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Intergeneric Protoplast Fusion beween Candida sp. KM-09
and Saccharomyces cerevisiae

Mun, Jong-Sang, Hack-Ryong-Ko, Ki-Hwan Shim
and Nack-Kie Sung*
Department of Food Science and Technology. Gyeongsang National University, Chinju 660-701, Korea

Abstract — In order to develop yeast strains which can effectively produce ethanol from cellulo-
sic hydrolyzates, protoplast fusion between Candida sp. KM-09-135 and Saccharomyces cerevisiae
SM-07 was carried out and obtained the excellent fusant KMS-23. Fusant KMS-23 showed
the optimal growth temperature and ethanol productivity at 37C, and assimilated xylose, cello-
biose, maltose and raffinose as fermentative sugars. Cell size of the fusant was about 1.2
times greater than that of KM-09-135 and 1.5 times SM-07. DNA content of fusant was 1.3
times higher than that of SM-07 and similar with KM-09-135. Fusant KMS-23 produced 2.57%
(v/v) ethanol from saccharified wheat bran containing 6.44% (w/v) of reducing sugar, which
was 1.3 times higher than parent strains under the same conditions.
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Table 1. The composition of media used in this work

(g/)

Component PY-CMC YPD MM RMM FM*
Glucose 30 20 20

CMC 10

Yeast extract 5 5 1
Polypetone 5 5 2
Na(l 3
K;HPO, 1

KH>PO,4 1
MgSO4 - 7TH:0 0.2

KCl 0.8 M
Yeast nitrogen base 6.7 6.7

pH 6.8 56 56 56 Hé

*Saccharified wheat bran containing 6.44% (w/v) of re-
ducing sugar was added to the medium instead of car-
bon source,

diphenylalaine -2-98(diphenylalanine 5gell %13 H
S0, 13.75 m{Z 2 3. glacial acetic acidZ 500 m/ =] #|
Z2A)YE H7}ste] #Ee Bl 1087 WA F Pz
AlA FFEE FA3 oy Ao g Aldbslint.

DNA &2H(mg/10" cells)
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Table 2. Phenotyphic characteristics of auxotrophic mutants
Ethanol (%, v/v)
Strain Phenotype *Reversion
Glucose Saccharified frequency
(10%) wheat bran
Candida sp.
KM-09- Wild type 4.25 2.20

01 Ura® 4.17 1.26 1.1X10°

06 Phe |, Lys 2.85 1.21 34x10°°

07 Phe 3.50 1.58 1.5X10°°

09 Met 3.43 1.70 25X1077

12 His 3.63 1.53 1.7X107°®

24 Leu 4.32 1.84 1.3X10°°

79 Met~, Ura~ 2.24 1.35 3.2X107°

135 Leu 4.11 2.06 14X107°

227 His™ 3.51 1.79 23X10°7

Saccharomyces cerevisiae
1216 Wild type 41.87 0.64

01 Met 412 0.48 1.6X107°

07 Trp 492 0.70 211077

11 Leu , His~ 3.32 0.26 1.3X10° 7

13 Ura 5.07 (.81 2.1x10°°

26 His 3.70 0.39 1.6 X107°

130 Met~ 4.50 0.66 1.8X10 °®

No. colonies on MM
No. colonies on YPD

*Reversion frequency=
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Table 3. Characteristics of Candida sp. KM-09-135,
8. cerevisiae SM-07 and fusants on the ethanol fermen-
tation

Ethanol (%, v/v)

Strain Glucose Xylose Cellobiose *Saccharified
(10%) (4%) (2%) wheat bran
Candida sp.
KM-09-135 4.20 1.23 0.08 2.03
S. cerevisiqe
SM-07 4.87 — - 0.64
Fusants
KMS-05 4.30 0.85 — 137
KMS-11 4.23 0.44 0.10 1.65
KMS-12 4.56 0.31 — 1.82
KM5-23 5.13 1.12 0.12 2.57
KMS5-29 4.46 0.24 0.04 1.98

*Total sugars (as the reducing sugar) of the sacchari-
fied wheat bran was 6.44% (w/v).

*Cells were cultivated at 32C (KM09-135) and 37C
(fusants) for 7 days with shaking in FM medium con-
taining carbon source.

Fig. 1. Micrographs of Candida sp. KM-09-135 (A),
S. cerevisiae SM-07 (B), protoplastic KM-09-138 ()
and SM-07 (D), PEG-treated mixture of KM-09-135
and SM-07 protoplasts (E), and fusant KMS-23 (F).

Fstdof M= KM-09-135¢1 wlsl oF 1.3u} Z7iabgd
=l °¢|+= S. cerevisiae2] 3 Aol 2]3 glucose Wi
52| gate]l F 8919 Zo R A S X} Candida sp.
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Fig. 2. A: Growth curves of KM-09-135 (C), SM-07
(~) and KMS- 23 (0). Cells were cultivated at 32°C
in YPD medium. B: Growth curves of KMS-23 at 32°C
(a), 37°C (@) and 40°C (@) in YPD medium, respec-
tively.
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Table 4. Carbon utilization of fusant KMS-23

Fusant
KMS-23

Characteristics Candida sp. S. cerevisiae
KM-09-135 SM-07

Fermentation:
Sucrose
L-Arabinose
Maltose
Cellobiose
Raffinose
Xvlose
starch

Growth:
Sucrose
Cellobiose
Raffinose
Strach
Erythritol
Xylitol
Citrate
Ethanol
L-Arabinose
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Table 5. Cell size and DNA contents of the fusant

Cell size (um)

Strain DNA contents
Length  Width  (mg/10" cells)

Candida sp. 4.3~60 3.0~6.3 1.88
KMO09-135

S. cerevisiae 40~56 28~4.0 1.57

SM-07

Fusant 6.5~75 4.0~56 1.98

KMS-23

*Cells were cultivated at 32C for 48 hrs in YPD.

X7} "oZok= Sakaai®l Satoch(15) 2] H. e}
k7t Abolaleir) &, KMS-232 32Coll 4 ¥} 37
Cel| A A Fo] F319]2.1, 40T o] Afol| = Ao
o A =}l cH(B).

ol 0|8M | g3+ KMS-232] ©t o]
ZAbsf B A3 (Table 4), KM-092} 72 | &hed
o} Eolgk 71& raffinose] WA 2 AHE5oe) <l
A= AT

ME32| % DNA #1359 #xz7] «
DNA &S 2AFRY 4A7H(Table 5), KMS-239] 4
F.A7)= Candida sp. KM-09-1352} S. cerevisiae SM-
07 wlall zy7} oF 1.3, 1.58] Frlatslem & x
224 H4-(16-19) 2} ¢ x]3bgict. gk, DNA &
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T AR ok %*P‘ﬂ vebt oo, o= KMS-239]
2

bAE 111§l g Az A §3E
obd Aoz AgzbEld, Eve] QAR §yels

&aFel 2002 F718bed dhute] hybrid diploid
nucleus ™<= binucleate heterokaryon-S- 343 3}sic}
+ H.12(17, 18, 20) o} Abo] &}t

2 o

Hard w@stele 412] ethanol A3 4tel] =3t 5
= N X o7 Candida sp. KM-09-1352} Sac-
charomyces cerevisiae SM-072] o]5719] 213 Al A
TS Wil 3t FHAE QA E KMS-23
75 dolvh 35 KMS-232 37ColA A8 2
ethanol Ao 713 Fgh, Wagte g xylose,
cellobiose, maltose % raffinose = o] £-8}oi ). A £ 2]
A7}= KM-09-135 % SM-07f wlaf zbzt 12u), 15
i Z7betel.ot DNA §hake of7he) Z7pbak Moo
Uk 2 A ) o) opd leg vehud @
o 24 6.44%(w/v) 9] w2 3¢ U7 sl
Mol A 35 KMS-23-2 FdxAsto]4] KM-09-
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