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Isolation of Mutant Yeast Strains having Resistance to 1-ethyl-3-methylimidazolium Acetate through a Directed Evolutionary
Approach
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Cellulosic biomass is a renewable source for biofuel production from non-edible biomass. An optimized
pretreatment process is required for the efficient utilization of cellulosic biomass. Among various
pretreatment processes, the use of ionic liquids has been reported recently. However, the residual ionic
liquid after pretreatment acts as an inhibitor of microbial fermentation. Recently, we isolated mutant
Saccharomyces cerevisiae strains resistant to the ionic liquid 1-ethyl-3-methylimidazolium acetate
([EMIM][Ac]) by using a directed evolutionary approach. When 3% [EMIM][Ac] was added to a medium
containing 80 g/l of glucose, mutants D452-B2 and D452-S3 produced 35.6 g/l and 36.3 g/l of ethanol,
respectively, for 18 h while the parental strain (S. cerevisiae D452-2) produced 1.3 g/l of ethanol. Thus, these
mutant S. cerevisiae strains might prove advantageous when ionic liquids are used for biofuel production
from cellulosic biomass.
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Fig. 1. The specific growth rates of S. cerevisiae D452-2
increased drastically through a directed evolutionary
approach using YPDg, medium containing 5% of [EMIM][Ac].
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#i <] 2} [EMIM][Ac]7} =7} 2] 942 YPDgo HiA| o] 22t A
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Table 1. Evaluation of the parental strain D452-2, mutant B1, B2, B3, B4, S1, S2, S3, and S4 strains using YPDg, medium con-

taining 5% of [EMIM][Ac].

Glucose Final optical Specific growth Ethanol Ethanol Ethanol
Strains consumption rate density rate production productivity yield
(gI"h™) (Asoo NM) (h) (9/h) (gI"h™) (9/9)
D452-2 0.28 £0.01 291x0.13 0.03+£0.00 1.33+£0.15 0.05 +£0.01 0.17 £0.02
B1 1.91 £0.02 7.54+0.11 0.06 £+ 0.00 21.07 £1.57 0.75+0.06 0.39+0.03
B2 263 +0.07 7.16+£0.21 0.08 +0.00 3245147 1.16 £ 0.05 0.44 £0.01
B3 247 £0.05 7.38+£0.01 0.07 £0.00 3046 £0.25 1.09 £0.01 0.44 £0.01
B4 1.62 £ 0.04 7.53+0.31 0.06 £ 0.00 19.94 +0.03 0.71 £0.00 0.44 £0.01
S1 1.44 £ 0.05 6.92 £ 0.01 0.05+0.00 1758 +1.11 0.63 £ 0.04 0.44 £ 0.01
S2 1.56+£0.12 7.13+0.51 0.05+0.00 19.21+1.27 0.69 +0.05 0.44 +0.00
S3 2.55+0.06 6.91+£0.36 0.07 £0.00 31.74 £ 0.60 1.13+£0.02 0.44 +0.00
S4 240 +0.00 7.29+0.22 0.07 £0.00 30.00 £ 0.06 1.07 £0.00 0.45 £0.00
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Fig. 2. Comparisons of the parental strain (S. cerevisiae D452-
2) (A) with mutant strains D452-B2 (B) and D452-S3 (C) using
YPDgy medium containing 3% of [EMIM][Ac]. Symbols:
glucose (@), ODgqo (a) and ethanol (O).
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Table 2. Comparisons of the parental strain (S. cerevisiae D452-2) with mutant strains D452-B2 and D452-S3 using YPDg,

medium without [EMIM][Ac] addition.

Glucose Final optical Specific growth Ethanol Ethanol Ethanol
Strains consumption rate density rate production productivity yield
(g1"h) (Asoo NM) (h) (9/1) (g1"h7) (9/9)
D452-2 6.80 = 0.01 17.70 £ 0.42 0.44 £0.01 31.57+£1.17 263+0.10 0.39+0.01
D452-B2 4.50+0.21 11.84 £ 0.03 0.25+0.02 25.67 +0.94 2.14+0.08 0.48 £ 0.00
D452-S3 4.87 +0.07 12.40 £ 0.00 0.27 £0.00 2746 £0.29 2.29+0.02 0.47 £0.00
Naumovozyma, Wickerhamomyces, Yarrowia, Zygoascus References

AE2EO

&E52 [EMIM]][Ac]®] % AW 5%7HA] A& 9] P=
ot g3 AHoh20, 21]. 3] FF<Q 812 S. cerevisiae
+ 1l-ethyl-3-methylimidazolium chloride([EMIM][CI])+
2t 200 mM (2.93%), [EMIM][Ac]= 100 mM (1.7%)7}+%]
AL B9l Aoz HlE G20, 22]. FZoE chemical
genomics-guided biodesign®] 2= WH-S F3 PTK2 44
274 Ao E S, cerevisiae Y133-1IL @52 3% 1%2] 1-
butyl-8-methylimidazolium chloride ((BMIM][CI]) &7 9]
A BRA O 2 glucose} xylosed ogHE =2 AEA|hL
HIFGI ¥ ATE B9 AUE Edwo] 37 S
cerevisige D452-B29} D452-S3= o|& A e} v|udE I
A HHAA et AS AT S Ao

2~
2 T M

2 o

27 vpo] @ wj A A o] AH8-E|= ionic liquide= A
A2 100% 2457 go 2E3HE ionic liquide] 54
ol 4PH o 4B 259 A%l 1R GFE 0)A of
g2 dad a8 9 S Adfste A4S 7HAE A
o} 2 Ao AL ionic liquide] A3|S wHA] ko =2
ethanol A &L 71 #FE A1z £ 53 Z@Ho|
o AeS AYstgich. AdE SH¥o] o5 D452-B29}
D452-S3+= 3% [EMIM][Ac]7} 3235 v | o A glucose &
H&TE 45 g1 h19 44 g 1V h1E BFF9 S, cerevisiae
D522 #70] 813} 64 7} Z7haHe00, ethanol 44k
AL 247 1.99 g 1+h1i9t 2.0 g 11hig2 27v) 715k Z7)38)
%ok
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