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Materials

Solvent - free 
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Primary Motivation

- Ionic liquids are a promising 
reaction media for industry.

Ą Biocatalysis in ionic liquids

Cellulose

Lignin

Biofuels

Chemicals

Plastics

- Enzymes can catalyse many 
different industrial reactions.

- Enzymes insoluble and inactive in 
common ionic liquidsé
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Pathways

Solvent - free 
Enzyme Biofluids

Ionic Liquid 
Proteins

Ionogels

Solubilize and stabilize enzymes in 
ionic liquids
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Nanoscale Liquids

nanoscale

Å Nanoscaleobjects do not have a liquid phase.

Å Interparticle interactions need to be extended.
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Solvent - free Enzyme Biofluids

(1) (2) (3)

(1) Cationization of surface acidic residues with amines using the EDC 
reaction.

(2) Electrostatic complexation with anionic surfactant to form aqueous 
nanoconjugates.

(3) Lyophilization of conjugate, followed by annealing at 60 ÁC to form 
solvent-free liquid protein.

alexbrogan.co.uk/publications

S2 (n = 11)S1
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Solvent - free Liquid Myoglobin

Nat. Chem. 2010 - Chem. Sci. 2012 ïJ. Am. Chem. Soc. 2012

Tm = 160 °C 

p50 = 1.1 Torrs

Hill Coefficient of 1

Å Retained structure and 
hyperthermophilic-like stability. 

Å Biological function in the absence of 
water.

Å Protein dynamics retained within 
organic corona.
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Lipase

Rhizomucormiehei (RML) Thermomyces lanuginosus (TLL)

Catalytic triad
HIS
SER
ASP

pNPB
410 nm

Nat. Commun. 2014
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Solvent - free Liquid Lipase

pNPPal

Å Delivery of both liquid and solid 
substrates to enzyme active site.

Å Enzyme activity in absence of water.

Å Enhanced enzyme activity up to 
150 °C

RML

TLL

Nat. Commun. 2014



/10

The strange case of lysozyme

J. Phys. Chem. B. 2013 

Å Switch from 2 -state unfolding to 3 -state 
unfolding in solvent-free liquid state.

Å Intermediate stable over large temperature 
range - no sign of aggregationé

Å é Until introduced to water.

Å Stabilization of reactive intermediate.

N I D

30 °C 

110 °C 
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Molecular Dynamics Elucidates Structure

Å Molecular dynamics simulations from 
aqueous to solvent-free state (Ó100 ns).

Å Observe surfactant corona behaviour in 
water and organic solvent.

Å Discrete conjugates in solvent-free liquid 
with some interdigitation .

Å Consistent with SANS measurements.

J. Am. Chem. Soc. 2014

Water Acetonitrile

Solvent -free
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Solvent - free Biofluids and Ionic Liquids

Å Myoglobin as archetypal 
system.

Å Well characterized ï
sensitive to environment.

Å Biofluids have significant 
increase in IL mixing.

J. Am. Chem. Soc. 2016.

Mb [C-Mb][S]

[ bmpyrr ][ OTf]

[ bmpyrr ][NTf 2]
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Glucosidase in Cellulase Cocktails

H2O Ionic Liquid

Nat. Chem. 2018



Glucosidase Biofluids and Ionic Liquids

Å Surface functionalization of 
glucosidsaseincreases solubility in 
ionic liquids.

Å Structure maintained (SRCD, SAXS)

Å Highly stable in ionic liquids.

H2O

[ bmpyrr ][ OAc]

[ bmpyrr ][ OTf]

71 °C

117 °C
134 °C

137 °C

[ bmpyrr ][NTf 2]

H2O

[ bmpyrr ][ OAc]

[ bmpyrr ][ OTf]

[ bmpyrr ][NTf 2]

[ bmpyrr ][ OAc]

[ bmpyrr ][ OTf]

[ bmpyrr ][NTf 2]

d = 7 ï10 nm
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Glucosidase Activity in Ionic Liquids

Å Activity enhanced in ionic liquids ï
only for modified glucosidase.

Å Reaction turns over at constant rate 
ïzero order kinetics

Å Enzyme activity increases by almost 
30x at 110 °C

Cellulose

Cellobiose
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Glu

[C-Glu ][S]

Nat. Chem. 2018
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Glucosidase Activity in Ionic Liquids 

H2O Ionic Liquid Ionic Liquid

Nat. Chem. 2018
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Non -aqueous Biocatalysis ïWhere Next?

Biopolymer Degradation: Biomass 
Utilization

Cellulose processing from 
biomass.

Lignin processing using laccases and 
peroxidases .

Waste processing with 
cocktail of enzymes.

Polymer Degradation: 
Plastic Recycling

Poly Lactic Acid degradation using 
lipases and proteinases .

Improving new enzyme utility. 

Polymers from Renewable Sources

FDCA from glucose as feedstock for 
polyesters ïglucose oxidase .

CO2 as an alternative 
to phosgene for 

production of 
polycarbonates ï

carbonic anhydrase

Chemo -enzymatic

Enzyme reactions performed in 
organic solvents.

Couple with catalysts not stable in 
water.

Ą Build unnatural biosynthetic cascades.
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Solvent - free Biofluids ïProspective

Non -Aqueous 
Biocatalysis

ü Biomass utilization

ü Plastic recycling

ü Chemoenzymatic

Ionic Liquid Proteins

Stabilization of 
Therapeutic Biomolecules

ü Antibodies, viruses, RNA 

ü Cold-chain free storage

PhD Student
Liem Bui-Le

Cloaking Device for Drugs

ü Greater lifetime of 
bioconjugate in body

ü Increase accumulation of 
drugs at disease sites?


