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Enzymes: gateways 
to a sustainable 
future



Skyrocketing market ~ few new enzymes





Revolutionizing enzyme discovery

1. Smart & integrated data collection 

2. Advanced AI/ML algorithms 

3. Enzymes tailored to industry needs

Enzyme prediction toolbox 



Smart data collection

The potential of 
marine environments



Smart data collection

genome
transcriptome

proteome
habitat 
data 

~

200 bacteria & 2 microalgae

50 public 
databases

activity 
screening

Cylindrotheca closteriumCyclotella meneghiniana 

Å Protein, enzyme and catalysis info
Å Organism and environmental info

Integrated 
database



Advanced AI/ML algorithms 

Data

Tools

Enzyme prediction toolbox

Enzyme candidates

Enhanced prediction accuracy, 
utilizing in-house developed 
tools alongside SOTA models

Increased reliability, 
combining multiple existing 
tools for easy comparison of 
the results

Jaldert François (KU Leuven)



How to use the toolbox?

Toolbox

AA sequence

Application 1

Input Output

Similarity search
Å Sequence
Å Structure
Å Reaction

Parameter prediction
Å EC number
Å Temperature

Å pH

Identifying novel enzyme



How to use the toolbox?

Toolbox

Application 2

Input OutputFilter demands

Ç Function
Ç Temperature
Ç pH

Search for good enzyme candidate

Fitness ratio

98.1%

97.8%

87.3%

74.7%

71.3%

65.2%

Experiments



Enzymes tailored to industry needs



Enzymes tailored to industry needs

1. Custom tools for biocatalytic process evaluation

2. Selection of the most suitable bacteria to produce the enzyme

3. Cultivation, upscaling, extraction and purification of the enzyme

4. Characterization of the enzyme under industrial conditions

?



Putting Enzymares to the test



The versatility of esters

fragrance 
and flavors

emollients

biofuels Surfactants

bio 
lubricants 

and 
bioplastics

emulsifiers - one of the most essential reactions in the chemical industry
- wide applications in pharmaceuticals, polymers, solvents, fragrances, etc



Why lipases?

Esters are industrially 
very important

Most of the esters are 
chemically produced 
leading to byproducts 
and off-odors;

Tendency in market 
ǘƻǿŀǊŘ άƴŀǘǳǊŀƭ 
ǇǊƻŘǳŎǘǎέΣ 
άǎǳǎǘŀƛƴŀōƛƭƛǘȅέ ŀƴŘ 
άŎƭŜŀƴέΤ

Lipases catalyze broad 
reaction range - can be 
starting point to increase 
desired (but less 
catalyzed) activity

{ǘŀǊǘ ǿƛǘƘ άƛƴŘǳǎǘǊȅ 
ǎǘŀƴŘŀǊŘέ bƻǾƻȊȅƳ порΣ 
benchmark against 
candidates



From discovery to candidate: The toolbox in action

ɩ{ŎǊŜŜƴƛƴƎ ƻŦ нлс ƳŀǊƛƴŜ ōŀŎǘŜǊƛŀƭ ƛǎƻƭŀǘŜǎ Ҧ уо ǎƘƻǿŜŘ ƭƛǇŀǎŜ ŀŎǘƛǾƛǘȅ

ɩWhole-ƎŜƴƻƳŜ ǎŜǉǳŜƴŎƛƴƎ Ҍ 9ƴȊȅƳŀǊŜǎ ǘƻƻƭōƻȄ Ҧ р ŎŀƴŘƛŘŀǘŜǎΣ н ǘƻǇ ǇŜǊŦƻǊƳŜǊǎ

ɩSelection based on lipase family, predicted thermostability, industrial relevance

ɩBest candidate (Bacillus-derived lipase) successfully scaled up in a 4 L fermentation



Esterification assay: new lipase vs. benchmark CalB

ɩEsterification activity measured via lauric acid + 1-propanol (5 min, solvent-free assay)

ɩTemperature profile: new lipase shows only 20ς30% lower activity at 40 °C vs 60 °CҦ 

CalB shows ~50% activity drop

ɩHoweverΥ ŀōǎƻƭǳǘŜ ŜǎǘŜǊƛŦƛŎŀǘƛƻƴ ŀŎǘƛǾƛǘȅ ƛǎ ƳǳŎƘ ƭƻǿŜǊ Ҧ high enzyme dosage 

required for equivalent units

Heleen De Wever, PhD (VITO)
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Application test: esterification of geraniol

ɩSolvent-free esterification of geraniol + acetic acid at 40 °C

ɩTested across multiple substrate ratios and enzyme loadings

ɩNew lipase: ~10% conversion after 48 h

ɩNovozym®435: reaches full conversion under identical conditions

ɩConclusion: the new lipase candidate shows broader temperature tolerance, 

but requires further optimization

ɩNext steps: further iterations and feedback into the AI/ML algorithms + 

optimization of process and formulation



The lipase case proves that Enzymares is not only about 
finding enzymes, but about rapidly exposing what they can 

τŀƴŘ ŎŀƴΩǘ τdo in industrial settings.



²ŜΩǊŜ ƴƻǘ ŘƻƴŜ ȅŜǘΗ 

Enzymares accelerates enzyme discovery ςbut how do we bring these enzymes to industrial scale? 



Evelien Uitterhaegen, PhD
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evelien.uitterhaegen@bbeu.org

Beyond Enzymares:
Process development and scale-up 
for enzyme production
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