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Mechanism of glucose repression in yeast
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Abstract: Most microorganisms respond to glucose via complicated sensing and signaling
mechanisms. In yeast cells, glucose represses the expression of genes involved in the
tricarboxylic acid cycle, gluconeogenesis, glyoxylate cycle, and alternative carbon source
metabolism mainly through the Snfl/Migl signaling pathway. Alternative carbon sources such
as xylose, galactose, sucrose, ethanol, and organic acids reset the sugar metabolism only upon
the full consumption of glucose in the environment. Derepression of glucose is of great
significance for improving the production efficiency of modern microbial industry and
addressing environmental and energy issues. This paper introduces the repression mechanism
of Snfl/Migl signaling pathway and the active sites of related transcription factors.
Specifically, we introduce the application of alternative carbon sources and the corresponding
mechanisms of glucose repression. Finally, we summarize the solutions to relieving glucose
repression on the basis of different backgrounds. This review aims to provide new ideas for
expanding the applications and improving the efficiency of modern yeast production.

Keywords: glucose repression; genetic engineering; yeast; glucose signaling pathways; mixed
carbon source utilization
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Migl 25607 s ARER R LB A H Y, 28
R R B A S 7 Migl #5509 GAL4
I ZRIBAT | TR U QU R R i Sk
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Major transcriptional regulators of alternative carbon sources and their targets

Activating transcription Function Downstream target genes
factor (ATF)
GAL4 Activates the expression of genes related to galactose ~ GAL1, GAL2124
metabolism
ADRI1 Activates the expression of genes related to ethanol, ADH2, ACS1, GUT1, POX1!%!7-18]
glycerol and fatty acid metabolism
CATS8 Activates and regulates the expression of genes related JENI, ICL1, MLS1, FBP1, PCK1,
to ethanol, lactic acid, glyoxynic acid cycle and SIp4l!2:17-18:25-26]
gluconeogenesis metabolism
SIpP4 One of the downstream targets of CATS, activating and FBP1, PCK 1%
regulating the expression of genes related to
gluconeogenesis
HAP complexes Activates and regulates the expression of genes related CYCI, CIT1, SDH2['¢*"]
to respiratory metabolism and tricarboxylic acid cycle
Oafl-Pip2 Activates and regulates the expression of genes related POX1, POX2[*]

to fatty acid metabolism
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Table 2 The metabolic mechanism of carbon catabolite repression

Type of carbon source Species Major mechanisms or Cases of relieving carbon
genes catabolite repression
Fermentable Monosaccharide Pentose Saccharomyces Transporter competition ~ Adaptive evolution!’3!?!
carbon cerevisiagt’” inhibition!”"’ Transporter evolution”' 7}
source Kluyveromyces XDH!87)
mar xianug’*-'2)
Scheffer somyces stipitis’®!
Fructose Saccharomyces Transporter®*126], Adaptive evolution!'?”)
cerevisiag®™ Hexokinase competition ~ Transporter evolution!'?*]
inhibition™®!
Galactose ~ Saccharomyces GAL4, GAL1%#) Migl expression regulation!!?"!
cerevisiae®™” Mutation in downstream
binding sites of transcriptional
repressors!?’]
Disaccharide  Sucrose Saccharomyces SUC2B Migl expression regulation®”
cerevisiad®>™! Exogenous addition of
inosito]!!3%-132]
Lactose Kluyveromyces B-galactosidase gene®™  Migl expression regulation®*
marxianus~*!
Maltose Saccharomyces MALG61, MAL62, Migl expression
cerevisiae®® MAL63P7%8 regulation*%-7%"!
Polysaccharide Inulin Kluyveromyces INU1oN
marxianug'! !
Kluyveromyces lactig'*!!
Non- Alcohols Glycerol Saccharomyces GUTI!17-18
fermentable cerevisiag'*!"18]
carbon Ethanol Saccharomyces ADH2, ACS1U*17-18.102]
source cerevisiag'*!"!®]
Methanol  Pichia pastorig'®”) AOX117 Migl expression
regulation'?71%
Fatty acid Oleic acid ~ Saccharomyces POX1, FOX3,
cerevisiad2s:!11-113] PEX11128111-113]
Organic acids Formic acid Saccharomyces Migl expression regulation('*"
cerevisiad'*"!

Pyruvic acid Saccharomyces

Citric acid
Malic acid

Lactic acid

cerevisiag''”!
Kluyveromyces lactig'?!!
Pichia fermentans
Meyerozyma
guilliermondii

Pichia pastorig!?*
Saccharomyces
cerevisiagt''¥

JEN1(1

JENTI41IS] ACp 124,
TCA cycle

JEN1H4

Mutagenesis screening!!'”!
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