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Abstract To develop thermostable ethanol fermentative yeast strain for lignocellulosic simultaneous saccharification and
fermentation, high ethanol producing yeast, Saccharomyces cerevisiae CHY1012 and thermostable yeast,
Kluyveromyces marxianus CHY1703 were fused by protoplast fusion. The thermostable fusant, CHY1612 was
identified as a Kluyveromyces marxianus by phenotypic and physiological characteristics, as well as molecular
analysis based on the D1/D2 domains of the large subunit (26S) rDNA gene and the internally transcribed spacer
(ITS) 1 + 2 regions. For lignocellulosic ethanol production, AFEX pretreated barley straw at 150°C for 90 min was
used in a simultaneous saccharification and fermentation (SSF) process using thermotolerant CHY1612. The SSF
from 16% pretreated barley straw at 43°C gave a saccharification ratio of 90.5%, a final ethanol concentration of 38.5
g/L, and a theoretical yield of 91.2%. These results show that K. marxianus CHY 1612 has potential for lignocellulosic
ethanol production through simultaneous saccharification and fermentation with further development of process.
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w, 3 2EodME wdEo] S8 ol eH, A% TS
sith Aete olghE Wago] HA 3] Wk Esh, IRk
Q1 a5 ollghe WE awe] HA IE 2% 30-35C
o}, o] REoXME F3ta o] FA|S] yol a1vte] g3}
B4 AREEo] F71E 4 ol |lvt [13-14].

aHBuE, G4 SAESPEE ] 28-S fleiM= 93t
Bho] HA G4 25 FEME dekE BEso] S

G4 olleks Wa JRo sde] FgFlolr) [15-16]. # A
TollMe WEAo] <=3t Kluyveromyces marxianus2}F &k
= A B A o] 8 Saccharomyces cerevisiae
£ Adsie] 99 Al v E o] 83 9384d 88 E F
7] s 25 7R 8% 8RE s, 1 8%
BRE o83 AFEA SAIGSPEE Y] A5 Al=sHT

Mz o A

B Aol ARSH R 32-35°CollA ofleke wkaso] ¢
Bl T&Ae AEREAY =UH Saccharomyces cerevisiae
CHY10129}40C o)olX= &0l 7hsdtal Jda74
AHF A7} =] E Kluyveromyces marxianus CHY 1703
Atk F TFE EuTE 438E 7 AR ARSsHA
a1, AAE BHElge] oeke E AFde WEd 88 &
B, Kluyveromyces marxianus CHY1612 (KCTC 11757BP)
& Aesisic

HHX] X HHQF =

w9 §2 2 A% viR|Z+= YPD #iA] (10 g/L Yeast
Extract (Difco), 20 g/L Peptone (Difco), 20 g/L Glucose
(Junsei)) & ARESIAIL, FFA AES 9IS A4 wiA=
MM HIA] (6.7 g Yeast nitrogen base w/o a.a. (Difco), 20 g/L
Glucose (Junsei))S A&l 1A BiA]2] 749 2% (w/v) agar
£ F7kskit

CHY16129] Ei==9}0] ofgks s vlal A3S A
4 YPD BJA] (2.5 g/L Yeast Extract (Difco), 2.5 g/L Peptone
(Difco), 0.25 g/ MgSOs4 - 7TH,0 (Junsei), 1 g/l KoHPO,
(Junsei), 140 g/L Glocose (Junsei))S ©]-83}t} [17].

MY OIS 7H SeHoIFe| &S

Saccharomyces cerevisiae CHY1011l] T3t 352 &
AHolo] AXE 918 CHY1011S 57|12 g3t 3, 2
A FE=R st S, acriflavine 100 pM= 303
2+ Attt A2le slgde YPD 1A wfjxjel] =dsie]
32°Collx] 48-72A1RF HiSRE 5, A5t o] g 2,3,5-
Triphenyl tetrazolium chloride (TTC) &< (5 g/L Glucose

)

(Junsei), 10 g/L Agar (Junsei), 0.5 g/L TTC)S 1217} 712
% BFstATh. A MEY A TTCE HUAIA E24
9] WAukg-o] o= 31, acriflavinedl] 2J3l M EE=
o} o] Fxx} Hol2 s5Hd 5avt B89t o
= TTCAE wauke-8 ¢ 0 7)%] ¢he=t}) ez 183k
Al vAE 7 52 EAHolE s S8 TTC
T WY & Faakgo] gle 4 F2YTS F25HA
o 7] WHoZ dojzl HFE FollA oeke LEETS
glste] CHY 10113} ol Easo] AR 158 HF
st [18].

Kluyveromyces marxianus KCTC1763191 tgt ko +
A uAZE A8317] el KCTC17631S 7= ujedst 3
A T2 343ty 5ol EMS 1 mg/mL, NTG
5 mg/mL-S 7} 1AL, 3A1RE *=J8kiar, o] arAuR]e
T3] 35 CollA] 48-72A1%F Bl g3IAT) o] 2A AoiRl
FEUEL2 YPD iR FHA 314 Aol 232} replica B

HESHAT [19].

T R e EAS B 434d 5% 1S
A z3}7] 2HdFE 32 C oA 7] Bel= vl
3 & 747} w9159 (0.06 M phosphate buffer, 0.2%
B-mercaptoethanol, 0.6 M KCI, 0.8 M sorbitol) 4] Lyticase
(Sigma)=S o}-&3}] 33°C ol 3087t &4 X8l 2 &
AMERo] A Aol AEE (protoplast) HEN= AZH F H=F
£ 112 Es1ar, §3 954 (30% PEG 6000, 50 mM
CaCl2, 10 mM Tris-HCI buffer, pH7.5)S ©]-&3ke] 35T o
A 604 == 12087 A2t e F=3FH [16].
TS fresl] Aol Az Egde FHEA R U
274 EdHo] CHY17032 AFHA] Jeies Ha ujA]
(MM, 6.7 g yeast nitrogen base w/o a.a. (Difco), 20 g/L
glucose (Junsei), 20 g/l Agar (junsei))ol =E3}aL, vlxtr}
A& WDAo] gl CHY101258 AHA] Hale2 41T
AL FZA00A 48-72413F v SIS vl oJa) EEUE
A T FHA aAE ol8ste] ol Al st
AFARE RIskL, TTC 53 Midstd 54 o475
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CHY16122] EXPUEsH &4

AR AF FHS 9% 97] ALY #4268 tDNA
D1/D22} ITS (internal transcribed spacer) A8 2743 53¢
A EE BRE o83t} [20]. CHY1612 #F5
HjeFstaL, 7] vkl tis] YAEEE Flst dAlE
343k Foll, A ZHE genomic DNA F231500. =4
genomic DNAS] Ti3}ed, 1TSS Z2to]w (5-GAAGTAAA
AGTCGTAACAAGG-3)¢} NL4 =Zg}o]H (5-GGTCCGTG
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TTTCAAGACGG-3"), NL1 Z&}o]H (5-GCATATCAATAA
GCGGAGGAAAAG-3") 2 ITS4 =&}o|H (5°-TCCTCCG
CTTATTGATATGC-3")E ©]83} PCRS 53l 26S rDNA
D1/D2¢} ITS A|9S ¥3Fe 1300 bp 712] DNAS 52
33Tk o]Z A Hoj PCR AHE-E T-vectorE o83l &
2J3Fa1, sequencing & F| 7131 SolGent Co. (W)
S 9719S BAsnh. 49 97149 NCBIY]
blast searchEs ©|-§3te] EAMIESHY 58S st

73 HolujAe] M2 H EY

A vlo| Qe e o FHEAHES] BZRS Hdels)
Ak BERFE 7] 2 2715 o83t 1 mm olst=E
g = (P S olere A742] CHEMEX (ChangHae
Ethanol Multi-EXplosion) 3]2] X & o]-8-3t] HEld
10 % (WA)Z 15 % (viv) R0l g0 2 150°C oA 903
7 A & FHEHtE AAEE HlFe 12§ 03 g5
A8-3F] NREL (National Renewable Energy Laboratory)
EFEA wep AEAste] AaAA olehs ¢ae
tloJH 2 ARESHATH [21].

AR 1249 A] glucose E xylose 52] T #41-2 RI detector
9} Bio-Rad HPX-87P columnE A5l HPLCE AM&-3}
of AT [17]. o132 /7= 75 0.6 mL/min®
Z A3 T) o] W column®] 2%+ 85C, detectore] <
T 30C 2 239 oflehg-2 27 (DA-510, KEM
Co, Ltd., Japan)<} Supelco 6.6% CARBOWAX 20 M column
(Agilent, USA)©] “-2F= gas chromatography (GC)S AHE-
sted sk

e
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HA=g]® X381 80 goll 0.1 M Sodium citrate buffer
(pH 4.8) 200 mL¥} 7211 mLS £33+ & 9315 9
slo] B3} =7 o]= (Novozyme, NS50015) 30 FPU/go}
B-glucosidase (Novozyme, NS50010) 30 CBU/g= 3751
8 vl 2+ &= ZA0A 150 rpmOZ 72A4I3F
T A Bt ke E FElle HPLCE ©]83ty &
S A5, B3E-e vt o] Akt

I3 = (FAE glucose AT (g)/°] =22 glucose AF
(80 g x 0.571)) x 100 (%)

MR FAPILES AT A F0lsh BES T
I} 2} "Axje] Bl 80 goll 0.1 M Sodium citrate buffer
(pH 4.8) 200 mL¥Y} S-F/<= 211 mL-& E§3ste] Esh
% 3= 93k Bl A= o= (Novozyme, NS50015)
30 FPU/g#} B-glucosidase (Novozyme, NS50010) 30 CBU/g
< ksl SAGEPEE AR FHskth 1 %, YPD
BiA] (3 g/L Yeast Extract (Difco), 5 g/L Peptone (Difco),

50 g/L Glocose (Junsei))S ©]-83}>] 35C oA 18-24A]7F
FoF AujFs CHY1612 B8-S 5% (viv)= HEsto]
43 Collx SAIGSPEEE AN IS

2EF0l et ME 0p7{e] =g

4382 g3 T AN sl fJ8) ZF 2ol A
H uAE =Y ollgks AiHdo] £ Saccharomyces
cerevisiae CHY10112] 73-%-, o|gk2 g 5o] Fojdt 21
& TFoly ot Al riFAE ZER|AL QIA] ol T
ek Mio] o]k 12j=® CHY10119] thet 535 2
o] EHOIE fmsle] A riAR AMESkarA) sit). gt
L WF 50| 953 S cerevisiae2] 73-F acriflavined} 2
Sl o3| AL T 5 A EHIE 42 IF
= do, el 93 K. marxianus®] 739+ &
Ao EARolE 7] ofEitt. ol ME Wgdo| mE
ZEglolo} AHJTh= B B [22], PIEE =g o}
4ol oJa) MAshs S5 2o] EAHolES UEdS &
W 0] A oA dojR|A] = Ao E FHEQ]
ot 18EE WEd R Ad v = EMS, NTG 59
siehd EAHolYS o]&st YL TA AV =€
3 T AESITE oA Lol EdWelTES HEE

RD AT RD AT

Fig. 1. Confirmation of a respiratory deficient marker in S.
cerevisiae CHY1012 (RD) and a auxotrophic marker in
K. marxianus CHY1703 (AT). (a); on YPD agar plate at
327, (b); on YPD agar plate at 41°C, (c); on MM agar
plate at 32°C, (d); on MM agar plate at 41°C, (a"), (b),
(c"), (d"); after TTC overlay reaction of (a), (b), (c), (d).
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I WEASS ERIgH A7, SARol2 Q1% olgks:
S FAY, Ao =E7 A7 giFelda, B
A5 ollehs WA 5| AR 1d54S Adste] 242t
S. cerevisiae CHY1012, K. marxianus CHY1703 2 ™3}l
ol 7} 2] tigk HE A vhA g1 Ave Fig1%
2tk CHY1012& S84 EdA1o] (RD)E TTC overlay
Fo|z HoMo] tiE (CHY1703, AT)H 2e] Haiuks
o] Yojux] 9kar, 41C 1.2 F7lollMe Guo] F8H3
YPD HjA|olM = & AH581A] 93kt CHY 17032 YPD Hi
9] 41C 312 Z7A A&o] 7Fssti o, da+4d
SOl (AT)E op|i=dto] H7bEA] 94 Ha (MM) HiA|
AXe o] Brlelt. o] 4552 AF2A $A3st
e TE 95 994 e BaE ARSI A
Ao EAE o] 8et 8 F SF A} ATl
BAEo] WEAT 93 oleke B aTS FAl 2k
FHAIE Ak} Fig. 1(d)$}F 2o BaTE2 A5 ¢
A= 41C, MM BilR] 2718 A o2 gt

15 o] Ay F93lm g A XY B 842 lyticase
S 23§

=3l FEHog Ay 2 e 7]&3 uke} o]
4 S st MM BiA], 41C Z76014 A7t
colonyE 35770 AAULE. oA AEE 52 14 ¢
A4S FR3Eb) S8, Ak Al el & & 1 o)l%
% 41°C, MM BjR|ol|A] AKo] 7Fs3lal TTC T35 vl
Ay} oo g Wshe g3 TRks 12170 ARSI
AEE #F58 YPD HiA| (Glucose 11%)0] v 3}ed o
& E AYS Fesidon, 7 e HEsS vl
L ZHANAE ogks wha o] 9573 752 HE
© 752 Adbsle] CHY16128F BYsiaTh 95 €3
Al CHY1612+ Ed5539] wha 43S 53l 35C, gut
g 2139 41C, 95 75 A48 Z2300A Fig. 29} 2]
RAFERT AT ks Baso] 58S dels)
Atk CHY1612% YWk go] vbg 2woa ] &
X CHY10129)] w8) @& £5& thh =g} 72417 oW
HEHo 72 FAR ek Wha s Ho|x, 3L 27
A1 CHY1012& A5 2 oeke a7} dA3] Asle &
b 95 83 CHY 16125 WE4 &% CHY17032}
Zo] AL A5 A oehE waTE /Y 35 4
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H 8% 8% CHY1612+= Fejshs] o Aol As)shs
E4 2 268 tDNA DI/D2 2 ITSof| ti3}e] DNA sequencing

2 $9% ANS 7122 B

Table 1. Assimilation test of fusant CHY1612 and parent strains
(CHY1012, CHY1703) using API20 C AUX kit

CHY1012 CHY1703 CHY1612

Glucose +++ +++ +++
Glycerol - +++ +++
2-Keto-D-Gluconate - - -
L-Arabinose - - -
D-Xylose - - -
Adonitol - + ++
Xylitol - ++ +++
D-Galactose +++ +++ +++
Inositol - - -
D-Sorbitol - +++ +++
a-Methyl-D-Glucoside - - -
N-Acetyl-D-Glucosamine - - -
D-Cellobiose - - -
D-Lactose - - -
D-Maltose +++ - ++
D-Saccharose(Sucrose) +++ +++ +++
D-Trehalose - - -
D-Melezitose - - -
D-raffinose + + +++

(-), negative; (+), weakly positive; (++), positive; (+++), strongly
positive.
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Fig. 2. The time course of ethanol production by novel fusant,
CHY 1612 and parent strains at two different temperatures,
35°C (a)and 41C (b). ®; CHY1012, O; CHY1703, ¥;
CHY1612.
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7} FAKEE oy CHY 17038 th=s =717 23 o %)
o ol durAQl ¥4 g 2, A5AY FTH=
A717F AAE A57F BaEed ook fAksk o o
ET} 23] =3 AsFshY B2 Biomerieux 2] &5 A
3hg 291 kit?l API20 C AUXE ARSI, A8 o
FO AR -, 4+, o+, HHE HERARTL EFe} 9
SEA CHY16122] AH5}8H2] 592 Table 1 WeRHR]
o} 712 A3 391 A% BHF K marxianusSF FAF
3} ZA maltose A3Fs0] F71E U3, raffinoseol] o gk
Aslso] FEIS FRISHITE 8% B CHY1612
= F=2 K. marxianus} fARBRY Eiadle o E B4

55 71 e Ao dddh

XS A ~.

Fig. 3. Morphological characteristics of fusant CHY1612 and
parent strains under microscope. (a); CHY1012, (b);
CHY1703, (c); CHY1612.

upREto g g 15 sAS S BAESH ERe
CHY16129] 26S rDNA D1/D29} ITS regionS #4]5}1]
NCBI database s ©]-&-gF -frAMd Hlal A3} Table 29} 7]
UePITE CHY1612E Kluyveromyces 41 438 G52
e 7120 B K marxianus 052 Q7147
99% ©Ae] wf-$ =& FAIEE Bt K marxianus T
S 17709 A71M B ApolE BIJOV K. lactis T

Table 2. Result of NCBI blast search using 26s rDNA and

S7h= 2870 o] F7IMES] AolE 97% olste] tia
S FAEEE B olejzte] A7) ey, Aslshs, A}
AESHA v|w A, 9= 884 CHY 16125 K. marxianus
T2 SAEY, 7€ BuE K marvianus TR} $
S WA ek Bas o g AGEA deke TAY
shtao) f-88 Aoz ATEQL) ol B e =AY
el v EARIAIE Y] 7|8 & KCTC 11757BPE
71eFskdar, #-41% 26S rDNA D1/D2 2 ITS) that d71A
&2 NCBI database®l] 553 HQ396523 0.2 5-E3}31Tt

0x
40

A SAGsHLE (SSF)

A7) YEA 83 EX CHY16125 T2 M % A5
ke g7} 7Fsste® AR-AA e BAIgERE
fr8sltt BAIRsEE T e, IslE A
Al ARste] B8 §49] 7|d As|E TAAIA
55 S7WAN71aL, Belet ) ok Wk} FAlol =38
Fdomg F sl U Uy A7k 7haE ogke ALk
Aol SUIE 7S 4 Utk AASiTh
BAZEEE A 93 AFAA vle|emlag2E S
AollA GA 7 = AL 715 AEEE ARE F glo]
A7 EE BEAs AEidnt dAxjgle Ea Al &
Aeo] o] AL Aoz Uzl dEUols of-gste] sl
ofere-o] Z ) wWkg-7]Ql CHEMEXOIA S=3)3ltt [24].
AAg)E Bl AR B4 Avk= ghryo} 22l s
o] &4l uel AEZ X (glucan) HlE0] A=
A 39%014 & 57.1%2 Z7F8I3aL, o= glucose 2 T3}
H RS o, 57.1 g glucose/100 g pretreated biomassE B
I A= golth =31, FuAEE 2 (xylan)= 19.2%, 211
14.7%, S5 5.5%, 352 2.3% = UERdth o]2 A A2)d
HEIZS olgsle] AFaA olghs was A A9 1
5 vHlo]emjo] g3l W WE = wjao] Hr g il
2o S Fr} [25]. 2= wHky|e] shEkol} Wik
WhHe) MEFso] AESAL Yot B Aere Heu]Y]
£ o]&3ate] &3t anko] o] FolX| = FmolA Hd 16%
9] HAE] vlo| emi2E ARSI BAIEEIE A A
33}, BE LT Folato Felgo] YIS vAA| &
S Ax9 FA =9} CHY16129] oghs Ha &S 317
S FHdigle] 2521 43 CollA] =851tk e 83 &%

o ( ©
gmﬁzir&m
o}ﬂi}n

0.
(
ﬁ

O

i)

ITS sequence of CHY1612

26s rDNA and ITS regions

Accession number

Strain
Kluyveromyces marxianus Identities
Kluyveromyces marxianus isolate VA116042-03 Identities
Kluyveromyces marxianus isolate AS2.1549 Identities
Kluyveromyces marxianus isolate F4-3 Identities
Kluyveromyces lactis isolate UOA/HCPFBUL74 Identities
Kluyveromyces lactis strain NRRL Y-1140 Identities
Kluyveromyces dobzhanskii Identities

= 719/720 (99%), Gaps = 1/720 (0%) AF543841
= 718/720 (99%), Gaps = 0/720 (0%) AY939806
= 716/720 (99%), Gaps = 0/720 (0%) EU019227
= 715/723 (99%), Gaps = 3/723 (0%) EU019224
= 698/726 (97%), Gaps = 14/726 (1%) GQ376079
= 697/726 (96%), Gaps = 14/726 (0%) CR382124
= 612/635 (96%), Gaps = 5/635 (0%) AJ401722
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CHY16125 ©]83F 3524 FAIE3PEa = Fig 49} 29|
FxE] BZS o]-83te] vlo] QghE AJsko] ALsHA|
o]FoF o, 724171 oJuol] glucose S TF ARSIAL, HF
I3 90.5%, e LaHIE 91.2%9] T8-S AT
IF3la o] HF I3t 2591 45-50 C ol A 2] F3h8-0] 90%
TTEUE AR HIE Wl Ee SUAR sAgEPEE
2 QIg Felge] oz HA FkeS AT 4 AW
Ao 2 AGHY 3t VZANME HaA g8 &%
CHY16129] oJgk&- g FYd o= Q18] 91% o] ofgr
S IaYES A ATE o9 B2 A= Ugd §
3t &% K marxianus CHY16127}F JEAT} 3120 49] ofer
& HE5E o83t A-AA sAIFEEae] F8o] 7138t
o] B} A e A oleke At dEAe] 71 eA]
S B B3k 2159 f3AF RS 53 28 e
7R ¥ A9 20 gL 579 xyloseS o83l BT} 115
£9] ek S 7 4= S Ao g FuEh
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Fig. 4. The time course profiles of lignocellulosic ethanol
production ((a)-A), released glucose ((a)-®), xylose ((a)-
0O), and enzymatic digestability ((b)-m) on SSF at 43°C
using CHY1612.

EE A E8slr] 9Igh oleke MY, a2 Y &R T
o] 7S it 93 §9S Fal olehE gk
B Saccharomyces cerevisiae2} WEA E 5 Kluyveromyces
marxianus's GGt LA E oghs WaFo] 9t
IS e, Aslehs, EAEstd e 58 2
3}, Kluyveromyces marxianus CHY16122 ZR1=]QIc) §-8
21 AAHAA Clekg IEE flal] dEUolE HAEE B
HES 7|FEsl] g4 Fekey) ane) HasS vt
43C x1oA TAIGSHEE AFS ATt 1 23
16%°] 5% vlo| QujAZRE] 7247k jol| -4 Hlo]
QolehS F 38,5 gLE ARaL, BBHE 90.5%, A thy]
UEE 91.2%°] 973 275 Atk ol AL E
o] 37 7N} A Bt ZEZR1 A vlo| oleke:
At HFEAME] The/de HolEn.

O b L ENCEERE DR
FANYPYAGIOR FE AT A,

A 020109 11€ 309, AAEL 20103 12€ 22
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