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To construct useful yeast strain for bioethanol production, we improved yeast harboring various phe-
notypes by using yeast protoplast fusion method. In this study, S. cerevisite BYK-F11 strain which
have ethanol tolerance, thermotolerance and (-glucanase activity and P. stipitisdura strain which has
xylose metabolism pathway were fused by genome shuffling. P. stipitisAura strain was constructed for
protoplast fusion by URA3 gene disruption, resulting in uracil auxotroph. By protoplast fusion, several
fused cells were selected and BYKPS-F8 strain (fused cell) showing both karyotypes from two parent
strains (S. cerevisize BYK-F11 and P. stipitisdura strain) among 22 fused cells was finally selected.
Sequentially, various phenotypes such as [-glucanase activity, xylose utility, ethanol tolerance, ther-
motolerance and ethanol productivity were analyzed. The BYKPS-F8 strain obtained B-glucanase activ-
ity from BYK-F11 strain and 1.2 fold increased xylose utility from P. stipitisAura strain. Also, the
BYKPS-F8 strain showed thermotolerance at 40°C and increased ethanol tolerance in medium contain-
ing 8% ethanol. In this fused cell, 7.5 g/1 ethanol from 20 g/1 xylose was produced and the multiple
phenotypes were stably remained during long term cultivation (260 hr). It was proved that novel bio-
logical system (yeast strains) is easily and efficiently bred by protoplast fusion among yeasts having

different genus.
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FAA gl A FF MWFE A S. cerevisiae BYK-
F11 #F[8]%t P. stipitisdura 55 A&t BYK-F11
(MATa leu2-340 ura3-40 his3-4200, A1 lys2-A0, pAlnu-exgA
(URA3)) 5 A& W3t dgol Hold S, cerevisine
YKY020 59} Aspergillus oryzae 29| exo-B-1,3-glucanase
FHAHEXGA) =Y B-glucanase 3 7HA = S. cer-
evisise BY4742/exg1/ pAlnu-exgA A 252 genome shuff-
lingell oJ3ll 7%% Atk BYK-FI1 #5& 8% o&& s=of
A WS Bolm 40°CY 2ENME AFEEE & fAG =
Wed #F=2 AFHASH diploid (ol¥Al) #Folth.
Xylose metabolism pathways 7}Zl P. stipitisdura &<
wild type P. stipitis 2] URA3 frA2E AEHAR o] &
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ALSHIR] & BHEEA

FE9 AAMAEE YPD (1% yeast extract, 2% peptone,
2% dextrose) Wl A& AH&stion, AFPAA &< AAEd}
7] 913 Al A 2= SD (0.67% yeast nitrogen without base

amino acids, 2% dextrose) Bl Ao g AA Y HES} FAE
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913 1.2 M sorbitols 22 H A (SD-sorbitol) & A+-& 3} Th.
TZA ] FlE 8l SDH Al 2 mg/ml geneticing &>
WA E AHEst] ~32Y S 32 B-glucanased] TH S
91g WA 2= YPD WA & AHE-3HL, xylose ©] &5 3% ¥
A& A7) 918l 2% xylose7t 23 YPX Hi A& A
&atAth. §8A 9 B-glucanase A& 27] ¢34 YPD
A A S AHE3to] plate assayE 333 30T A 3+
Fek ok &, 7142 0.04% MUG (4-methylumbelliferyl-B-D-
glucoside) (Fluka Analytical, USA) &9 1 mlE& 2~ # o]s}
o 37CAA 102 T W& F UVEA dF< &dstidtt
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P. stipitis @F2| uracil ¥LTF(4ura3) -_r‘%";

P. stipitisdura &55 5371 9134 URA3 A9}
KanMX 2749 49 < overlap PCRE &3 FZst3th
URA3 2 7ke] SHF-E(5-300bp B )= FE5t7] 918l purad-
F1 (5-ATGGTCAACGTCCAAACCTA-3)3} p.ura3-R3 (5-
TGGAGCTCCAGCTTTTGTTCCCTTTTTTCC AATGTCTGCG-
3) primerg AM83}9 o™, KanMX 2 A (1.69kb)E 5 =3}
7] #1814 E pBlue-F (5-AAAGGGAACAAAAGCTGGAG-
3)¢} pBlue-R (5’-GCCCGGGGGATCCACTAGTT 3') primer
£ A48T 28 a URA3 A4 S8 (3-300bp ¥ )
& $Z517] 938 pura3-F2 (5-TCTAGAACT AGTGGATCC
CCCGGGCACTGTGGAAATCGCC-3')8} p.ura3-R2 (5-TTA
CACTTGGCTTGTCTTCT-3) primerS Ab&3te] 7-2+e] o
< 7FE3A 759 3719 PCR @& template A3}
1, pura3-F13 p.ura3-R2 primerg Ab8-3+¢] 5-ura3-KanMX-
ura3-3 GH-E SEAAY. ol FA SEI dUL P stipitis

Fo =stod FsA gl oe URA3 x4 A"
P. sitipitisAura ¢FE T3S

HEEH &M U genome shuffling

S. cerevisine BYK-F113} P. stipitisdura 755 247+ YPD Wl
Ao HEst 30TAA s+ T wFste] A A (%
2:10° cells) & A #2]3t] 35340 F4 & 1.2 M sorbi-
tol¥} 0.01 M EDTA7} #7F8 0.1 M sodium citrate buffer
(citrate-sorbitol-EDTA buffer)& o] &3] TA A& sk, 03
mg/ml zymolyase 20T7} H7}4€ citrate-sorbitol- EDTA buf-
ferell AEStA] 30T A 12087 ¥4 2 & YA R
gt 34" FA+= 10 mM calcium chlorideE 53 1.2
M sorbitol €402 A A T APt o] A RS0z
27yl QFAAE 4o 5CAA 1527 ¥H-8-3 F, 10 mM
calcium chloride®} 20% PEG7} Z7F2 1.2 M sorbitol £9-&
HA7b & 25T o sheAAT 434 §ool Yot U3
ZAE 1.2 M sorbitolo] H718 YPD A w2 o] A & E3}o



378 BBULRIX| 2019, Vol. 29. No. 3

30T A 2083 WA F, Ao @k 6x10°
cells)e &7 top agars F-olF o] 30TA 3¢ A%

Pulse field gel electrophoresis (PFGE)& &8 ¥
(karyotype) 24

S. cerevisine BYK-F113} P. stipitisdura 152] chromosomal
DNAE 1% low melting agarose (Sigma)E AH-&3t) DNA
plugs ®rEo FHeHTH12]. Chromosomal DNA+
CHEF-DRIII system (Bio-Rad Laboratories)& AF-8-3t%1 0.5
XTBE buffer®ll 1% gold agarose (pulsed field certified agar-
ose; Bio-Rad Laboratories, Richmond, CA, USA)E =¢1 A4
A &2t 4 . CHEF gel electrophoresis®] &7 106°9
angle® 3.0 V/emol| Al 48413t ¢ 5002 9] interval 2 switch-
ing &A1, A71¥% ¥ 05 ug/mle ethidium bromide
(EtBr)Z HA ¥ UVAolA karyotypes &<lat5ith

Gas chromatography
FEATFEY 011%—% A&
AN B T Ao

CERIEE D)

£ gas chromatograph (GO)& ©] &3}
o BAE9t. GCe HP 5890 series IIE A&3l9a, A3
HP-FFAP capillary column (Agilent technologies, Canada,
Cross-Linked PEG-TPA) AH&3t T Z42be] 492 339

rulm

independent A ¥ & TR o I FHHS AE3AT.
a9 &t

L(genus) Z AEEN SEE QI8 P. stipitisdura &
F 5

Genome shufflings $13 98 4A §&ES A A=
OE AdrnA@geT 2 FANA oA 58 71 F
Mol 7t ast. & dFdA e 22 & 19 dFZEA
ol obd 4& £ 3o dFA §FS A=A 3“3}
Xylose tAHs©] Hol'd P. stipitis 75 wild typed] &5
A fusion¥ o] AvtA7F @& §17] § & genome shuf-
flingell H}2 ARg-3}7]0] A gabA] ot UJrE}H URA3 A7
€ AR AHEE] Hal, KanMX F34e] Adez
URA3 frA A9 7150l AAE P. stipitisdura &35 A 23t
ATk 1 A, FFEol FHE YPDHIA A = P. stipitis 1
F(WT)$} P. stipitisdura ¢35 EF 2 A AT, uracilo] €91
DA &-& H Av) A (SC-uracil) o A = P. stipitisdura &F7} 7
2hA] E3he 22 E Hol URA3 frAA7E 245 A+S &9l
3 Tk (Fig. 1A).

A WT  Aura3

YPD SD-+geneticin

YPD+MUG

Fig. 1. Confirmation of uracil auxotroph in P. stipitisAura strain
(A) and screening of fusants by auxotrophic test and
analysis of B-glucanase activity (B). Host strains and fu-
sants were streaked on to YPD, SD containing geneticin
and YPD containing MUG medium for 3 days. The B-
glucanase activity was detected by MUG degradation on
UV illumination. WT, P. stipitis wild type strain: Aura3,
P. stipitisdura strain: S, S. cerevisize BYK-F11 strain: P,
P. stipitisAura strain; No.8, selected fusant (BYKPS-FS).

xylose T4}, B-glucanase 24, oleh& WA 2 WEE & 25
T A2 BEA 2R FHS AR Boteh WA BYK-
F11 @58 P. stipitisdura &FF Z+7 zymolyaseE A g 3}
LZAA S A7, A7 AFHAE FEAA SDHiA A

gk 2719] colonyE 12} Attt A E §¢AS9 &
A £43 75 ¢7] 8 24 AEE S 'IH’HHXM] ge-
neticing 7} v A o A v %S ﬂﬁidr a2/ &

A FolA 2789 §EA(No 0= Eﬁ—’_F(S and P)<}
Zo] A of A At EO} A& FAskAL, 374 &
A (No. 8, 10, 20)1 A= B-glucanase &4 0] UetdS &2l
& & A Th(Fig. 1B). wetA 227 & A FollA 29 &3
A(No. 8, 20) ¥to] 247t RiF9] RHFE BF 7HAL vt
A B8, I F Bglucanase E4 0] 7HE 2 §FA nod
S A% AAseo BYKPS-FS #5FZ W93t
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BYKPS-F8 32| M| karyotype 24

Saccharomyces (S. cereisine 73-F-, 16712] EAA|, 12.1Mb)
3} Pichia % (P. stipitis 73-% 871 2] FA4A, 154Mb)S 4 4 ¢
Mesk 2 2717 A2 g2t BatA] F F39 34
BYKPS-F8 ¢ 2] 7§ F @59 genome©] %€ FH =
EAE 7hsA ol £ EE BYKPS-F8 ¢ 9 karyotype #41
< PFGEE &3l A B3k}, S. cerevisine BYK-F11 51
o gt o g AAMA Y Aol =27} F P, stipitisdura 779
AAA Loz o2 PFGES U dstgla, 71 23, BYKPS-
F8 759 A, ZiF S. cerevisiae BYK-F118} P. stipitisAura
F9] genomes EF 7FA A 9l FEH 9 karyotypes H Y
gl & o AT (Fig. 24, lane 3). 3}AT, §FA ] 4,
ggstel o &l F 27 AAde THedE WA
Utk I 22 BYKPS-F8 #FE YPDHIA| ol A 244 7F
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gk &, SDujA| o A A& single colonyE random3dtAl A1 E]
3] PFGES A AA8) & 23}, §3A % 22 karyotypes
HY S 3Gt o2l g A3+ genome shuffling®l 2] 3}
Saccharomyces 43 Pichia %714 protoplast fusion©] 4 &4
S8 o] Ro{H S AAETE Protoplast fusiond 9] E ge-
nome shuffling® &&& 2& &9 angFol 833U
735 %k 15% BE9 & E (fusion efficiency)S Ho|=H Ht
8] e &9 arFF A8 E AFolAe o 9%

THES AT o] §FEE protoplast fusion o] A& 0]
20% olsty & ZHetetd A W2 F£A 7} ofyn 9 Al

& &9 #F §Fol o Mol LA YE AAET

BYKPS-F8 ©32| xylose 0I&5 XA}

P. stipitisdura= THE AR 2] QRS xyloseE: &
408 o] gT F Sle WAFRE THAL e dFolth
A S. cerevisiae BYK-F119} P. stipitisAura 7L2] 3 BYKPS-
F8 #FE 2% xylose7} X3 YPXH|A oA ul 3}
BYKPS-F8 v X = P. stipitisAura 75 XA xylose ©]
£5& 7MAEA 2ABIAT. I A3 S, cerevisiae?] BYK-F11
T xyloses X‘%‘j@‘gi o] &3tA Zal| HlYF 484 717HA]
A9 A FP5E g T 5 AN, §HA Y BYKPSF8

T WY 484 7]'7)‘]] o B ?_] BYK-F11 ¥ 5.t} 64, P.
stipitisdura #F B0 128) 35 o & AggS AT
A A TH(Fig. 2B). ©] A3+ BYKPS-F8 ¥ 57} genome shuf-
fling®ll 2l P. stipitisdura 57} 7FA = xylose metabolism
pathwayE 7Hil &< AAgHT 3 BYKPS-F8 59 7%
oluj M ¢l B+ S. cerevisine BYK-F11e# 9} Yol AIS P. stip-
itisdura F52 o o3 F5H 4l Xﬂ(tnplmd) FA 5]
o, ARG &R0 o FE0e The Aol w1, &
299 xylosed] o855 EdF Hrt ‘:HI FENE Aol

AR 2 8 B
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-
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Cell growth (0.D600)
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5251 !I
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Fig. 2 Karyotype analysis of BYKPS-F8 strain and comparison
of cell growth in each strain on YPX (2%) medium. (A)
Karyotype of each strain was analyzed by pulsed field
gel electrophoresis (PFGE). Lane 1: S. cerevisize BYK-F11
strain, lane 2: P. stipitisdura strain, lane 3: BYKPS-F§
fusant. (B) Each strain was cultivated on YPX (2% xylose)
at 30C for 48 hr. Graph bar (: S. cerevisize BYK-F11
strain, 7: P. stipitisdura strain, B: BYKPS-F8.
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WA YE S Q?l & AU, A7 B FEAY
Aol HolA %%E}(Flg. 3). TG JEE Yo =2
BYKPS-F8 5% 20 g/19] xylose Hl Aol A ¢ 7244 =
e & ek A 2ARS) B A, oF 75 g/19] og
go| AME A ol BFF BYK-FI1 #F7} xyloseE 7
o) o &84 ZahE o] wka) BYKPS-F8 FFE P. stipitis/
ura 5 AEY dHEE LT F 5S¢ F AT
0+ 4 (multiple phenotypes) #5& T%317] 93] &9
FAFAA 2 A S Edstua & o, AEe TF
d g4& AR plasmide] AA oy thujA 9 A9
AAZAA AAANTH = o] ot &4 A8 BYKPS-
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BYK-F11
P. stipitisdura
BYKPS-F8 #1
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Fig. 3. Analysis for ethanol tolerance of BYKPS-F8 fusant. Alig-
uots (3 ul) of 10-fold serially diluted cell suspensions
from S. cerevisize BYK-F11, P. stipitis Aura strain and BYKPS-
EF8 fusant were spotted on to YPD containing 8% ethanol
(YPDE), then incubated for 3 days at 30C. #1 and #2
indicate independent clone from BYKPS-F8 fusant.
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Table 1. Comparison of various phenotypes in S. cerevisine BYK-F11, P. stipitisAura strain and BYKPS-F8 fusant

Strains Phenotypes B_iltlic‘zrtl;se Xylose utility Therm((ité);erance Ethanol tolerance  Ethanol conc. (g/I)

BYK-F11 + - 40 + -
P. stipitisAura - + 35 - 73
BYKPS-F8 + ++ 40 ++ 75

F9 AL e oF 260M 7Y AVl Y ST E =Y A S 7. Kim, M. J., Nam, S. W., Tamano, K., Machida, M., Kim, S.

BEF fA82 gas 8st HAHHOE FHAE A K. and Kim, Y. H. 2011. Optimazation for production of

7 9 8215151 tH(data not shown) exo-f3-1,3-glucanase (laminarase) from Aspergillus oryzae in

A = v

T protoplast fusion &

¥ RIFS R HE &

F EFFY %"3% el
9191 TH(Table 1). ¥l &

,oeE A g xylose o] &%l =4
S = A Elohfl njo] & ujf 2 (cellulose, glucan
xylan, agar 5)°] FEELE 7k FF[6, 10]9] 0] &2 &
£ 2 9] "lo] Qo EE g/\l-ol 753 AEA AH ] J SRl
ofiet Ao g f83 ¢ MPFls &4A 48 7He
& Zolzt 71t

§3e /

ol&
[e]
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