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The Roles of Lipid Supplements in Ethanol Production
Using a Continuous Immobilized and
Suspended Cell Bioreactor
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Abstract . A one-stage, continuous-flow bioreactor with both immobilized and suspended cells was used to
investigate the roles of lipid supplements in ethanol production by Saccharomyces cerevisiae. The reactor perfor-
mance and the level of alcohol dehydrogenase(ADH) activities of the suspended cells, grown under various
conditions, were measured. When ergosterol and/or oleic acid were added with surfactants to the yeast culture
grown under non-aerated conditions, remarkable increases in ethanol production and cell growth was achieved,
but specific ADH activities were not affected. Especially, no difference of specific ADH activities of the suspen-
ded cells grown under aerated and non-aerated condition was observed. The addition of the surfactant as
a supplement also resulted in significant increases in ethanol production, cell growth, and specific ADH activity.
When ergosterol and oleic acid were added to the yeast culture exposed to higher ethanol concentration(>40
g/l) level, ethanol production, cell growth, and specific ADH activity were increased, but the addition of surfac-
tant was as effective as at lower ethanol concentration level. The results indicated that lipid supplements
were more effective at higher ethanol concentration level than at lower ethanol concentration level during
ethanol production. ADH isozyme patterns of the yeast cultures grown under various conditions on starch
gel electrophoresis showed only one major band, probably ADH I The migrating distance of the major isozyme,
however, varied slightly according to the culture conditions of the cells. No apparent correlation was found
between specific ADH activity and amount of ethanol produced. Cell mass was more important factor for
ethanol production than specific ADH activity of the cells(Received November 10, 1995; accepted January 3,

1996).

Introduction

Various attempts to improve ethanol productivity have
been tried from studies that supplemented fermentation
media with nutrients such as ergosterol and vegetable
0il,'~* short and long chain fatty acids,” protein extracts,?
“® and a proteolipid supplement from Koji mold®*® to
those studies which cultivated the yeast in the presence
of oxygen.'"'® Very interesting results were obtained
from these studies but the extract mechanisms of action
are still not well understood. It is widely accepted that
the alteration in the yeast membrane lipid composition
(ergosterol, unsaturated fatty acids) via controlled nut-
rient and fermentation processes is the primary factor
that controls ethanol productivity and levels of ethanol
tolerance.” " S cerevisiae is known as a facultative
anaerobe but oxygen is required for the cell to maintain
adequate levels of ergosterol and unsaturated fatty acyl
components in plasma the membrane.® ? The increase
in the membrane unsaturated/saturated fatty acids ratio
is widely recognized as a factor that leads to ethanol

tolerance. Additionally, ethanol tolerance appears to be
related to a high ratio of sterol/phospholipids in the me-
mbranes of many microbial systems® %

There are many membrane-bound enzymes of yeast
cell whose activities are affected or modulated by the
lipid environment in yeast membrane® Ergostero] is
one of those lipid components to affect enzyme activity
such as phosphatidyl inositol kinase.® Although the
ethanol tolerance of yeast cells is relevant to the cellular
lipid composition, the ethanol tolerance of various yeast
strains has been also shown to be related to alcohol
dehydrogenase (ADH) content, with tolerant strains ha-
ving 14 to 2.0 times higher amounts of this enzyme3®
Furthermore, it was proposed that ergosterol could play
a role in regulating the activity of the enzyme, affecting
the transfer of electrons to NAD™* during fermentation.®™

The roles of lipid supplements on alcohol production
were studied in an one-stage, immobilized and suspen-
ded cells, continuous-flow bioreactor. This study was co-
nducted on the basis of the proposal by Bloch®™ that
ergosterol, one of major sterol components in yeast cell
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membrane, might have metabolic regulatory function.
The experiment were designed to identify if a relation-
ship exist between ergosterol levels, alcohol dehydroge-
nase (ADH) activity, and the bulk function that was pro-
posed to modulate membrane fluidity. Oleic acid was
also tested in this experiment because of its proposed
requirement for alcohol production, membrane integrity,
and tolerance to alcohol.

Materials and Methods

Strain

Several strains of the yeast Saccharomyces cerevisiae
were isolated from an industrial ethanol fermentation
facility (Usina Acucareira Ester) located in Cosmopolis,
Brazil. The yeast strain FZ used in this study was selec-
ted based on its high tolerance to both ethanol and suc-
rose which was determined by measuring both viability
and growth in respective concentration gradients. Yeast
cultures were maintained on an agar medium containing
20 g/l sucrose, 10 g/l yeast extract (BBL, Cockeysville,
MD, USA), and 15 g/l Bacto-agar (Difco Labs, Detroit,
MI, USA).

Bioreactor system and operation

Bioreactor system consisted of a one-stage, immobili-
zed and suspended bioreactor system with continuous
aeration, zoned liquid recycle flow, and continuous feed
introduced in an upward flow. The reactor was wa-
ter-jacketed glass column (5.5X43 cm) of 540 m/ total
volume. A ceramic-like matrix material for cell attach-
ment was inserted into the reactor and occupied appro-
ximately 30% of the total reactor volume. The immobili-
zation matrix was an experimental aluminum silicate
material with mean porosity of 21.7 ym that was supplied
by Manville Corp (Denver, CO, USA). The matrix was
arranged in a vertical cellular channel configuration.
More detailed description of the system and its operatio-
nal parameter has been reported in the previous studies.
162 Yeast cells were immobilized by circulating yeast
cell suspension (approximately 58 g-dry cell weight/])
through the sterile bioreactor for 10 h at a flow rate
of 1 I/h. After the initial period of cell immobilization,
the continuous fermentation was started by delivery of
synthetic sugar-cane medium consisting of sucrose, 100
g; (NH,.SO,, 18 g; KH.PO, 12 g MgSO, - 7TH0, 04
g, CaClz . ZHzo, 0.04 £, MnSO4 . Hzo, 75 mg; ZnSO4 *
H,O, 75 mg; and yeast extract (BBL), 50 g, per liter,
pH 56. Varying amounts of ergosterol and oleic acid
were added with surfactant to a synthetic sugar-cane
‘medium. Stock solution of ergosterol, 1.25 g/l in a mix-
ture of tyloxapol (a surfactant of alkyl aryl polyether
alcohol type)-ethanol (1:3, by volume), and oleic acid,

30 g/l in a mixture of tergitol (a surfactant of polyglycol
ether type)-ethanol (1:1, by volume), were prepared.
Ergosterol was added to the feed in a concentration ra-
nge from 0.5 to 5 mg/l; the oleic acid was added from
5 to 50 mg/l. When ergosterol and/or oleic acid were
added to the feed, no aeration was provided and nitro-
gen gas was supplied at a flow rate of 10 m//min. The
control experiments were conducted under aerated (air
30 m/min) and non-aerated (nitrogen 10 mi/min) condi-
tions without ergosterol or oleic acid supplementation.
To test the effect of lipid supplements at higher ethanol
concentration, absolute ethanol was added to the me-
dium to give an initial ethanol concentration of 40 g/i.
The effects of the dilution rate was tested in a range
from 0.125 to 0.25 h~L Suspended cells were collected
after the reactor reached steady-state under each expe-
rimental condition. The collected cells were centrifuged,
washed twice with a physiological saline solution and
after recentrifugation, stored at —70C. Ergosterol, oleic
acid, tergitol and tyloxapol were purchased from Sigma
Chemical Co. (St. Louis, MO, USA).

Cell-free extract preparation

Frozen cells were slowly thawed at room temperature,
and resuspended in 50 mM Tris-HCl (pH 7.5) buffer
solution to obtain approximately 20 g dry cell weight/l.
The resulting cell suspension was passed twice through
a French press (8000 psi). The lysate was centrifuged
at 10,000 X g for 20 min to remove cell debris. The supe-
rnatant was recovered and used for enzyme analysis
and gel electrophoresis. The protein content of the cell-
free extract was measured with Sigma protein kit (Sigma
Chemical Co., St. Louis, MO) against crystalline serum
albumin,

Alcohol dehydrogenase assay
Alcohol dehydrogenase activity was assayed by the me-
thod of Gokhale et al® with minor modifications. This
method is based on the absorption of NADH at 340
nm at 25C. The assay mixture contained Tris-HCI (20
mM, pH 86), NAD (1 mM) in a total volume of 30
m/. The reaction was initiated by the addition of cell-
free extract (0.5~1.0 m)) followed by ethanol (0.56 M).
The change in absorbance at 340 nm was monitored
every 15 sec for 2 min. The increase in absorbance bet-
ween the 15 sec and 45 sec readings multiplied by two
was taken as enzyme activity per minute. Therefore, one
unit of enzyme activity was defined as the change in
absorbance per minute. Specific enzyme activity was ex-
pressed as unit of enzyme activity per mg of protein.

Gel electrophoresis
Electrophoresis of the cell-free extract was performed
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using the vertical starch gel method as described by series 402 integrator. Carbohydrates were analyzed using
Lutstorf and Megnet.*® The 11% hydrolyzed starch gel a Hewlett Packard 1090 high performance liquid chro-
(14X135X0.3 cm, Sigma Chemical Co., St. Louis, MO, matograph equipped with an Econosphere Amino column
USA) was prepared in Tris-citrate buffer ( Tris, 92 g (Alltech Associates, Inc,, Deerfield, IL, USA) and a Hew-
and citric acid, 1.5 g per liter. pH 84). The electrode lett Packard 1037A refractive index detector. The mobile

buffer was the same as that used for the gel preparation. phase was acetonitrile/water (3:1, by volume, HPLC
The same amount of protein (160 pg) from each sample grades) at a flow rate of 1 m//min. The dry cell weight
was loaded with 0.1% bromothymol blue loading buffer of yeast culture was determined gravimetrically after dr-

(pH 84). Separation, using vertical slab gel unit (Model ying at 105C.
SE 400, Hoeffer Scientific Instruments, S.F,, CA, USA),

was routinely carried out at 4C for about 20 h with Results

a constant voltage of 84 V. Under these conditions, the

fastest moving band migrated approximately 8 cm to- Effect of ergosterol and oleic acid

ward the anode. Alcohol dehydrogenase activity was vi- Respiratory competent cells were maintained with air
sualized by incubating the starch gel at 37C for 1 h supplied at a flow rate of 30 m//min in aerated system.
in the dark with the following sotution: 20.0 mg nitrotet- To show the effects of ergosterol and oleic acid, the
razolium blue (NTB), 50 mg NAD, 125 mg phenazine lipids were added to the synthetic sugar-cane medium,
methosulfate (all from Sigma Chemical Co. St. Louis, and the air was replaced with 10 m/ of nitrogen/min.

MO, USA), and 146 m/ ethanol dissolved in 50 m/ of Table 1 and Fig. 1 show the effect of ergosterol and
60 mM Tris-HCl buffer (pH 8.6). Protein bands were oleic acid on specific ADH activity, cell growth, ethanol

visualized by the modified method of Smithies® The production and total sugar consumption during conti-
gel was stained overnight with 0.25% coomasie blue in nuous ethanol production. In the control experiment with
10% TCA solution, and subsequently destained in 7% no lipid supplement, there was no difference in the spe-
acetic acid solution for 24 h. cific ADH activity between the cells grown under non-
aerated and aerated conditions, but the protein content

Analytical methods of the cells grown under the non-aerated condition was
Ethanol was quantified using a Varian 3700 gas chro- two times greater than that of the aerated system. The
matograph equipped with a flame ionization detector highest cell growth (422 g-dcw/l) of the suspended cells
(FID) and a 2 m glass column (4 mm LD.) packed with was observed in aerated condition, but it was only 1.6
Porapak Q (80/100 mesh). The detector was operated g-dew/! in non-aerated condition. Ethanol production (48.
at 220C and the column temperature at 170C. Injection 4 g/) was also much higher in the aerated condition
temperature was 210C. Helium was used as carrier gas than the non-aerated condition (17.7 g/I). When a small
at a flow rate of 20 m//min. n-Butanol was used as an amount of ergosterol (0.05 mg/l) and oleic acid (5 mg/l)
internal standard. Results were quantified with a Vista was added, the specific ADH activity was not affected

Table 1. Effect ergosterol and oleic acid on continuous ethanol production.

Condition® Specific ADH activity Protein  Cell mass Actual ethanol Final ethanol % sugar Ethanol yield
(U/mg-protein) content (%) (g-dew/l) production (g//) conc. (g/)  consumption (g-ethanol/g-sugar)

Non-aerated condition 2.130 37.1 16 17.7 177 (+0.2) 433 0409

Oleic acid (50 mg/l) plus 2272 164 21.0 411 4.1 (+14) 89.0 0462

ergosterol (5 mg/l)

supplement

Ergosterol (5 mg/) 1722 20.1 21.6 384 414 (+ 1.1 86.5 0.442

supplement

Oleic acid (50 mg/l) 2452 179 17.7 36.0 390 (+1.7) 76.1 0477

supplement

Aerated condition 2.196 184 422 484 484 (+1.0) 978 0.494

Results are steady-state determinations. Value in the parenthesis of final ethanol concentration is standard deviation of the mean. Values
in specific ADH activity and protein content are average values from three independent measurements, respectively. One unit of ADH
activity was defined as the4 change os absorbance per minute. Ethanol yield was calculated based on amount of sugar consumed. Cell
mass was determined as gram dry cell weight/liter. Actual ethanol production was obtained from final ethanol concentration by subtracting
initial ethanol concentration. Bioreactor operation conditions: 100 g/l sucrose feed, 025 h™' dilution rate. “Nitrogen was supploed to the

reactor at a flow rate of 10 ml//minm except aerated condition. Air was supplied to the reactor at a flow rate of 30 ml//min under aerated
condition.
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and its level remained almost the same as that of the
cells grown under the non-aerated condition. The specific
ADH activity, however, dropped significantly with the
addition of ergosterol (0.1 mg/l) and oleic acid (10 mg/l)
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Fig. 1. Effect of ergosterol and oleic acid supplement on conti-
nuous ethanol production. @—®, specific ADH activity; O—O,
actual ethanol production; A— A, protein content; A— A, cell mass;

B—WM, ethanol yield; O0—0, % sugar consumption. Refer to Table
1 for details.

Table 2. Effect of surfactant on continuous ethanol production.

and thereafter, it increased proportionally to the amounts
of ergosterol and oleic acid added to the synthetic sugar-
cane medium. Ethanol concentration, cell growth and su-
gar consumption also increased proportionally, but pro-
tein content and ethanol yield remained relatively cons-
tant, regardless of the amounts of ergosterol and oleic
acid added (Fig. 1). Maximum ethanol production (41.1
g/, which was comparable to ethanol production (484
g/l) in aerated condition, was obtained with the addition
of relatively large amounts of ergosterol (5 mg/) and
oleic acid (50 mg/l). When only ergosterol (5 mg/l) was
added (no oleic acid), the specific ADH activity decreased
slightly as compared to that with the addition of both
lipids, but when only oleic acid (50 mg//) was added
(no ergosterol), the specific ADH activity increased sligh-
tly. Nevertheless, the ethanol concentrations in both con-
ditions remained approximately the same (Table 1).

Effect of surfactant

The effects of surfactants (tergitol and tyloxapol) were
also measured. The results are presented in Table 2.
When only surfactants {4 ml of tyloxapol-ethanol mixture
(1:3, by volume) and 1.68 m/ of tergitol-ethanol mixture
(1:1, by volume)] were added, the specific ADH activity
of the cells increased from 2.130 to 3.639 U/mg-protein.
Ethanol production also increased from 17.7 to 30.3 g/l.
However, when the amounts of the surfactants added
were doubled, the specific ADH activity decreased signi-
ficantly from 3.639 to 1.903 U/mg-protein and the actual

Condition? Specific ADH activity  Protein

Cell mass Actual ethanol Final ethanol

% sugar Ethanol yield

(U/mg-protein)  content (%) (g-dcw/l) production (g/l) conc. (g/l) consumption (g-ethanol/g-sugar)
No surfactant supplement 2.130 371 16 17.7 17.7 (£ 0.2) 433 0409
Surfactant (1X) supplement® 3.369 259 111 303 330 (+08) 66.6 0455
Surfactant (2X) supplement* 1.930 181 88 26.8 328 (+16) 64.3 0410

Results are steady-state determinations. Bioreactor operation conditions: 100 g/ sucrose feed, 0.25 h~! dilution rate. “Nitrogen was supplied
to the reactor at a flow rate of 10 m//minm except aerated condition. "Same amounts of surfacants (tergitol and tyloxapol) were added
as in oleic acid (50 mg/l) plus ergosterol (6 mg/) supplement, and then doubled Refer to Table 1 for details.

Table 3. Effect of ergosterol, oleic acid and surfactant on continuous ethanol production at higher ethanol concentration level.?

Condition® Specific ADH activity Protein  Cell mass Actual ethanol Final ethanol % sugar Ethanol yield
(U/mg-protein)  content (%) (g-dcw/l) production (g/)) conc. (g//) consumption (g-ethanol/g-sugar)

Non-aerated condition 1.350 210 1.0 55 455 (+15) 212 0.259

Oleic acid (50 mg/l plus 2432 19.2 89 21.7 64.7 (= 11) 449 0.530

Ergosterol (5 mg/l) supplement

Surfactant (1X)° 0.826 140 44 7.7 50.7 (+12) 259 0.298

Aerated condition 2.507 211 329 345 745 (+1.7) 79.7 0433

Results are steady-state determinations. Bioreactor operation conditions: 100 g// sucrose feed, 40 g/l initial ethanol concentration®, 025 h™'
dilution rate. "Nitrogen was supplied to the reactor at a flow rate of 10 m//minm except aerated condition. Air was supplied to the reactor
at a flow rate of 30 m/min under aerated condition. ‘Same amounts of surfacants (tergitol and tyloxapol) were added as in oleic acid
(50 mg/l) plus ergosterol (5 mg/l) supplement, and then doubled. Refer to Table 1 for details.
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ethanol production also decreased from 30.3 to 26.8 g/,
even though the final ethanol concentration was not cha-
nged. It was reported that the surfactant interacts with
the hydrophobic portion of the membrane, affects mem-
brane permeability and possibly improves sugar and
other nutrients transports.*” That might be the reason
why cell growth and ethanol production were increased
in this study. However, it is not clear why the specific
ADH activity was increased significantly with the addi-
tion of surfactants in this study.

Effect of ergosterol, oleic acid and surfactant supp-
lement at higher ethanol concentration level.

The previous studies were performed in a one-stage
reactor system at relatively low ethanol concentration.
To test the effects of lipid supplements on cells exposed
to higher ethanol levels, absolute ethanol was added to
the synthetic sugar-cane medium to give 40 g// of initial
ethanol concentration level. As shown in Table 3, the
final ethanol ethanol concentration was 455 g/l at 0.25
h™! dilution rate under the non-aerated condition wi-
thout lipid supplement. Under these conditions, the ac-
tual ethanol production from the fermentation process
was only 5.5 g/l. Additional increases in the actual etha-
nol production as well as the cell growth were observed
when ergosterol and oleic acid were supplemented fo
the synthetic sugar-cane medium, although the increases
were much smaller than those at lower ethanol concent-
ration. The surfactant supplement alone didn’t show any
effect on actual ethanol production and the result was
the same as the control. Thus, the response of the cells
to the surfactant occurred only at lower ethanol concent-
ration level.

The specific ADH activity of the cells grown under
aerated condition at higher ethanol concentration level
was 2.507 U/mg-protein, which was higher than 2.190
U/mg-protein of the cells grown under aerated condition
without the initial ethanol addition. The specific ADH
activity of non-aerated condition, however, decreased to
1305 U/mg-protein. Moreover, when only surfactants
were supplemented, it dropped to 0.826 U/mg-protein,
but when ergosterol (5 mg/l) and oleic acid (30 mg/))
were added, it was maintained as 2.342 U/mg-protein,
which was similar to the level of the specificity ADH
activity of the aerated condition. These results suggested
that ergosterol and oleic acid supplements were more
effective at higher ethanol concentration level than at
lower ethanol concentration level for ethanol production.

Gel electrophoresis of alcohol dehydrogenase

In order to find out if ADH isozyme patterns of the
yeast cells grown under the various experimental condi-
tions, starch gel electrophoresis analyses of cell extracts

Fig. 2. Starch gel electrophoresis for measuring alcohol dehydro-
genase activity. Details are in Materials and Methods. (a) 1, ADH
standard; 2, non-aerated condition; 3, aerated condition; 4, ergoste-
rol plus oleic acid supplement; 5, only surfactant supplement; 6,
ADH standard; 7, non-aerated condition (40 g// initial ethanol con-
centration); 8, aerateed condition (40 g/l initial ethanol cencentra-
tion); 9, ergosterol plus oleic acid supplement (40 g// initial ethanol
cencentration); 10, only surfactane supplement (40 g/ initial ethanol
cencentration). (b) 1, ADH standard; 2, non-aerated condition; 3,
ergosterol (0.5 mg/l) plus oleic acid (5 mg/l) supplement; 4, ergoste-
rol (1 mg/l) plus oleic acid (10 mg/) supplement; 5, ergosterol
(2.5 mg/h) plus oleic acid (25 mg/l) supplement; 6, ergosterol (5
mg/l) plus oleic acid (50 mg/l); 7, only oleic acid (50 mg/l) supple-
ment; 8 only ergosterol (5 mg/l) supplement; 9, aerated condition;
10, ADH standard.

were conducted. As shown in Fig. 2.a, each sample had
only one major band indicating the absence of isozymes.
It was previously reported that at least three isozymes
(ADH 1, 1L, IID) existed in S cerevisiae*Y ADH I, howe-
ver, is a classical fermentative enzyme responsible for
ethanol formation during anaerobic condition whereas
ADH 1II and III are concerned with ethanol metabolism
in aerobic condition. Accordingly, the one major band
found (Fig. 2 a-b) was tentatively identified as ADH 1
isozyme because of the anaerobic conditions under which
the cells were grown. When ergosterol and oleic acid
were added to the culture, the major ADH isozyme band
migrated farther toward the anode from origin than
those from cells not receiving the lipid supplement. The
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results suggest that the surfactant molecules interact
with the ADH I protein, changing its electrophoretic pro-
perties. The ADH isozyme patterns from the cells trea-
ted with varing amounts of ergosterol and oleic acid
are given in Fig. 2.b. The trend for an increase in inten-
sity of the ADH activity on the gel was consistent with
that of the total ADH activity shown in Fig. 1. When
the amount of ergosterol and oleic acid supplement was
increased gradually, the ADH isozyme patterns changed
only slightly.

Discussion

Ergosterol, oleic acid and surfactant stimulated cell
growth under non-aerated condition, but their effects
wasn’t enough to be equal to the aeration effect. The
possible explanation is that the lipids and surfactants
increased membrane permeability, enhanced nutrient
transports including sugar uptake, and especially with
ergosterol, stabilized the membrane structure® From
the data of the experiments to measure the relationship
between lipid supplements and ADH activity, there was
no significant difference in the specific ADH activity of
the cells cultivated under the aerated and non-aerated
condition, or under non-aerated condition with ergosterol
and oleic acid supplement at relatively lower ethanol
concentration. At higher ethanol concentration (>40 g/l),
there was a difference in the specific ADH activity of
the cells grown under the aerated and the non-aerated
condition. The specific ADH activity of the cells grown
with the supplementation of ergosterol and oleic acid
was almost as high as that of the aerated condition. The
specific ADH activity of the cells supplemented with only
surfactant dropped remarkably at higher ethanol concen-
tration. Thus, a complex array of interactions seems to
occur between membrane components that affect trans-
ports, metabolic activities and membrane stability.

ADH might be one of many enzymes whose activities
are effected by the lipid environment of plasma memb-
rane. From the results of this study, it can only be sug-
gested that ergosterol and oleic acid stabilize the memb-
rane structure of yeast cells and maintain the ADH acti-
vity at high ethanol concentration level. However, accor-
ding to results on the starch gel electrophoresis, ergoste-
rol showed no evidence for the regulatory roles to cont-
rol the ADH isozyme patterns and activity during ethanol
production. The most possible function of ergosterol mi-
ght be related to the bulk function to control the physical
state of the yeast membrane. According to the results
presented in this study, the high ADH activity of yeast
cells wasn't necessarily translated to high ethanol produ-
ction. The cell growth was apparently a more important
factor for ethanol production. This relationship is clearly

60
a.
— SOT o)
3% o
S R
gv 40 (o) %
£ 5 o
2.2 30L O
-8 o)
E] O
g8 wr ®°
<5
8.
10+
°© o
0 " L i - L 1 —_
0 1 2 3 4

Specific ADH activity
(U/mg-protein)

Actual ethanol
production (g/L)

0 1 N 1 . .
0 10 20 30 40 50

Cell mass (g-dcw/L)

Fig. 3. Relationship of specific ADH activity of yeast cells and
cell mass of the bioreactor to ethanol production. (a) specific
ADH activity versus ethanol procuction, (b) cell mass versus ethanol
production.

expressed in Fig. 3 a-b.
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PS4 oyt Y HE HAE ME 2SO0 o8t oIEE MWMFT XF M SF
2FE ALAZTFHIAD

X8 : Saccharomyces cerevisige®] 1AS 2 e AER FAE d&54 ABNSTNA o WA AFE Hr}
QS AT7ATh AYFHA] Gz ds oA ok A R e ¥ ¢4TL @A R A(aleohol dehydroge-
nase, ADH)9] v @A EE SAsqrt. F57] =A% A ergosterol®} oleic acidE M X widde] HrlstgdSd,
g AAFI T HEo] A FUIFoY, ¢FEE 52849 ¥EAEE FdES ¥R ¥t 57
587 27 9 37 248A dojxl AY MEZH] d:E G454 F4 HFEYEE Ao7t I AHEAA
A7z AErE A, 74 A, d2E @FihFEL YL} F3A S8 L5Ed0 gl o) oEh&e
EE AxutAel ergosterol?} oletic acid FH7IA| = et MAZE, TA AL, €2 5Ll ¥EYrt
F71lg o, AREAA ArMAlde 23 QIdth wekd, A Artade AFE o8gg 2dd v 1ve
ogr-g EAA ZA AE3AUTE AE7ER] G AA dolA P& M X gFTE G52 F4 9 isozyme patterens
A71GT N o3 ZAMG 23 ADH 102 F3H= 3749 isozymewto] #Q1slon, isozymed] o]FAE
Ao Wiz we} <te] zfolzt QU Jeke AAFN FFHL Efaas HEAHTAlY FRABAE
AEEA gotod, 43 L BFLaL HBAEOE @A Fo] dvg AN ¢ Fagd AAR gk

*AHA =}




