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Carboxylate type zwitterion with DMSO co-solvent for one-pot ethanol
G O 3 fermentation from plant biomass

(Kanzawa University) O Heri Satria, Kosuke Kuroda,
Kiyohei Miyamura, Kazuaki Ninomiya, Kenji Takahashi

lonic liquids (ILs) are liquid salts at room temperature which can dissolve cellulose efficiently.
However ILs are toxic to microorganisms and therefore it inhibits ethanol fermentation from biomass. We
have developed a new type of ionic liquid; a carboxylic acid-type liquid zwitterion (OE2imCsC), which
satisfy both low toxicity and dissolution of cellulose. The characteristics allow a one-pot conversion
process of biomass into ethanol via pretreatment, hydrolysis, and fermentation. However, the OEimC3sC
has a problem: high viscosity. In this study, a co-solvent, dimethyl sulfoxide (DMSO), was added to
decrease the viscosity.

Pure OE2imCsC dissolved cellulose at 100 °C (Figurel). However, after dissolving 6% of cellulose, the
solution could not be stirred anymore due to its high viscosity. Consequently, we could not confirm
whether over 6 wt% of cellulose can be dissolved or not. Here, DMSO enhanced the dissolution of
cellulose: OE2imCsC with 40 wt% of DMSO can dissolve cellulose up to 14 wt%. Dissolution ability of
OE»imC3;C/DMSO mixtures decreased when over 40 wt% of DMSO was added.

250
14 + -+
12 * + 200 —| =
> 104+ + —
% ", 150 L
S 8-+ - =
3 * B
g 6T - 9’ 100 -
St f
8,1 | 50 — -
T T 20 40! &0 ! 80 ! 100 0 ‘ ‘ ‘ ‘ ‘
o 20 ' 40 ' 60 ' 80 ' 100
Ratio of OE,imC;5C in OE,imC,C/DMSO (%) Ratio of OE,imC4C in OE,imC4;C/DMSO (%)
Figure 1. Dissolution of cellulose in mixture of Figure 2. ECso of OE2imC3sC/DMSO mixtures to
OE2imCsC/DMSO %? at 100°C. *cellulose solubility E.coli.
cannot be confirmed clearly due to high viscosity.

Toxicity of OE2imC3sC/DMSO to E. coli was investigated with ECsp (Figure 2). High ECso indicates
low toxicity. In spite that DMSO is known as a low toxic organic solvent, toxicity of OE2imCsC was
lower than DMSO. Therefore addition of DMSO is expected to cause decrease of ECs,. However, 20

wt% of DMSO increased ECso of the mixture, compared to pure OE2imCsC.

Carboxylate type zwitterion with DMSO co-solvent for one-pot ethanol fermentation from plant biomass
Heri Satria, Kosuke Kuroda, Kiyohei Miyamura, Kazuaki Ninomiya, Kenji Takahashi

Faculty of Natural System, Institute of Science and Engineering, Kanazawa University, Kanazawa.
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Carboxylate type zwitterion with DMSO co-solvent
for one-pot ethanol fermentation from plant biomass

(O Heri Satrial, Kosuke Kurodal®, Kyohei Miyamura!, Kazuaki Ninomiya?, Kenji Takahashil
lGraduate School of Natural Science and Technology, Kanazawa University 2Institute for Frontier Science Initiative, Kanazawa University
email address: ktkenji@staff.kanazawa-u.ac.jp (K. Takahashi)

1. Introduction

lonic Liquids (ILs) and It’s Application Toxicity of ILs to microorganisms Zwitterion : OE,imC,C

lonic Liquid 0 & &  Cation part first approaches to N/:\N+\/\)OL + | Advantage
ILs are : b _anlonlc_phosphollp|d by electrostatlc \LOWZ e O v Low toxicity to Escherichia coli (E. coli)
> ionic compounds (salts) which are liquid, . Interaction, follow by alkyl chain of v’ Dissolve cellulose

the cation insert into the hydrophobic

commonly have melting points below room
® ¥ part of membrane.

temperature
> Can dISSO|Ve Ce”ulose |n room temperature G. S. Lim, J. Zidar, D. W. Cheong, S. Jaenicke, M. Klahn, J. Phys. Chem B., 2014, 118, 10444-10459.

without destruct the molecule | i — @
. f onic Liqui

+ cellulose

— )

dissolution

— )

NS C o
Cation ~  Anion \f'\'\/)k /N\7 0 v Pure OE,imC,C dissolved cellulose at 100°C
1-ethyl-3-methylimidazolium acetate ([JEMIM][OACc])
ILs AR Less toxic: there is no hydrophobic alkyl chain
bp Cellulose dissolution: similar structure to polar ILs

Biomass

BloconverS|on of biomass

” \ /One-pot conversion biomass 2
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@e—> Extraction
Bagasse

oo oo, 2 Pretreatment Hydrolysis Fermentation
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Hydrolysis =\, O v
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HO =\, 0 = E.coli KO11 v Ethanol w r
H;:}?H/OH \ "L NN - = Cellulase (recombinant) / [ thanol was produced

Glucose = Without IL/ZI
Disadvantage High ViSCOSity

Cthanol This study : - 0
\ Building blocks / Dimethyl sulfoxide (DMSO) was added to decrease viscosity, and toxicity W
2. Dissolution of Cellulose 3. Toxicity of OE,imC,C/DMSO to E. coll

Effective Concentration-50 (EC.,) Assay

l Fermentation

< 12 L N Accelerate (tubidity at 600 nm; concentration ?)?OE CO|I) Relative OD600 at 24h
‘i 10 - Addition of DMSO (_:e”u'OS_"e — 11— ODg,, of OE,ImC;C/DMSO solutions
= dissolution — 1 1 M = .
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