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Motif & Domain Discovery



What is a protein?



Proteins are 
Important for a 

Wide Variety 
of Cellular 
Functions



How are proteins made?



How do genes code for multiple proteins?

Alternative Splicing



What types 
of protein 
structure 

are there?



What does it mean when proteins are conserved?



What is a Protein Motif?

Small conserved regions of protein structure 



What is a Protein Domain?

Conserved structural or functional units of protein



How do we visualize conserved domains?



What is the difference between Motifs and Domains?



Why are they important to research?

They allow us to computationally classify protein classification and determine biological function



How do we determine domains?

Multiple Sequence Alignment using Multiple Sequence Comparison Log-Expectation 
(MUSCLE)



Why multiple sequence alignment?

By using this 
technique, we can 

observe patterns in 
the data



What are other methods we can use?

Hidden Markov Method

Statistical method that quantifies the position of amino acids at a particular position



So how do we model domains?

Protein databases refine the model by quantifying the level of amino acid conservation

Mature Model



How do we analyze domains?

Database of protein families that includes their multiple sequence alignments generated 
using HMM



What results do we get from Pfam?

Note: Pfam has been absorbed into InterPro. True Pfam results no longer available 



Interpro results, continued



Interpro results, continued



Interpro results, continued



What did Pfam use to give?

Defined Protein Domains



Continued

Evolutionary Relationships & Species Distribution



Continued

Evolutionary Relationships & Species Distribution



What results do we get from SMART?

Simple Modular Architecture Research Tool



What results do we get from SMART?

Simple Modular Architecture Research Tool



What results do we get from SMART?

Simple Modular Architecture Research Tool



Why would we use one or the other?
SMART Pfam

More accurate domain 
identification

Domains exclusively 
annotated

200M+ proteins in 
database

Less comprehensive

Classifies novel 
sequences into protein 

domain families
Most comprehensive 

(16K+ families)
No longer exists



How do we make sure ALL biologists can understand?

Gene Ontology 
logic-based organization 
structure for knowledge



What are the three Ontologies used?



How do we validate our computational data?

Proteins that interact should be expressed in the same cell types or under similar conditions



Summary

1. Domains are conserved 
structural/functional units of protein

2. Domains can be discovered and 
analyzed by using bioinformatic 
approaches

3. Domain analysis helps us classify 
proteins and impact genetic research  



Dr. Jason Shephard & the Arc protein

University of Utah, School of Medicine 

Molecular function of the Arc protein in long-term memory formation, 2018



Questions?



The Neuronal Gene Arc Encodes a Repurposed
Retrotransposon Gag Protein that Mediates
Intercellular RNA Transfer

Pastuzyn et al., 2018



How does the brain store information?

Through synaptic connections between interconnected networks of neurons



Synapses move information



It is unknown how memories are moved around



Memories are thought to move via retrotransposons

Genetic components that can insert themselves elsewhere in the genome 



What is a retrovirus?

An RNA virus that replicates itself into a host genome via capsids

Gag Pol Env LTR 3'5' LTR

Capsid 
proteins

Reverse 
Transcriptase 
& replication 
machinery

Protective Lipid 
Envelope



Arc is a protein important for memory

Predicted MA CA-NTD CA-CTD

MA=Matrix

CA-NTD = Capsid N-
terminal Domain

CA-CTD = Capsid C-
terminal domain

Arc plays an important role in synaptic plasticity



What are the evolutionary origins of Arc?

Pastuzyn et al., 2018
Ty3/gypsy retrotransposon family

Conserved retroviral Gag domain



Does Arc form virus-like capsids?

Pastuzyn et al., 2018

Purified Arc resembles retrovirus capsid structure



What regions of Arc are important for self-assembly into capsids?

Double-shelled protein structure of Arc cannot form when the CTD is deleted

Pastuzyn et al., 2018



Do Arc capsids contain mRNA?

Interactions between the Arc protein and the Arc mRNA is important for the stability of the mRNA

Pastuzyn et al., 2018



Does Arc require mRNA for capsid formation?

Removal of RNA bases decreases capsid formation

Pastuzyn et al., 2018
Introduction of mRNA increases capsid formation



Where is Arc mRNA found in relation to neurons?

Arc mRNA is found in Extracellular Vesicles (EVs) outside of neurons
Pastuzyn et al., 2018



What are extracellular vesicles?

Vs.

Parrish et al., 2018



Do EVs degrade outside of neurons?

mRNA within EVs or encapsulated are stable!

Pastuzyn et al., 2018

Encapsulated mRNA

Arc-containing EVs



EVs can transfer protein and mRNA to recipient cells
Pastuzyn et al., 2018

Do EVs transfer Arc protein and mRNA to recipient cells?



Are Arc capsids required for neuron uptake?

Capsid formation is necessary for transfer of mRNA 
Pastuzyn et al., 2018



Does Arc undergo activity-dependent translation in neurons?

Translation of Arc mRNA into Arc protein is dependent on neural activity
Pastuzyn et al., 2018

Induction via DHPG increases translation levels of Arc mRNA in neuronsRepression via CHX decreases translation levels of Arc mRNA in neurons



Arc works in the brain like a retrovirus

Pastuzyn et al., 2018ACBARs=Arc Capsids Bearing Any RNAs



Summary

Pastuzyn et al., 2018

Arc shares retroviral Gag protein properties

Arc forms stable capsid-like structures

These structures allow for the transfer of mRNA from neuron to neuron



Future Directions

What else does Arc play a role in?What else do ACBARs contain?

ACBARs



Questions?
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