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Introduction
Isomers are molecules with identical atomic composition but with different structural and/or functional characteristics and isomerases are the 
enzymes catalyzing the conversion between different types of isomers (Figure 1). The TIPs project (Thermophilic Isomerase Processes for 
Biotechnology) focuses on the provision of novel thermostable isomerases from thermophilic microorganisms and metagenomes and their 
biotechnological applications (Table 1).

Approaches
TIPs includes comparative bioinformatic analyses of sequence data to identify different classes of thermostable isomerases of industrial interest. Both 
sequence similarity networks (SSN) and genome neighborhood networks (GNN) allow protein sequences to be gathered into clusters with a single 
function (Figure 2). Further phylogenetic analysis of these isofunctional clusters will help to select the most promising candidates (Figure 3).

Figure 5. Examples of molecular structures 
for the three types of isomerases targeted in 
TIPs (right). From top to bottom: arabinose 
isomerase from Escherichia (2HXG), protein 
disulfide isomerase from Salmonella (3L9S) 
and chalcone isomerase from Eubacterium 
(4C9S).

Figure 3. Phylogenetic relationships of bacterial and archaeal putative chalcone 
isomerases retrieved from genome databases. The entry from Medicago sativa 
(Eukarya) included as reference.

Target enzyme EC number Application

Sugar isomerase
5.1.3.- 
5.3.1.-

Production of new sugars as building 
blocks 

Disulfide isomerase 5.3.4.- Improve protein folding and stability

Chalcone isomerase 5.5.1.6 Production of secondary metabolites

Cherry-picked enzyme candidates will be cloned and recombinantly produced. Expression bias will be minimized with 
codon-optimized synthetic genes, a multiple vector system for high-throughput expression analysis as well as several 
streamlined expression hosts (Figure 4). Purified enzymes will be then functionally and structurally characterized (Figure 
5) and further optimized towards their biotechnological application.

Figure 2. Sequence similarity network 
(SSN) analysis of protein disulfide 
isomerases (InterPro IPR033954). 
Clustering was obtained with an 
alignment score of 20.

Figure 1. Schematic representation of different isomers. Isomerases 
catalyze the transformation between different isomers.

Table 1. Three types of isomerases will be targeted under TIPs. Thermostable 
isomerases are desired because they possess high resistance and durability.

Figure 4. Codon-optimized genes will be 
efficiently sub-cloned to several expression 
vectors with different affinity and solubility 
tags (left) followed by heterologous 
expression (right) in E. coli (mesophilic), 
Thermus thermophilus (thermophilic) and 
Bacillus subtilis (secreted).    
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