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2−ketoglutarate dehydrogenase complex
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Dihydrolipoamide dehydrogenase

Hours

E
xp

re
ss

io
n

2−ketoglutarate dehydrogenase complex

●

●

●

●

●

●

●

●

●

●●●●

●●
●
●
●
●●

●
●

●

●

●
●

●●
●

●

●

●

●
●

●
●
●
●●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●
●

●

●●

●
●

●

●●
●

●●
●
●
●
●
●

●
●●●●●

●

●
●●

10 12 14 16 18

11
.5

12
.0

12
.5

13
.0

13
.5

14
.0

kgd2    YDR148C

Dihydrolipoyl transsuccinylase
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Subunit of the mitochondrial alpha−ketoglutarate dehydrogenase complex
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Thymidylate synthase
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T subunit of the mitochondrial glycine decarboxylase complex
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P subunit of the mitochondrial glycine decarboxylase complex
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H subunit of the mitochondrial glycine decarboxylase complex

Hours

E
xp

re
ss

io
n

folate biosynthesis

●

●

●

●

●

●

●

●

●

●
●

●

●●

●

●

●

●
●

●

●

●

●●

●

●

●●

●
●
●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●●
●

●●
●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

10 12 14 16 18

10
.0

10
.2

10
.4

10
.6

10
.8

11
.0

abz2    YMR289W

Aminodeoxychorismate lyase (4−amino−4−deoxychorismate lyase)
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Para−aminobenzoate (PABA) synthase
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Multifunctional enzyme of the folic acid biosynthesis pathway
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Dihydrofolate reductase involved in tetrahydrofolate biosynthesis
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Dihydrofolate synthetase, involved in folic acid biosynthesis
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Cytoplasmic trifunctional enzyme C1−tetrahydrofolate synthase
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Mitochondrial C1−tetrahydrofolate synthase
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Mitochondrial serine hydroxymethyltransferase
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Cytosolic serine hydroxymethyltransferase
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GTP−cyclohydrolase I, catalyzes first step in folic acid biosynthesis
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NAD−dependent 5,10−methylenetetrahydrafolate dehydrogenase
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Protein with MTHFR activity in vitro
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Major isozyme of methylenetetrahydrofolate reductase
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Dihydrolipoamide dehydrogenase
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Thymidylate synthase
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T subunit of the mitochondrial glycine decarboxylase complex
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P subunit of the mitochondrial glycine decarboxylase complex
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H subunit of the mitochondrial glycine decarboxylase complex
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Dihydrofolate reductase involved in tetrahydrofolate biosynthesis

Hours

E
xp

re
ss

io
n

folate interconversions

●

●

●

●

●

●

●

●

●

●
●●

●

●●

●

●
●
●

●
●
●

●
●●

●
●

●

●

●

●

●

●
●
●

●●
●
●
●

●

●
●●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●●

●

●●●

●

●●

●
●

●

●●

10 12 14 16 18

13
.0

13
.2

13
.4

13
.6

13
.8

14
.0

14
.2

14
.4

ade3    YGR204W

Cytoplasmic trifunctional enzyme C1−tetrahydrofolate synthase
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Mitochondrial C1−tetrahydrofolate synthase

Hours

E
xp

re
ss

io
n

folate interconversions

●

●

●

●

●
●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●
●
●●

●

●

●

●

●

●

●

●

●

●

●

●●
●
●

●
●●

●
●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●
●●●

●●●

●●●●●
●
●●

10 12 14 16 18

13
.0

13
.1

13
.2

13
.3

13
.4

13
.5

shm1    YBR263W

Mitochondrial serine hydroxymethyltransferase
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Cytosolic serine hydroxymethyltransferase
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NAD−dependent 5,10−methylenetetrahydrafolate dehydrogenase
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Protein with MTHFR activity in vitro
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Major isozyme of methylenetetrahydrofolate reductase
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Dihydrolipoamide dehydrogenase
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T subunit of the mitochondrial glycine decarboxylase complex
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P subunit of the mitochondrial glycine decarboxylase complex
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H subunit of the mitochondrial glycine decarboxylase complex
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Cytoplasmic trifunctional enzyme C1−tetrahydrofolate synthase
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Mitochondrial C1−tetrahydrofolate synthase
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Mitochondrial serine hydroxymethyltransferase
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Cytosolic serine hydroxymethyltransferase
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NAD−dependent 5,10−methylenetetrahydrafolate dehydrogenase
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Protein with MTHFR activity in vitro
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Major isozyme of methylenetetrahydrofolate reductase
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5,10−methenyltetrahydrofolate synthetase
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glycine cleavage complex
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Dihydrolipoamide dehydrogenase
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T subunit of the mitochondrial glycine decarboxylase complex
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P subunit of the mitochondrial glycine decarboxylase complex
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pyruvate dehydrogenase complex
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Dihydrolipoamide dehydrogenase
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Dihydrolipoamide acetyltransferase component (E2) of the PDC
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E1 alpha subunit of the pyruvate dehydrogenase (PDH) complex
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E1 beta subunit of the pyruvate dehydrogenase (PDH) complex
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TCA cycle, aerobic respiration
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Dihydrolipoamide dehydrogenase
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Alpha subunit of succinyl−CoA ligase
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Beta subunit of succinyl−CoA ligase
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Glucose−repressible alcohol dehydrogenase II
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Alcohol dehydrogenase isoenzyme type IV
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Alcohol dehydrogenase isoenzyme V
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NAD−dependent (R,R)−butanediol dehydrogenase
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Regulatory subunit of acetolactate synthase
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Major of three pyruvate decarboxylase isozymes
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Minor isoform of pyruvate decarboxylase
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Minor isoform of pyruvate decarboxylase
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NAD−dependent (R,R)−butanediol dehydrogenase

Hours

E
xp

re
ss

io
n

butanediol biosynthesis

●

●

●

●

●

●

●

●

●

●

●●
●●

●

●
●

●

●●
●●●●

●
●

●

●

●

●

●

●

●
●
●
●●●

●
●●

●
●●

●

●

●

●

●

●
●

●

●

●

●

●●

●

●

●●
●

●

●●●●
●●

●●
●
●●

●●●●
●
●
●



butanediol degradation



10 12 14 16 18

12
.0

12
.5

13
.0

13
.5

14
.0

bdh1    YAL060W

NAD−dependent (R,R)−butanediol dehydrogenase
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Acetolactate synthase
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Regulatory subunit of acetolactate synthase
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Mitochondrial branched−chain amino acid (BCAA) aminotransferase
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Cytosolic branched−chain amino acid (BCAA) aminotransferase
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Dihydroxyacid dehydratase
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Acetohydroxyacid reductoisomerase and mtDNA binding protein
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Threonine deaminase, catalyzes first step in isoleucine biosynthesis
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Acetolactate synthase
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Regulatory subunit of acetolactate synthase
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Cytosolic branched−chain amino acid (BCAA) aminotransferase
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Acetohydroxyacid reductoisomerase and mtDNA binding protein
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Major of three pyruvate decarboxylase isozymes
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Minor isoform of pyruvate decarboxylase
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Minor isoform of pyruvate decarboxylase
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Alcohol dehydrogenase
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Glucose−repressible alcohol dehydrogenase II
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Mitochondrial alcohol dehydrogenase isozyme III
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Alcohol dehydrogenase isoenzyme type IV

Hours

E
xp

re
ss

io
n

valine degradation

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●●

●

●●

●●
●
●

●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●
●
●

●
●

●

●

●

●

●
●
●

●

●

●

10 12 14 16 18

11
.0

11
.5

12
.0

adh5    YBR145W

Alcohol dehydrogenase isoenzyme V
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Bifunctional alcohol dehydrogenase and formaldehyde dehydrogenase
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Mitochondrial branched−chain amino acid (BCAA) aminotransferase
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Cytosolic branched−chain amino acid (BCAA) aminotransferase
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Cytochrome b
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Core subunit of the ubiquinol−cytochrome c reductase complex
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Cytochrome c1
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Subunit of the ubiqunol−cytochrome c oxidoreductase complex
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Subunit 2 of ubiquinol cytochrome−c reductase (Complex III)
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Subunit 6 of the ubiquinol cytochrome−c reductase complex
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Subunit 7 of ubiquinol cytochrome−c reductase (Complex III)
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Subunit 8 of ubiquinol cytochrome−c reductase (Complex III)
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Subunit 9 of ubiquinol cytochrome−c reductase (Complex III)
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Ubiquinol−cytochrome−c reductase
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NADH:ubiquinone oxidoreductase
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cox1    Q0045

Subunit I of cytochrome c oxidase (Complex IV)
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Subunit VIb of cytochrome c oxidase
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Subunit VIa of cytochrome c oxidase
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Subunit II of cytochrome c oxidase (Complex IV)
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Subunit III of cytochrome c oxidase (Complex IV)
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Subunit IV of cytochrome c oxidase
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Subunit Va of cytochrome c oxidase
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Subunit VI of cytochrome c oxidase (Complex IV)
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Subunit VII of cytochrome c oxidase (Complex IV)
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Subunit VIII of cytochrome c oxidase (Complex IV)
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Subunit VIIa of cytochrome c oxidase (Complex IV)
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Flavoprotein subunit of succinate dehydrogenase
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Iron−sulfur protein subunit of succinate dehydrogenase
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Subunit of succinate dehydrogenase and of TIM22 translocase
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Membrane anchor subunit of succinate dehydrogenase (SDH)
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Alanine transaminase (glutamic pyruvic transaminase)
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Cytoplasmic aldehyde dehydrogenase
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Cytoplasmic aldehyde dehydrogenase
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Polyamine oxidase
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Aromatic aminotransferase I
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Aromatic aminotransferase II
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Chorismate mutase
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Prephenate dehydratase
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Major of three pyruvate decarboxylase isozymes
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Minor isoform of pyruvate decarboxylase
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Minor isoform of pyruvate decarboxylase
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Alanine transaminase (glutamic pyruvic transaminase)
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Alcohol dehydrogenase
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Glucose−repressible alcohol dehydrogenase II
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Mitochondrial alcohol dehydrogenase isozyme III
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Alcohol dehydrogenase isoenzyme type IV

Hours

E
xp

re
ss

io
n

alanine degradation

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●●

●

●●

●●
●
●

●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●
●
●

●
●

●

●

●

●

●
●
●

●

●

●

10 12 14 16 18

11
.0

11
.5

12
.0

adh5    YBR145W

Alcohol dehydrogenase isoenzyme V
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Acetylglutamate synthase (glutamate N−acetyltransferase)
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Small subunit of carbamoyl phosphate synthetase
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Large subunit of carbamoyl phosphate synthetase
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Bifunctional carbamoylphosphate synthetase/aspartate transcarbamylase
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Large subunit of carbamoyl phosphate synthetase

Hours

E
xp

re
ss

io
n

citrulline biosynthesis

●

●

●

●●
●
●

●

●

●

●

●

●●

●

●

●

●

●
●
●

●●

●
●
●
●

●

●

●

●

●

●
●
●

●●

●●
●
●
●
●

●

●●●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●
●●

●
●
●
●
●

●

●●

●

●●

●
●

10 12 14 16 18

13
.2

13
.4

13
.6

13
.8

14
.0

14
.2

14
.4

ura2    YJL130C

Bifunctional carbamoylphosphate synthetase/aspartate transcarbamylase
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Minor CTP synthase isozyme (see also URA7)
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Minor orotate phosphoribosyltransferase (OPRTase) isozyme
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Major orotate phosphoribosyltransferase (OPRTase) isozyme
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Orotidine−5'−phosphate (OMP) decarboxylase

Hours

E
xp

re
ss

io
n

de novo biosynthesis of pyrimidine ribonucleotides

●

●

●

●

●

●

●

●
●

●●

●
●

●
●
●●

●●

●

●●

●
●
●

●

●
●

●●

●

●

●

●●●●
●

●

●

●

●

●

●●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●●

●●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●



arginine degradation (anaerobic)
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Arginase, catabolizes arginine to ornithine and urea
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L−ornithine transaminase (OTAse)
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Delta 1−pyrroline−5−carboxylate reductase
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proline biosynthesis
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Delta 1−pyrroline−5−carboxylate reductase
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Gamma−glutamyl kinase
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Gamma−glutamyl phosphate reductase
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asparagine biosynthesis
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Asparagine synthetase
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Asparagine synthetase
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Mitochondrial aspartate aminotransferase
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Cytosolic aspartate aminotransferase involved in nitrogen metabolism
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asparagine degradation
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Cytosolic L−asparaginase, involved in asparagine catabolism
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Cell−wall L−asparaginase II involved in asparagine catabolism
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asp32    YLR157C

Cell−wall L−asparaginase II involved in asparagine catabolism
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Cell−wall L−asparaginase II involved in asparagine catabolism
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aspartate biosynthesis
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Pyruvate carboxylase isoform
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gluconeogenesis
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Glyceraldehyde−3−phosphate dehydrogenase (GAPDH), isozyme 1
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Glyceraldehyde−3−phosphate dehydrogenase (GAPDH), isozyme 2
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Glyceraldehyde−3−phosphate dehydrogenase (GAPDH), isozyme 3
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Mitochondrial malate dehydrogenase
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Cytoplasmic malate dehydrogenase
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Phosphoenolpyruvate carboxykinase
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3−phosphoglycerate kinase
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Enolase I, a phosphopyruvate hydratase
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Enolase II, a phosphopyruvate hydratase
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Cytoplasmic aldehyde dehydrogenase
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Cytoplasmic aldehyde dehydrogenase
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7,8−diamino−pelargonic acid aminotransferase (DAPA)
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Outer mitochondrial carnitine acetyltransferase
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CDP−diacylglycerol biosynthesis
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Phosphatidate cytidylyltransferase (CDP−diglyceride synthetase)
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chitin biosynthesis
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chorismate biosynthesis
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cysteine biosynthesis from homocysteine
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cysteine biosynthesis/homocysteine degradation
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threonine degradation
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Catabolic L−serine (L−threonine) deaminase
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de novo biosynthesis of purine nucleotides
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Major isoform of large subunit of ribonucleotide−diphosphate reductase
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Minor isoform of large subunit of ribonucleotide−diphosphate reductase
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Ribonucleotide−diphosphate reductase (RNR) small subunit
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Adenylate kinase, required for purine metabolism
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Adenylosuccinate synthase
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Enzyme of 'de novo' purine biosynthesis
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Inosine monophosphate dehydrogenase
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Enzyme of the 'de novo' purine nucleotide biosynthetic pathway
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Ribonucleotide−diphosphate reductase (RNR) small subunit
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Deoxyuridine triphosphate diphosphatase (dUTPase)
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Thymidylate synthase
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salvage pathways of pyrimidine ribonucleotides



10 12 14 16 18

11
.5

12
.0

12
.5

13
.0

13
.5

14
.0

14
.5

ynk1    YKL067W

Nucleoside diphosphate kinase

Hours

E
xp

re
ss

io
n

salvage pathways of pyrimidine ribonucleotides

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●
●

●
●
●
●●●●

●
●●●

●

●

●

●

●

●
●●

●
●
●●●

●●
●

●

●●

●

●

●

●

●

●

●

●

●
●●

●●●
●

●
●

●●●
●●

●●●●●●
●●

●
●●●●

10 12 14 16 18

9.
5

10
.0

10
.5

11
.0

11
.5

urh1    YDR400W

Uridine nucleosidase (uridine−cytidine N−ribohydrolase)
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Uracil phosphoribosyltransferase
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5−phospho−ribosyl−1(alpha)−pyrophosphate synthetase, synthesizes PRPP
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5−phospho−ribosyl−1(alpha)−pyrophosphate synthetase
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NAD salvage pathway
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tryptophan degradation via kynurenine
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dehydro−D−arabinono−1,4−lactone biosynthesis



10 12 14 16 18

12
.3

12
.4

12
.5

12
.6

12
.7

12
.8

alo1    YML086C

D−Arabinono−1,4−lactone oxidase

Hours

E
xp

re
ss

io
n

dehydro−D−arabinono−1,4−lactone biosynthesis

●

●

●●

●

●

●

●

●
●
●

●

●

●●

●
●

●
●

●

●

●●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

10 12 14 16 18

9.
5

10
.0

10
.5

11
.0

11
.5

ara2    YMR041C

NAD−dependent arabinose dehydrogenase

Hours

E
xp

re
ss

io
n

dehydro−D−arabinono−1,4−lactone biosynthesis

●

●

●

●

●

●

●

●

●

●

●

●●

●
●
●

●

●
●
●
●
●
●

●

●

●
●

●

●

●

●

●

●

●●

●

●●

●

●

●
●
●

●●

●

●

●

●

●

●

●●

●

●

●

●

●

●
●

●●

●

●

●
●
●
●
●
●●

●

●●

●●

●
●●

●
●

10 12 14 16 18

11
.5

12
.0

12
.5

13
.0

13
.5

14
.0

14
.5

ara1    YBR149W

NADP+ dependent arabinose dehydrogenase

Hours

E
xp

re
ss

io
n

dehydro−D−arabinono−1,4−lactone biosynthesis

●

●

●

●

●
●

●

●

●

●

●

●
●
●
●
●●

●

●●●●●●
●
●
●

●

●

●

●

●

●
●●●●●●●●●●

●●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●
●
●
●●●●

●
●●●

●
●●

●

●
●●●
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Zn−ribbon protein that co−purifies with Dph1 and Dph2
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Methyltransferase required for synthesis of diphthamide
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Methylesterase performing penultimate step of diphthamide biosynthesis
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Phosphoglucomutase, minor isoform
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UDP−glucose pyrophosphorylase (UGPase)
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galactose degradation
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Phosphoglucomutase, minor isoform
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UDP−glucose−4−epimerase
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Galactokinase

Hours

E
xp

re
ss

io
n

galactose degradation

●

●

●●

●

●●

●

●

●
●

●●

●

●●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●
●
●

●

●●

●

●

●●
●
●

●

●

●

●

●
●

●

●

●

10 12 14 16 18

5.
5

6.
0

6.
5

7.
0

7.
5

gal7    YBR018C

Galactose−1−phosphate uridyl transferase
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Phosphoglucomutase, minor isoform
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Phosphoglucomutase
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UDP−glucose pyrophosphorylase (UGPase)
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Glycogenin glucosyltransferase
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Glycogen branching enzyme, involved in glycogen accumulation
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Glycogen synthase
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Glycogen synthase
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dolichyl phosphate D−mannose biosynthesis
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Dolichol phosphate mannose (Dol−P−Man) synthase of ER membrane
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GDP−mannose pyrophosphorylase (mannose−1−phosphate guanyltransferase)
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Mannose−6−phosphate isomerase
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Phosphomannomutase
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Mannose−6−phosphate isomerase
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Hexokinase isoenzyme 1
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Hexokinase isoenzyme 2
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Glucokinase
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Squalene epoxidase
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Hexaprenyl pyrophosphate synthetase
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Geranylgeranyl diphosphate synthase (GGPS)
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Minor isoform of pyruvate decarboxylase
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Minor isoform of pyruvate decarboxylase
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Glucose−repressible alcohol dehydrogenase II
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Mitochondrial alcohol dehydrogenase isozyme III
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Alcohol dehydrogenase isoenzyme type IV
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Alcohol dehydrogenase isoenzyme V

Hours

E
xp

re
ss

io
n

leucine degradation

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●
●
●

●
●

●●

●

●
●

●

●

●

●

●

●

●

●
●

●

●●●
●●●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●
●

●

●

●

●
●

●
●

●

●

●

●

10 12 14 16 18

12
.0

12
.2

12
.4

12
.6

sfa1    YDL168W

Bifunctional alcohol dehydrogenase and formaldehyde dehydrogenase
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Mitochondrial branched−chain amino acid (BCAA) aminotransferase
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Phenylpyruvate decarboxylase
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fatty acid biosynthesis (concise)
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Beta subunit of fatty acid synthetase
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Alpha subunit of fatty acid synthetase
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fatty acid biosynthesis, initial steps
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Mitochondrial beta−keto−acyl synthase
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Acetyl−CoA carboxylase, biotin containing enzyme
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Mitochondrial acetyl−coenzyme A carboxylase
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Predicted malonyl−CoA:ACP transferase
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fatty acid elongation
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Beta subunit of fatty acid synthetase
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Alpha subunit of fatty acid synthetase
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Mitochondrial beta−keto−acyl synthase
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Mitochondrial 3−oxoacyl−[acyl−carrier−protein] reductase
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myristate biosynthesis
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Beta subunit of fatty acid synthetase
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Alpha subunit of fatty acid synthetase
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palmitate biosynthesis
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Beta subunit of fatty acid synthetase
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Alpha subunit of fatty acid synthetase
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stearate biosynthesis
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Beta subunit of fatty acid synthetase
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Alpha subunit of fatty acid synthetase
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fatty acid oxidation pathway
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3−ketoacyl−CoA thiolase with broad chain length specificity
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Fatty−acyl coenzyme A oxidase
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Peroxisomal protein
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Very long chain fatty acyl−CoA synthetase and fatty acid transporter
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Multifunctional enzyme of the folic acid biosynthesis pathway
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Dihydrofolate reductase involved in tetrahydrofolate biosynthesis
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Dihydrofolate synthetase, involved in folic acid biosynthesis
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GTP−cyclohydrolase I, catalyzes first step in folic acid biosynthesis
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p−aminobenzoate biosynthesis
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Aminodeoxychorismate lyase (4−amino−4−deoxychorismate lyase)
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Para−aminobenzoate (PABA) synthase
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folate polyglutamylation
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Dihydrofolate reductase involved in tetrahydrofolate biosynthesis
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Dihydrofolate synthetase, involved in folic acid biosynthesis
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Cytoplasmic trifunctional enzyme C1−tetrahydrofolate synthase
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Mitochondrial C1−tetrahydrofolate synthase
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Mitochondrial serine hydroxymethyltransferase
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Cytosolic serine hydroxymethyltransferase
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Protein with MTHFR activity in vitro
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Major isozyme of methylenetetrahydrofolate reductase
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Folylpolyglutamate synthetase
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glycine biosynthesis from serine
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Mitochondrial serine hydroxymethyltransferase
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Cytosolic serine hydroxymethyltransferase
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serine biosynthesis from glyoxylate
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Mitochondrial serine hydroxymethyltransferase
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methionine biosynthesis
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Folylpolyglutamate synthetase
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Cobalamin−independent methionine synthase
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S−adenosylmethionine synthetase
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formaldehyde oxidation II (glutathione−dependent)
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Bifunctional alcohol dehydrogenase and formaldehyde dehydrogenase
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NAD(+)−dependent formate dehydrogenase
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fructose degradation
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Hexokinase isoenzyme 1
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Hexokinase isoenzyme 2
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glucose−6−phosphate biosynthesis
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Hexokinase isoenzyme 1
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Hexokinase isoenzyme 2
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Glucokinase
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glycolysis
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Fructose 1,6−bisphosphate aldolase
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Glycolytic enzyme phosphoglucose isomerase
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Glyceraldehyde−3−phosphate dehydrogenase (GAPDH), isozyme 1
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Glyceraldehyde−3−phosphate dehydrogenase (GAPDH), isozyme 2
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Glyceraldehyde−3−phosphate dehydrogenase (GAPDH), isozyme 3
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3−phosphoglycerate kinase
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Tetrameric phosphoglycerate mutase
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Enolase I, a phosphopyruvate hydratase
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Enolase II, a phosphopyruvate hydratase

Hours

E
xp

re
ss

io
n

glycolysis

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●
●

●●

●

●●

●

●

●

●

●

●

●●

●

●

●

●

●
●
●

●●

●●●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●●

●●●
●

●

●
●

●
●

●

●

●

●

●
●

●●
●



10 12 14 16 18

13
.8

13
.9

14
.0

14
.1

14
.2

pfk1    YGR240C

Alpha subunit of heterooctameric phosphofructokinase
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Beta subunit of heterooctameric phosphofructokinase
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Pyruvate kinase
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Pyruvate kinase
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Triose phosphate isomerase, abundant glycolytic enzyme
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glyoxylate cycle
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Mitochondrial malate dehydrogenase
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Cytoplasmic malate dehydrogenase
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Peroxisomal malate dehydrogenase
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Citrate synthase
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glutamate biosynthesis from ammonia
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superpathway of glutamate biosynthesis
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Peroxisomal NADP−dependent isocitrate dehydrogenase

Hours

E
xp

re
ss

io
n

superpathway of glutamate biosynthesis

●

●

●

●

●

●

●

●

●

●

●
●●●●●●

●●●
●
●
●●●●

●

●

●

●

●

●

●

●●
●●●●●

●

●
●●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●
●
●
●
●
●●●

●
●
●●●●●●

●
●●●

●●



glutathione biosynthesis
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glutathione degradation
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superpathway of glutathione metabolism (truncated &gamma;−glutamyl cycle)
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glutathione−glutaredoxin redox reactions
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glutathione−glutaredoxin system
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phosphatidate biosynthesis II (the glycerol−3−phosphate pathway)
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Glycogen phosphorylase required for the mobilization of glycogen
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Intracellular sporulation−specific glucoamylase
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Coproporphyrinogen III oxidase
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Multifunctional enzyme containing phosphoribosyl−ATP pyrophosphatase
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Enzyme that catalyzes the fourth step in the histidine pathway
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homocysteine and cysteine interconversion
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Cystathionine gamma−synthase, converts cysteine into cystathionine

Hours

E
xp

re
ss

io
n

homocysteine and cysteine interconversion

●

●

●

●

●●

●
●

●

●

●

●
●

●

●
●
●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●

●●

●

●

●
●
●●●

●

●

●
●

●
●

●

●

●

●

●

●

●

●●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●●

●

●

●

10 12 14 16 18

10
11

12
13

14

str3    YGL184C

Peroxisomal cystathionine beta−lyase
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O−acetyl homoserine−O−acetyl serine sulfhydrylase
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L−homoserine−O−acetyltransferase
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superpathway of sulfur amino acid biosynthesis
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homoserine biosynthesis
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Aspartic beta semi−aldehyde dehydrogenase
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Homoserine dehydrogenase (L−homoserine:NADP oxidoreductase)
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<i>myo</i>−inositol biosynthesis
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Inositol−3−phosphate synthase
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inositol phosphate biosynthesis
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Inositol polyphosphate multikinase (IPMK)
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Inositol 1,3,4,5,6−pentakisphosphate 2−kinase
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Inositol hexakisphosphate and inositol heptakisphosphate kinase
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Inositol hexakisphosphate and inositol heptakisphosphate kinase
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Polyphosphate phosphatase
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Phospholipase C
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Phosphatidylinositol 3,5−bisphosphate (PtdIns[3,5]P) phosphatase
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Polyphosphatidylinositol phosphatase
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Polyphosphatidylinositol phosphatase
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Phosphatidylinositol phosphate (PtdInsP) phosphatase
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Phosphatidylinositol (PI) 3−kinase that synthesizes PI−3−phosphate
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Type II phosphatidylinositol 4−kinase
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Phosphatidylinositol 4−kinase
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Phosphatidylinositol−4−kinase
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1−phosphatidylinositol−3−phosphate 5−kinase
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Phosphatidylinositol 4,5−bisphosphate 5−phosphatase
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Phosphatidylinositol 4,5−bisphosphate 5−phosphatase
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phospholipids degradation
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Inositol phosphosphingolipid phospholipase C
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leucine biosynthesis
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Acetolactate synthase
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Regulatory subunit of acetolactate synthase
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Mitochondrial branched−chain amino acid (BCAA) aminotransferase
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Cytosolic branched−chain amino acid (BCAA) aminotransferase
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Dihydroxyacid dehydratase
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Acetohydroxyacid reductoisomerase and mtDNA binding protein
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Threonine deaminase, catalyzes first step in isoleucine biosynthesis
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Alpha−isopropylmalate synthase (2−isopropylmalate synthase)
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Alpha−isopropylmalate synthase II (2−isopropylmalate synthase)
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Isopropylmalate isomerase
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Beta−isopropylmalate dehydrogenase (IMDH)
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methionine salvage pathway
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Mitochondrial branched−chain amino acid (BCAA) aminotransferase
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Cytosolic branched−chain amino acid (BCAA) aminotransferase
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Aromatic aminotransferase I
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Aromatic aminotransferase II
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Methylthioadenosine phosphorylase (MTAP)
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5'−methylthioribose−1−phosphate isomerase
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Acireductone dioxygenease involved in methionine salvage pathway
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Protein with sequence similarity to acireductone synthases
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5'−methylthioribulose−1−phosphate dehydratase
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lipid−linked oligosaccharide biosynthesis
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Mannosyltransferase in the N−linked glycosylation pathway
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Dolichyl−phosphoglucose−dependent alpha−1,2−glucosyltransferase
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Alpha−1,6−mannosyltransferase localized to the ER
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Mannosyltransferase, involved in N−linked glycosylation
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Catalytic component of UDP−GlcNAc transferase
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Component of UDP−GlcNAc transferase
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UDP−N−acetyl−glucosamine−1−P transferase
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Catabolic L−serine (L−threonine) deaminase
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Saccharopine dehydrogenase (NADP+, L−glutamate−forming)
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Homocitrate synthase isozyme and functions in DNA repair
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Homocitrate synthase isozyme
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Homo−isocitrate dehydrogenase
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Cobalamin−independent methionine synthase
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S−adenosylmethionine synthetase
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S−adenosyl−L−homocysteine hydrolase
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salvage pathways of purines and their nucleosides
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salvage pathways of pyrimidine deoxyribonucleotides
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non−oxidative branch of the pentose phosphate pathway
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Transaldolase, enzyme in the non−oxidative pentose phosphate pathway
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oxidative branch of the pentose phosphate pathway
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Transaldolase, enzyme in the non−oxidative pentose phosphate pathway
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6−phosphogluconolactonase
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6−phosphogluconolactonase
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Glucose−6−phosphate dehydrogenase (G6PD)
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6−phosphogluconate dehydrogenase (decarboxylating)
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6−phosphogluconate dehydrogenase (decarboxylating)
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pantothenate and coenzyme A biosynthesis
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2−dehydropantoate 2−reductase

Hours

E
xp

re
ss

io
n

pantothenate and coenzyme A biosynthesis

●

●

●
●
●●

●●

●

●

●

●

●
●
●●

●
●

●

●

●

●●●
●●

●●

●

●

●
●

●●

●●

●

●

●●●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●●

●●●

●

●●
●

●

●

●

●

10 12 14 16 18

10
.6

10
.7

10
.8

10
.9

11
.0

ecm31    YBR176W

Ketopantoate hydroxymethyltransferase
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cab5    YDR196C

Subunit of the CoA−Synthesizing Protein Complex (CoA−SPC)
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Subunit of the CoA−Synthesizing Protein Complex (CoA−SPC)
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Pantothenate synthase
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Pantothenate kinase, ATP:D−pantothenate 4'−phosphotransferase
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Subunit of the CoA−Synthesizing Protein Complex (CoA−SPC)

Hours

E
xp

re
ss

io
n
pantothenate and coenzyme A biosynthesis

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●
●

●
●

●●●

●
●

●
●

●

●

●

●●

●
●●

●

●

●
●

●

●
●●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●●

●●

●
●
●

●●

●
●

●

●
●●

●

●

●

●

10 12 14 16 18

10
.2

10
.4

10
.6

10
.8

11
.0
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Subunit of PPCDC and CoA−SPC complexes involved in CoA biosynthesis
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Negative regulatory subunit of protein phosphatase 1 (Ppz1p)
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Negative regulatory subunit of protein phosphatase 1 Ppz1p
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periplasmic NAD degradation
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NADH diphosphatase (pyrophosphatase)
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phosphatidate biosynthesis I (the dihydroxyacetone pathway)
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Bifunctional triacylglycerol lipase and 1−acyl DHAP reductase
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Glycerol−3−phosphate/dihydroxyacetone phosphate sn−1 acyltransferase
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Glycerol 3−phosphate/dihydroxyacetone phosphate sn−1 acyltransferase
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1−acyl−sn−glycerol−3−phosphate acyltransferase
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triglyceride biosynthesis
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Glycerol−3−phosphate/dihydroxyacetone phosphate sn−1 acyltransferase
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Glycerol 3−phosphate/dihydroxyacetone phosphate sn−1 acyltransferase
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1−acyl−sn−glycerol−3−phosphate acyltransferase
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Acyltransferase that catalyzes diacylglycerol esterification
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Diacylglycerol acyltransferase
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Phosphatidylinositol 3,5−bisphosphate (PtdIns[3,5]P) phosphatase
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Phosphatidylinositol phosphate (PtdInsP) phosphatase
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Phosphatidylinositol (PI) 3−kinase that synthesizes PI−3−phosphate
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Phosphatidylinositol 3−phosphate (PI3P) phosphatase
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phospholipid biosynthesis II (Kennedy pathway)
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phospholipid biosynthesis (Kennedy pathway)
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proline utilization
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putrescine biosynthesis
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pyridoxal 5'−phosphate salvage pathway
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removal of superoxide radicals
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riboflavin, FMN and FAD biosynthesis



10 12 14 16 18

10
.0

10
.5

11
.0

11
.5

rib2    YOL066C

Bifunctional DRAP deaminase tRNA:pseudouridine synthase

Hours

E
xp

re
ss

io
n

riboflavin, FMN and FAD biosynthesis

●

●

●
●

●

●

●

●

●●

●●
●

●●

●

●

●
●

●
●●

●
●
●●

●
●

●

●

●

●

●
●
●

●
●
●
●●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●
●

●
●
●●●

●

●

●

●

●

●

●

●
●

●

●

●●

10 12 14 16 18

12
.7

12
.8

12
.9

13
.0

13
.1

rib3    YDR487C

3,4−dihydroxy−2−butanone−4−phosphate synthase (DHBP synthase)

Hours

E
xp

re
ss

io
n

riboflavin, FMN and FAD biosynthesis

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●●

●

●

●●

●

●

●

●●

●

●
●

●

●

●●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

10 12 14 16 18

11
.8

12
.0

12
.2

12
.4

12
.6

12
.8

13
.0

rib4    YOL143C

Lumazine synthase (DMRL synthase)

Hours

E
xp

re
ss

io
n

riboflavin, FMN and FAD biosynthesis

●

●

●

●

●

●

●

●

●

●

●

●

●●
●
●●

●

●

●

●

●
●●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●●

●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●
●

10 12 14 16 18

10
.0

10
.2

10
.4

10
.6

10
.8

rib7    YBR153W

Diaminohydroxyphoshoribosylaminopyrimidine deaminase

Hours

E
xp

re
ss

io
n

riboflavin, FMN and FAD biosynthesis

●

●

●

●
●

●

●

●

●

●
●
●

●

●

●

●

●

●
●●

●

●●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●●

●
●

●

●

●
●

●

●

●

●

●●

●

●
●

10 12 14 16 18

10
.6

10
.8

11
.0

11
.2

11
.4

11
.6

11
.8

fad1    YDL045C

Flavin adenine dinucleotide (FAD) synthetase

Hours

E
xp

re
ss

io
n

riboflavin, FMN and FAD biosynthesis

●

●

●

●

●

●

●

●

●●

●●

●

●
●
●●

●
●●

●

●
●
●

●●

●

●●

●

●

●

●

●
●●

●
●●

●

●

●

●

●●

●
●

●

●

●

●

●●

●

●

●

●

●
●

●

●
●
●

●●

●
●●

●
●

●

●●

●
●
●

●
●

●

●

●

10 12 14 16 18

12
.2

12
.4

12
.6

12
.8

13
.0

rib1    YBL033C

GTP cyclohydrolase II

Hours

E
xp

re
ss

io
n

riboflavin, FMN and FAD biosynthesis

●

●

●

●

●

●

●

●

●

●

●

●●

●●
●

●
●●

●

●

●●

●

●

●
●

●
●●

●
●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●
●
●
●

●

●

●

●

●

●
●

●

10 12 14 16 18

10
.8

11
.0

11
.2

11
.4

fmn1    YDR236C

Riboflavin kinase, produces riboflavin monophosphate (FMN)

Hours

E
xp

re
ss

io
n

riboflavin, FMN and FAD biosynthesis

●

●

●●

●

●
●

●

●

●

●

●●

●
●

●
●

●
●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●●

●

●

●

●

●

●

●

●

●●

●
●

10 12 14 16 18

12
.7

12
.8

12
.9

13
.0

13
.1

13
.2

rib5    YBR256C

Riboflavin synthase

Hours

E
xp

re
ss

io
n

riboflavin, FMN and FAD biosynthesis

●

●

●
●

●

●

●

●

●

●

●●

●
●●

●

●●
●

●
●

●

●
●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●
●

●
●●

●

●

●

●●
●
●●

●
●

●

●
●

●



S−adenosylmethionine biosynthesis
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salvage pathways of guanine, xanthine and their nucleosides
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serine biosynthesis from 3−phosphoglycerate
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siroheme biosynthesis
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spermidine and methylthioadenosine biosynthesis
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spermine and methylthioadenosine biosynthesis
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sphingolipid metabolism
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sulfate assimilation pathway
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Protein involved in synthesis of the thiamine precursor HMP
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trehalose biosynthesis
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tryptophan biosynthesis
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ubiquinone biosynthesis from 4−hydroxybenzoate
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very long chain fatty acid biosynthesis
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xylose metabolism
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xylulose degradation
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