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The optimum conditions for glucoamylase production, and ethanol productivity of the transfor-
mant TSD-14 were investigated as compared with the parental strains. The properties of TSD-14
were comparatively similar to the donor S. diastaticus IFO 1046 as regards the conditions of glu-
coamylase production and ethanol productivity. The soluble starch was the most effective carbon
source for the glucoamylase production. While inorganic nitrogen sources did not prompt cell
growth and enzyme production, the organic nitrogen sources generally enhanced both cell growth
and glucoamylase production. The metal salts such as FeSO4, MgS0O,, MnCl;, and NiSO, were
favorable to the enzyme production. And the optium temperature and initial pH for glucoamylase
production were 30°C and 5. The transformant TSD-14 produced 8.3%¢(v/v) ethanol from 15%
sucrose medium, 4.8%(v/v) ethanol from 15% soluble starch medium, and 7.5%(v/v) ethanol
from 15% liquefied potato starch medium. The corresponding fermentation efficiency were 84%,
45% and 70%, respectively.

We previously reported that the yeast transfor-
mation without a foreign vector, using only partial-
ly BamHI-digested the chromosomal DNA of Sac-
charomyces diastaticus in an attempt to introduce
the capability of starch utilization into S. cerevisiae,
and obtained the transformants capable of conver-
ting soluble starch to ethanol directly(1).

In the present work, the influence of different
culture conditions on glucoamylase production of
the most desirable transformant TSD-14 was inves-
tigated. And the ethanol productivities from 15%
sucrose, soluble starch, and potato starch liquefied
by treatment with alpha-amylase were compared
with those of the parental strains.

Materials and Methods

Strains

The yeast strains used in this work are listed in
Table 1.

Media and Culture conditions

The culture medium for glucoamylase produc-
tion consisted of 2% glucose, 0.3% (NH,),SO,,
0.05% KH,PO,, 0.05% MgSO,7H,0 and 0.1%
yeast extract. And the cultivation was carried out in
a 100 m/ Erlenmyer flask containing 20 m/ of the

Table 1. List of strains used

Strain Genotype Remark

S. cerevisiae X2180-1A a SUC2 mal mel gal2 recipient

S. diastaticus IFO 1046 ~ CUP1 wild type donor
heterologous
TSD-14
transformant
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Table 2. Effect of carbon source on glucoamylase pro-
duction
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Table 3. Effect of nitrogen source on glucoamylase pro
duction

S. diastaticus IFO 1046 TSD-14 . S. dustaticus IFO 1046 TSD-14
Carbon source Nitrogen source

Growth Glucoamy- Growth Glucoamy- Growth Glucoamy- Growth Glucoamy-

(620nm) lase(U) (620nm) lase(U) (620nm) lase(U) (620nm) lase(U)
D-glucose 2.20 0.45 2.46 0.45 NH4CI 0.47 289  0.68 7.27
Maltose 2.58 0.32 2.16 0.56 NH4H2PO4 0.18 1.67 0.36 1.94
Sucrose 2.37 1.27 2.21 1.80 (NH4)2504 0.49 317 0.70 7.87
Dextrin 1.46 3.52 1.33 7.15 Casamino acid 0.75 5.56 3.19 9.57

Soluble starch  1.36 14.95 1.47 17.60

Various carbon sources were added at final concentra-
tion of 1%(w/v) to basal medium that consisted of 0.3%
(NHy2S04, 0.05% KHyPO4, 0.05% MgS04 7H50, and
0.1% yeast extract. Other culture conditions are in Ma-
terials and Methods.

medium at 30°C for 4 days.

In flask experiments, fermentation medium con-
sisted of 0.3% (NH,),SO,, 0.1% KH,PO,, 0.2%
MgSO,-TH,0, 0.2% yeast extract, and 15% carbo-
hydrate such as sucrose, soluble starch, or liquefied
potato starch. Fermentation was conducted in 250
m/ flasks with 200 m/ medium per flask at 30 °C for
12 days.

Glucoamylase assay

Quantitative assay for glucoamylase activity was
performed by a modification of the method of So-
mogyi-Nelson as reported previously(1).

Liquefaction of potato starch

As the substrate for the ethanol fermentation,
potato starch was liquefied. A 15% (w/v) suspen-
sion of potato starch (Hayashi) was prepared in dis-
tilled water. When the temperature reached 50°C,
0.08% (v/w, to starch content) of Thermamyl (al-
pha-amylase, Novo) was added and the tempera-
ture was raised to 90 °C with continuous stirring for
20 min. After liquefaction, the liquefied potato
starch was used for preparing the fermentation me-
dium.

Ethanol fermentation

Ethanol fermentation was carried out in 250 m/
flask with 200 m/ medium per flask. The flask was
equipped with air restrictor containing sulfuric acid
as described by Ueda et al/(2). For quantitative
assay of ethanol productivity, the flask was in-

Corn steep liquor 2.44 9.12 2.16 13.89
Meat extract 1.74 8.74 3.72 11.07
Peptone 4.12  21.56 4.01 22.78
Yeast extract 4.03 11.67 3.94 18.92

Various nitrogen sources were added at final concentra-
tion of 0.4%(w/v) to basal medium, which consisted of
2% soluble starch, 0.05% KH3POy4, and 0.05% MgSO,-
7H30. Other culture conditions were as in Table 2.

cubated at 30°C for 12 days and measured the loss
in weight resulting from carbon dioxide produc-
tion. The result was converted to ethanol equiva-
lent.

Results

Effect of carbon source on glucoamylase produc-
tion

We examined the effect of various carbon
sources on the production of glucoamylase. As
shown in Table 2, soluble starch was the most effec-
tive carbon source. Glucose, maltose, and sucrose
were good for growth but not for the glucoamylase
production.

Effect of nitrogen source on glucoamylase produc-
tion

The effect of nitrogen source was investigated by
adding various kinds of organic or inorganic nitro-
gen sources. Each of the indicated nitrogen sources
was added to the basal medium containing 2% solu-
ble starch, 0.5% KH,PO,, and 0.05% MgSO,
7TH,O. As shown in Table 3, inorganic nitrogen
sources did not prompt cell growth and enzyme
production. The organic nitrogen sources tested ge-
nerally enhanced both growth and enzyme produc-
tion. In particular, the addition of peptone or yeast
extract were favorable for cell growth and glucoa-
mylase production.
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Table 4. Effect of metal salt on glucoamylase produc-

tion
Metal salt S diastaticus IFO 1046 TSD-14
(2x10*M)  Growth Glucoamy- Growth Glucoamy-
(620nm) lase(U) (620nm) lase(U)
None 2.42 14.44 2.56 15.23
BaCl, 2.35 9.39 2.37 15.00
CaCly-2H,0 2.20 11.76 2.50 15.63
CoCly 0.66 4.74 0.71 6.25
CuS045H,0 0.89 10.14 2.43 14.07
FeSO47H,0  2.68 19.28 2.92 21.07
HgCl, 0.09 0 0.06 0
LiSO4 0.76 5.74 2.12 14.80
MgS047H,0  2.38 15.96 2.60 18.24
MnCly-4H,0  2.35 15.60 241 16.44
NiSO47H,0  2.48 16.48 2.59 15.20
PbCl, 0.62 5.35 0.65 493

Various mineral compounds were added at the indicated
concentrations to a medium consisting of 2% soluble
starch, 0.3% (NH4)2S04, 0.05% KHPO4, 0.05%
MgS04-7H20, and 0.1% yeast extract.

Effect of metal ions on glucoamylase production

The effect of metal ions at a concentration of
2x10*M was examined. As shown in Table 4,
FeSO,, MgSO,, MnCl, and NiSO, prompted the
cell growth and enzyme production. But CoCl,,
HgCl, and PbCl, markedly inhibited both cell
growth and glucoamylase production.

Effect of initial pH on glucoamylase production

The effect of the initial pH of culture medium
on the glucoamylase production was investigated as
shown in Fig. 1. When the initial pH of the medium
was 5.0, the enzyme production and cell growth
were markedly increased, and outside the pH of 5.0
those were not favorable.

Effect of temperature on glucoamylase production

To examine the optimum temperature for the glu-
coamylase production, the cultivation was carried
out at temperature range of 20°C to 50°C. As
shown in Fig. 2, cell growth and glucoamylase pro-
duction reached maximum level at 30°C. But cell
growth and glucoamylase production were severely
decreased above 40°C.

Ethanol productivity
Ethanol productivities of the transformants and
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Fig. 1. Effect of initial pH on glucoamylase production,
The medium consisted of 2% soluble starch, 0.3%
(NH4)2504, 0.05% KH2PO4, 0.05% MgSO4-7H20, and
0.1% yeast extract, and the initial pH of the medium was
adjusted at 3.0 to 8.0 by addition of 0.5N NaQH or HCL.
Symbols: e, cell growth; 0, relative activity,
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Fig. 2. Eifect of temperature on glucoamylase produc-
tion.

S. diastaticus IFO 1046 and TSD-14 were cultured in the
medium described in Fig. 1 at various temperatures.
Symbols: e, cell growth: o, relative activity.

the parental strains from sucrose, soluble starch, or
liquefied potato starch were investigated. Fig. 1 (A)
shows the results of ethanol yields of the strains in
15% sucrose medium. After 12 days fermentation
at 30°C, the recipient S. cerevisiae X2180-1A and
the donor S. diastaticus IFO 1046 produced 9.3%
(v/v) and 7.8% (v/v) of ethanol, respectively,



Vol 16, No. 6
ok 167 A)sucrose [ B)soluble [ Q) liquefied
= starch potato
/. starch
< s} 12 ¥ od
S /:/ ~-8
s sl N Vol
; 6 \Eg /o n/
g T8p i i
s ot
S 4rE I /) [ E
Ny i
é" o4 ] o i
2 2 2 /
B L)
oL_0 . AP Lomraions

0 4 8 0 4 8 0 4 8 12
Culture time (day)

Fig. 3. Ethanol productivity from15% sucrose, soluble
starch, and liquefied potato starch.

Ethanol fermentation was carried out in 250 m/ flask
with 200 m/ medium per flask, which was equipped with
air restrictor containing sulfuric acid, as described in
Materials and Methods. Symbols: @ , TSD-14; 0, S.
diastaticus IFO 1046; x, S. cerevisiae X2180-1A.

whereas the transformant TSD-14 produced 8.3%
(v/v) of ethanol. The ethanol productivity of TSD-
14 was not only better than that of S. diasaticus
IFO 1046, but also comparable to that of S. cerevi-
siae X2180-1A.

Fig. 2(B) shows the ethanol productivity of the
transformant from 15% soluble starch medium
compared with those of the parental strains. The
transformant TSD-14 produced 4.83% (v/v) of
ethanol, while S. diastaticus IFO1046 produced
4.77% (v/v) of ethanol. In contrast, S. cerevisiae
X2180-1A was unable to grow and ferment soluble
starch at all.

By using 15% liquefied potato starch medium,
we examined the application possibility of the
transformant TSD-14 for elimination of the sepa-
rate saccharification step from the industrial pro-
cess of ethanol fermentation composed of gelatini-
zation of raw starch, liquefaction, saccharification,
and fermentation. As shown in Fig. 3 (C), the etha-
nol yields of the transformant TSD-14 and the do-
nor S. diastaticus IFO 1046 in liquefied potato
starch medium were enhanced to 7.48% (v/v) and
7.35% (v/v), respectively, compared with those in
soluble starch medium. However, the recipient S.
cerevisiae X2180-1A produced very little ethanol.

Discussion

In previous study, we descrived transformation
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of the intact Yeast cells by partially BarmHI-diges-
ted chromosomal DNA of S. diastaticus to develop
a new brewing yeast that produces glucoamylase
and efficiently ferments soluble starch(l). Among
the transformants, TSD-14 seemed the most promi-
sing strain as regards glucoamylase production and
ethanol formation.

Thus, in this study, we examined that the culture
conditions for glucoamylase production, and etha-
nol productivities from various media. The glu-
coamylase productions of S. diastaticus and TSD-
14 were considerably dependent on the culture con-
ditions. As shown in Fig. 1, soluble starch and dext-
rin were favorable for the glucoamylase produc-
tion. Glucose, maltose, and sucrose did not result
in much production of the glucoamylase. The de-
crease in glucoamylase activity seen with the addi-
tion of glucose, maltose or sucrose suggests that the
glucoamylase is regulated through a glucose cata-
bolite repression mechanism. The organic nitrogen
sources tested generally enhanced both cell growth
and enzyme production, but inorganic nitrogen
sources did not. The peptone and yeast extract were
most effective. In the production of microbial en-
zymes, metal salts have been known to play impor-
tant role. In this work, FeSO,, MgSO,, MnCl, and
NiSO, had favorable effects, but CoCl,, HgCl,,
and PbCl, repressed severely cell growth and the
glucoamylase production. The optimum tempera-
ture for the glucoamylase production was 30°C,
whereas that for enzyme activity was 50°C (1). And
pH 5.0 was most favorable initial pH for cell
growth and enzyme production. These results are
similar to Laluces’s investigation(3).

To investigate the ethanol productivity, 15%
sucrose, soluble starch, and liquefied potato starch,
were used. The transformant TSD-14 produced
8.3% (v/v) of ethanol from 15% sucrose medium,
4.8% (v/v) of ethanol from 15% soluble starch
medium, and 7.5% (v/v) of ethanol from 15% li-
quefied potato starch medium, and the correspon-
ding fermentation efficiency were 84%, 45%, 70%,
respectively. These results were interpreted as evi-
dence that the conversion from starch to glucose
was the most limiting step in the starch fermenta-
tion, and the debranching activity of the S. diasta-
ticus glucoamylase was very weak compared to
alpha 1-4 glucosidic bond activity(4).

On the other hand, the transformant TSD-14
did not produce phenolic off-flavor in contrast to
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the donor S. diastaticus(5) (data not shown). The
properties of transformant TSD-14, presented in
this work, suggest that it could be developed for the
ethanol production from starch materials by fur-
ther strain improvements, such as gene manipula-
tion or protoplast fusion techniques.
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