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Global Expression Profiling of Saccharomyces -cerevisiae:
Metabolic Remodeling in Post-log Phase
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Abstract: For the purpose of revealing the mechanism of the reduction of yeasts ethanol production rate after entrance of post-log
phase, we used microarray to study expression profiles of the yeast Saccharomyces cerevisiae during the transition from mid-log
growth phase to post-log growth. The results demonstrate that the global pattern of gene expression is very stable during the mid-log
phase. However, a dramatic metabolic remodeling was found when the yeast entries post-log phase, during which many of amino
acid synthesis and metabolism related genes are up-regulated, moreover, ion transport, energy generation and storage related genes
are also up regulated during this phase, while a large number of genes involved in transposition and DNA recombination are
repressed. Central metabolic pathways also engage in metabolic remodeling, within which the genes involved in succinate and
a-ketoglutarate synthesis pathways are up regulated, accordance with those of amino acid synthesis and metabolism. These results
demonstrate that the increasing demand for amino acids in post-log phase lead to a metabolic transition into TCA cycle and
glyoxylate cycle, which subsequently reduce the ethanol production rate. This suggests a global insight into the process of yeast
ethanol fermentation.
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Fig. 1 Log phase of Saccharomcyes cerevisiae Xingiao.
Arrows points to the sampling time of mid-log phase (5.25 h, 6 h)
and post-log phase (8 h), respectively.

5.25 h (1) A B RS2 2% R il 25 S KL BN 28,
1 BAE B % BN T 0.5%, 6 h Fil 5.25 h I EERE R %
RIEARE AL, ZREEECh 45 4, Z5/DT 1%,
F WAL T X HA A S A I B CIAE SFRE  1T 8 h
W FIRTES 5.25 h A B, B THER KI5,
R BRI ELRE, REEFKT 2 Wi
A 1200 14, 2 63%(741 MER LKL B, 4
37%(437 M)IEH KB N, fEix s HRIAM AN
t, G20 300 SR HIDREEL ) REAS B A Y L [T
21 ESREEREB GOterms EEE R

FEXTECE K B 25 S R S R 4 R AT
A ET GO terms &M, B P {H<0.01 &
LR, HAFI TR L MFE 2. NE1LATLER, &
Koy VAR RS, H A Y cE T et AR
W 8RR A SE N 3R B R R A AR

Journals.im.ac.cn

BT is | R 2R 0 TR L R R 1 B AL R A7
AT,

P Bk A0 A A K B — 2 B B, AN AR B IR
PR AT 784k, IS 20 i A FDR 285 R P A 1R
Z BB R R A AR Ak, X R 2R R BHT 2R
F1 14 2R 5 S50 B 40 P 2 I R 1 A L AN A3
W o TRERE A F AR R 23R A A X B K v e AR
AR AT B SE I, 3 — g R R AR P 3
1) B2 5 i LA A FE A, 7E AR B R B Sk Y
R RKEE A TR 1), B—J5m, hTaEn
G RAF AR, B  E TR S5 A W A%
RAET MU, DR R IR B 57 R P A1 B KT 4 E T
-7 A B G R — R BN FEA

MR HAE K A B K R, SRR A
A 35 R A A3 R A R /K A i A2 (3R 2) IERE %
J& . DNA T 2 A R AR5 5 i A28 A O i 2k PR 1) 2R3k
Z M . TREIESE O AN R, BN RE
TR B = i, LR AN A R R . %5 X DNA
Y I FE ik 32 B P , tas T R v AR A OE 1Y
LN FR T R o F 52 A A P R R T R
MATa Fl MATo $EG TSR, &R 4538
(F )EW, HEATEAERGLUG, BTG DR
By a0 kA T B
22 RigtEMIEREERF RIS

TE LR 700 2SR, 2 H TR A U
AR AR S 1 L R 35 1R, P A I ) R R
B RGBT EERE R D). R R, &
LR A LR R SRR AT N F ARGR1 A ARGR2 HIE
FATF, e a0 R s AL T sl U, iR 2R 1 A
J R I 2 AMA 32 55 A — kST i R G AR, A
Xof 502 K v B [ o B KR R B, R R B K
WP A 10 ANFERFEEF FIEEE 3), mi
B A R A A LR A R AR R R i 2 A
o B RGO, Ul B R 1 G R 2 2k IR
JAEE .

23 RigEMWEE P ORIFHRZHE T

7 YPD 5554 b 0 B0 K b B i e B 4 O
R gk I A w e, ik A Eod: K5 301, )
MBI E M IR, AR L R R B T X —
UG o 25 0 0 PG T B i TP O A 7 P A 1 3
P, R 5 IR e AR A R . R



P A TR P A X 5 A R A T Y A PR A R RS 1 oA 965
x1 MEEKFEHLIFAEERMN GO terms EEE N
Table 1 GO terms enrichment of genes up regulated in post-log phase
GO terms No. of up regulated genes No. of background genes P-value
arginine biosynthetic process 10 10 9.67E-08
glutamine family amino acid metabolic process 18 42 3.54E-05
spore wall assembly 18 43 5.50E-05
glutamine family amino acid biosynthetic process 14 27 5.77E-05
electron transport 15 32 0.00011
urea cycle intermediate metabolic process 10 15 0.00018
oxidative phosphorylation 18 46 0.00019
ion transport 31 117 0.00039
amino acid biosynthetic process 28 107 0.00179
ascospore formation 29 114 0.00220
mitochondrial electron transport, ubiquinol to cytochrome ¢ 7 9 0.00268
amine biosynthetic process 29 116 0.00321
nitrogen compound metabolic process 47 234 0.00360
sporulation 31 129 0.00368
cation transport 26 99 0.00379
nitrogen compound biosynthetic process 29 117 0.00385
generation of precursor metabolites and energy 38 175 0.00447
*2 MEERKFHTIAEEMN GO terms ERE DT
Table 2 GO terms enrichment of genes down regulated in post-log phase
GO terms No. of down regulated genes No. of bacrground genes P-value
transposition, RNA-mediated 82 137 3.95E-63
DNA recombination 91 245 5.24E-47
DNA metabolic process 107 480 2.50E-32
nmue(iiool)l?jel;rr(l)lc122051de, nucleotide and nucleic acid 178 1591 132E-16
metabolic process 284 3602 8.03E-08
primary metabolic process 267 3324 9.81E-08
cellular metabolic process 278 3521 1.71E-07
cellular process 338 4678 8.76E-06
macromolecule metabolic process 227 2855 5.97E-05

x3 BHARBOEIEERENBEKRBHORIE

Table 3 Meiosis related genes expressed in post-log phase

Gene name Description Fold increase
SPO19 meiosis-specific GPI-protein 15.70
REC104 meiosis-specific protein 8.37
IME2 Serine/threonine protein kinase involved in activation of meiosis 4.66
ISC10 Meiosis-specific protein required for spore formation 4.01
SPO73 Meiosis-specific protein of unknown function 3.88
MSH4 meiosis specific protein 2.90
MPC54 Component of the meiotic outer plaque, assembled during meiosis II 2.62
WTM2 transcriptional modulator, regulation of meiosis 2.46
REDI1 meiosis-specific protein involved in similar chromosome synapsis and chiasmata formation 2.43
DONI Meiosis-specific component of the spindle pole body, forms a ring-like structure at the leading 226

edge of the prospore membrane during meiosis II
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Fig. 2 Central pathways of S. cerevisiae
Only key metabolic intermediates are displayed. Arrows point to major
directions of metabolic flows. Reversible reactions are not displayed.
Numbers 1-12 represent to different pathways. 1: Glucose to
glucose-6-phosphate; 2: Glucose-6-phosphate to frutose-1, 6-diphosphate;
3: Frutose-1, 6-diphosphate to pyruvate; 4: Pyruvate to acetyl-CoA;
5: Glucose-6-phosphate to uridine diphosphate glucose; 6: Uridine
diphosphate glucose to trehalose; 7: Trehalose to glucose; 8: Uridine
diphosphate glucose to glycogen and glycogen degradation;
9: Frutose-1,6-diphosphate to glycerol and glycerol degradation;
10: Pyruvate to acetate and ehtanol, and degradation of acetate and
ethanol; 11: TCA cycle; 12: Glyoxylate cycle
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Fig. 3 Expression ratios of genes related to the central
pathways of S. cerevisiae
Numbers 1 ~ 12 represent to corresponding pathways in Fig. 2
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