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Random Mutagenesis (directed

evolution)

Saturation Mutagenesis

Gene Shuffling

3-D Models (homology)

Site-Directed Mutagenesis



Cold-Active Enzymes from
Antarctica

1. Trypsin-like Protease from Krill – US Patent 

granted. Medical applications.

2. Subtilisin-like Protease from Pseudomonas sp. 

– US Patent filed. Use in detergent industry.

3. Xylanase from Psychrobacter sp. - US Patent 

filed. Use in biofuels industry.



Increasing the Thermostability of a 
Xylanase using a Homology model

• Background

• Psycrophilic xylanase, complete sequence obtained, cloned and
expressed in E. coli BL21(DE3)/pET22b(+).

• Active at temperatures between 5ºC-40ºC, pH Optimum → 6 - 8

• Patent filed

• Using directed evolution the Kcat was increased 3 times but 
there was no increase in thermostability.

• Using a homolgy model of structure appropriate regions for 
mutations were found by simulation of molecular dynamics and 
degree of compaction.



Results of simulation of molecular 
dynamics

RMSD: a measure of how much each amino acid can move
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Selection of amino acids to mutate using 
a model of comparative compaction

• the program compares the density of contact between equivalent 
residues in 2 groups of enzymes.

• The density of contact is the number of atoms which can make 
contact with a residue. 

• Distance < 4,5 Å

• Negative results indicate that the compaction in the cryophilic protein 
is smaller than in the mesophilic counterpart and these amino acids 
are therefore targets for mutagenesis.

• The most promising target was SER221 as it is near to the active 
site and in a highly conserved region.  



Ser221
SSer221
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Improvement in the Thermostability of a 
Cold-Active Xylanase

Loreto Parra Atala

Internship at Max-Planck-Institut für Kohlenforschung 

Mülheim an der Ruhr, Germany. 

Hosting by Prof. Dr. Manfred T. Reetz



Cold Active Enzymes 
Biotechnological Applications

High catalytic efficiency at low temperatures →

reduction of the energy cost of a processes

 Biotechnological Applications

 Additives in detergent; Cold washing (proteases, lipases,
amylases and cellulases)

 Additives in food industries

 Environmental bioremediation

 Problem → Thermolability

 The thermostability is necessary for the use of the

enzyme in industrial processes

 Solution → Protein Engineering

 Directed Evolution (Random Gene Mutagenesis)

epPCR and DNA Shuffling

 Rational Design (3D protein structure)

Point mutations (saturation mutagenesis)



Library C + Focused epPCR B

Was designed in order to 
anchor a flexible loop to a 
rigid part of the protein.

Clone ΔT50
15 °C Mutations

P5F10 4.3 Val249Ile

P8D1 4.1 Asn226Leu/Gly262Ser/Ile264Ser

P7B7 3.8 Asn226His

P5A2 3.2 Asn260Ser

P9H10 2.5 Asn226Pro

49% active mutants 

Asn226
Asn260



Metabolomics



Metabolomics of Recombinant Yeast

• Metabolic Flux Analysis

• Microarrays of Gene Expression

• Integration of Gene Expression and Regulation with 
Metabolic Fluxes

• Modelling Metabolic Fluxes and Gene Regulation



Metabolomics

Metabolic Flux 

Analysis
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