Motif and Domain Discovery
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What are Proteins?

Stock | #212770821

Proteins are polypeptides, chains of amino acids, that act as the functional unit of life.
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How are proteins made?
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Proteins are translated from mRNA transcripts derived from DNA.



How are multiple protein variants produced?
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What are the 4 structure types?



What are Protein Motifs?

Small region of protein with a common three-dimensional structure/sequence shared among proteins.



What are Protein Domains?

Regulator of G-protein signalling Beta-adrenergic receptor kinase Sorting nexin
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A conserved sequence pattern that acts as an independent functional and structural unit.
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VERSUS

What are the differences? DOMAIN
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Why do we care?
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Conserved domain sequences give us insights into protein function and history.



How do we characterize
nomology?
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NCBI curated domain hierarchy for voltage-gated chloride channel

cd00400 Sequence Cluster

parent node, in this case, encompasses 1 kingdoms of

323, eubactaria,
re and voltage-

Sub-family Hierarchy

cd0d400  Yoltage_gated_C1C
H@cdo1031  EriC
Hcdo1033  C1C_Llike
Hcdo1034  EriC_like
cd01036  ClC_euk intermediste

as shown in the sequence cluster tree

parent: domain model found onhy in eukanyotes

cd03683 CIC_1_like

~
chick[}  frogf

cd03684  CIC_3_like
cd03685  CIC_6_like
L{cd03682  C1C_sych. like

o.-chain gene [3-chain gene

gene duplication /

early globin gene

found

hypophosphatemic rickets)
found in human CLCNE, CLCNT (osteoporosis)

found in bacteris; facilitstes acid resistance in scidic soil

colors in sequence cluster and subfamil
hierarchy comespond to

The goal of the NCBI conserved domain curation project is to provide
insights into how patterns of residue conservation and divergence in a
family relate to functional properties, and to provide useful links to more
detailed information that may help to understand those



How can we identify conserved domains?

Multiple Sequence Alignment Hidden Markov Model

Theory and Practice - Step-by-Step




What is MUSCLE?
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Multiple Sequence Alignment using Multiple Sequence Comparison Log-Expectation



How does MUSCLE work?

Amino acid or nucleotide
sequence

!

Pairwise alignments by k-tuple
method

l Distance scores

Guide tree construction by
neighbour-joining method

l Distance scores

Progressive alignment

Multiple sequence alignment
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What is HMM and how is it used?
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Hidden Markov Model



How is HMM utilized?
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Searching through sequences and identifying protein families and

generating profiles from MUSCLE.



What are Family Base
Resource Groups?

Techniques that group together protein
sequences or protein domainsinto
evolutionary families.

Some utilize techniques like sequence
clustering, while others use significant
manual curation.

Ex. PFAM, ProDom, PANTHER, SMART,
PhyloFacts
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What can you do with PFAM?



What can you do with PFAM continued?



What is InterPro?

Interpro is a large secondary protein
database that incorporates many
different databases
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How to use Interpro?

by sequence by text by domain architecture

Sequence, in FASTA format

This form allows you to scan your sequence for matches against the InterPro protein signature databases, using InterProScan tool. Enter or paste a protein sequence in FASTA format
(complete or not - e.g. PMPTIGSKERPTFFETFKTRCNKADLGPISLN), with a maximum length of 40,000 amino acids.

Please note that can scan up 100 sequences at a time. Alternatively, read more about InterProScan for other ways of running sequences through InterProScan.

e file Example protein sequence

» Advanced options

Clear

Powered by InterProScan

Search by sequence or Ascension ->
Interpro entry

%/ Browse / By Entry / InterPro / IPRO10945 / Overview

1PRO10945 Malate dehydrogenase, type 2

Overview
Proteins
Taxonomy
Proteomes
Structures
AlphaFold

Pathways

Short name Malate_DH_type2

Overlapping
homologous
superfamilies ®

Family relationships

~ @ L-lactate/malate dehydrogenase ap

(H| Lactate dehydrogenase/glycoside hydrolase, family 4, C-terminal (IPRO15955)

« [ malate dehydrogenase, type 2 (IPR0O10945)

@ Lactate dehydrogenase, protist (IPRO11
... A Malate dehydrogenase, NADP-dependent, plants (1PRo11273)

Description

Malate dehydrogenases catalyse the interconversion of malate and oxaloacetate using dinucleotide cofactors
[, The enzymes in this entry are found in archaea, bacteria and eukaryotes and fall into two distinct groups. The
first group are cytoplasmic, NAD-dependent enzymes which participate in the citric acid cycle (1.1.1.37 7). The

& Add your annotation

Contributing Member
Database Entries

NCBIfam:
HAMAP: MF_01517 TIGRO1759

second group are found in plant chloroplasts, use NADP as cofactor, and participate in the C4 cycle (1.1.1.82 ).

Structural studies indicate that these enzymes are homodimers with very similar overall topology, though the
chloroplast enzymes also have N- and C-terminal extensions, and all contain the classical Rossman fold for

NAD(P)H binding 12 %51, Substrate specificity is determined by a mabile loop at the active site which uses
charge balancing to discriminate between the correct substrates (malate and oxaloacetate) and other potential
oxofhydroxyacid substrates the enzyme may encounter within the cell 4],

GO terms
Biological Process

« malate metabolic process (GO:0006108)
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This service is part of the ELIXIR infrastructure

InterPro is an ELIXIR Core Data Resource

Molecular Function

+ malate dehydrogenase activity (GO:0016615) 2

Structural basis for cold adaptation. Sequence,
biochemical properties, and crystal structure of malate
dehydrogenase from a psychrophile Aquaspirilium
arcticum. Kim 5Y, Hwang KY, Kim SH, Sung HC, Han Y5, Cho
Y. 1. Biol. Chem. 274, 11761-7, (1999).

View article 2 PMID: 10206992 &2

Structural basis for light activation of a chloroplast
enzyme: the structure of sorghum NADP-malate
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Bourguet E, Miginiac-Maslow M, Eklund H. Biochemistry 38,
4319-26, (1999, article 4 PMID: 10194350 (4

* GenProp1612
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This service is part of the GBC

InterPro is a Global Core Biodata Resource

Cellular Component

None

Chloroplast NADP-malate dehydrogenase: structural
basis of light-dependent regulation af activity by thiol
oxidation and reduction, Carr PD, Verger D, Ashton AR, Ollis
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How can SMART be used?

Example
DISCLAITMER YEAST

FAMILY
ALIGNMENT

ALIGNMENT
with PROFILE

( ANNOTATION

ABOUT

HELP

DOMAIN
DETECTION

MEDLINE
MMDB
PROSITE

SEG MM
BLAST with PFAM
SEGMENT
TMPred \-s f | SMART
Show SEGMENT

static poges
dynamicaly created on user request
dynamically created on program execution

Domains within your query sequence of length 346 residues

1 100 200
| | |

All the segments are clickable; individual segments can be subjectto a BLAST search.

Signal peptides determined by the Signads program (= transmembrane segments predicted by the
TopFred program (=" coiled coil regions determined by the Cozlss program | 1 and Segments of
lowr compositdonal complexity, determined by the SEG program (= are shown in the line below the
SMART domains.

SMART is a database that is used in the analysis of protein domains within protein sequences.

Also uses Hidden Markov models to best sort through the database.




SMART vs PFAM- when to use what?

SMART PFAM
- Specializes in extracellular, - Many more proteins in the
signaling, and chromatin database
associated domains - Novel sequences are
- Significant manual curation classified into families
(>1200 manually curated - No longer exists
models) (incorporated into InterPro)
- Exclusive annotation




C0O:0008152

What is Gene Ontology?

Process

Ontology: A set of well-defined terms with Go:0044238 [ CO:0071704

small mgI?.cule primbar;,f ogganic biosyntheti
. . . metabolic metabolic substance
well-defined relationships process process | | metabolic | | Process

CO:0005975 C0O:1901576

carbohydrate organic
metabolic substance
process biosynthetic

Gene ontology is a way of categorizing
and organizing data to facilitate data EEERE | M ATLETES
retrieval.

CO:0016051

carbohydrate
biosynthetic
process

e metabolic biosynthetic
process process

C0O:0019318 CO:0046364

hexose monosaccharid
metabolic e biosynthetic
process process

C0:0019319

hexose
biosynthetic
process




Categories of Gene ontology

Biological process: the objective that
the gene/protein contributes to.

biological
processes

Molecular function: The
molecular

role/biochemical activity of a gene functions
product. <+

cellular
components

Cellular component: Place in the cell
where a gene/protein is active.



Summary

1) Domains are conserved, functional units of protein

2) Domains can be uncovered and analyzed by various homology and
non-homology directed methods.

3) Domain analysis allows us to infer protein function and better
classify protein families.



Dr. Jason
Shepherd &
the Arc protein

Molecular function of Arc proteinin
long-term memory formation




Questions?






How is information stored in the brain?

Formation of
Ribonucleoprotein complexes

RN
@

Transcription

& Translation
Qtegraton

new inserts

Reverse
Transcription

Retrotransposons store long-lasting information along with genetic memory.



Whatis a retrovirus?

Retroviral Genome Structure

LTR 2ol LTR

|

Viral capsid Reverse transcriptase Protective lipid
(outer shell) & other enzymes envelope

Gag and Env: form capsid shell
: encodes enzymes



What is a synapse?

Axon Dendrites
( Y G0
Neuron A DG— @% Ap—— é Neuron B
Presynapse a Postsynapse
' W
o ® )
Synaptic Vesicle ®

o
© © S
* Receptor
R
@

Created in BioRender.com bio

A synapse is the gap between neurons that allow movement of information in the
brain.



Whatis Arc?

MA = Matrix

D W | 0 Covs el domein

CA-CTD = Capsid C-terminal domain

Created in BioRender.com bio

Arc is a neuronal gene that is important for memory and synaptic plasticity
regulation.



What are the evolutionary origins of Arc?

Tetrapod 1 )] c"‘
Arc
SERISE -

s> Ty3/gypsy transposons

gaf Mm Arc
@ Gag 97| | Hs Arc
Pol (polymerase) 82 Ac Arc
Env (envelope) 97 Lc gypsy
P LR 22 {Lc gypsy2
— { Dr gypsy26
: Cc gypsy

o5~ Dm dArcl
Ds dArcl

Sc dArcl Fly dArc () m
96 Dm dArCZ

Ds dArc2
Sc dArc2
M

Retroviral Gag domain

67

57
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82|: Lh gypsy11
Bm gypsy
Tc gypsy
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Does the Arc protein form capsids?

W3 U!ézs aAnneban

Arc proteins self-assemble into virus-like capsids.



Is CTD required for capsid formation?

40 1
35 1
30- B Ful
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Oligomer Count/pm?

prArc ACTD-prArc CA-prArc

)

Capsids are not formed without CTD.



Does Arc bind and encapsulate mRNA?
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Arc binds and encapsulates mRNA, protecting it from degradation.



Is RNA required for proper capsid assembly?

Oligomer Count/pm?
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***p<0.0001 ***p=0.0004

Removing RNA bases decreased
proper capsid formation.

of mMRNA increased
proper capsid formation.



Is Arc mMRNA found in extracellular vesicles
(EVs)?

A
Cells EVs
Arc - + ~
i-
50 —_ | Arc
06 | ™= w— :-— ALIX
44 | o p— : Actin
HEK293

is found in EVs.



Can Arc transfer mRNA with capsids or EVs?

A Transfected (Donor) Cells Transferred (Recipient) Cells

nucGFP Arc mRNA

nucGFP Arc mMRNA

Merged

nucGFP

Arc mRNA : Arc mRNA

myc-Arc

GFP-Arc Arc mRNA AP| GFP-Arc Arc mRNA

GFP-Arc




Are capsids required for neuronal uptake?
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Is mMRNA transferred by Arc available for
translation?

KO+prAre
{+DHPG | ST

KO+prArc+CHX- - % & ¥ **
+DHPG * ~  / 5 l N
< L
afh s N § o 2.5 |
¢ i L
(] -
g N i
5 1.54
£
c 14
£
S 0.5-
o
o 0. \
< KO KO+ KO KO+ KO+CHX+
DHPG DHPG DHPG

No protein prArc



Is mMRNA transferred by Arc available for

translation?
= D
1.5 . N N i '

.

o
"

11

KO KO+| KO KO+ | KO KO+ KO+CHK+
DHPG OHPG\___ DHPG DH

No EV KO EV WTEV

o

Arc Protein (norm. fold-change)

Translation is occurring after being transferred to neurons.



How does Arc work in the brain?

mRNAs are
Donor Neuron encapsulated by Arc
o o
mRNAs travel
neuron-to-neuron in
ACBARs

©

N\

r.nRNAs-are released _\ ) —
in recipient neurons =

Recipient Neuron

Like a retrovirus!



Arc Protein (norm. fold-change)
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[ Pol (polymerase)
1 Env (envelope)
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oaf MM Arc
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Arc shares properties of the retroviral Gag
protein

N3 uels 3A!1559N-

Arc can form stable virus-like capsids

W3-0k1d

These capsid structures allow for mRNA
transfer from neuron to neuron.



Questions?
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