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Molecular dynamics

!

Prediction methods for protein
structural and functional features

!

Structural Genomics

Pfam
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Goals

« “Understand” annotation transfer by homology

*  Know what protein family databases are and why
they are useful

EMBO Workshop, Budapest, 2016
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Outline

* Homology (definition, implications, how to detect)

* Exercise 1 and 2: homology-based function
annotation transfer

* Protein domains
 Protein families

» Exercise 3: how to build a new (Pfam) protein family

EMBO Workshop, Budapest, 2016
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Homology
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Definition:
Two proteins are homologous if they share a

common ancestor, i.e. they are evolutionary
related

EMBO Workshop, Budapest, 2016



Origins of homology in proteins
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Origin of homology in proteins

Speciation (orthology)
Gene duplication (paralogy)
Horizontal gene transfer (xenology)

Whole genome duplication
(ohnology)

Gametology, Synology

EMBO Workshop, Budapest, 2016
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Protein Families

EMBO Workshop, Budapest, 2016
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Definition:
We call ‘family’” a group of evolutionary related

proteins and/or protein regions

EMBO Workshop, Budapest, 2016
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Homology: why bother?
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Mind the gap!
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Figure courtesy of Alex Mitchell (EMBL-EBI) EMBO Workshop, Budapest, 2016
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Mind the gap!

Unlque UniProtKB cross-references in the PDB = 38,226

http://www.ebi.ac. uk/pdbe/docs/5|fts/stat|st|cs html

Millions o

2008 2010
Year

Figure courtesy of Alex Mitchell (EMBL-EBI) EMBO Workshop, Budapest, 2016
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Mind the gap!

Evidence at protein level 92,536
Evidence at transcript level 57,757
Inferred from homology 387,589
Predicted 11,358
Uncertain 1,953

EMBO Workshop, Budapest, 2016
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Homologous proteins come from
a common ancestor, that is, a single
ancestral protein with given sequence,

structure and functions

EMBO Workshop, Budapest, 2016
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Homology ZZ similar sequence?

Homology ZZ similar structure?

=> . . .
Homology <Z similar function?

EMBO Workshop, Budapest, 2016
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Homologous protein regions have a
similar (core) structure!

Chothia and Lesk EMBO J (1986)

EMBO Workshop, Budapest, 2016
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3d[og-Suljspow-ASojowoH/sa180j0uyda | /paseys/sa|y/iwd/sa1is/ /oAl /soly/yd lun-mmm//-dny

Unknown structure
EMBO Workshop, Budapest, 2016
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Template Unknown structure

Homology Modelling o
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Template Unknown structure

e

ELAIGILTVSYIPSAEKIR

Homology Modelling

Sequence alignment

ELA-IGILTVSYIPSAEKIRAP--ELTI
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o~ http://www.unil.ch/files/live//sites/pmf/files/shared/Technologies/Homology-modeling-450.jpg
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Homology Structural similarity
(same fold)

Marco Punta EMBO Workshop, Budapest, 2016




Different fold Not Homologous

Marco Punta EMBO Workshop, Budapest, 2016




Detecting homology

EMBO Workshop, Budapest, 2016
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From sequence

Sequences of homologous proteins are related by an
evolutionary process, they diverged from a common
ancestor.

Modern day homologous proteins have evolved from
the same ancestral sequence via a number of events
(mutations, insertions, deletions, truncations,...)

ALHWRAALAATVLLVIVLLAGSWLAVLAE ALHWKAAGAATVLLVIVLLAGSYLAVLAE

ALHWRAAGAATVLLVIVLLAGSYLAVLAE
EMBO Workshop, Budapest, 2016
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MGLSDGEWQLVLNVWGKVEADIPGHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKASE 60
MGLSDGEWQLVLNVWGKVEAD GHGQEVLI LFK HPETL KFDKFK LKSE MK SE
MGLSDGEWQLVLNVWGKVEADLAGHGQEVLIGLFKTHPETLDKFDKFKNLKSEEDMKGSE 60

61 DLKKHGATVLTALGGILKKKGHHEAEIKPLAQSHATKHKIPVKYLEFISECIIQVLQSKH 120
DLKKHG TVLTALG ILKKKG H AEI PLAQSHATKHKIPVKYLEFISE II VL H
61 DLKKHGCTVLTALGTILKKKGQHAAEIQPLAQSHATKHKIPVKYLEFISEIIIEVLKKRH 120

121 PGDFGADAQGAMNKALELFRKDMASNYKELGFQG 154

GDFGADAQGAM KALELFR D A YKELGFQG 84% | d en 'l'l'l,'l es I

121 SGDFGADAQGAMSKALELFRNDIAAKYKELGFQG 154

Marco Punta EMBO Workshop, Budapest, 2016
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MGLSDGEWQLVLNVWGKVEADIPGHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKASE 60
MGLSDGEWQLVLNVWGKVEAD GHGQEVLI LFK HPETL KFDKFK LKSE MK SE
MGLSDGEWQLVLNVWGKVEADLAGHGQEVLIGLFKTHPETLDKFDKFKNLKSEEDMKGSE 60

¢ 61 DLKKHGATVLTALGGILKKKGHHEAEIKPLAQSHATKHKIPVKYLEFISECIIQVLQSKH 120
DLKKHG TVLTALG ILKKKG H AEI PLAQSHATKHKIPVKYLEFISE II VL H
: 61 DLKKHGCTVLTALGTILKKKGQHAAEIQPLAQSHATKHKIPVKYLEFISEIIIEVLKKRH 120

121 PGDFGADAQGAMNKALELFRKDMASNYKELGFQG 154

GDFGADAQGAM KALELFR D A YKELGFQG 84% | d en 'l,'ltl es I

121 SGDFGADAQGAMSKALELFRNDIAAKYKELGFQG 154

How can we explain “excess sequence
similarity”* with respect to what we expect at
random?

*Pearson Curr Protoc Bioinformatics 2013 EMBO Workshop, Budapest, 2016
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Homology: divergent evolution

Seql

Common ancestor <
Seq?2

Stevens J Mol Recogn (2007)
Elias and Tawfik J Biol Chem (2012)

EMBO Workshop, Budapest, 2016
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Analogy |: convergent evolution

Same function

Seql \\\\\\\\\‘
,//”////’

Seq?2

Analogy Il: concurrence

Seql \\\\\\\\\*
/ Same structure

Seq2

Stevens J Mol Recogn (2007)
Elias and Tawfik J Biol Chem (2012) EMBO Workshop, Budapest, 2016




Marco Punta

Convergent evolution

\Y J
|

\\\\\““CYS/Ser {/ %
\

"Triad Convergence" by Thomas Shafee - Own work. Licensed under CC BY-SA 3.0 via Wikimedia Commons -
https://commons.wikimedia.org/wiki/File:Triad_Convergence.png#/media/File: Triad_Convergence.png

See the Book: Sequence - Evolution - Function: Computational Approaches in Comparative Genomics. Koonin and Galperin (2003)




Tyrosine phosphatase Rho GTPase activating domain

Divergent Convergent
PTP GAP

Salmonella virulence factor SptP

Activation of GTPases by Arginine finger
Salmonella GAP leads to Host finger loops
profuse rearrangements

of the actin

cytoskeleton and

subsequent bacterial

internalization into

. . ] ] SptP helix
intestinal epithelial

Cdca2 GAP

SptP GAP

cells. Stebbins and Galan Nature 412 (2001)

EMBO Workshop, Budapest, 2016
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Analogy |: convergent evolution

Same function

Seql \\\\\\\\\‘
,//”////’

Seq?2

Analogy Il: concurrence

Seql \\\\\\\\\*
/ Same structure

Seq2

Stevens J Mol Recogn (2007)
Elias and Tawfik J Biol Chem (2012) EMBO Workshop, Budapest, 2016




Figure 5. Comparison of YxeF NMR structure (PDB ID 2JOZ, coded in blue) and Blc X-ray crystal structure (PDB ID
3MBT, orange).
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Wu Punta et al. PLoS ONE (2012)

17% seq. id., Z-score of structural superposition (DALI) 6.9
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MGLSDGEWQLVLNVWGKVEADIPGHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKASE 60
MGLSDGEWQLVLNVWGKVEAD GHGQEVLI LFK HPETL KFDKFK LKSE MK SE
MGLSDGEWQLVLNVWGKVEADLAGHGQEVLIGLFKTHPETLDKFDKFKNLKSEEDMKGSE 60

¢ 61 DLKKHGATVLTALGGILKKKGHHEAEIKPLAQSHATKHKIPVKYLEFISECIIQVLQSKH 120
DLKKHG TVLTALG ILKKKG H AEI PLAQSHATKHKIPVKYLEFISE II VL H
: 61 DLKKHGCTVLTALGTILKKKGQHAAEIQPLAQSHATKHKIPVKYLEFISEIIIEVLKKRH 120

121 PGDFGADAQGAMNKALELFRKDMASNYKELGFQG 154

GDFGADAQGAM KALELFR D A YKELGFQG 84% | d en 'l,'ltl es I

121 SGDFGADAQGAMSKALELFRNDIAAKYKELGFQG 154

How can we explain “excess sequence
similarity”* with respect to what we expect at
random?

*Pearson Curr Protoc Bioinformatics 2013 EMBO Workshop, Budapest, 2016
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“[...]we are justified to conclude that whenever statistically significant
sequence or structural similarity between proteins or protein domains is

observed, this is an indication of their divergent evolution from a common
ancestor or, in other words, evidence of homology.”

Koonin and Galperin (2003)

Marco Punta EMBO Workshop, Budapest, 2016
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Excess sequence similarity Homology

Marco Punta EMBO Workshop, Budapest, 2016
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Sequence alignment, what we need:

e Scoring system => empirically derived
substitution matrices (PAMs, BLOSUMs,...)

e Efficient way to find highest scoring alignments
=> dynamic programming (Needleman-Wunsch,

Smith-Waterman,...)

* Way to decide whether top score is high enough
to infer homology (significance) => E-value, ...

Marco Punta EMBO Workshop, Budapest, 2016
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Image credits: http://www.ncbi.nlm.nih.gov/books/NBK22456/figure/A937/?report=objectonly




Marco Punta

MYG_ HUMAN MGLSDGEWQLVLNVWGKVEADIPGHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKASE 60
M LS \% WGKV A GELRTF PT F F D S
E9M4D4 HUMAN 1 MVLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHF DLSHGSA 54

MYG_HUMAN 61 DLKKHGATVLTALGGILKKKGHHEAEIKPLAQSHATKHKI-PVKY 104
K H VvV AL L HA K PV
E9M4D4 HUMAN 55 QVKGHSKKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNF 99

Marco Punta EMBO Workshop, Budapest, 2016
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BLOSUM62 matrix

EMBO Workshop, Budapest, 2016
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aa physico-chemical properties Marco Punta

tiny SMALL
|

Aromatic

HYDROPHOBIC

http://www.jalview.org/help/html/misc/properties.gif EMBO Workshop, Budapest, 2016
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Protein structural and functional constraints

Trp (W)

Marco Punta EMBO Workshop, Budapest, 2016



Curr Protoc Bioinformatics. Author manuscript; available in PMC 2014 Jun 1. PMCID: PMC3820096
Published in final edited form as: NIHMSID: NIHMS519883
Curr Protoc Bioinformatics. 2013 Jun; 0 3: 10.1002/04712509853.bi0301s42.
doi: 10.1002/0471250953.bi0301s42

An Introduction to Sequence Similarity (“Homology”) Searching

William R. Pearson’

Author information » Copyright and License information »

The publisher's final edited version of this article is available at Curr Protoc Bioinformatics
See other articles in PMC that cite the published article.

Abstract Go to: ¥

Sequence similarity searching, typically with BLAST (units 3.3, 3.4), is the most widely used,
and most reliable, strategy for characterizing newly determined sequences. Sequence similarity
searches can identify “homologous™ proteins or genes by detecting excess similarity —

statistically significant similarity that reflects common ancestry. This unit provides an
overview of the inference of homology from significant similarity, and introduces other units

in this chapter that provide more details on effective strategies for identifying homologs.

Keywords: sequence similarity, homology, orthlogy, paralogy, sequence alignment, multiple
alignment, sequence evolution
Subject: Bioinformatics, Bioinformatics Fundamentals, Finding Similarities and Inferring

Homologies EMBO Workshop, Budapest, 2016




From structure

B DALI: http://ekhidna.biocenter.helsinki.fi/dali_lite/start
/-score = 2.0
RMSD = 3.2

Lali = 54 CE, VAST, FATCAT, PDBeFold, ...
%id = 6

Bertonati, Punta et al. Proteins 2009




Homology Structural similarity
(same fold)

Marco Punta EMBO Workshop, Budapest, 2016




http://prodata.swmed.edu/malisam/

(a) 1nki (c) 11st

homologs

inki A 7 HLTLAVA
1b05 A 14 TLVRNNG([12)CVPESNVERDLFE[145] YXLENWVVNERIVLERN[12] QVTYLPISSEVIDVNRYRSGE IDMTYN [ 6) FQULKKE IPNEVRV [221 ] ARLVEKFWVGG 497
1lst A 5 TVRIGTD[16)GFDIDLGNENCKRM QVECTWVAS -DFDALIPSLKAKKIDAYIS [4) TOKRQQE L - ~AFSD [110] GVGLRKDDTE 205

Cheng et al. Nucleic Acids Res. 2008

Marco Punta EMBO Workshop, Budapest, 2016
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MADS box transcription factor Fibrinogen beta

1EGW 2A45 HIV-1 gp4a1

Tyrosine hydrolase Transcription ; Cobalamin
Tetrabrachion
1TOH repressor 1FE6 Phosprzo ::mban Adenosyltransferase

1LBH 2NT8

Apostolovic et al. Chem. Soc. Rev., 2010



Coiled-coil evolution
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Homology Structural similarity

Marco Punta EMBO Workshop, Budapest, 2016
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Proteins. 2009 Nov 15;77(3):499-508. doi: 10.1002/prot.22458.

Structure is three to ten times more conserved than sequence--a study of structural
response in protein cores.

lllergard K1, Ardell DH, Elofsson A.

@ Author information

Abstract

Protein structures change during evolution in response to mutations. Here, we analyze the mapping between
sequence and structure in a set of structurally aligned protein domains. To avoid artifacts, we restricted our attention
only to the core components of these structures. We found that on average, using different measures of structural
change, protein cores evolve linearly with evolutionary distance (amino acid substitutions per site). This is true
irrespective of which measure of structural change we used, whether RMSD or discrete structural descriptors for
secondary structure, accessibility, or contacts. This linear response allows us to quantify the claim that structure is
more conserved than sequence. Using structural alphabets of similar cardinality to the sequence alphabet, structural
cores evolve three to ten times slower than sequences. Although we observed an average linear response, we found
a wide variance. Different domain families varied fivefold in structural response to evolution. An attempt to
categorically analyze this variance among subgroups by structural and functional category revealed only one
statistically significant trend. This trend can be explained by the fact that beta-sheets change faster than alpha-helices,
most likely due to that they are shorter and that change occurs at the ends of the secondary structure elements.

EMBO Workshop, Budapest, 2016
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Image credits: http://www.ncbi.nlm.nih.gov/books/NBK22456/figure/A937/?report=objectonly
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Excess sequence similarity P Homology

Marco Punta EMBO Workshop, Budapest, 2016
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Burkhard Rost Protein Eng. 1999;12:85-94 EMBO Workshop, Budapest, 2016
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Percentage of identical residues

T T L]
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Related proteins
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Number of residues aligned

Burkhard Rost Protein Eng. 1999;12:85-94 EMBO Workshop, Budapest, 2016
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rr by gyl by ld
L . : :

10 15 20 25 30 35
]

Number of protin pairs

1 : : i :
10 l | L | | | ] 1 §F 1 1 l | L L R l | 5L R L | | I | L | |
-15 -10 -5 0 5 10
Distance from HSSP threshold

Burkhard Rost Protein Eng. 1999;12:85-94 EMBO Workshop, Budapest, 2016
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Excess sequence similarity Homology

EMBO Workshop, Budapest, 2016
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Homology ZZ similar sequence?

Homology ZZ similar structure?

=> . . .
Homology <Z similar function?

EMBO Workshop, Budapest, 2016
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Homology Similar function

EMBO Workshop, Budapest, 2016
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Protein function(s)

articles

The X-ray structure of a cobalamin
biosynthetic enzyme, cobalt-precorrin-4
methyltransferase

Heidi L. Schubert!, Keith S. Wilson', Evelyne Raux?, Sarah C. Woodcock? and Martin J. Warren?

Biosynthesis of the corrin ring of vitamin B,, requires the action of six S-adenosyl-L-methionine (AdoMet)
dependent transmethylases, closely related in sequence. The first X-ray structure of one of these, cobalt-
precorrin-4 transmethylase, CbiF, from Bacillus megaterium has been determined to a resolution of 2.4 A. CbiF
contains two o/f domains forming a trough in which S-adenosyl-L-homocysteine (AdoHcy) binds. The location of
AdoHcy and a number of conserved residues, helps define the precorrin binding site. A second crystal form
determined at 3.1 A resolution highlights the flexibility of two loops around this site. CbiF employs a unique
mode of AdoHcy binding and represents a new class of transmethylase.

Schubert et al. Nat. Struct. Biol. 5 (1998) EMBO Workshop, Budapest, 2016
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articles

The X-ray structure of a cobalamin
biosynthetic enzyme,|cobalt-precorrin-4
methyltransferase

Heidi L. Schubert!, Keith S. Wilson', Evelyne Raux?, Sarah C. Woodcock? and Martin J. Warren?

Biosynthesis of the corrin ring of vitamin B,, requires the action of six S-adenosyl-L-methionine (AdoMet)
dependent transmethylases, closely related in sequence. The first X-ray structure of one of these, cobalt-
precorrin-4 transmethylase, CbiF, from Bacillus megaterium has been determined to a resolution of 2.4 A. CbiF
contains two o/f domains forming a trough in which S-adenosyl-L-homocysteine (AdoHcy) binds. The location of
AdoHcy and a number of conserved residues, helps define the precorrin binding site. A second crystal form
determined at 3.1 A resolution highlights the flexibility of two loops around this site. CbiF employs a unique
mode of AdoHcy binding and represents a new class of transmethylase.

Schubert et al. Nat. Struct. Biol. 5 (1998) EMBO Workshop, Budapest, 2016
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Protein function(s)
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Catalytic activity
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methyltransferase

V

precorrin-4
methyltransferase activity

Marco Punta EMBO Workshop, Budapest, 2016
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Protein function(s)

articles

The X-ray structure of ajcobalamin
biosynthetic enzyme| cobalt-precorrin-4
methyltransferase

Heidi L. Schubert?, Keith S. Wilson®, Evelyne Raux?, Sarah C. Woodcock? and Martin J. Warren?

Biosynthesis of the corrin ring of vitamin B,, requires the action of six S-adenosyl-L-methionine (AdoMet)
dependent transmethylases, closely related in sequence. The first X-ray structure of one of these, cobalt-
precorrin-4 transmethylase, CbiF, from Bacillus megaterium has been determined to a resolution of 2.4 A. CbiF
contains two o/f domains forming a trough in which S-adenosyl-L-homocysteine (AdoHcy) binds. The location of
AdoHcy and a number of conserved residues, helps define the precorrin binding site. A second crystal form
determined at 3.1 A resolution highlights the flexibility of two loops around this site. CbiF employs a unique
mode of AdoHcy binding and represents a new class of transmethylase.

Schubert et al. Nat. Struct. Biol. 5 (1998) EMBO Workshop, Budapest, 2016
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Cobalamin biosynthetic pathways
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Moore et al. PNAS 110 (201 3) EMBO Workshop, Budapest, 2016
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Cobalamin biosynthetic pathways
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The Gene Ontology (GO)

biological
process

® A way to capture
biological knowledge
in a written and
computable form omang || egton

process process

positive

reg:Iga?}grf of signal resgiulr?;i[?: of regcuelﬁfjl"a? of cell regulation of
biological transmission %ocessg rocess communication biological
P P process

. " biological cellular
signaling regulation process

process

* A set of concepts

and their relationships ettt | | gt || [ reompnor | ||t
process communication process

to each other

negative negative . positive positive
reguiation of | | regulation of regLSJiIatnlgln of | | reguilation of regulation of
signaling cell trans%uction signaling cell
process communication process communication

negative
regulation of
signal
transduction

www.ebi.ac.uk/QuickGO

Slide courtesy of Alex Mitchell (EMBL-EBI) EMBO Workshop, Budapest, 2016




Mares Puntz

GO: 3 ontologies in 1

Insulin

1. Molecular Function \ | *  protein kinase activity

Insulin % ® insulin receptor activity
Receptor; =

F o\

An elemental activity or task or job

2. Biological Process

A commonly recognised series of events

( of
{ Initiation of mitotic spindle,
LVUDIUVG of nuclear envelope

® cell division

mitochondrion

3. Cellular Component N Z &) - mitochondrial matrix

Where a gene product is located mitochondrial inner membrane

Slide courtesy of Alex Mitchell (EMBL-EBI) EMBO Workshop, Budapest, 2016
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Bacillus megaterium CbiF GO annotation

Database Gene Symbol Qualifier GO GO Term Name Aspect Evidence Reference Taxon Date Assigned Prg
Product Identifier
ID
Process
UniProtkB 087696 cbiF G0:0006779 porphyrin-containing InterPro2GO InterPro:IPR003043 20151010 InterPro
compound
biosynthetic process
UniProtKB 087696 cbiF G0:0008152 metabolic process InterPro2GO InterPro:IPR000878lInterPro:IPR014776lInterPro:IPR014777 20151010 InterPro
UniProtkKB 087696 cbiF G0:0009236 cobalamin InterPro2GO InterPro:IPR006362 20151010 InterPro
biosynthetic process
UniProtKB 087696 cbiF G0:0009236 cobalamin UniProt UniProtKB-KW:KW-0169 20151010 UniProt
biosynthetic process Keywords2GO
(UniProtKB/Swiss-Prot
entries)
UniProtkB 087696 cbiF G0:0009236 cobalamin UniPathway2GO UniPathway:UPA00148 20151010 UniProt
biosynthetic process
UniProtKB 087696 cbiF G0:0032259 methylation UniProt UniProtKB-KW:KW-0489 20151010 UniProt
Keywords2GO
(UniProtkB/Swiss-Prot
entries)
UniProtkKB 087696 cbiF G0:0055114 oxidation-reduction InterPro2GO InterPro:IPR003043 20151010 InterPro
process
Function
UniProtKB 087696 cbiF G0:0008168 methyltransferase InterPro2GO InterPro:IPR000878lInterPro:IPR003043lInterPro:IPR014776lInterPro:IPR014777 1404 20151010 InterPro
activity
UniProtKB 087696 cbiF G0:0008168 methyltransferase UniProt UniProtKB-KW:KW-0489 1404 20151010 UniProt
activity Keywords2GO
(UniProtkB/Swiss-Prot
entries)
UniProtKB 087696 cbiF G0:0016740 transferase activity UniProt UniProtKB-KW:KW-0808 20151010 UniProt
Keywords2GO
(UniProtkB/Swiss-Prot
entries)
UniProtKB 087696 cbiF G0:0043115 precorrin-2 InterPro2GO InterPro:IPRO03043 20151010 InterPro
dehydrogenase
activity
UniProtKB 087696 cbiF G0:0046026 precorrin-4 F InterPro2GO InterPro:IPR006362 20151010 InterPro
C11-methyltransferase
activity

EMBO Workshop, Budapest, 2016




Group

EC 1
Oxidoreductases

EC 2
Transferases

EC3
Hydrolases

EC4
Lyases

ECS5
Isomerases

EC6
Ligases

Top-level EC numbers'®!

. . . Enzyme example(s)
Reaction catalyzed Typical reaction . ..
with trivial name

To catalyze oxidation/reduction reactions; AH+B — A + BH
Dehydrogenase,

oxidase
one substance to another A + O — AO (oxidized)

transfer of H and O atoms or electrons from | (reduced)

Transfer of a functional group from one
substance to another. The group may be AB+C —>A+BC Transaminase, kinase
methyl-, acyl-, amino- or phosphate group

Formation of two products from a substrate | AB + Ho O — AOH + Lipase, amylase,
by hydrolysis BH peptidase

Non-hydrolytic addition or removal of RCOCOOH — RCOH
groups from substrates. C-C, C-N, C-Oor | + CO5 or [X-A-B-Y] — | Decarboxylase
C-S bonds may be cleaved [A=B + X-Y]

Intramolecule rearrangement, i.e.
isomerization changes within a single ABC — BCA Isomerase, mutase
molecule

Join together two molecules by synthesis of
_ X+ Y+ ATP — XY +
new C-0O, C-S, C-N or C-C bonds with ADP + Pi Synthetase
+ Pi
simultaneous breakdown of ATP

https://en.wikipedia.org/wiki/Enzyme_Commission_number



EC 1 Oxidoreductases
EC13 Acting on the CH-CH Group of Donors

EC1.3.1  wijth NAD"* or NADP" as acceptor

SN AN 7-dehydrocholesterol reductase

IUBMB Enzyme Nomenclature

EC 1.3.1.21

Image Credits: http://legacy.earlham.edu/~merkeka/EMBL_EBI-top.gif




Jatabase Gene Product Symbol Qualifier GO

ID

niProtKB P02144
niProtKB P02144

niProtKB P02144

Database Gene

Symbol Qualifier GO

GO Term Name
Identifier

GO:0001666 response to hypoxia
G0:0006810 transport

GO:0007507 heart development
GO:0008725 response to hormone
GO:0015671 oxygen transport
GO:0015671 oxygen transport
GO:0015671 oxygen transport

GO:0031444 slow-twitch skeletal muscle fiber
contraction

G0:0042542 response to hydrogen peroxide

G0:0043353 enucleate erythrocyte differentiation P

GO:0050873 brown fat cell differentiation
GO:0005344 oxygen transporter activity

GO:0005506 iron ion binding
G0:0018825 oxygen binding
GO:0019825 oxygen binding
G0:0020037 heme binding
G0O:0046872 metal ion binding

GO:0070062 extracellular vesicular exosome

GO Term Name
Identifier

GO:0000122 negative regulation of
transcription from RNA
polymerase Il promoter

G0:0006810 transport

GO:0015671 oxygen transport
GO:0015671 oxygen transport

G0:0043249 erythrocyte maturation

G0:0005344 oxygen transporter activity

GO:0005344 oxygen transporter activity
GO:0005506 iron ion binding
GO:0005515 protein binding
G0:0005515 protein binding
GO:0019825 oxygen binding
G0:0020037 heme binding
G0:0046872 metal ion binding

G0:0005833 hemoglobin complex
G0:0005833 hemoglobin complex

Aspect Evidence Reference

Process

Ensembl Compara

UniProt Keywords2GO (UniProtKB/Swiss-
Prot entries)

Ensembl Compara

Ensembl Compara

InterPro2GO

Ensembl Compara

UniProt Keywords2GO (UniProtKB/Swiss-
Prot entries)

Ensembl Compara

Ensembl Compara
Ensembl Compara
Ensembl Compara
Function

UniProt Keywords2GO (UniProtKB/Swiss-
Prot entries)
InterPro2GO
InterPro2GO
Ensembl Compara
InterPro2GO
UniProt Keywords2GO (UniProtKB/Swiss-
Prot entries)

Component
PMID:23533145

Process
Ensembl Compara

UniProt Keywords2GO
(UniProtKB/Swiss-Prot
entries)
InterPro2GO
UniProt Keywords2GO
(UniProtKB/Swiss-Prot
entries)
Ensembl Compara
Function
UniProt Keywords2GO
(UniProtKB/Swiss-Prot
entries)
PMID:7555018
InterPro2GO
PMID:11159543
PMID:6683087
InterPro2GO
InterPro2GO
UniProt Keywords2GO
(UniProtKB/Swiss-Prot
entries)

UniProtKB:P68871

Component
InterPro2GO
PMID:7555018

Ensembl:ENSMUSP00000125995
UniProtKB-KW:KW-0813

Ensembl:ENSMUSP00000125995
Ensembl:ENSRNOP00000006184
InterPro:IPR002335lInterPro:IPR012292
Ensembl:ENSRNOP00000006184
UniProtKB-KW:KW-0561

Ensembl:ENSRNOP00000006184
Ensembl:ENSRNOP00000006184
Ensembl:ENSMUSP00000125995
Ensembl:ENSMUSP00000125995
UniProtKB-KW:KW-0561
InterPro:IPR000971linterPro:IPR012292

InterPro:IPR002335lInterPro:IPR012292
Ensembl:ENSRNOP00000006184

Taxon Date Assigned Produc

By

9606 20140913 Ensembl
9606 20140913 UniProt

9606 20140913 Ensembl
9606 20140913 Ensembl
9606 20140913 InterPro
9606 20140913 Ensembl
9606 20140913 UniProt

9606 20140913 Ensembl
9606 20140913 Ensembl
9606 20140913 Ensembl
9606 20140913 Ensembl
9606 20140913 UniProt
9606 20140913 InterPro

9606 20140913 InterPro
9606 20140913 Ensembl

InterPro:IPRO0097 1linterPro:IPR002335 InterPro:IPR012292 9606 20140913 InterPro

UniProtKB-KW:KW-0479

Ensembl:ENSMUSP00000020531

UniProtKB-KW:KW-0813

InterPro:IPR002338lInterPro:IPR002340lInterPro:IPR012292
UniProtKB-KW:KW-0561

Ensembl:ENSMUSP00000020531

UniProtKB-KW:KW-0561

InterPro:IPR002338lInterPro:IPR002340I InterPro:IPR012292
InterPro:IPRO00S7 1linterPro:IPR002338 InterPro:IPR002340I InterPro:IPR012292 9606 20140913 InterPro
UniProtKB-KW:KW-0479

InterPro:IPR002338lInterPro:IPR002340

9606 20140913 UniProt

9606 20140714 UniProt

Form
ID

Taxon Date Assigned Product

By

20140913 Ensembl

9606 20140913 UniProt

9606 20140913 InterPro
9606 20140913 UniProt

9606 20140913 Ensembl

9606 20140913 UniProt

9606 20030904 PINC

InterPro:IPRO00971lInterPro:IPR002338l InterPro:IPR002340l InterPro:IPR012292 9606 20140913 InterPro
UniProtKB:P68871

9606 20140914 IntAct
9606 20140914 IntAct
9606 20140913 InterPro

9606 20140913 UniProt

20140913 InterPro
20030904 PINC

Form
ID




Jatabase Gene Product Symbol Qualifier GO
Identifier

GO:0001666 response to hypoxia

GO:0007507 heart development
niProtKB P02144 GO:00098725 response to hormone

Aspect Evidence Reference

Ensembl Compara Ensembl:ENSMUSP00000125995

Ensembl Cémpara Ensembl:ENSMUSP00000125995
Ensembl Compara Ensembl:ENSRNOP00000006184

niProtKB P02144 GO:0031444 slow-twitch skeletal muscle fiber P Ensembl Compara

contraction

G0:0042542 response to hydrogen peroxide P Ensembl Compara

G0:0043353 enucleate erythrocyte differentiation P Ensembl Compara

P Ensembl Compara
Function

GO:0050873 brown fat cell differentiation

Taxon Date Assigned Produc
By Form
ID

20140913 Ensembl

20140913 Ensembl
20140913 Ensembl

SAME

Ensembl:ENSRNOP00000006184

Ensembl:ENSRNOP00000006184
Ensembl:ENSMUSP00000125995
Ensembl:ENSMUSP00000125895

20140913 Ensembl

20140913 Ensembl
20140913 Ensembl
20140913 Ensembl

Symbol Qualifier GO

GO:0000122 negative regulation of
transcription from RNA
polymerase Il promoter

Component

Aspect Evidence Reference

Process
Ensembl Compara Ensembl:ENSMUSP00000020531

SAME

Taxon Date Assigned Product
By Form
ID

9606 20140913 Ensembl

UniProtKB P02008 G0:0043249 erythrocyte maturation

Ensembl Compara Ensembl:ENSMUSP00000020531
Function

SAME

9606 20140913 Ensembl

G0:0005833 hemoglobin complex
G0O:0005833 hemoglobin complex

Component

InterPro2GO InterPro:IPR002338lInterPro:IPR002340

PMID:7555018

9606 20140913 InterPro
9606 20030904 PINC
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Functional property to be conserved Sequence identity Conservation rate Reference

Non-enzyme 50% 98%" [88]
All 4 EC numbers 70% " 90% [89]
All 4 EC numbers 40% 70% [89]
First 3 EC numbers 50% 90% (89]
First 3 EC numbers 30% 70% [89]
All 4 EC numbers 50% 30% [90]
First 3 EC numbers 25% 70% [91]
SWISS-PROT keywords 40% 70% [92]

Subcellular localization (11 classes) 70% 90% [93]

“98% of non enzymes that have at least one enzyme homolog.

"“Global identity, defined in [89].

Note: different estimates for the same functional aspects reflect the different methods, procedures, and datasets used to assess sequence similarity by the various
groups.

doi:10.1371/journal.pcbi.1000160.t001

Punta and Ofran PLOS CB (2008) EMBO Workshop, Budapest, 2016
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Moonlighting proteins

\ \J°

Different locations within the cell Inside and outside the cell

® o

Expression by different cell types

(@) ©)
O O O 80

1 2

Binding of a cofactor Oligomerization

oddb & e

1 2
Complex formation Multiple binding sites

Jeffery Trends Bioch. Sc. (1999) EMBO Workshop, Budapest, 2016
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Do homologous protein regions
perform a similar function?

Homologous proteins may share a number of functional
features, however:

- functional drift can lead to ditferent functions or aspects
of function

- while functional similarity generally correlates with
evolutionary distance, no distance is safe for inferring
function (very closely related proteins can have slightly
to radically different functions)

EMBO Workshop, Budapest, 2016
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Exercise

Homology-based function annotation transfer #1

EMBO Workshop, Budapest, 2016
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H. influenzae protein [3M71] « PDB id
1.20 A

Marco Punta

Chen et al. Nature 467 (2010)

New York Consortium on Membrane Protein Structure (NYCOMPS) EMBO Workshop, Budapest, 2016




Alignment

Q9LD83 SLAC1_ARATH - Guard cell S-type anion channel SLA... - Arabidopsis thal...

E-value: 3e-10
Score: 160
Ident.: 22.0%

P44741

Q9LD83

P44741

Q9LD83

P44741

Q9LD83

P44741

Q9LD83

P44741

Q9LD83

P44741

Q9LD83

Positives : 41.0%
Query Length: 328
Match Length: 556

—

20

PFPL--PTGYFGIPLGLAALSLAWFHLE NLFPAARMVSDVLGIVASAVWILFILM
PF L P G FGI LGL++ ++ W L N s Ve 4+ WV 4+
PFLLRFPIGCFGICLGLSSQAVLWLALAKSPATNFLHITPLINLVVWLFSLVVLVSVSFT

YAYKLRYYFEEVRAEYHSPVRFSFIALIPITTMLVG~~~DILYRWNPLIAEVLIWIGTIG
Y K +YFE V+ EY PVR +F + M+ +4+ N Iw +G
YILKCIFYFEAVKREYFHPVRVNFFFAPWVVCMFLAISVPPMFSPNRKYLHPAIWCVFMG

QLLFSTLRVSELWQGGVFEQ-~KSTHPSFYLPAVAANFTSASSLALLGYHDLGYLFFGAG
F  L++ W G + K +4PS 4L +V NF A + 4G+ ++4 + G
PYFFLELKIYGQWLSGGKRRLCKVANPSSHL~SVVGNFVGAILASKVGWDEVAKFLWAVG

MIAWITFEPVLLOELRISSLEPQFRATMGIVLAPAFVCVSAYLSINHGEVDTLAKILWGY
444 LQL S P+ + o+ A S + 4G+ D 44+ 4
FAEYLVVFVTLYQRLPTSEALPKELHPVYSMFIAAPSAASTAWNTIYGQFDGCSRTCFFI

GFLOLFFLLRLFPWIVEKGLNIGLWAFSFGLASMANSATAFY ~~~~HGNVLQGVSIFAFV
L+ +4 WH4+pF |+ + A+ AT Y G 4 444
ALFLYISLVARINFFTGFKFSVAWWSYFEMTT-ASVATIKYAEAVPGYPSRALALTLSF

FSNVMIGLLVLMTI 317

S M+ 4L + T+
- 494 - 9@

EMBO Workshop, Budapest, 2016

72

242
129

302
187

361
247

421
303

480

Marco Punta




Marco Punta

E-value is the number of matches with a given score
(or higher) that we expect to occur by chance.

This depends on database size!

EMBO Workshop, Budapest, 2016
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For an alignment with score S and E-value=1, we
expect to have by chance 1 match with the same or
higher score.

EMBO Workshop, Budapest, 2016
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For an alignment with score S and E-value=1, we
expect to have by chance 1 match with the same or
higher score. It E-value is 0.001 then we expect by
chance 0.001 matches with the same or higher

Score.

EMBO Workshop, Budapest, 2016
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Anion efflux
(NO57, CI)

Cell
exterior

Phenyl
group

epidermis |

SLAC1

THOMINE AND BARBIER-BRYGOO NATURE 467:1058-59 (2010)

EMBO Workshop, Budapest, 2016




Anion efflux
(NO57, CI)

Cell
exterior

Cytoplasm

Phenyl
group

Marco Punta

EMBO Workshop, Budapest, 2016




Protein Families

aidanbudd.github.io/ppisnd/trainingMaterial/marcoPunta/

Course Program
Introduction To Linux Command-line
Introduction To PPI Networks
STRING

Network Visualization With

Cytoscape
Chimera
Unseminar
Structure And Interfaces Of PPIs
Peptide And Protein Docking
MSA & Jalview
Protein Families
Protein Feature Prediction
Repeats And Low Complexity Regions
Intrinsically Disordered Proteins
Short Linear Motifs
REST Services

Molecular Dynamics

o "'\ ‘\‘
EMBO .E,/

.~ excellence in life sciences
EMBO Budapest ™— !

PROTEIN FAMILIES

by Marco Punta

EXERCISE 1

e 3m71pdb €
e 3m71_del.pdb
¢ PF03595_seed_mod.txt.aln

EXERCISE 2

e P29973.fasta
¢ mistery-protein.fasta

EXERCISE 3

e 2lhu.pdb

o family-building-excercise.fasta
e hmmer-ali.fasta

¢ jalview-ali.fasta

Practical
Course

Marco Punta

http://aidanbudd.github.io/ppisnd/trainingMaterial/marcoPunta/
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OPEN Chimera

File -> Open “3M71.pdb"

EMBO Workshop, Budapest, 2016




Marco Punta

O
o
(Q\
o
o
(]
o
©
&S
S
m
o
@)
<
wn
R,
—
=
O
(a)]
>
LI




Marco Punta

~0
o
[\
o
(%2}
0
Q
O
X
)
s)
Q
0
<
(2]
Y4
—
=
O
el
=
L




Marco Punta

EMBO Workshop, Budapest, 2016
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AtSLAC1
WT+0OST1

=

Chen et al. Nature 467 (2010) EMBO Workshop, Budapest, 2016
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Actions -> Atoms/Bonds -> wire

Actions -> Atoms/Bonds -> show

EMBO Workshop, Budapest, 2016
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1.

2.

EMBO Workshop, Budapest, 2016
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Database ” Example
NDB

File -> Fetch by ID PDB
PDB (mmCIF)
PDB (biounit)
CATH
SCOP

cellPACK /
PubChem
CASTp |3m71 Twww

EDS (2fo-fc)
EDS (fo-fc)
EMDB

EMDB & fit PDBs
PQS

ModBase
VIPERdb

UniProt

Set download directory

ignore any cached data

Keep dialeg up after Fetch

Web Page Close Help

EMBO Workshop, Budapest, 2016




Columns

pocket
MS area
728.0
511.
243.
217.
189.
173.
154.
165.
119.
69.

ID ¥ MS volume # openings

33 881.
32 667.
31 313.
30 318.
29 343.

|| 28 194.
27 151.
26 238.
148.

4| 25
22 s

W o w -JJu;mm

[

(o)
R e e ek ek e A NN

N O O ] W e

W

Treatment of Chosen Pocket Atoms
v| Select

Marco Punta

Color name: |#8787ceceebeb
mouth '

MS area
162.3
84.
46.
94.
122.
37.
45,
75.
51.

26.

O O O O O & U

v| Color l— (and color all other atoms I: )

v Surface ( |v| colored by hydrophobicity)

Zoom in on

Exclude mouth atoms

EMBO Workshop, Budapest, 2016
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Columns

pocket # openings mouth
MS area MS area
728.0 162.
eyt 84.
243. 46.
217. 94,
189. 122.
173. 37.
154. 45,
165. 75.
119. 51.
69. 26.

| ID Y| MS volume

<=

33 881.
32 667.
31 313.
30 318.
29 343.
28 194.
27 151.
26 238.
25 148.
24 76.

(]

Hold down
‘Shift’

key to select
multiple

W W W w~J~aum
= e A -
e e e D e e = NN
0o oo oO DU,k E@Ww

Treatment of Chosen Pocket Atoms CaVItIeS
V| Select :

Color l_‘ (and color all other atoms IT; ’)

Surface ( v| colored by hydrophobicity)
Zoom in on

Exclude mouth atoms

Quit Hide Help

\\\ o
oy
3

EMBO Workshop, Budapest, 2016













Favorites -> Model panel

Marco Punta
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Favorites -> Model panel

| |A|s |Name
o m| 3m71.pdb activate all
1 7|M M 3m71

1 MSMS main surface of 3m71

e favorites ( ) all

Configure... Close Help

EMBO Workshop, Budapest, 2016




Marco Punta

Favorites -> Model panel

| |A|s |Name

o /O 3m71.pdb

1 ¢[00 3m71

1 CJ/ CJ MSMS main surface of 3m71

activate all

e favorites ( ) all

Configure... Close Help

EMBO Workshop, Budapest, 2016




File -> Open “3M71_del.pdb”

Marco Punta
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1. |File -> Open “3M71_del.pdb”

EMBO Workshop, Budapest, 2016




File -> Open “3M71_del.pdb”

. |Actions -> Color -> all options

Marco Punta

EMBO Workshop, Budapest, 2016



Marco Punta
. red

. 11 n I i

File -> Open “3M71_del.pdb e apples :

orange atoms/bonds

ribbons

Actions -> Color -> all options yellow surfaces

green atom labels

Click on "background’ and select red | M forestgreen |« bondlabels

cyan

] light sea green on helix interior

. blue

| cornflower blue

background more...

depth cue more...

B medium blue
O purple

Other colorings:
hot pink by heteroatom
] magenta by element

white from editor
light gray Hnane
gray
dark gray
dim gray
[ | black Show all colors—

Close Help

EMBO Workshop, Budapest, 2016
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Marco Punta

Select -> Chain -> A -> 3m71_del.pdb (#1)

Actions-> Surface -> show

EMBO Workshop, Budapest, 2016




Marco Punta
1. |Select -> Chain -> A -> 3m71_del.pdb (#1)
2. |Actions-> Surface -> show

EMBO Workshop, Budapest, 2016




. . _ Marco Punta
Favorites -> Side View

Camera | Side View | Rotation | Effects | Lighting

v| Clip  Surface capping... View All Side: ri...

Reset Restore Save Close Help

EMBO Workshop, Budapest, 2016




Favorites -> Side View

Marco Punta

EMBO Workshop, Budapest, 2016







Favorites -> Model panel

Marco Punta

ID |_| Active | Shown | Name

activate

0
o F
1 m O
1 ]

O
O
l

MSMS main surface of 3m71.pdb
3m71.pdb

3m71_del.pdb

MSMS main surface of 3m71_del.pdb

activate all
activate only
add/edit note...
attributes...

clipping...
close

deactivate

groupf/ungroup

e favorites ( ) all

Configure... Close Help

EMBO Workshop, Budapest, 2016




Marco Punta
. red

. 11 n I i

File -> Open “3M71_del.pdb e apples :

orange atoms/bonds

ribbons

Actions -> Color -> all options yellow surfaces

green atom labels

Click on "background’ and select black | /M torest green | bondlabels

cyan

on helix interior

1 light sea green

background more...

. blue

| cornflower blue

depth cue more...

B nedium blue

O purple
Other colorings:

hot pink by heteroatom

magenta by element
white from editor
light gray none
gray
dark gray
dim gray
black Show all colors—

Close Help

EMBO Workshop, Budapest, 2016
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Alignment

Q9LD83 SLAC1_ARATH - Guard cell S-type anion channel SLA... - Arabidopsis thal...

E-value: 3e-10
Score: 160
Ident.: 22.0%

P44741

Q9LD83

P44741

Q9LD83

P44741

Q9LD83

P44741

Q9LD83

P44741

Q9LD83

P44741

Q9LD83

Positives : 41.0%
Query Length: 328
Match Length: 556

—

20

PFPL--PTGYFGIPLGLAALSLAWFHLE NLFPAARMVSDVLGIVASAVWILFILM
PF L P G FGI LGL++ ++ W L N s Ve 4+ WV 4+
PFLLRFPIGCFGICLGLSSQAVLWLALAKSPATNFLHITPLINLVVWLFSLVVLVSVSFT

YAYKLRYYFEEVRAEYHSPVRFSFIALIPITTMLVG~~~DILYRWNPLIAEVLIWIGTIG
Y K +YFE V+ EY PVR +F + M+ +4+ N Iw +G
YILKCIFYFEAVKREYFHPVRVNFFFAPWVVCMFLAISVPPMFSPNRKYLHPAIWCVFMG

QLLFSTLRVSELWQGGVFEQ-~KSTHPSFYLPAVAANFTSASSLALLGYHDLGYLFFGAG
F  L++ W G + K +4PS 4L +V NF A + 4G+ ++4 + G
PYFFLELKIYGQWLSGGKRRLCKVANPSSHL~SVVGNFVGAILASKVGWDEVAKFLWAVG

MIAWITFEPVLLOELRISSLEPQFRATMGIVLAPAFVCVSAYLSINHGEVDTLAKILWGY
444 LQL S P+ + o+ A S + 4G+ D 44+ 4
FAEYLVVFVTLYQRLPTSEALPKELHPVYSMFIAAPSAASTAWNTIYGQFDGCSRTCFFI

GFLOLFFLLRLFPWIVEKGLNIGLWAFSFGLASMANSATAFY ~~~~HGNVLQGVSIFAFV
L+ +4 WH4+pF |+ + A+ AT Y G 4 444
ALFLYISLVARINFFTGFKFSVAWWSYFEMTT-ASVATIKYAEAVPGYPSRALALTLSF

FSNVMIGLLVLMTI 317

S M+ 4L + T+
- 494 - 9@

EMBO Workshop, Budapest, 2016
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242
129

302
187

361
247

421
303

480
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OPEN Jalview Marco Punta

File -> Input Alignment -> From File "PF03595_seed.txt”

File Edit Select View Annotations Format Colour Calculate Web Service
Lo . T N S
Q2BMWS_SGAMM/12-311 AHFPAAFFAMYMGLTGLT - - - LA KASQY---F

[} [l 1
SSSILIPKTLLIISACSFLI--IVLI-YLF---KIVRH-PQ--AVTAE
QFANAT_NANEQ/E-304 RYFOQPGFFAIPYGIGGLS--- 1A PYLES ITGLOLAWLSFISLIV--TAIL-YLA---KIVFF-KQ--EFLKD
AFEEE_ARCE4/16-314 QFFPIMMEAY IMGLGGLT - - - LY RMT SW---F FFPISWAMAL LYYTYWSLFFL--WLFF-YIL---KIIRF-KE--EVKKE
Q3055 _SULDNA11-309 KFFPYMMFA T WMGLSGLT ---1T---- - - - KAALW---L- - -NFPSSTGEIFMY LTTAVFLY--WLS | -YAK---KSLRY -KM--AVYHNE- - -
AFGWIE_CAMCEAF-312  ANFPIVFFAVTMGLSGLA---LA---- ---RLNLL---F- ---DISOQILGELLEWLTAALFIY--ITYF-YCL---KFIRY-PN--AVRVE---
QFMEVE_WOLSUA3-310  AHFPIMFFAVYMGFGG] S - - -WA- - -~ ---KAHEIl---1L- ---GIPLLYFEGLRALTSLLFLY--WFSL-YAM---KFLTH-RA--GAKKE---
QPFMIZ_RROPEAF-317  SHFEPVSFFRAIWMGLAGLT --- 1 A---- ---KVEAA---L- - - - GLDAAVS GOMEWAS VAYY WY - - | GOV -Y LA- - -KLAVR-RQ--AVAGE---
ALWVEE_RHOSE14-313 AHFPYT FRAVOMOMLGLT - - - [ A---- ---AAELA---H- - - -GRGAEVSTFEYLGLSLGMIGL--WSFF-YLL---KLLLH-PG--AVSAE---
AZVIE]_SRHOB/A15-314 EHFPITFFAIWMGLLGLT ---LA---- - -ASAPY---L- - - - GWT EAVA EVMYVWY AV OWMYT - - TAAF-Y LA---KLLRH-PR--AVIEE---
ARLSQE_DINSHA8-314 AHYPITYWFOQITMOWLGLA---LA---- - -GOFEGASYWAITYLGALYLIL--LGAL-YGL---KSLRH-5A--FVAQE---
QZENZE_JANTC/8-304 EHWP I SMFT LPMOGWFGLS - - - LA---- - - GOLAWPS I LTOGGFGIALLY I --LFAA-LAL---RAARY -PA--AVEKAE---
ADPIEE_BRROEA5-3110 EHFPISIFOWTMGLFGLA---LA---- - - - COVAWAS SAVOWS AFAVMLFE- - LATM-Y LL---KALRH-PE--5VAAE---
AFDUTA_SRHOE0-308 QY WPYTLFT IWMGLCGFT --- LA GLTHALSWAAHGLTMAVFAA- -WTLG-Y LA---KAIRH-PA--AVVAE
AFFMYE_SRHOES 0-308 EHYPVTLFT I WMGMAGLT --- LA GLTSALSAAVYYYT LALFGY - - TAAG-YGA---KALRH-PA--ALRAE
AN CAE_MAGSM/F-306 PELPISTFATYMGLAGLS - - - [ A---- ---LKLATLSPLLMGLTGTLFYY--LLLL-YVVY---KVYRH-PE--AVRAE---
AITELD MARAVA0-3110 ONFPYSWEATWMGLAGLT - - - [A---- - - - GWS IHPSPALLALTYAVFAT--LAGL-YLL---KLARH-PA--SVEKAE---
AIMIIE_ACTPZ/21-323 ANFPYPLFASYMGLSGLT --- 1A HLPSEISDGLRY LTTLIWLL--LFYI-YLF---KGIRF-PQ--QVEAD
QFWEES_FORRR/39-339 AGFPYSMFASYLGLSGLG- - - MA KAHQV - - - GLPLOVALATQWAVAAYYGY--LLAL-FLL---RLLRH-PD--EIARE
QELHXZ_PROPR/Z2-300 AYLPITLFS IWVMGLIGLG- == TA---- ---ECFQT---5- - - SVWAQTLSLATGIVASALFI I --LLGA-YOW---KIFRH-AS--DVRAE---
QPARE3_ALREH/12-317 EHMP IPLFATVMGTAGLT - - - LA---- - -GS AR STTLTAVY Y LLFLF--LSAA-YSL---KFIRY-RE--AVKAE---
ALWTNI_HALHL/12-308 AHLPLPLFAATMGLAGLA- - - MY WP AVYGEGVAYLAVLSFLA- -MAGG-YAL---KAALH-PA--AAWGE
SLACI_ARATH/186-485 LRFPIGCFGICLGLSSQA---VL HITPLINLYYWLFS LYY LWS--WSFT-Y I L---KCIFY-FE--AVKRE
SLAHZ ARATH/256-567 LRYPISTFOMCLGWYSSOQA- - - IM---- --LATAEPTKFL- ---HYPLWINQGLWFISYWALILT--1ATI-YLL---KIILF-FE--AVRRE---
BORR4_ORYS)/217-522 LRFPISAFOGMCLOYSSOA- - -ML---- ---LASEPSTAFL- ---HISLDYNHYLWWYSWALMAL- -WSAT-YLL---KYVWFY-FE--AVRRE---
SLAH]_ARATH/39-357 RSELHAGYFRISLSLCSOQA---LL---- PESPSMSHM--HS - ---KLPSMAFHLLWY LALVTOVS - - LCFL-YAL---KCIFF-FD--KVKEE---
QEWeC]_OQRYS)/3I7-362 THFDAGY FRISLSLCGOA---LL---- -WRTLCUGGGQGDOGDGDEHMOPRALGALAR- ---HLPPAASYLLWS LALLS LWA--LTAL-YAA---RCLLR-FA--AVRAE---
Q4615 CUPRIA18-319 QHLPYNLFOAYWMGLSGLS - - - LA---- AASNY---F- - - GTSPATADAYGY YAV LT FLA- - LAAG-Y LA---KWRLY -PA--AVEKAE---
Qd65P8_ CUPR/20-320 KHLPVHLFASYMGISGLA---LA GWSPLISDY I SYWAV IAFLY--LTYS-YAA---KIAKH-PD--AVYKE
Q2KYM3 BORALAE-320 DY LPVGFFSSSMGLAGLS ---VA EASHNH---Y GWVPLWIAHATGILAVLAFLA--VLCG-YGC---KVLSS-Wd--VVKEE
B1Z707_METPR/21-323 EY LPYALFGSWMGLTGLS - - -WA---- ---LASAR---Y- ---GLPALAADA I GWAALLAFLA--LALA-YGOW---KAVTA-WP--VVLAE---
QIVGER7_MORASA6-318  AFLPYGLFOGSTMOLTGLS - - -WA---- QAQIR---Y EAPPLIADT IGLWALLTFAA--LVIG-YAA- - -KVMTA-PA--AVVAE---
Q7VHAZ_HELHP/12-377 SYLPISFFRGACMOGLSATS - - -WA WD KMMRE L ITQNLT INTENFLAPTHNTNFLPSTLLANFSFALSYSFALLALIAFIG--LVWSA-YAL---KILSS-FE--SVKLE
AORPF]_CAMEE/A44-345 SYLPYWSLFGSWMOGLCGLS --- 10 WK LAAFH---F GFHGFMAD I LALLAYLDFI I --LS1C-YAl---KIIYK-TQ--5FKDE
ALAZKS_PARDP/5-307 RRWPPAIFPPLLGALGLA---LA---- ---AATAR---F- ---GLPQGLS GMMMGMAY AAWYF - - AT LA-YGG---KLARR-PA--WLAEE---
BOLAIG_METS4/F-306 PAVPASFRGMYLGLYGLG---HNA---- - - - AAAQL- - W - - -GAPSLVGEAVMLLGVAYVWAA- - WAAL-Y GA- - -KWLRA-RP--AALDE---
AFTIVE JANMA11-311 PLYPPSFFGIVLGLAGLA---GT AAHAN - - - DMPS I TGEATY ALAAVAWLY - - IVLL-YLL---KWI IA-PT--|AKEE

conseration . Sinine el

01323575654 B4547---35 05302341444 F4dbrb/44--1000-444---44423-31--00002
| L
iy B RN M o e B e L e
| I

Consensus

RHFPPAWEFALWMGT GG LAWHWLA E-LALPY+THNQF

EMBO Workshop, Budapest, 2016




Marco Punta

1. |Colour -> BLOSUMé62

(View 1)

g Edit Select View Format Colour Calkculate Help
10 . 3 ?0 80 , 100 110 130 140

RRLSPAYFALVMATGIVS AGFHFIAIALLWLNATQFVV,. .TSW..ARLVRY RR TDHRSAPGFLSAVAA
EQFSPFWFITCMGTGISA... RWLVRCSY IFFAIVSILEIF .. .AV\I...QFILYSQHSHKRKNY YWNTFKNIDNNVFWGTYAMG
GNIGPNWEASVMGT G I VA . VL VOGLRAFTQVVWY | AAALLLA. . MGG, . HWLRH.PT .. AL .. RNPOMAHEY GAAPMA
SHLPIAYTGLSLGFGGIGNCLSL LFNNFNNSN FNASWISY ITIFLVIFILLY ITI.. . RNCCH.PK. . CKEQMMYS LLPTY CMS

QHX5_NITHX/19-344

TRGS_OMICQ/34-371
1X021_NEUCS/27-379

MZI6_ACTP2/21-323
820 SUAC/13-338
EV2_NITQC/23-349

AH1_ARATH/39-352
1A3_NEUCR/181-523

TATS_BURTA/21-360
707_METPB/21-323

FRYI_CANGA/1 0406
Q217_9BA(CT/9-334

NEZ26_MYCGA/11-350

34MO_LACC3/6-302

FD45_9GCAMM/10-310

CHP7_ASPCL/17-368

1K0_, NEUCR/119-539
EM12_COREF/44-374

PG1_PSEMY/16-355
VKES_ACTSZ/5-305
3F§CS_ENTEA/10-307

1V9_JANMA/11-311
RE)6_ASPNC/19-37¢
M1Z3_CORGL/17-324

6_METJA/13-33¢
6¥15_CUPRI/19-3189
LCA6_MAGSM/8-306
IR4I4_MY (52/18-309
FNIE_IANSC/9-304

seq

Consensus

quence position 46 8.

AFIGPNWEAAVMGT G I VA . . .
TCYQWTWETMTMATGGVA . . .
KGFTPGLEVTVYMGPGYSS . . .
LNISPAFFESFNMGTGITS . . .
RQFDPFMEMMYMGYGISS . . .
ROFTPNWEAATMGTGI LA . . .
FPIPYNYEFSMVLGLAGLG. . .
ANFPVYPLEASVMGLSGLT . . .
SKLLPSYFASYMAIGIFS . ..
KDLSPASFGMYMATG VS . ..
RSLHAGYERISLSLCSQA. ..
KHETWAWYT LCMSTGGLS . . .
RQFTPNWEAMSMGNG I VS . . .
EY LPYALFGSVMGLTGLS . . .
RDFEPFMEVMYMASGISS . . .
KTLHPAYEVFIMSTGI IS ..
EQVPLALSGLTLGTIGLGFSWEA

KRVPLPMAGLT LGLASLG.

KLLPTPVAGLALGISSLGALWES
FKESPOWELVPQGTGS 1A . . .
PGSGPYVWEPSYMGTGI LA . . .
FPLPINYFEGI I LGLSALS . ..
EGCGLSRETWPTSLGLLS . ..
PPAGPAWAGS LMGTALTS . . .
RHFTPSWEAVTMGTGVLA . . .
TPLPVNYES IVLGLAALG. ..
RKVPIPICGLILGMYSLG. . .
KGFTPAYEGAVMGT GVSS . . .
MHET FAWYTVTLSTSGVS . . .
PLVPPSFEGIVLGLAGLA . ..
SSVAWGWYAISLSWGGIA . . .
PPPGPSWAGSLMGISLLS . ..
KNFVPSWEAAVMGT G I LA . . .
QHLPVNLFGAVMGLSGLS . . .
PFLPISIFATVMGLAGLS . ..
RRVKPNVEAVYMATG I VS . . .
EHVP I SMET LPMGVFGLS . . .

pphsssaFuhsMGhuulu. ..

01323

RHFPPAWFALVMGT GG LAWHWLA

587444

PGLLAFARVYWALDVLLLAL. .
SIPYKH QWLTGVGLFFFFLNLYLETY . .
NFEPYP . .. RWLEICGCIMFGYAVIFLIA. .
NLP.F.. GWLRRLGVVYFIFNVVLEIL. .
SFEPYP. .. RWLRICSY IMFAITCLIFIA. .
PTLKPVGEALWFLNIALFML . .
PLPAITIGESVLTVATAIWLA . .
NLPSEISDGLRYLTTLIWLL. .
YHNYNVLSYLLSYLSNVIYFA. .
LAMPY IADILFRLNIITYGY. .
KLPSMAFHLLWY LALVTQVS ..
PGLRQIGMTWYY I INITIFVL. .
AGQQOS TAATLWS INIVLYTY . .
GLPALAADA | GWAALLAFLA. .
HWMRVCSY IMFGIACATFEIY. .
LGITPYAQGLFY LNIWVAYAV . |
SDPETYKTATLVVLFMLMLLSLLYGT IVAL ..

AGWQLVGNLTGGLAALLFGL
GFNGY IQNATST IAAVILCI

GALHILSKIVWIYTIVYLGL.
PGAHDLALAILIVAWALLLF . .
EGATLYSESLFAVSAMIWLA . |

LGVIL.
LSVG.
FIGA.

CTAY .
JITLL .
DRV
LSV L
QL. .
Y AA L
LYY L
Y LF L.
LTV
CTVA L
Y AL
LQIT L
JLLL. .
Y GV L
VEY L
.alLl..

YLL.
FIv. .
YAY

HGLTTLTTALFITDYVLFILFSLLVLCCAL

HGFAAGARAMLL TAGAVT I ..
PGLLLLAEGLWLFGVYALFVL. .
LFPAWVGETV I AAAGLIWLG . .

LGYAT IGT IYCVLGSLLMIL

RWLEICGCIMFGIGVAFLLY . .
RGLSTIGLYIFLLDLLFFLY. .
DMPS I IGEAIYALAAVAWLY . .
TGLTTIGTIVFIANLYIYTT .
HGFPVWVADFFFALAVVVAIY . .
PILKDVAVGLFYFNVLLFFI ..
GTSPAIADAVGYVVAVLTFLA . .
LKLATLSPLLMGLTGTLEVY . .
HHLGV I SAPLAVLALLALPY. .
GGLAWPS ILTGGFGIALLVI ..

shhthluthlhhlslhlall..

FSLL.
LMT A

IVLL.

VT LC.

116G

FLVP.
LAAG.
LLLL.
LMY L.
LFAA.

hhhh.

LLF

CRWYLE
L KWKAY |
CKGIRF.
CRWVYY
CRLVGY .
CKCILEF .
CRFMLH .
CRVSRH .

CRIMY
CKYLTH .
L CKICLT .
CRELIH.
CRLIRY
RVMRD .
CKWFKS .
IHSKCCTR.

WLVYRSPK .

. RVALF.
. KWWYKE .
CCKTLET .
LSTLRY .
. REVLY .
LKW LA
EAVRPQKV.

WLIYRSPS .
CURWIME KD . .
CKWRLY PA.

L UKVVRH.
CRWRTF
CRAARY .

.+hlha..

. HWVQH . HD . .
CREVWS O RG..
LS LWRY L PK. .
CRITLRW.KG. .
CHLIWY TKE.

CKAVT A WP .
CHAYYS TKK.

. .DHPVMSHEY GAPAMA
. .NDQTES LEEVA

.. SDPKTAPYMGCLSMG
CKNHLSGLYWGT LPMG

L.
FNDFFRNMKHSLFWGTYPMG
F.

CGHNTVSME I GT | PMG
..YHPILGCFVSLIPIT
. MHPVKMNELTAISIG
.. KDLGRSPGFLSKVIA
. .SDHSSGPGFFTMVYAG
.. LHY IGWNY LYAPS IS
. .THPREGFEFPTFFLS
. .HHPLQSMELGAIPMG

CRHPITAGNLFGTILIS

FKRYYAGVTY GPEWGAY PMG

CSNPKLGLVY FAIVAG
CRTPNQAGLVFPFFMA
QDRI TASVSPT FSMT
CSHHVIGSVVPT FAMA
CRHNLIETSCLSSIAIT
CRAMAALPEWSTVSMG
CQHPLLGNEVSLIPIT
CTSHNAAKLGS LAYWPMA
FTPYYMPAWAMYS LG
.. LHPVQSMELGA I PMG
.. THRITGSEVSLVYPIT
..DDP I TASVSPT FTMA
. .SDPT IAPEMGGLPMG
. .TRPHEALFEVPTFFLS
.. EHAVQCCEI GLAGYS
CKKPQDLYEVPYSLLA
FKT EVMPAWAMLSMG
.. KHPVLSAFYPT I AVS
. NHP TAGNEFGTITIA
. .HHPIKLSEFPTISIS
.. GDIDIVMS LYTYVAA
CSHPIKLAEFPATS IS

.pcPlpusFhsshshu

EMBO Workshop, Budapest, 2016




Marco Punta

Tools-> Sequence -> Multialign Viewer

Choose "“PF03595_seed_mod.txt"”

Select Aligned FASTA

File Edit Structure Headers Numberings Tree Info Preferences

1 1
Consensus hftpawFavy mgtgilalll
Conservation
K4LW73_THEPS 21NFAFPAWFASYV
R4KLP5_SFIRM IONFTPSWFASYV
C8W5V5_DESAS 12KFSPSWFACV
R7C3K5_SBURK 8 -MAPGWFASYV
C7RNE8_ACCPU 1IBNFAPGWFAAYV
Q47195_DECAR 12 TFAPGWFAAYV
Q5JDE4_THEKO DFAPSWFASYV
D3TCDO_ACIB4 IONFSPSWFATV
H2J2N2 MARPK EFQPSWFAG |
BIL858_NAUPA NFAFSWFAS |

N F

QF

N E

()]
<
>
<

<<= <<

mrrrrmmrM M

>
w

E=C == —-r

Y762_METJA ESSWFAAV

GOGES4_SPITZ NPAWGAAYV
WNFRYA QFIRM 1 SPAWFAAV

S SeSSSsSs<SsSs<SssSssSs=Ss<s
A A A A A AN A A A
Sr1041M<4420<
“roOM 444> 00O0W

POPPOP2>>0

Right-click to focus on residue

i Hi H
Right-shift-click to focus onregion Quit ide el
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Tools-> Sequence -> Multialign Viewer

Choose "“PF03595_seed_mod.txt"”

Select Aligned FASTA

Structure -> Render by Conservation

EMBO Workshop, Budapest, 2016
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1. |Actions-> Ribbon -> hide
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AtSLAC1
WT+0OST1

——u

Chen et al. Nature 467 (2010) EMBO Workshop, Budapest, 2016
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AtSLAC1
WT+0OST1

.........

Chen et al. Nature 467 (2010) EMBO Workshop, Budapest, 2016
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AtSLAC1
WT+0OST1

——u

F450A F450A+0OST1

Chen et al. Nature 467 (2010) EMBO Workshop, Budapest, 2016




H. influenzae protein structure

Functional hypothesis via homology to SLAC1

Identification potential functional residues using sequence
conservation across the family and structural knowledge

Suggested experiments to test functional hypothesis

Cytoplasm

Phenyl
group

SLAC1

THOMINE AND BARBIER-BRYGOO NATURE 467:1058-59 (201

AtSLAC1
WT WT+OST1

———

F450A+0ST1




. SF1AI
Anion channels | sy

SF1AI
C b - b

SF3B 4 ‘
(SpMael)  SF3D  grap
SF3C (AfSsu1)

malate uptake transporter
sulphite efflux pump

Chen et al. Nature 467 (2010)

Marco Punta

exfoliative toxins

EMBO Workshop, Budapest, 2016
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Exercise

Homology-based function annotation transfer #2

EMBO Workshop, Budapest, 2016
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Protein Families -+

aidanbudd.github.io/ppisnd/trainingMaterial/marcoPunta/

Course Program
Introduction To Linux Command-line
Introduction To PPI Networks
STRING

Network Visualization With

Cytoscape
Chimera
Unseminar
Structure And Interfaces Of PPIs
Peptide And Protein Docking
MSA & Jalview
Protein Families
Protein Feature Prediction
Repeats And Low Complexity Regions
Intrinsically Disordered Proteins
Short Linear Motifs
REST Services

Molecular Dynamics

http://aidanbudd.github.io/ppisnd/trainingMaterial/marcoPunta/
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PROTEIN FAMILIES

by Marco Punta

EXERCISE 1

e 3m71.pdb
e 3m71_del.pdb
¢ PF03595_seed_mod.txt.aln

EXERCISE 2

o P29973.fasta €
¢ mistery-protein.fasta <€

EXERCISE 3

e 2lhu.pdb

o family-building-excercise.fasta
e hmmer-ali.fasta

¢ jalview-ali.fasta
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>sp|P29973|CNGA1_HUMAN cGMP-gated cation channel alpha-1 OS=Homo sapiens
MKLSMKNNIINTQOSFVTMPNVIVPDIEKEIRRMENGACSSFSEDDDSASTSEESENENP
HARGSFSYKSLRKGGPSQREQYLPGAIALFNVNNSSNKDQEPEEKKKKKKEKKSKSDDKN
ENKNDPEKKKKKKDKEKKKKEEKSKDKKEEEKKEVVVIDPSGNTYYNWLFCITLPVMYNW
TMVIARACFDELQSDYLEYWLILDYVSDIVYLIDMFVRTRTGYLEQGLLVKEELKLINKY
KSNLOFKLDVLSLIPTDLLYFKLGWNYPEIRLNRLLRFSRMFEFFOQRTETRTNYPNIFRI
SNLVMYIVIITHWNACVFYSISKAIGFGNDTWVYPDINDPEFGRLARKYVYSLYWSTLTL
TTIGETPPPVRDSEYVFVVVDFLIGVLIFATIVGNIGSMISNMNAARAEFQARIDAIKQY
MHFRNVSKDMEKRVIKWEFDYLWTNKKTVDEKEVLKYLPDKLRAEIAINVHLDTLKKVRIF
ADCEAGLLVELVLKLQPQVYSPGDYICKKGDIGREMYIIKEGKLAVVADDGVTQFVVLSD
GSYFGEISILNIKGSKAGNRRTANIKSIGYSDLFCLSKDDLMEALTEYPDAKTMLEEKGK
QILMKDGLLDLNIANAGSDPKDLEEKVTRMEGSVDLLOQTRFARILAEYESMQOKLKQORLT
KVEKFLKPLIDTEFSSIEGPGAESGPIDST

EMBO Workshop, Budapest, 2016
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>mistery protein
MGNGSVKPKHSKHPDGHSGNLTTDALRNKVTELERELRRKDAEIQEREYHLKELREQLSK
QTVAIAELTEELQNKCIQLNKLODVVHMQGGSPLOASPDKVPLEVHRKTSGLVSLHSRRG
AKAGVSAEPTTRTYDLNKPPEFSFEKARVRKDSSEKKLITDALNKNQFLKRLDPQQIKDM
VECMYGRNYQOGSYITIKQGEPGNHIFVLAEGRLEVFQGEKLLSSIPMWTTFGELAILYNC
TRTASVKAITNVKTWALDREVFONIMRRTAQARDEQYRNFLRSVSLLKNLPEDKLTKIID
CLEVEYYDKGDYITIREGEEGSTFFILAKGKVKVTQSTEGHDQPQLIKTLOQKGEYFGEKAL
ISDDVRSANITIAEENDVACLVIDRETFNQTVGTFEELQKYLEGYVANLNRDDEKRHAKRS
MSNWKLSKALSLEMIQLKEKVARFSSSSPFONLEITATLGVGGFGRVELVKVKNENVAFA
MKCIRKKHIVDTKQQEHVYSEKRILEELCSPFIVKLYRTFKDNKYVYMLLEACLGGELWS
ILRDRGSFDEPTSKFCVACVTEAFDYLHRLGIIYRDLKPENLILDAEGYLKLVDFGFAKK
IGSGOQKTWTFCGTPEYVAPEVILNKGHDFSVDFWSLGILVYELLTGNPPFSGVDQMMTYN
LILKGIEKMDFPRKITRRPEDLIRRLCRONPTERLGNLKNGINDIKKHRWLNGEFNWEGLK
ARSLPSPLORELKGPIDHSYFDKYPPEKGMPPDELSGWDKDF

EMBO Workshop, Budapest, 2016
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http://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE=Proteins

EMBO Workshop, Budapest, 2016



:'._; BLAST ®

Home Recent Results Saved Strategies Help

» NCBI/ BLAST/ blastp suite Align Sequences Protein BLAST

blastn ‘blastp‘| blastx | tblastn | tblastx |

BLASTP programs search protein subjects using a protein query. more...
Enter Query Sequence -

Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &
TTIGETPPPVRDSEYVFVVVDFLIGVLIFATIVGNIGSMISNMNAARAEFQARIDAIKQY
MHFRNVSKDMEKRVIKWFDYLWTNKKTVDEKEVLKYLPDKLRAEIAINVHLDTLKKVRIF From

ADCEAGLLVELVLKLQPQVYSPGDYICKKGDIGREMYIIKEGKLAVVADDGVTQFVVLSD
GSYFGEISILNIKGSKAGNRRTANIKSIGYSDLFCLSKDDLMEALTEYPDAKTMLEEKGK

QILMKDGLLDLNIANAGSDPKDLEEKVTRMEGSVDLLQTRFARILAEYESMOQKLKQRLT To
KVEKFLKPLIDTEFSSIEGPGAESGPIDST Y

Or, upload file Browse... No file selected. ()

Job Title

Enter a descriptive title for your BLAST search &

Align two or more sequences &

Enter Subject Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Subject subrange &
MSNWKLSKALSLEMIQLKEKVARFSSSSPFONLEIIATLGVGGFGRVELVKVKNENVAFA
MKCIRKKHIVDTKQQEHVYSEKRILEELCSPFIVKLYRTFKDNKYVYMLLEACLGGELWS F rom

ILRDRGSFDEPTSKFCVACVTEAFDYLHRLGIIYRDLKPENLILDAEGYLKLVDFGFAKK
IGSGQKTWTFCGTPEYVAPEVILNKGHDFSVDFWSLGILVYELLTGNPPFSGVDQMMTYN
LILKGIEKMDFPRKITRRPEDLIRRLCRONPTERLGNLKNGINDIKKHRWLNGFNWEGLK To
ARSLPSPLQRELKGPIDHSYFDKYPPEKGMPPDELSGWDKDF Y

Or, upload file Browse... No file selected. L2




= Alignments

feIDownload v Graphics Sortby: E value

unnamed protein product
Sequence ID: Icl|Query_22995 Length: 762 Number of Matches: 3

Range 1: 281 to 383 Graphics ¥ Next Match

Score Expect Method Identities Positives Gaps
41.2 bits(95) 1e-07 Compositional matrix adjust. 30/110(27%) 54/110(49%) 11/110(10%)

Query 474 LKKVRIFADCEAGLLVELVLKLQPQVYSPGDYICKKGDIGREMYIIKEGKLAVV----AD 529
L+ V + + L +++ L+ + Y GDYI ++G+ G  +I+ +GK+ V
Sbjct 281 LRSVSLLKNLPEDKLTKIIDCLEVEYYDKGDYIIREGEEGSTFFILAKGKVKVTQSTEGH 340

Query 530 DGVTQFVVLSDGSYFGEISILNIKGSKAGNRRTANIKSIGYSDLFCLSKD 579
D L G YFGE +++ + + R+ANI + +D+ CL D
Sbjct 341 DQPQLIKTLQKGEYFGEKALI SDDVRSANIIA-EENDVACLVID 383

Range 2: 161 to 260 Graphics ¥ Next Match A Previous Match 4 First Match

Score Expect Method Identities Positives Gaps
38.1 bits(87) 1e-06 Compositional matrix adjust. 26/108(24%) 53/108(49%) 8/108(7%)

Query 472 DTLKKVRIFADCEAGLLVELVLKLQPQVYSPGDYICKKGDIGREMYIIKEGKLAVVADDG 531
DLK+ + + ++V + + Y G YI RK+G+ G ++++ EG+L V +
Sbjct 161 DALNKNQFLKRLDPQQIKDMVECMYGRNYQQGSYIIKQGEPGNHIFVLAEGRLEVFQGEK 220

Query 532 VTQFVVLSDGSYFGEISILNIKGSKAGNRRTANIKSIGYSDLFCLSKD 579

+ + 4+ + FGE++IL RTA++K+I + L ++
Sbjct 221 LLSSIPM--WITFGELAIL YNCTRTASVKAITNVKTWALDRE 260

Range 3: 593 to 649 Graphics A Previous Match 4 First Match

Score Expect Method Identities Positives Gaps
22.3 bits(46) 0.081 Compositional matrix adjust. 17/58(29%) 27/58(46%) 7/58(12%)

Query 317 VFYSISKAIGFGNDTWVY---PDINDPEFGRLARKYVYSL-YWS--TLTLTTIGETPP 368
V+ 4K IGG TW + P+ PE L + + +S+ +WS L + PP
Sbjct 593 VDFGFAKKIGSGQKTWTFCGTPEYVAPEV-ILNKGHDFSVDFWSLGILVYELLTGNPP 649
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Mystery protein is a cGMP-gated cation channel?

EMBO Workshop, Budapest, 2016
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Marco Punta

Definition (Wikipedia):

A protein domain is a conserved part of a given protein sequence and (tertiary)
structure that can evolve, function, and exist independently of the rest of the protein

chain. Each domain forms a compact three-dimensional structure and often can be
independently stable and folded.

EMBO Workshop, Budapest, 2016
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Winged helix domain (WHD)

/-score = 4.0
%id= 8%
RMSD = 2.7A

EMBO Workshop, Budapest, 2016
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DNA binding?

\"é)
2
—

B Y%
o)
7/

/
o

N
N
iy
I/ '\A‘ = N /‘&
\\

Lﬁ

Cleavage
domain

DNA binding (targeting to a
specific DNA sequence)

EMBO Workshop, Budapest, 2016




Marco Punta

DNA binding?
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DNA binding!
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“syntactical change”
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Semantic change

DNA binding DNA binding

Marco Punta

substrate specificity pocket

Current Opinion in Structural Biology

Transcription Restriction
factor endonuclease

Vogel et al. Curr. Opin. Struct. Biol. 14 (2004)

Human methionine
aminopeptidase 2

EMBO Workshop, Budapest, 2016
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“syntactical change”

Restriction endonuclease
5'-GGATG-3’

DNA sequence <

recognised

Transcription factor
5'-TGGNNNNNCCA-3'

EMBO Workshop, Budapest, 2016




Marco Punta

“Nested” domains

3ABZ-truncated

EMBO Workshop, Budapest, 2016
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unnamed protein product
Sequence ID: Icl|Query_22995 Length: 762 Number of Matches: 3

Range 1: 281 to 383 Graphics ¥ Next Match

Score Expect Method Identities Positives Gaps
41.2 bits(95) 1e-07 Compositional matrix adjust. 30/110(27%) 54/110(49%) 11/110(10%)

Query 474 LKKVRIFADCEAGLLVELVLKLQPQVYSPGDYICKKGDIGREMYIIKEGKLAVV----AD 529
L+ V + + L +++ L+ + Y GDYI ++G+ G  +I+ +GK+ V
Sbjct 281 LRSVSLLKNLPEDKLTKIIDCLEVEYYDKGDYIIREGEEGSTFFILAKGKVKVTQSTEGH 340

Query 530 DGVTQFVVLSDGSYFGEISILNIKGSKAGNRRTANIKSIGYSDLFCLSKD 579
D L G YFGE +++ + + R+ANI + +D+ CL D
Sbjct 341 DQPQLIKTLQKGEYFGEKALI SDDVRSANIIA-EENDVACLVID 383

Range 2: 161 to 260 Graphics ¥ Next Match A Previous Match 4 First Match

Score Expect Method Identities Positives Gaps
38.1 bits(87) 1e-06 Compositional matrix adjust. 26/108(24%) 53/108(49%) 8/108(7%)

Query 472 DTLKKVRIFADCEAGLLVELVLKLQPQVYSPGDYICKKGDIGREMYIIKEGKLAVVADDG 531
DLK+ + + ++V + + Y G YI RK+G+ G ++++ EG+L V +
Sbjct 161 DALNKNQFLKRLDPQQIKDMVECMYGRNYQQGSYIIKQGEPGNHIFVLAEGRLEVFQGEK 220

Query 532 VTQFVVLSDGSYFGEISILNIKGSKAGNRRTANIKSIGYSDLFCLSKD 579

+ + 4+ + FGE++IL RTA++K+I + L ++
Sbjct 221 LLSSIPM--WITFGELAIL YNCTRTASVKAITNVKTWALDRE 260

Range 3: 593 to 649 Graphics A Previous Match 4 First Match

Score Expect Method Identities Positives Gaps
22.3 bits(46) 0.081 Compositional matrix adjust. 17/58(29%) 27/58(46%) 7/58(12%)

Query 317 VFYSISKAIGFGNDTWVY---PDINDPEFGRLARKYVYSL-YWS--TLTLTTIGETPP 368
V+ 4K IGG TW + P+ PE L + + +S+ +WS L + PP
Sbjct 593 VDFGFAKKIGSGQKTWTFCGTPEYVAPEV-ILNKGHDFSVDFWSLGILVYELLTGNPP 649




cGMP-gated cation channel alpha-1 P29973 (CNGA1_HUMAN) Marco Punta
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cGMP-gated cation channel alpha-1 P29973 (CNGA1_HUMAN) Marco Punta
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cGMP-gated cation channel alpha-1 P29973 (CNGA1_HUMAN) Marco Punta
474 579
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cNMP binding
domain

690 762
I

161 260 281 383

cNMP binding domains?
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cGMP-gated cation channel alpha-1 P29973 (CNGA1_HUMAN) Marco Punta
474 579
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cNMP binding domains?
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cGMP-gated cation channel alpha-1 P29973 (CNGA1_HUMAN) Marco Punta
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Mystery protein is a cGMP-dependent protein kinase 2

Q13237 (KGP2_HUMAN)

EMBO Workshop, Budapest, 2016




Marco Punta

Definition (Wikipedia):

A protein domain is a conserved part of a given protein sequence and (tertiary)
structure that can evolve, function, and exist independently of the rest of the protein
chain. Each domain forms a compact three-dimensional structure and often can be
independently stable and folded. Many proteins consist of several structural
domains. One domain may appear in a variety of different proteins. Molecular
evolution uses domains as building blocks and these may be recombined in different
arrangements to create proteins with different functions.

EMBO Workshop, Budapest, 2016



Function annotation transfer by homology

Homologous proteins can share a number of functional
features, however:

-functional drift can lead to radically different functions

-while functional similarity correlates with function, no
similarity threshold is safe for transfer

- Proteins may have multiple functions

-if more than one functional domain is present annotation
transfer can be attempted only between domains that
are homologous and NOT for the full-length protein

function (but still not ‘safe’)
Marco Punta EMBO Workshop, Budapest, 2016
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Globular proteins?

Water-soluble, globe-like shape.

Non globular proteins?

Membrane proteins, fibrous proteins, disordered proteins

EMBO Workshop, Budapest, 2016



cGMP-gated cation channel alpha-1 P29973 (CNGA1_HUMAN) Marco Punta
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cGMP-gated cation channel alpha-1 P29973 (CNGA1_HUMAN) Marco Punta
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Homology ZZ similar sequence?

Homology ZZ similar structure?

=> . . .
Homology <Z similar function?

EMBO Workshop, Budapest, 2016




Marco Punta

[ Juonoeiayu) uisloIg-UIB10I4

UOIJDBIBIU| UIB}0I4-UIal0ld

https://en.wikipedia.org/wiki/Interolog#t/media/File:HypotheticallnterologExample.png




Marco Punta

Interologs

What Evidence Is There for the Homology of Protein-Protein Interactions?
Anna C. F. Lewis, Nick S. Jones, Mason A. Porter, Charlotte M. Deane

Published: September 20, 2012 e hitp://dx.doi.org/10.1371/journal.pcbi.1002645

- .

Abstract

Author Summary Abstract
Introduction
The notion that sequence homology implies functional similarity underlies much of
computational biology. In the case of protein-protein interactions, an interaction can be inferred
Materials and Methods between two proteins on the basis that sequence-similar proteins have been observed to
interact. The use of transferred interactions is common, but the legitimacy of such inferred
Supporting Information interactions is not clear. Here we investigate transferred interactions and whether data
Acknowledgments incompleteness explains the lack of evidence found for them. Using definitions of homology
associated with functional annotation transfer, we estimate that conservation rates of
Author Contributions interactions are low even after taking interactome incompleteness into account. For example, at
References a blastp g-value threshold of | ()—70, we estimate the conservation rate to be about | 1,
between S. cerevisiae and H. sapiens. Our method also produces estimates of interactome
sizes (which are similar to those previously proposed). Using our estimates of interaction
Reader Comments (1) conservation we estimate the rate at which protein-protein interactions are lost across species.
Media Coverage (0) To our knowledge, this is the first such study based on large-scale data. Previous work has
suggested that interactions transferred within species are more reliable than interactions
transferred across species. By controlling for factors that are specific to within-species
interaction prediction, we propose that the transfer of interactions within species might be less
reliable than transfers between species. Protein-protein interactions appear to be very rarely
conserved unless very high sequence similarity is observed. Consequently, inferred interactions
should be used with care.

Results/Discussion

Figures

EMBO Workshop, Budapest, 2016




navigation Start New Analysis Page

& 2 B
Protein or Proteins of interest: /4w S
Pages & | S
Start New Analysis c ©
Downloads Paste identifiers, comma separated or list format:
About Us NCBI IDs are preferred, but gene names, Ensembl IDs,
Help and FAQ and several other identifiers are translated

example: 672, TP53, ENSG00000107331

Species:

© Homo sapiens

" Mus musculus

(" Drosophila melanogaster
(" Caenorhabditis elegans
(" Saccharomyces cerevisiae

On the next page results and possible synonyms to your input proteins will be displayed; chose the correct ID from the following synonym list and click extend.
If you need further help with identifiers, please visit Ensembl or NCBI. Click on the button to add selected genes.

http://interologfinder.org/simplelfWS?operation=doStart ~ Wiles et al. BMC Syst Biol. 2010



'BioXGEM.Protein-Protein Interaction Search

Home

Home
Sample 1
Sample 2
Help

Contact us

Protein-Protein Interaction Search

Input an interacting protein pair as a query to search its homologous interactions across multiple species

Press the 2 to obtain more information on that specific field.

Query protein pair (sequences in FASTA format or UniProt ID) :
© Input sequences in FASTA format

Interacting
partner 1:

Interacting
partner 2:

>sp|P61967 [AP1S1_MOUSE
MMRFMLLFSRQGKLRLQKWYLATSDKERKKMVRELMQVVLARKPKMCSFLEWRDLKVVYK
RYASLYFCCAIEGQDNELITLELIHRYVELLDKYFGSVCELDIIFNFEKAYFILDEFLMG
GDVQDTSKKSVLKAIEQADLLQEEDESPRSVLEEMGLA

>sp|P22892[AP1G1_MOUSE

MPAPIRLRELIRTIRTARTQAEEREMIQKECAATRSSFREEDNTYRCRNVAKLLYMHMLG
YPAHFGQLECLKLIASQKFTDKRIGYLGAMLLLDERQDVHLLMTNCIKNDLNHSTQFVQG
LALCTLGCMGSSEMCRDLAGEVEKLLKTSNSYLRKKAALCAVHVIRKVPELMEMFLPATK
NLLNEKNHGVLHTSVVLLTEMCERSPDMLAHFRKLVPQLVRILKNLIMSGYSPEHDVSGI

Input UniProt ID (Ex: AP1S1_MOUSE)

Interacting partner 1:  AP1S1_MOUSE Interacting partner 2:  AP1G1_MOUSE
Search Clear
Options:
E-value cut-off threshold for homolog searching ?
10 ) 10" @ 10719 (Default) " Other: (Ex: -50 = 10°50)
?

Joint E-value

10100 @

1049 (Default) ) 101 ) Other: (Ex: -50 = 10°50)

http://gemdock.life.nctu.edu.tw/ppisearch/ Chen et al. NAR 2009



Rpb4-Rpb7 complex crystallized in both H. sapiens (pdb code:2¢35) —
and S. cerevisiae (pdb code:1y14). and zoom in the structure panel
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