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1) Proline 2) Mpr1 (Arginine) 3) Nitric oxide 4) Ubiquitin system 5) Rim15
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L-Cysteine metabolism and its role in Escherichia coli I
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The budding yeast Saccharomyces cerevisiae |

Cellular response and adaptation to environmental stresses
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Yeast cells are exposed to oxidative stress. |

Freezing (-20°C, 8 d) Sucrose (30%, 2 h) Drying (42°C, 90 min)
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Novel stress-tolerant mechanisms in yeast |
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Proline has a cryoprotective activity. |

(Takagi et al., Appl. Microbiol. Biotechnol., 47, 405, 1997)
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Proline confers stress tolerance on yeast cells. |

@ In response to osmotic stresses, many bacterial
and plant cells accumulate proline.

@ Yeast cells induce glycerol or trehalose synthesis,
but do NOT increase proline level.
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Proline-accumulating mutants were isolated
among proline analogue-resistant mutants.

L-Proline Lowering of

Inhibition of dehydration
or ice crystal formation

Freezing (-20°C, 7d)

80 (AMB, 1997)
< 60
E 45%
) e
s
8 20
5%
0 WT Pro strain
(0.37%) (4.1%)
Desiccation (20°C, 4d)
8.0 (FEMSML, 2000)
- 6.3%
2 6.0
2
E 4.0
S
8 2.0 1.570
0 WT Pro strain
(0.13%) (2.9%)

Appl. Microbiol. Biotechnol., 47, 405, 1997;

(D Proline I

79,273, 2008, 81, 211, 2008; FEMS Microbiol. Lett., 184, 103,

2000; Appl. Environ. Microbiol., 69, 212, 2003; 69, 6527, 2003; 71, 8656, 2005; 73, 4011, 2007; 74, 5845,
2008; J. Biosci. Bioeng., 94, 2002; 100, 538,
73,2131,2009; 76, 454,2012; Int. J. Food Microbiol., 152, 40, 2012; 238, 233, 2016; J. Gen. Appl.

2005; 103, 277, 2007; 116, 576, 2013; Biosci. Biotech. Biochem.,

Microbiol., 62, 132, 2016; Yeast, 33, 353, 2016; FEBS Lett., 590, 2906, 2016; Microbial Cell, 3, 522, 2016.

< So far >

% Proline protects yeast cells from various stresses as a ROS scavenger /!

% Desensitization of feedback inhibition of y-glutamyl kinase (Pro1) enhances

proline accumulation and stress tolerance
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< Current projects >
-Novel physiological functions
(ribosomal autophagy, life span)
- Transport to mitochondria/vacuole

Functional analysis of GK and PO

2

Breeding of novel stress-tolerant
yeast strains with Pro engineering




Proline/Arginine metabolism
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< SO far > Biosci. Bioeng., 114, 160, 2012; J. Biochem., 159, 271, 2016 etc.
% Mpr1 catalyzes N-acetylation of proline and its analogues (AZC, CHOP) !/

% Mpr1 confers tolerance to oxidative stress on yeast cells by mediating
arginine synthesis from proline !/

< Current projects >

L-Glutamate ; - :
Va2 | *Physiological functions
N-acetylglutamate (cellular substrate, Arg metabolism)

VArgs | - Structural-based molecular design
N-A I . Iy o
;ﬁ‘ﬁ,‘,‘:}:‘é 2 (higher activity and stability)

2

Breeding of novel stress-tolerant
yeast strains by Mpr1 engineering
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Proline/Arginine metabolism
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Proposed mechanism of NO synthesis in yeast |
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Tah18-Dre2 complex functions as a “Molecular
Switch’ in the regulation of NO production.
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(Astuti et al., Appl. Microbiol. Biotechnol., 100, 9483, 2016)

FEMS Yeast Res., 10, 687, 2010; Microb. Cell Fact., 11:40 doi:10.1186/1475-2859-11-40,
. - H 2012: Proc. Natl. Acad. Sci. USA, 110, 11821, 2013; Biochem. Biophys. Res. Commun.,
@ N Itrl C OXI d e I 430, 137,2013; PLoS One, 9, 113788, 2014; Nitric Oxide-Biol. Chem., 52, 29, 2016; 57,
85, 2016; Appl. Microbiol. Biotechnol., 100, 9483, 2016.

< So far >
% NO is produced from Arg through the Tah18-dependent activity !/

% NO confers oxidative stress tolerance on yeast cells by enhancing Sod1
activity through the activation of Mac1 /!

< Current projects >
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Rsp5 is an essential E3 ubiquitin ligase. |

Rsp5 participates in many events through
ubiquitination of target proteins;

endocytosis of plasma membrane permeases, mitochondrial

inheritance, degradation of the large subunit of RNA pol. Il

biosynthesis of unsaturated fatty acids, actin cytoskelton
809 aa organization, sporulation, ER-associated degradation etc.
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Rsp5 may be involved in repair / degradation of abnormal proteins.
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Proc. Natl. Acad. Sci. USA, 100, 11505, 2003; FEBS Lett., 580, 3433, 2006; Biosci.
Biotech. Biochem., 70, 2762, 2006; 73, 2268, 2009; FEMS Microbiol. Lett., 2717, 70,

@ U blq u Itl n SySte m I 2007; Genes Cells, 13, 105, 2008; FEMS Yeast Res., 9, 73, 2009; 14, 567, 2014;

FEBS J., 276, 5287,2009 ; J. Brew. Distill., 3, 1, 2012, Genes Cells, 18, 459, 2013;
Eukaryot. Cell, 13, 1191, 2014; J. Biochem., 157, 251, 2015 etc.

< So far >
% Rsp5 is involved in quality control of plasma membrane proteins !/

% Rsp5 activity is regulated by phosphorylation of a conserved Thr357 !/

< Current projects >

-Recognition and degradation of
abnormal proteins by Rsp5

*Functional improvement of Ub-
system (Rsp5)

*Regulation of the Rsp5 activity
via phosphorylation

@ — : Breeding of novel stress-tolerant

ey yeast strains with improved Ub-system

Stress-tolerant
industrial yeasts

desiccation

high osmo.

< Expansion of yeast-related industry >
Improvement of fermentation ability

Efficient production of alcoholic beverages and breads

< Creation of yeast-based new industry >
*Improvement of compound productivity
High production of bioethanol, amino acid and protein
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Awamori yeasts that overproduce leucine/isoamyl acetate |

(Takagi et al., J. Biosci. Bioeng., 119, 140, 2015)
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