
Strategies for planning rationally 

biocatalyzed reactions

Biocatalysts in chemical reactions and 

organic synthesis











The enzyme: a protein

How can we study and predict enzyme properties?





Molecular models: a computational simulation of tridimentional structures 
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Penicillin G Amidase (PGA)

recognizes substrates that are 

derivatives of phenylacetic acid 

Pen G
active site 3D structure  with water molecules

Docking simulates enzyme-

substrate recognition: 

affinity, Km 

Ser B1

Docking the substrate





Penicillin before enzyme-substrate recognition

Shells of water 

solvating the substrate 

in the aqueous bulk 

medium

1.



2. The substrate enters  the active site



3. To enable enzyme substrate interactions/recognition, part of the water 

molecules must be displaced (desolvation)



4. After displacement of water molecules, the substrate establish new 

electrostatic interactions with residues in the active site 



Then comes catalysis: stabilization of 

the Transition State of the 

rate determining step

Kinetics !!!!



ES complex must pass to the transition state (ES*); and the transition state 

complex must advance to an enzyme product complex (EP). The latter is 

finally competent to dissociate to product and free enzyme. The series of 

events can be shown as:

E + S         ES          ES*         EP            E + P

Then comes catalysis: 

stabilization of the 

Transition State of the 

rate determining stepSP

E

EP                                     ES

kcat/KMkcat/KP

kcat

























Example: 

enantioselectivity of different hydrolases against R or S  phenylglycine

(R) used in ampicillin synthesis)



Can we use computational 

methods to predict 

specific activity or 

selectivity?



N

C
S CH3

CH3

NH

COOH

O

C

O

H

Ser B1
Phe B24

Ser B67

Trp B154

Phe A 146

Pen G

Docking of the ground state 

gives information only on 

enzyme-substrate

recognition:

affinity, Km 

Ser B1

Information on Kcat derives only from 

the study of energies associated to 

the transition state of the rate 

determining step of the reaction
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Mechanism of PGA

N

C
S CH3

CH3

NH

COOH

O

C

O

H

Example: 

The enzymatic hydrolysis of penicillin G

PGA is a serin hydrolase

where the catalytic Ser 

corresponds to the N 

terminal residue 

Generally, the formation of the 

acyl-enzyme is assumed as

the rate determining state of 

the reaction



Basso, A., et al., Biochim. Biophys. Acta – Protein structure and Molecular Enzymology 2002,1601, 85-92 

Transition state can be simulated only using 

Quanto Mechanics methods: they are able to simulate 

partially formed or broken bonds.

However the transition states of enzymatic reactions are 

too complex and big to be simulated by QM

Example: 

The enzymatic hydrolysis of penicillin G:
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Mechanism of PGA

Tetrahedral intermediate

However: the rate determining 

step must be identified 

unequivocally !!

HN

O O Ser- PGA

R

We can use a simplified 

approach by simulating a 

reaction intermediate that we 

suppose to be close to the 

transition state of the RATE 

DETERMINING STATE of the 

reaction



Construction of the tetrahedral

intermediate in the active site 

of the enzymes

Covalent bond with Ser B:1

Basso, A., Braiuca, P., Ebert, C., Gardossi, G., Linda, P., Biochim. Biophys. Acta – Protein structure and Molecular Enzymology 2002,1601, 

85-92

Conformational analysis

DE=Einter.-(Eenzyme+Esubstrates)

•Ony enthalpic contributions

•No entropy accounted

•No quantitative correlation to Kcat
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Enantioselectivity:
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Coordinates of reaction

DDG#

DDG# = DDH # - T DDS #

E + R

E + S

The method can provide ONLY some semiqualitative

hints on enzyme selectivity by comparing the enthalpy

associated to two different tetrahedral intermediates



Annexes














