167 494 85 367 78
128 499 99 454 8.1
109 773 42 127.9 234
245 1047 17.4 986 269
12 397 87 385 48
50.7 141 317 147 26
357 1049 33 6.9 39
215 60.3 225 6.1 59
143 2914 336 282 248
178 1046 184 167 2
509 0341 1364 1177 17.4
122 1037 14 1053 11
121 713 15 482 95
97 1228 211 2143 391
73 273 28 207 66
13.4 758 97 742 1.4
95 465 7.1 44, 84
202 6.3 2.1 507 76
278 485 53 486 44
34 709 141 754 74
12.1 734 227 15
349 195 4 1728 10.1
NLIMANA. Pin ANA PAmANA S4mANA S-Lm ANA
Sto Average  Stdev ge  Stdev
325 374 18 32 67
137.7 4106 636 4823 518
68 165 35 188 54
38.1 9.3 13.1 87.8 7
975 2683 1002 1814 70
19.1 244 63 336 65
208 513 19.8 429 162
14.1 309 7.1 353 178
506 1515 282 121 40
133 12 24 128 64
24 17 2 128 4

256 41 35 31
329 63 626 114
12 05 302 34
806 54 1238 11
706 106 1097 74
327 57 627 77
567 86 793 205
427 o 735 162
589 162 52 9
501 166 967 72
163 25 34 83
1311 112 497 18
619 264 609 118
405 127 112
536 45 1027 22
6575 748 16399 207
429 77 428 24
38 72 @9 302
205 48 36 1.1
214 48 319 26
424 82 713 39
272 19 361 131
239 81 75 192
616 174 9 163
414 14 536 29
318 39 671 63
367 68 579 55
5508 4835 476 81
284 72 428 19
45.9 54 776 133
5219 611 7219 898
23033 5937 1953 745
661 173 as2 63
154 21 12 18
747 18 9% 14
52 118 913 112
12 27 246 25
467 69 491 107
246 2 37 64
679 133 971 251
37 116 419 36
276 46 369 59
393 96 415 12
639 154 617 18
259 34 a1 175
159 81 369 95
22052 784 1383 29
57.2 18 442 63
64.8 22 o4 47
1256 575 164 343
8.7 18 1429 109
211 109 3826 884
1106 7 182 322
772 02 1639 22
534 113 1221 163
672 138 733 12
609 93 75 18
200 52 284 219
203 9.1 506 26
259 124 408 83
1618 42 1596 27
846 305 230 464
461 134 595 5
419 253 754 134
1092 104 1415 257
689 128 1114 175
122 21 513 102
224 23 404 64
67.7 6 692 153
152 41 306 74
721 22 1137 46
2239 391 4842 607
206 67 358 11
307 127 783 46
148 16 238 24
w7 77 415 11
a7 84 633 85
80 51 1152 166
836 169 1319 227
323 24 338 15
2287 827 3074 274
08 88 1566 °
a1 47 677 171
1425 236 2299 202
664 278 2178 377
17449 3084 921 215
68 173 767 267
349 107 385 15
76.1 135 1047 216
274 44 303 67
458 131 8.7 13
536 107 797 149
343 27 485 07
547 49 ear 67
56.1 82 85 169
455 67 765 54
1318 284 1647 302
CLmA CLmA NLmA NLimA
Average  Stdev  Average  Stdev
2802 108 1733 272
353 766 6547 612
159 09 281 35
53 106 77 27
2334 261 3781 295
37 135 265 39
89.1 157 735 3
1267 649 1567 364
1258 14 4049 604
12 a1 2 35
214 128 284 172

383 3
228 33
137 17
1195 228
6 203
478 124
731 133
54.1 15
946 a7

66 66
314 11
1299 133
516 a4
362 96
719 109

11969 248

18 62
a7 36
202 4
218 6.6
506 276
497 235
375 74
%9 225
575 8
653 a7
646 67
419 192
472 5
538 206
5759 1163

17718 1444
1946 1474
197 35
139.1 53
937 181
25 49
a7 a7
44.9 25
1248 194
87 24
271 74
363 53
69 95
202 04
324 12
305.1 724
246 42
9.4 74
59 7
2802 156
7146 405
1048 179
134 12
58.4 73
9.1 3.1
489 59
350.1 473
365 1
17389 1928
1296 242
1066 162
75.1 109
1169 166
1502 246
1223 143

2 31
518 26

72 4
205 o5
1264 38
3592 359
514 1
923 64
214 26
401 13
594 86
1474 213
138.4 13
306 2
1277 174
1102 27
678 5.1
2265 142
1274 143
5075 695
629 9
754 76
1297 42
243 73
895 67
52.7 98
423 72
572 28
679 108
787 34
2395 198

PLmMA  PLimA

Average  Stdev
1246 6.1
2418 158
156 04
103 124
1687 547
139 33
378 8.1
1055 135
2792 216
146 32
22.1 09

SLmA
Average

665
503.3

975

SLimA
Stdev

154
1622
57

15
o7
132
56
685
753
17
32
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P MEP1 YGRI21C YGRI121C ammonia permease TRANSPORT 2045 192 5087 168 91 379 1534 239 383 592 236 147 1535 65 2382 201 25 56 33
4870, YGRI25W YGRI125W similarity to S.pombe hypothetical protein SPAC24H6.11c UNKNOWN 1066 179 606.8 1095 1789 243 140.8 176 1129 102 7246 961 4158 695 2361 469 57 34 43
4951 at ROM1 YGRO7OW YGRO70W GDP-GTP Exchange Protein (GEP) for the Rho1p Small GTP-binding Protein SIGNALING 842 387 225 893 793 128 729 205 931 154 9 122 517 19 745 22 27 28 31
5140 at YGL140C YGL140C weak similarity to Lactobacilus putative histidine protein kinase Sppk UNKNOWN 256 101 1086 204 401 107 302 43 395 2 1279 178 947 26 671 92 42 27 28
5534_at YER185W YER185W strong similariy to Rim1p UNKNOWN 12 32 357 18 17.4 15 148 52 221 26 199 77 208 2.1 17 86 3 2.1 24
5657_at SPO73 YER046W 'YERO46W hypothetical protein UNKNOWN 527 208 107.7 284 51 56 419 16 75 172 6l 84 604 97 378 96 2 2.1 26
5816_at HPA3. YELOGEW 'YELO6W Histone and other Protein Acetyltransferase\; Has sequence homology to known HATs an CHROMATIN STRUCTURE 4476 736 13502 1212 4854 876 3614 312 527 313 10487 1113 3827 124 5253 1517 3 28 a7
5044 at YDR520C 'YDR520C weak similarity 1o transcription factors of the zinc finger class. UNKNOWN 377 162 1658 307 746 142 736 154 533 106 1892 223 797 117 1018 193 44 22 23
6088_at YDR391C 'YDR391C strong similarity to hypothetical protein YOR013w UNKNOWN a17 111 139 145 659 75 512 71 526 35 1144 194 471 136 817 209 29 21 27
6722_at BRE4 YDL231C YDL231C (BRE4) Protein of unknown function. has a putative zinc finger domain UNKNOWN 69.9 2 264 34 1083 a7 1016 154 1031 145 2644 19 1651 105 1533 79 38 24 26
7138_at sLxt YBR228W YBR228W similarity to hypothetical A thaliana protein UNKNOWN 179 62 384 122 186 26 15 48 213 19 419 46 381 54 303 98 24 24 26
7145 at YBR235W YBR235W similarity to bumetanide-sensitive Na-K-Cl cotransport protein UNKNOWN 458 79 1784 206 7 39 557 17 7 43 1914 6 988 172 916 175 39 25 32
72198t APGI4  YBRI28C 'YBR128C required for autophagy AUTOPHAGY 12 58 314 45 156 21 132 33 219 09 369 17 192 22 245 17 26 2 24
7324_at YBROS6W 'YBROS6W Homolog to glucan-1.3—glucosidase (EC 3.2.1.5\; . cerevisiae) 2 UNKNOWN 499 19.8 1288 276 406 105 57.4 26 682 12 74 154 318 131 654 79 26 32 22
7928_at ulP4. YPL186C YPLI8GC weak similarity to Xenopus protein xig7 UNKNOWN 349 24.1 869 227 242 49 262 46 3182 737 1438 135 232 02 478 47 25 36 33
7991 at LEAT YPL213W YPL213W (LEA1) Component of the U2 snRNP complex similar to human U2A' protein. involved in i MRNA SPLICING. 372 135 138 354 57.9 28 56 12 39 129 1487 293 %04 46 681 148 37 24 25
8030_at DIPs YPL2BSW YPL2BSW dicarboxylic amino acid permease TRANSPORT 550.1 484 15768 3101 4973 389 3326 822 281 97 698 444 4456 711 132 26 28 32 a7
8037_at THIZY YPL258C YPL258C similarity to B subtiis ranscriptional activator tenA. and strong similarity to hypothetical prc THIAMINE METABOLISM (PUTATIVE) 401 169 177.9 264 487 62 847 101 451 59 777 62 443 47 582 168 a4 a7 24
8207_at FAAT YOR317W 'YOR317W long chain fatty acy:CoA synthetase FATTY ACID METABOLISM 256 175 866 395 19 1 226 36 3709 643 5169 933 3087 471 31 45 34 46 38
8561 at PHOS0  YOLOOTW 'YOLOO1W negative transcriptional regulator CELL CYCLE 422 157 131 248 516 56 549 66 518 35 799 104 542 21 1108 3 27 22 24
8727 at YOL153C YOL153C strong similarity to Cps1p UNKNOWN 12 22 264 49 12 23 12 17 319 29 279 31 125 18 208 115 22 22 22
9114 at YNL23W 'YNL234W weak similarity to mouse hemoglobin zeta chain UNKNOWN 12 2 2 56 12 41 12 24 12 12 527 68 203 16 405 16 22 22 22
9388_at GAD1 YMR250W YMR250W similarity to glutamate decarboxylases UNKNOWN 203 6 56 14 225 32 28 49 478 167 645 183 134 15 1057 93 28 25 2
9466 _at YMR155W YMR155W weak similarity to E.coli hypothetical protein {402 UNKNOWN 182 93 747 132 334 5 274 36 456 26 956 15 544 49 321 99 41 22 27
o482 gal  ALD3 YMR169C YMR169C Aldehyde Dehydrogenase (NAD(P)+) ETHANOL UTILIZATION 63.1 286 3521 50.7 141 a7 147 226 2287 827 3074 274 127 174 1456 38 56 25 24
9515_at YMR118C 'YMR118C strong similarity to succinate dehydrogenase UNKNOWN 165 12 56.3 124 239 35 227 47 3254 181 17.4 24 12 a7 12 62 34 24 25
9518_at Asit YMR119W YMR119W questionable ORF UNKNOWN 349 10.1 719 19.4 343 22 282 34 553 93 66 93 388 23 391 87 21 21 25
9549_at YMR107W YMR107W hypothetical protein UNKNOWN 188 15 732 105 217 72 19.4 45 26227 3203 12 15 159 13 12 41 39 34 38
'Down-regulated under N-Lim anaerobic only (FC = fold change, ANA = anaerobic, A = aerobic)
Probe Set  Gene name  systematic name functional description cellular function C-LimANA C-LimANA N-LimANA N-LmANA P-LimANA P-LimANA S-LmANA S-LimANA C-LimA CLimA N-LimA PLmA PLmA SLmA SLmA FCN-Lim ANA vs C-Lim ANA_ FC N-im ANA vs S-ANA ~ FC N-im ANA vs P-iim ANA
Aveage | Sidev | Aversgo | Stev . Awerage | Sde . Average | Stev Average Sev Average Suer Aversge | Sidoy Averag . Stdes
10658 at  TEF4 YKLOBIW 'YKLOB1W Translation elongation factor EF-1gamma PROTEIN SYNTHESIS 833 20 205 138 1129 129 190.1 36 346 514 21 85.3 76 1223 474 28 38 64
5813_at DLD3 YELOT1W YELO71W strong slm‘lamy o A0 UNKNOWN 9212 147.8 257.4 537 8116 334 591.7 N4 mhy  #8 edy sy Tms i  ms by 36 32 23
6415_at BAP3 YDRO46C 'YDRO46C Valine trans TRANSPORT 13.1 346 12 26 357.2 866 127.1 39 12 2 12 06 281 512 161 252 94 298 106
6907_at AGP1 YCLO25C YCLO25C (AGP1) \ge amino acid p high affinity for d (TRANSPORT 7629 56.7 1559 231 3634 685 3465 312 872 286 2086 173 2404 1169 3531 52.1 49 23 22
7945_at YPLI7OW YPLI70W similarity to C.elegans LIM homeobox protein UNKNOWN 7147 106.1 3223 1058 6505 57.4 657.9 443 539 112 2004 247 204 169 3406 302 22 2 2
8587_at TAT2 YoLo20w 'YOLO20W Tryptophan permease. high affinty TRANSPORT 8.7 304 12 12 772 67 848 73 461 55 363 23 762 105 1056 213 57 64 71
Up-regulated under P-Lim anaerobic only (FC = fold change, ANA = anaerobic, A = aerobic) CLiMANA C-LimANA N-LmANA N-LmANA P-LimANA P-LimANA S-LimANA S-LimANA C-LimA CLmA N-LmA NLmA PLmA PLmA SLmA SLimA FC P-Lim ANA vs C-Lim ANA 'C P-im ANA vs N-iim AN, FC P-iim ANA vs S-Lim ANA
Gene name  systematic name  functional description celluar function Average tdev  Average  Stdev  Average  Stdev  Average  Stdev  Average Stdev  Average  Stdev  Average  Stdev  Average  Stdev
10022_at  CDA1 YLRIOTW YLR307W Chitin Deacetylase SPORULATION 5.1 195 493 128 a3 83 1106 28 266 72 12 36 12 01 12 42 25 22 26
YLR042C 'YLR042C hypothetical protein UNKNOWN 27 6.1 296 24 232 45 651 76 309 113 16 34 122 31 12 17 24 22 28
YKL200C YKL200C regulates the mannosylphosphorylation PROTEIN GLYCOSYLATION 12 04 12 38 12 05 285 59 12 32 12 58 12 2.1 12 74 24 24 24
FLO10 YKR102W 'YKR102W Protein with similariy to flocculation protein Flotp UNKNOWN 165 04 65.4 6.1 208 59 380 437 259 68 312 69 203 19 353 56 231 58 123
DAN4. YJR151C YJR151C similarity to mucin proleins. YKL224c. Stalp UNKNOWN 560.6 2508 701.2 229 6185 553 15518 3416 1116 208 1152 277 963 64 1326 563 28 22 25
PGU1 YJR153W YJR153W Endo-polygalacturonase UNKNOWN 12 53 19.7 36 12 14 67.5 219 12 14 12 31 12 2 12 15 56 34 56
YIL152W YJL152W questionable ORF UNKNOWN 232 53 255 66 388 61 92 18 179 6 155 18 241 43 182 84 41 37 25
YAR0B1W YAROB1W putative pseudogene UNKNOWN 12 45 13 22 12 32 388 19 12 2 12 57 12 08 12 47 32 3 32
YAR062W YAROB2W putative pseudogene UNKNOWN 12 09 1 69 12 13 76.1 193 12 17 12 04 12 o7 12 22 63 54 63
ARO9 YHRIITW YHR137W aromatic amino acid aminotransferase Ii AROMATIC AMINO ACID METABOLISM 138 67 232 28 215 57 1472 17 3146 21 196 6 12 39 726 362 107 64 68
YHR126C YHR126C hypothetical protein UNKNOWN 258 107 158 47 173 23 547 167 878 659 12 08 12 04 12 28 21 35 32
YHLO46C 'YHLO46C strong similarity to members of the Srp1p/Tip1p family UNKNOWN 13217 4148 7372 1206 11287 783 29155 867 1532 611 883 75 742 0 1374 201 22 4 26
YER188W YER188W hypothetical protein UNKNOWN 1018 302 448 247 212 287 956 713 162 66 42 128 438 62 3344 1135 04 2.1 45
PAU2 YELO4OW 'YELO49W member of the seripauperin protein\/gene family (see Gene_class PAU) UNKNOWN 614.1 107.1 2766 42 3055 87 15775 5881 3297 2316 805 129 388 27 789 189 26 57 52
URH1 YOR40OW 'YDR40OW similarty to C. fasciculata inosine-uridine preferring nucleoside hydrolase (EC 32.2.1)  UNKNOWN 657 372 611 201 613 127 160.7 157 487 98 54 39 663 126 1203 88 24 26 26
YOL114W YDL114W weak similariy to Rhizobium nodulation protein nodG UNKNOWN 12 47 12 56 12 03 35 17 12 03 12 04 12 01 12 15 29 29 29
YCLO26C YCLO26C Protein involved in the integration of lipd signaling pathways with cellular homeostatis  UNKNOWN 16.8 86 166 5.1 19.8 48 518 29 12 39 12 1 254 66 137 a7 a1 a1 26
FIG1 YBRO4OW 'YBRO4OW integral membrane protein MATING 206 72 277 111 286 72 757 37 12 3 143 o7 12 12 12 2 a7 27 26
YPR195C YPR195C hypothetical protein UNKNOWN 12 33 19 7 12 19 469 57 12 12 12 24 12 27 262 161 39 25 39
YPRO77C YPRO77C questionable ORF UNKNOWN 12 79 12 14 12 19 29 57 12 48 12 16 12 04 138 66 24 24 24
CTF19 YPLOTBW 'YPLOT8W Important for chromosome segregation e 12 15 12 o7 12 o7 25 129 12 11 12 17 12 13 654 486 28 28 28
YPLO33C YPLOIC weak similarity to YLR426w 12 a4 12 15 12 17 313 85 12 11 12 1 12 01 12 24 26 26 26
TvET YOR344C 'YOR344C TYE7. a 33 kDa serine-rich protein. is a potential member of the basic regionVhelix-loop-h ewcowsﬁ 335 149 386 149 354 77 939 262 412 2 34 5 12 18 59 188 28 24 27
YOR192C YOR192C strong similarity to Thi10p OWN 415 146 868 378 921 189 3158 384 572 18 442 63 246 42 522 £ 76 36 34
YORO71C YORO71C strong similarity to Thi10p RANSPORT 245 X4 2 a5 205 24 55.3 82 12 26 161 07 12 09 155 3 23 25 27
YNLO24C 'YNLO24C weak similarity to YBR271w and YJR129¢ UNKNOWN 13.1 49 212 11 224 5.1 54 152 12 16 12 16 12 16 129 14 41 25 24
YMR317W YMR317W similarity to mucins. glucan 1.4-alpha-glucosidase and exo-alpha-sialidase UNKNOWN 12 87 177 6 144 17 100.1 523 12 25 12 26 12 1 12 11 83 57 7
YLR34OW YLR349W questionable ORF UNKNOWN 196 82 2 1 215 63 457 123 287 149 198 32 199 42 253 125 23 21 24
'Down-regulated under P-Lim anaerobic only (FC = fold change, ANA = anaerobic, A = aerobic)
Gene name  systematic name  functional description cellular function CLMANA C.Lim ANA NLIMANA Nim ANA. P-Lim ANA PIMANA SLmANA. SLmANA CLIMA GLimA  NAIMA NLmA PANA PUmA  SLimA St A FC P-Lim ANA vs C-Lim ANA 'C P-im ANA vs Neiim AN, FC P-lim ANA vs S-Lim ANA
hverage St Average  Stdev  Average  Stdev  Average  Stdev  Average Stdev Average  Stdev  Average  Stdev  Average  Stdev
10256 at  SUL2 YLROSZW 'YLRO92W high afinity sulfate permease TRANSPORT 6.6 "5 4088 621 13963 898 911 222 3409 438 4333 305 11937 02 3447 2 59 153
10414 at  MHT1 YLLOB2C YLLOB2C weak similarty to M leprae metH2 protein UNKNOWN e 216 556 149 5956 1602 195 27 1003 175 195 43 6638 179 12 44 4 -306
11032at  MET3 YJRO1OW YJROT0W ATP sulurylase METHIONINE BIOSYNTHESIS 9221 1035 7934 548 20512 1916 3182 549 7845 1128 9248 627 21753 1653 6998 66 29 64
5327_at MET10  YFRO3OW YFRO30W subunit of assimiatory sulfte reductase 'SULFATE ASSIMILATION 3582 53.1 4419 22 0416 1762 1426 54 3202 358 3910 249 10383 1099 3364 896 25 66
5697_at MXR1 YER042W 'YER042W responsible for the reduction of methionine sulfoxide OXIDATIVE STRESS RESPONSE 1447 166 1764 367 1793 402 684 15 2789 435 2884 294 4952 702 1599 275 21 26
6218 at MET32  YDR253C 'YDR253C zinc finger DNA binding factor. transcriptional regulator of sulfur amino acid metabolism. h METNIDNINE METABOLISM 1009 281 104.9 469 443 76.1 295 84 2172 47 1426 136 8364 977 869 136 34 15
6607_at YOL124W YDL124W similariy to aldose reductases INKNOWN 3048 276 306.1 219 5613 372 148.1 82 3539 552 2542 546 6758 864 2013 69 21 38
Up-egulted under - anaerbic ol (FC = oldchange, ANA = anaeoti, A = srobc) CLIMANA CLimANA N-LmANA N-LmANA PLimANA PLmANA SLmANA SLimANA CLimA CLmA NLmA NLmA PLmA PLmA SLmA SLmA FC S-Lim ANAvs C-Lim ANA FC S-im ANAvs N-ANA  FC S-iim ANA vs P-Lim ANA
Pr Gene name  systematic name  functional description cellular function Average  Stdev  Average  Stdev  Average  Stdev  Average  Stdev  Average Stdev Average Stdev Average  Stdev  Average  Stdev
11146 at  GSHI YaL101C YIL101C gamma-glutamylcysteine synthetase. SLUTATHIONE METABGLISH 808 164 1047 218 200 124 523 52 1025 43 1503 372 3305 304 1959 228 3701869506 2855778415 5717017208
4040_at YIROT7W YIRO17W questionable ORF UNKNO\ 12 55 15 26 657 12.1 216 1473 114 12 1 309 75 12 42 54775 4373253493 3.0472879
4856_at cvs4 YGRI55W YGRIS5W Cystathionine beta-synthase METUIONINE BIOSYNTHESIS 589 895 5764 328 1195 53.1 4048 758 5046 262 7861 1145 15181 2514  629.1 735 2028913413 2,073373007 2.952368011
6234_at YOR223W YOR223W similarity to Ifn1p UNKNOWN 12 31 127 2 66.4 229 147 35 1102 454 12 15 1843 219 12 15 5535833333 5218381775 4519047619
6346_at YOR111C YDR111C strong similariy to alanine transaminase UNKNOWN 208 111 84 132 199.1 27 6.1 79 1314 12 497 18 1209 133 182 01 0570673077 2.369880052 2882148545
6415 at BAP3 YDRO46C 'YDRO46C Valine transporter TRANSPORT 1131 346 12 26 357.2 86.6 1271 39 12 2 12 06 281 512 161 252 3.158001768 20.76416667 2.809486363
7067_at suLt YBR294W 'YBR294W Probable sulfate transport protein TRANSPORT 7033 1348 407.8 755 14504 3199 12 23 10352 674 4872 305 18854 3969 42 81 2062147214 3556571849 1208641667
8181_at FIT2 YOR382W 'YOR382W hypothetical protein UNKNOWN 757 321 547 36 2199 o7 393 86 128 405 252 26 2109 679 32 26 2.905642923 4017357939 5.598930481
8182 at FIT3 YOR383C 'YOR383C weak similariy to L.mexicana secreted acid phosphatase 2 UNKNOWN 1709 508 2222 115 10885 a7t 167.8 31 7389 2088 168 429 8217 1967 2302 828 6.369046226 489860486 6.486710369
8723 at ENB1 YOL158C YOL158C similarity to subtelomeric encoded proteins. UNKNOWN 199.1 362 3536 256 8246 2153 346.8 20 2082 444 1895 23 5871 1231 3129 1128 4141013408 2332013575 2.377533662
9118 at YNL276C YNL276C questionable ORF UNKNOWN 12 43 125 16 436 2 12 56 139 14 12 43 251 38 12 4 3635833333 3498797113 3635633333
9588_at FET3 YMROS8W 'YMROS8W multicopper oxidase. TRANSPORT 138 6 152 28 455 231 12 44 1283 433 289 28 1095 358 1362 188 3292118583 2995394737 3794166667
9631 at YMROO9W toP. protein mmsR UNKNOWN 735 204 173 a1 208 716 738 184 7765 1053 3573 454 14424 543 2015 391 4055668981 2540238704 4037533875
Donregulated undor S-Lim anasrobi ol (FG =/old chango, ANA = anaortic, A = aerobic)
Probe Set  Gene name  systematic name functional descriptior cellular function CLimANA C-LimANA N-LimANA N-LimANA P-Lim ANA P-LimANA S-LimANA S-LimANA C-LimA CLmA N-LmA NLUmA PLmA PLmA SLmA SLimA FC S-Lim ANA vs C-Lim ANA  FC S-im ANA vs N-ANA ~ FC S-lim ANA vs P-Lim ANA
Aversge | Sdev Aerage | Stev | Aversge | Stev = Aversge | Suev Aversge Suev Average | Stev Average | Sde Average Sty
11388.at  BDH1 YALOGOW 'YALOGOW similarity to alcohol/sorbitol dehydrogenase UNKNOWN 757.4 1724 654.9 s7.1 2446 219 6206 201 7928 1454 2499 816 4018 27 1518 535 -3.096226955 2676981564 -2.573805339
6684_at INH1 YOL181IW YDL181W ATPase inhibitor ATP SYNTHESIS 3529 1026 102 173 411 25 832 s T s o7 s w6 iz o oht -8.586374696 -2.481021898 -2.0243309
7273 at PHO3 YBR092C YBRO92C Acid phosphatase. constitutive THIAMINE UPTAKE 1732 545 157.1 656 7 108 22336 378 2798 334 2109 338 646 2 20125 1656 2438828664 2211741518 3144586794
7546_at oPT2 YPR194C YPR194C similarity to S.pombe ispé protein UNKNOWN 813 288 16972 265.4 12 04 2144 272 12 12 14266 1141 12 4 9 288 67725 -141.4308333 -17.86666667
9422_at oy YMR195W YMR195W similarity to YPL250c UNKNOWN 6129 1058 6555 218 1632 251 13532 991 1402 315 7665 1134 1689 23 18424 1376 3756021327 -4.017098731 -8.20319115
9433 at YMR206W YMR206W weak similarity to hypothetical protein YNRO1dw UNKNOWN 183 629 60.3 65 124 67 276 33 3498 487 291 92 12 02 15 3 -14.7224457 -4.853580048 2220434433
9567_at 18F1 YMRO81C YMRO81C May regulate NAM7 function. possibly at level of mRNA tumover RNA SPLICING. MITOCHONDRIAL 5126 1434 1339 25 259 28 643 144 4838 747 18 175 A7 45 315 37 -19.81561654 -5.175879397 2484344801
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