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Today’s talk

• How much can we learn and predict 
from sequence alone?

• How does this help us with our 
purifications?

Image: Labster Theory
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How can bioinformatics help me?

• In this lecture you will learn how (using just 
your protein sequence) you can:

• Predict domains
• Identify post translational modifications
• Calculate the molecular mass 
• Determine the isoelectric point
• And most importantly, learn how to get your 

“extinction co-efficients” so you can calculate 
protein concentration accurately

• Identify distant homologs
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First useful resource  - Uniprot

• Uniprot.org
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Uniprot – brief functional description



21/03/2023 6

Uniprot – subcellular localisation
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Uniprot – post-translational modifications
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Uniprot – Domain composition
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Uniprot – sequence data
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Uniprot – sequence data
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Uniprot – sequence formats

• FASTA format
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Uniprot – editing the sequence

• But, what if I am only making one domain of this?
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Uniprot

• You can manually edit this to contain your sequence of interest
• This can be done in any editing software, eg. NotePad
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Uniprot

• You can manually edit this to contain your sequence of interest
• This can be done in any editing software, eg. NotePad

• You can also add the sequence of tags such as His or GST-tags
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Or you can get the sequence from a plasmid map
• For this course, there is a link to the software and plasmids files we’re 

using:      http://www.atomicvirology.path.cam.ac.uk/brazil
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Or you can get the sequence from a plasmid map

• Use ApE to open the plasmid file and extract the sequence data

http://www.atomicvirology.path.cam.ac.uk/brazil
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ApE – A plasmid Editor

• Open your vector map – different features are highlighted



21/03/2023 18

ApE – A plasmid Editor

• You can also view this as a graphic map
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ApE – A plasmid Editor

• Identify the relevant open reading frame (ORF)
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ApE – A plasmid Editor

• Translate the ORF
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ApE – A plasmid Editor

• Translate as 1-letter code
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ApE – A plasmid Editor

• Now you have the exact sequence of your construct including tags etc 
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Second useful resource  - ProtParam

• Protparam uses a sequence to calculate:

• molecular mass
• isoelectric point
• extinction coefficients

https://web.expasy.org/protparam/
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Second useful resource  - ProtParam
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Second useful resource  - ProtParam
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Second useful resource  - ProtParam

Mass in daltons, 57.4 kDa
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Second useful resource  - ProtParam

pI is the pH where your protein has no 
charge

Your protein can be unstable at its pI

Keep your purification buffers at least 1 
pH unit from the pI
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Extinction coefficients for protein concentration
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Extinction coefficients for protein concentration

E0.1% in units of (mg/mL)-1
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What determines the E value?

Phe

Trp

Tyr



21/03/2023 31

What determines the E value?

Phe

Trp

Tyr
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Calculating protein concentration

• Spectrophotometry, measure absorbance at 280 nm

A = log 10 I
I0( (
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Calculating protein concentration

• Beer-Lambert Law

A = log 10 I
I0( (

= εcl

ε = extinction co-efficient
c = concentration
l = path length
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Calculating protein concnetration

• Beer-Lambert Law and molecular extinction coefficients

© Edinburgh Instruments

Measure the absorbance

Use the theoretical extinction co-efficient

Calculate concentration

A = εcl

c =  A
εl
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Calculating protein concentration

• Beer-Lambert Law and molecular extinction coefficients

© Edinburgh Instruments

Calculate concentration in M or mg/mL

Molar conc, 65320 (M)   
= 0.5/65320 = 7.65 x 10-6

= 7.65 µM

In mg/mL, 1.139
= 0.5/1.139 = 0.44 mg/mL

A = 0.5

c =  A
εl
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Calculating protein concentration

• Beer-Lambert Law and molecular extinction coefficients

© Edinburgh Instruments

Calculate concentration in M or mg/mL

Molar conc, 65320 (M)   
= 0.5/65320 = 7.65 x 10-6

= 7.65 µM

In mg/mL, 1.139
= 0.5/1.139 = 0.44 mg/mL

A = 0.5

c =  A
εl
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This correction is super important

• Always correct your absorbance 
measurements using your 
extinction coefficient

• Some instruments will quote 
concentration from absorbance 
but if you haven’t entered an 
extinction coefficient it will be 
wrong!

© Nanodrop, Thermo scientific
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Sequence alignments

• Pairwise sequence alignments
• mouse vs human
• Proteins from different viruses

https://www.ebi.ac.uk/Tools/ps
a/emboss_needle/
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Pairwise alignment

• Identity calculation

• Use similarity/homology carefully, 
calculated differently by programs

• Useful for comparing animal 
models of human diseases 



21/03/2023 40

You can also use UniProt to do alignments

• Search for your 
gene/protein of 
interest

• Select the ones you 
want to compare

• Click Align
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UniProt Alignment
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You can also make phylogenetic trees

• Select all genes

• Do Alignment

• Select Trees
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You can also make phylogenetic trees

• Select all genes

• Do Alignment

• Select Trees
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Sequence homology

• Identify conservation 
across species

• Highlight important 
functional regions of 
high conservation
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Sequence homology
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Sequence homology
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Comparing Outputs – trees and alignments
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Including conservation improves search sensitivity

• Standard sequence alignment maximises 
the correspondence of residues across 
both proteins

• But some residues will be evolutionarily 
conserved while others won’t

• Conserved residues more likely to be 
important for function

• Weighting the alignment by conservation 
makes it more sensitive and accurate

Image: http://compbio.pbworks.com/w/page/16252912/Pairwise%20Sequence%20Alignment
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Including conservation improves search sensitivity

• Standard sequence alignment maximises 
the correspondence of residues across 
both proteins

• But some residues will be evolutionarily 
conserved while others won’t

• Conserved residues more likely to be 
important for function

• Weighting the alignment by conservation 
makes it more sensitive and accurate

• Profiles and Hidden Markov Models (HMMs)

Image: Stephen Graham (CC BY 4.0)

Logo Plot
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Profile/HMM searching for identifying distant homologs

• Use the query sequence to perform an 
initial search of the sequence database

• Take all hits from initial search and build 
a profile or HMM

• Use this profile/HMM to perform a 
subsequent search of the same 
sequence database

• Will be more sensitive and accurate

• Profile searching: PSI-BLAST
• HMM searching: HMMER (HMMsearch)

Image: Yousaf et al (2021) International Review of Applied Sciences and Engineering 13, 1
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HMM:HMM alignments

• Can also use HMM/HMM 
comparisons to improve specific 
multiple sequence alignments

• Upweight the alignment of regions 
that are evolutionarily conserved

• Clustal Omega

https://www.ebi.ac.uk/Tools/msa/clustalo/



21/03/2023 52

What else can we predict from sequence?

• Secondary structure prediction using NetSurfP
https://dtu.biolib.com/NetSurfP-3/
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Secondary structure and disorder
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Secondary structure and disorder
Probability of

Beta
Alpha Coil
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Image: Janet Deane (CC BY 4.0)
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We can (often) do even better than this with AlphaFold, but that’s for next week!
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Summary 

• Today you learnt how to use online 
resources to:

• Predict domains
• Identify post translational modifications
• Calculate the molecular mass 
• Determine the isoelectric point
• How to calculate extinction co-efficients
• Identify distant homologs

• Try this out with your favourite protein!
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