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Development of Strain Fermenting the Glucose/Cellobiose Mixed Sugar for Simultaneous Sac-

charification and Fermentation of Cellulosic Materials.

Park, Seung-Won, Yong-Ki Hong',

Seung-Wook Kim*, and Suk-In Hong. Deparfment of Chemical Engineering, Korea University,
Seoul 136-701, Korea, 'Department of Genetic Engineering, Suwon University, Suwon 445-743,
Koreq — Brettanomyces custersii CBS 5512 which has reported as a thermotolerant glucose-cellobiose
co-fermentable yeast strain was mutated with UV and NTG to improve cthanol yield at higher than
40T. B. custersii H1-23, H1-39, H1-55 and H1-62 were finally selected for hyper-fermentable strains
at higher than 40C from thermotolerant 7510 colonies through 5th selection. Among the selected
strains, H1-39 mutant had better fermentability at 40C and 43C from different concentrations of glu-
cose. H1-39 and H1-23 mutants yielded more than 70% of the theoretical ethanol yield in 4 and 8%
mixed sugars at above 40C, which was 5-11% higher than those by original strain, Especially, H1-39
mutant had better fermentability in 4% mixed sugar. It showed 78.5% of the theoretical yield at 40T
and 72.2% of the theoretical yield at 43%C. On the other hand, theoretical yield of ethanol by H1-39
mutant in 8% mixed sugar at 40T and 43C were 75.2% and 70.2%, tespectively, These values in-
creased up to 7-11% as compared to those by orginal strain. By the simultaneous saccharification and
fermentation, ethanol production by H1-39 mutant increased up to more than 23% as compared to that

by original strain.
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cerevisiae K35, Saccharomyces wvarum ATCC 26602,
Kluyveromyces marxianus IFO 0206 7} o] &= ie}. =
= OF= YPD(2% dextrose, 2% peptone, 1.5% yeast
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Y-7174 183 B. custersii CBS 5512 #5-5 8% glu-
cose2} 4% cellobiose s ¥4 2 2 YPD Hﬂzl ol A7}s}
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Table 1. Ethanol production by yeast strains in the YPD media supplemented with 8% glucose or 4% cellobiose as a carbon

source
Theoretical ethanol yield (%)
Strains Temperature
30T 37C 40T 43T
8% glucose
K. marxianus TFO 0206 80.3 77.6 75.4 70.8
S. cerevisine K 35 94.2 88.3 80.1 62.1
S. uvarum ATCC 26602 86.3 70.9 63.1 49.9
B. custersii CBS 5512 86.5 80.3 72.5 514
B. anomalus ATCC 10559 72.3 65.2 48.3 40.7
H. anomala NRRL-Y-7174 62.1 50.2 41.3 36.4
4% cellobiose
K. marxianus TFO 0206 - - - -
S cerevisine K 35 - - - -
S. wvarum ATCC 26602 - - - -
B. custersii CBS 5512 71.5 66.3 53.7 41.5
B. anomalus ATCC 10559 81.7 75.2 64.1 47.3
H. anomala NRRL-Y-7174 72.5 67.9 48.7 40.6

Fermentations were conducted for 30 hours.



148 Park et al.

Table 2. Ethanol production of the selected mutants in the
YPD media supplemented with 4% or 8% glucose as a car-
bon source

Theoretical ethanol yield (%)

Strains
4% glucose™ 8% glucose®

B. custersii 71.3 70.4
H1-23* 78.1 75.9
Hi-36 75.8 73.2
H1-39* 79.5 77.4
H1-45 74.1 72.5
H1-49 70.7 71.7
H1-53 75.1 73.5
H1-55% 77.6 752
Hi-62* 76.8 74.8
H1-64 747 72.9

The fermentations were conducted for 24 @, and 48 hours ®.

* means selected strains with better fermentability.

42k A stsich AR HelFE 4%, 8% glucoseE &
7}k YPD #iA] oA 40Tl A 7#7—.‘ 24, 4847F F4b €l
Bg HEE AFHE o s H‘-iﬁ-% | a2k H1-
23, H1-39, H1-55, H1-62 ®¥o]&3E 53 Ad3sich
(Table 2). 5z} AHF 4Ho)F+= °HH—£4 g
$0] 55-8.2 A% FAE o E 1 H1-39, H1-23 4
o177} 4%, 8% glucose‘:ﬂ] A BT o] 2489 75-80%
Ao dEtg &8 B Ly °1 sk ok

GlucoseE 0S8 S=! FAL

thekst 23 ellA, thekal FE2] glucosed ¥4t
= AMgsle] SRR AWE 4 e 5o HEHS 2
ArsteH(Table 3). vlFg 564 4% glucoses &

2928 B custersii CBS 55129} = We|F<l H1-23,
H1-39, H1-55, H1-622] of&tg & Fsi' £ FAEkE ),
H1-23, H1-39, 222 H1-55%¢|3= 30T~ 22t
ol EFE2] 90% AEL] oehE &8 iocl AL (o]
B89 87.3% s £&)xut 7t kR, 37
T2} 40°Coll A= HelFE58] o] faFRe}t ITF 6-
9% HE gk 80| FAFHY) 27} 37CY u
H1-55¢} Hl-62#0lFE= 217t o] 2582 86.8%, 86 1
%] &S B UFF (o|E4EY 78.7% olEkE
H)Rc} HEe] =A SAkE Y e, 40T e Hl-
39 ¥Wo|Fv7} o289 79.5% 58 e 7P
skt ﬂﬂ- %D} 43T o H1-39 HolFdE oﬂF«P
& 0] o) 2589 76.4%% AFFEL} 15% 35%_5
der oE Hﬂol;‘ﬂ FEHETt 9535 F4) ehdoh
A =] BA o g ald We|sEe] 30CcE=
37700 4] 2eA PFFHT) $ggl whEE g vyl

L], B3] H1-39 WelFe] 7% 400} 43TAA] 714F

Table 3. Comparisons of ethanol production from glucose
by B. custersii and its mutants at different temperatures

Theoretical ethanol yield (%)

Strains Glucose concentration
4% 8% 13%9
30¢C
B. custersii 87.3 86.5 84.2
H1-23 90.5 88.7 87.2
H1-39 91.3 89.9 89.2
H1-55 89.5 89.2 875
H1-62 86.7 85.2 848
37C
B. custersii 81.3 80.3 79.1
H1-23 85.2 84.8 83.1
H1-39 849 83.7 82.4
H1-55 86.8 85.3 83.8
H1-62 86.1 84.7 81.5
40T
B. custersii 71.2 74.4 65.2
H1-23 78.1 75.9 72.1
Hi1-39 79.5 77.4 76.1
Hi-55 77.6 75.2 71.0
H1-62 76.8 74.8 72.7
43T
B. custersii 61.3 514 459
H1-23 72.5 68.5 61.3
H1-39 76.4 70.3 64.8
H1-55 67.5 61.4 56.4
H1-62 65.1 59.6 53.2

Fermentations were conducted for 18(1)_, 30% and 42 hours®.
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7¥7~} 25789 70.3%, 68.5%2] of|5h& 588 Ho]
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Table 4. Comparisons of ethanol production from mixed sugar by B. custersii and its mutants at different temperatures

Strains 4% mixed sugar 8% mixed sugar

37C 40T 43¢ 37tC 40T 437
Theoretical ethanol yield (%)

Brettanomyces custersii 75.0 72.0 61.0 72.1 68.3 589

H1-23 87.0 75.3 73.1 83.2 732 67.5

H1-39 84.0 78.5 722 813 752 70.2

H1-55 82.5 712 67.6 77.4 71.8 65.0

H1-62 80.1 76.2 69.3 78.3 72.8 66.5
Productivity (g ethanol/L-h)

Brettanomyces custersii 0.64 0.46 0.42 0.49 0.39 0.33

H1-23 0.59 0.64 0.50 0.57 0.50 0.46

H1-39 0.72 0.54 0.54 0.56 0.51 0.48

H1-55 0.70 0.53 0.44 0.53 0.49 0.44

H1-62 0.68 0.65 0.39 0.53 0.49 0.45

B3 o2 gurlua] 1 gF4Ee Z)ake] 4306
AE 6-10%4 < =&o] 7Fastdtt. o]& s12o] w4
waE Rk ollE; A E FAe 2As] dEe]
th tHREe] We| ot 37T oA TeA UuFR
o EaHe] et g, 53] H1-39 We] 5= 40T, 43
TollA Z47; oekg& go] o] 259 76.1%, 64.8%2
=7 vebytl 9 3704 H1-55 HelF7} da
Ho] =23 7o = ehdel,

SHHOIEER| HalATA SEIEMHAC| BISE AL

F5HAHE-2] gluose?} cellobiosed] FAu]e} FAlgh 3:
1 &g -8 o] &sle] B custersiiet L ol
o whaS A7 EE AR Boktl Table 4% 3%
glucose®t 1% cellobiose’} €%% 4% 333 6%
glucose2} 2% cellobiose”} &5Hd 8% Eg el A
Fo} Wolge] hEH S He{Fr)

49 g 7|2 2 HI-23W0]57) 37102} 40Tl 4]
2zt o) Bg-2] 87%, 75.3%% Kol WaHoe] $-ohy
I, 40CoAlA = HI-39W e |57} 78.5% 835 Hof ¢
g AEHE By}, o] F el FE fFFHYY 8-11%
A waze] gAtEglon, b g F HeolFx UdF
Brhs 4-8%4 % A HI-238 0] 37ColA]
17.8 g/L ollt-&5 Aalsted] o] Brg2f 87%= 2o &
TF(1ETE] 75%)F 23T oh2 Wo|FHo} $53
wEal-g welrk 229 HI-398e]s AJ4ki o] 0.72
g/L.h® 0.59 g/L.hg) HI-238.c) AAHAL-S o Zgic),

40°cellA= H1-39 He|F7) 16.1 g/L ol|zhe&-& A4k
sled 13.7 g/L olwh-&-& Aabet FFFH} 48] 6.5%
Z7pslgl R, H1-55, H1-62 22] 3 H1-23 Helar}t zb
7+ 15.8, 15.6, 15.4 g/L ol|st-2-& Aiksto] A< n]&gt
Sz2o worh Aukd oz 3770 v[&] 4geo] 5-7% A
T Zraslgon B3] H1-23 WHolFr) 11.7%8 ZFo

etk W QA 0.64 g/L.hE ekl HI-
0.65 g/L.hg 2.9l H1-62 He]F7} -3}
, H1-23 ®el5:9] 74-9- 370 Hrt 239 ozt 57}
S ok

255 28 4304 LEE gl Fukdez
37CHT 8o] 10-15% A& Askaar, M4 =gt
FABA Adadtdh H1-23 WolFde Htgo] o] &
+& 73.1% 7V SpEtgen AJ4kd-2 H1-39 ¥e)
Z7} 0.67 ¢/L.hZE S=ratint. 29 & WHolF= 04-
0.5 g/L-hAxe] 44aAde vyt ol#3 Ads AF
F5 23l O E He|FEL 257 L2 Al
o w2} dES T} HA A FIbE A H1-39 WHelF
EwEdved Wopd g3 dkx] ekevkE ARS o
Z4 F=Alelth

Glucose®} cellobiose FA8]|7} 3:18l 4% &5w-2 A
A &l F=u} glucose, cellobiose &ARW]7T ol
Akl Ao o] oA Fgolt A4 Sl
St wo|F7L FAGEE AT o 71 AR FF
2 H7lE 4 9l=d H1-39 HolF7} 71t 4514 o
7FE A2 2 ehgo 2 H1-23 WelF7t $8hglvt.

8% TN RRSHE Bel 227t S71
e} 4% Eadel Eo} dEee] ZhaEe] AR
A FAdo] Agatge 2 7RARE o 5 glgleH,
wgk QA ZhaE ook 2evh H1-39 el 59 A%
257} S &9 o] 5% W2 o T
Hr} ghaZo] zpol Ao 2 9-Ugh -2 UA T g
AL vk H1-23, H1-39 ®We|F7}F 37°CelA <=3k
e 8-S ¥, 40T, 43Tl = H1-39 HelF
7} 5 B TS ekt 257} 37C¢d4 H
1-23 Wo|Fg o] &89 83.2% st +8-& Yehil
AFFEct 11.1%2 T8¢ =, A4 E 0.57
g/L-h& $=rslgde}, 1 8o 2 H1-39 HolF7) %
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81.5%, A4tA 0.56 g/L-h=. -$=<=3}%3.om ﬂw HolF e
78% A E=2] 48-8 R g}, Hi1-39 HelFE 404 o]
BFEY 75.2% o7 85 Ho] AT} 7% 4
o 7 e A, 4 tﬂo]-r 2% 0.5 g/L-he] AAH4
< Ho] YFF (0.39 g/L-h)Ec} dabidoe] =A datsl
Ark EE o 43TA HEEHE AR Hoted
u}fﬂ-ﬂ-ﬂi H1-39 HolF7} 60417k 2kaF 28.9g/L
Be-& Aabsle] 958 whael g wodch o] $5L 9
TFE} 11% AE FAE Zel= =3F P4gE 048 g/
L-hE $175¢] 0.33 g/L-hec} =27 Sk it

Afra F2E F3AA YYE G T = glu-

pH, Celi No. { x 10 7 Cellsi mé )

B
g
8
2
»
S
x
Q.
o . ' . : — 0
0 20 40 €0 80 100
Time (hrs)

cose?} cellobiose ZAR]7} 3:18] 4% W) Edge]
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Fig. 1. Ethanol fermentation from mixed sugar by H1-39 mutant at different temperature.

A : Cultivation was performed at 40°C in the fermentation broth supplemented with mixed sugars which contains 3% (w/v) glucose and
1% (w/v) cellobiose. B : Cultivation was performed at 43°C in the fermentation broth supplemented with mixed sugars which contains
3% (w/v) glucose and 1% (w/v) cellobiose. C: Cullivation was performed at 40C in the fermentation broth supplemented with mixed
sugars which contains 6% (w/v) glucose and 2% (w/v) cellobiose. D : Cultivation was performed at 43°C in the fermentation broth sup-
plemented with mixed sugars which contains 6% (w/v) glucose and 2% (w/v) cellobiose. Symbols: O, pH V7; , Cell No. B; , Ethanol;

A Reducing sugar.
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Fig. 2. Simultanous saccharification and fermentation of cel-
lulose by B. custersii CES 5512 and its mutant H1-39.
Cultivation was performed at 407 in the fermentation broth sup-
plemented with 10% (w/v) ccllulose.
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