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2—ketoglutarate dehydrogenase complex
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Subunit of the mitochondrial alpha-ketoglutarate dehydrogenase complex
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folate biosynthesis



gevl  YDRO19C
T subunit of the mitochondrial glycine decarboxylase complex

folate bigsypthesis

Ipdl  YFLO18C
Dihydrolipoamide dehydrogenase

Thymidylate synthase
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abz2 YMR289W

Aminodeoxychorismate lyase (4—amino—4-deoxychorismate lyase)

gcv3  YALO44C
H subunit of the mitochondrial glycine decarboxylase complex

gcv2  YMR189W
P subunit of the mitochondrial glycine decarboxylase complex
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Dihydrofolate reductase involved in tetrahydrofolate biosynthesis
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Multifunctional enzyme of the folic acid biosynthesis pathway
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Para—aminobenzoate (PABA) synthase
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fol3 YMR113W
Dihydrofolate synthetase, involved in folic acid biosynthesis
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shml YBR263W
Mitochondrial serine hydroxymethyltransferase
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mtdl YKRO80W
NAD-dependent 5,10-methylenetetrahydrafolate dehydrogenase
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folate bigsynthesis

Cytoplasmic trifunctional enzyme C1-tetrahydrofolate synthase
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shm2 YLRO58C
Cytosolic serine hydroxymethyltransferase
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metl2 YPL023C
Protein with MTHFR activity in vitro
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Mitochondrial C1-tetrahydrofolate synthase
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GTP-cyclohydrolase |, catalyzes first step in folic acid biosynthesis
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metl3 YGL125W
Major isozyme of methylenetetrahydrofolate reductase
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folate interconversions



gevl  YDRO19C
T subunit of the mitochondrial glycine decarboxylase complex

FEONVEESIONS

folate inte

Ipdl  YFLO18C
Dihydrolipoamide dehydrogenase

Thymidylate synthase
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dfrl  YOR236W

Dihydrofolate reductase involved in tetrahydrofolate biosynthesis

gcv3  YALO44C
H subunit of the mitochondrial glycine decarboxylase complex

gcv2  YMR189W
P subunit of the mitochondrial glycine decarboxylase complex
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shml YBR263W

Mitochondrial serine hydroxymethyltransferase

misl YBRO84W
Mitochondrial C1-tetrahydrofolate synthase

ade3 YGR204W
Cytoplasmic trifunctional enzyme C1-tetrahydrofolate synthase
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Cytosolic serine hydroxymethyltransferase
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metl3 YGL125W
Major isozyme of methylenetetrahydrofolate reductase
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folate interconyersions

NAD-dependent 5,10-methylenetetrahydrafolate dehydrogenase
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metl2 YPL023C
Protein with MTHFR activity in vitro
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folate transformations



gcv2  YMR189W
P subunit of the mitochondrial glycine decarboxylase complex

folate trangformations

Ipdl  YFLO18C
Dihydrolipoamide dehydrogenase

T subunit of the mitochondrial glycine decarboxylase complex
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misl YBRO84W
Mitochondrial C1-tetrahydrofolate synthase

ade3 YGR204W
Cytoplasmic trifunctional enzyme C1-tetrahydrofolate synthase

gcv3  YALO44C
H subunit of the mitochondrial glycine decarboxylase complex
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mtdl YKRO80W
NAD-dependent 5,10-methylenetetrahydrafolate dehydrogenase

shm2 YLRO058C
Cytosolic serine hydroxymethyltransferase

shml YBR263W

Mitochondrial serine hydroxymethyltransferase

3 |
4,
(3
o=
. . p o =0 |
0 °
0’00'\
0‘0-0
o=-0° -
o,o,olcuoolo -
‘l“‘b
”hl'\‘\“‘\“‘
olﬂrololo R |
[ [ [ [ [
GET 0€T g¢ct 0¢T STT
uoissaidx3
o“ =
o
3.,
o0,
o oo °
o Q O\OU -
_e—29 °

— %
——0 ° °
pgu—
09°

Po.

0=o0=p o

SVl oVl GET 0€ET G¢T 0¢T STT

uoissaidx3
— Q —

Oﬁ °
olﬁﬂ wo
° )
[ ] e > 0
P —— o |
oa=—o "% |o|.| :
0$
® 0-o
—a
== I
:’& —
Rt
o °e
e
[ ]
s TPy, B
T T T T T T
Ser 7'ET eeT cet TET 0€eT
uoissaidx3

18

16

14

12

10

18

16

14

12

10

18

16

14

12

10

Hours

Hours

Hours



Expression

12.2 12.3 12.4 12.5 12.6 12.7

12.1

metl2 YPL023C
Protein with MTHFR activity in vitro

i

oo

g

|
|
J

Expression

14.0

135

13.0

125

folate transfoymations

Major isozyme of methylenetetrahydrofolate reductase
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5,10-methenyltetrahydrofolate synthetase
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glycine cleavage complex



gcv2  YMR189W
P subunit of the mitochondrial glycine decarboxylase complex

glycine cleayage.complex

Ipdl  YFLO18C
Dihydrolipoamide dehydrogenase

T subunit of the mitochondrial glycine decarboxylase complex
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pyruvate dehydrogenase complex



pdal YER178W
E1 alpha subunit of the pyruvate dehydrogenase (PDH) complex

pyruvate dehydrqgenase complex

Ipdl  YFLO18C
Dihydrolipoamide dehydrogenase

Dihydrolipoamide acetyltransferase component (E2) of the PDC
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pdbl YBR221C
E1 beta subunit of the pyruvate dehydrogenase (PDH) complex

8.,
e

Olllo\olo

X o
= 0
00
0 — o,o,e.olo.
o p=—=0% 4
T T T T T
0¥t 8'eT 9eT 7'ET cet
uoissaidx3

18

16

14

12

10

Hours



TCA cycle, aerobic respiration
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Dihydrolipoamide dehydrogenase
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Flavoprotein subunit of succinate dehydrogenase
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sdh4 YDR178W
Membrane anchor subunit of succinate dehydrogenase (SDH)

Expression

'f:l f"}‘f‘,':
i‘”‘l N Y
1.4 % s
i/
noy

F °
_ ﬁ

1I0 1I2 1I4 1I6 1I8

Hours

TCA cycle, ae[ghjg. kespiration
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sdh2 YLLO41C
Iron—sulfur protein subunit of succinate dehydrogenase

18

4™
.O&a’. ;?

oy

Expression

°
°
°
T T T T T
10 12 14 16 18
Hours
pycl YGLO62W
Pyruvate carboxylase isoform
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kgdl YIL125W
Subunit of the mitochondrial alpha-ketoglutarate dehydrogenase complex
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Subunit of succinate dehydrogenase and of TIM22 translocase
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Pyruvate carboxylase isoform
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mdh3 YDLO78C
Peroxisomal malate dehydrogenase

TCA cycle, aergbig.respiration

mdhl YKLO85W
Mitochondrial malate dehydrogenase

Cytoplasmic malate dehydrogenase
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fuml YPL262W

cit3  YPROO1IW
Dual specificity mitochondrial citrate and methyicitrate synthase

cit2  YCRO05C

Citrate synthase, peroxisomal isozyme involved in glyoxylate cycle

Fumarase
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Subunit of mitochondrial NAD(+)-dependent isocitrate dehydrogenase

idhl YNLO37C

TCA cycle, aerghig.respiration

Subunit of mitochondrial NAD(+)—-dependent isocitrate dehydrogenase
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Isc2 YGR244C
Beta subunit of succinyl-CoA ligase
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Isc1 YOR142W
Alpha subunit of succinyl-CoA ligase
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4-aminobutyrate degradation



ugal YGRO19W
Gamma-aminobutyrate (GABA) transaminase

4—aminobutyrgte degradation

Succinate semialdehyde dehydrogenase
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glutamate degradation |
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ugal YGRO19W
Gamma-aminobutyrate (GABA) transaminase
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gdh2 YDL215C
NAD(+)-dependent glutamate dehydrogenase
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Succinate semialdehyde dehydrogenase
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gadl YMR250W
Glutamate decarboxylase
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acetate utilization



acetate ytilization

acsl YALO54C
Acetyl-coA synthetase isoform

Acetyl-coA synthetase isoform
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ethanol degradation



ald2 YMR170C
Cytoplasmic aldehyde dehydrogenase

ethanol dgegragation

acsl YALO54C
Acetyl-coA synthetase isoform

Acetyl-coA synthetase isoform
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adh3 YMRO83W
Mitochondrial alcohol dehydrogenase isozyme IlI

adh2 YMR303C
Glucose-repressible alcohol dehydrogenase Il

adhl YOLO086C
Alcohol dehydrogenase
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adh5 YBR145W

Alcohol dehydrogenase isoenzyme V

adh4 YGL256W
Alcohol dehydrogenase isoenzyme type IV
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acetoin biosynthesis



ilvé YCLO09C
Regulatory subunit of acetolactate synthase

Acetolactate synthase

acetoin bjgsynthesis

bdhl YALO60W
NAD-dependent (R,R)-butanediol dehydrogenase
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butanediol biosynthesis
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bdhl YALO60W
NAD-dependent (R,R)-butanediol dehydrogenase
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butanediol degradation
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NAD-dependent (R,R)-butanediol dehydrogenase
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Isoleucine biosynthesis



batl YHR208W

Mitochondrial branched—chain amino acid (BCAA) aminotransferase

thesis

Regulatory subunit of acetolactate synthase

josyR

leucine h

ISO

iv2 YMR108W
Acetolactate synthase

£ s
LA N Y —
——=
.‘0\0 °
€°,
T e——o [ 2
sodow
°Toe—o=, LI
b,
—0 gm—— g
——— O o ° - ° <
oho:o,o.o
T T T T T T
SVl 0Vl GET 0€T g¢ct 0¢T
uoissaidx3
°
[ ] 1.0
[ ]
==
oaﬂ‘o
e — &8
OA‘IO'.
8o
org Oﬁ
o9,
v
0’“ °
Vil
_ ca==¥
CTT e m=a
T T T T T T T
6°€T 8'ET L'ET 9'€T GET 7'ET et [AN)
uoissaidx3
0!’
on..o%
N
° M — T
.00\.
0°°
Qoo
,00010
loc.oo.
(]

°
$-0—o—
e oo'o’u'c
u.uo\o‘e\o
® Oco=—o
[ [ [ [
oyl G'ET 0€ET g¢ct

uoissaidx3

18

16

14

12

10

18

16

14

12

10

18

16

14

12

10

Hours

Hours

Hours

iv56  YLR355C

Acetohydroxyacid reductoisomerase and mtDNA binding protein

iv3  YJRO16C
Dihydroxyacid dehydratase

bat2 YJR148W
Cytosolic branched—-chain amino acid (BCAA) aminotransferase
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ivl  YERO86W

Threonine deaminase, catalyzes first step in isoleucine biosynthesis

-0 ° ° o—o°8°
00— 0 — o—o
T T T T
SET 0€T S¢t 0¢ct
uoissaidx3

18

16

14

12

10

Hours



valine biosynthesis



batl YHR208W

Mitochondrial branched—chain amino acid (BCAA) aminotransferase

valine biqsynthesis

iv2 YMR108W
Acetolactate synthase

Regulatory subunit of acetolactate synthase
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iv56  YLR355C

Acetohydroxyacid reductoisomerase and mtDNA binding protein

iv3  YJRO16C
Dihydroxyacid dehydratase

bat2 YJR148W
Cytosolic branched—-chain amino acid (BCAA) aminotransferase
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acetoin biosynthesis Il



pdc6 YGR087C
Minor isoform of pyruvate decarboxylase
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Minor isoform of pyruvate decarboxylase

acetoin bigsynthesis I

pdcl YLRO44C
Major of three pyruvate decarboxylase isozymes
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Isoleucine degradation



pdc6 YGR087C
Minor isoform of pyruvate decarboxylase

ion
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Ine
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pdcl YLRO44C
Major of three pyruvate decarboxylase isozymes

Minor isoform of pyruvate decarboxylase
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adh3 YMRO83W
Mitochondrial alcohol dehydrogenase isozyme IlI

adh2 YMR303C
Glucose-repressible alcohol dehydrogenase Il

adhl YOLO086C
Alcohol dehydrogenase
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sfal YDL168W
Bifunctional alcohol dehydrogenase and formaldehyde dehydrogenase

adh5 YBR145W

Alcohol dehydrogenase isoenzyme V

adh4 YGL256W
Alcohol dehydrogenase isoenzyme type IV
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batl YHR208W
Mitochondrial branched—chain amino acid (BCAA) aminotransferase
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Regulatory protein that binds Pdc2p and Thi2p transcription factors
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arol0 YDR380W
Phenylpyruvate decarboxylase
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phenylalanine degradation



pdc6 YGR087C
Minor isoform of pyruvate decarboxylase

phenylalaning degradation

pdcl YLRO44C
Major of three pyruvate decarboxylase isozymes

Minor isoform of pyruvate decarboxylase
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adh3 YMRO83W
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Bifunctional alcohol dehydrogenase and formaldehyde dehydrogenase

adh5 YBR145W

Alcohol dehydrogenase isoenzyme V

adh4 YGL256W
Alcohol dehydrogenase isoenzyme type IV

0¢ct

STT

uoissaidx3

OHI.‘O
°

STT

I
A

I
€17

I I
1t TT1T

uoissaidx3

01T

I
60T

80T

18

16

14

12

10

18

16

14

12

10

18

16

14

12

10

Hours

Hours

Hours



aro9 YHR137W

Aromatic aminotransferase I

phenylalaning degradation

arol0 YDR380W
Phenylpyruvate decarboxylase
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superpathway of glucose fermentation



pdc6 YGR087C
Minor isoform of pyruvate decarboxylase

superpathway of glucose, fermentation

pdcl YLRO44C
Major of three pyruvate decarboxylase isozymes

Minor isoform of pyruvate decarboxylase
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Alcohol dehydrogenase isoenzyme V
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Hexokinase isoenzyme 1
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tryptophan degradation



pdc6 YGR087C
Minor isoform of pyruvate decarboxylase

tryptophan gegradation

pdcl YLRO44C
Major of three pyruvate decarboxylase isozymes

Minor isoform of pyruvate decarboxylase
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Glucose-repressible alcohol dehydrogenase Il
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Quinolinate phosphoribosyl transferase

o—0——0"

[

0'ST

0'ST SVl oVl GET 0'€T gct 0¢t
uoissaidx3
i
e,
—o—08 4
o—0——0 " o—¢ °
- O
o= ___ .

° ° o—g
e——0—°— ° °

loo.oo:o

e
UOOIIO °
ot
Ve
[ — O =— O,O ®
o—o0—F¢
T T T T
8T 9vT ad) vl
uoissaidx3
o=
b,
oo °

41" 0€T 8¢t 9¢T

uoissaidx3

I
et

18

16

14

12

10

18

16

14

12

10

18

16

14

12

10

Hours

Hours

Hours

adh5 YBR145W

Alcohol dehydrogenase isoenzyme V

adh4 YGL256W
Alcohol dehydrogenase isoenzyme type IV

adh3 YMRO83W
Mitochondrial alcohol dehydrogenase isozyme IlI
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aro8 YGL202W
Aromatic aminotransferase |

tryptophan, degradation

sfal YDL168W
Bifunctional alcohol dehydrogenase and formaldehyde dehydrogenase

Phenylpyruvate decarboxylase
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bnal YJR025C

3-hydroxyanthranilic acid dioxygenase

bna5 YLR231C

aro9 YHR137W

Aromatic aminotransferase I

Kynureninase
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Tryptophan 2,3-dioxygenase or indoleamine 2,3-dioxygenase
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Kynurenine 3—-monooxygenase
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Formylkynurenine formamidase
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valine degradation



pdc6 YGR087C
Minor isoform of pyruvate decarboxylase

valine dggradation

pdcl YLRO44C
Major of three pyruvate decarboxylase isozymes

Minor isoform of pyruvate decarboxylase
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adh3 YMRO83W
Mitochondrial alcohol dehydrogenase isozyme IlI

adh2 YMR303C
Glucose-repressible alcohol dehydrogenase Il

adhl YOLO086C
Alcohol dehydrogenase
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Alcohol dehydrogenase isoenzyme V
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Mitochondrial branched—chain amino acid (BCAA) aminotransferase
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aerobic respiration, electron transport chain
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qcrl0  YHROO1IW-A
Subunit of the ubiqunol-cytochrome ¢ oxidoreductase complex
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Subunit 7 of ubiquinol cytochrome-c reductase (Complex Ill)
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aerobic respiration, electron transport chain
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Ubiquinol-cytochrome-c reductase

B
)
. b
o ’ @ ° oo
S' - 0 ©0 , |'
P J .
AT
[ ] ° °°‘°
I3 \
|
o® ° ® oo
o |1 |
& —
— Y 0‘
°
°
o °
& —
—
°
T T T T T
10 12 14 16 18
Hours
coxl2 YLRO38C
Subunit VIb of cytochrome ¢ oxidase
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Subunit 11l of cytochrome ¢ oxidase (Complex 1V)
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Subunit Vla of cytochrome c oxidase
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aerobic respiration, electron. transport chain
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Subunit | of cytochrome c oxidase (Complex 1V)
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Subunit Vlla of cytochrome c oxidase (Complex 1V)

hao /L il
| S NARNEY K
i | ,ﬁ 0
: e
| i
1I0 1I2 1I4 1I6 1I8

Hours

sdh3 YKL141W
Subunit of succinate dehydrogenase and of TIM22 translocase

x ~
! ®°,
o
i ‘{a @ 1 ‘%‘
eo s %,
;, ° }Q °
lo ‘ °
o
i
[]
°
o
[
[
o
T T T T T
10 12 14 16 18
Hours

Expression

Expression

Expression

14.4

14.2

14.0

13.8

13.6

145

14.0

135

13.0

125

12.0
|

14.0
|

135
|

13.0
|

12.5
|

Subunit VII of cytochrome ¢ oxidase (Complex V)

o "o
°
o0 lood
o yl
] ° of o i" 09
°
b‘;ﬁ o.. ° °,\° °
°
| 4
°
- ° >
° o °
| |
° °
° °
] oo
v °
| e
°
o
°
T T T T T
10 12 14 16 18
Hours
sdhl YKL148C
Flavoprotein subunit of succinate dehydrogenase
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sdh4 YDR178W
Membrane anchor subunit of succinate dehydrogenase (SDH)
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aerobic respiration, electrpn.transport chain
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cox8 YLR395C
Subunit VIII of cytochrome ¢ oxidase (Complex V)
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Iron—sulfur protein subunit of succinate dehydrogenase
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alanine biosynthesis



ald3  YMR169C
Cytoplasmic aldehyde dehydrogenase

alanine bjgsynthesis

altl YLR089C

Alanine transaminase (glutamic pyruvic transaminase)

Cytoplasmic aldehyde dehydrogenase
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aro9 YHR137W

Aromatic aminotransferase I

aro8 YGL202wW
Aromatic aminotransferase |
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Polyamine oxidase
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pha2 YNL316C
Prephenate dehydratase

aro7 YPRO60C

Chorismate mutase
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alanine degradation



pdc6 YGR087C
Minor isoform of pyruvate decarboxylase

alanine degragation

pdcl YLRO44C
Major of three pyruvate decarboxylase isozymes

Minor isoform of pyruvate decarboxylase
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adh2 YMR303C
Glucose-repressible alcohol dehydrogenase Il

adhl YOL086C

Alcohol dehydrogenase

altl YLR0O89C

Alanine transaminase (glutamic pyruvic transaminase)
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adh5 YBR145W

Alcohol dehydrogenase isoenzyme V

adh4 YGL256W
Alcohol dehydrogenase isoenzyme type IV

adh3 YMRO83W
Mitochondrial alcohol dehydrogenase isozyme IlI
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aro8 YGL202W
Aromatic aminotransferase |
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sfal YDL168W
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allantoin degradation



durl2 YBR208C
Urea amidolyase

allantoin degradation

dal2  YIR0O29W
Allantoicase
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dal3  YIR032C
Ureidoglycolate lyase
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arginine biosynthesis



arg2 YJLO71W

Acetylglutamate synthase (glutamate N-acetyltransferase)
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bigsynthesi

arginine

arg56  YER069W

Acetylglutamate kinase and N-acetyl-gamma-glutamyl-phosphate reductase

Acetylornithine aminotransferase
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argl YOLO58W
Arginosuccinate synthetase

arg4 YHRO18C
Argininosuccinate lyase

arg7 YMRO062C
Mitochondrial ornithine acetyltransferase
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ura2 YJL130C

Bifunctional carbamoylphosphate synthetase/aspartate transcarbamylase

cpa2 YJR109C
Large subunit of carbamoyl phosphate synthetase

cpal YOR303W
Small subunit of carbamoyl phosphate synthetase
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Expression
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arg3  YJLO88W
Ornithine carbamoyltransferase
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citrulline biosynthesis



ura2 YJL130C

Bifunctional carbamoylphosphate synthetase/aspartate transcarbamylase

citrulline bigsynthesis

cpal YOR303W
Small subunit of carbamoyl phosphate synthetase

Large subunit of carbamoyl phosphate synthetase
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arg3  YJLO88W
Ornithine carbamoyltransferase
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de novo biosynthesis of pyrimidine ribonucleotides



ura2 YJL130C

Bifunctional carbamoylphosphate synthetase/aspartate transcarbamylase

-1 vorwaw d€ NOVO biosynthesis of pyrimigdine ribonucleotides

Small subunit of carbamoyl phosphate synthetase

Large subunit of carbamoyl phosphate synthetase
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ura8 YJR103W
Minor CTP synthase isozyme (see also URA7)

ura7 YBLO39C
Major CTP synthase isozyme (see also URA8)

ura6 YKL024C

Uridylate kinase
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ural0 YMR271C
Minor orotate phosphoribosyltransferase (OPRTase) isozyme

ural YKL216W
Dihydroorotate dehydrogenase

ura4  YLR420W

Dihydroorotase
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s wew d€ NOVO biosynthesis of pyrimidine ribonucleotides

Orotidine-5'-phosphate (OMP) decarboxylase

Major orotate phosphoribosyltransferase (OPRTase) isozyme
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arginine degradation (anaerobic)



arginine degradatiQn.(anaerobic)

Arginase, catabolizes arginine to ornithine and urea L-ornithine transaminase (OTAse) Delta 1-pyrroline-5-carboxylate reductase
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proline biosynthesis



pro2 YOR323C
Gamma-glutamyl phosphate reductase

proline bigsynthesis

pro3 YER023W
Delta 1-pyrroline-5-carboxylate reductase

Gamma-glutamyl kinase
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asparagine biosynthesis



aatl YKL106W

Mitochondrial aspartate aminotransferase

asparagine_ hiqsyhthesis

asnl YPR145W

Asparagine synthetase

Asparagine synthetase
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aat2 YLRO27C

Cytosolic aspartate aminotransferase involved in nitrogen metabolism
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asparagine degradation
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Mitochondrial aspartate aminotransferase
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asp3l YLR155C
Cell-wall L-asparaginase Il involved in asparagine catabolism
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asp34 YLR160C
Cell-wall L-asparaginase Il involved in asparagine catabolism
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Cytosolic aspartate aminotransferase involved in nitrogen metabolism
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asp32 YLR157C
Cell-wall L-asparaginase Il involved in asparagine catabolism
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aspl YDR321W
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aspartate biosynthesis



pycl YGLO62W
Pyruvate carboxylase isoform

aspartate hiosynthesis

Cytosolic aspartate aminotransferase involved in nitrogen metabolism

aatl YKL106W

Mitochondrial aspartate aminotransferase
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Pyruvate carboxylase isoform
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gluconeogenesis
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Fructose 1,6-bisphosphate aldolase
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tdh2  YJR0O09C

Glyceraldehyde—3—-phosphate dehydrogenase (GAPDH), isozyme 2
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Glycolytic enzyme phosphoglucose isomerase
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Glyceraldehyde—3—-phosphate dehydrogenase (GAPDH), isozyme 3
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tdhl YJLO52W
Glyceraldehyde—3—-phosphate dehydrogenase (GAPDH), isozyme 1
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Mitochondrial malate dehydrogenase
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mael YKL029C

Mitochondrial malic enzyme

gluconengenesis

Peroxisomal malate dehydrogenase
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mdh2 YOL126C
Cytoplasmic malate dehydrogenase
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beta—alanine biosynthesis



fmsl YMRO20W

Polyamine oxidase

beta—alanine, bjgsynthesis

ald2 YMR170C
Cytoplasmic aldehyde dehydrogenase

Cytoplasmic aldehyde dehydrogenase
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biotin biosynthesis



bio4 YNRO57C

Dethiobiotin synthetase

biotin bigsynthesis

bio3 YNRO58W
7,8—-diamino—pelargonic acid aminotransferase (DAPA)

Biotin synthase
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carnitine shuttle
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cat2 YMLO42w
Carnitine acetyl-CoA transferase
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Outer mitochondrial carnitine acetyltransferase
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Carnitine acetyltransferase
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CDP-diacylglycerol biosynthesis
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Phosphatidate cytidylyltransferase (CDP-diglyceride synthetase)
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chitin biosynthesis



chs3 YBR023C
Chitin synthase IlI

chitin bigsynthesis

chsl YNL192W
Chitin synthase |
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chitosan biosynthesis



Chitin deacetylase

chitosan hjosynthesis

cdal YLR307W
Chitin deacetylase
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chorismate biosynthesis



arol YDR127W
Pentafunctional arom protein

chorismate higsynthesis

aro3 YDRO35W
3-deoxy-D-arabino—heptulosonate-7-phosphate (DAHP) synthase

3-deoxy-D-arabino—heptulosonate-7-phosphate (DAHP) synthase
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aro2 YGL148W

Bifunctional chorismate synthase and flavin reductase
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cysteine biosynthesis from homocysteine



cysteine biosynthesis_from,homocysteine

cys4 YGR155W
Cystathionine beta-synthase

Cystathionine gamma-lyase
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cysteine biosynthesis/homocysteine degradation



cysteine biosynthesis/homagysteine degradation

cys4 YGR155W
Cystathionine beta-synthase

Cystathionine gamma-lyase
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threonine degradation



threonine gegradation

cys3 YALO12W
Cystathionine gamma-lyase

Catabolic L-serine (L-threonine) deaminase
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de novo biosynthesis of purine nucleotides



mr3  YILO66C

Minor isoform of large subunit of ribonucleotide—diphosphate reductase
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de novo biosynthesis Qf puirine nucleotides

mrl  YERO70W
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Major isoform of large subunit of ribonucleotide—diphosphate reductase
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gukl YDR454C
Guanylate kinase

de novo biosynthesis gQf pLirine nucleotides

ade4 YMR300C

Phosphoribosylpyrophosphate amidotransferase (PRPPAT)

GMP synthase
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imd2 YHR216W
Inosine monophosphate dehydrogenase

adel? YMR120C
Enzyme of ‘de novo' purine biosynthesis

adel6 YLRO028C
Enzyme of ‘de novo' purine biosynthesis
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ade57 YGL234W
Enzyme of the 'de novo' purine nucleotide biosynthetic pathway

imd4  YMLO56C

Inosine monophosphate dehydrogenase

imd3  YLR432W
Inosine monophosphate dehydrogenase

50
“oq
4
'OIO
° 0\0.0\00
¢ ° ¢
'OIOIOIOI
0-¢o 0000
.ooon
° o
° S —e—o—g.
:l'l
olllo.o‘o.bc
ogr ° OIIOIIO\OIII
o'o'o'o'c
T T
oVl GET 0'€T
uoissaidx3
o=,
%
“r
O,
oum
° ° °
...oe.l.o\o
? ° °
0,00 ’
e
o 3,
o
° ° ° ®0—oo., .
o
° 0—
-0 °
TO’O,O
T T T T T
€T cT 1T 0T 6
uoissaidx3
J.o..:
‘0, ..
,000,0
° @ = 0
°9 o—o0—29 ° °
Co—o—,.
OO.f
OcQ
PY )
O=g. “o-
0= olou.o”o
.00'.
T 0-oa
0'0‘.\0\0\0"0
\O"Olo
T T T T
V1 €T ¢t 1T
uoissaidx3

18

16

14

12

10

18

16

14

12

10

18

16

14

12

10

Hours

Hours

Hours



ade6 YGRO061C
Formylglycinamidine-ribonucleotide (FGAM)-synthetase

de novo biosynthesis. of purine nucleotides

ade2 YOR128C

Phosphoribosylaminoimidazole carboxylase

N-succinyl-5-aminoimidazole-4-carboxamide ribotide synthetase
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ade8 YDR408C
Phosphoribosyl-glycinamide transformylase
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de novo biosynthesis of pyrimidine deoxyribonucleotides



mr3  YILO66C

Minor isoform of large subunit of ribonucleotide—diphosphate reductase

Ribonucleotide-diphosphate reductase (RNR), small subunit
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Major isoform of large subunit of ribonucleotide—diphosphate reductase
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salvage pathways of pyrimidine ribonucleotides



urkl YNRO12W

Uridine/cytidine kinase

salvage pathways of pyrimigdine ribonucleotides

ynkl YKLO67W

Nucleoside diphosphate kinase

Uridine nucleosidase (uridine—cytidine N-ribohydrolase)
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furl YHR128W
Uracil phosphoribosyltransferase

fcyl  YPRO62W
Cytosine deaminase

cddl YLR245C
Cytidine deaminase
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superpathway of histidine, purine, and pyrimidine biosynthesis



prs2  YER099C

thesis

5-phospho-ribosyl-1(alpha)-pyrophosphate synthetase, synthesizes PRPP

iosyn

idine bi

imi

nd. pyr

5-phospho-ribosyl-1(alpha)-pyrophosphate synthetase

idine, puring, a

<. SHperpathway of hist

Phosphoribosylpyrophosphate amidotransferase (PRPPAT)
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prs5 YOLO61W
5-phospho-ribosyl-1(alpha)-pyrophosphate synthetase

prs4 YBLO68W

5-phospho-ribosyl-1(alpha)-pyrophosphate synthetase, synthesizes PRPP

prs3 YHLO11C
5-phospho-ribosyl-1(alpha)-pyrophosphate synthetase
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de novo NAD biosynthesis



nma2 YGRO10W
Nicotinic acid mononucleotide adenylyltransferase

de novo NAD, bigesynthesis

qnsl YHRO74W
Glutamine—-dependent NAD(+) synthetase

Nicotinic acid mononucleotide adenylyltransferase
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bna6 YFR047C

Quinolinate phosphoribosyl transferase

41"

0€T 8¢t

uoissaidx3

9¢T

I
et

18

16

14

12

10

Hours



NAD salvage pathway



nma2 YGRO10W
Nicotinic acid mononucleotide adenylyltransferase

NAD salvage pathway

qnsl YHRO74W
Glutamine—-dependent NAD(+) synthetase

Nicotinic acid mononucleotide adenylyltransferase
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nptl YOR209C
Nicotinate phosphoribosyltransferase

pncl YGLO37C

Nicotinamidase that converts nicotinamide to nicotinic acid

sir2  YDL042C

Conserved NAD+ dependent histone deacetylase of the Sirtuin family
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nicotinamide riboside salvage pathway |



nrkl YNL129W

Nicotinamide riboside kinase

nicotinamide riboside salvage pathway |

nmal YLR328W
Nicotinic acid mononucleotide adenylyltransferase

Nicotinic acid mononucleotide adenylyltransferase
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urhl YDR400OW

Uridine nucleosidase (uridine—cytidine N-ribohydrolase)

pnpl YLR209C
Purine nucleoside phosphorylase
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tryptophan degradation via kynurenine



bnal YJR025C

3-hydroxyanthranilic acid dioxygenase

tryptophan degradation.yia kynurenine

bna6 YFR047C

Quinolinate phosphoribosyl transferase

Kynureninase
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bna2 YJRO78W

Tryptophan 2,3-dioxygenase or indoleamine 2,3-dioxygenase

bna4 YBLO98W
Kynurenine 3—-monooxygenase

bna7 YDR428C
Formylkynurenine formamidase
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dehydro—D—-arabinono—-1,4-lactone biosynthesis



- wose dehydro—D-arabinono-1,4:lactone biosynthesis

aral YBR149W

Expression
12.6 12.7 12.8

12.5

12.4

12.3

D-Arabinono-1,4-lactone oxidase NAD-dependent arabinose dehydrogenase NADP+ dependent arabinose dehydrogenase
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diphthamide biosynthesis



ktill YBLO71W-A
Zn-ribbon protein that co—purifies with Dph1 and Dph2

diphthamide bigsynthesis

Protein required for synthesis of diphthamide
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dphl YIL103W

Protein required for synthesis of diphthamide
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dolichyl glucosyl phosphate biosynthesis



pgm2 YMR105C
Phosphoglucomutase

dolichyl glucosyl phqgsphate biosynthesis

algs YPL227C
UDP-glucose:dolichyl-phosphate glucosyltransferase

Phosphoglucomutase, minor isoform
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ugpl YKLO35W
UDP-glucose pyrophosphorylase (UGPase)
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galactose degradation



gall0 YBRO19C
UDP-glucose—4-epimerase

galactose gegradation

pgml YKL127W

Phosphoglucomutase, minor isoform

Phosphoglucomutase
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gal7 YBRO18C

Galactose-1-phosphate uridyl transferase

gall YBRO20W

Galactokinase
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glycogen biosynthesis



ugpl YKLO35W
UDP-glucose pyrophosphorylase (UGPase)

glycogen hiosynthesis

pgml YKL127W

Phosphoglucomutase, minor isoform

Phosphoglucomutase
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glc3 YELO11W

Glycogen branching enzyme, involved in glycogen accumulation

glg2 YJL137C
Glycogenin glucosyltransferase

glgl YKRO58W
Glycogenin glucosyltransferase
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gsy2 YLR258W
Glycogen synthase

gsyl YFRO15C
Glycogen synthase
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dolichyl phosphate D—mannose biosynthesis



pmi40 YERO003C
Mannose-6-phosphate isomerase

dolichyl phosphate D—mapnose biosynthesis

dpml YPR183W
Dolichol phosphate mannose (Dol-P-Man) synthase of ER membrane

GDP-mannose pyrophosphorylase (mannose-1-phosphate guanyltransferase)
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secb3 YFL045C
Phosphomannomutase
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mannose degradation



hxk2 YGL253W
Hexokinase isoenzyme 2

Hexokinase isoenzyme 1

mannose gegtadation
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Mannose-6-phosphate isomerase
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ergosterol biosynthesis



erg5 YMRO15C
C-22 sterol desaturase

ergosterol piosynthesis

erg2 YMR202W
C-8 sterol isomerase

C-5 sterol desaturase
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ergll YHROO7C
Lanosterol 14-alpha-demethylase

erg27 YLR100W
3-keto sterol reductase

erg26 YGLOO1C
C-3 sterol dehydrogenase

I
8T

9T

144"

47"

uoissaidx3

ovt

8¢l

9€T

v

et

uoissaidx3

0¢ct

¢t

uoissaidx3

0¢ct

81T

18

16

14

12

10

18

16

14

12

10

18

16

14

12

10

Hours

Hours

Hours

ergd YGLO12W
C-24(28) sterol reductase

erg24 ' YNL280C
C-14 sterol reductase

erg25 YGRO60W
C-4 methyl sterol oxidase
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Expression

Expression

ergé YMLOO8C

Delta(24)-sterol C-methyltransferase

Expression

© °
< °
- ,"% o ° MR\
e 9 o 9 lo o *®
© ‘ .‘:°°$ ‘.
° ° °
| |
< |9 o
S| ¢ 1 F
- ° °
]
°
o o
il
°
o~
< | °
— o
° 3
\ ]
°
° 1|
o °
3 |
H‘
°
I I I I I
10 12 14 16 18
Hours
erg7 YHRO72W
Lanosterol synthase
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ergosterol hiogynthesis

Farnesyl-diphosphate farnesyl transferase (squalene synthase)
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Squalene epoxidase
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erg20 YJL167W

Farnesyl pyrophosphate synthetase
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hexaprenyl diphosphate biosynthesis
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erg20  YJL167W
Farnesyl pyrophosphate synthetase

hexaprenyl diphosphate, biosynthesis

Hexaprenyl pyrophosphate synthetase
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Geranylgeranyl diphosphate synthase (GGPS)
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superpathway of ergosterol biosynthesis



Expression
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erg20  YJL167W
Farnesyl pyrophosphate synthetase

superpathway of ergosterol biosynthesis
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leucine degradation



pdc6 YGR087C
Minor isoform of pyruvate decarboxylase

leucine degragdation

pdcl YLRO44C
Major of three pyruvate decarboxylase isozymes

Minor isoform of pyruvate decarboxylase
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adh3 YMRO83W
Mitochondrial alcohol dehydrogenase isozyme IlI

adh2 YMR303C
Glucose-repressible alcohol dehydrogenase Il

adhl YOLO086C
Alcohol dehydrogenase
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sfal YDL168W
Bifunctional alcohol dehydrogenase and formaldehyde dehydrogenase

adh5 YBR145W

Alcohol dehydrogenase isoenzyme V

adh4 YGL256W
Alcohol dehydrogenase isoenzyme type IV
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batl YHR208W
Mitochondrial branched—chain amino acid (BCAA) aminotransferase

Expression

. *
® 1!
?‘ 1 , X
o o o
- ,‘ , ° \
H 1 , o
° °
° ° °
° , °
& S
Jigd - E
| ®
: i
— ° ¢
'il |
7 o
¢ l
| ,i
T T T T T
10 12 14 16 18
Hours
thi3  YDLO8OC

Regulatory protein that binds Pdc2p and Thi2p transcription factors
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arol0 YDR380W
Phenylpyruvate decarboxylase
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fatty acid biosynthesis (concise)



fatty acid biosynthesis (concise)

fasl YKL182W
Beta subunit of fatty acid synthetase

Alpha subunit of fatty acid synthetase
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fatty acid biosynthesis, initial steps



ceml YERO061C
Mitochondrial beta—keto-acyl synthase

fatty acid biosynthesis, initial steps

fasl YKL182W
Beta subunit of fatty acid synthetase

Alpha subunit of fatty acid synthetase
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mctl YOR221C
Predicted malonyl-CoA:ACP transferase

hfal YMR207C

Mitochondrial acetyl-coenzyme A carboxylase

accl YNRO16C

Acetyl-CoA carboxylase, biotin containing enzyme
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fatty acid elongation



ceml YERO061C
Mitochondrial beta—keto-acyl synthase

fatty acid.glgpgation

fasl YKL182W
Beta subunit of fatty acid synthetase

Alpha subunit of fatty acid synthetase
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oarl YKLO55C

Mitochondrial 3—oxoacyl-[acyl-carrier-protein] reductase
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myristate biosynthesis



myristate hipsynthesis

fasl YKL182W
Beta subunit of fatty acid synthetase

Alpha subunit of fatty acid synthetase
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palmitate biosynthesis



palmitate hipsynthesis

fasl YKL182W
Beta subunit of fatty acid synthetase

Alpha subunit of fatty acid synthetase
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stearate biosynthesis



stearate hiosynthesis

fasl YKL182W
Beta subunit of fatty acid synthetase

Alpha subunit of fatty acid synthetase
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fatty acid oxidation pathway
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fox2 YKR0O09C
3-hydroxyacyl-CoA dehydrogenase and enoyl-CoA hydratase
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Peroxisomal protein
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faa2 YERO015W
Medium chain fatty acyl-CoA synthetase
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fatty acid oxidatipp pathway
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3-ketoacyl-CoA thiolase with broad chain length specificity
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ecil YLR284C
Peroxisomal delta3,delta2-enoyl-CoA isomerase
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faa3 YILOO9W
Long chain fatty acyl-CoA synthetase
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poxl YGL205W
Fatty—acyl coenzyme A oxidase
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faal YOR317W
Long chain fatty acyl-CoA synthetase
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faa4d YMR246W
Long chain fatty acyl-CoA synthetase
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fatl YBRO41W
Very long chain fatty acyl-CoA synthetase and fatty acid transporter
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folate biosynthesis Il
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abz2 YMR289W
Aminodeoxychorismate lyase (4—amino—4-deoxychorismate lyase)
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dfrl YOR236W
Dihydrofolate reductase involved in tetrahydrofolate biosynthesis
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folate biogynthesis Il

Para—aminobenzoate (PABA) synthase
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fol3 YMR113W
Dihydrofolate synthetase, involved in folic acid biosynthesis
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foll YNL256W
Multifunctional enzyme of the folic acid biosynthesis pathway
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fol2 YGR267C
GTP-cyclohydrolase |, catalyzes first step in folic acid biosynthesis
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p—aminobenzoate biosynthesis



p—aminobenzogte higsynthesis

abz2 YMR289W

Aminodeoxychorismate lyase (4—amino—4-deoxychorismate lyase)

Para—aminobenzoate (PABA) synthase
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folate polyglutamylation



ade3 YGR204W
Cytoplasmic trifunctional enzyme C1-tetrahydrofolate synthase

folate polyglutamylation

dfrl  YOR236W

Dihydrofolate reductase involved in tetrahydrofolate biosynthesis

Dihydrofolate synthetase, involved in folic acid biosynthesis
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shm2 YLRO058C
Cytosolic serine hydroxymethyltransferase

shml YBR263W

Mitochondrial serine hydroxymethyltransferase

misl YBRO84W
Mitochondrial C1-tetrahydrofolate synthase
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met7 YOR241W

Folylpolyglutamate synthetase

metl3 YGL125W
Major isozyme of methylenetetrahydrofolate reductase

metl2 YPLO23C

Protein with MTHFR activity in vitro
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glycine biosynthesis from serine



glycine biosynthesis.from serine

shml YBR263W

Mitochondrial serine hydroxymethyltransferase

Cytosolic serine hydroxymethyltransferase
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serine biosynthesis from glyoxylate



Expression
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shml YBR263W
Mitochondrial serine hydroxymethyltransferase
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serine biosynthesjs fram glyoxylate

Cytosolic serine hydroxymethyltransferase
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methionine biosynthesis



saml YLR180W

S-adenosylmethionine synthetase

methionine hiqsynthesis

met7 YOR241W

Folylpolyglutamate synthetase

Cobalamin-independent methionine synthase
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sam2 YDR502C

S-adenosylmethionine synthetase
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formaldehyde oxidation Il (glutathione—dependent)



Expression
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« wuew fOrmaldehyde oxidation Il (glutathione—dependent)

Bifunctional alcohol dehydrogenase and formaldehyde dehydrogenase NAD(+)-dependent formate dehydrogenase
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fructose degradation



fructose degragation

hxkl YFRO053C
Hexokinase isoenzyme 1

Hexokinase isoenzyme 2
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glucose—6—phosphate biosynthesis



glkl YCLO40W

glucose—-6-phosphate. biosynthesis

hxkl YFRO053C
Hexokinase isoenzyme 1

Glucokinase

Hexokinase isoenzyme 2
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glycolysis



Expression

Expression

Expression

fbal YKLO60C
Fructose 1,6-bisphosphate aldolase
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tdh2  YJR009C
Glyceraldehyde—3—-phosphate dehydrogenase (GAPDH), isozyme 2
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gpml YKL152C
Tetrameric phosphoglycerate mutase
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tdh3 YGR192C
Glyceraldehyde—3-phosphate dehydrogenase (GAPDH), isozyme 3
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enol YGR254W
Enolase |, a phosphopyruvate hydratase
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glycolysis

Glycolytic enzyme phosphoglucose isomerase
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tdhl YJLO52W

Glyceraldehyde—3—-phosphate dehydrogenase (GAPDH), isozyme 1
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pgkl YCRO12W
3-phosphoglycerate kinase
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eno2 YHR174W
Enolase Il, a phosphopyruvate hydratase
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cdcl9 YALO38W
Pyruvate kinase

glycalysis.

Beta subunit of heterooctameric phosphofructokinase

pfkl YGR240C
Alpha subunit of heterooctameric phosphofructokinase
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tpil  YDRO50C

Triose phosphate isomerase, abundant glycolytic enzyme

pyk2 YOR347C
Pyruvate kinase
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glyoxylate cycle



mdh3 YDLO78C
Peroxisomal malate dehydrogenase

glyoxylate.cycle

mdhl YKLO85W
Mitochondrial malate dehydrogenase

Cytoplasmic malate dehydrogenase
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icll YERO065C
Isocitrate lyase

cit3  YPROO1IW
Dual specificity mitochondrial citrate and methyicitrate synthase

cit2  YCRO05C

Citrate synthase, peroxisomal isozyme involved in glyoxylate cycle
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le

Malate synthase, enzyme of the glyoxylate cycle

glyoxylate,

dal7 YIR031C
Malate synthase
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glutamate biosynthesis from ammonia



glutamate biosynthgsis.from ammonia

gdhl YOR375C
NADP(+)-dependent glutamate dehydrogenase

NADP(+)-dependent glutamate dehydrogenase
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glutamate biosynthesis from glutamine



glutamate biosynthesis from glutamine

gitl YDL171C
NAD(+)-dependent glutamate synthase (GOGAT)
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glutamate degradation IX



Expression

14.0

135

13.0

125

12.0

NAD(+)-dependent glutamate dehydrogenase

gdh2 YDL215C
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glutamate degradation IX



glutamine biosynthesis



glutamine biosynthesis

ginl YPRO35W
Glutamine synthetase (GS)
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superpathway of glutamate biosynthesis
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Glutamine synthetase (GS)

superpathway of glutamate biosynthesis
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Peroxisomal NADP-dependent isocitrate dehydrogenase
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Mitochondrial NADP-specific isocitrate dehydrogenase
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glutathione biosynthesis



glutathione higsynthesis

gshl YJL101C
Gamma glutamylcysteine synthetase

Glutathione synthetase
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glutathione degradation



glutathione,degradation

ecm38 YLR299W
Gamma-glutamyltranspeptidase

Cys—Gly metallo—di-peptidase
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thway of glutathione metabolism (truncated &gamma;—glutamy! cycl



superpathway of glutathione metabolism,(truncated &gamma;—glutamyl cycle)

Cys—Gly metallo—di-peptidase

Gamma-glutamyltranspeptidase
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glutathione—glutaredoxin redox reactions



hyrl YIRO37W
Thiol peroxidase

glutathione—glutaredgxip.redox reactions

gpx1l YKLO26C

Phospholipid hydroperoxide glutathione peroxidase

Phospholipid hydroperoxide glutathione peroxidase
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gtt2  YLLOGOC

Glutathione S-transferase capable of homodimerization

gttl  YIR038C

ER associated glutathione S-transferase capable of homodimerization

glrl  YPLO91IW

Cytosolic and mitochondrial glutathione oxidoreductase
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glutathione—glutaredoxin system
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Cytosolic and mitochondrial glutathione oxidoreductase
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glycerol biosynthesis
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Phosphatidate cytidylyltransferase (CDP-diglyceride synthetase)
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NAD-dependent glycerol-3-phosphate dehydrogenase
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NAD-dependent glycerol 3—phosphate dehydrogenase
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10sphatidate biosynthesis Il (the glycerol-3—phosphate pathway)
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Glycerol 3—phosphate/dihydroxyacetone phosphate sn-1 acyltransferase
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slcl YDLO52C
1-acyl-sn-glycerol-3-phosphate acyltransferase
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glycerol degradation



glycerol degradation

gutl YHL032C
Glycerol kinase

Mitochondrial glycerol-3-phosphate dehydrogenase
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glycine biosynthesis from glyoxylate
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Alanine:glyoxylate aminotransferase (AGT)
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glycine biosynthesis from threonine



glycine biosynthesis from threonine

glyl YELO46C
Threonine aldolase
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glycogen catabolism



sgal YILO99W
Intracellular sporulation-specific glucoamylase

glycogen gatahplism

gphl YPR160W

Glycogen phosphorylase required for the mobilization of glycogen

Glycogen debranching enzyme
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heme biosynthesis



hem14 YERO14W

Protoporphyrinogen oxidase

heme bigsynthesis

hem13 YDR044W

Coproporphyrinogen Ill oxidase

Ferrochelatase
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metl YKROG69W

S-adenosyl-L-methionine uroporphyrinogen Il transmethylase

met8 YBR213W

Bifunctional dehydrogenase and ferrochelatase

hem12 YDRO47W

Uroporphyrinogen decarboxylase
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histidine biosynthesis



his4 YCLO30C
Multifunctional enzyme containing phosphoribosyl-ATP pyrophosphatase

histidine bjgsynthesis

his7 YBR248C
Imidazole glycerol phosphate synthase

ATP phosphoribosyltransferase
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his3 YOR202W
Imidazoleglycerol-phosphate dehydratase

his5  YIL116W

Histidinol-phosphate aminotransferase

his2 YFR025C
Histidinolphosphatase
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hisé  YIL020C

Enzyme that catalyzes the fourth step in the histidine pathway
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homocysteine and cysteine interconversion
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homocysteine and cysteing.interconversion

Cystathionine gamma-synthase, converts cysteine into cystathionine Peroxisomal cystathionine beta-lyase
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homocysteine biosynthesis



homocysteing bjgsynthesis

metl7 YLR303W
O-acetyl homoserine-O-acetyl serine sulfhydrylase

L-homoserine-O-acetyltransferase
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superpathway of sulfur amino acid biosynthesis



met2 YNL277W
L-homoserine—O-acetyltransferase

superpathway of sulfur amino acid biosynthesis
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homoserine biosynthesis



homé YJR139C

Homoserine dehydrogenase (L-homoserine:NADP oxidoreductase)

homoserine hiqsynthesis

hom3 YERO052C
Aspartate kinase (L-aspartate 4—P-transferase)

Aspartic beta semi—aldehyde dehydrogenase

°
o5
on$
<30
o».lo
—_
° 0 ——9
CY ®
o, .
° 0 —
.‘e
oA T===—o _
"oo‘o
° mo

[ ]
o\o.o\o‘ol.ollolb.o
om=p’ OJrOO
bl
T T T T T T
EVT A4 9T 0yl 6'€T 8'€T
uoissaidx3
a.uv.g
S e 0 —
° ° e e
[ ]
° °
’#... o hll
o
° oorolo
s.du.
0 e O ——
Y
o——0 o
—_—n
o°

0-..,.
—e—o——o,,

I I I I
a7 oVt 8¢l 9'€T

uoissaidx3

)
. o ° o—0-9
-9
(]
.,0’0
.uPooc
n..ooo
° .'O'O
~0o=
©o .0
cao,ololo, o
.\0\‘0“0 (]
[ ] 0'0'0
I I I I
71 €T cT 1T

uoissaidx3

18

16

14

12

10

18

16

14

12

10

18

16

14

12

10

Hours

Hours

Hours



<iI>myo</i>-inositol biosynthesis



inol YJL153C
Inositol-3-phosphate synthase

<i>myo</i>—inosjial hipsynthesis

inml YHRO046C
Inositol monophosphatase

Inositol monophosphatase
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Inositol phosphate biosynthesis
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arg82 YDR173C
Inositol polyphosphate multikinase (IPMK)
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Inositol hexakisphosphate and inositol heptakisphosphate kinase

o

o=g"
(d

Hours

fig4 YNL325C
Phosphatidylinositol 3,5-bisphosphate (PtdIns[3,5]P) phosphatase
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ddpl YOR163W
Polyphosphate phosphatase
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Polyphosphatidylinositol phosphatase
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kesl YDRO17C
Inositol hexakisphosphate and inositol heptakisphosphate kinase
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Phospholipase C
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Polyphosphatidylinositol phosphatase
°
' °
o
o o o
° ° °
°
, L ° o“
] “ (] ° H
°
° ° °
° 9°lee | o° o
0‘ .°
N °
°
I
° olle
°
° °
_ ° °
I I I I I
10 12 14 16 18

Hours




Expression

Expression

Expression

125

12.0

115

11.0

115 11.6 11.7 11.8 11.9

114

12.6

12.4

12.2

12.0

sacl YKL212W
Phosphatidylinositol phosphate (PtdInsP) phosphatase
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Phosphatidylinositol 4-kinase
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mss4  YDR208W
Phosphatidylinositol-4-phosphate 5-kinase
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Phosphatidylinositol (PI) 3—-kinase that synthesizes PI-3-phosphate
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Phosphatidylinositol-4-kinase
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ymrl YJR110W
Phosphatidylinositol 3—phosphate (P13P) phosphatase
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Type Il phosphatidylinositol 4-kinase
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fabl YFRO19W
1-phosphatidylinositol-3—-phosphate 5-kinase
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inp51  YIL002C
Phosphatidylinositol 4,5-bisphosphate 5-phosphatase
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Phosphatidylinositol 4,5-bisphosphate 5-phosphatase
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inositol phosphate biosynthesis



phospholipids degradation



spol4 YKRO31C
Phospholipase D

phospholipids, degradation

plcl YPL268W
Phospholipase C

Inositol phosphosphingolipid phospholipase C
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leucine biosynthesis



batl YHR208W

Mitochondrial branched—chain amino acid (BCAA) aminotransferase

leucine bigsynthesis

iv2 YMR108W
Acetolactate synthase

Regulatory subunit of acetolactate synthase
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iv56  YLR355C

Acetohydroxyacid reductoisomerase and mtDNA binding protein

iv3  YJRO16C
Dihydroxyacid dehydratase

bat2 YJR148W
Cytosolic branched—-chain amino acid (BCAA) aminotransferase
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leu9 YOR108W

Alpha-isopropylmalate synthase Il (2-isopropylmalate synthase)

leu4  YNL104C

Alpha-isopropylmalate synthase (2-isopropylmalate synthase)

ivl  YERO86W

Threonine deaminase, catalyzes first step in isoleucine biosynthesis
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leucine bigsynihesis

leul YGLOO9C

Isopropylmalate isomerase

Beta-isopropylmalate dehydrogenase (IMDH)
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methionine salvage pathway



aro8 YGL202W
Aromatic aminotransferase |

methionine salyage, pathway

batl YHR208W

Mitochondrial branched—chain amino acid (BCAA) aminotransferase

Cytosolic branched—-chain amino acid (BCAA) aminotransferase

— O =
Olc.lo\o\ol °
°
'0,0,0,0

oVl GET 0€T g¢ct 0¢T
uoissaidx3
%oQ
o
Jo oeooo
o S—e=o
— O
¥
of
-0 =0
~ [
5
° o
O =—
%n’olo\coj-.
T T T T T
SVT oyl G'ET 0€T g¢ct
uoissaidx3
£ s
ol”,o ﬂ
o—0—0—0 °
o,
OO,Q
"y
0= Qe 0=9 oo o ~
oo, _
o ° o —2>=
0og—"°
[ — 0-o
T T T T T T
SVl 0Vl GET 0€ET g¢ct 0¢T
uoissaidx3

18

16

14

12

10

18

16

14

12

10

18

16

14

12

10

Hours

Hours

Hours

mril  YPR118W
5'-methylthioribose-1-phosphate isomerase

meul YLRO17W
Methylthioadenosine phosphorylase (MTAP)

aro9 YHR137W

Aromatic aminotransferase I
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mdel YJR024C
5'-methylthioribulose-1-phosphate dehydratase

utr4  YELO38W
Protein with sequence similarity to acireductone synthases

adil  YMROO9W

Acireductone dioxygenease involved in methionine salvage pathway
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lipid—linked oligosaccharide biosynthesis
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Expression
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Alpha-1,2-mannosyltransferase
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alg8 YORO067C
Glucosyl transferase
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alg3 YBL082C
Dolichol-P-Man dependent alpha(1-3) mannosyltransferase
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Mannosyltransferase in the N-linked glycosylation pathway
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die2 YGR227W

Dolichyl-phosphoglucose-dependent alpha-1,2-glucosyltransferase
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alg9 YNL219C
Mannosyltransferase, involved in N-linked glycosylation
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lipid—linked oligosacgharigde biosynthesis
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Alpha 1,3 glucosyltransferase
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algl2 YNRO30OW
Alpha-1,6-mannosyltransferase localized to the ER
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Mannosyltransferase
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alg7 YBR243C

UDP-N-acetyl-glucosamine-1-P transferase

lipid—linked oligosacgharigle biosynthesis

algl3 YGLO47W
Catalytic component of UDP-GIcNAc transferase

Component of UDP-GIcNAc transferase
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L—serine degradation



L—serine degradation

chal YCLO64C
Catabolic L-serine (L-threonine) deaminase
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lysine biosynthesis



lys2  YBR115C

Alpha aminoadipate reductase

nthesis

105,

lysine b

lys9 YNRO50C

Saccharopine dehydrogenase (NADP+, L-glutamate—forming)

Homoaconitase
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lys12 YIL094C
Homo-isocitrate dehydrogenase

lys21 YDL131W

Homocitrate synthase isozyme

lys20 YDL182W

Homocitrate synthase isozyme and functions in DNA repair
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lys1 YIR034C

Saccharopine dehydrogenase (NAD+, L-lysine-forming)
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S—adenosylmethionine cycle



sam2 YDR502C

S-adenosylmethionine synthetase

S—adenosylmethignine cycle

met6 YER091C
Cobalamin-independent methionine synthase

S-adenosylmethionine synthetase
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sahl YERO043C
S-adenosyl-L-homocysteine hydrolase
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phenylalanine biosynthesis



aro7 YPRO60C

Chorismate mutase

phenylalaning, bjpsynthesis

aro8 YGL202W
Aromatic aminotransferase |

Aromatic aminotransferase I
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pha2 YNL316C
Prephenate dehydratase
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tyrosine biosynthesis



aro7 YPRO60C

Chorismate mutase

tyrosine bjgsynthesis

aro8 YGL202W
Aromatic aminotransferase |

Aromatic aminotransferase I
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tyrl YBR166C

Prephenate dehydrogenase involved in tyrosine biosynthesis
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tyrosine degradation



tyrosine degragdation

aro8 YGL202W
Aromatic aminotransferase |

Aromatic aminotransferase I
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methylglyoxal catabolism



glol YML0O04C
Monomeric glyoxalase |

methylglyoxal ¢atabolism

glo2 YDR272W

Cytoplasmic glyoxalase Il

Mitochondrial glyoxalase II
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mevalonate pathway



hmgl YMLO75C
HMG-CoA reductase

mevalonate pathway

ergl0 YPLO28W

Acetyl-CoA C-acetyltransferase (acetoacetyl-CoA thiolase)

Mevalonate pyrophosphate decarboxylase
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idil YPL117C

Isopentenyl diphosphate:dimethylallyl diphosphate isomerase

ergl3 YML126C
3-hydroxy-3-methylglutaryl-CoA (HMG-CoA) synthase

hmg2 YLR450W
HMG-CoA reductase
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erg8 YMR220W

Phosphomevalonate kinase

ergl2 YMR208W
Mevalonate kinase
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nicotinate riboside salvage pathway |



urhl YDR400OW

Uridine nucleosidase (uridine—cytidine N-ribohydrolase)

nicotinate riboside,salvage pathway |

nrkl YNL129W

Nicotinamide riboside kinase

Purine nucleoside phosphorylase
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nicotinamide riboside salvage pathway Il



nicotinamide ribosidg, salyage pathway |l

pnpl YLR209C
Purine nucleoside phosphorylase

Uridine nucleosidase (uridine—cytidine N-ribohydrolase)
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nicotinate riboside, salyage pathway Il

pnpl YLR209C
Purine nucleoside phosphorylase
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alvage pathways of adenine, hypoxanthine and their nucleosides



Salyage pathways of adenine, hypaxanthine and their nucleosides .. oo

Adenine phosphoribosyltransferase

Adenine deaminase (adenine aminohydrolase)

Purine nucleoside phosphorylase
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amdl YMLO35C
AMP deaminase

adol YJR105W
Adenosine kinase

apt2 YDR441C
Potential adenine phosphoribosyltransferase
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hptl  YDR399W
Dimeric hypoxanthine—guanine phosphoribosyltransferase
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salvage pathways of purines and their nucleosides



aptl YMLO22W
Adenine phosphoribosyltransferase

salvage pathways of purings,.and their nucleosides

pnpl YLR209C
Purine nucleoside phosphorylase

Adenine deaminase (adenine aminohydrolase)
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AMP deaminase

adol YJR105W
Adenosine kinase

apt2 YDR441C
Potential adenine phosphoribosyltransferase
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xptl YJR133W

Xanthine—guanine phosphoribosyl transferase

gudl YDL238C
Guanine deaminase

hptl  YDR399W
Dimeric hypoxanthine—guanine phosphoribosyltransferase
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salvage pathways of pyrimidine deoxyribonucleotides



cddl YLR245C
Cytidine deaminase

- voruoow SAIVAQeE pathways of pyrimiging,deoxyribonucleotides

Uridine/cytidine kinase

Uridine nucleosidase (uridine—cytidine N-ribohydrolase)
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non-oxidative branch of the pentose phosphate pathway



rpel YJL121C
D-ribulose-5-phosphate 3-epimerase

« weordON—0oXxidative branch of the pentgse phosphate pathway

Ribose-5-phosphate ketol-isomerase

Transketolase

° )
i
Okool
° —_—
° ° oo’ S=o=o
- oﬂﬂ.-\r
ﬂo.'lkh o
= M o
OM
.|nmﬂ|1»
o
fe——==uy
9 —2-= 0
°=8—a.
=2 U
o == o,
T T T T T T T
7'ET €eT cet TEeT 0€ET 6¢T 8¢t
uoissaidx3

o o
-0
T T T T T
€T T 1T 0T 6
uoissaidx3
L]
|‘.‘.
T
00’., © = 0. °
Plo.o ° °
o

uoissaidx3

S€T

18

16

14

12

10

18

16

14

12

10

18

16

14

12

10

Hours

Hours

Hours

tkl2 YBR117C

tall YLR354C
Transaldolase, enzyme in the non—oxidative pentose phosphate pathway

Transketolase
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oleate biosynthesis



oleate biosynthesis

olel YGLO55W

Delta(9) fatty acid desaturase
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palmitoleate biosynthesis



palmitoleate biosynthesis

olel YGLO55W

Delta(9) fatty acid desaturase
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oxidative branch of the pentose phosphate pathway



rpel YJL121C
D-ribulose-5-phosphate 3-epimerase

« weoe OXidative branch of the penptasge phosphate pathway

Ribose-5-phosphate ketol-isomerase

Transketolase
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sol3  YHR163W

6-phosphogluconolactonase

tkl2  YBR117C
Transketolase

tall YLR354C
Transaldolase, enzyme in the non—oxidative pentose phosphate pathway
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gndl YHR183W
6-phosphogluconate dehydrogenase (decarboxylating)

zwfl YNL241C
Glucose-6-phosphate dehydrogenase (G6PD)

sol4  YGR248W

6-phosphogluconolactonase
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11.0

gnd2 YGR256W

6-phosphogluconate dehydrogenase (decarboxylating)

oxidative branch of the pentose phosphate pathway
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pantothenate and coenzyme A biosynthesis



Expression

Expression

Expression

12.0 12.2 12.4 12.6 12.8 13.0

11.8

11.8

11.6

114

11.2

135

13.0

125

12.0

pan5 YHRO063C
2-dehydropantoate 2-reductase
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cab4d YGR277C
Subunit of the CoA-Synthesizing Protein Complex (CoA-SPC)
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cab2 YILO83C
Subunit of the CoA-Synthesizing Protein Complex (CoA-SPC)
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Ketopantoate hydroxymethyltransferase
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pan6 YIL145C
Pantothenate synthase
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cab3 YKLO88W
Subunit of PPCDC and CoA-SPC complexes involved in CoA biosynthesis
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pantothenate and coenzyme A biosynthesis
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cab5 YDR196C
Subunit of the CoA-Synthesizing Protein Complex (CoA-SPC)
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Pantothenate kinase, ATP:D-pantothenate 4'-phosphotransferase

A
1o o ™ o {

. ]
|l %

: ~\

Hours

sis2  YKR072C
Negative regulatory subunit of protein phosphatase 1 (Ppz1p)
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s YOROSAC pantothenate and coenzyme A biosynthesis

Negative regulatory subunit of protein phosphatase 1 Ppzlp
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periplasmic NAD degradation
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npyl YGLO67W
NADH diphosphatase (pyrophosphatase)
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phosphatidate biosynthesis | (the dihydroxyacetone pathway)
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. Phpsphatidate biosynthesis | (the dilydroxyacetone pathway)

| triacylglycerol lipase and 1-acyl DHAP reductase
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1-acyl-sn-glycerol-3-phosphate acyltransferase
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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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triglyceride biosynthesis
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gpt2  YKRO67W

Glycerol-3-phosphate/dihydroxyacetone phosphate sn-1 acyltransferase
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Irol YNROOSW

Acyltransferase that catalyzes diacylglycerol esterification
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triglyceride hiqsynthesis

Glycerol 3—phosphate/dihydroxyacetone phosphate sn-1 acyltransferase
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dgal YOR245C
Diacylglycerol acyltransferase
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slcl YDLO52C
1-acyl-sn-glycerol-3-phosphate acyltransferase
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pahl YMR165C
Mg2+-dependent phosphatidate (PA) phosphatase
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phosphatidylinositol biosynthesis



phosphatidylinositol biosynthesis

pisl YPR113W

Phosphatidylinositol synthase
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phosphatidylinositol phosphate biosynthesis
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fig4 YNL325C
Phosphatidylinositol 3,5-bisphosphate (PtdIns[3,5]P) phosphatase

Expression

| °
°
b .
_ . ’.L‘
° °
0 5° ° .b
° °
od| 3 0 %
%,y °
po \ °
1o ©0 ° ]
‘ © Loo
° Jo
°
° °
' ’
o °
° '
3
°
°
I I I I I
10 12 14 16 18

Hours

sacl YKL212W
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Phosphatidylinositol 4-kinase
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vps34 YLR240W
Phosphatidylinositol (PI) 3—-kinase that synthesizes PI-3-phosphate
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Phosphatidylinositol-4-kinase
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Polyphosphatidylinositol phosphatase
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Phosphatidylinositol-4-phosphate 5-kinase
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Phosphatidylinositol 4,5-bisphosphate 5-phosphatase
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phospholipid biosynthesis



pgsl YCLO04W

Phosphatidylglycerolphosphate synthase

phospholipid bigsynthesis

opi3  YJRO73C
Methylene—fatty—acyl-phospholipid synthase

Cardiolipin synthase
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psdl YNL169C

Phosphatidylserine decarboxylase of the mitochondrial inner membrane

cho2 YGR157W
Phosphatidylethanolamine methyltransferase (PEMT)
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Phosphatidylserine synthase
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ectl YGROO7W

Ethanolamine-phosphate cytidylyltransferase

ekil YDR147wW

Ethanolamine kinase

psd2 YGR170W

Phosphatidylserine decarboxylase of the Golgi and vacuolar membranes
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sn—-1,2-diacylglycerol ethanolamine- and cholinephosphotranferase
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Cholinephosphotransferase
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Choline kinase
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Cholinephosphate cytidylyltransferase
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phospholipid biosynthesis Il (Kennedy pathway)
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Ethanolamine kinase

phospholipid biosynthesjs |l (Kennedy pathway)

L}

C_Q‘_

4

0‘ °

0 —
[ ]

°o=g2

°

‘.0
°

o
© —

10

Hours

16

18

Expression

11.8 11.9 12.0 12.1 12.2 12.3

11.7

Ethanolamine-phosphate cytidylyltransferase

o
)
o
—P_,

Expression

°
” o ©°
°
o ]
el
° o
[
T T
12 14
Hours

10.8 11.0 11.2 114 11.6 11.8

10.6

eptl YHR123W
sn-1,2-diacylglycerol ethanolamine- and cholinephosphotranferase
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phospholipid biosynthesis (Kennedy pathway)



cptl YNL130C
Cholinephosphotransferase

phospholipid biosynthegis {ennedy pathway)

ckil YLR133W
Choline kinase
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proline utilization



proline ytilization

put2  YHRO37W
Delta-1-pyrroline-5-carboxylate dehydrogenase

Proline oxidase
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putrescine biosynthesis
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Ornithine decarboxylase
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pyridoxal 5'-phosphate salvage pathway



pyridoxal 5'-phosphgte.salvage pathway

bud16 YEL029C
Putative pyridoxal kinase

Pyridoxine (pyridoxamine) phosphate oxidase
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removal of superoxide radicals
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Mitochondrial manganese superoxide dismutase

[J
©,
(] ’ [
% o ® 4
Q&’ I ° |
— ° [} ‘
. ° °
(] | o
°
o ° o.
P
41¢° o ©
i '
(]
]
‘0
[} [}
[}
o,
1 ¢
° (]
1 l
T T T T T
10 12 14 16 18

Hours

removal of supgrqxige radicals
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Cytosolic copper-zinc superoxide dismutase
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riboflavin, FMN and FAD biosynthesis



rib4  YOL143C
Lumazine synthase (DMRL synthase)

riboflavin, FMN ang, EAR) biosynthesis

rib2  YOL066C

Bifunctional DRAP deaminase tRNA:pseudouridine synthase

3,4-dihydroxy—2-butanone-4-phosphate synthase (DHBP synthase)
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ribl YBLO33C
GTP cyclohydrolase Il

fadl YDL045C

Flavin adenine dinucleotide (FAD) synthetase

rib7  YBR153W

Diaminohydroxyphoshoribosylaminopyrimidine deaminase
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rib5 YBR256C
Riboflavin synthase

fmnl YDR236C
Riboflavin kinase, produces riboflavin monophosphate (FMN)
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S—adenosylmethionine biosynthesis



S—adenosylmethigpine, biosynthesis

saml YLR180W

S—-adenosylmethionine synthetase

S-adenosylmethionine synthetase
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salvage pathways of guanine, xanthine and their nucleosides



xptl  YJR133W
Xanthine—guanine phosphoribosyl transferase

- vaalyage pathways of guanine, xanthine and their nucleosides

Dimeric hypoxanthine—guanine phosphoribosyltransferase

Guanine deaminase
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serine biosynthesis from 3—phosphoglycerate
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ser3 YERO81W

serine biosynthesis from,3;phosphoglycerate

3-phosphoglycerate dehydrogenase and alpha—ketoglutarate reductase

3-phosphoglycerate dehydrogenase and alpha—ketoglutarate reductase
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Phosphoserine phosphatase of the phosphoglycerate pathway
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3-phosphoserine aminotransferase
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siroheme biosynthesis



siroheme hjosypthesis

met8 YBR213W

Bifunctional dehydrogenase and ferrochelatase

S-adenosyl-L-methionine uroporphyrinogen Il transmethylase
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spermidine and methylthioadenosine biosynthesis



spermidine and methylthigadenosine biosynthesis

spe2 YOL052C
S-adenosylmethionine decarboxylase

Spermidine synthase
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spermine and methylthioadenosine biosynthesis



Spermine synthase

spermine and methylthiogdengsine biosynthesis

spe2 YOL052C
S-adenosylmethionine decarboxylase
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sphingolipid metabolism



tsc10 YBR265W
3-ketosphinganine reductase

sphingolipid,mgtabolism

scs7  YMR272C
Sphingolipid alpha-hydroxylase

Inositolphosphotransferase
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lacl YKLOO8C

ypcl YBR183W
Ceramide synthase component

Alkaline ceramidase

ydcl YPLO87W

Alkaline dihydroceramidase, involved in sphingolipid metabolism
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Icb4  YOR171C
Sphingoid long-chain base kinase

lipl YMR298W
Ceramide synthase subunit

lagl YHLOO3C
Ceramide synthase component
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ysr3  YKR053C
Dihydrosphingosine 1-phosphate phosphatase

sphingolipid,metabolism

Ich5  YLR260W
Minor sphingoid long—chain base kinase

Long-chain base-1-phosphate phosphatase

° |
ooool.IPo
\0“‘
010
IEL“.”.‘.. i
¢ ° ° iy
o=f2
= ° -
0 ——o o -
-Eo-??'o
sx—F"°
a=
o—————puo
° %o —a, B
T T T T T T T
00T 8'6 9'6 7’6 A 06 8'8
uoissaidx3
o=z [
0z
o%lboe

‘,04- 8 00
[

o#e
oo
.lOLer

= —o——

I
et

¢t

I I I I
0t 81T 91T

uoissaidx3

I
an

I
(AN

01T

uoissaidx3

18

16

14

12

10

18

16

14

12

10

18

16

14

12

10

Hours

Hours

Hours

csg2 YBRO36C
Endoplasmic reticulum membrane protein

aurl YKLOO4W

Phosphatidylinositol:ceramide phosphoinositol transferase

sur2 YDR297W
Sphinganine C4-hydroxylase
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Icb2 YDRO62W
Component of serine palmitoyltransferase

Ichl  YMR296C
Component of serine palmitoyltransferase

surl YPLO57C

Mannosylinositol phosphorylceramide (MIPC) synthase catalytic subunit
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dpll YDR294C
Dihydrosphingosine phosphate lyase
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sucrose degradation



sucrose degradation

suc2 YIL162W

Invertase
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sulfate assimilation pathway



met3  YJRO10W
ATP sulfurylase

sulfate assimjlatign.pathway

metl4 YKLOO1C

Adenylylsulfate kinase

3'-phosphoadenylsulfate reductase
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met5 YJR137C
Sulfite reductase beta subunit

metl0 YFRO30W
Subunit alpha of assimilatory sulfite reductase
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superpathway of purine biosynthesis and salvage pathways
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- wakperpathway of purine biosynthesis and salvage pathways

Inosine 5'-monophosphate (IMP)-specific 5'-nucleotidase
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tetrapyrrole biosynthesis



hem2 YGL040C
Aminolevulinate dehydratase

tetrapyrrole higsynthesis

heml YDR232W
5-aminolevulinate synthase

Porphobilinogen deaminase
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hem4 YOR278W

Uroporphyrinogen Il synthase
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thiamine biosynthesis
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thill YJR156C
Protein involved in synthesis of the thiamine precursor HMP

Expression

10 12 14 16 18
Hours
thi4 YGR144W
Thiazole synthase
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thi21 YPL258C
Hydroxymethylpyrimidine (HMP) and HMP-phosphate kinase
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thiamine hiosynthesis

Protein involved in synthesis of the thiamine precursor HMP
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thi5  YFLO58W
Protein involved in synthesis of the thiamine precursor HMP
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this0 YOR143C
Thiamine pyrophosphokinase
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thil3 YDL244W
Protein involved in synthesis of the thiamine precursor HMP
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thi20  YOL055C
Trifunctional enzyme of thiamine biosynthesis, degradation and salvage
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thi6 YPL214C
Thiamine—phosphate diphosphorylase and hydroxyethylthiazole kinase
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thioredoxin system



thioredoxin,system

trrl  YDR353W

Cytoplasmic thioredoxin reductase

Mitochondrial thioredoxin reductase

.n.w.o
i
8=o
oo.oe’o’o
—e——o-, e
,Ovo
g—° ° °
oz
Mo
%o
0“ _tllo‘ﬁ [ )
e
0o=~o ° o R
o 0\0.\0"0
[ [ [ [
S'¢T 0¢T S'TT 0'TT
uoissaidx3
°
o L
<o,
.,Ol
°
...\s..
olllo\o\o.o
“
oro ° o
%~
\OOFO
°I.|$
o8,
° ° L J Y —

-0
. co—o ®

,0'0,0

a5 —,;

I I I I I
VET 2 0€T 8¢t 9¢T

uoissaidx3

vt 4"

18

16

14

12

10

18

16

14

12

10

Hours

Hours



threonine biosynthesis



threonine Qiasynthesis

thrl  YHRO25W

Homoserine kinase

Threonine synthase
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trehalose biosynthesis
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tpsl YBR126C
Synthase subunit of trehalose-6-P synthase/phosphatase complex
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trehalose hiogynthesis

Phosphatase subunit of the trehalose-6-P synthase/phosphatase complex
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trehalose degradation



Expression
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athl YPRO26W

Acid trehalase required for utilization of extracellular trehalose
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Neutral trehalase, degrades trehalose
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tryptophan biosynthesis



trp3  YKL211C
Indole-3-glycerol-phosphate synthase

tryptophan hiqsynthesis

trp4  YDR354W

Anthranilate phosphoribosyl transferase

Anthranilate synthase
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trp5  YGL026C
Tryptophan synthase

trpl  YDROO7W

Phosphoribosylanthranilate isomerase
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ubiguinone biosynthesis from 4—hydroxybenzoate
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cat5 YOR125C
Protein required for ubiquinone (Coenzyme Q) biosynthesis
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cog5 YML110C
2-hexaprenyl-6—methoxy-1,4-benzoquinone methyltransferase
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Flavin—dependent monooxygenase involved in ubiquinone biosynthesis
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cog2 YNRO041C
Para hydroxybenzoate polyprenyl transferase
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O-methyltransferase
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UDP-N-acetylglucosamine biosynthesis
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gfal YKL104C
Glutamine—fructose—6—phosphate amidotransferase
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gril  YDL103C
UDP-N-acetylglucosamine pyrophosphorylase
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Glucosamine-6-phosphate acetyltransferase
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UDP-N-acetylglucqsamine biosynthesis
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pcml YELO58W
Essential N—-acetylglucosamine—phosphate mutase
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very long chain fatty acid biosynthesis



fenl Missing ORF

very long chain fatty,agig.biosynthesis

ifa38 YBR159W

Microsomal beta—keto-reductase

Missing Function

Enoyl reductase
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phsl YJLO97W

Essential 3—hydroxyacyl-CoA dehydratase of the ER membrane

sur4  Missing ORF
Missing Function
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xylose metabolism



Xylitol dehydrogenase

xylose metabglism

gre3 YHR104W
Aldose reductase
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xylulose degradation



xylulose degradation

xksl YGR194C

Xylulokinase
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