
PROTEIN ENGINEERING
2. IN SILICO IDENTIFICATION OF PROTEINS 

DALL·E 3



2

Outline

❑ Why to search for new proteins?

❑ How to acquire new proteins?

▪ traditional approach

▪ metagenomic approach

▪ bioinformatic approach

❑ Bioinformatic approach

▪ Where to find target sequences?

▪ How to find target sequences?

▪ How to recognize interesting sequences?

❑ What to keep in mind?
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Strategies for protein optimization

Protein engineering Natural diversity

Optimization of protein for applications
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Why to search for new proteins?

❑ better understanding of structure-function relationships

▪ required for rational design
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Why to search for new proteins?

❑ better understanding of structure-function relationships

❑ novel properties

▪ stability

▪ temperature profile

▪ activity 

▪ specificity
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Why to search for new proteins?

❑ better understanding of structure-function relationships

❑ novel properties

❑ better starting points for protein engineering

→ proteins with desired properties → practical applications



How to acquire new proteins?

▪ traditional approach

▪ metagenomic approach

▪ bioinformatic approach
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How to acquire new proteins?

❑ traditional approach

DNA library

screening

sample isolation

enrichment
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How to acquire new proteins?

❑ traditional approach

▪ microorganisms possessing target activity are enriched from the 

environment and isolated in pure culture

▪ proteins or corresponding genes are recovered from organisms by 

protein purification, DNA library screening, PCR with specific 

primers, etc.

▪ majority of microorganisms (> 99 %) cannot be cultivated using 

standard techniques → a large fraction of the microbial diversity in 

an environment is lost
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How to acquire new proteins?

❑ metagenomic approach

DNA library

screening

sample
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How to acquire new proteins?

❑ metagenomic approach

▪ isolation and cloning of DNA extracted directly from environmental 

sample (without culturing the present organisms)

▪ genes recovered by DNA library screening or PCR with specific 

primers,...

▪ enables to explore biodiversity of uncultured microorganisms
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❑ bioinformatic approach

How to acquire new proteins?

in silico “screening”

gene synthesis, DNA request

(meta)genomic 
sequencing projectssequence database
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How to acquire new proteins?

❑ bioinformatic approach

▪ sequence data from genomic and metagenomic sequencing 

projects are stored in sequence databases

▪ in silico searching of sequence databases 

→ fast and cheap way to identify novel proteins

→ one cannot find what is not in the database (but there is a lot

of data - more than one usually needs)

▪ genes are recovered by gene synthesis or obtained from sequencing 

consortia upon request



Where to find target sequences?

▪ databases of nucleotide sequences

▪ databases of protein sequences
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Databases of nucleotide sequences

❑ GenBank

▪ http://www.ncbi.nlm.nih.gov/genbank/

▪ provided by NCBI (National Center for Biotechnology Information)

❑ EMBL-BANK

▪ http://www.ebi.ac.uk/embl/

▪ provided by EBI (European Bioinformatics Institute)

❑ DDBJ

▪ http://www.ddbj.nig.ac.jp/

▪ provided by National Institute of Genetics from Japan
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Databases of nucleotide sequences

❑ GenBank, EMBL-Bank, DDBJ 

▪ annotated collections of all publically available nucleotide 

sequences

▪ freely available to the wide community 

▪ contain data obtained from genomic centers or research institutions

▪ everyday synchronization of new or updated data 

▪ contain about 250,000,000 sequences (Feb 2024)

▪ mostly automatic annotations – lower quality, errors
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Databases of protein sequences

❑ UniProtKB

▪ http://www.uniprot.org/ 

▪ provided by EBI, Swiss Institute of Bioinformatics and Protein 

Information Resource 

❑ nr Protein database

▪ http://www.ncbi.nlm.nih.gov/protein/ 

▪ provided by NCBI 
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Databases of protein sequences

❑ UniProtKB, nr Protein database

▪ annotated collections of publically available protein sequences

▪ freely available to wide community 

▪ contain data obtained by conceptual translation of coding 

sequences from EMBL-Bank/GenBank/DDBJ or provided by 

research institutions

▪ contain more than 250,000,000 sequences (Feb 2024)

▪ mostly automatic annotations – lower quality, errors
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Databases of protein sequences

❑ UniProtKB

▪ rich annotations (e.g., information about function of protein and 

individual amino acids, experimental data, biological ontologies, 

classifications, ...) 

▪ clear indication of annotation quality (manual vs. automatic)
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Databases of protein sequences

❑ UniProtKB/Swiss-Prot

▪ high-quality annotations, i.e., manually annotated entries or expert-

reviewed automatic annotations

▪ source of reliable information

▪ contains “only” ~ 570,000 sequences (Feb 2025)

❑ UniProtKB/TrEMBL

▪ automatic annotations – lower quality, errors 

▪ contains ~ 250,000,000 sequences (Feb 2025)
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Databases of protein sequences
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Pitfalls of sequence databases

❑ large number of errors

▪ errors in sequences (wrong base, frameshift errors)

▪ wrong positions of genes

▪ exon-intron boundary errors

▪ errors and inaccuracies in annotations

▪ ... 



How to find target sequences?

▪ text-based searches

▪ sequence-based searches
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Data format

❑ Fasta sequence:

▪ Header starting with “>” followed by the sequence description 

▪ Sequence data are on the new line

>Haloalkane dehalogenase LinB

MSLGAKPFGEKKFIEIKGRRMAYIDEGTGDPILFQHGNPTSSYLWRNIMPHCAGLGRLIACDLI

GMGDSDKLDPSGPERYAYAEHRDYLDALWEALDLGDRVVLVVHDWGSALGFDWARRHRERVQGI

AYMEAIAMPIEWADFPEQDRDLFQAFRSQAGEELVLQD
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Text-based searches

❑ database retrieval systems

▪ enable quick and easy search of many databases at the same time

▪ specification of queries using logical operators (AND, OR, NOT,...)

▪ Entrez (NCBI), SRS (EBI)

❑ results dependent on sequence annotations 

▪ erroneous, inaccurate or too general annotations

▪ synonyms

▪ misspellings

▪ ...
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Text-based searches

❑ database retrieval systems

mouse[ORGN] AND kinase AND (exons OR introns)
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Text-based searches

❑ database retrieval systems

1258

152

96
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Text-based searches

❑ database retrieval systems

❑ advanced search options
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Sequence-based searches

❑ searches based on sequence similarity

▪ results not influenced by sequence annotations

❑ rely on the assumption that proteins with the same function 

have similar sequence

▪ not always true – close homologs vs. distant homologs vs. analogs
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Sequence-based searches

❑ BLAST 

▪ Heuristic search of similarity on significant sequences

▪ Reasonable sensitivity and good speed

▪ Gold standard in sequence search

❑ PSI-BLAST

▪ “iterative BLAST” making use of multiple sequence alignment

▪ more sensitive search to detect weak but biologically significant 

similarities between sequences

❑ HMMER

▪ Uses Hidden Markov Models for sensitive detection of remote homologs

▪ Slower than BLAST for simple sequence similarity searches

▪ Widely used in protein family classification and domain identification



❑ Basic Local Alignment Search Tool

BLAST



BLAST

❑ Basic Local Alignment Search Tool

BLOSUM scoring matrix
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Sequence-based searches

❑ BLAST input

MSLGAKPFGEKKFIEIKGRRMAYIDEGTGDPILFQHGNPTSSYLWRNI
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Sequence-based searches

❑ BLAST results
Score

hits

E-value
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Sequence-based searches

❑ BLAST results
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Sequence-based searches

❑ BLAST Score

▪ raw score normalized on the basis of the scoring method

▪ sum of substitution scores and gap penalties

▪ higher is better, but does not adequately represent significance of 

alignment

❑ BLAST E-value

▪ number of BLAST alignments with a given or better Score that are 

expected to be seen simply by chance (with random sequence)

▪ indicator of alignment significance (adjusted to the database size)

▪ results associated with the lowest E-values are the best

▪ hits with an E-value score > 0.01 belong to the “grey zone” – do not 

trust them 
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Sequence-based searches

❑ BLAST alignment

▪ identity and similarity level between query and aligned sequence

▪ alignment length and coverage of query sequence - the alignment is 

local, therefore one should always check that the alignment covers a 

significant portion of the query sequence (e.g., the alignment may 

involve only few amino acids from the query sequence → not 

significant hit)
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Sequence-based searches

❑ PSI-BLAST results
alignment
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Optimal search strategy

❑ text-based search

▪ good for finding evolutionary “unrelated” proteins with some 

specific function

▪ a large number of false negatives (missed proteins with target 

function) and false positives (identified proteins with different 

function) results due to erroneous or inaccurate annotations
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Optimal search strategy

❑ text-based search

❑ sequence-based search

▪ good for finding members of a protein family (i.e., group of 

evolutionary related proteins sharing some specific function) → not 

suitable for finding “unrelated” proteins

▪ potential false positive results (i.e., proteins belonging to other 

evolutionary related families)

▪ searches using protein sequence queries are generally more 

sensitive than using nucleotide sequence queries (20 different 

amino acids vs. 4 different nucleotides) 



47

Optimal search strategy

❑ text-based search

❑ sequence-based search

❑ combination of text-based and sequence-based approaches

1. text-based search

2. subdivision of identified sequences into evolutionarily related 

groups

3. selection of a few representatives for each group

4. sequence-based searches using each representative as a query 

▪ potential false positive results – should be filtered



How to recognize interesting sequences?

▪ sequence clustering

▪ sequence comparison

▪ information about host organisms

▪ automated in silico enzyme identification

▪ reconstruction of ancestral proteins
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Sequence clustering

❑ Clustering based on pairwise sequence similarities

▪ can be used for a fast and rough classification of sequences in large 

datasets (thousands of sequences) 

→ effective way to filter results of database searches   

→ identification of members of individual protein families 

❑ Tools:

▪ CLANS - visualization of pairwise sequence similarities in three-

dimensional space → overview of sequence space 

(https://toolkit.tuebingen.mpg.de/tools/clans)

▪ CD-HIT - clustering and comparison of protein or nucleotide 

sequences (https://sites.google.com/view/cd-hit/)

https://toolkit.tuebingen.mpg.de/tools/clans
https://sites.google.com/view/cd-hit/
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Sequence clustering

❑ Clustering based on pairwise sequence similarities

known target 
proteins
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Sequence clustering

❑ Clustering based on pairwise sequence similarities

known target proteins
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Sequence clustering

❑ Clustering based on pairwise sequence similarities

target protein family
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Sequence clustering

❑ Clustering based on pairwise sequence similarities

C-C hydrolases

haloalkane dehalogenases

perhydrolases epoxide hydrolases
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Sequence clustering

❑ Clustering based on pairwise sequence similarities

haloalkane dehalogenases

previously known members

new family members
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Sequence comparison

❑ multiple sequence alignment

▪ analysis of conserved residues within protein family → identification 

of protein family members
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Sequence comparison

❑ multiple sequence alignment

▪ analysis of conserved residues within protein family → identification 

of protein family members
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Sequence comparison

❑ multiple sequence alignment

▪ analysis of conserved residues within protein family → identification 

of protein family members
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Sequence comparison

❑ multiple sequence alignment

▪ identification of sequences with unique features → proteins with 

potentially novel characteristics or problematic for production
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Sequence comparison

❑ multiple sequence alignment

▪ identification of sequences with unique features → proteins with 

potentially novel characteristics or problematic for production
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Sequence comparison

❑ multiple sequence alignment

❑ essential residues

▪ analysis of conserved residues important for function (catalytic, 

binding, coordinating residues, etc.)

▪ In UniProt/SwissProt -> Function -> Features -> list of active or 

binding site residues
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Sequence comparison

❑ phylogenetics

▪ establishment of evolutionary relationships among sequences

root
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Sequence comparison

❑ phylogenetics

▪ classification of sequences

HLD-II

HLD-I

HLD-III
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Sequence comparison

❑ phylogenetics

▪ information about experimental data→ selection of novel proteins 

HLD-II

HLD-I

HLD-III

no experimental 
data
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Information about host organisms

❑ extremophiles - microorganisms living in extreme conditions

▪ geochemical extremes (pH, salinity)

▪ physical extremes (temperature, pressure)

❑ proteins from extremophiles 

▪ often adapted to extreme conditions → unique characteristics, 

useful for practical applications 
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Information about host organisms

❑ Genomes OnLine Database (GOLD)

▪ http://www.genomesonline.org/

▪ list of complete (>36,000) and ongoing (> 115,000) information 

about individual projects and source organisms (Feb 2024)

❑ Entrez Genome

▪ http://www.ncbi.nlm.nih.gov/sites/genome 

▪ provided by NCBI

▪ ~700,000 genome information by organism

▪ information about genome, source organism, genes, encoded 

proteins, graphical representations, ...
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Information about host organisms

❑ GOLD
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Information about host organisms

❑ Entrez Genome

biological properties
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Automated in silico enzyme identification 

❑ EnzymeMiner

▪ https://loschmidt.chemi.muni.cz/enzymeminer/

▪ Search for novel enzymes with particular activity

▪ Only input is fasta sequence and essential residues

▪ Filtering of sequences using catalytic residues, MSA, clustering

▪ Annotations of sequences based on bioinformatics predictions, 

information available in sequence and genome databases

▪ 2D space of sequence similarity network

https://loschmidt.chemi.muni.cz/enzymeminer/
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Automated in silico enzyme identification 

Annotated putative 
enzymes

Query sequences

Essential residues

> LinB
MSLGAKPFGEKKFIEIKGRRMAYIDEGTGDPILFQHGNPTSSYLWRNIMPHCAGLGRLIACDLIGMGDSDKLDPSGPERYAYAEHRD
YLDALWEALDLGDRVVLVVHDWGSALGFDWARRHRERVQGIAYMEAIAMPIEWADFPEQDRDLFQAFRSQAGEELVLQDNVFVE
QVLPGLILRPLSEAEMAAYREPFLAAGEARRPTLSWPRQIPIAGTPADVVAIARDYAGWLSESPIPKLFINAEPGALTTGRMRDFCRT
WPNQTEITVAGAHFIQEDSPDEIGAAIAAFVRRLRPA

❑ EnzymeMiner
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Automated in silico enzyme identification 

❑ EnzymeMiner
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Automated in silico enzyme identification 

Target selection table

Sequence similarity network
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EnzymeMiner use case

Putative dehalogenases

2,905 sequences

Gene synthesis 

67 sequences

Characterization

35 proteins
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EnzymeMiner use case

The most catalytically 

efficient enzyme (100x)

Enzymes active at near-to-

zero temperature

Specificity

Substrate
specifity

Enantioselectivity

Efficiency

Stability

Activity

Temperature
stability

pH
stability

Temperature
optimum

Catalytic
efficiency

pH
optimum

Regioselectivity

The most thermostable 

enzyme Tm = 71oC
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Reconstruction of ancestral proteins
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Reconstruction of ancestral proteins
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Reconstruction of ancestral proteins

A

B

C

D

E

F

1

2

3

4

5

1

II. Create a tree

III. Reconstruct Ancestors

..AEDKLNQP..
..AEDKLNQP..

..VEDPLNQP..

..AECCLNQP..

..AECKLNQP..

..AKDKLNQP..

..QEDKLNQP..

I. Collect sequences and align them
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Reconstruction of ancestral proteins

❑ FireProtASR

▪ https://loschmidt.chemi.muni.cz/fireprotasr/

▪ Web server for automated ancestral sequence reconstruction

▪ Ancestral reconstruction, successor prediction, latent space analysis

▪ Design of stable proteins with good yields and broad specificity

https://loschmidt.chemi.muni.cz/fireprotasr/
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Reconstruction of ancestral proteins

❑ FireProtASR
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FireProtASR use case

AncestorsWild types

57 wild types and 56 ancestors tested

• Average Tm  +9 °C

• 60 % have higher Tm than the best WT

• enzymes with top activity

• Slightly better yields

Ancestors:



What to keep in mind?
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What to keep in mind?

❑ sequence databases

▪ nucleotide: GenBank, EMBL-BANK, DDBJ; protein: UniProtKB, nr Protein database

▪ errors in sequences and annotations

❑ database searches

▪ text-based: results influenced by sequence annotations

▪ sequence-based: identification of family members - BLAST, PSI-BLAST - E-value

▪ false positive results: sequences should be filtered

❑ selection of proteins for experimental characterization

▪ clustering: classification and filtering of hits from database searches  

▪ sequence comparison: classification and identification of unique sequences

▪ sequences from extremophiles: potentially adapted to extreme conditions

▪ EnzymeMiner: automated identification of interesting catalysts

▪ FireProtASR: design of stable, soluble, and broad specificity proteins 
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What to keep in mind?

❑ in silico identification and analysis of sequences - fast and 

cheap way to identify new proteins
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