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The activity of glucoamylase and pultulanase, properties of glucoaniylase and ethanol pruductivities of tusants were
studied. Glucoamylase and pullulanase activity of fusants were higher than parents. The vptimal pH and temperature
of glucoamylase of fusants were very similar to the those produced by S. diastaticus. In alcohol fermentation, fernien-
ting ability and fermentation rate of fusants were higher and faster than either of its parental strain. The maximum of

alcohol yield in 15% of liquefied potato starch was 7.8% (v/v).
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Table 1. List of strains used

Strains Phenotype Remark

S.diastaticus IFO 1046 Wild type

S.diastaticus Ad thr~ NTG mutant of

S.diastalicus

C. tropicalis IFO 0589 Wild type
C. tropicalis RCT-40 lys~ NTG mutant of
C. tropicalis
Wild type A4 X RCT-40
Wild type A4XRCT-40

FPDC-42

F
usant  EppC-43

bR x|

Amylase production-2 9§ vl 2] = yeast extract
1%, soluble starch 2% YPSE A}-&slgiz, 4+
7z} flaskoll 4] & x| "wl¥] © 2 alcohol W& E 93} v)
2= a—amy]asei- N 3}3} potato starch =+ so-
luble starch 10%, (NH,),SO, 0.3%,MgSO, 7H,0
0.2%, KH,PO, 0.1%, yeast extract 0,2% & 3}
Azt
~ Jar-fermenteroj| A4 2] #F ) x| & liquefied potato
starch 15% (NH,),SO, 0.3%, KH,PO,0.1%, MgS0
7H,0 0.2%, yeast extract 0.2% &2 3lQch o}l &
v 2] = 3 B9 Zqldlc)

Glucoamylase test2} pullulanase test

Nelson- Somogyi ol ¢lsle] &=A sl om &
LB o g e YPS vix]AdollA 4 U7t A edul okt uf
4 YAg dAEs o AFAE A LA
o] vbg- ulw]o A1 RC9L Fon lunitE E W
oA 1 ug/ml 2] glicose 5 1+-7ko]
4202 319l Pullulanase test= glucoamyl -
ase test®} TA3Y 71224 1% pullulan &
AL&-5h g ek

Alcohol H2¢

WEo 250mi & Haled Aol wel FHFE F
hydrometer 2 4] 27 3}9ich

ThebE A

il 5miE e ARG F 2 AEA
1mlS F3led AA vj gz 3Hsld 2 FAHNF
1ml{E round flaskell ¥ 3 ¢c-HCl 2ml, SF5 20
ml & #7}ste] 100C 1A 4 A2 AF ARl
& 2N-NaOH=2 A pH5-622 adjustdt ¥ 100 ml
mass flaskoll ZF4 2 fill upAl#HAA ©1F 0.5ml &
2] 5l Nelson-Somogyisd¥ o & &A1 319},

W& ZAL

@ H=xlYof 2lst UH =A

Alcohol 2t &8 & 2 A}st7] #5he] 250mi 4H7 fla-
skol| soluble starch®} liquefied potato starch 77+

o]

A4 e
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Table 2. Glucoamylase and pullulanase activity

of parents and fusants

. Amylase Pullulanase
Strains ; ,
(unit) (unit)
S.diastaticus A4 228.3 24.9
C. tropicalis RCT-40 147.1 61.3
FPDC-42 374.4 121. 2
FPDC-43 352.6 125. 6

Cells were cultured in YPS medium at 30C for 4
days. Glucoamylase and pullulanase activity were

determined with Somogyi-Nelson method at 50 C
for 1 hour in the 0. 1M acetate buffer (pHS5.0).
One unit of enzyme activity was defined as the
activity forming lug glucose per m{ rection mix-
ture in a minute under standard conditions.
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Fig.1. Effect of pH on the activity of gluco -

Relative activity(%)

amylase.

The glucoamylase activity of S.diastaticus A4
(aa—a) FPDC-42(® —@®) and FPDC-43 (O—0)
were examined in the various pH at 50C for 1
hour.
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Fig.2. Effect of temperature on the activity

of glucoamylase.

The glucoamylase activity of S.diastaticus A4
(a—a), FPDC-42 (®# —®) and FPDC-43(0—0)
were measured at each temperature for 1 hour
in the 0.1M acetate buffer (pH 5.3).
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Fig. 3. Alcohol fermentation in soluble starch.

The fermentation was performed by standing cul-
ture in a medium containing 10% soluble starch,
0.3% (NH,) ,S0,,0.2% MgS0,-7H,0, 0. 1% KH,PO,
and 0.2% vyeast extract (pH 5.3).

The yeast seed was inoculated to 1% (v/v). The
ethanol produced was measured after 12 days at
30C.

Symbols;S. diastaticus [F01046 (4 —a), C. tropi-
calis IFO0589 (Aa—A), FPDC-42 (@ — @), FPDC-
43(0—0).
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Fig. 4. Alcohol fermentation in liquefied potato
starch.

The fermentation was performed by standing cul-
ture in a medium containing 10% liquefied potato
starch, 0.3% (NH,),S0,, 0.2% MgS0O,-7H,0, 0.1
% KH,PO, and 0.2% yeast extract (pH 5. 3).
The yeast seed was inoculated to 1% (v/v). The
ethanol produced was measured after 12 days at
30C.

Symbols: S. diastaticus IF01046 (a— &) C.lro -
picalis IFO0589 (A—A), FPDC-42(® —@®) F -
PDC-43 (O—0).
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Fig.5. Alcohol fermentation in liquefied potato
starch.

The fermentation was performed by mini jar fer-
menter (Model No. M-100, Tokyo RIKAKAKU K.K)
in the medium containing 15% of potato starch,
liquefied with a-amylase, 0.3% (NH,),S0O, 0.2 %
MgS0,-7H,0,0.1% KH,PO, and 0.2% yeast ex-
tract (pH 5.3). 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 me-
asured after 4 days at 30C.

Alcohol production=7.8%

Fermentation yield (yield/total sugar)=73%
Fermentation ratio (yield/consumed sugar)=78%
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A 3P} ALE3E potato starche] 3 %o
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s}ed o3 & fusant®] glucoamylase”} pullulanase 2]
activity 5 A gt 753’41: fusant 2] glucoamylase+ S.
diastaticus B.v} 2 1 5w &Alo] Ekrl oA
S.diastaticus 2] gluicoamylaseol] ©H 3 gene-2> STA
1, 2, 3°] A2 unlinked®]e] 3. STA 1 gene -=
MAT geneoll 2]3}¢] repression®le] i =3
7} Yamashita®2} Suzuki*2*%o)| 2|5} B x]o] gl
o}, Fusion& %3l & §3o] ddojdw STA 1
geneol] o 3ko§ derepressione] Loid 7154 o] Y},
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Table 3. Alcohol fermentation from soluble and liquefied starch.

F Subs- Ini- | pH | FermenH Al- | Fermenta- ..
ermenta- Substrat Temp.| . 1 R i K . Remaining
tion method ubstrate| trate ©) tial | con- | tation Strains cohol| tion ratio sugar
(%) pH | trol |day @)l (%)
12 S.diastaticus|{ 2.1 29.2
IF01046
Soluble 10 30 5.3| No 12 C. tropicalis 0.5 7.0
starch IF 00589
Flaske 12 FPDC-42 2.5 34.8
scale 12 FPDC-43 2.4 33.4
(without ; ;
shaking) 12 S.diastaticus| 4.2 58. 4
IFO1046
Liquefied*| 10 30 5.3| No 12 C. tropicalis 1.3 18. 1
starch IF 00589
12 FPDC-42 5.0 69.6
12 FPDC-43 5.1 71.0
Jar- Liquefied* Yes _ Total 0.9%
fermenter | starch 15 30 5.3 4. 2 4 FPDC-42 .8 sugar 73% | 6% to
Consumed total
sugar 78% sugar)

*Potato starch was liquefied with a-amylase of Bacillus licheniformis.
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A st s oul) UF AL Au|Fo] o3}
o 7.8% % FYA ol & FheAel Ur Aoz i
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