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Biocatalysis

The Challenge

Enzymes can catalyse many different industrial reactions.

Industrial products/substrates typically require solvents other than water.

However, enzymes are often insoluble and inactive in organic solvents.
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Solvent-free 
Enzyme Biofluids

Ionogels

Solubilize and stabilize enzymes in ionic liquids

Biomaterials
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(1) (2) (3)

(1) Cationization of protein surface.

(2) Nanoconjugate formation via electrostatic complexation of 
anionic surfactants

(3) Lyophilization and annealing to form solvent-free liquid protein.

(4) Solubilization in ionic liquids.

Solvent-free Enzyme Biofluids

alexbrogan.co.uk/publications
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Solvent-free Enzyme Biofluids

Tm = 160 °C 

• Retained structure and hyperthermophilic-like 
stability. 

• Protein dynamics retained within organic corona.

• Enhanced enzyme activity in absence of water.

• Protection against aggregation.

Chem. Sci. 2012 / J. Am. Chem. Soc. 2012 / J. Phys. Chem. B 2013 / Nat. Commun. 2014 / J. Am. Chem. Soc. 2014

N I D
Water Acetonitrile

Solvent-free
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Ionic Liquids as Designer Solvents

• Ionic liquids are organic solvents with highly tuneable
properties.

• Can solubilize and process otherwise recalcitrant polymers.

• High thermal stability, broad electrochemical window, and
negligible vapour pressure.

Cation Anions

[emim]+ [OAc]- [EtSO4]- [OTf]- [NTf2]-

Polarity
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Glucosidase in Cellulase Cocktails

Nat. Chem. 2018

H2O Ionic Liquid
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Glucosidase Biofluids in Ionic Liquids

Nat. Chem. 2018

• Surface functionalization of glucosidsase increases 
solubility in ionic liquids.

• Structure maintained (SRCD, SAXS)

• Highly stable in ionic liquids.

H2O

[bmpyrr][OAc]

[bmpyrr][OTf]

71 °C

117 °C
134 °C

137 °C

[bmpyrr][NTf2]

H2O

[bmpyrr][OAc]

[bmpyrr][OTf]

[bmpyrr][NTf2]

[bmpyrr][OAc]

[bmpyrr][OTf]

[bmpyrr][NTf2]

d = 7 – 10 nm
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Glucosidase Activity in Ionic Liquids

Nat. Chem. 2018

• Activity enhanced in ionic liquids – only for modified 
glucosidase.

• Reaction turns over at constant rate – zero order kinetics

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

Cellulose

Cellobiose
Glu

[C-Glu][S]
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Glucosidase Activity in Ionic Liquids

Nat. Chem. 2018

H2O Ionic Liquid Ionic Liquid
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Protein based therapeutics aggregate at high temperatures.

Accidental freezing can cause aluminium (adjuvents) to aggregate.

Cold chain can account for up to 80% of the cost of vaccinations.

Biomedicine

Manufacture Land Transport Air Transport Storage Administration

The Challenge
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• Surface functionalization of avidin 
causes some changes in structure.

• Reduced Biotin-PEG-FITC binding.

• Increased thermal stability.

• Stable for 160 days at 25 °C.

Av 

                
                     

Binding
Activity

Thermal 
Stability

Biofluid

C-Av

[C-Av][S]

Liem Bui-Le, Biotech. Bioeng. 2020 / Patent Pending

Solvent-free Liquid Avidin
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74 °C  
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Solvent-free 
Enzyme Biofluids

Ionogels

New soft materials for biointerfacing

Biomaterials
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Ionic Liquids in Materials Design

• Ionic liquids are organic solvents with highly tuneable
properties.

• Can solubilize and process otherwise recalcitrant polymers.

• High thermal stability, broad electrochemical window, and
negligible vapour pressure.

→ Relatively untapped potential in soft material design.

24 h

Ionogel Hydrogel

Cation Anions

[emim]+ [OAc]- [EtSO4]- [OTf]- [NTf2]-

Polarity
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Ionogel Structure Property Relationship

Mater. Horiz. 2020.

• Dependence of mechanical properties on ionic liquid
anion.

• Decreasing polarity, increasing mechanical strength.

• Lower polarity, better solvent for polymer.

[emim][OAc] [emim][NTf2]

10 % 20 % 30 % 40 %
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Filamentous Viruses as Functional Scaffolds for Ionogels

(1) UMC Utrecht Phage Library (2) C. Mao et al. Science. 2004. 303. 213-217

• M13 is a filamentous bacteriophage with extremely high aspect ratio – 10
nm wide by 900 nm long.

• Used by Belcher Lab (MIT) as highly versatile scaffold for templating various
materials.

• Prospective uses as soft batteries and catalytic materials.

(1) (2)
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M13 Bacteriophage Biofluids and Ionic Liquids

Chem. Commun. 2019

[bmpyrr][OTf]

[bmpyrr][NTf2]

[bmpyrr][MeSO4]

Biofluid

Aqueous

• Global architecture of M13 maintained up to
150 °C in solvent-free biofluid.

• Structure maintained in ionic liquids.

• Ionogels with phage incorporated can be
made.
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Harley Pyles,… & David Baker. Nature. 2019

Jake Nicholson. Ongoing.

2 nm

5 nm

20 nm

Computationally Designed Protein Biomaterials

• Can we make biomaterials from de novo proteins to expand the level of
control over structure and functionality?

• Will designed proteins hold up to chemical functionalisation?

DB1 C-DB1 [C-DB1][S]



19

Conclusions

• Robust synthesis for chemically modified proteins 
and enzymes.

• Good compatibility with ionic liquids.

• Protein structure highly conserved – in the 
absence of water.

• Thermal stability improves as compared to 
aqueous system.

• Enzyme activity enhanced in ionic liquids.

• Significant increase in long term stability of 
therapeutic biomolecules.

• Proteins as designable structural motifs for non-
aqueous soft biomaterials.
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