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Outline: entire course

T Mar. 29 Introduction to physical properties of amino acids ~ Prigge
Th Mar. 31 Protein Structure (level of Branden and Tooze) Prigge

T_Apr.5 ____Protein sequence alignment and evolution Pevsner,

Th Apr. 7 Principles of mass spectrometry Cotter

T Apr. 12 Applications of mass spectrometry to proteomics Pandey
Th Apr. 14 Applications of mass spectrometry to proteomics Pandey

T Apr. 19 Protein structure determination Prigge
Th Apr. 21 Protein databases, structural classification
of proteins, visualization Ruczinski

T Apr. 26 Protein secondary structure prediction Ruczinski
Th Apr. 28 Protein structure prediction Ruczinski

T May 3 ___Protein structure prediction (CASP) ) Ruczinski

Th'May 3 Protein networks Bader

T May 10 High throughput approaches to proteomics Boeke
Th May 12 Protein-protein docking Gray

T_May 17 ___Lab

Th May 19 Final exam

Many of the powerpoints for today’s lecture are from
Bioinformatics and Functional Genomics (J. Pevsner, 2003).
The powerpoints are available on-line at www.bioinfbook.org

Chapter 2: Access to sequence data

Chapter 3: Pairwise sequence alignment

Chapter 4: Basic Local Alignment Search Tool (BLAST)
Chapter 8: Protein analysis and proteomics

Chapter 9: Protein structure

Outline: entire course

T Mar. 29 Introduction to physical properties of amino acids ~ Prigge
Th Mar. 31 Protein Structure (level of Branden and Tooze) Prigge

T Apr.5 Protein sequence alignment and evolution Pevsner
Th Apr. 7 Principles of mass spectrometry Cotter

T Apr. 12 Applications of mass spectrometry to proteomics Pandey
Th Apr. 14 Applications of mass spectrometry to proteomics Pandey

T Apr. 19 Protein structure determination Prigge
Th Apr. 21 Protein databases, structural classification
of proteins, visualization Ruczinski

T Apr. 26 Protein secondary structure prediction Ruczinski
Th Apr. 28 Protein structure prediction Ruczinski

T May 3 Protein structure prediction (CASP) Ruczinski
Th May 5 Protein networks Bader

T May 10 To be announced
Th May 12 Protein-protein docking Gray

T May 17 To be announced
Th May 19 Final exam

Outline: today’s topic

1. How to access the sequence and structure of a protein
at NCBI and the Protein Data Bank (PDB)

2. Overview of databases of all proteins: NCBI and SwissProt

3. How to align the sequences of two proteins:
Dayhoff’s evolutionary perspective

4. How to align the sequences of two proteins:
pairwise alignment
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» What does NCBI do?

Established in 1988 as a national resource for > Assembly Archive
molecular biology information, NCBI creates
public databases, conducts research in
computational biology, develops software
tools for analyzing genome data, and
disseminates biomedical information - all for
the better understanding of molecular
processes affecting human health and
disease. More.

» Clusters of
ortholagaus groups

¥ Coffes Break,
Genes & Disease,
NCBI Handbook

» Electronic PCR
Influenza Virus Resource ¥ Entrez Home
¥ Entrez Tools

> Gene expression
ormnibus (GEO)

» Human genorme
resources
Entrez Gene » Malaria genetics &
You can now use Entrez to search for genomics
information centered on the concept of a
gene, and connect to many sources of related || > Mag Viewsr
information both within and outside NCBI

» dBMHC

’E PubMed Central ,’Qjﬁjf"“”*

An archive of life sciences journals

@ Free fulltext ¥ My NCBI
® Over 300,000 articles from over 150 journals
@ Linked to PubMed and fully searchable

Use of PubM ed Ceniral requires no registration of fee.
Access it from any computer with an Intemnet comnection.

» ORF finder

www.ncbi.nlm.nih.gov

» Rat genome

http://www.expasy.ch allows queries of Swiss-Prot

‘ Contact us ‘

Clear

| Site Map [ Search ExPASy

Search | Swiss-ProyTrEMEL = for |amyloid

ExPASy Proteomics Server

The ExP ASy (Expert Protein Analysis System) proteomice server of the Swise Institute of Bicinformatice (SIB) is
dedicated to the analysis of protein sequences and structures as well as 2-D PAGE (Disclaimer / References)

[Announcemens] [Job opering] [Mirror Sites]

o Swiss-Prot and TrEMBL - Protein knowledgebase + Proteomics and sequence analysis tools
+ PROSITE - Protein families and domains o Proteorrics [Adents PP ™Y, pepideMass, -]
+ SWISS-ZDPAGE - Two-dimensional polyacrylamide gel  DNA -> Protein [Transteie]
elecirophoresis o Similasity searches [ELAST
+ ENZYME - Enzyme nomenclature

o Pattern and profile searches [ScanProsite

« SWISS-3DIMAGE - 3D images of proteins and other o Post-translational modification and top ology

biological macromolecules

prediction
+ SWISS MODEL Repository - Automatically generated o Primary structure analysis [ProtParam, pl/MW,
protein models Frotgedd]
o &econdary and tertiary structure prediction [SWISS-
+ GermOnLine - Knowledgebase on germ cell MODEL, Swiss-P dbViewer]
differentiation © Alignment [T-COFFEE, SI]
+ Ashbya Genome Database o Biological text analysis

+ Links to many other molecular biology databases

o ImageMaster | Melanie - Software for 2-D PAGE
anclysis

o MSight - Mass Spectrometry Imager

+ Roche Applied Science's Biochemical Pathways

Protein Data Bank (PDB) (http://www.pdb.org)
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Search in Swiss-Prot and TrEMBL for: amyloid

Swiss-Prot Release 46.4 of 29-Mar-2005
TrEMBL Release 29.4 of 29-Mar-2005

+ umber of sequences found in Swiss-Prot ) and TEMBL 5,0 319

+ Note that the selected sequences can be saved to a fle to be later retrieved; to do so, go to the bottom of this page
« For more directed searches, you can use the Sequence Retrieval System S

Search in Swiss-Prot: There are matches to 103 out of 178022 entries

44 BOVIN (Q28053)
Alzheimer's disease amyloid A4 protein homolog [Contains: Beta-amyloid protein (Beta-APP) (A-beta)] (Fragment). (GENE:
Name=APP) - Bos taurus (Bovine)

44 CAEEL (QL0651)
‘Beta-amyloid-like protein precursor. (GENE: Name=apl-1, ORFNames=C42D8.8) - Caenorhabditis elegans

A4 CANFA (Q28280)

exmn‘s disease amyloid Ad protein homolog [Contains: Beta-amyloid protein (Beta-APP) (A-beta)] (Fragmens). (GENE:
-APP) - Canis famiiaris (Dog)

A4 CAVPO CAV'PO (Q60495)
Amyloid beta Ad protein precursor (APP) (ABPP) (Alzheimer's discase amyloid protein homolog) [Contains: Soluble APP-alpha
(-APP-alpha); Soluble APP-beta (S-APP-beta), CTF-alpha, CTF-beta; Beta-amyloid protein 42 (Beta- APPA2); Beta-
amyloid protein 40 (Beta-APPA0), P3(42), P3(40), Gamma-CTE(59) (Gamma-secretase C-terminal fragment 59); Gamma-
CTE(57) (Gemma-secretase C-terminal fragment 57); C31). (GENE: Name=APP) - Cavia porcellus (Guinea pig)

44 DROME (P14599)
Beta-amyloid-like protein precursor. (GENE: Name=Appl, Synonyms=VND; ORFNames=CG7727) - Drosophia
melanogaster (Frut fy)

A4 FUGRU (093279)

cimer's disease amyloid A4 protein homolog precursor [Contains: Beta-amyloid protein (Beta-APP) (A-beta)], (GENE:

Name=APP) - Fugu rubripes (Tapanese pufferfich) (Takifugu rubripes)

A4 HUMAN (POS067)
Amyloid beta Ad protein precursor (APP) (ABPP) (Alzheimer's disease amyloid protein) (Cerebral vascular amyloid peptide)
(CVAP) (Protease nexin-IT) (PN-II) (APPY) (PreAd) [Contains: Soluble APP-alpha (S-APP-alpha); Soluble APP-beta (S-
APP-beta), C99, Beta-amyloid ot 42 (Beta-APPA2), Beta-anylidprten 40 (Beta-APPAD), CB5; P32, P30
Gamma-CTF(59) 59) id infracellular domain 59) (AID(59)); Gamma-CTF(57)

C-terminal fragment 57) foid ntracelllar domain 57) (ATD(57)); Gamma-CTE(50) (Gammassecretase
C-terminal fragment 50) (Amyloid intracelhlar domain 50) (AID(50)), C31]. (GENE: Name=APP; Synonyms=Ad, AD1) -

Central dogma of molecular biology

genome - transcriptome - proteome

Central dogma of bioinformatics and genomics



Accession numbers are labels
for sequences

NCBI includes databases (such as GenBank) that contain
information on DNA, RNA, or protein sequences.

You may want to acquire information beginning with a
query such as the name of a protein of interest, or the
raw nucleotides comprising a DNA sequence of interest.

DNA sequences and other molecular data are tagged with
accession numbers that are used to identify a sequence
or other record relevant to molecular data.

NCB/I’s important RefSeq project:
best representative sequences

RefSeq (accessible via the main page of NCBI)

provides an expertly curated accession number that
corresponds to the most stable, agreed-upon “reference”
version of a sequence.

RefSeq identifiers include the following formats:

Complete genome
Complete chromosome
Genomic contig

mRNA (DNA format)
Protein

NC_#HH#H
NC_#HHH##H
NT #tH
NM_#### e.g. NM_006744
NP_###### e.g. NP_006735

Page 29-30

3419 proteins 125 534 access to
match “amyloid” | | structures | | genes | | amyloid structure

NCBI @)/ Entres, The e sciences search Enginf

v s e | 0 G Entrez Himan Gengfle GarEak Tiep Viewe BLE

Search across dadbases [fmid

25512) () PubMefs biamedicl Ierature ffions and abstracs

1404, ) pubrefa centrat ree, e @ 12 K om

10 Rf)  site search @
6450 (@) Nucleotfde: sequen @ 219 /& unicene; f transeript seq [a]
3419 8% dt: ® 14 @ coo @
@ 147 )

@ 353 Fp unists: @

@ 4 Og ropser dy data sets @

@ 36203 €8 GO Profiles: expression snd moleculsr sbundance profies @)

] @

® @

@

=]

What is an accession number?

An accession number is a label that used to identify a
sequence. It is a string of letters and/or numbers that
corresponds to a molecular sequence.

Examples (all for retinol-binding protein, RBP4):

X02775 GenBank genomic DNA sequence
NT_030059 Genomic contig DNA
Rs7079946 dbSNP (single nucleotide polymorphism)

N91759.1

An expressed sequence tag (1 of 170)
NM_006744 RNA

RefSeq DNA sequence (from a transcript)

NP_007635 RefSeq protein

AAC02945 GenBank protein

Q28369 SwissProt protein

1KT7 Protein Data Bank structure record

protein
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Example: type
“amyloid” at NCBI

» What does NCBI do?

Established in 1988 as a national resource for > Assembly Archive

molecular biology information, NCBI creates
public databases, conducts research in
computational biology, develops software
tools for analyzing genome data, and
disseminates biomedical information - all for
the better understanding of molecular
pracesses affecting human health and
disease. More » Electionic PCR

» Clusters of
ortholagous groups

> Coffee Break,
Genes & Disease,
NCBI Handbook

New Global NCBI Search Engine ¥ Entrez Home.

NCBI's growing number of Entrez databases
can now be searched at once! Go

. S > G
X 2w 3 @ B moedo

» Entrez Taals

» Hurnan genorme
Entrez Gene resources

You can now use Entrez to search for

infarmation centered on the concept of a > Malaria genatics &

aene, and connect to many sources of related || genomics
infarmation both within and outside NCBI
» Map Viewer
» dbMHC

—FE ~PubMed Central
An archive of life sciences journals
® Free fulltext
@ _Over 300,000 articles from over 150 fournals || » 1. ween

» Mouse genome
resources

Click “protein” to find 3419 records for amyloid.
Further limit the search to RefSeq only, then to human.

(T r— gr— gr——
Limits: RefSeq
Dty B e T |

162 nsorro | Rtseg 602, |80

Items 1-20 of 662

BH3 interacting domain 3 [Rattus norvegicus]
£ill6923982kefINP_476471.1116923982]

I 2: NP_434686 Repotts
nitric oxide synthase 1, neuronal [Rattus norvegicus]
£ill625881 11refINP_434686.1[[16258811]

3: NP 002334 Reports
lactotransferrin [Homo sapiens]
£iI54607120hef N?_002334.21(54607120]

I 4: Xp_585388 Reports
PREDICTED: similar to Amyloid beta A4 precursor protein-binding family B member 1 (Fe65 protein), partial [Bos taurus]
2il51888418lreflXP_585868.11161888418]

el ™ 5: P 613860 Repoits
PREDICTED: similar to putative amyloid precursor protein, partial [Bos taurus]
2151884185 lrefXP_613860.11161884185]

Sian nl Ragister]

MyNCBI

e[ or3s et

T 1: NP 476471 Reports BLink, Links

BLink, Domains, Links

BLink, Domains, Links

Links

Links



Query Result Browser

PROTEIN DATA BANK

Your query fovad 354 structures in the current PDB release aad you have selested 0 strustures so far, (There are currently | structures being prosessed

can select specific structures by clicking on the checkboxz next to their id. If you de not select any structures, certain options will default to all structures. ~

the Eaplors lnk!

Pull down to select option: [New Search =] 6o

14 41200 bl

KEY: [Nl=Download compressed (GNU zipped) PDE fle [E)= View PDB fle B = Structure viewing options

1331 [IIEIE peposited: 0151993 Bxp. Method: X ray Diftraction Resolusion: 177 &

Title Role of Arg115 in the catalytic action of human lysozyme. X-ray structure of His115 and Glu115 mutants
Classification Hydrolase(O-Glycosyl)

Compond Lysoryme (E C. 3.2.1.17) Mutant With Arg 115 Replaced By His (R115H)

1341 RIEIE Deposited: 013w 1993 Bip. Mettrod: Xoray Diffraction Resolution: 197 &

Title Role of Arg115 in the catalytic action of human lysozyme. X-ray structure of His115 and Glu115 mutants
Classification Hydrolase(O-Glycesyl)

Compond Lysoryme (E.C. 3.2.1.17) Mutant With Arg 115 Replaced By Gl (R115E)

I~ 1AaP B peposired: 14.5p-1990 Bip. Method: Xray Diffraction Resolution: 150 &

Tide X-ray crystal structurs of the proteass inhibitor domain of Alzheimer's amyloid P-protein precurser.
Classification Proteinase Intibitor (Trypsin)

Compound Protease Inhibitor Domain OF Alzheimer'S Amyloid P-Protein Precursor (APPT)

" 1AMB Deposited: 21-0ct1994 Exp, Method: NMR

Title Solution structure of residues 1-28 of the amyloid P-peptide

Classification Proteinase Tnhibitor (Trypsin)

Compound Alzheimer'S Disease Amyloid B-Peptide (Residues 1 - 28) (. C. Number Not Assigned) (NMR, Minimized Average Structure)
™ 1aMC ¥ Deposifed: 14-Nov-1994 Exp. Method: NMR

Title Solution structure of residues 1-28 of the amyloid B-peptide.
Classification Proteinase Inhibitor(Trypsin)

NA EEES) | RNA EEEE) protein BB phenotype

DNA

GenBank IBl DDB]J

DDB]

protein

UniProt (www.uniprot.org)

e Bb g5 |[PDB-

C European ExPASy  Protein Protein
Bioinformatics Information Data
Institute Resource Bank

Outline: today’s topic

1. How to access the sequence and structure of a protein
at NCBI and the Protein Data Bank (PDB)

2. Overview of databases of all proteins: NCBI and SwissProt

3. How to align the sequences of two proteins:
Dayhoff’s evolutionary perspective

4. How to align the sequences of two proteins:
pairwise alignment

protein
sequence
genomic LE’S-I: databases
DNA niGene
databases

Fig. 2.2
Page 20

Growth of GenBank
Release 146 (Feb 2005) has 46,849,831,226 base pairs
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ARCHAEA

The most sequenced organisms in GenBank

C Nty Homo sapiens 10.7 billion bases
o) Mus musculus 6.5b
Rattus norvegicus 5.6b
Danio rerio 1.7b
Zea mays 1.4b
Oryza sativa 0.8b
Drosophila melanogaster 0.7b
Gallus gallus 0.5b
Arabidopsis thaliana 0.5b

After Pace NR (1997)
Science 276:734 Updated 8-12-04
Page 6 GenBank release 142.0

UniProt

the universal protein resource

Text Search UniProt Knowledgebase

PDB content growth (www.pdb.org)

Harme. About UniPrat Getting Started Datahases umentation

ainsr Welcome to UniProt W Deposited structures for the year

FAQ B Total available stuctures (incl. models)
UniProt (Universal Protein Resource) is the world's most comprehensive
catalog of information on proteins. It is a central repository of protein

sequence and function created by joining the information contained in
Swiss-Prot, TrEMBL, and PIR,

Support|

Help Desk
Download

25000

UniProt is comprised of three components, sach optimized for different
uses. The UniProt Knowledgebase (UniProt) is the central access point
for extensive curated protein information, including function, classification,
and cross-reference. The UniProt Non-redundant Reference (UniRef)

databases combine closely related sequences into a single record to speed
searches. The UniProt Archive (UniParc) is a comprehensive repositary,

WWW.unipl’Ot.Org reflecting the history of all protein sequences

The sequences and infarmation in UniProt are accessible via text search,
BLAST similarity search, and ETP

SwissProt: 178,022 entries % ﬁj- I I |

TrEMBL: 1,647,645 entries

structures

Swiss Institute of Georgetown ‘
3.29.05 d Bioinformatics Institute Bioinformatics University 3 oo ol ol
-29-05 update T o e e e e o e
ear IO
Yy Fig. 9.6

About UniProt Getting Started Searches/Tools Databases Support/Documentation
HOME | HELP | SITE MaP opyviaht © 2002 - 2004 Uniprat TERNS OF USE Page 281

Definitions

Outline: today’s topic

Signature:

1. How to access the sequence and structure of a protein ) . .
« a protein category such as a domain or motif

at NCBI and the Protein Data Bank (PDB)
2. Overview of databases of all proteins: NCBI and SwissProt

3. How to align the sequences of two proteins:
Dayhoff’s evolutionary perspective

4. How to align the sequences of two proteins:
pairwise alignment

Page 225




Definitions

Signature:
* a protein category such as a domain or motif

Domain:

* a region of a protein that can adopt a 3D structure

+ a fold

« a family is a group of proteins that share a domain

* examples: zinc finger domain
immunoglobulin domain

Motif (or fingerprint):
* a short, conserved region of a protein
« typically 10 to 20 contiguous amino acid residues

Page 225

15 most common domains (human)

Zn finger, C2H2 type
Immunoglobulin

EGF-like

Zn-finger, RING
Homeobox

Pleckstrin-like
RNA-binding region RNP-1
SH3

Calcium-binding EF-hand
Fibronectin, type llI
PDZ/DHR/GLGF

Small GTP-binding protein
BTB/POZ

bHLH

Cadherin

1093 proteins
1032
471
458
417
405
400
394
392
300
280
261
236
226
226

Table 8-3
Page 227

Source: Integr8 program at www.ebi.ac.uk/proteome/

Pairwise alignments in the 1950s Pairwise sequence alignment is the most

B-corticotropin (sheep)
Corticotropin A (pig)

Oxytocin
Vasopressin

ala gly glu asp asp glu
asp gly ala glu asp glu

CYIQNCPLG
CYFQONCPRG

Early alignments revealed
--differences in amino acid sequences between species
--differences in amino acids responsible for distinct functions

pLsT iy
BLAST 2 SEQUENCES
es using BLAST engine for local alignment.
es (bl2seq) can 'BI fip site.
w tool for comparing protein
Program |blastp  ¥| Matrix | BLOSUME2 =]
‘Parameters used in BLASTN program only.
Reward for a match| Penalty for amismatch:
™ Use Mega BLAST  Strand option [Not Ap -
Opengap [11 and extension gap [T penalties
gapx_dropoff[50  expect[10 wordsize[s Fier @

Sequence

Eater accessi

fundamental operation of bioinformatics

* It is used to decide if two proteins (or genes)
are related structurally or functionally

* It is used to identify domains or motifs that
are shared between proteins

* It is the basis of BLAST searching

* It is used in the analysis of genomes

RBP and p-lactoglobulin are homologous proteins
that share related three-dimensional structures

or sequence in FASTA format from

ion or GI [NP_00673 o download from file | ]

2

ce in FASTA format from

2

o
2 Enter accession or GI [P0275¢  or download from e By

=)
XP_372565

Human neuronal
munc18-1-inter-

Ly
Align | _Clear Input

Page 73

Human amyloid

= acting protein 2

retinol-binding protein
(NP_006735)

B-lactoglobulin
(P02754)

Figure 3.1
Page 42



Definitions Definitions

Homology

Pairwise alignment Similarity attributed to descent from a common ancestor.

The process of lining up two or more sequences

to achieve maximal levels of identity

(and conservation, in the case of amino acid sequences)
for the purpose of assessing the degree of similarity

and the possibility of homology.

Definitions: two types of homology

Definitions

Homology
Similarity attributed to descent from a common ancestor.

Orthologs
Homologous sequences in different species
that arose from a common ancestral gene

Identity

The extent to which two (nucleotide or amino acid)

sequences are invariant.

RBP 26 RVKENFDKARFSGTWYAMAKKDPEGLFLQODNIVAEFSVDETGOMSATAKGRVRLLNNWD- 84

HK++ +++ GTW++MA  + L+

vV T + +L+ W+

glycodelin 23 QTKQDLELPKLAGTWHSMAMA-TNNISLMATLKAPLRVHITSLLPTPEDNLEIVLHRWEN 81

Page 44

during speciation; may or may not be responsible

for a similar function.

Paralogs

Homologous sequences within a single species

that arose by gene duplication.

common carp

Orthologs:
members of a

apolipoprotein D

retinol-binding

Paralogs:
members of a

zebrafish . protein 4 .
gene (protein) gene (protein)
ilvi i Complement . sen s
famlly_ in various component 8 famll_y within a
rainbow trout organisms. Alpha-1 species.
Microglobulin

teleost R /bikunin .
This tree shows This tree shows
13 RBP orthologs. prostaglangin | 9 human
D2 synthase | |ipocalins.
African progestagen- :
clawed associated neutrophil
frog endometrial gelatlr‘\ase-
chicken protein associated
lipocalin
human mouse
horse rat
Pig cow - rabbit Odorant-binding -
o P_age 43 protein 2A Lipocalin 1 10 changes P_age 44
10 changes F|g_ 3.2 Flg. 3.3




homologs Pairwise alignment of retinol-binding protein
and B-lactoglobulin
A

aralogs
par ke < MKWVWALLLLAAWAAAERDCRVSSFRVKENFDKARFSGTWYAMAKKDPEG 50 RBP

"\\ A \. T T R

.. .MKCLLLALALTCGAQALIVT. .QTMKGLDIQKVAGTWYSLAMAASD. 44 lactoglobulin

-

A A 1
~ - ™~ —_ ) ~
h‘Og o chick '  mouser mouse[j chick[j frog[ﬁ 51 PFIFQ]L‘)NIVI‘AEFS\‘IDETG(?D?SA’I‘“AK(‘SRVR.L‘J‘ANND‘J].). .VT}?DMVGTFTDT“E 97 RBP
45 ISLLDAQSAPLRV.YVEELKPTPEGDLEILLQKWENGECAQKKIIAEKTK 93 lactoglobulin
98 DPAKFKMKYWGVASFLOKGNDDHWIVDTDYDTYAV........... QYSC 136 RBP
o I Sl N
~ . . W 94 IPAVFKIDALNENKVL........ VLDTDYKKYLLFCMENSAEPEQSLAC 135 lactoglobulin
t¢-chain gene [3-chain gene
137 RLLNLDGTCADSYSFVFSRDPNGLPPEAQKIVRQRQ.EELCLARQYRLIV 185 RBP
gene du Iimiiun/ - | I oo [
o plics i
136 QCLVRTPEVDDEALEKFDKALKALPMHIRLSFNPTQLEEQCHI....... 178 lactoglobulin
early globin gene
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Definitions Pairwise alignment of retinol-binding protein

and B-lactoglobulin

Similarity
The extent to which nucleotide or protein sequences are
related. It is based upon identity plus conservation.

-

MKWVWALLLLAAWAAAERDCRVSSFRVKENFDKARFSGTWYAMAKKDPEG 50 RBP
R . [ N | :
.. .MKCLLLALALTCGAQALIVT. .QTMKGLDIQKVAGTWYSLAMAASD. 44 lactoglobulin

-

51 LFLQDNIVAEFSVDETGQMSATAKGRVR.LLNNWD,,
E | | [ A
45 ISLLDAQSAPLRV.YVEELKPTPEGDLEILLOKWEN(

ADMVGTFTDTE 97 RBP
|| |-
AQKKIIAEKTK 93 lactoglobulin

Identity

The extent to which two sequences are invariant.
98 DPAKFKMKYWGVASFLQKGNDDHWIVDTDYDTYAV.

[N | RN .
IPAVFKIDALNENKVL........ VLDTDYKKYLLF( INSAEPEQSLAC 135 lactoglobulin

....... QYSC 136 RBP

=

Conservation ¢
Changes at a specific position of an amino acid or (less 17 RELNLDGTCADSYSEVESROPNCLE PEADKT
commonly, DNA) sequence that preserve the physico- 136 QCLVRTPEVDDEALEKFDKALKALENMATRLSHENMSRERAN. . . . . .. 178 lactoglobulin

chemical properties of the original residue.

QYRLIV 185 RBP
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Pairwise alignment of retinol-binding protein
and B-lactoglobulin Definitions

-

MKWVWALLLLAAWAAAERDCRVSSFRVKENFDKARFSGTWYAMAKKDPEG 50 RBP
R . [ N | : H = A
1 ...MKCLLLALALTCGAQALIVT..QTMKGLDIQKVAGTWYSLAMAASD. 44 lactoglobulin PaIrW|se allgnment

The process of lining up two or more sequences
to achieve maximal levels of identity

51 LFLQDNIVAEFSVDE  {SATAKGRVR.LLNNWD. . VCADMVGTF§ 97 RBP
| | | [ P N N 5
45 ISLLDAQSAPLRV.YV] KPTPEGDLEILLOKWENGECAQKKIIAER 9

3 lactoglobulin . . . .
(and conservation, in the case of amino acid sequences)
58 DRAKEIGIGUASELQEENDDRIVDIOXETIAT e 136 RER for the purpose of assessing the degree of similarity
94 IPAVFKIDALNENKVL M. ..... VLDTDYKKYLLFCMENSAEPEQS 135 lactoglobulin and the pOSSIbIIIty Of hom0|ogy_
IR T Somewhat S Very 333

similar : [Nl similar
PMHIRLSFNPTQLEEQC

(one dot) (two dots)

-
136 QCLVRTPEVD| [lactoglobulin

Page 46
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Pairwise alignment of retinol-binding protein
and B-lactoglobulin

-

MKWVWALLLLAAWAAAERDCRVSSFRVKENFDKARFSGTWYAMAKKDPEG 50 RBP
R . [ N | :
.. .MKCLLLALALTCGAQALIVT. .QTMKGLDIQKVAGTWYSLAMAASD. 44 lactoglobulin

-

5

=

LFLODNIVAEFSVDETGQOMSATAKGRVR. LLNNWD. . VCADMVGTFTDTE 97 RBP
| | | EE S R B N R N |-
45 ISLLDAQSAPLRV.YVEELKPTPEGDLEILLQKWENGECAQKKIIAEKTK 93 lactoglobulin

98 DPAKFKMKYWGVASFLQKGNDDHWIVDTDYDTYAV........... QYSC 136 RBP
(AR | sl Al
IPAVFKIDALNENKVL........ VLDTDYKKYLLFCMENSAEPEQSLAC 135 lactoglobulin

©
=

13

3

RLLNLDGTCADSYSFVFSH
. |
QCLVRTPEVDDEALEKFDK]

GLPPEAQKIVRQRQ.EELCLARQYRLIV 185 RBP
I . [N

13 [KALPMHIRLSFNPTQLEEQCHI... ... 178 lactoglobulin

o

Internal Terminal

Page 46
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Pairwise alignment of retinol-binding protein
and B-lactoglobulin

-

MKWVWALLLLAAWAAAERDCRVSSFRVKENFDKARFSGTWYAMAKKDPEG 50 RBP
R . [ N | :
.. .MKCLLLALALTCGAQALIVT. .QTMKGLDIQKVAGTWYSLAMAASD. 44 lactoglobulin

-

5

=

LFLODNIVAEFSVDETGQOMSATAKGRVR . LLNNWD. . VCADMVGTFTDTE 97 RBP
| | | EE S R B N R N |-
45 ISLLDAQSAPLRV.YVEELKPTPEGDLEILLQKWENGECAQKKIIAEKTK 93 lactoglobulin

98 DPAKFKMKYWGVASFLQKGNDDHWIVDTDYDTYAV. . ...QYSC 136 RBP
(AR | sl Al
IPAVFKIDALNENKVL........ VLDTDYKKYLLFCMENSAEPEQSLAC 135 lactoglobulin

©
=

13

3

RLLNLDGTCADSYSFVFSRDPNGLPPEAQKIVRQRQ.EELCLARQYRLIV 185 RBP
| = I . [N

136 QCLVRTPEVDDEALEKFDKALKALPMHIRLSFNPTQLEEQCHI....... 178 lactoglobulin

o
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Multiple sequence alignment of
glyceraldehyde 3-phosphate dehydrogenases
fly GAKKVIISAP SAD.APM..

human GAKRVIISAP SAD.APM..
plant GAKKVIISAP SAD.APM..

VCGVNLDAYK PDMKVVSNAS CTTNCLAPLA
VMGVNHEKYD NSLKIISNAS CTTNCLAPLA
VVGVNEHTYQ PNMDIVSNAS CTTNCLAPLA
bacterium GAKKVVMTGP SKDNTPM..F VKGANFDKY. AGQDIVSNAS CTTNCLAPLA
yeast GAKKVVITAP SS.TAPM..F VMGVNEEKYT SDLKIVSNAS CTTNCLAPLA
archaeon GADKVLISAP PKGDEPVKQL VYGVNHDEYD GE.DVVSNAS CTTNSITPVA

oo

fly KVINDNFEIV EGLMTTVHAT TATQKTVDGP SGKLWRDGRG AAQNIIPAST
human KVIHDNFGIV EGLMTTVHAI TATQKTVDGP SGKLWRDGRG ALQNIIPAST
plant KVVHEEFGIL EGLMTTVHAT TATQKTVDGP SMKDWRGGRG ASQNIIPSST
bacterium KVINDNFGII EGLMTTVHAT TATQKTVDGP SHKDWRGGRG ASQNIIPSST
yeast KVINDAFGIE EGLMTTVHSL TATQKTVDGP SHKDWRGGRT ASGNIIPSST

archaeon KVLDEEFGIN AGQLTTVHAY TGSQNLMDGP NGKP.RRRRA AAENIIPTST

fly GAAKAVGKVI PALNGKLTGM AFRVPTPNVS VVDLTVRLGK GASYDEIKAK
human GAAKAVGKVI PELNGKLTGM AFRVPTANVS VVDLTCRLEK PAKYDDIKKV
plant GARKAVGKVL PELNGKLTGM AFRVPTSNVS VVDLTCRLEK GASYEDVKAA
bacterium GAAKAVGKVL PELNGKLTGM AFRVPTPNVS VVDLTVRLEK AATYEQIKAA
yeast GAAKAVGKVL PELQGKLTGM AFRVPTVDVS VVDLTVKLNK ETTYDEIKKV

archaeon GAAQAATEVL PELEGKLDGM AIRVPVPNGS ITEFVVDLDD DVTESDVNAA

Page 48
Fig. 3.7

Gaps

* Positions at which a letter is paired with a null
are called gaps.

» Gap scores are typically negative.

« Since a single mutational event may cause the insertion
or deletion of more than one residue, the presence of
a gap is ascribed more significance than the length
of the gap.

* In BLAST, it is rarely necessary to change gap values
from the default.

Page 47

Pairwise alignment of retinol-binding protein
from human (top) and rainbow trout (O. mykiss)

1 .MKWVWALLLLA.AWAAAERDCRVSSFRVKENFDKARFSGTWYAMAKKDP 48
[N N R N R RN S R AN R RN
MLRICVALCALATCWA. . .QDCQVSNIQVMQONFDRSRYTGRWYAVAKKDP 47

-

EGLFLQDNIVAEFSVDETGQMSATAKGRVRLLNNWDVCADMVGTFTDTED 98
[N N N e e e NN R R N N e e NN
VGLFLLDNVVAQFSVDESGKMTATAHGRVIILNNWEMCANMFGTFEDTPD 97

4

©

4

@

99 PAKFKMKYWGVASFLQKGNDDHWIVDTDYDTYAVQYSCRLLNLDGTCADS 148
(AR AR RN RN N A A N A R I NN N |
98 PAKFKMRYWGAASYLQTGNDDHWVIDTDYDNYAIHYSCREVDLDGTCLDG 147

149 YSFVFSRDPNGLPPEAQKIVRQRQEELCLARQYRLIVHNGYCDGRSERNLL 199
(RN AR N R i P I N
148 YSFIFSRHPTGLRPEDQKIVTDKKKEICFLGKYRRVGHTGFCESS...... 192

Outline: today’s topic

1. How to access the sequence and structure of a protein
at NCBI and the Protein Data Bank (PDB)

2. Overview of databases of all proteins: NCBI and SwissProt

3. How to align the sequences of two proteins:
Dayhoff’s evolutionary perspective

4. How to align the sequences of two
pairwise alignment




Substituent residue
(Percentage of total residue sites at which the substituent occurs)

An early substitution matrix from 1965 ARNDCQEGH I LKMFPSTWYYV

Zuckerkand| and Pauling aligned several dozen
available globin protein sequences, and derived
the following substitution matrix.

Fig. 3.31
u Page 80

Sequence (original amino acid)
< <SHOWITTNMEAXC-r=-IOmMmOOUTZ I >

Dayhoff’s 34 protein superfamilies Dayhoff’s 34 protein superfamilies

Dayhoff and colleagues defined “accepted point Protei PAMs per 100 million years
mutation” (PAM) as a replacement of one amino acid Ig kappa chain 37

by another residue that has been “accepted” by Kappa casein 33

natural selection. Lactalbumin

Hemoglobin a
A PAM occurs when Myoglobin
[1] a gene undergoes a DNA mutation that changes Insulin
the encoded amino acid Histone H4
[2] the entire species adopts that change as the Ubiquitin
predominant form of the protein.

Dayhoff’'s numbers of “accepted point mutations”: Dayhoff et al. examined multiple sequence alignments
what amino acid substitutions occur in proteins? (e.g. glyceraldehyde 3-phosphate dehydrogenases)
AARRArgNAsnDAspCCysQGIMEGIuGGLAR 0109171 to generate tables of accepted point mutations

fly GAKKVIISAP SAD.APM..

F VCGVNLDAYK PDMKVVSNAS CTTNCLAPLA
human GAKRVIISAP SAD.APM..F VMGVNHEKYD NSLKIISNAS CTTNCLAPLA
plant GAKKVIISAP SAD.APM..F VVGVNEHTYQ PNMDIVSNAS CTTNCLAPLA
bacterium GAKKVVMTGP SKDNTPM..F VKGANFDKY. AGQDIVSNAS CTTNCLAPLA
F
L

yeast GAKKVVITAP SS.TAPM..F VMGVNEEKYT SDLKIVSNAS CTTNCLAPLA
archaeon GADKVLISAP PKGDEPVKQL VYGVNHDEYD GE.DVVSNAS CTTNSITPVA

fly KVINDNFEIV EGLMTTVHAT TATQKTVDGP SGKLWRDGRG AAQNIIPAST
human KVIHDNFGIV EGLMTTVHAI TATQKTVDGP SGKLWRDGRG ALQNIIPAST
plant KVVHEEFGIL EGLMTTVHAT TATQKTVDGP SMKDWRGGRG ASQNIIPSST
bacterium KVINDNFGII EGLMTTVHAT TATQKTVDGP SHKDWRGGRG ASQNIIPSST
yeast KVINDAFGIE EGLMTTVHSL TATQKTVDGP SHKDWRGGRT ASGNIIPSST

archaeon KVLDEEFGIN AGQLTTVHAY TGSQNLMDGP NGKP.RRRRA AAENIIPTST

fly GAAKAVGKVI PALNGKLTGM AFRVPTPNVS VVDLTVRLGK GASYDEIKAK
human GAAKAVGKVI PELNGKLTGM AFRVPTANVS VVDLTCRLEK PAKYDDIKKV
plant GAAKAVGKVL PELNGKLTGM AFRVPTSNVS VVDLTCRLEK GASYEDVKAA
bacterium GAAKAVGKVL PELNGKLTGM AFRVPTPNVS VVDLTVRLEK AATYEQIKAA
yeast GAAKAVGKVL PELQGKLTGM AFRVPTVDVS VVDLTVKLNK ETTYDEIKKV
archaeon GAAQAATEVL PELEGKLDGM AIRVPVPNGS ITEFVVDLDD DVTESDVNAA
Fig. 3.10 Page 48

Page 52 Fig. 3.7



Dayhoff et al. estimated the Normalized frequencies of amino acids:

relative mutability of amino acids variations in frequency of occurrence
Ser 120 Arg 65 Ala 8.7% Asn 4.0%
Asp 106 Lys 56 Leu 8.5% Phe 4.0%
Glu 102 Pro 56 LyS 8.1% GIn 3.8%
Ala 100 Gly 49 Ser 7.0% lle 3.7%
Thr 97 Tyr 41 Val 6.5% His 3.4%
lle 96 Phe 41 Thr 5.8% CyS 3.3%
Met 94 Leu 40 Pro 5.1% Tyr 3.0%
GIn 93 Cys 20 Glu 5.0% Met 1.5%
Val 74 Trp 18 Asp 4.7% Trp 1.0%
Table 3.1
Page 53 blue=6 codons; red=1 codon Page 53
e ‘e“e; z Dayhoff’s numbers of “accepted point mutations”:
2 g what amino acid substitutions occur in proteins?
UUU}Phe ucu UAU Tyr UGU} Cys U
U | Jua 3§§}59' e don | e ke AATRRATZNASTDASpCTysQGIMEGIGGIARSNIITT]
uus}Le“ uce UAG Stop | UGG Tp | G
Cuu CCuU CAU ) CGU u
c cuc}L CCC}P CAC}HIS CGC]AQ c
| 7 oua (Y] cea [T caa cea ™ | Al
£ cuG cca CAG}G'" CGG G |3
B AUU ACU AAU AGU ulZ
B AUG] te | Acc | AAG}ASH Aec}se' 6"
AUA aca [ AAA} 5 AGA} i A
AUG Met | ACG amcl ™ | ace/ ™ | @
GUU GCU GAU GGU U
o | uc clo GAC}ASD aac| . | €
aua [V | Gea (A2 | Gaa au | GGA Yol A
GuG | ace GAG} Y | cea ©
Page 54 Page 52

Dayhoff’s PAM1 mutation probability matrix
Original amino acid

IAAIDRArgNAsnDDAspCLysQGInEGIuGGlyHHisI[le A98p72910:

Dayhoff’s PAM1 mutation probability matrix

* All the PAM data come from alignments of closely
related proteins (>85% amino acid identity)

* PAM matrices are based on global sequence alignments.

» The PAM1 is the matrix calculated from comparisons
of sequences with no more than 1% divergence.

» Each element of the matrix shows the probability that
an original amino acid (columns) will be replaced by
another amino acid (rows) over an evolutionary interval.

* For the PAM1 matrix, that interval is 1% amino acid
Divergence; note that the interval is not in units of time.

Each element of the matrix shows the probability that an Fig. 3.11
Page 53 amino acid (top) will be replaced by another residue (side) Page 55




Substitution Matrix _ PAM matrices: _
Point-accepted mutations

A substitution matrix contains values proportional
to the probability that amino acid i mutates into

. A . - . PAM matrices are based on global alignments
amino acid j for all pairs of amino acids.

of closely related proteins.

Substitution matrices are constructed by assembling
a large and diverse sample of verified pairwise alignments
(or multiple sequence alignments) of amino acids.

The PAM1 is the matrix calculated from comparisons
of sequences with no more than 1% divergence.

Substitution matrices should reflect the true probabilities StiegRatinateesidicle diapalteditanib At

of mutations occurring through a period of evolution. All the PAM data come from closely related proteins

o ; L .
The two major types of substitution matrices are )

PAM and BLOSUM.

PAMO and PAM©SO mutation Dayhoff’s PAM1 mutation probability matrix
probability matrices AARRArgNAsnDAspCLysQGIMEGIuGGYHHIsIIeAosf 72910

Consider a PAMO matrix. No amino acids have changed,
so the values on the diagonal are 100%.

Consider a PAM2000 (nearly infinite) matrix. The values

approach the background frequencies of the amino acids
(given in Table 3-2).

Page 55-56 Page 55

Dayhoff’s PAMO0 mutation probability matrix: Dayhoff’s PAM2000 mutation probability matrix:
the rules for extremely slowly evolving proteins the rules for very distantly related proteins

PAM® A R N D C Q E G

PAMOA AIaRArgNAsnDAspCCysQGInEGIuGGIyAl100%0%(%0%0%0[0%0%R Ala_| Arg | Asn | Asp | Cys | Gln | Glu | Gly

) ) ‘ A 8.7%8.7%58.798.798.798.798.7%8.7¢

R 4.1%4.194.194.194.1%4.1%4.1%4.1¢

N 4.0%4.094.094.0%4.094.054.0%4.0°

D 4.7%4.754.754.7%4.7954.754.7%4.7°

C 3.3%3.3%3.393.393.3953.393.3%3.3°

Q 3.8%3.8%3.893.893.893.893.8%3.8°

E 5.0%5.0%5.095.095.0955.095.0%5.0¢

G 8.9%8.998.998.998.998.998.9%8.9¢

Top: original amino acid Fig. 3.12 Top: original amino acid Fig. 3.12

Side: replacement amino acid Page 56 Side: replacement amino acid Page 56



The PAM250 mutation
probability matrix

The PAM250 matrix is of particular interest because
it corresponds to an evolutionary distance of about
20% amino acid identity (the approximate limit of
detection for the comparison of most proteins).

Note the loss of information content along the main
diagonal, relative to the PAM1 matrix.

Page 56-57

A 2

R |-2| 6

N 0| 0 2

D 0 -1] 2| 4

C|-2[4]4]-5]12

i PAM_250 log c_>dds

E[O]-1[ 1] 3[-5]2]4 scoring matrix

G 11-3] 0of 1]-3]-1] 0 5

H|-1| 2] 2] 1|-3] 3| 1|-2] 6

I -1 -2 -2 -2]-2]-2]-2]-3]-2[5

L |-2|-3|-3|4-6|-2|-3|4-2|-2|6

K|-1| 3] 1|05 1] 0-2]0|-2|-3]75

M|-1| 0|-2|-3|-5|-1|-2|-3]-2] 2| 4| 0| 6

F 343645552 1|2|-5]0|9

P 1 ol of-1]-3] 0of-1] o] Of-2|-3|[-1]-2]-5] 6

S 1l ol 1 of of-1] o 1|-1|[-1|-3] 0f-2]-3] 1] 2

T 1{-1f of of-2]-1] o] Oof-1[ of -2 of-1]-3] 0] 1] 3

W|-6| 2|4|-7|-8-5|-7T|-7T|-3|-5|-2|-3|-4]0|-6|-2|-5|17

Y |-3|4|-2|4| 04|45 0|-1]|-1]-4]-2]7]-5]-3]-3] 0]10

v of-2[-2]-2[-2]-2-2]-1]-2] 4] 2[-2] 2[-1[-1]-1] 0 -6]-2 4|

A/RIN|/D|[C|[Q|E |G |H|I |[L|[K|MJ|F [P |[S [T |W]|Y V|

Fig. 3.14
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How do we go from a mutation probability
matrix to a log odds matrix?

* The cells in a log odds matrix consist of an “odds ratio”:

the probability that an alignment is authentic
the probability that the alignment was random

The score S for an alignment of residues a,b is given by:

S(a,b) = 10 10g1, (M.o/py)

As an example, for tryptophan,

S(a,tryptophan) = 10 log,, (0.55/0.010) = 17.4

PAM250 mutation probability matrix

A[R[N[D[C[Q[E[G[H[I [L[K[M[F [P [S[T[W[Y[V
Al13]e 9 9 5 8 9 1216 8 6 7 7 4 |2 4 9
R |3 17 [ 4 3 2 5 3 2 6 3 2 9 4 1 4 4 3 7 2 2
N |4 4 6 7 2 5 6 4 6 3 2 5 3 2 4 5 4 2 3 3
D |5 4 8 1|1 7 10 |5 6 3 2 5 3 1 4 5 5 1 2 3
Clz v v v |s2fv v {222 v [t [t ]r|2]3]2]1 |42
Q3 5 5 6 1 10 7 3 7 2 3 5 3 1 4 3 3 1 2 3
E |5 4 7 11 9 1 5 6 3 2 5 3 1 4 5 5 1 2 3
Gl12]s 10 [ 10 | 4 7 9 27 |5 5 4 6 5 3 8 11 {9 2 3 7
H|2 5 5 4 2 7 4 2 15 |2 2 3 2 2 3 3 2 2 3 2
I 3 2 2 2 2 2 2 2 2 10 | 6 2 6 5 2 3 4 1 3 9
L |6 4 4 3 2 6 4 3 5 15 34 | 4 20 |13 |5 4 6 6 7 13
K6 18 [ 10 | 8 2 10 |8 5 8 5 4 24 |9 2 6 8 8 4 3 5
M1 1 1 1 0 1 1 1 1 2 3 2 6 2 1 1 1 1 1 2
F [2 1 2 1 1 1 1 1 3 5 6 1 4 3201 2 2 4 20 |3
P |7 5 5 4 3 5 4 5 5 3 3 4 3 2 20 | 6 5 1 2 4
S |9 6 8 7 7 6 7 9 6 5 4 7 5 3 9 10 |9 4 4 6
T |3 5 6 6 4 5 5 6 4 6 4 6 5 3 6 8 1|2 3 6
Wio 2 0 0 0 0 0 0 1 0 1 0 0 1 0 1 0 5501 0
Y |1 1 2 1 3 1 1 1 3 2 2 1 2 15 |1 2 2 3 312
VA 4 4 4 4 4 4 5 4 15|10 |4 10 |5 5 5 7 2 4 17

Top: original amino acid Fig. 3.13

Side: replacement amino acid Page 57

Why do we go from a mutation probability
matrix to a log odds matrix?

» We want a scoring matrix so that when we do a pairwise
alignment (or a BLAST search) we know what score to
assign to two aligned amino acid residues.

* Logarithms are easier to use for a scoring system. They
allow us to sum the scores of aligned residues (rather
than having to multiply them).

What do the numbers mean
in a log odds matrix?

S(a,tryptophan) = 10 log,, (0.55/0.010) = 17.4

A score of +17 for tryptophan means that this alignment
is 50 times more likely than a chance alignment of two
Trp residues.

S(a,b) =17

Probability of replacement (M_,/p,) = x
Then

17 =10 logyg X

1.7 =logqg X

107 =x =50



What do the numbers mean
in a log odds matrix?

A score of +2 indicates that the amino acid replacement
occurs 1.6 times as frequently as expected by chance.

A score of 0 is neutral.

A score of —10 indicates that the correspondence of two
amino acids in an alignment that accurately represents
homology (evolutionary descent) is one tenth as frequent
as the chance alignment of these amino acids.

AT PAM10 log odds

R [0 9 . .

e scoring matrix

D | 6|17 1| 8 Note that penalties for

C 10 [ -1 [ -17 | 21 10 .

o=t =t=ts mismatches are far more

E | 5|15 5[ 0| ™[ 1| 8 severe than for PAM250;

G 41-13 -6 6 | -13 ] -10 -7 7 _ .

H 11 41 -2 7 1-10 2 9 -13] 10 eg We%T 19 VS. 5

1 -8 -8 8 -1 9 -1 8 -17[-13 9

L Sl-12[-10]-19]-21 8| -13]-14 91 4 7

K | -10 -2 -4 81 -20 6 -0 -10 9 -11 7

M -8 -1 -15 17 20 -10 12 17 3 2 -4 12

F 121212 2r 19 191 -20 [ -12 9 5 51-20 7 9

P -4 -7 S -127]-11 -6 -9 -10 T -12[-10 | -10 | 1T | -13 8

S 3 6| 2| 7| 6| 8] 7| 4 9[-0 |12] 7| 8 9| 4| 7

T 310 5] 8|11 9] 9[-10[-11| 5|-10] 6| 7[-12] 7| 2| 8

W | 20 Sp-rf2r|-22(-19-23)-21-10 | -20 9 -18]-19 <71 -20 8] -19 13

Y -1 | -14 T -17 <7 -18 [ -11 | -20 -6 9[-10]-12]-17 -1 [-20]-10 9 -8 10

Y S|-1r|-12] -1 9 -10]-10 9 -9 -1 S5 -13 -4 [ -12 91 -10 -6 [ -22] -10 X‘

A[R|[N[D|[C|Q|E |G|H|I |[L |[K|M PI[S [T |W|Y V\

Fig. 3.15
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Comparing two proteins with a PAM1 matrix
gives completely different results than PAM250!

Consider two distantly related proteins. A PAM40 matrix
is not forgiving of mismatches, and penalizes them
severely. Using this matrix you can find no real match.

hsrbp, 136 CRLLNLDGTC

btlact, 3 CLLLALALTC
* kK ok kK

A PAM250 matrix is very tolerant of mismatches.

24.7% identity in 81 residues overlap; Score: 77.0; Gap frequency: 3.7%
hsrbp, 26 RVKENFDKARFSGTWYAMAKKDPEGLFLQDNIVAEFSVDETGQMSATAKGRVRLLNNWDV

btlact, 21 QTMKGLDIQKVAGTWYSLAMAASD-ISLLDAQSAPLRVYVEELKPTPEGDLEILLQKWEN
* *kkk K * * * *k ok

hsrbp, 86 --CADMVGTFTDTEDPAKFKM
btlact, 80 GECAQKKIIAEKTKIPAVFKI
*k

* wk wk Page 60

A 2

R |-2| 6

N 0| 0 2

D 0 -1 2| 4

C|-2[4]4]-5]12

i PAM_250 log c_>dds

E[O]-1[ 1] 3[-5]2]4 scoring matrix

G 11-3] 0of 1]-3]-1] 0] 5

H|-1| 2] 2] 1|-3] 3| 1|-2] 6

I -1 -2 -2 -2]-2]-2]-2]-3]-2[5

L |-2|-3|-3|4-6|-2|-3|4|-2|-2|6

K|-1| 3] 1|05 1] 0-2]0|-2|-3]15

M|-1| 0|-2|-3|-5|-1|-2|-3]-2] 2| 4| 0| 6

F 343645552 1| 2|-5]0|9

P 1 ol of-1]-3] 0of-1] O] Of-2|-3|[-1]-2]-5] 6

S 1l ol 1 of of-1] o 1|-1|[-1|-3] 0f-2]-3] 1] 2

T 1{-1f of of-2]-1] o] Oof-1[ of-2| of-1]-3] 0] 1] 3

W|-6| 2|4|-7|-8-5|-7T|-7T|-3|-5|-2|-3|-4]0|-6|-2|-5|17

Y |3|4|-2|4| 04|45 0|-1]|-1]-4]-2]7]-5]-3]-3] 0]10

v of-2[-2]-2[-2]-2[-2]-1]-2] 4] 2[-2] 2[-1[-1][-1] 0 -6]-2 4|

A/R|IN|/D|C|[Q|E |G |H|I |[L|[K|MJ|F [P |[S [T |W]|Y V|
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BLOSUM90 BLOSUM80 BLOSUM62 BLOSUM45
PAM30 PAM120 PAM180 PAM240

BLOSUM 80 BLOSUM 62 BLOSUM 45
PAM 1 PAM 120 PAM 250

Less divergent More divergent

Rat versus Rat versus

mouse RBP bacterial
lipocalin

Fig. 3.18
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PAM matrices:
Point-accepted mutations

PAM matrices are based on global alignments
of closely related proteins.

The PAM1 is the matrix calculated from comparisons
of sequences with no more than 1% divergence.

Other PAM matrices are extrapolated from PAM1.

All the PAM data come from closely related proteins
(>85% amino acid identity)




Two randomly diverging protein sequences change
in a negatively exponential fashion

Percent identity

Evolutionary distance in PAMs

Fig. 3.19
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PAM matrices reflect different degrees of divergence

100

% Difference

L
100 200 300

PAM250

Ancestral sequence
ACCCTAC

/\

->G

--> A
A->C->T
C

Sequence 1
ACCGATC

no change

single substitution
multiple substitutions
coincidental substitutions
parallel substitutions
convergent substitutions
back substitution

Li (1997) p.70

A

C->A
C->A->T
C-->A
T-->A
A>T
C->T->C

Sequence 2
AATAATC

At PAM1, two proteins are 99% identical
At PAM10.7, there are 10 differences per 100 residues
At PAMB80, there are 50 differences per 100 residues
At PAM250, there are 80 differences per 100 residues

>

£ o«

]

[ 70

()

,-E 60

‘E 50

@ . -

[ . “twilight zone”
©

> LY Da—

o o S D—

Differences per 100 residues
Fig. 3.19
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PAM: “Accepted point mutation”

 Two proteins with 50% identity may have 80 changes
per 100 residues. (Why? Because any residue can be
subject to back mutations.)

* Proteins with 20% to 25% identity are in the “twilight zone”
and may be statistically significantly related.

* PAM or “accepted point mutation” refers to the “hits” or
matches between two sequences (Dayhoff & Eck, 1968)
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Percent identity between two proteins:
What percent is significant?

100%
80%
65%
30%
23%
19%



Outline: today’s topic

1. How to access the sequence and structure of a protein
at NCBI and the Protein Data Bank (PDB)

2. Overview of databases of all proteins: NCBI and SwissProt

3. How to align the sequences of two proteins:
Dayhoff’s evolutionary perspective

4. How to align the sequences of two proteins:
pairwise alignment

An alignment scoring system is required
to evaluate how good an alignment is

* positive and negative values assigned
* gap creation and extension penalties
* positive score for identities

» some partial positive score for
conservative substitutions

* global versus local alignment

« use of a substitution matrix

Two kinds of sequence alignment:
global and local

We will first consider the global alignment algorithm
of Needleman and Wunsch (1970).

We will then explore the local alignment algorithm
of Smith and Waterman (1981).

Finally, we will consider BLAST, a heuristic version
of Smith-Waterman.

General approach to pairwise alignment

» Choose two sequences

* Select an algorithm that generates a score

« Allow gaps (insertions, deletions)

* Score reflects degree of similarity

* Alignments can be global or local

« Estimate probability that the alignment
occurred by chance

Calculation of an alignment score

Range of Alignmenti

ATTGTCAAAGAQT GfETGATGCAT
|
GGCAGAQATGA-LTGACAAGGGTATCG

Mismatch I

S= E(identities, mismatches) - X (gap penalties)

score= M aX( S)

http://www.ncbi.nlm.nih.gov/Education/BLASTinfo/Alignment_Scores2.html

Global alignment with the algorithm
of Needleman and Wunsch (1970)

» Two sequences can be compared in a matrix
along x- and y-axes.

« If they are identical, a path along a diagonal
can be drawn

* Find the optimal subpaths, and add them up to achieve
the best score. This involves
--adding gaps when needed
--allowing for conservative substitutions
--choosing a scoring system (simple or complicated)

* N-W is guaranteed to find optimal alignment(s)
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Three steps to global alignment Four possible outcomes in aligning two sequences
with the Needleman-Wunsch algorithm

sequence 1 (length m)

region of
~— alignment
without gaps.

gapin
~sequence |

[1] set up a matrix

sequence 2 (length n)

[2] score the matrix apin

sequence 2

3] identify th timal ali t
[3]identify the optimal alignment(s) [1] identity (stay along a diagonal)

[2] mismatch (stay along a diagonal)
[3] gap in one sequence (move vertically!)
[4] gap in the other sequence (move horizontally!)

Fig. 3.20
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sequence 1 sequence 1
GLMT GLMT

ABCNJRQCLCRPM
1
1
1 1
1

Start Needleman-Wunsch with an identity matrix

sequence 2
- n

sequence 2
—<rro

TmIARABZoACS>

1 GLMT 1 GLMT R
2 GLMT 2 GLVT ' ;
sequence 1 sequence 1
o~ GLT . GLMT
@ G @ G
e L 2 L R
S v ST
o O
o T @
w w
1GL-T 1GLMT Fig. 3.20 Fig. 3.21
2GLVT 2GL-T Page 64 Page 65
Start Needleman-Wunsch with an identity matrix Fill in the matrix starting from the bottom right
ABCNJRQCLCRPM ABCNJRQCLCRPM ABCNJRQCLCRPM
AT ‘j ! 1 'j ! 1
% i ] e SR S HPHHH
N 1 N 1
E 1 1 ! 1 1 ! 2 1 ! 1 1 ! 2 1 ! 1 1 !
K K K
(R ! 1 ! ! 1 % ! 1 ! ! 1 ﬁ ! 1 ! ! 1
B 7 B 1 B 1
H 5 P 1 P[O0000000000T10

sequence | ABCNJ-RQCLCR-PM
sequence 2 AJC-JNR-CKCRBP-

sequence | ABC-NJRQCLCR-PM
sequence 2 AJCIN-R-CKCRBP-

Fig. 3.21 Fig. 3.21
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ABCNJRQCLCRPM

1

0000000000010

<-~U-zaxuxuzma

ABCNJRQCLCRPM

ABCNJRQCLCRPM

1

0000000000010

<-~U-zaxuxuzma

ABCNJRQCLCRPM

ABCNJRQCLCRPM

ABCNJRQCLCRPM

ABCNJRQCLCRPM

Fig. 3.21
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Fig. 3.21
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ABCNJRQCLCRPM

ABCNJRQCLCRPM

ABCNJRQCLCRPM

ABCNJRQCLCRPM

ABCNJRQCLCRPM

EEE

~e=o|
®-o
~ ol
~ ol

- ol
~ ol
~ ol

~N ol
~ ol

cma

BEE

&-o
~ ol
~ ol
- ol

~|-lo|
~ ol

~ ol
~ ol
~ o

cma

BEE

&-o
~ ol
~ ol
- ol

~|-lo|
~ ol

~ ol
~ ol
~ o

<-U-za

cma

Fig. 3.22
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Fig. 3.21
Page 65

ABCNJRQCLCRPM

ABCNJRQCLCRPM

ABCNJRQCLCRPM

ABCNJRQCLCRPM

ABCNJRQCLCRPM

ABCNJRQCLCRPM

EEE

- ~e-o|

~ ol

~N ol

<-u-zzuxuxmae

BEE

- &-o

~ ol

~ ol

<-U-zaxuxuxzma

<-U-zaxuxuxzma

EEE

- ~e-o|

~ ol

~N ol

<-u-zzuxuxmae

BEE

- &-o

~ ol

~ ol

<-U-zaxuxuxzma

i, j:

Igning score In position

s;; = max |:

Rule for ass

ABCNJRQCLCRPM

ABCNJRQCLCRPM

1+ s(aby)

j.

i (i-e. add a gap of length x
wj (i-e. add f length x)
;jx (i-e. add a gap of length x)

Si-1
S
s

EEEEEEE
coo00 0

Ne - eN o

- =
mmma - - o

- M mme— o
tmmn-—o|

B moN -0

- - - ol
- mo~- ol

- T om0
meo N~ ol

= M NN O

<-~U-zaxuxuxma

EEEEEEE
coo00 0

Ne - eN o

- =
mmma - - o

- M mme— o
tmmn-—o|

B moN -0

- - - ol
- mo~- ol

- T om0
meo N~ ol

= M NN O

<-~U-zaxuxuxma
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ABCNJRQCLCRPM ABCNJRQCLCRPM ABCNJRQCLCRPM
AN AN Al
J 1 ) 1 | i
C 1 1 1 C 1 1 1 C 1 1 1
J 1 ] i S .
N 1 N 1 N 1
R 1 1 R 1 1 R 1 1
c 1 1 c 1 1 c 1 11
K K K
C 1 1 C 1 1 C 1 1
R 1 1 R 1 300 R 1 200
B[1211111111@00 B[1211111111100 BI1211111111100
P[0000000000010 pl0000000000010 P[0000000000010

sequence 1

ABCNJRQCLCRPM ABCNJRQCLCRP M
A 544332100
J 1 644332100
c 1 T 5442433100
J 1 44332100
N 1 s\ 4332100
R 514332200 I¥.4332200
c|3343333433100 33}‘\33100
K|3333333332100 333352100
C|2232222323100 222325100
R|21 11121111200 :?‘1‘1\1111\2%
Bl1211111111100
P[0000000000010 000000070

, . . . . .
After you've filled in the matrix, find the optimal
“« ”
path(s) by a “traceback” procedure
Page 66

Needleman-Wunsch: dynamic programming

N-W is guaranteed to find optimal alignments,
although the algorithm does not search all possible
alignments.

It is an example of a dynamic programming algorithm:

an optimal path (alignment) is identified by
incrementally extending optimal subpaths.

Thus, a series of decisions is made at each step of the
alignment to find the pair of residues with the best score.
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ABCNJRQCLCRPM ABCNJRQCLCRPM ABCNJRQCLCRPM

AN AN Al

J 1 J 1 J 1

C 1 1 1 C 1 1 1 C 1 1 1

J 1 J 1 J 1

N 1 N 1 N 1

R 1 1 R 1 1 R 1 1

C 1 (A C 1 (] C 1 10

K K K

C 1 1 1 C 1 1 1 C 1 1 1

R 1 1 R 1 200 R 1 200

B[1211111111@00 B[1211111111100 BI1211111111100

p[0000000000010 plooo00000000010 pl0000000000010

sequence 1

ABCNJRQCLCRPM ABCNJRQCLCRPM

N A[i766544332100

) 1 1|77 66644332100

¢ 7 T Clo 6™ (6544433100 sequence 1 ABCNJ-RQCLCR-PM

) i 5 666\ 44332100 sequence 2 AJC-JNR-CKCRBP-

N 1 N|555 Q‘44332100

R Bl4332200 %R44444 {}32200

Cl3343333433100 g C|3343333%33100

K[3333333332100 » Kf313/313131313131302l1/0/0

Cl2232222323100 §§2322§232 \jgg sequence | ABC-NJRQCLCR-PM
EREREREREARNENERE]

g}i“HfHHﬁg‘é BWZIIIIWWWWW\OD sequence 2 AJCIN-R-CKCRBP-

plo0o00000000010 Plofololololololofololofilo

Fig. 3.22
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Gap Weigh Ruerage Match: 2.912
Length Weigh Ruerage Mismatch: -2.0083

Length: 214
Gaps: ]
Percent Similarity: 31.902 Percent Identity: 26.380
Match display thresholds for the alignment(s):
i IDENTITY
2
1

hstbp.pep x btlacto.pep  July 16, 2081 14:45

1 nKuuunLLLLm:qunnnEHntRussrnUKEHFQKHHFSETLWRNFIIKKDPEG 58
| .. MKCLLLALALTCGAOALIUT. .QTHKGLDIOKUAGTUYSLAMARSD .
51 Lr%ﬂ?nIugthgDETGanénTnkgnun.EEMMQD..U?énnUGTFTDTt

45 1SLLDAQSAPLAY . YUEELKPTPEGOLE ILLOKUENGECAQKK I IAEKTK

98 DFRKFKHK\’I;IGURSFII.DKEHDDHLIIUDTIIJ‘;IDT\I’RU.

o L .
94 IPAUFKIDALNENKUI ULDTDYKKYLLFCMENSAEPEQSLAC

137 RLLNLDGTCADSYSFUFSROPNGLPPEAQK 1URQRY . EELCLARQYAL IV
: : ) o Jo bR

I 1 [ [N - o
136 QCLURTPEUDDEALEKFDKALKALPMHIRLSFNPTQLEEQCHI
. Fig. 3.24

Page 69

> gap

Gap uses the algorithm of Needleman and Wunsch to find the alignment of
two complete sequences that maximizes the number of matches and minimizes
the number of gaps.

GAP of what sequence 1 ? hsrbp.pep

Begin (% 1 ?
End (% 199 ?

to what sequence 2 (# hsrbp.pep #) ? btlacto.pep

Begin (# 1 ?
End (% 178 ?

What is the gap creation penalty (% 8 %) ?
What is the gap extension penalty (¥ 2 #) ?

What should I call the paired output display file (# hsrbp.pai

Aligning .
Aligning .
Gaps:
Quality:
Quality Ratio:
7 Similarity
Length:
Fig. 3.23
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> bestfit

BestFit makes an optimal alignment of the best segment of similarity
between tuo sequences. Optimal alignments are found by inserting gaps to
maximize the number of matches using the local homology algorithm of
Smith and Waterman.

BESTFIT of what sequence 1 ? hsrbp.pep

Begin (* 1 #) 7
End (% 199 #) ?

to what sequence 2 (# hsrbp.pep #) ? btlacto.pep

Begin 1 %) 7
End (# 8 %) 7

Uhat is the gap creation penalty (% 8 %) ?
What is the gap extension penalty (% 2 #) ?

What should I call the paired output display file (% hsrbp.pair #) ?

Aligning .
Aligning .

Gaps:

Quality:
Quality Ratio:
% Similarity:
Length:

Page 71



Global alignment versus local alignment

Gap Weight: 8 Average Match: 2.912
Length Weight: 2 Average Mismatch: -2.863

Global alignment (Needleman-Wunsch) extends
from one end of each sequence to the other

Quality: 59 Length: 185
Ratio: ©@.621 Gaps: 5
Percent Similarity: 39.138 Percent Identity: 30.435

Match display thresholds for the alignment(s):
i

{ - IoEnTITY Local alignment finds optimally matching

1 regions within two sequences (“subsequences”)
hsrbp.pep x btlacto.pep July 16, 2081 14:41
Local alignment is almost always used for database

searches such as BLAST. It is useful to find domains

(or limited regions of homology) within sequences

29 ENFDKARFSGTUYAMAKKDPEGLFLADN [ UREFSUDETGAMSATAKGRUR 78
S A R R

24 KGLDIOKUAGTWYSLANMARSD . 1SLLDAQSAPLRU . YUEELKPTPEGOLE 71

79 .LLNNUD. .UCADMUGTFTDTEDPAKFKMKYLGUASFLOKGNDDHUIUDT 125

P ' T
Pt il Peoddodi i
72 ILLOKWENGECAQKKIIAEKTKIPAUFKIDALNENKUL

Smith and Waterman (1981) solved the problem of
performing optimal local sequence alignment. Other
methods (BLAST, FASTA) are faster but less thorough.

126 DYDTY 138

114 é&KKi 118
Fig. 3.26
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How the Smith-Waterman algorithm works Smith-Waterman local alignment algorithm

Sequence 1 (length m)
CAGCCUCGCUUAG

0.0[0.0[0.0[0.0[{0.0]0.0[0.0]0.0|0.0]0.0|0.0]0.0|0.0]0.0
0.0{0.041.0(0.0{0.0{0.0{0.0/0.0{0.0]0.0]|0.0{0.0{1.0]0.0
0.0{0.0/1.0{0.7{0.0{0.0{0.00.0{0.0|0.0]0.0{0.0{1.0] 0.7
0.0{0.0/0.0(0.7{0.3({0.0({1.00.0{0.0|0.0/1.0{1.0{0.0] 0.7
0.0{0.0)0.0{1.0{0.3(0.0({0.0/0.7{1.0/0.0]|0.0{0.7|0.7|1.0
0.0{1.0f0.0[0.0{2.0/1.3[0.3]1.0[0.3|2.0]0.7]0.3|0.3[0.3
0.0{1.00.7(0.0{1.0{3.0(1.71.3/1.0]1.3]|1.7{0.3|0.0] 0.0
0.0{0.0)2.0(0.7{0.3(1.7(2.7|1.3[1.0]0.7|1.0{1.3]1.3]| 0.0
0.0{0.010.7(1.7{0.3[1.3[2.7]|2.3[1.0]0.7|1.7{2.0{1.0|1.0
0.0{0.010.3(0.3[1.3[1.0{2.3]|2.3(2.0]0.7|1.7|2.7|1.7|1.0
0.0[0.0[0.0[1.3[0.0]1.0[1.0]|2.0|5.5]|2.0]|1.7|1.3]|2.3]|2.7|
0.0{0.041.0(0.0{1.0{0.3(0.7]0.7(2.0|3.0|1.7{1.3]|2.3]| 2.0
0.0{1.0]0.0(0.7{1.0{2.0(0.71.7(1.7|3.0|2.7(1.3|1.0| 2.0
0.0{0.010.7[1.0{0.3(0.7(1.7]0.3}2.7|1.7|2.7(2.3|1.0| 2.0
0.0/0.0)0.0{1.7]0.7]0.3{0.3(1.31.3]|2.3(1.3/2.3|2.0({2.0

Set up a matrix between two proteins (size m+1, n+1)

No values in the scoring matrix can be negative! S > 0

The score in each cell is the maximum of four values:
[1] s(i-1, j-1) + the new score at [i,j] (a match or mismatch)
[2] s(i,j-1) — gap penalty
[3] s(i-1,j) — gap penalty
[4] zero

Sequence 2 (length n)

OOOPHOCCPOO0OOC>>P

Fig. 3.25
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Rapid, heuristic versions of Smith-Waterman:
FASTA and BLAST Pairwise alignment: BLAST 2 sequences

Smith-Waterman is very rigorous and it is guaranteed
to find an optimal alignment. * Go to http://www.ncbi.nlm.nih.gov/BLAST
» Choose BLAST 2 sequences
But Smith-Waterman is slow. It requires computer * In the program,
space and time proportional to the product of the two [1] choose blastp or blastn
sequences being aligned (or the product of a query [2] paste in your accession numbers
against an entire database). (or use FASTA format)
[3] select optional parameters
Gotoh (1982) and Myers and Miller (1988) improved the --3 BLOSUM and 3 PAM matrices
algorithms so both global and local alignment require --gap creation and extension penalties
less time and space. -filtering
--word size
FASTA and BLAST provide rapid alternatives to S-W [4] click “align”




BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2.1 [Jul-12-2001]

Mateiz [PAV2E0 ] gap open[13 gap extension [5

_dropof [50 expect[10.0 wordsize: [2 Eiter @ _Allgn |

s | fLasregpme: |
BLAST 2 SEQUENCES

This tool produces the alignment of two given sequences using BLAST engine for local alignment

‘The stand-alone executable for blasting two sequences (b2seq) can be retrieved from NCEI fip site Sequence 1 gi 5803139 Length 199 (1. 199)
Reference: Tatiana A Tatusova, Thomas L. Madden (1999), "Blast 2 sequences - a new tool for comparing protein s 3 o591 BETALACTOGLOBULIN PRECURSOR BETALG) (ALLERGENEOSD 1 0o o
and nucleotide sequences”, FEMS Microbiol Lett. 174:247-250 equence 2 g 125910 ) ength 178 ( )

Program [blastp ¥ Matrix [BLOSUNG2 =] 2

‘Parameters used in BLASTN program only
Reward for a match| Penalty for amismatch:

™ Use Mega BLAST  Strand option [Not Applicable 7 /

Opengap [11  and extensiongap [1 penaltes

FF

1

gap x_dropoff |S0  expect |10 word size |3 | Filter @ NOTEThe statistics (bitscore and expect value) is calculated based on the size of nr database
; e oaems] | Browsen Score = 26.6 bits (78], Expect = 7.
Sepemes Pt o e Gl e dordendiznh Idencities = 20/81 (24%), Positives = 31/81 (374), Gaps = 3/81 (3%)
or sequence in FASTA format from '
Query: 26 o - a1
Lipocalin / cytesolic fatty-act> 35
retinol binding protein 26
44D S AGTUTHL 4+ +LD A4V 4+ Ll
J;I sbict: 21 QTNRGLDIQKVAGTVYSLANAASD-ISLLDAQSAPLRVYVEELKPTPEGDLEILLQKUEN 79
Lt > Lo 2
Sequence 2 Enter accession or GI [P02754  or download from file Browse... parure chain i M
or sequence in FASTA format from ' varian: 7 .
= variant 61 .
Query: 65 -VCADMVGTFIDTEDPAKFKN 104
Lipocalin / cycosolic fatty-aci> B5  Firirisisassrssses
retinol binding procein -
cas T PA PR+
& . soct: 50 GECARKIIAEKTKIPAVFEI 100 .
Ly oA Fig. 3.27 8 Fig. 3.28
. 0. Ter . 0.

B0 bbbbbbbb b
o we .
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homologous non-homologous
sequences sequences

S TRLESAC  True positives ~ False positives S LLUCSAC  True positives ~ False positives
as related as related

U LLIGUE  False negatives  True negatives S LLSIGUC  False negatives  True negatives
as unrelated as unrelated

homologous non-homologous
sequences sequences

Sequences reported True positives False positives
as related

S LLIGUC  False negatives  True negatives
as unrelated

Sensitivity: Specificity:
ability to find ability to minimize
true positives false positives




