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To improve yeast strains for bioethanol production, yeasts with ethanol tolerance, thermotolerance,
and B-1,3-glucanase activity were bred using yeast genome shuffling. Saccharomyces cerevisiae BYA742/
exgl/pAlnu-exgA, which has extracellular [-1,3-glucanase activity, and the Aspergillus oryzae and S.
cerevisiae YKY020 strains, which exhibit ethanol tolerance and thermotolerance, were fused by yeast
protoplast fusion. Following cell fusion, four candidate cells (No. 3, 9, 11, and 12 strains) showing
thermotolerance at 40C were selected, and their ethanol tolerance (7% ethanol concentration) and £-
1,3-glucanase activity were subsequently analyzed. All the phenotypes of the two parent cells were
simultaneously expressed in one (No. 11) of the four candidate cells, and this strain was called
BYK-F11. The BYK-F11 fused cell showed enhanced cell growth, ethanol tolerance, 3-1,3-glucanase ac-
tivity, and ethanol productivity compared with the BY47424exgl/pAlnu-exgA and YKY020 strains.
The results prove that a new yeast strain with different characters and the same mating type can be

easily bred by protoplast fusion of yeasts.
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Fig. 1. Construction of novel industrial yeast strain by genome
shuffling. Saccharomyces cerevisiae BY4742Aexgl/ pAlnu-
exgA strain and YKY020 strain were fused by yeast pro-
toplast fusion. B, BY47424exgl/ pAlnu-exgA strain; Y,
YKY020 strain, ExgA: exo-3-1,3-glucanase gene, Et: etha-
nol tolerance, Ht: heat tolerance.
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o't Saccharomyces cerevisiae YKY020 (MATa leu2-340 his3-A
200, A1) @59} S. cerevisiae BYA742 Aexgl T\ Aspergillus
oryzae 112 9] exo-B-1,3-glucanase A AHEXGA)7} =) = o
B-glucanase 84§ 7HA& BY47424exgl/ pAlnu-exgA (MAT
a leu2-A0 ura3-A0 his3A1 lys2-A0 G418, pAlnu-exgA : ADHIp-
exgA-ADH3t ) 30| tH11].
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2R GAuAZE YPD (1% yeast extract, 2% peptone,
2% dxtrose) Wi A S AHg-etgl o, AFAA §3= A
At A Az e I T4 oFv)=2Hleucine, histidine)©]
&H-f-2 SD (0.67% yeast nitrogen without base amino acids,
2% dextrose, 2% agar) B Aol LFAA S AFEY FAE SA3)
1.2 M sorbitol & ¥ 8 X|(SD-sorbitol) & AF&-8} %1t} L3t
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e AR A% wjAlE dlgEo] AH7Hd YPDHIAIE AL
stttk 2ea A7te] AR dFE E v o83 o
ehe Aake 1Y) 1814 5 ml YPD HlR|ol A 16~2441%F B3
Aok 3 %, 1% laminaran (Sigma, UK)©] &% YPD (1%
dextrose) WA 50 mlll 7 (initial ODeno 0.1)3}<] 30T, 190
rpmeol| A 4817t Eok mj Fat Gl 3 WA 2AFS HelA
AR FFE 40CTLEAA v FE A

Zymolase X2|=A

Genome shufflings 3}7]0] A 2 F#FES P EA
AE 2 TE7] S8 zymolase A2 A& ZAIAT. AL
St zymolase= 20,600 units/g (Bioshop)S A3} 2.1, 3

mg/mle] FEZ ¥H&AI7E 0%, 102, 204, 304, 402, 504,

60, 903, 120 F<F At wf Al7vit AFAA
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chromosomal DNA+ Sheehan and Weiss [17]9]A4 A&
WH O & 1% low melting agarose (Sigma)E AH&-3t] DNA
plugs =0 FHI8H T Chromosomal DNAE CHEF-
DRIII system (Bio-Rad Laboratories)& AH&-3t4 0.5x TBE
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Bio-Rad Laboratories, Richmond, CA, USA)E =<1 A o| A
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iz S o83 olehe YIS Flsty] Sla wige
AEE 4R $ 459 S gas chromatograph (GO)E ©]
3] E4359 T GCE HP 5890 series 15 AHE-31511L,
H 22 HP-FFAP capillary column (Agilent technologies,
Canada, Cross-Linked PEG-TPA 30 m/ 0.25 mm/ 0.25 ul)&
AHEE T o] B4 NoS 0.6 ml/min 408 AMEE13 0
o, FUF LE150C, A7) 2% 200C, 52 242 50T
(14 min)/(10C/min) / 60C (1 min)/(25C/min)/100C (1
min)/(50°C /min)/1507C (1 min)o] 1Tk H-28E 70 : 12
o YF RFEAZ 1% (v/v)9] isopropanols ©]-835F T}
747ko] A3F-E 3W 9 independent 2 dS FPstAon 1

Zin} 9l D&t
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27 Ho] LM AZEH Hlo]edgeS AEHoE A
AFat7] g 19 £35S 93 genome shuffling™ S ©]-&
3kl S cerevisiae BY4742 Aexgl/pAlnu-exgA 2} YKY020
F59 §3S ANE3th BY47424exgl/ pAlnu-exgA TFF
= 20t d< laminarans & LS F UEE A ayze]
B-glucanase’} AZ3HE #F2 A2 FOZ FE Hlo] L.
g2& Aitetr] Ao sjxude TaTeR st 2
28 FFolth. HF YKY02 #FE BY4742dexgl/pAlnu-
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I 1 F9A No. 38 11 FF7} oehe YA o] Hojds &
T UATH(Fig. 2B).
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= spotdle] 30TColA 19 w3}
1, 0.04% MUG &S -Erz & UV 2 9o A B-gluca-
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EASHE B-glucanase FHAHEXGNA <& k3t F3o] #
A=tk whHo] BY47424exgl/pAlnu-exgA TFE A
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ds & & UThFig 20). WA Noll #3571 WEA, ol
< U4 2 B-glucanased] EA4& A /A= 8 579
< FgstH e, o] #FE S caevisiae BYK-F11 (MATa

N~

eu2-3A0 ura3-A0 his3-A200, A1 lys2-A0 G418, pAlnu-exgA)©]
g st

BYK-F11 32| £ 2! karyotype ZA

Genome shuffling®] dold BYK-FI1#F9] 7§, B
7} 7HAE B-glucanase &4 ¥7F oyt WEA, ol eh-& WA
= Z7HE A0S s Aol At ol dujAl o) FFE T ofu)
Ao g ollM HoAe A& 71 3 dAb ke S
F SHE ¥l IS Yok wehA EdF 3 BYKFI1
79 B-glucanase®] /445 & TA Bt 24H2te]
FE YPDHI Ao A} 24A13F 2t v kgt &, B-glucanase 24
S ZAME B A3, BY47424exgl/ pAlnu-exgA oA 4.3

F

Fig. 2. Screening of yeast fused cells having thermostability,
ethanol tolerance and/or B-glucanase activity. (A)
Aliquots (3 ul) of 10-fold serially diluted cell suspen-
sions from S. cerevisiae BY47424exgl/ pAlnu-exgA,
YKY020 and yeast fused cells were spotted on to YPD,
then incubated for 2 days at 40°C. (B) Aliquots were
spotted on to YPD containing 7% ethanol (YPDE) and
incubated for 3 days at 30°C. (C) Aliquots were spotted
on to YPD and B-glucanase activity was detected by
MUG degradation on UV illumination. B, BY4742Aexg?/
pAlnu-exgA strain; Y, YKY020 strain; 1, fused cell No.
3; 2, fused cell No. 9; 3, fused cell No. 10; 4, fused cell
No. 11; 5, fused cell No. 12; 6, fused cell No. 13.
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Fig. 3. Analysis for ethanol tolerance and karyotype of BYK-F11
fusant. (A) Aliquots (3 ul) of 10-fold serially diluted cell
suspensions from BY47424exgl/ pAlnu-exgA, YKY020
strain and BYK-F11 fusant were spotted on to YPD con-
taining 8% ethanol (YPDE), then incubated for 3 days
at 30°C. (B) Karyotype analysis of S. cerevisiae BY47424
exgl/pAlnu-exgA, YKY020 strain and BYK-F11 fusant by
CHEF gel electrophoresis. Lane B: BY4742 Aexgl/pAlnu-
exgA strain, lane Y: YKY020 strain.

4 laminaran®. 2 FEH 9 93T A9 o £E3 A 05 g/1Tt
FolleS FdsAnh vk 423 A o v 5 Aol EA
3 EE Y T+ 68 g/l A=A oH glucose?} lami-
naran® & FE 9] of|ghE £&-& 034 g/g ol AU THTable 1).
ol& R3¢l BY47424exgl/ pAlnu-exgA TFET 63% A
T d&gE £& F7HE 9vldH, sporulation?} mating S
53 genome shuffling®. 2 311%9] Ag& & S715 B
AH[24]9} Wl of 2uf 7he g

Ae = H
=3 YKY020 #F€ laminaran 2350 &

o
o1 ©° =
doj

[ele]

I=R=Y

naranS. 25 E g ELEL £Eo] ¥ o 5

g 2x9] F7to] B2 oehg g9 It
o][13], BYK-F117 5o ozl 40T 9] vjF2 ol A9 of
R3S AR} YPD (1% dextrose)ll 1% <] laminar-
ano] S8 v Ao A 48A1F FF 40Tl A R1R Hf Fatod
AAEE 9 ddees S ST A, 30TAA s g
S WET BAEEE o B% BT FAFAAT TS F&
£ 033 g/g& 30Col A} Hladle] & 2o]S HolA] Yttt
(Table 1). ©]= Al 3£2] 40| WFHete o= e Jghe

unit/mlo| P H EA A o] BYK-FI1 FFANAE 4.92 unit/ S AN 5 S-S AAFE AR Lin et al®] 21300
mlE °F 15% AE &Ao] Z715L-e olsygct w3l 8% A4 9 specific ethanol production rate (g-ethanol/ kg-cell
g wjA oA og-E WAS Hluws) & 23, BYKFI1dF mass/h)Z &2F5HHd, 30T A wj kgt A Kok o 25%9] o
ol oghe Aol 25 S7H Ae 9T F AU (Fig. & &0l FET & F ok " B dFelMe
3A). 2.2 PFGE £4& 53 &4 #FE9 karyotypes A 23 FFE genome shuffling & 53] M2 AL 7}
24 8 B 23, BYKFIL #5004 F 2759 kayotypeo] A AXT TR $F T 5 92 B, BHo) e
e dHE 2ola, 992 5l A F genomeo] 2 HHEAQL g3l oe AP o] &AL w2 EF R 5A
THEANEES 29 & & UATHFig. 3B) FAA L cassettes 7HI 5] HF®E && 7T A
olzh 7t €.
BYK-FI1 50| OfEHS AbAHY ZA}
YKY020 758} BY47424exgl/pAlnu-exgA 5 2 fusant ZAle| 2
%1 BYK-F11 #F& YPD (1% dextrose) ol 1%<] laminaran©]
e wl A2 30T ol A 48A12F BoF KB oksle] RS E, B Adte 20128 dE Fuighn gk AFA| (ZAH
RAEFAT B oolghe S ST dujAd g2 3; 2012AA194) Aol oJ3te] o] FolF o, o] gol o
2o vlas)A ol Al BYK-FI1 55 A4 =04 g utolghe WRRo) 28 BK21 AM el A US Wk th
FH Bato} vlarste] of 26 9] Zpo] & B Gt(Table 1). &= AT Aol A=Y
St 4A A ol = Hl A Fol] EA8HE 10 g/19] dextrose
Table 1. Comparison of cell growth, reducing sugar, ethanol yield and specific growth rate (1) in each strain
Strains Cell growth (ODeu) Reducing sugar (g/1) (& /gE.tck;T];gLyslsﬁce)a e (1)
24 hr 48 hr 24 hr 48 hr 24 hr 48 hr
BY4742dexgl /pAlnu-exgA 12.87 15.03 0.51 0.49 0.32 0.26 0.65 (0.33)
YKY020 13.72 14.69 0.76 0.63 0.18 0.24 0.69 (0.37)
BYK-F11 21.16 22.33 0.54 0.51 0.34 0.30 0.85 (0.37)
BYK-F11 (40°C) 16.26 17.51 0.69 0.61 0.33 0.31 0.71 (0.36)

“g-carbon source means the amount of consumed glucose and laminaran.
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(T hetal vlo] @ EAA o} T ek, P ol stul A% st
dlo] & oS LS Y% HF ARTFTY NFES 93] EE genome shuffling & ©]&3t de-&ul 4
WA 2 13- glucanase S 7 ARTFY £FS At £ dFdA e AE 9 B1,3-glucanase

G9S 7H2 Saccharomyces cerevisiae BYA742 dexgl/pAlnu-exgA w79} &gl ] 2 WEA S 713 S carevisiae
YKY020 #5E & protoplast fusions 53t A AT AEZEF el ) 40°CAA WEAZS Rol= M 7l
o FH FFNo. 3,9, 11, 12)2 A8 L, 7% e SEo) Aol Je-2h4 2 B1,3-glucanase F4S £
otk F 2EFe RE FHYLS Hole sk FFNo. 11)7F A H 3, o] FFE BYK-Fl1o]gx Hs}
STk BYK-FI1 § 3755 BYA742dexgl/ pAlnu-exgAt YKY020 750 Ha)A 2748 A EAAEE, ofehe
A, B-13-glucanase 24 % AgE S HPS & & ATk wehM 2 drelMe dFd 54
2 JAHYE /M AERFFES protoplast fusionH S AHEte 44 E2E LS EETF
T dte s S



