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A galactose-fermenting yeasts, Saccharomyces cerevisiae No. 9, was selected by screening their
abilities to produce carbon dioxide gas when grown on galactose. The selected strain, No. 9 and the
reference strains NRRL Y-1528 which was exceptionally resistant to high concentration of
substrate, were acclimated on sugars such as glucose, mannose, and galactose, and then their
ethanol productivities were investigated during fermentation on these three carbon sources. Ethanol
productivity of the strain No. 9 reached to the maximum levels after 18 h of fermentation and the
ethanol yield was from 36 to 38% when presented as [EtOH],../ [Sugar];, (g/g), regardless of the
conditions of acclimation. From the results obtained by acclimation and fermentation, it was
concluded that the ethanol yields from galactose were not affected by the sugars acclimated.
Improvements of the strain S. cerevisiae No. 9 were attempted to increase the fermentation
efficiency and/or ethanol yields on high concentration of substrate by the conventional mutation
methods employing methanesulfonic acid, ethyl ester (EMS). Mutants, Mut-5 (SJ1-40), -17 (LK4-
25) and -24 (LK2-48) fermented galactose at the concentration of 20% in the levels of higher 39.9~
51.6% than the mother strain, No. 9, however, their ethanol yields never exceeded those of the

reference strain.
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glucose M ol Z} xyloseE WaT 4 Q= Pichia stipitis
[Kordowska-Wiater®} Targonski, 2002; Agbogbo &, 2006],
Kluyveromyces marxianus ‘52 5 [Wei 5, 1999; Wilkins 5,
2008] E= Saccharomyces cerevisiae®] TgA< ¥HolF7} Il
1] ) © H[Farone} Cuzens, 1997], Zymomonas mobilis2]
pyruvate decarboxylase (PDC) 2 alcohol
(ADH) #-3A= AMZAZ Escherichia colie W&
3} A7} A8 T YHNichols, 2003]. L3+ HZol= Tx
FE o83 vio]Q olekg A A3t A ds] 318
=i o} sixFe] F4982] galactan = galactose®] ZE]H
7R o] &stAY EE lactoseZHE EES Tad 4
A= TRE 8] EX] %tilee 5, 2010]. Saccharomycess:
o glucose, mannose, galactose2] &3} 7]&ol|A] galactose
£ A=A E 4 (catabolite repression/GAL4 gene)2 2 <15}
glucose®} mannoseoll H|3le] GOl o] &3} e UaEE

dehydrogenase
g
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o] AA W& Zox 4eA  UhHSchmidt 5, 2007].
Saccharomyces®s &% SoM E3] galactose HaE0] =&
FE2AME Keating 5200401 2]3led S, cerevisiae NRRL Y-
15280] A% Ri®E vl QIth GalactoseE HE3E= S
cerevisice TS 7180 FE7F 10%, 15%, 20%= H3F 5
4ol wel 2ag8 &, N2 8- Yp[EtOH],./
[Sugar]y,-©] BA3] 74302 galactoseZFE] HIo|QLF S
< Attt Aol 2 A= o

ofghs WEe} FHsle] TR WHolF= B V] WEe=w
Fe=lo] git) ofgh&e] MR S-S PYANT7] flste] EEE
o A< 7FA A (ethanol-tolerant mutant) [Ogawa 5, 2000],
glycerol®] A4S 7+4A1Z](glycerol-3-phosphate dehydrogenase
mutant, gpd2A mutant) Saccharomyces W ©|F[Valadi %,
1998], EZAAA FEdt= xyloseE HEAZ]7] $18te] P
stipitis®] A E A o] F(restricted  glucose  catabolite
repressed mutant) [Grabek-Lejko 5, 2006]2}F S. cerevisiae2]
S5 A< Ho|F(respiratory deficient mutant) [Kordowska-
Wiater®} Targonski, 2002] 5°]t}. 221} galactose 710l Tl
33 galactoseE ©]8-3171918 Gal4-Gal80 B3] 24 7]
o] HeA Qg ol 1 ofgkg wge] #HE A7AdE
HiE up gl
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Z AMgsl] e 888 Hrisidew, ok A
o)5le] Muke FaR S cerevisiae No. 9 o
FE T o|Z2HE Ik 7| H-33)

ARAF, B 72 71E SolA el 8450 ok
Fol FU9 vAE HE7]F (NRRL, Northern Region
Research  Laboratory; ATCC, American Type Culture
Collections; IFO, Institute for Fermentation, Osaka; KCTC,
Collection for Type Cultures; KACC, Korean
Agricultural Culture Collection; KCCM, Korean Culture
Center of Microorganisms)ollX] S 3152 G275 A
ALEEIH O, HWE FF2ZAM= S cerevisiee NRRL Y-1528
£ NRRLEFE ol AR&33itt.

HiR), 2o wjg B oleke HEE el 2 7] wiRE
AHE-E1ATE. Galactose & 79| Hol= potato dextrose
(PD) agar (PD broth 24g, agar 16g, -chloramphenicol
25mg/L, pH 5.6) WIAIE AME 3L, B2 glucose,
mannose 3 galactoseE ©]-§g AT oA 2] AU F o
B2 g A FLE Keating 5[2004]0] 71&g W AN
o} =2l 9184 YP-sugar broth I (yeast extract 10 g,
peptone 20 g, glucose 20 g/L, pH 5.0y ARSI, ek
Wtgofli= 7|9 dibasic ammonium phosphate 1.65 g/LS
7tet FRE o #Ard(Advantec  MFS-25  membrane,

0.45 pmyste] 3%7F =% H7FeE pH 5.09] YP-sugar broth

Korean

I WAE ARE-3I3AT
R, SX S Slik= 15 mL SRRgA el YP-
sugar broth I 8mLE il o719 &riEe] ¢ aRE HEst
o 30°ColA] 24A17F B IRl (Jeio-Tech SK-760A rotary
shaker, 120 rpm)3+ Tk, W4l (Bench-top centrifuge, 10
min, 3000 pm)ate] FAHAES 3|t o|FA A +F
A Agg 22 o= A2 iR §mLel| FEL 5Y
g 270 ThA] 2447 itk SO R ARE R HijRof] o]
AsbHA 39 EF XIRigEdn) ollehes e e B RS
A28t YP-sugar broth II ¥#] 36 mLE 125 mL 228k~ 3
of ¥, 7] ofabt3dl 30% galactose, mannose, &
glucoseE 4 mL F71slaL, vlg] SxujFet g =& gl 0.4 mL
£ HEste] 30°CelA 48A17F Bt KR sislth HEF
04 mLe iAIRe] 1%l d3she Fo=2XA, Xl & H
Zoo BEE (Ay) 0.8-09, 7AE ZZOZ 4 gLo|3lT}.
2RO A]E 4. g% ASEs e B (Agiom)
=7g3ste] Hlasiint. g wjg #A10 e FRHeERE A
5 Ueiiglen, & S%Y Sde widds Al
dAE 353laL, o8 Hd TFTE 33 Al v

Z(SFDSF 12, Samwon, Pusan, Korea)dld ¥AE &4

o

iy,
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FATH.
YT AF. AT g Miller[1959]12] WEel what
dinitrosalicylic acid A|9Fg ARE-sle] w2 AaFsloict Al
o] Al | mLE ¥ dinitrosalicylic acid Al 3 mLE
7Fet v & wksied, 100°ColA] 5E7F RESAIZ] v W7zt
slod 550 nmelM FFEE Sk BFACRNTE SlY
S AT oln) EFEFHAL glucose§ A ARE-3H
A} ekt

EQHoIF A EdAHo|E F23l7] 9l3A galactose ¥
oA A= S, cerevisiae No. 9 dFE 0.85% AT ET=
AHBAL 0.1 M Tris-HCl (pH 7.4) 9508 ALgalo] e
71 T, 025M9] 571 %2 EMS (Methanesulfonic acid,
ethyl estery& 718}l 30°CollA] 3A7F F oFabAl WHEAIZ
ot diliEgste] #AE 35T = AAGFEE Al | AF
313, 6% NaS,0:% 2|8l EMSE Al A3kt Lawrence,
2002]. YP-gal brotholl 30°CollA 3wt wjFAZ] the YP-gal
agar platecl] BX2, Alghte FZYE tooth-pick HOZE Al
Z& plated] &7 wYsIATE HolxE] & ZFEPH Petite-type
ZZYE 1mLe PD broth (pH 5.5)°] ¥ vortex mixerZ
AEAA HEH oz AR-SIITh AlAH(18x150 mm, Pyrex)ell
YP-gal broth II (3%) 8 mL®} Durham¥@< ¥ #AEY 0.1
mLE FE3td 30°ColA 48417F Bl FslaA Durham#ell
713e] A £57F ME WHolFE 1A} Adsiint 12 A
H HolFE v 7 WO Z YP-gal broth 11 (20%) 3
53 Tk A gsIEA Durham@el] 71329] A4 &7t w
HolFE 22} At 3T 23 e HolFE] JdEs:
3582 v|wshr] $18k] 125 mL Erlenmeyer flaskel] YP-
gal broth I (10, 15, 20%) 60 mLE 23 A3 TS =X
Hi ke AN S 30 uL HESIAAL 7] TR &
we feEldhs Adsislom, AA gt 79 et 2

)

[¢]
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Fig. 1. Ethanol production on galactose (3%) by S. cerevisiae No. 9 after acclimation on galactose. [, Cell growth (A4); @, Ethanol; O,
Reducing sugar. The arrows indicate the time to inoculate the cells into fresh media for acclimation.

Hal S =439}t Galactoses WEAA Fo Oﬂ e
CO, A} 049¢] HI&=E AL ERE, CO°| WEol o
AAEHE olleke TS ARSI “Ed "/F— W
o w2} GCE g sl A3

&g A7 dge s 71xﬂﬂiu}izeﬁuﬂ94 LA
EASIATE 10mL f2] vleldel EsPA YT 02mL, WH3E
T=E2X 0.05% tert-butanol (Junsei, Tokyo Japan) 0.1 mL,
a3 AR 02mLE AgsH 7k &, aFeplE $hdst
Al WE310] headspace autosampler (Combi PAL, CTC Analytics
AG, Zwingen, Switzerland)7} Z2H#l GC (Varian CP-3800,
Foster City, CA)E AH&3te] Attt oehd FEF8&
(AccuStandard Inc., New Haven, CT)= 0.02, 0.05, 0.1, 0.2,
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03 ¥ 04% F=9 A AMS3l] EEFAES FeHon,
*Pﬂﬁlﬂr)b 0999 o]4e] FZo|th. AU CP-wax

capillary column (15 mx0.25 mmx0.5 pm), 7A=7]E FI detector
& ARESIRY. 287 inject port 210°C, detector 50°C,
oven 250°C, flow rate 1.3 mL/min®|c}.
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Galactose YEA AR A vAE HEV|ACZHE
galactose 'FEHo] Y& AR = TN #F5 TG
3, S ZAAA g oM R dFE U eR 3l
YP sugar (galactose F-= glucose) broth Il°ﬂ7\1 48717} B ekst
3L CO, 74=8] RS AFste] LRt TolA 14T,
oplHT SOl 7;7' = galactose HHE 7]~‘€i?-—,z—i 12 A
SHALE °lE 21955 Keating 5[2004]2] WHRE 2 Ho“ij
2&hell w2l YP galactose broth 1014 347 =X]ujj st
YP sugar (galactose S5+= glucose) broth 1A ATAIEH-S
gsle] o5 FollA HlWA galactose?} glucose2] WraE o]
L oRHFE S. cerevisiae No. 95 FHF Aulslo] HolE J)
S 93 BaFE ARSI dRH Keating $[2004]0] A
v e galactose g 50 5% S cerevisiee NRRL Y-
1528 #F5 H]ilﬁ—_i A&

‘T‘Z]HHOJ: O EW No. 99} H]-& 5 NRRL Y-1528%
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Table 1. Ethanol yields and biomass accumulation during single
sugar fermentation by the yeast strains

Strains Sugar,  Fermentation EtOH [Dry cell]
acclimated  substrate Yo (2/2) (gL)
Gal 0.38 4.180
Gal Man 0.37 4.151
Glu 0.37 4.134
Gal 0.37 4.168
Saccharomyces Man Man 035 4151
sp. No. 9
Glu 0.36 4.155
Gal 0.36 4.180
Glu Man 0.37 4.280
Glu 0.37 4172
Gal 0.38 4.197
Gal Man 0.36 4.176
Glu 0.39 4.147
< N Gal 0.36 4.193
. cerevisiae
N V1528 Man Man 0.36 4272
Glu 0.36 4.176
Gal 0.36 4.205
Glu Man 0.36 4172
Glu 0.41 4.176

Ethanol yields were presented as the amount of product per unit
substrate, Yps = [EtOH],q/[Sugar]i,; (2/g).

YP sugar broth 119l HEsk] &Xulkiiyel wel 72417 5
QF 30°Collx] KR gshas] A AIZE ZHA 0 R AAe] A&

1 ARS-SE Bhaglo] oflgke wao] mXe JTgS HUHIN
o}, AubgS No. 9% galactose s=X|8]YFollA AL&-3E 3%
galactose BFAglollN #79] ASE JF & 1227 7] 7
sty 2 o]Fol= & WHsP} gtk & Hx 1247 Sk
7], 2 olFells 719 e JEITh TE]
b & S| e 2719 37331 Zﬁ?ﬂ‘ﬂ Z AN §
HZ 3% (2.85%)EFE 0.7~1. 5% 2o m 12
AIZE Folls A9 AREo] ke 005% 10}01M~U%(F1g
1), NRRL Y-1528 #F%= ©]<} TrA}?& A3}E BAT

Ethanol A4). <=Xulol] ALgsle &4 £7 ¥ 712
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Table 2. Ethanol yields and biomass accumulation during single
sugar fermentation by the selected mutant strains

Table 3. Ethanol yields on 10, 15, and 20% substrates by the
selected mutant strains

Strains Sugar, Fermentation EtOH® [Dry cell]ax Period of fermentation
acclimated  substrate Y5 (2/2) (g/L) Substrate Yeast EtOH Yops (2/g)
concentration  strains
Succh Gal 0.38 4.180 48 h 96 h 144 h
accharomyces

sp. No. 4 Gal Man 0.37 4.151 No. 9* 0.12 0.35 0.42
Glu 0.37 4.134 , Mut-5 0.11 0.36 043

Gal 0.38 4185 10% M1 0.13 0.36 0.43

galactose

Mut-5 Gal Man 0.36 4.159 Mut-24 0.11 0.42 0.47

Glu 0.37 4.167 NRRL-1528 0.26 0.44 0.48

Gal 0.39 4.193 No. 9* 0.03 0.16 0.26

Mut-17 Gal Man 0.36 4.160 ) Mut-5 0.05 0.19 0.29

Glu 038 4175 1% M7 0.04 021 033

galactose

Glu 0.38 4.168 No. 9* 0.02 0.09 0.15

*The mutant-5, -17 and -24 were selected because they showed increased 20% Mut-5 0.04 0.14 0.21
ethanol productivities compared to the mother strain No. 9. alactose Mut-17 0.03 0.13 0.19
"Ethanol productivity on 3% galactose by S. cerevisiaze No. 9 and its & Mut-24 0.03 0.17 0.24
mutants after acclimation on galactose. NRRI-1528 0.12 0.29 035

Z A3 3% glucose, mannose, galactose 52 EHAglo] o
B Igof vXe S sl 4847w Ekalem,
of71efM AL oleks WRZAIAES Table 10 L°Fst] LR
ATt GalactoseE 712 =2 ARESIAS 749 ollehe AR 27]
12417l = 3] Assitzt 18217F $ell 7P =2 750
EEEINY I 8L [EtOH],./[Sugar].(g/e)S HAEZ 3t
sl LFERI® 35.7-37.6%EM, glucose XA AT 35.7%,
mannose TXAIET 37%, galactose TXIAETF 37.6%C1 AT
MannoseE 7184 E AME-SIHS A9 oerEe] HI F&S
glucose XA EFol A 37%, mannose XA E T 35.4%,
galactose XA 37.7%2HA 2312 mannose X227 00A]
2% A= e A3E YERNUTE GlucoseE 71HZE A3
< Afol= glucose THIAIFFAIA 37%, mannose TXAIF
TollX 35.9%, galactose =AIAETHOA 36.6%=H A HIS:
Sl3ATE. Mannose TXAIFTOlA TR Wgkom. Al
B3 W81 F SAFe] Aas B oeEe] 82 No. 9
% NRRL Y-1528 w5 5ol FARE #sh Fd2 w3lo
] A O R oEkE & 37% WA

Ho]F9] ethanol AT, L5 galactoseE LaSE= &
RAFE JNEstr] 9ete] BHFFL S cerevisize No. 92
EMS Agjsle] A& cloneS YP-gal broth oA Alale]
AR WHolF5 sl on, npxet WAl = 7] ¥o]
Foll tist] 10, 15, 20%2] galactosedl| A 2] Ha &S H|ws}t
ALt olE F galactose FEFO] 58 Mut-5 (SJ1-40), 17
(LK4-25), 24 (LK2-48)°] 37l WHolF5 FF A3l galactose
=2l 24904 3% glucose, mannose, galactose 712 olA]
4817F v g & dRe] R oekE: Adss Edrst
BT BgFel HolF kel 3% 712 A9 ofeke Ak
g2 o7t AR ko, WolFe] © o] 8442 galactose,
glucose, mannose TO- 2 EUTHTable 2). ©]& WolF9] iF
= galactose = mE S TS Hlwgh Aol A

*The mother strain of the mutant-5, mutant-17 and mutant-24.

10% galactose oA Zg5eoll H]3l] WHole] deke AT
o] Wi 96~ £ 10% olste] FEo= F7F sile, 15%
o} 20% oAM= WolFe] o AAdFol 20~30% =3kth
(Table 3). &gk A3 HO|FE galactosedl| A =X|ul| et & wlf
A7 oERe A TS Hlwet A3, galactose 10%14] 2
&3S NRRL Y-1528 4F7F A28 =901} 90~100h ©)
FHE= Mut-240] Mgk 508 F78IAL 144 h o]
= 047Yps(g/le)= A9 Pl 758 YERNITE Mut-59F
Mut-172 EFFHETRE 22 ¢8-S AT NRRL Y-1528
o HIEPA oF 9% HL & 0| TH(Fig. 2A).
Galactose 15%°l14] A3k

ey RN

195t A3 20w = BE 459 &
FHo] Hl=Eloy I F NRRL Y-1528 @57} E0lA17] A]
Zhste] 144 h7F A Foll= 7P =9oH, o E= Mut-
17, Mut-24, 12]3 Mut-5=0]3t}. HolFEe] Hit ofeke A
e 031Yps(g/e)2 BF Ed5 NO. 95t =2
S HAY NRRL Y-1528 HTH= 20% o)4te] whe
< EUThFig. 2B).

Galactose 20%°l14 A3eH A= 15%elA 9} vz A= 20
WHE BE 59 wado] H|s=6ll oyt 2% NRRL Y-1528
o] Y53 Eolx|7] AFsle] 14 W} At Fole UE dFE
I 2 2olZ HATE NRRL Y-1528 TH-O 2& Mut-24, Mut-
5, 283 Mut-17 =02 dago] &=git} HolFe] g Eo]
THE 15%K 22 AAehs v Aok UL, T8I 20%
oM WolFEe] oekE AT 021Yes(ger 0.15Yps(g/2)l
BATHOE 2 @8-S YeRJIAE NRRL Y-1528 Hrh
= 30% ool W waEsS HthFig 20). ol AAE
Table 20 29kt AAH WHolF 52 BT HU} galactoseE
1A= 3 oeks whgso] RiF Hr} 399-51.6% Egkon}
galactose®] =7} 571 = U9l NRRL Y-1528¢] H]
3l oghE ArksHo] iadhes S Erh
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Elac

=
=
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Fig. 2. Comparison of ethanol productivity on 10 (A), 15 (B), and
20% (C) galactose by S. cerevisiae No. 9 and its mutants after
acclimation on galactose. Data are means of triplicate measurements.

S. cerevisiae®| X1 2] galactose®] WA= galactose permease
(GAL2), galactokinase (GALI), transferase (GAL7), epimerase
(GAL10) 5ol 218 d&9| Lelior 425 AXA =M, 7]
HAAsls FHAAEL AEHQ galactosed] Fwoll 93t 1
o] fFrEoy dHH Y Ostergaard 5, 2001;
Majumdar 5, 2004; Yan 5, 2010]. ¥ ¢17¢] ofgkS wg A
PoMe SR Gl ARSske ©addd mEd e g8
ZFelE YERO], galactosedl X XH SRE Wa A
o2 oM X3 A9 B} galactose®] AH|7F W2 ofgh
=9 FEE w5 Zolgal 7l 28y dTe
AYFE No. 95 B|E3FH ¥lwg 75 NRRL Y-15289] 7%
galactose =X 7} glucose T+ mannose =X|Foll Xtk
galactose A2H|7}F FElEHA] WEXA] ¢koktt. & AUHTFES
galactose 'Fg ol QoA =S 7o) AA FEFE RIXA
X3S & F USUTE Keating 520041 S. cerevisiae NRRL
Y- 152890 2]3F galactose®] gol o]} FARRE A¥E Byt
vh Qo WIS At B OHag e oleks el Qlof
A A 2703 71ER1 B wet & AjolE HolA] eisk
O}, tiAHCZ glucosed| A olEHEe] TR FE0] TR =2

A YT AT S cerevisiae No. 92 glucose,
galactose, mannose®] 371 7|1AEFEH Hs=3F FEOR ovhE
< AL oY mannosedl A &0] o "Hojxon, tE
EZF2A No. 402 Z9-9= galactose®} mannoseZH-E <]
ofekE ko] HiSzEigich. HlaLg Q1 NRRL Y-15282 4
9 No. 99 Y5l galactose®] Wra 80| & alch
w3k EMS AZlel olste] B2l galactose WEAd R S
cerevisiae No. 9ZHE] ofghe waeo] 3Js WHolF Mut-5
(SJ1-40), -17 (LK4-25) 2 24 (LK2-48)2] galactose &=
oS WraHL galactose 20% =X LEAFHES S
735 A WolFe Rt oeks TESo] 39.9-51.6%
=4O, HlWE #5 S cerevisiee NRRL Y-15289] ofeh&
dados nx#] E3l. Wb IFE galactose HET

o] gk N2 WHo|F s A ol galactose L&

P
Ju

o[ eke-8 AAISIE FE galactose W& &% Saccharomyces
cerevisiae No. 95 A@alo] H|W#721 S cerevisiae NRRL
Y-15282} A glucose, mannose, galactoseollA] 2|ul| 3L,
oloja] o]F Il BAYUS VAR AMEEle MR §&8 ¥
7FetATh. B9l No. 99] oflgke Aake: 27] 1243l
B st 18A7F T 7Y 2 5ol EEsle

u glucose, galactose, mannose2] 37 7|ZoA H|ZE FF
NRRL Y-15289} H]23t 36~38%=2 ol Aget 3
E5 galactose H g0l ol BAYS] TR Wt SIS
7o) dghE &l FIFS AR @At AEFAQ1 EMS
Aol olste] B2l galactose HEA A S cerevisiae
No. 9248 gk g eo] e WolF Mut-5 (SJ1-40),
417 (LK4-25) 2 24 (LK2-48) 3752 Ak 71291
10, 15, 20% galactoseZ ©]-&38t oghd WG5S HY A
o 25 No. 9 2 Ho|FolH% galactose®] FE=E F7HA|
A4=E 7I4sle A8S UeRAATE. Galactose 20% =004

Ho|FE EF4FHT} ogks g 80| 39.9-51.6% =4O
B W& 75 S cerevisite NRRL Y-15289] o|gk& Wlg o=

Key words: &g A4, Galactose T®, Ho|F {4,
Saccharomyces cerevisiae
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