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Our previous findings suggested that the culture liquid obtained from an aerobic culture of Rhizopus
Javanicus on a synthetic medium can impart ethanol tolerance to yeast. In this study, to investigate the
changes in yeast response associated after the addition of Rhizopus culture liquid under ethanol stress, we
analyzed the cell wall components, cellular fatty acid composition, and nuclear export of mRNA in yeast
cultured in a medium containing ethanol to which Rhizopus culture liquid had been added. Since it has long
been considered that rice-koji may increase the ethanol tolerance of yeast during sake brewing, this study
also analyzed the effects of a rice-koji extract on yeast physiology. Addition of Rhizopus culture liquid
significantly increased the protein content of the crude mannan-protein complexes in the yeast cell wall. In
terms of the cellular fatty acid composition, stearic acid and oleic acid contents increased significantly
while the palmitoleic acid content was maintained, suggesting that membrane fluidity was stabilized.
mRNA typically accumulates in the nucleus of yeast grown on a medium containing ethanol, but it was
found that mRNA did not accumulate in the nucleus when Rhizopus culture liquid was added to the culture
medium. This suggests that components derived from Rhizopus cells contribute to enhanced stress
tolerance of yeast in Rhizopus culture liquid; rice-koji extract had a similar action.
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Growth of yeast (OD at 660 nm)
Added solutions 03 0.6
I 1

Control | none 0.01+0.00

Rh. javanicus
Cul. lig. 0.45+0.06"
Pulpy mycelium ex. 0.46=0.04™
Pellet mycelium ex. | 0.57+0.02*

Aerial mycelium ex. 0.50+0.03
A. oryzae
Rice-Koji ex. 0.410.04*

Fig. 1. Effects of addition of Rhizopus culture liquid, various
Rhizopus extract solutions and rice-koji extract on ethanol
tolerance of sake yeast. Rhizopus culture liquid was obtained
from culture growth on Waksman's medium containing 10%
glucose, 0.5% (NH4)2804, 01%KH2PO4, 0.05% MgSO47H20,
0.05% CaCl,-2H,0, 0.005% ZnSO,-7H,0 and 0.005% Fex(SO.);
in a 5 L jar fermentor. The cultivation of Rhizopus was carried
out at 30°C under aeration at 1 L/min and agitation at 1000 rpm.
Rhizopus mycelia were obtained from culturing on Waksman’
s medium. Cultivation of Rhizopus was carried out at 30°C in a
Sakaguchi flask by shaking for 72 h or standing for 14 days.
Mycelia were broken with a mortar after freezing, and were
extracted with a 20-fold volume of distilled water. Rice-koji
extract was prepared by adding a 10-fold volume of distilled
water. The yeast strain used was the sake yeast, ATCC 32700.
Cultivation of sake yeast was carried out at 25°C for 10 days
under the following conditions: final concentration of each
solution and ethanol at 0% and 11%, respectively (Control D);
and final concentration of each solution and ethanol at 10% and
11%, respectively, based on Wickerham' s synthetic medium.
Data are expressed as means =SE of 3 independent experi-
ments. Asterisks indicate statistical significance (p < 0.05) and
P-values are for comparisons to cells cultured in 11% ethanol
(Control ). Cul. liq.; Rhizopus culture liquid.
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Table 1. Influence of addition of Rhizopus culture liquid and rice-koji extract on cell wall components of sake yeast grown

under ethanol stress.

Amount added After culturing yeast
Solutions Ethanol Crude manno-protein Total saccharide Protein
(%) (%) (mg/cell g) (1g/Crude manno-protein mg)

Control @ 0 0.0 4.6 £ 0.3 375.0 £ 10.5 1.9 £ 0.1
Rh. Cul. liq. 10 0.0 42 £02 417.5 = 6.5% 4.0 £ 0.3*
10 11.0 2.7 £ 0.3* 485.5 = 7.3* 6.3 = 0.6%
Rice-koji ex. 10 0.0 58 = 0.1%* 4959 = 1.2%* 6.2 = 0.3*
10 11.0 5.0 = 0.1 458.8 = 0.8%* 79 = 0.1*

Cultivation of sake yeast was carried out at 25°C for 3 or 10 days under the following conditions; no addition of each
solution and ethanol at 0% and 0% respectively (Control (2)); final concentration of each solution and ethanol at 10% and
0% respectively; and final concentration of each solution and ethanol at 10% and 11% respectively, based on Wickerham’s
synthetic medium. Cell wall components are shown as dry weight of crude mannan protein in sake yeast grown under
ethanol stress, and the total sugar content, as well as crude mannan protein content contained therein. Data are expressed
as means * SE of 3 independent experiments. Asterisks indicate statistical significance (p < 0.05) and P-values are based
on comparisons with cells cultured without additives (Control ). Rh. cul. liq.; Rhizopus culture liquid.

Table 2. Influence of addition of Rhizopus culture liquid and rice-koji extract on cellular fatty acid composition of sake yeast grown

under ethanol stress.

Amount added After culturing yeast
Solutions Ethanol Fatty acid (%)

(%) (%) C10:0 C12:0 Cl14:0 Cl16:0 C18:0 Cleé:1 C18:1
Control @ 0 0.0 68 =05 6009 2503 25220 59+1.0 352=19 127+23
Rh. Cul. liq. 10 0.0 10.1 = 0.4* 7.0 £ 0.7 26 0.1 248 2.1 4709 34909 105=03

10 11.0 1.3 £02% 23 +0.5% - 124 £ 1.9% 132 = 1.7 38.6 £3.0 27.0=3.1*%
Rice-koji ex. 10 0.0 87+0.7 5906 2503 289=13 7.7 +07 323+25 12713
10 11.0 1.9 = 0.1*% 2.7 = 0.2% - 15.8 £ 0.5% 17.5 £ 1.3* 33.1 £33 24.0 = 24*

Culture conditions of sake yeast were identical to those in Table 1. Cellular fatty acid refers to the proportion of unsaturated fatty
acid and saturated fatty acid in sake yeast grown under ethanol stress. Data are expressed as means + SE of 3 independent
experiments. Asterisks indicate statistical significance (p < 0.05) and P-values are comparisons with cells cultured without

additives (Control ). Rh. cul. liq.; Rhizopus culture liquid.
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(A) Control @

(B) Rh. Cul. lig. 10%, Ethanol 0%

(C) Rh. Cul. lig. 10%, Ethanol 11%

(D) Rice-koji ex. 10%, Ethanol 0%

(E) Rice-koji ex. 10%, Ethanol 11%

Cy3 DAPI

— 10pm

Fig. 2. Effects of addition of Rhizopus culture liquid and
rice-koji extract on the nuclear export of mRNA in sake yeast
grown under ethanol stress. The culture conditions of sake yeast
were identical to those in Table 1. Ethanol stress treatment was
carried out by suspending the yeast cells obtained from each
culture condition in Wickerham synthetic medium containing
11% ethanol for 1 hour. The probe for FISH was a 43-mer
oligo (dT) in which Poly (A) is targeted and 5-end is Cy3-
labeled. Fluorescence detection of Cy3-labeled probe by G
excitation was taken as the distribution of mRNA, and DAPI
staining by U excitation was taken as the nuclear position.
Visualized Cy3 fluorescence is shown in the left figure. DAPI
fluorescence is shown in the right figure. Yeast cells were
cultured under the following conditions: (A) no addition of
each solution and ethanol at 0% and 0% respectively (Control
2); (B) final concentration of Rhizopus culture liquid and
ethanol at 10% and 0%, respectively; (C) final concentration of
Rhizopus culture liquid and ethanol at 10% and 11%, respectively;
(D) final concentration of rice-koji extract and ethanol at 10%
and 0%, respectively; and (E) final concentration of rice-koji
extract and ethanol at 10% and 11%, respectively. RA. cul. liq.;
Rhizopus culture liquid.
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