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1.3
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NH, ,S0, 2 MgSO; 7H,0 0.2 Na,HPO, 12H,0 9.65
KH, PO, 1.5 1 1 ml/L
50 pg/mL g/l. FeCly 6H,0
20 CaCl,, H,0 10 CuSOy 5H,0 0.03 MnCl,- 4H,0

0.05 ZnSO; 7H,00.1  HCl 0.5 mol/L
30 C 48 h

200 r/min NBS Series 25D New Brunswick NJ

1.4
1 g/LL 10
10 NH4 ,S0, 4 MgSO; 7H,0 0.5 Na,HPO; 12H,0
2.0 KH,PO, 1.85 1 1 ml/L
30¢g 30 g 9 ¢
NH, ,SO, 12 h 6 h 1
2 ¢/l 10  NH, ,S0,
4 MgSO,» 7H,0 0.5 Na,HPO,- 12H,0 2.0 KH,PO,
1.85 1 1 ml/L
30¢g 6 g NH, ,S0, 12 h
4 h 1
3L 30°C pH
6.5 5 L/min DO
15 % 200 ~ 800
r/min 48 h 5% VIV
LB 5 ¢/LL 10 ¢/LL 10 g/LL
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2.1 phbA phbB Aeromonas hy-
drophila 4AK4 A . hydrophila 4AK4 pTGO1
A . hydrophila 4AK4 phbA  phbB
B- 3HB  3HHx
PHB-
HHx
PHBHHx PHBHHx  3HHx
12% ~ 15% A. hydrophila 4AK4
phbA phbB 4AK4 pTGO1
B-
A 3HB 3HB
4Ak4  pTGO1
PHB
PHBHHx
HindIll  Kpn 1 pUC-AB pUC-
AB Zhao et al 2003
phbA  phbB pBBRIMCS-2
pBBRIMCS-2  Kovach et al 1995 6
pTGO1 1
CDS 3(KmU74ij
wrd TGO1 :'
Kpnl( 564:2% ?7469 )/CDS(reP) 1
phbB - \,Hmdm (3282)
pTGOI
Fig.1 Plasmid pTGO1
2.2 phbA phbB A . hydrophila
4AK4 pTGo1 3HHx PHBHHx
1
4AK4 pTGOL 3HB

PHBHHx  3HHx

'/ journals. im. ac. cn



6 Aeromonas hydrophila 4AK4 ~ 3- 3 PHBHHx 71
4AK4 pTGO1 PHBH- 3HHx
Hx 3HHx 12.29 % 4AK4 A
16.85 % 4.56 % B- A 3HB
A TCA PHBHHx  3HHx
3HB A

1 PHBHHx A. hydrophila 4AK4

A . hydrophila 4AK4 pTGO1

Table 1 Production of PHBHHx by A . hydrophila 4AK4 and A . hydrophila 4AK4 pTGO1 in flask culture

HHx 0.355g L™ h™'

Strains IPTG* Sodium gluconate”/ g/L CDW/ ¢/ PHBHHx/CDW/ % 3HHx mol faction in PHBHHx/ %
4AK4 - 0 1.94+0.02 35.64+0.36 16.85 +0.06
4AK4 - 8 2.25+0.96 20.61 +1.47 13.84 £0.69
4AK4 pTGO1 - 0 1.92+0.15 46.75+5.24 12.29+1.28
4AK4 pTGO1 . 8 2.55+0.53 50.65+2.36 5.94+0.20
4AK4 pTGO1 + 0 2.20+£0.20 41.45+£2.84 12.25+0.63
4AK4 pTGO1 + 4 2.79+0.54 40.09+1.29 7.69+0.06
4AK4 pTGO1 + 8 2.66+0.32 39.71+1.24 5.72+0.11
4AK4 pTGO1 + 12 3.09+0.29 37.52+1.84 2.80+0.39
" —"No IPTG added “ + " IPTG added
a 0.2 g/L IPTG added in 12 h after inoculation
b Sodium gluconate was divided into two equal amounts and was added 12 h and 24 h after inoculation ~ respectively
NH, ,80, 4~10
1:12:1 3:1  3HHx g/L
7.69% 5.72% 2.80%  3HHx
0.2 g/l.  PHBHHx
Isopropyl thiogalac- 50 % NP
toide IPTG PHBHHx 3HHx PHA N P
A.  hydrophila 4AK4
IPTG pTGO1 PHBHHx
4AK4 3HHx 9 %
3HHx 16.85 % 6.8 %
13.84 % PHBHHx A 3HB-CoA
35.64 % 20.61 % 3HHx 3HB A
PHBHHx PHBHHx
2.3 A . hydrophila 4AK4 pTGO1 phbA  phbB
11 A TCA
PHBHHx 3HHx
11 48 h
32.8 ¢/LL ChwW -
52%  PHBHHx 3HHx PHBHHx A. hydrophila 4AK4 pTGO1
6.7 % 2 PHBHHx
60 g/L 60 g/L 2.4 A . hydrophila 4AK4 pTGO1
15.3 ¢g/l. NH, ,S0, 0.40 ¢/L PHB- PHBHHx
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Fermentative Production of Poly 3-hydroxybutyrate-co-3-hydroxyhexanoate
PHBHHx by Recombinant Aeromonas hydrophila 4AK4 pTGO1

OUYANG Shao-Ping QIU Yuan-Zheng WU Qiong CHEN Guo-Qiang”

Department of Biological Sciences and Biotechnology — Tsinghua University — Beijing 100084  China

3HB and 3-hydroxyhexanoate 3HHx  PHBHHx

biodegradable material are receiving considerable attentions recently. The material properties are strongly related to the 3HHx

Abstract Copolyesters consisting of 3-hydroxybutyrate a new type of

fraction of PHBHHx. As the 3HHx fraction increase crystallinity and melting point of PHBHHx decrease flexibility and tractili-
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ty increase. PHBHHx of different 3HHx fraction can meet different demands of commercial application and research.

Aeromonas are the best studied PHBHHx-producing strains. Recent studies have been focused on optimizations of fermenta-
tive culture media and culture conditions for low-cost and efficient fermentative production. Aliphatic substrates such as long-
chain fatty acid and soybean oil were used in the PHBHHx fermentation as the sole carbon source and energy source. Two-stage
fermentation method was also developed for more efficient PHBHHx production. While studies on Aeromonas hydrophila revealed
that the monomer composition of PHBHHx could not easily be regulated by fermentative process engineering methods such as
changing substrates and fermentative conditions because precursors involved in the PHBHHx synthesis were all from the 3-oxida-
tion pathway .

In this study phbA gene encoding (-ketothiolase and phbB gene encoding acetoacetyl-CoA reductase were introduced into
a PHBHHXx-producing strain Aeromonas hydrophila 4AK4 so as to provide a new 3HB precursors synthesis way. phbA gene en-
codes [-ketothiolase which can catalyze two acetyl-CoA to form acetoacetyl-CoA phbB gene encodes acetoacetyl-CoA reductase
catalyzing acetoacetly-CoA into 3HB-CoA which is the precursor of 3HB. The introduced novel 3-hydroxybutyrate precursor syn-
thesis pathway allowed the recombinant strain to use unrelated carbon source such as gluconate to provide 3HB precursors for PH-
BHHx synthesis. Shake-flask experiments were carried out to produce PHBHHx of controllable monomer composition and fermen-
tations in 5 L fermentor were also proceeded for confirmation of these result in large-scale culture.

In flask culture it was possible to reduce the 3HHx mol fraction in PHBHHx from 15 % in the wild type to 3% ~ 12% in
the recombinant by simply changing the ratio of gluconate to lauric acid in the culture media. When lauric acid was used as the
sole carbon source 51.5 g/L Cell Dry Weight CDW  containing 62 % PHBHHx with 9.7 % 3HHx mol fraction was obtained
in 56 hours of fermentation in a 5 liter fermentor. When co-substrates of sodium gluconate and lauric acid 1:1 were used as
carbon sources 32.8 g/L. CDW containing 52 % PHBHHx with 6.7 % 3HHx mol fraction was obtained in 48 hours of fermenta-

tion. These results showed the possibility for fermentative production of PHBHHx with controllable monomer composition.

Key words PHBHHx Aeromonas hydrophila 3HHx
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Enhancements in Ethanol Tolerance of a Self-flocculating Yeast by
Calcium Ion Through Decrease in Plasmalemma Permeability

HU Chun-Keng' > BAI Feng-Wu'" AN Li-Jia'
Department of Biological Engineering Dalian University of Technology —Dalian 116024  China
2 Department of Bioengineering ~National Huagiao University ~Quanzhou 362011  China

Abstract Ca®* at 1.64 mmol/L markedly increased ethanol tolerance of a self-flocculating fusant of Schizosaccharomyces pombe and Saccharomyces cer-
evisiae . After 9 h of exposure to 20% V/V ethanol at 30°C no viability remained for the control whereas 50.0% remained for the cells both
grown and incubated with ethanol in Ca®* -added medium. Furthermore when subjected to 15% V/V  ethanol at 30°C.  the equilibrium nucle-
otide concentration and plasma membrane permeability coefficient P of the cells both grown and incubated with ethanol in Ca?* -added medi-
um accounted for only 50.0% and 29.3% those of the control respectively indicating that adding Ca?* can markedly reduce plasma membrane
permeability of yeast cells under ethanol stress as compared with the control. Meanwhile high viability levels acquired by the addition of Ca>* ex-
actly corresponded to the striking decreases in extracellular nucleotide concentration and P’ achieved with identical approach. Therefore the en-

hancing effect of Ca>* on ethanol tolerance of this strain is closely related to its ability to decrease plasma membrane permeability of yeast cells

subjected to ethanol stress.

Key words calcium ion ethanol tolerance plasma membrane permeability —self-flocculating yeast viability

The accumulation of ethanol in yeast cultures leads to declines
in growth viability and ethanol formation ' . The maximal concen-
tration of ethanol obtained in broths at the end of fermentation is in-
fluenced by several factors. Therefore many atiempts have been
made to enhance alcoholic fermentation  such as induction of alco-
hol-tolerant cells>®  screening of alcohol-tolerant mutants *  and
alteration of nutritional conditions® . It has been shown that a num-
ber of compounds including unsaturated fatty acids and sterols
proteins amino acids vitamins and metal ions result in improve-
ments in alcoholic fermentations ® . Complex medium such as Jerus-
alem artichoke juice has been found to lead to enhancements in alco-
holic fermentation by increasing yeast ethanol tolerance”® . Tt is
possible that supplements such as oryzenin albumin and koji mold
mycelia may act in a similar way > °

To support optimal growth and fermentation yeasts require mi-
cro and millimolar concentrations of various inorganic cations® .
These ionic species play either enzymatic role or structural role or
both. Supplementing yeast fermentations with 0.5 mmol/L. Mg *
proved to prolong exponential growth and to reduce the decline in
fermentation activity ' . It has been suggested that some of the re-
ported beneficial effects of complex nutrients on ethanol production

could partially originate from the correction of a simple inorganic ion

Received 06-05-2003

such as magnesium deficiency ' . In recent years a study has

highlighted the role of magnesium in the amelioration of the detri-

mental effects of ethanol toxicity and temperature shock in a wine-
making strain of Saccharomyces cerevisiae "

The addition of Ca’* to a final concentration ranging from 2.5

to 10 mmol/L. was found to enhance the thermostability of Bacillus

stearothermophilus >

by stimulating growth at supraoptimal tem-
peratures and raising the maximum growth temperature. Ethanol and
high temperatures interfere with membrane organization increasing
its fluidity and permeability to ions and small metabolites ' and in-
hibiting the transport of nutrients "* . Thus the increase in the ther-
mostability by supplementing calcium salts could possibly be extensi-
ble to an increase in ethanol tolerance of cells. In this work a novel
relationship between the enhancing effect of Ca’* on yeast ethanol
tolerance and its ability to decrease plasma membrane permeability
of yeast cells subjected to ethanol stress was experimentally estab-
lished. On the other hand a self-flocculating yeast a specific kind

. s - . 1516
of immobilized cells containing no carrier

was employed in
this study to provide an opportunity for understanding ethanol toler-
ance displayed by non-free cells with which few studies on yeast

ethanol tolerance have ever been conducted up to now.
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1 MATERIALS AND METHODS

1.1  Strain media and culture conditions

The strain SPSC used in this work was a self-flocculating yeast
a fusant of Schizosaccharomyces pombe 17 and Saccharomyces cerevisi-
ae which was constructed using protoplast fusion technology and pre-
served by our laboratory .

Agar slope medium for culture maintenance contained g/L.
glucose 10 yeast extract 3.85 peptone 3 agar 20. Growth medium
for yeast aggregates formation consisted of g/l glucose 30 yeast
extract 3.85 peptone 3. Fermentation medium for batch ethanol pro-
duction was composed of g/l glucose 200 yeast extract 5 pep-
tone 3. To form yeast aggregates a loopful of cells from agar slope
were used to inoculate 100-mL volumes of growth media and the cul-
tures were incubated orbitally at 30 °C for 18 h. These prepared cell
aggregates were used in the following experiments.

1.2  Evaluation of growth activity tolerant to ethanol

In this work the above growth medium was used as basal medi-
um. To examine the effect of Ca?* used as CaCl, all Ca’* appear-
ing in this paper represents CaCl, on strain SPSC growth activity re-
sistant to ethanol a series of initial concentrations of ethanol 6%
8% 9% 10%
ethanol to growth media which were supplemented or unsupplemented

with 1.64 mmol/L Ca?* . Then the growth media were inoculated with

VIV were formed by adding various amounts of

the prepared cell aggregates with 18 h of culture time and the cul-
tures were incubated orbitally at 30 °C for 33 h. Evaluation of the ef-
fect of Ca?* on growth activity tolerant to ethanol was based on com-
parison of the biomass formation of Ca?* -supplemented cultures with
that of unsupplemented cultures. Biomass was measured by determi-
nation of dry weight of cells in broth and expressed as gram dry
weight of cells per liter of broth '* .
1.3 Evaluation of fermentation activity tolerant to ethanol

To test the influence of Ca** on strain SPSC fermentation activi-
ty tolerant to ethanol different amounts of ethanol were respectively
added to fermentation media supplemented with or without
1.64 mmol/L Ca>* to produce a series of initial concentrations of eth-
anol 9% 11% 12% 13%
aggregates were inoculated into the media and the cultures were incu-
bated orbitally at 30 °C for 50 h. The effect of Ca>* on fermentation

activity tolerant to ethanol was evaluated by comparing the net ethanol

VIV and then the prepared cell

production not including initial added ethanol of Ca®* -supplement-
ed fermentations with that of unsupplemented fermentations. The con-
centration of ethanol was determined by gas chromatography — Agilent
6890A GC USA
temperature of the inlet and of the detector was 160 °C and 230 °C

equipped with flame ionization detector . The

respectively and oven was operated isothermically at 90 °C . The car-

rier gas was N, and n-butanol was used as the internal standard.

1.4 Measurement of viability

The above growth medium was also used in this research to pre-
pare cell aggregates which would be incubated with 20% V/V
ethanol to trigger ethanol stress. After centrifugation and two washes
with distilled water cells grown in Ca?* 1.64 mmol/L -supplement-
ed or unsupplemented medium were incubated with20% V/V  eth-
anol buffer solution added with or without 1.64 mmol/L. Ca>* at 30
°C . At suitable intervals samples were taken in order to follow the
concentrations of viable cells. Viable cells were counted by plating
appropriate dilutions of cells on agar slope media and incubating at
30°C for 2 or 3 days. Viability % = C,/Cy, x100% where
Cy and C, represent number of viable cells per mL of cell suspension
at the onset and a given time of incubation with ethanol respectively.
1.5  Measurements of extracellular nucleotide concentration
and plasma membrane permeability coefficient

In this work the above growth medium was used to prepare cell
aggregates for being incubated with 15% V/V  ethanol for the pur-
pose of measurements of extracellular nucleotide concentration and
plasma membrane permeability coefficient P’ . After harvested and
washed with distilled water repeatedly until the absorbance of the su-
pernatant at 260 nm was negligible cells grown in Ca®>* 1.64mmol/
L -supplemented or unsupplemented medium were suspended in an

ethanol added with or without 1.64
mmol/L Ca®* and then mildly shaken on a rotary shaker at 30 °C.

aqueous solution of 15% V/V

The absorbances of the supernatant at 260 nm and 280 nm were mea-
sured periodically until they reached the equilibrium. The nucleotide
concentration expressed as microgram of phosphorus per mL of super-
natant  was calculated from the following equation '®

Nucleotide = 11.87 Aygy — 10.40A4

The membrane permeability coefficient of nucleotide P’ cm/
h  was evaluated by using the following equation representative of a
simple diffusion model '8

m(CZ - C)=m(Cr -C) - 1+ VIV,

where ¢ is time h c

AlV, Pt
is the extracellular solute concentration

e

A is the total surface area of the cell membrane cm’

V, is the total intracellular liquid volume ~cm®

mol/cm’
and V, is the extra-
cellular liquid volume em® . €% and CZ represent C, when t = 0
and o respectively.

1.6 Statistical methods

In this work all experiments were performed in triplicate and all

determinations were done in duplicate with mean values given.

2 RESULTS AND DISCUSSION

The optimal concentration of Ca**

to be used as an additive in
this work was determined to be 1.64 mmol/L based on batch ethanol
fermentation employing strain SPSC  data not shown . A Ca’>* con-

centration below or above 1.64 mmol/L.  but within the tested range of
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ethanol finally obtained in broths but its level was still higher than
that of the control unsupplemented with Ca?*  data not shown .
Asa result a Ca’* concentration of 1.64 mmol/L was chosen for
subsequent studies.
2.1 Effect of Ca>* addition on strain SPSC growth and fer-
mentation activity tolerant to ethanol

Measurement of growth in the presence of ethanol is the fre-
9 Fig. 1

shows the effect of Ca?* on growth activity tolerant to ethanol of strain

quently used method for determining ethanol tolerance

SPSC. At each initial concentration of ethanol 6% 8% 9%
10% VIV  present in growth medium the maximal growth of
Ca®* -supplemented cultures always remained higher than that of un-
supplemented cultures. On the other hand the increases in the maxi-
mal growth of Ca®* -supplemented cultures over unsupplemented cul-

11.1% 17.2% and 50.0% for 6%
8% 9% and 10% initial ethanol present in growth media respec-

tures were around 8.2%

tively. These indicate that an optimal concentration of Ca?* effective-

ly promotes strain SPSC growth activity resistant to ethanol.

8

Dry biomass/(g/L)

Fig.1 Effect of Ca?* addition on biomass formation of strain SPSC in the
presence of initial ethanol

Closed and open symbols represent cultures supplemented and unsupple-
mented with 1.64 mmol/L Ca>* respectively. Initial concentration of etha-
nol added to medium V/V

®O6% Ar8% @09% MII10%

The inhibition of fermentation capacity —the maximal amount of

ethanol produced during fermentation by exogenously supplemented
ethanol is another parameter usually employed to evaluate ethanol tol-
erance of yeast © . Fig.2 illustrates the impact of Ca?* on net ethanol
production not including initial added ethanol of this strain. At
each initial concentration of ethanol added to fermentation medium

the maximal net ethanol production of Ca* -supplemented cultures al-
ways remained higher than that of unsupplemented cultures. This
shows that an optimal concentration of Ca?* somehow protects this
strain from toxic effects of ethanol thus increasing its fermentation

activity resistant to ethanol.

7

Net ethanol/%

Fig.2  Effect of Ca?* addition on net ethanol production of strain SPSC
in the presence of initial ethanol

Closed and open symbols represent fermentations supplemented and unsup-
plemented with 1.64 mmol/L. Ca®>* respectively. Initial concentration of
ethanol added to medium V/V & & 9% ® O 12%

W 13%
2.2 Effect of Ca’* addition on viability of strain SPSC subject-
ed to20% V/V  ethanol

A A%

The role of Ca’* in ethanol tolerance of this strain was further

tested by exposing cells to 20% V/V  ethanol at 30 C. Mean-
while the influence of different modes of Ca* addition on viability
was also examined Fig.3 . As shown in Fig.3 whichever mode of
Ca’* supplementation was employed ~cells in media added with Ca?*
always had higher viability levels as compared with the control. After
9 h of exposure to ethanol no viability was observed for the control

whereas 50.0% remained for the cells both grown and incubated in
100 rm=e

80 .aDCbEd

60

Viability/%

40

20

Fig.3

Effect of Ca?*
subjected to 20% V/V

addition on viability of strain SPSC
ethanol at 30°C

Letters a b ¢ d denote a. Cells grown and incubated

with ethanol in Ca?* 1.64 mmol/L -supplemented medium

b. Cells grown in Ca®* 1.64 mmol/L -supplemented medium
but incubated with ethanol in unsupplemented medium c.
Cells grown in unsupplemented medium but incubated with eth-
anol in Ca®* 1.64 mmol/L -supplemented medium d. Cells
grown and incubated with ethanol in unsupplemented medium

control
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_ effect of Ca®* on plasma membrane permeability coefficient of yeast
3
£ cells subjected to 15% V/V  ethanol at 30 °C  with the results
=
% listed in Table 1.
g
§ Table 1 Effect of Ca’* addition on plasma membrane
E permeability coefficient P’ of strain SPSC
2 subjected to 15% V/V  ethanol at 30 °C
e
= Culture condition ™ P’/ cm/h
0 20 40 60 80 100 120 7
t/h l 6.33x 10
Il 9.65x 1077
Fig.4  Effect of Ca?* addition on extracellular nucleotide concentration
Il 1.32x107°
in cell suspension of strain SPSC subjected to 15% V/V  ethanol at
30C IV 2.16x107¢

The denotation of each letter a b ¢ d is identical to that described in
Fig. 3 except that the concentration of ethanol with which cells were incu-

bated was 15% V/V .—4—a —A—)}h —@— ¢ —M—d

Ca®* -supplemented medium. Viability was highest in the order of
both growth and incubation supplementation of Ca>*  only incubation
supplementation only growth supplementation and no supplementa-
tion.
2.3 Effect of Ca’>* addition on extracellular nucleotide concen-
tration and plasma membrane permeability coefficient of strain
SPSC subjected to 15% V/V ethanol

The above experimental data show that an optimal concentration
of Ca?* is able to markedly enhance ethanol tolerance of strain SPSC.
But in what way does Ca®* play such a role In order to gain insight
into the way employed by Ca®* to protect yeast cells from toxic effects
of ethanol and thus to increase alcohol tolerance experiment was car-
ried out to test the influence of Ca’* on plasma membrane permeabili-
ty of strain SPSC subjected to 15% V/V  ethanol at 30 “C. Also
different modes of Ca®>* addition Fig.4 were performed in the same
way as the viability experiment Fig.3 . Fig.4 shows the effect of
Ca®* on diffusion of intracellular nucleotide across plasma membrane .
Whichever mode of Ca®* addition was adopted cells in Ca?* -sup-
plemented media always retained lower extracellular nucleotide con-
centrations as compared with the control. The equilibrium nucleotide
concentration of the cells both grown and incubated in Ca®* -supple-
mented medium accounted for only 50.0% of the control level. The
extracellular nucleotide concentration was lowest in the order of both
growth and incubation supplementation of Ca?*  only incubation sup-
plementation only growth supplementation and no supplementation
which exactly corresponded to the ranked order of viability from the
highest to the lowest representing ethanol tolerance from the strongest
to the weakest Fig.3 . These indicate that strong ethanol tolerance
acquired by adding Ca?* is closely associated with striking decrease
in extracellular nucleotide concentration achieved with identical ap-
proach. Based on these results it appears that Ca’* somehow

strengthens plasma membrane permeability barrier of strain SPSC un-

der ethanol stress. This hypothesis prompted an investigation into the

* 1 cells grown and incubated with ethanol in Ca>* 1.64 mmol/L -
supplemented medium

Il cells grown in unsupplemented medium but incubated with ethanol
in Ca®* 1.64 mmol/L -supplemented medium

Il cells grown in Ca**

1.64 mmol/L. -supplemented medium but in-
cubated with ethanol in unsupplemented medium
IV cells grown and incubated with ethanol in unsupplemented medium
control

As shown in Table 1

whichever mode of Ca?* addition was

adopted cells in media supplemented with Ca?*

always had lower
membrane coefficients than the control level. For instance P’ of the
cells both grown and incubated in Ca®* -supplemented medium ac-
counted for only 29.3% that of the control. This just confirms that
Ca?* is indeed able to markedly reduce plasma membrane permeabili-
ty of this strain under ethanol stress as compared with the control in-
dicating its potential to strengthen plasma membrane permeability bar-
rier. Meanwhile mode response of P’ to added Ca’* also occurred
P’ became smallest in the order of I [l [l and [V Table 1
precisely corresponding to the ranked order of extracellular nucleotide
Fig.4
Fig.3 . Thus the enhance-

ment by Ca>* on ethanol tolerance of strain SPSC is closely relevant

concentration from the lowest to the highest and of via-

bility from the highest to the lowest

to its ability to decrease plasma membrane permeability of yeast cells

subjected to ethanol stress.
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