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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
different industries

= Sales ~ 1E10DKK (1.3E9 EUR)
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Novozymes Products

AGENDA
= Novozymes
= Laundry

= pKa-values / Enzyme kinetics
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An enzyme

Washing is complicated

dlat
ot

Could we study dependence on some of the parameters
separately?

- = f{fat, fat-type, variant, dose, detergent, detergent cone, pH, temperature, swatch, ...
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Surface adsorption

= Langmuir equation
= Models adsorption to surface
§' 4+ P=sSP
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= Same form as Michaelis-Menten Equation

First order model
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Decay model . .
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R(dose.t) = Bumax(1 — exp(t - dose/3)) A ‘shifted Michaelis-Menten’ medal vas fitted
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Enzyme, data=d,
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Michaelis Menten Model Conclusions
= Model choice not always obvious
> susmary( alelist(Responss = §0 su/(c+Done) | Enzyme, data=d, = Both models are plausible
subset=diEnzyzel='Blask’ ,start=list(y0=50, a=5, c=.5)})
i 3 4 = No significant difference beween models
odel: Response ~ yO + a « Domef(c + Dose) | Enzyme
Data: d .
- = Needs more experiments
. = But the project is closed
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Residuals

Michaslie-Menten
First order decay

v
M(z,v.k)=
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Measuring pKa-values
2.1 Shifted Michaelis Menten model agp
The (shifted) Michaelis-Menten model (4) has a number of nice features
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Enzyme pKa values Measuring pKa values
Titration curves are of the general form (1), as illustrated in figure 1 e g 2
! \
fiz) = Ty =] (1)
" a'*log(a)
z) = )
A (14 ab-=p? 4
In chemistry, b s the pla value, ¢ the pH, and @ = 10, From the gencral
form, we see that the slope at the pKa is log(10)/4 = (.58, .
! |
Figar |- Titnation cumve ol ¢ ¥ i - -
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Labour effort (50 variants)

= Traditional MM:
= 8 pH values
= 8 substrate concentrations
= 3 replicates

= = 192 kinetic curves per variant
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Enzyme kinetics
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Enzyme Kinetics Michaelis-Menten
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Enzyme Kinetics: Substrate depletion pKa values. Substrate depletion results
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Labour effort (50 variants) Michaelis-Menten titration curves
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pKa values based on measured Kcat/kM values. SetB
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Conclusions

= pKa-values are difficult to measure

= And even harder to change

NOVOZYmes

= Is is important to consider analysis as part of experiment

design

= Non-linear analysis can save ¥ of the work




