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Course objectives

To provide students with the ability to analyze and understand
data from high-throughput proteomics experiments. At the
conclusion of the course the students will be able to:

(a) Define protein physical properties and analyze protein
structure.

(b) Explain how proteins are studied experimentally and how
data are generated in high-throughput experiments.

(c) Describe the computational methods used to study protein
structure and interactions.

(d) Explain the algorithms, statistical techniques and software
tools used to analyze high-throughput proteomics data.




Syllabus (through April)

Tues 3/30  Protein bioinformatics | (Pevsner)

Thurs 4/1 Protein bioinformatics Il: Evolution (Pevsner)

Tues 4/6 Physical properties of amino acids (Prigge)

Thurs 4/8  Protein structure essentials (Prigge)

Tues 4/13  How to visualize proteins (Prigge)

Thurs 4/15  Why proteins fold (Prigge)

Tues 4/20  Structure determination and databases (Prigge)

Thurs 4/22  Crystallography practicum (Prigge/Bosch)

Tues 4/27  Quantitative proteomics (Cole)

Thurs 4/29  Proteomics and systems biology (Bosch)
Syllabus (through May)

Tues 5/4 Protein Structure: Databases & classification

(Ruczinski)

Thurs 5/6  Protein secondary struct. prediction (Ruczinski)

Tues 5/11 Protein tertiary structure prediction (Ruczinski)

Thurs 5/13  Protein structure prediction (CASP) (Ruczinski)

Tues 5/18  Review (Prigge/Ruczinski/Pevsner)

Thurs 5/20  Final Exam + Practicum

Website

The course website is:
http://www.biostat.jhsph.edu/~iruczins/teaching/

260.655/

(or Google “ingo teaching”)




Literature references

You are encouraged to read original source articles.
They will enhance your understanding of the
material. Readings are optional but recommended.

Computer labs

There are several computer labs (details to follow).

Grading

Grading is based on assignments and on a final exam.




What is bioinformatics?

* Interface of biology and computers

* Analysis of proteins, genes and genomes using
computer algorithms and computer databases

» Genomics is the analysis of genomes. The tools of
bioinformatics are used to make sense of the billions of
base pairs of DNA that are sequenced by genomics
projects.

* Protein bioinformatics refers to the use of computational
biology tools to understand protein structure and
function, including high throughput approaches

Protein bioinformatics spans the central dogma...

/.DNA EEEE)| RNA IS protein BEBP) phenotype

Page 5

...Protein
bioinformatics
spans the tree of life

ARCHAEA

Visible
Life

EUCARYA

After Pace NR (1997)
Science 276:734
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Growth of GenBank + Whole Genome Shotgun

(1982-November 2008)
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Fig. 2.1
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Arrival of next-generation sequencing:
approaching 100 terabases (100,000 gigabases) in 2009

center (2009)

Sequencing

o
Terabases of DNA sequence (Tb)

- 1000 Genomes
o nN

I GenBank + WGS
I 3 papers (Nov. 2008)

Fig. 2.1
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New NCBI homepage (November 2009):
To st

udy a protein, try starting with Entrez Gene

Natlonal Center for Biotechnology Information

Wy NCBI S ¥
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Resources

PubMed Central

www.ncbi.nlm.nih;gov

From the NCBI home

page, type “beta globin”
and hit “Search”

National Center for Biotechnology Information
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NCBt Homa PubMed Central
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Entrez Gene is in the header
Note the “Official Symbol” HBB for beta globin
Note the “limits” option

Entrez Gene

Go | Cleer| Save Search

wvorcs =l [Send =]

%
@l ors
== Recent activity
Lunon ciew

Offcial Symbol ro sapiens]

Other Allase

Other Designations: i beta chain e

L 0
301, complemert)

ra

rs:
Interim Symbol tus norvegicus)
Other Designations:

24161585968, complement)

Entrez Gene (top of page)

- .
Entrez Gene == _—
[Seach[Goe ol for| _Go | G|

Linis Home sapions

[ el B

7 1: HBB hemoglobin, beta [ oo sapns]
Summary

UEnpe——

Note that links to
many other HBB
database entries
are available

Gananic regions, transcript, and products
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Entrez Gene (bottom of page): RefSeq accession numbers

NCBI Reference Sequences (RefSeq) t2

RefSeqs maintained independently of Annotated Genomes
Genomic
1. NG_000007.3 Reference

mRNA and Protein(s)
1. NM 000518.4 NP_000509.1 beta globin

RefSeqs of Annotated Genor

Reference assembly
Genormic

1. NC_000011.0 Refer

2. NT_009237.17
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Access to sequences: Entrez Gene at NCBI

Entrez Gene is a great starting point: it collects
key information on each gene/protein from
major databases. It covers all major organisms.

RefSeq provides a curated, optimal accession number

for each DNA (NM_000518 for beta globin DNA
corresponding to mRNA) or protein (NP_000509)

Page 29




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.

Page 26
What is an accession number?

An accession number is 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) RNA
NM_006744 RefSeq DNA sequence (from a transcript)
NP_007635 RefSeq protein
AAC02945 GenBank protein protein
Q28369 SwissProt protein
1KT7 Protein Data Bank structure record

Page 27

NCBI’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 NC_#HH#HH#
Complete chromosome  NC_######
Genomic contig NT_#HiHHH
mRNA (DNA format) NM_#HH#H: e.g. NM_006744
Protein NP_###HHH e.g. NP_006735

Page 27




Entrez Gene (bottom of page): non-RefSeq accessions

(it's unclear what these are, highlighting usefulness of RefSeq)

S Protein Entrez Protein:
00 || _Clea | accession,

R Wl | R W B0 ) - | pewn organism,

literature...

M1 NP_000509. beta globin [Homo.. (145

Comment Eeatures Sequence

AccE

VERSION  NPL000509.1 04349
DDSOURCE  REFSEQ: accession NN 000516.4
KEYWORDS

S0URCE sapiens (human)

RGANISH

Fig. 2.8
Page 31
Entrez Protein:
...features of a protein, and its sequence
in the one-letter amino acid code
/site_typesrmoditiedr
/experiment="experimental evidence, no additional details
recorded®
/eitation=(7)
/3ite_type="glycosylation”
recordedr
/eitation=(9)
s 1oar
prots—
/gene_synonym="CD113t-C"
1 mhicpeeks aveatvgiva FLivvypveq eftestgdls tpdavmgapk
61 Vkahgkkvg afsdglanld nikgreatis eihedkihvd pentelignv lveviahhtg Fig. 2.8

121 keftppvges yakvvagvan alahkyh

" Page 31

10



Entrez Protein:
You can change the display (as shown)...

(& o R ——
=] for _Go | Gear

Search [P

WP 0005091
M7sE0: e

Howo sapiens (husan)
ORGANISH e

REFERENCE
AUTHORS

TImLE

Page 31

FASTA format:
versatile, compact with one header line
followed by a string of nucleotides or amino acids
in the single letter code

<3 NCBI

oo XU

Protein

o 00 SR oo
0 000 '."/Af)\\o °
7\

Search | Protein | for Go
Display [ FASTA | show|5 ~|[sendio ¥|
Range: fiom [begin to [end Refresh

™ 1: NP 000509, Reports beta globin [Homo...[gi4504349]

>g1| 4504349 ref|NP_000509.1| beta globin [Homo sapiens)
NVHLTPEEKSAVTAL ALGRLLVVYPUTQRFFESFGDLSTPD. KAHGKKVLG
AFSDGLAHLDNLKGTF ATLSELHCDKLHVDPENFRLLGNVLVCVL AHHF GKEF TPPVQAAYQKVVAGVAN
ALAHEYH

Fig. 2.9
Page 32
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Ensembl genome browser (www.ensembl.org)

ot | BLASTBLAT |BioMart | Docs & FAQS | Mror

Search [All species =] for New to Ensembl?
Go| Did you know you can

L BRCA2 100000..200000 i ek
T S Imsulin 2 Leam how t use Ensembl lnew:.2,
with aur video tutrile and =

walkthrou
Browse 2 Genome k- througt o
o

the

€2 Add custom tracks

using out new Control Panel

1 your own data

Popular genomes

= Click
human

€2 Search for 2 DNA or protein
i Human
= 3

‘ Mouse
’ Zebrafish

All genomes

~Selecta species - -]

Location based displays  Chromosome 11:6.246,694.6.260,626

D == e e e ==

Ensembl output for g
beta globin includes

views of chromosome |~
11 (top), the region ——
(middle), and a e
detailed view (bottom).

There are various

horizontal annotation

tracks.

[1] Visit http://genome.ucsc.edu/, click Genome Browser
UCSC Genome Bioinformatics

Genomes - Blat - Tables Proteome

About the UCSC Genome Bioinformatics Site

Welcome to the UCSC Genome Browser website. This site contains the reference sequence and working draft
arge collection of genomes. It also prowdes a portal to the ENCODE project

We encourage you to explore these sequences with our tools. The Genome Browser zooms and scrolls ove
showing the work of annotators worldwide. The Gene Sorter shows expression, homology and other méorman
genes that can be related in many ways. Blat quickly maps your sequence to the genome. The Table Browser pro
access to the underlying database. VisiGene lets you browse through a large collection of 11 ifu mouse anc
examine expression patterns. Genome Graphs allows y0u to upload and display genome-wide data sets

The THOSE® Gomnene Rrnarees ia dovelnnod snd maintained b the (ename Rininfnematine (Genem. & ev

[2] Choose organisms, enter query (beta globin), hit submit
Human (Homo sapiens) Genome Browser Gateway

A

The

up o UC Santa o
wses Copyight () The Rogens o the Uriversty of Coldormis. All ghtsrserved
clade genome assembly position or searchterm  image width
[Vensbrae 2] [Faman— =] [viny 290% ] oo gitin e
Gl here to eses the browser user terace setings tothei defats
J | _cleor posiion |
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[3] Choose the RefSeq beta globin gene
UCSC Genes

MDD (ucO08yem.1) at chri Hemoglobin Lepore-Daltimore (Feagment).
MDD (ucOD1mae.1) at chri
HBD (ucOO1mat.1) at chri
RBNL7 (uc001ib.1) at cheiO:

847 - A binding motif protein 17
alpha 1 globin

alpha 2 globin

67520 - alpha 1 globin

1:5219761-5221398 - Homo sapiens hemoglobin, beta pseudoge

HBAL che
HBBPI [ucOOimag.1) at chr

RefSeq Genes

HBB at_chr11:5203272-5204877 - (NN_000518) beta globin
HBBP1 at chri1:5219761-5221398 - (NR_001589)

[4] The UCSC Genome Browser is an essential resource
--choose which tracks to display
--add custom tracks
--the Table Browser is complementary

Home Genomes Blat Tables Gene Sorter PCR DNA Convert Ensembl NCBI PDF/PS Session Help
UCSC Genome Browser on Human Mar. 2006 Assembly (hgl8)
move _¢c¢ | < | «| > | > | 3 |zoomm 15x | 3x | 10x | base |zoomout 18x | 3x | 10x |
position/search [chr1 15,203,272-5204877 ump | clear | size 1,606 bp. _configure.
O T 3

o

e oo e i s 1

Example of how to access sequence data:
HIV-1 pol

There are many possible approaches. Begin at the main
page of NCBI, and type an Entrez query: hiv-1 pol

Page 36
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Searching for HIV-1 pol: >130,000 nucleotide, protein hits

11/09

Searching for HIV-1 pol:
using the command hiv-1[organism] limits the
output to just one entry

Recent activity

Your browsing ac

Try Taxonomy Browser to easily limit your query to
your favorite organism(s). Example:

NCBI home - Taxonomy > Taxonomy browser -
human -> protein to find a human protein

over 300,000
nucleotide entries
for HIV-1

Nucleotide Fﬂ:ﬂ

Y e —

oo | S Seacsh

el HAsorry o 3

Rerseq: 1 # %

15



Example of how to access sequence data: histone

query for “histone” # results
protein records 85,000
RefSeq entries 32,000
RefSeq (limit to human) 1129
NOT deacetylase 863

At this point, select a reasonable candidate (e.g.
histone 2, H4) and follow its link to Entrez Gene.
There, you can
confirm you have
the right protein.

11-09

Entrez Gene result for a histone

mﬁEntrez Gene == )
Search G =) fer| _Go|_Ces |

e[t Sanls Sswo 3]

1 HISTZHAA  histone 2, Hda [Homo saprenc]
GenlD: 8370 iCa794

Summary 20

Genomic regions, transcripts, and products 7e
) Refirat

Outline for today

Introduction

Accessing information
Entrez Gene
Accession numbers and RefSeq
Protein Databases: UniProt, ExXPASy
Three genome browsers: NCBI, UCSC, Ensembl

Four perspectives on individual proteins |
Perspective 1: Protein families (domains and motifs)
Perspective 2: Physical properties (3D structure)
Perspective 3: Localization
Perspective 4: Function

16



Perspective 1:
Protein domains and motifs

Page 389

Definitions

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

Page 390

Definitions

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

Domain:

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

« afold

« 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 390
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15 most common domains (human)

Zn finger, C2H2 type 1093 proteins
Immunoglobulin 1032
EGF-like 471

Zn-finger, RING 458
Homeobox 417
Pleckstrin-like 405
RNA-binding region RNP-1 400

SH3 394
Calcium-binding EF-hand 392
Fibronectin, type Ill 300
PDZ/DHR/GLGF 280

Small GTP-binding protein 261
BTB/POZ 236

bHLH 226

Cadherin 226

Source: Integr8 at EBI website Page 391

15 most common domains (various species)

The European Bioinformatics Institute (EBI) offers many
key proteomics resources at the Integr8 site:

http://www.ebi.ac.uk/proteome/

Page 391

1. Go to the Integr8 site: http://www.ebi.ac.uk/proteome/
2. Browse species; choose Homo sapiens.

3. Click “Proteome analysis”

4. Obtain a variety of statistics, such as
common repeats, domains, average protein length

Integr : Access to complete genomes and proteomes

T I soweh o gencpectem " [

18



Amino acid composition
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Definition of a domain

According to InterPro at EBI (http://www.ebi.ac.uk/interpro/):

A domain is an independent structural unit, found alone
or in conjunction with other domains or repeats.
Domains are evolutionarily related.

According to SMART (http://smart.embl-heidelberg.de):

A domain is a conserved structural entity with distinctive
secondary structure content and a hydrophobic core.
Homologous domains with common functions usually
show sequence similarities.

Page 390
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Varieties of protein domains

Extending along the length of a protein

Occupying a subset of a protein sequence

Occurring one or more times

ﬁ

Page 393

Example of a protein with domains:
Methyl CpG binding protein 2 (MeCP2)

w0 |

The protein includes a methylated DNA binding domain
(MBD) and a transcriptional repression domain (TRD).
MeCP2 is a transcriptional repressor.

Mutations in the gene encoding MeCP2 cause Rett

Syndrome, a neurological disorder affecting girls
primarily.

Page 393

A methyl-binding domain shared by several proteins

Result of an MeCP2 blastp search:

EEETEEE | < links to Smart00391, LOAD, and Plam01429
[ ] database entries for methyl-CpG binding domain

Color Koy for Alignnent. Scorca

<+—MeCP2

Page 393
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Are proteins that share only a domain homologous?

MecCP2 [ [ wep ] ] 486 aa
mBD1 [[mBD | ] 605 aa
mBD2 [ MBD ]411 aa
MBD2 (testis) [ [ w8 | ] 302 aa
MBD3 291 aa
MBD4 [ ["meo T ] 580 aa

Page 393

Proteins can have both domains and motifs (patterns)

Motif Motif
(several (several
residues) residues)

m TS
Domain Domain

(aspartyl (reverse
protease) transcriptase)

800 1003
i 3

Eukaryotic and viral aspartyl proteases signature and profile

PS00141; ASP_PROTEASE Retrieve an aligament of Swiss-Prot true positive hits
7 usta format, |
PS50175; ASP_PROT_RETROY Retrieve an allgament of Swiss-Prot true positive hits:
o =

oe) (Clugtal formt, 1

nd C (sleo known as gastricsin)
. invelved in digestion and used for making

(B0 2.4.22.5) and B (8 2.4.22.20).
hose function is to generate angiotensin I

acopepsin (S 1,4.20,23) (proteinase A) (gene FER4).  PER4 is
postrcansiscional regulicion of
bacciecpepais 2

Known to belong to
i class detected by the pattern
Other sequence(s) detected In
Swiss-Prot
es known to belang to
this class detected by the profile AL VIral- type proteases. Page 396

37
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Definition of a motif

A motif (or fingerprint) is a short, conserved region
of a protein. Its size is often 10 to 20 amino acids.

Simple motifs include transmembrane domains and
phosphorylation sites. These do not imply homology
when found in a group of proteins.

PROSITE (www.expasy.org/prosite) is a dictionary of
motifs (there are currently 1600 entries). In PROSITE,

a pattern is a qualitative motif description (a protein
either matches a pattern, or not). In contrast, a profile

is a quantitative motif description. We will encounter
profiles in Pfam, ProDom, SMART, and other databases.

Page 394

Summary of Perspective 1: Protein domains and motifs

A signature is a protein category such as a domain or motif.

You can learn about domains at Integr8, and at databases
such as InterPro and Pfam.

A motif (or fingerprint) is a short, conserved sequence.
You can study motifs at Prosite at ExPASy.

Perspective 2:
Physical properties of proteins

Page 397
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Physical properties of proteins

Many websites are available for the analysis of
individual proteins. ExPASy and ISREC are two
excellent resources.

The accuracy of these programs is variable.
Predictions based on primary amino acid sequence
(such as molecular weight prediction) are likely to be
more trustworthy. For many other properties (such as
posttranslational modification of proteins by

specific sugars), experimental evidence may be
required rather than prediction algorithms.

Page 399

Access a variety of protein analysis programs
from the top right of the ExXPASy home page

Compute pI/Mw

RETB HUMAN (P02753)

DE Plaswa retinol-binding protein precursor (PRBP) (RBP).
os Homo sapiens (Human).

The computation has been carried out on the complete sequence.

Molecular weight: 22867.85

Theoretical pI: 5.48
Page 399




Coils output for syntaxin

[ISREC-Server] Date: Sat Oct 27 20:52:40 MET 2001

# COILS version 2.1
# using MTIDK matrix

# no weights

# Input file is ../wwwtmp/.COILS.27003.1040.56q
#>syntaxin, 288 bases, SDFEEF76 checksum.

Page 400

Protein secondary structure

Protein secondary structure is determined by the
amino acid side chains.

Myoglobin is an example of a protein having many
a-helices. These are formed by amino acid stretches
4-40 residues in length.

Thioredoxin from E. coli is an example of a protein
with many f sheets, formed from {3 strands composed
of 5-10 residues. They are arranged in parallel or
antiparallel orientations.

Page 425

Myoglobin
(John Kendrew, 1958)

Fig. 11.3
Page 427
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Thioredoxin

Fig. ~11.3
Page 427

Secondary structure prediction

Chou and Fasman (1974) developed an algorithm
based on the frequencies of amino acids found in
a helices, B-sheets, and turns.

Proline: occurs at turns, but not in a helices.

GOR (Garnier, Osguthorpe, Robson): related algorithm

Modern algorithms: use multiple sequence alignments
and achieve higher success rate (about 70-75%)

Page 427

Secondary structure prediction

Web servers:

GOR4

Jpred
NNPREDICT
PHD
Predator
PredictProtein
PSIPRED
SAM-T99sec

Table 11-3
Page 429
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sec.cons. - cecen PR
150
305201 pab15boA| pabpboA TORRRAFLENEDHPH
e e —
e <« 1 Go to http://pbil.univ-lyon1.fr/,
s ‘i | click “Secondary structure prediction”
Predator . ..
stmios »| to access this prediction tool

Sec.Cons.

Tertiary protein structure: protein folding

Main approaches:

[1] Experimental determination
(X-ray crystallography, NMR)

[2] Prediction
» Comparative modeling (based on homology)
» Threading

» Ab initio (de novo) prediction

Page 430

Experimental approaches to protein structure

[1] X-ray crystallography
-- Used to determine 80% of structures
-- Requires high protein concentration
-- Requires crystals
-- Able to trace amino acid side chains
-- Earliest structure solved was myoglobin

[2] NMR
-- Magnetic field applied to proteins in solution
-- Largest structures: 350 amino acids (40 kD)
-- Does not require crystallization

Page 430
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Steps in obtaining a protein structure

Target selection

1y

Obtain, characterize protein

1y

Determine, refine, model the structure

1l

Deposit in repository
Fig 11.5
page 431

The Protein Data Bank (PDB)

» PDB is the principal repository for protein structures

« Established in 1971

* Accessed at http://www.rcsb.org/pdb or simply
http://www.pdb.org

* Currently contains 64,000 structure entities

Updated 3/26/10 Page 434

Fig. 11.7
Page 435
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structures

PDB content growth (www.pdb.org)

Fig. 9.6
Updated 3/26/10 Page 281
PDB holdings (12/08)|

50,621 proteins, peptides

2,225 protein/nucl. complexes

1,946 nucleic acids

33 other; carbohydrates

54,825 total
Table 11-4
Page 435

PROTHIN DATA BANK

Structure Explorer - 1PBO .

Dile: Complex Of Bovine Odorant Binding Protein (Obp) With A Selenium
Containing Odorant
Compound. Mol_li: 1; Molecule: Odorant Binding Protein; Chain: A, B;

Authors: L. M. Amzel, M. A. Bianchet, H. Monaco, G. Bains
E3p Method. X-ray Diffraction
Classifcarion. Odorant.Binding
Source: Bos Tourus
Frimary Ciation. Bianchet, M. A., Bains, G, Pelosi, P., Pevsner, J., Sayder, 5. .,
Manaco, H. L., Amael, L. M.: The three-dimensional structure of
bovine odorant binding protein and its mechanism of odor
recoguition {see comments] Nat Struct Bl  pp. 934 (1996)

[ Mediine |
Depostiion Date: 15-Juk-1996 Releaze Date: 23-Jul1997
Resolution (4] 220 FeValue: 0190

Space Group: P1211
UntCell  dm{) a 4187 b6S18 < S554
angles [ aipha 90.00 beta 98,13 gamma 90.00
Polymer Chatns: A, B Restdues. 318
Atoms

S 2 AMING < BUTYL S PROPVLSELENAZOLE Coghyg 58,
oma  Fig. ~11.10
Page 436
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Viewing hemoglobin (accession 2H35) at PDB

2h35 B

» Downiosd Fies

» Downlead Oripimai Fies

Viewing structures at PDB: WebMol

Wasstal [1pb0 | open | et || cwe | musstsias | contes || conser || wio | wap || e[| 1| awa| Fig. 11.11

Page 437

gateways to access PDB files
Swiss-Prot, NCBI, EMBL

vi4

Protein Data Bank

VAAY

CATH, Dali, SCOP, FSSP
databases that interpret PDB files
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The CATH Hierarchy

TIM barrel  Sandwich  Roll

ﬂ—laclarﬁase Fig. 11.18
(1mblA1) Page 444

Access to PDB through NCBI

You can access PDB data at the NCBI several ways.

* Go to the Structure site, from the NCBI homepage
* Use Entrez
« Perform a BLAST search, restricting the output

to the PDB database

Page 437

5\ \Sfructu re

Search | Structure ~| for Go Clear

Limits | Previewdndex | History | Clipboard | Details

About Entrez
Hints on Finding a Structure
Structure

» To search by keyword, ike *aconitase*

« To search by protein sequence

« To search by nucleotide sequence

[INew structure viewer JAbout the Database

€n3D is NCBI's 30 structure The Molecular Modeling Database
viewer. As a helper application for  (MMDB) contains 30
your Web browser, it allows youto macromolecular structures,
including proteins an
olynucleotides. MM contains
alignments. Cn3D s available for  over 40,000 structures and is
Windows, MacOS, and Unix. More.... linked to the rest of the NCEI
atabases, including sequences,
bibliographic ctations, taxonoric
dassifications, and sequence and
structure neighbors.

Fig. ~11.12
Page 438
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< BLAST

~ Home RecentResults Saved Strategies  Help

»NCBU BLAST/ blastp suite

bisstn | blestp | blastx | tbiastn | thiestx

B mare

quenc

Enter accession number, gi, or FASTA sequence &
Fp_oo3z70

O, upload file Browse. | &

Job Title [NP_003270 fast skeletal muscle troponin C.
Enter a dasritve e foryour BLAST search @
I Blast 2 sequences
Database [Rormsdundentprowinsequences 7 1 ©
Organism ) |
Optional Reference proteins (refseq_protein)
Swissprot protein sequences(swissprot) il be shown. ©
Patented protein sequences(pef)
Entrez Query
= Environmental semples(env_ni)
Do a blastp search;
set the database to pdb (Protein Data Bank)
rr—
s uxe O Calciua-aturated Ba R N T —
1e-70 B links

Structure accession
(e.g. 2JTZ) . ,;.’,‘.mm;m

A Chain A,
PERIICDLIA Chain A, L
miA Chain A cuex Be... L
2 A Chain A, To Unco... LSS
A Chain A, L
A Chatn A, M miin Plasticity In No.
B®ILOMIA Chain A, Calaodulin, Mar, 30 Steuctures >pabI3CLNI... _Lsd
. Bain M, Crystal Structure O¢ Anthrax Zdems Factor... 154
e Bain D ructure O The Adenylyl Cyclase... L 2e-38
PEILMS A Chain A, Calaodulin Mutant ¥ith A Tvo Residu e-30
%A Chain A, Solution Structure Of A 3e-38
o bain B, Myosin Vi Hucleotide-Free ! 3e-38
A A s 0f Caenorhabditis Ele. 159 3e-30 X9
p 5 M-Insere2-Can, Delta Tnsexel)... L 3e-30 B
2 A surelia Calao... 151 8e-38 B
. ne ras v se.en B

<3 NCBI Qm FStructure E
[ e e e e e ]

Search|Swucture =] for| Go | Clear | Save Search

Dispay [ Surmmory SlSon]20 =[Sornty S[Serav =l Ehemidegn
Al 10 | Ba Euaryoo Ugana 8 | NWR. 0 | Xray. 10 5]
Items 1 - 10 of 10 One page.
Recent Activity -
r Related Strchires, Domains, Ligands, Other Link Tunon Ciexr
Socant Bding Protein Deswapped Tripe Activiy recording i turmed o
ek Twrn recording back on
[mendbld 63212]
ra E stre, Domains, O Ui
7
) 0 2-Binding Protem From Bovine Nasal Mucosa
# 50597]
ra R sure, Domains, Ligands, Other i

mplex: Of Bovine Odorant Binding Protein With
Ammostheacene And Pyrazine
149328)

Fig. 9.14
Page 289

31



S NeEi Structu&fﬂ?:mmary %

s~ unwesi e

MMOB 10: POB 1D: Search

Reference

y
Related Structure

Stracture Viewia €30 | Srwctuse Viewia Rastia | 7
Tosks: [Gapmy 2] Orowing: [5 A =]

[
alobin_like amily 1

Access to PDB structures through NCBI

Molecular Modeling DataBase (MMDB)

Cn3D (“see in 3D” or three dimensions):
structure visualization software

Vector Alignment Search Tool (VAST):
view multiple structures

Page 291

Fig. 9.16
Page 291
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Introduction to Perspectives 3 and 4:
Gene Ontology (GO) Consortium

Page 237

The Gene Ontology Consortium

An ontology is a description of concepts. The GO
Consortium compiles a dynamic, controlled vocabulary
of terms related to gene products.

There are three organizing principles:
Molecular function
Biological process
Cellular compartment

You can visit GO at http://www.geneontology.org.
There is no centralized GO database. Instead, curators
of organism-specific databases assign GO terms

to gene products for each organism.

Page 237

GO terms are assigned to Entrez Gene entries

GeneOntology cos

Fumction fvidance

Page 241
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HBB

protein from Homo sapiens (human!

Term associations # Gene product information # Peptide S

Term Associations

D gen:

dation format [) ROF-XML

Filter Associations
ontology

icellulor component

biological process

v Filter associations displayed @

Evidence Code
\,-:I E—
JoA

Imolecular functon 2] ExP =]

[ Pertom anacion wih he sslecsdems gl
Accession, Term Ontology Qualifier Evidence  Reference Assigned by
r 165985 gone ND. NPTOtKB:QIUPB] UNProtkB
G0:0008150
\_or
I G0:0005833 cts cellular NAS NFTOKE: QIUPB] UNIPTotke
view in tree. component
r 164057 gone molecular ND N#TotK8:QIUPE] UnProtk
function
-
[Gm] [Podom sn acton v he selected o A= Page 241

The Gene Ontology Consortium: Evidence Codes

IC
IDA
IEA
IEP
IGI
IMP
IPI
ISS
NAS
ND
TAS

Inferred by curator

Inferred from direct assay

Inferred from electronic annotation
Inferred from expression pattern
Inferred from genetic interaction
Inferred from mutant phenotype
Inferred from physical interaction
Inferred from sequence or structural similarity
Non-traceable author statement
No biological data

Traceable author statement

Page 240

Perspective 3:
Protein localization

Page 242
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Protein localization

Page 242

Protein localization

Proteins may be localized to intracellular compartments,
cytosol, the plasma membrane, or they may be secreted.
Many proteins shuttle between multiple compartments.

A variety of algorithms predict localization, but this
is essentially a cell biological question.

Page 240
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Results of Subprograms

pe

a new signal peptide prediction meth

N-region: length 2; pos.chg 1; neg.chg O
H-region: length 14; peak value 10.03
P3G score: 5.63

von Heijne's netk

d for signal

ynition

>>> Seens to have a cleavable signal peptide

GvH score (threshold: -2.1):
possible cleavage site: between 16 and 17

(1 to 16)

Page 242

2 possible models

only - used
————— > slightly prefered model: N-terminus inside

1 strong transmembrane helices, total score : 2757
# from to length score orientation

1 266 284 (19) 2757 i-o

> alternative model

1 strong transmembrane helices, total score
# from to length score orientation

1 266 288 (23) 2690

: 2690

Page 244
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