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Glucoamylase and ethanol productivities of HSDD-170 and HSDM-119 formed by S. cerevisiue and S. diustaticus
protoplast fusion were investigated. For the production of the glucoaniylase, soluble starch as carbon source, yeast ex-
tract and C.5.L as nitrogen source added into the basal medium were favorable. The production of the enzynie reached
at maximuni after cultivation of the fusant for 4 days at 30°C, aerobically. The properties of glucoamylase produced by
fusants were very similar to thuse produced by S. diastaticus as based on optimum termperature, pH, and pH stability

In alcohol fermentation from starch, strain HSDD-170 fermented starch faster than either of its parental strains. The
maximun of alcohol yield in 15% of liquefied potato starch was 7.5% (v/v),
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Table 1. List of strains used.
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Strain Genotype quccu_ Origin
lation

S.diastaticus IFO 1046 wild —
S.diastaticus A4 thr —
S. cerevisiae DI13-1A his 3, trpl, gal2 —
S.cerevisiae MC 16 leu2, his 4, ade 2, lys 2

_ . fusant from S.cerevisiae
HSDD-170 wild Tt D 13-1AXS. diastaticus A4
HSDM-119 wild _ fusant from S.cerevisiae

+ starch (soluble starch or liquefied potato star-
ch) 15%, (NH,),SO,0.3%, MgSOgs7H,0 0.2
%, KH,PO, 0.1%, yeast extract 0.2% (pH 5. 3)
Z4 2 vz & ALREE et oW fusantZ HSDD
-170 #F+ 418 flocculationAd -2 ¥.9i o}

GlucoamylaseEAEM XX

Al 1 B9} £ 3A Somogyi-Nelson® @ o3
enzyme activity 5 A st¢d o}

Glucoamylase®2| polyacrylamide geloll 2{F 24

Fusant 7} 4 4 3} glucoamylase-8 polyacrylamide
gel electrophoresis¥} o2 Y-8 Bk} FF&
YPS ull A Aol A wiokdt & AR
(NH,),S0.,3 994 3}:, 1mM phosphate buffer
(pH 6.0) Aol A 3% FA5le] A7 53 5
Aloll A cell g saline 2.2 23 AAM3 5 2o
2ke] 0.1M acetate buffer (pH 5.0) 0l &E3 &
sonication (20Kwz, 60sec X 3) 5}o{ intracellular type
o2 slo A7) od53lgict polyacrylamide gel &
7194 &2 B. J. Davis'® 2] high pH discontinuous sy-
stem 2. 2 sl ov] HAMNEZAL 1lane™ 2mASE
shoich

Alcohol &4 &3] ZA}

@ Glucosez2 EE{2| alcohol&l% 2

Parent ¢} fusant & glucose”} 15% A 7l3 # &
s Zlell A Fslo] alcohol WE 5 ZAFEgIch 250
mi Atz EelATo] BE wok WA 200mlE  FHE
F alcohol & & AAste] TE 1% /N HFE
g ohF 30CelA 12997 A A okstadct, olu] F
A3 Azt AdgHel wal AAEHE CO, o F
2 iz HEES A=l BA S ethanol 3

FHeted dag vFEAE stk
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1,000ml o} @Etsp o 7ol NovoAbe| e-amylase
(A F 9 Termamyl)-& £ starchell tHall 0.8% &

Table 2. Effect of carbon sources on growth

and glucoamylase production.

\Qirbon

Glucose Maltose Dextrin Soluble
source St&l‘Ch
Strain
S.diastaticus 11.5% 3.5 144.4  420.9
IFO 1046 (wild) (4.95)** (5.61) (2.91) (4.72)
S.diastaticus 6.8 1.0 82.0 280. 5
A4 (3.28) (3.72) (1'37) (1.14)
S. cerevisiae — k% - — -
D13-1A (4.95) (3.19) (0.43) (0.26)
_ 6.2 - 360.2  432.0
HSDD-170 (6.99) 4.32) (2.90) (5.69)
R - 8.93 268.2 412.3
HSDM-119 5 94)  (5.02) (2.64) (5.53)

Cells were cultured in the minimal medium (N so-
urce:C. S.L.0.2%) containing various carbon so-
urces for 4 days. Glucoamylase activity was mea-
sured at 50C for lhour in the 0.1M acetate bu-
ffer (pH 5.0).

*One unit of enzyme activity was defined as the
activity forming 1ug glucose per m! reaction mix-
ture in a minute under standard condtions.

**Cell growth 0O.D.at 620nm.

***Less than lunit.
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Table 3. Effect of nitrogen sources on growth and glucoamylase production.
Nitrogen Bacto- Yeast
~ scurces (NH,), SO0, NH,Cl Peptone tryptone extract C.S.L.
Strain
S.diastaticus 82.5* 95.0 206. 3 249.0 450.0 325.5
1F O 1046 (wild) 0.17)** (0. 47) (3.47) (4.53) (3. 87) (4.09)
S.diastaticus 0.7 5.8 156. 3 199.4 300.0 175.5
A 4 (thr) (0.08) 0.11) 2.17) (2.82) (2. 99) 3.01)
S.cerevisiae — kEx - - - - -
D 13-1A (0. 08) (0. 23) (0.39) (0. 40) (1. 14) 4.09)
40.0 26.4 174.9 114.9 444.0 452.0
DD- .
HSDD-170 0.27) (0. 31) 5.53) (3.21) (5. 76) . 99)
12.0 85.2 212.5 181.5 .424.5 396.4
HSDM-
119 0.17) (0. 48) (3. 23) (3.77) (4. 01) (5. 99)

Cells were cultured in starch minimal medium countaining various nitrogen sources for 4 days. Glucoa -
mylase activity was measured at 50C for 1hour in the 0. 1M acetate buffer (pH 5. 0).

*One unit of enzyme activity was defined as the activity forming 1 ug glucose per ml

ture in a minute under standard conditions.
**Cell growth O.D. at 620 nm.
***.ess than 1 unit.
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Fig.1. Time courses of glucoamylase production.

Time courses of glucoamylase production by stra-
ins S.diastaticus IFO 1046 (® — @), HSDD-170(C
~ 0),and HSDM-119(&a — 4). Cells were grown
at 30°C for various intervals. Glucoamylase acti ~
vity was measured at 50C for 1hour in the ace-
tate buffer (pH 5.0).
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Fig. 2. Effect of pHon the activity of gluceo-
amylase.

pH dependencies of glucoamylase secreted from

strains of S.diastaticus IFO 1046 (® — ®), HS-

DD-170(C — ©), and HSDM-119 (A — A) were ex-
amined in the various pH (2.0 to 8.0) at 50C for
1 hour.
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Fig. 3. Effect of temperature on the activity of
glucoamylase.

The glucoamylase activity of S.diastaticus IFO
1046 (®# — @ ), HSDD-170 (O — O ), and HSDM-119
(A — A) was measured at each temperature for 1
hour in the 0, 1M acetate buffer (pH 5. 0).
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Fig. 4. pH stability of the glucoamylase.

The enzyme solutions adjusted to pH2.0(&a~-A),
5.0(0 - ©O) and culture broth(pH 5.8, ® -~ ®) we-
re preincubated at 30C for various intervals. The
remaining activity of glucoamylase was measured
at 50°C for lhour in the 0.1 M acetate buffer
(pH 5. 0).
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Fig. 5. Polyacrylamide gel electrophoresis pa-

ttern of proteins isolated from yeast.

An aliquot of each sample was analysed by 0.7%
polyacryl amide gel electrophoresis (2mA/lane).
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Fig. 6. Alcohol fermentation in glucose medium.

The fermentation was preformed by standing cul-
ture in a medium containing 15% glucose, 0.3 %
(NH,),SO,, 0.2% MgSO0,-7H,0, 0.1% KH,PO, and
0.2% yeast extract (pH 5.0) and yeast seed was
inoculated to 1% (v/v). The ethanol produced was
measured after 12 days at 30°C.

The simbols: O— 0 ;S. cerevisiae, ®— @® ;S. dias-
HSDD-170, m— M ;HSDM-119

taticus, [ '— [ .
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Table 4. Alcohol productivity of fusants in st-

arch media.

Alcohol Fermenta-

Starch(15%) (v/v%) tion ratio{%)

Strain

S. digstaticus IFO1046 3.1 29.2

. " S.cerevisiae D13-1A 0 0
Soluble starc] HSDD-170 59 55.1
HSDM-119 5.1 47.7
S.diastaticus IFO1046 6.2 57.9
Liquefied S.cerevisiae D13-1A 0.5 4.5
potato starch  yepp-170 6.7 62.6
HSDM-119 6.6 61.7

The ethanol produced was measured after 12 days
fermentation at 30C without any shaking.
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Fig. 7. Alcohel fermentation in liquefied potato
starch.

The fermentation was performed by mini jar fer-
menter (Model No. M-100, TOKYO RIKAKAKU KK)
in a medium containing 15% of potato starch, lig-
uefied with a-amylase, 0.3% (NH,},SO,, 0. 2% Mg-
SOs7H,;0,0.1% KH, PO, and 0.2% yeast extr-
act (pH5.0) and yeast seed was inoculated to 1%
(v/v). pH was not controlled during the fermenta-
tion and the ethanol produced was measured after
4 days at 30TC.

Alcoho! production=3. §%

Fermentation yield (yield/total sugar)=33.6%
Fermentation ratio (yield/consumed sugar)=73. 0%
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Fig. 8. Alcohol fermentation in liquefied potate
starch.

The fermentation was performed by mini jar fer-
menter(Model M-100, TOKYO RIKAKAKU KK)in
a medium containing 15% potato starch, liquefied
with a-amylase, 0. 3% (NH,),S0,, 0.2% MgSO, 7-
H,0,0.1% KH,PO, and 0.2% yeast extract, pH
5.0 and yeast seed was inoculated to 1% (v/v).
During the fermentation, pH was adjusted to 4.2
by 1 N NaOH. The ethanol produced was measured
after 4 days at 30C.

Aleohol production=7, 5%

Fermentation yield (yield/total sugar)=70.0%
Fermentation ratio (yield/consumed sugar)=81.3%
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