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Abstract

In brewing Japanese sake, since ethanol reaches to a high concentration by using a peculiar manufacturing method, yeast with
strong alcohol tolerance is needed. Such yeast can be obtained through huge number of trial and error processes with huge cost
and long time.  To avoid this problem, we try to model the response mechanism of alcohol-tolerant yeast by computer simulation
based on known parameters from existing literatures. We hope new insight will be obtained by our model. In this paper, we
model a simple metabolism of 1,3-3 glucan synthesis, which is the major components of cell well, and a signaling pathway of the

Pkcl-MAPK cascade using the E-Cell system.
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1 Introduction influenced with many genes. Therefore, valid experi-
ments with various alcohol concentrations are needed

In brewing Japanese sake, the flavor is dominated by to obtain such yeast. It takes excessive amount of time

both alcohol fermentation of yeast and the by-product
flavor compound that is generated at the fermentation
process. Therefore, the flavor of sake totally depends
on the yeast. “ Flower yeast” which is extracted from
flowers is known as attractive flavor yeast. We have
double-flowered cherry tree of Nara, which is one of
natural monument, in our campus.

Since alcohol concentration reaches about 20% thro-
ugh a parallel-double fermentation method, in brewing
sake, alcohol-intolerant yeast has no way to survive.
Therefore, good yeast must have tolerance to high con-
centration of alcohol for the good brewing of sake. It
is not an easy task to obtain alcohol-tolerant yeast by
mutation breeding because alcohol tolerance is deeply

and unrealistically high cost.

To avoid this problem, the response mechanism of
alcohol-tolerant yeast should be studied by constructing
a model in silico. In this paper, we propose a prelimi-
nary model for the analysis of alcohol-tolerant yeast.
Using such computer simulation, it is expected to ob-
tain alcohol-tolerant yeast with ease.

We propose several sub-models for our study in sec-
tion 2. In section 3, we describe experimental results
and discuss the simulation results.
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Figure 1: Model image

2 Proposed model

In our study, we propose a simulation model for the re-
sponse mechanism of alcohol-tolerant yeast as figure 1.
In 1 of figure 1, cell wall sensor (Mid2 or Wscl) senses
cell wall stress caused by ethanol. At 2, once signal
of senescing at 1 conveys through Rhol and the Pkc1-
MAPK pathway, then Rhol influences to Fksl. Fksl
is one of the genes to encode synthase of 1,3-3 glucan
that is the main component of cell wall. At 3, the trans-
ferred signal causes synthetic advance of cell wall such
as activation of Fks2, which is the other genes to encode
1,3-8 glucan synthase, to positive [1].

Alcohol-tolerant yeast has a number of genes, which
receive stress signal by ethanol. These genes express in
their own alcohol concentration. In this study, we focus
on Mid and Wsc families as a cell wall sensor with well-
study and many literatures.

2.1 Cell wall synthesis

As already explained, there is a relationship between
1,3-3 glucan synthesis and stress-response signaling. In
this paper, we construct the model about this synthesis.
Figure 2 shows a system for a metabolic pathway of
1.3-( glucan synthesis. This system is constructed from
minimum elements and reaction, which are based on a
pathway database KEGG [2]. Each element is given in
table 1.

Actual reaction appears at various places such as cell
membrane and cell cytoplasm of yeast. In this paper, we
assume all reactions occur in cell cytoplasm for simpli-
fication.

The reaction rate equations respectively deceide by
literature searching. Reaction of Transport, HK, PGI,
PGM, and UGP1 are refered to [5], [6][7], [3], [3], and
[4], respectively. Reaction of GS and EXG?2 is based on
Michaelis-Menten equations.

2.2 Signaling

In our study, we focus the MAPK cascade of the Pkcl-
MAPK pathway. For this pathway, we also refer to
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Figure 2: metabolic pathway of 1,3-3 glucan synthesis

Table 1: Abbreviations of elements
Abbreviation ~ Appellation

GleX Extracellular Glucose

Glc a -D-Glucose

G6P « -D-Glucose-phosphat

F6p [ -D-Fructose6-phosphat
G1P a -D-Glucose-phosphat
UTP UTP

UDPG UDP-Glucose

B13G 1,3- 3 -Glucan

PP Disphosphat

HK Hexokinase

PGI Glucose-6-phosphate isomerase
PGM phosphoglucomutase

UGP1 UDP-Glucose-pyrophorylase
GS 1,3- 3 -glucan synthase
EXG2 glucan 1,3- 3 glucosidase

KEGG. Figure 3 shows a pathway of the generated MAPK
cascade. Phosphorylated element is expressed as the el-
ement name followed by P. Let an input and an output
be Stimu and Rlm_P, respectively.

‘When the MAPK cascade is an autocatalyst, this re-
action is described as follows:

a1/dy

(reactl) a : S+E & SxE

B S’><E—1>SP+E

ag/da

(react2) o S-P+ E.ase < S_P x E_ase

B : S_PxE.ase fa, S+ E_ase

The amount of change per unit time of each material
is expressed in differential equations as follows:

o  BXE_ isE) - dis x B]
8 -de—'P = k[S x E]

Reaction of the MAPK cascade is progressive in each
stage. Therefore this simple rate equation is adaptable
to all reactions in the pathways of figure 3.
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Figure 3: pathway of MAPK Cascasde

3 Result and discussion

To validate the proposed model, we perform simulation
experiments. In this simulation, we use the E-Cell Sys-
tem (version 3.1.106) for constructing the model.

3.1 1,3-3 glucan synthesis

In this subsection, we describe a validation experiment
of the proposal model for the 1,3-3 glucan synthesis.
Each material, which is defined as substance or product,
has various values against each reaction, expect ATP
concentration. Since ATP concentration is constant for
the yeast in a steady state, ATP concentration is consid-
ered as a fixed value in this experiment. Table 2 shows
parameters for this experiment. Each parameter is ob-
tained by existing literatures and BRENDA [9].

Figure 4 shows change in number of molecules for a
period of about 600,000 sec. Each material simply in-
creases and decreases. Since the system for 1,3-3 glu-
can synthesis in figure 2 is a closed metabolic pathway,
simple increase and decrease by synthesis and degra-
dation are observed. Hence, our model replicates the
phenomenon.

3.2 Pkcl-MAPK cascade

In this subsection, we describe an experiment to validate
our model for signaling pathways. In this experiment,
the kinetic constants are set to az = 1000, dz = 150,
and kx = 150 [13]. Since the MAPK cascade model is
constructed from simple enzyme reaction for just phos-
phorylation and dephosphorylation, there is no need to
change kinetic constants. They should be static on each
reaction step.

Figure 5 shows the relationship between time and
concentration of Rlm1_P at the three-staged stimulus
(Stimu) concentration. Rlm1_P plots a reaction curve
with a time rug. Hence, the proposed model might be

Table 2: Parameters of the model

reaction Parameter model
Vimaz 17.203
Kaic 1.1

Trasport  Krgep 1.76 [5][6][10]
Krigep 7.5
P 1.0
Karp 0.10

HK Ko 0.11 [6][11]
Kacic 0.37
Vimaz 496.04
Kmcep 0.8

PGI Kourep 0.15 [6][9]
Keg 02
Vmazl 11.274
Vma..rG 35935

PGM Kmacip 0.0154 [12]
Kmcsp 0.057
Keq 17.8
Vinaz 1.002
Knmurp 0.24
Kmaip 0.19

Ugplp Koopp 0.40 [14]
Knpp 0.26
Ko 0.15
Kcat 0.0 1 048

Gs K 000037
Keat 12.936

EXG2 Km 0.000407 ]

according with scientific reason. When amount of stim-
ulus increases, response start time is earlier. In signaling
reaction that delivers extracellular stress to cell interior,
this phenomenon is reasonable response.

4 Conclusions

We proposed a simulation model for the response mech-
anism of alcohol-tolerant yeast. In this paper, we con-
structed the model for the metabolic pathway of 1,3-
(3 glucan synthesis and for the MAPK cascade of the
Pkc1-MAPK pathway. We perform several experiments
to validate these models.

In future work, parameters in the adjust cell wall syn-
thesis model should be improved using measured data.
The proposed model should be expanded for idiosyn-
cratic expression mechanism. A model for a G protein
molecular switch at upstream of signaling is needed.
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Figure 4: Change in number of moleculars
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Figure 5: Change in number of molecular of Rlm1_P
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