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Protoplast Fusion of Saccharomyces and Kluyveromyces to Develop Thermotolerant Ethanol-Producing
Yeast Strains. Kim, Min-Soo' and Keun Kim®. Department of Genetic Engineering, The University of Suwon,
Suwon, 445-743, Korea, "The Research Center for New Bio-Materials in Agriculture, Seoul National University,
Suwon,441-744, Korea — To develop thermotolerant ethanol producing yeast strains, the protoplasts of Saccharo-
myces carlsbergensis having good fermentability at 30°C and Kluyveromyces marxianus able to grow at 42°C were
fused. Under the optimal conditions for protoplast formation, the frequency of protoplast formation of S. carlsbergensis
was 92 — 94% and that of K. marxianus was 98%. Fusion frequency between S. carlsbergensis and K. marxianus
was 1.4 x 10°-4.8 x 107. Among the 27 fusants obtained, 6 fusants were able to grow at 42°C. While the parental
strains produced 3.2-3.4%(w/v) ethanol after 3 days from the fermentation medium containing glucose, fusants
SK41-4 and SK53-22 produced 5.2%(w/v) ethanol in the same condition. The thermotolerance of SK53-22 was not

high, but that of SK41-4 was quite high.
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Table 1. Growth and ethanol production at different temperatures
by S. carisbergensis and K. marxianus

) Growth® Ethanol production (%, w/v)
Yeast strain
30°C  42°C 30°C 42°C
S. carlsbergensis ~ +° - 1.60 0.65
K. marxianus + +++ 0.65 0.85

2 The rate of growth was evaluated after 2 days with each culture
grown on YP agar plate containing 4% glucose.
® +++ represents very good growth, + good, - no growth.
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Fig. 1. Effect of various factors on the protoplast formation of S. carlsbergensis and K. marxianus by lyticase treatment.

Symbols: S. carishergensis; —@— K. marxianus; —O—
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QA7 F, A wle] BEse] 30Cs 42CoIA whers)
g}, 30°ColM= S carlsbergensis S-49% K. marxianus
K-19] 3Pl 4.8x 107019, 4572 §3H (SK4E
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6.2%x107[22), S. cerevisiae®} Kluyveromyces fragilis2] €3-&
3x 10791 Al Vebsie).
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0°CAM AR de &9 FIFES o8 2=
(30°C - 42°C)ellA] ollehg HEHES v|E, AR AHE
Table 20 VERARAS}. 4%(wiv) E5e] E3E YP v
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S A, X7t SR W't 343 Faste
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Table 2. Ethanol production by various yeast strains and their
fusants at different temperatures®

Yeast Ethanol(%, w/v) formed at various temperature(°C)
strain 30 34 37 42
S. carlsbergensis  1.60 1.45 0.75 0.65
K. marxianus 0.65 0.70 0.70 0.85
Fusant SK41-4 1.05 NDP ND 1.45
Fusant SK53-3 1.00 ND ND 0.15
Fusant SK53-14 1.20 ND ND 0.40
Fusant SK53-20 1.40 ND ND 0.40
Fusant SK53-22 1.30 1.65 1.55 1.35
Fusant SK53-23 1.25 ND ND 0.30

2 One loopful of each activated culture was inoculated into 10 ml
YPD4 and the ethanol formed was determined after 2 days of fer-
mentation at different temperatures.

b ND, not determined.
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Table 4. Viability of parental strains and fusants at different
temperatures®

30°C 42°C
Yeast Viability(%) Viability(%)
strain after each days after each days
1 3 5 1 3 5
S. carisbergensis 98 97 77 36 25 8
K. marxianus 97 72 61 65 57 27
Fusant SK41-4 98 90 . 55 88 68 39

Fusant SK53-22 93 88 40 72 68 36

2 One loopful of each strain was inoculated into YP broth containing
16% (w/v) glucose and incubated either at 30°C or 40°C, and the
viability was determined.

Table 3. Ethanol production by parental yeast strains and their fusants at different temperatures®

30°C 42°C
::::I: Ethanol(%,w/v) formed after each days Ethanol(%,w/v) formed after each days
, 1 3 5 1 3 5
S. carlsbergensis 4.0 6.6 6.8 1.2 3.2 3.2
K. marxianus 1.2 2.8 2.8 . 2.0 34 34
Fusant SK41-4 2.0 2.8 2.8 2.8 5.2 52
Fusant SK53-22 24 4.8 4.8 2.6 5.2 5.4

2 One loopful of each strain was inoculated into YP broth containing 16% (w/v) glucose and incubated either at 30°C or 40°C, and the ethanol

produced was determined.



Table 5. Stability of thermo-tolerance of parental strains and
their fusants

Stability(%) of thermo-tolerance

Parental after each generations
strain 10 20 30
S. carlsbergensis 0.0 ) 0.0 0.0
K. marxianus 100.0 100.0 100.0
Fusant SK41-4 100.0 100.0 100.0
Fusant SK53-22 99.5 98.7 87.7

S2To TR o

Y7 FAYS 2°CIA AFEAFel 4
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30°Co| A ol eh-g& WEHo| 7 Saccharomyces
carlsbergensis®} 42°ColA A o] 53t Kluyveromyces
marxianusZ DFAA FHE B3 LA T LEHo
S48 9 F5E skl soleh. 49AA 4
Slsl Ld3AA F4E HH 271E BARKEY, F O
BT AREQMAAE 12 M KCL Al 2] gi4o] w9l
2] AIZFe ZHF 200 (unimD@} 902 FAslg,
AAe)lgle 24 EDTA2} mercaptoethanol®] 5%, Z18]1L
A pH= F 57} 2lo|2 Hod S carlsbergensis’} 7}
z} 10-20 mM/ml, 4.0 pl/ml, Z22)3 70019132, K marxianus
o] 739 20 mM/ml, 2.5-4 pl/ml, 22T 8.0°1%ch. ¥FA
A FAL 7 HH 2AFeIM APAA PAHEL S
carlsbergensis®] 73-% 92-94%, K. marxianust 98%-2.
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