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Protein Architecture: 
Conserved Functional Domains

Proteins are like machines in that different parts of the protein 
perform different sub-functions, and together these parts allow 
the entire protein to perform its overall function.
These functionally distinct parts of the protein are known as 
functional domains.
If they are conserved across taxa, these conserved 
domains can be identified by amino acid sequence similarity.
In the output of a BLAST search at NCBI, you will see 
reference to conserved domains if one or more such domains 
are identified.



The top of the page provides a locus ID number, also called an “accession 
number,” as well as information on any publications that are associated 
with the sequence.

The bottom of the page lists 
conserved regions or sites 
within the protein, and 
characterizes their known 
function (e.g., “polypeptide 
binding”, “ion binding”).
The full protein sequence is 
also given.



At the top of the page, on the far right, below the link to Run BLAST, you 
can click on the link for Identify Conserved Domains.



How do I find conserved protein domains if not 
all of my sequences are annotated?

Computer programs can detect conserved regions of proteins 
(known as motifs) based solely on their amino acid sequences.
The strong conservation of a motif over evolutionary time 
suggests (1) that it may have an important function and (2) that 
its sequence is therefore be constrained by stabilizing selection.
One popular program for identification of such conserved 
motifs is MEME. Multiple Em for Motif Elicitation

Timothy L. Bailey and Charles Elkan, "Fitting a mixture model by expectation 
maximization to discover motifs in biopolymers", Proceedings of the Second 
International Conference on Intelligent Systems for Molecular Biology, pp. 
28-36, AAAI Press, Menlo Park, California, 1994.

Assemble a file of amino acid sequences in 
FASTA format

Don’t include only sequences from your focal taxon (e.g., 
Astrangia).
Also include annotated sequences from well-studied model 
systems (e.g., Nematostella, Acropora, Drosophila, and/or 
vertebrates).
Paste your amino acid sequences into a text file using the FASTA 
format.

>Sequence1Name[return]
MAGITRVAFFEDRWSACV......[return]
>Sequence2Name [return]
MAGLTRVAYFEDRWTACV...... [return] 
>Sequence2Name[return]
MLGITRVAFFDDRWTACV...... [return]



Obtaining amino acid sequences for an 
annotated protein sequence on NCBI

Click on the FASTA link.

Obtaining amino acid sequences for an 
annotated protein sequence on NCBI



Obtaining amino acid sequences for an an 
unannotated sequence (e.g., from Astrangia)

Find sequence by BLASTing vs. Astrangia at skinnybastard.bu.edu 
(choose StellaBase).

Obtaining amino acid sequences for an an 
unannotated sequence (e.g., from Astrangia)

Paste Query sequence in text box.
Select “tblastn” as program
Select “Astrangia V2” as database



Obtaining amino acid sequences for an an 
unannotated sequence (e.g., from Astrangia)

Paste Query sequence in text box.
Select “tblastn” as program
Select “Astrangia V2” as database

Note the correct reading frame.
Click the checkbox of the sequence you want to download.



Note the correct reading frame.
Click the checkbox of the sequence you want to 
download.
At the bottom of the page, click “Selected Fastas.”

>Locus_3843_Transcript_6/44_Confidence_0.194_Length_861
TCAAAATCTTGTATCCATGGTGAGTTGTTTATTTATTTTTCATTTTTAGGTTGTACCAGTGCTGGTCCCCACTTTAATCC
TACTGGTAAAACTCATGGGTGTGATCCACTTTGAACAGGAGGCCGAAGGAAAAGAGTGTAAGATTACTGGGGAAGTAACA
GGTCTTACTGAAGGAAAACATGGATTTCATGTCCATCAGTTTGGTGATGGCACAAATGGTTGTACCAGTGCTGGTCCCCA
CTTTAATCCTACTGGTAAAACTCATGGAGGTCCAGATGATGAAATACGTCATTATGGGGACCTTGGTAACATCACAGCAG
ATAAAGATGGTAAAGCAAAAATTGACATGACGGACAAACTAGTTTCCATTATTGGAAAGGACTCTGTTGTTGGACGCACA
ATTGTGGTACATGCCAAGGTAGATGACTTAGGAAAGGGTGGTGATCAGGAGAGTCTGAAGACTGGCAATGCTGGTGCACG
CTGGGCCTGTGGAGTGATTGGCATTACCAAGTAAACAGCACCCCTGGCCAAGTCGTGGTGTGCATTATTTTGACGATTGG
AGAGACTATATGTGGCTGTAATGCCTTCAGACTTAAAGTCTGCATTAGTAACTAACAAGAGACATGTACTGAGTAACCAA
TAAAGTTCAACTTAATGTTTTCAGTTGTTCTGCGGTTTGTTGATTAGAAGTGCGATGAAGACTCAGGTTGACTGGCAAAT
GAGCCACAACTTGAACCTGCAAAGATATTTTCTATCTAGCCGCTTTGGTTTCTCTGCAAAAGTACCTGAAAAAAGGTTCC
ATTGAGTTAACACTTTTACACAAAATTTAATTTCATGTTAATTATCTTGCAGTGCAAAACT

Use an online translation tool (e.g., www.expasy.org) to obtain 
the predicted amino acid sequence.



http://meme.nbcr.net/meme/

Supply your e-mail 
address.
Paste your protein 
sequences in fasta 
format into the box.
Alter the default 
search conditions if 
you desire.
I typically select “Any 
number of 
repetitions” for each 
motif the program 
finds
I also increase the 
Maximum number of 
motifs to 10 or more.



After you select 
“Start Search”, this 
summary window 
will appear. 
It summarizes 
1. the Description 

you provided, 
2. the Settings you 

specified, and 
3.a description of 

the Sequences 
you submitted 

Click the link to 
view your job 
results.

When the job is 
done, this window 
will appear.
Click on MEME 
html output to see 
the motifs that were 
identified.



For each Discovered Motif, the overview will provide 
a E-value, here 2.7e-407, which “is an estimate of the expected number of motifs 
with the given log likelihood ratio (or higher), and with the same width and site count, that one would 
find in a similarly sized set of random sequences. (In random sequences each position is independent 
with letters chosen according to the background letter frequencies.)”

a count of the number of sites observed (here 28, which amounts 
to 1 site per protein sequence provided)
a sequence LOGO representing the conserved motif

each position in the LOGO diagram shows the amino acids that 
are observed to occur in that position. 
the height of the letter is proportional to how many times that 
amino acid was observed in that position. The LOGO diagram 
above reflects the fact that cysteine (C) was always observed at 
position 5 of Motif 1.

Click on the link to Motif 1 and you will see an amino acid alignment 
of the motif from all the protein sequences in which it was identified.

The motif is the same length in each protein (28 amino acids).
The amino acid sequence is not strictly conserved, but often the same 
class of amino acid (e.g., polar, non-polar, positively charged, or 
negatively charged) is found at the same position in the motif in most 
or all of the sequences (indicated by the color). For example, position 
16 is always a negatively charged amino acid (aspartic acid [D] or 
glutamic acid [E])



The Block Diagram for each motif depicts the motif as a colored 
block which has the following properties

its height is inversely proportional to its p-value, &
its location is shown relative to the rest of the protein (the 
entire protein is represented by the fine line)

Notice that the LSF proteins of the snail Lottia (LogLSF) and the 
anemone Nematostella (NevLSF) differ in length, but they share the 
same 8 conserved motifs in the same relative order.
This conservation of protein architecture suggests that they two 
proteins are performing the same functions.

At the bottom of the page, examine the Combined Block Diagrams to 
see how the overall protein architecture (the relative location of 
conserved motifs) compares across proteins.


