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Novozymes

Develops, produces and sells industrial enzymes
 Spun out of NovoNordisk in 2000
 5800 Employees world wide

700  products in 130 countries within more than 30 
different industries
 Sales ~ 1E10DKK (1.3E9 EUR)

Novozymes Products
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Environmental impact comparisons

PAPER

UP TO 
-600 KG

LEATHER

-40 KG

FOOD

-200 KG

OIL & FATS

-1,300 KG CEREAL

-3,800 KG

TEXTILES

-100 KG

BIOCATALYSIS

-3,400 KG

BIOETHANOL

-150 KG

DETERGENT

-150 KG

ANIMAL FEED

-30 KG

MINUS

CO2 COST PRODUCING 1KG ENZYME:
PLUS 1-10 KG

CO2 REDUCTION USING 1 KG ENZYME 
IN DIFFERENT INDUSTRIES :
MINUS

An enzyme

Tergotometer Wash

Washing is complicated

Could we study dependence on some of the parameters 
separately?
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Parameters of interest

 RP: relative performance
 IF: Improvement factor (ratio of initial slopes)
 SF: Substitution Factor
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Decay model

5 10 15

0
1

2
3

4

Dose Response. Time=1
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Surface adsorption

 Langmuir equation 
Models adsorption to surface

 Same form as Michaelis-Menten Equation

Estimates from drc
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Michaelis Menten Model
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Residuals

Conclusions

Model choice not always obvious
 Both models are plausible
 No significant difference beween models
 Needs more experiments 
 But the project is closed
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Enzyme pKa values

Measuring pKa-values

Measuring pKa values
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Labour effort (50 variants)

 Traditional MM:
 8 pH values
 8 substrate concentrations 
 3 replicates
= 192 kinetic curves per variant

Reader curves

Enzyme kinetics

Enzyme Kinetics Michaelis-Menten
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Enzyme Kinetics: Substrate depletion

Labour effort (50 variants)

 Traditional MM:
 8 pH values
 8 substrate concentrations 
 3 replicates
= 192 kinetic curves per variant

 Substrate depletion:
 8 pH values
 3 substrate concentrations
 3 replicates
= 48 kinetic curves per variant

pKa values. Substrate depletion results

Michaelis-Menten titration curves
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Conclusions

 pKa-values are difficult to measure
 And even harder to change

 Is is important to consider analysis as part of experiment 
design
 Non-linear analysis can save ¾ of the work

Thanks to

 Jens E Nielsen, UCD / Novozymes
 Helen Webb, UCD
Damien Farrell, UCD
 Esben P Friis, Novozymes
 Benjamin Høyer, DTU, Novozymes

 Ref (pKa): Biochemistry, 2012, 51 (26), pp 5339–5347

 Animation package: Yihui Xie


