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Biocatalysis

Table 1.1. Pros and cons of using isolated enzymes and whole cell systems

Biocatalyst Form Pros Cons
isolated any simple apparatus, colactor recycling necessary
enzymes simple workup, better

4 productivity due to

higher concentration
tolerance
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whole cells any no cofactor recycling expensive equipment,
necessary tedious workup due to large

volumes, low productivity
due to lower concentration
tolerance, low tolerance of
organic solvents, side
reactions likely due 10
uncontrolled metabolism

growing higher activities large biomass, more by-
culture products, process control
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cells
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Table 1.2. Characteristics of 'enzymation’ and 'fermentation’

Enzymation Fermentation
microorganism resting cells growing cells
reaction type short, catalytic long, life process
number of reaction steps  few many
number of enzymes active few many
starting material substrate C + N source
product natural or nonnatural  only natural
concentration tolerance high low
product isolation easy tedious

brgmducts Few many
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Figure 1.3. Schematic representation of enzymatic enantiomer discrimination
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Figure 1.5. Schematic representation of enzymatic enantioface discrimination
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Figure 1.6. Energy diagram of catalyzed versus uncatalyzed reaction
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Figure 1.7, Energy diagram for an enzyme-catalyzed enantioselective reaction
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E = enzyme: A and B = enantiomeric substrates, P and Q = enantiomeric products: [EA]
and [EB] = diastereomeric enzyme-substrate complexes; # denotes a transition state: AAG.
AAH and AAS = free energy, enthalpy and entropy difference, resp.: R = gas constant, T =
lemperature, va and vg = reaction velocities of A and B, resp.
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Table 1.5. Common coenzymes required for biotransformations

Coenzyme Reaction type Recycling?
NAD*+NADH removal or addition of (+) [++]
NADP+/NADPH hydrogen (+) [+]
ATPb phosphorylation (+) [+]
SAM Cj-alkylation (+) [£]

Acetyl-CoA  Coalkylation () FEl
Flavinse oxygenation (-)
Pyridoxal-phosphate transamination (-)

Biotin carboxylation (-)
Metal-porphyrin complexes®  peroxidation, oxygenation (-)

4 Recycling of a cofactor is necessary (+) or not required (-), the feasibility of which is
indicated in square brackets ranging from 'feasible’ [++] to 'complicated’ [£].

b For other triphosphates, such as GTP, CTP and UTP, the situation is similar.

¢ Many flavin- and metal-porphyrin-dependent mono- or dioxygenases require additional

NAD(P)H as an indirect reducing agent.
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