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● Overview - Designing chimeric proteins

The term chimera comes from Greek mythology, used to describe a creature composed

of parts of different animals. Similarly, protein engineers combine domains and

fragments from different proteins to design a new chimeric (or hybrid) one for different

purposes. Although one might think that this kind of protein is generated only

synthetically, in nature they can be built by recombination events, leading to protein

with different functionalities.

Among some of their uses, we can highlight protein purification, cell localization, and

biopharmaceuticals applications. The main elements for designing a successful fusion

protein are the selection of the fragments to be joined together and the linkers used to

do it [1]. Therefore the purpose of this guide is to briefly describe some tools and

approaches available for evaluating these two important components and how to join

them and understand the resulting protein.

● Understanding the joining fragments

The choice of the bound fragments depends on the application of the final construct.

For immunoproteins such as vaccines, antibodies fragments, and antigens for

serodiagnostic, the Immune Epitope DataBase (https://www.iedb.org/) might be a

valuable tool in order to map and select the sequences mosts suited. It represents a

catalog of experimental data regarding antibodies and epitopes, besides harboring

epitope prediction tools and conservancy analysis. This base has been explored by our

team, Rio UFRJ Brazil in order to map potential epitopes and literature regarding it so

we could build a multi-epitope antigen for specific Dengue detection.

Besides immunology, fusion proteins might also be used for coupling reactive steps in a

metabolic pathway. Some studies indicate that fusing enzymes that participate in the

same cascade reaction can provide better yields and productivity [2]. For exploring this

approach one can better understand the state of the art and also find sequences in

either metabolic engineering databases such as Kegg (https://www.genome.jp/kegg/)

or dedicated databases for enzymes such as BRENDA
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(https://www.brenda-enzymes.org/). There are other databases such as

PDB(https://www.rcsb.org/) and Uniprot (https://www.uniprot.org/) might provide the

sequences needed for constructing the fusion protein of need. Finally, it is important to

highlight the importance of knowing if working sequences have post-translational

modifications, since that might impact the protein stability and also the choice of

chassis for expression

● How to choose the proper linker

Linkers are essential to connect protein domains in a way that preserves biological

activity and inter-domain interaction. Depending on the protein domains fused and the

application, linkers with different properties might be used. Flexible linkers such as rich

glycine and serine linkers are most indicated when the mobility of the fused domains is

requiered. There are also linkers designed to improve solubility such as the glutamic

acid and lysine. On the other hand, rigid linkers are recommended when it is important

to keep a distance and independence between the domains, and as an example, we

have EAAAK and proline-rich linkers. Lastly, there are also the cleavable linkers, which

are susceptible to protease activity or disulfide bond reductions [2].

● How to model its structure

There are different approaches for modeling the 3D structures of a protein in order to

better understand its stability. There are some algorithms that use homology modeling

for predicting the structure of proteins starting from a homologous template. However,

for synthetic and fusion proteins, sometimes a de novo approach is desirable. Below, we

reunited the list from the Molbios website with some recommendations regarding

softwares for structural prediction[2]:

PHYRE2 - Protein Homology/analogY Recognition Engine. Uses the alignment of

hidden Markov models to improve the accuracy of alignment.
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CPHModels (Center for Biological Sequence Analysis, Technical University of

Denmark). It is neural network-based for predicting C-alpha atoms.

SWISS-MODEL - (Glaxo-Wellcome Experimental Research, Switzerland). It is

available as an online server and it is based on homology modeling.

I-TASSER ONLINE - It is alignment-based and considered one of the best for

structure prediction.

Robetta - Allows different customization regarding constraints, and is usely

recommended for large scale sampling.

PSIPRED Protein Sequence Analysis Workbench - includes different prediction

modeling tools, for both homologous modeling and neural network-based algorithms.

● Cloning strategies

There are many tools and assembly methods available for cloning fusion proteins.

However, it is important to highlight the need to be careful about guaranteeing that the

cloning will generate in-frame fusion, and that’s why some scarless methods such as

Golden Gate, Gibson, and In-phusion might be preferable for joining peptide sequences.
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