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To improve the starch fermentation ability of yeast, hybrids were introduced by protoplast fusion of S. cerevisiae
and S. diastaticus. The protoplasts of parental auxotrophic cetls were fused in the presence of 10 mM CaCly and 30% of
polyethyleneglycol (M.W 4,000). The frequencies of fusant formation varied depending upon the strains used and
were 3.51x10-4 to 5.04 x10~* for the regenerated protoplasts. The strains capable of extensive starch hydrolysis pro-
duce only 10% to total fusants. The 4 strains were finally selected by the results of starch fermentation and genetic
stability test. The DNA content and cell volume of the fusants were greater than those of the parental strains.
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Table 1. List of strains used.
. Marker .
Strain Genotype Origin

S.cerevisiae D13-1A a his3, trpl, gal2
S.cerevisisge MC 16 o leu2, his4, ade2, lys2

S.diastaticus IFQ1046 wild type
S.diastaticus A4 thr Mutant induced in
S.diastaticus
IF 0 1046
HSDD* -105 wild type Fusant
HSDD _170 3 ”
HSDM**- 96 " "
HSDM -119 " "

*Fusion Products between S. cerevisiae D 13-1A
and S.diastaticus A4
**Fyusion Products between S.cerevisiae MC 16
and S.diastaticus A4
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Auxotrophs (%) = (1—- ) X 100
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Table 3. Physiological pattern of fusion products.
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Table 2. Frequency of interspecific protoplast

fusion.
Parental strains
Fusion frequency
A B
S.diastaticus A4 S.cerevisige D13-1A 3.51x107*
S.diastaticus A4 S.cerevisiae MC 16 5.04X107°

Fusant Total 1st* 2nd Starch fermen-** Growing on
colonies subculture subculture ting colonies SMM colonies
L HSDD number 244 G¥** 54 174 185
% 100 2.0 22.1 71.3 75.8
0 HSDM number 125 11 35 67 79
% 100 8.8 28 53.6 63.2

*Interval between subculture was 7 days.

**The starch fermenting colonies were determined by means of durham tube as decsribed in Materials

and Methods.
***The number of segregants.
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Table 4. Glucoamylase productivity of fusion products.

Amylase productivity (as S.diastaticus A4 100%)

s . Total
train loni
colomes 1-25 26-50 51-75 76-100 101-
L HSDD number 185 65 45 32 25 18
% 100 35.1 24. 3 17.3 13.5 9.7
No. of starch*
fermenting 174 54 45 32 25 18
strains
9 HSDM number 79 24 15 21 9 10
% 100 30.4 20.0 26.6 11.4 12.7
No. of starch
fermenting 67 13 14 21 9 10
strains

S.diastaticus IFO 1046 171.04,

S.cerevisiae D 13-1A G,

S.cerevisiae MC 16 0

*The starch fermenting strains were determined by durham tube method as decribed in Materials and

Methods.
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Table 5. Genetic stability of finally selected

fusants.

5-1. After 1 meonth cultivation on CM and MM.

spo] =Lkt (Table 4).

Percentage of auxotrophs

Strain
on CM on MM
HSDD-105 1.0 0
HSDD-170 19.1 13.0
HSDM- 96 24.0 3.1
HSDM-119 10. 7 5.3

Percentage of auxotrophic cells from interspeci-
fic fusion product between S.cerevisiae and S.
diastaticus after cultivation on CM and MM.

EZ3E ol selective effect 2 R} FH=q)
2t 4 S-S odokeh =g AL A
Hald §EAE 109 AR Ha4 vz
4 §l subculture 3t A3 HSDM-119¢F&

¢ oA stEl APl Table 5-3 =
aLd 2 Al Ab2gt fusant o SRAAA L 2AHE
7108 1] HSDM-1199]4 <k 1.2% 2 auxotro -
ok 3hH

2 oox 2 2

i

phic type (segregant) 7} ¥.91-& % of &
F5Ug ok,

@ DNA &2t

~ A. A Petter®tl® o)) wte} fusant o] DNA 3hef
¢ zAbslgieh Table 6 oll412} Zo] haploidal S.

5-2. Effect of 4 successive subculture on gene-

tic stability of fusants.

Colonies on

Strain % of auxotrophs
CM MM

HSDD-105 2.55X%10° 2.56%10° 0.4

HSDD-170 6.12Xx10° 6.12X10° 0

HSDM- 96 2.12Xx10° 2.34x10° 0

HSDM-119 8.02X% 107 7.90 X 10’ 1.5

Interval between subculture was 10 days.

5.3. Genetic stability of fusants.

Colonies on

Strain % of auxotrophs
CM MM

HSDD-170 1.12x10° 1.12x107 0

HSDM-119 1.59x10° 1.61Xx107 1.2

The genetic stability of finally selected fusants
was determined after 12 months cultivation on CM.
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Table 6. DNA content in cells of parents and

fusants.
Strain Content of DNA (fg/cell)

S. cerevisiae D13-1A(n) 31.4
S.diastaticus A4 (2n) 85.5
HSDD-105 107. 2
HSDD-170 99.4
HSDM- 96 89.1
HSDM-119 104. 8

The parental auxotrophs and fusants were cultu-
red in YPD medium at 30°C for 2 days with sha-
king and the DNA contents were expressed as
fg/cell.
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Table 7. Morphology of interspecific fusion pro-

ducts.
1st(after 6 months) 2nd{after 12months)
Strain
Cell size Cell volume Cell size  Cell volume
(um) (um®)  (gm) (pw?)
S.diastaticus A4 5.37X6.66 100.50 5.62x6.56 105.72

S. cerevisiae D13-1A 5.04 X5.75
S. cerevisiae MC16 4.97X5.80

75.16
74.93

5.04 X5.75 69.47
4.98 X579 73.14

HSDD-105 6.43X7.84 169.29 6.43 X7.86 166.07
HSDD-170 6.53X7.74 172.41 6.60 X7.81 173.81
HSDM- 96 6.62%7.20 16493 6.58 xX7.19 158.62

6.37%8.09 171.87 6.38 x8.17 169.89

HSDM-119

The parental auxotrophs and fusants were cultur-
ed in YPD medium at 30C for 2 days with sha -
king. The cell size was measured with micrometer.
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Fig. 1.

Spore staining of the fusion products.
A. S.diastaticus 1FO 1046

B. S.diastaticus A4

C. S.cerevisiane D 13-1A

D. HSDD-170

E. HSDM-119

*é% ! %k%cﬂ HSDM-119 %5 ¥t} HSDD-
170 ¢ I 2 A sk (Fig. 1).
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