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Protein Data Base

Established in 1971
— Funded by NSF, DOE, NIH
— Operated by Rutgers, SDSC, NIST

Purpose: Make protein structure data available to
the entire scientific community

In the beginning: “less than a dozen” protein
structures

Currently has 22,333 protein structures
Growing at 20% per year

New structures 50 times larger than those in 1971
are commonplace
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Why the “Knee In the Curve”?

Engineered bacteria as a source of proteins
Improved crystal-growing conditions
More intense sources of X-rays

Cryogenic treatment of crystals

Improved detectors & data collection

New method - NMR:

— Accounts for 15% of new structures in PDB

— Enables determination of structure of proteins in
solution

“Protein Structures: From Famine to Feast”, Berman, et.al.
American Scientist v.90, p.350-359, July-August 2002



Why is the PDB Important?

“Collective Leverage”

for ...
Understanding molecular machinery
Rational drug design
Engineering new molecules
Structural genomics



Not all Structures are Different

e PDB Growth in “New Folds”
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Structure vs Sequence

* New protein structures are being solved more slowly than
new protein sequences are being solved

— Currently, known protein sequences outnumber
known protein structures

— The *sequence-structure” gap continues to widen

Known

Sequences
number

Known
Structures

time



Enter what
you know...

PDB Website
http://www.rcsb.org/pdb/

The Protein Data Bank - Netscape

File Edit “iew Go Communicator Help

<

Back

2 2 & a

Forward  Reload Home

Search

u

Stop

=% B S

Metscape Frirt S ecurity

w‘v Bookmarks \g& Location:Ihttp:.-".-"www.rcsb.org.-"pdb.-"

ﬁlnstantMessage MIT Home MIT Certificate MIT Search People ‘rellow Pages

T~

DEDOSIT data
DOWMNLOAD files

browse L INKS

BETA TEST new features

Current Holdings

18616 Structures

=1 p =T

Welcome to the PDB, the single worldwide repository for the process
and distribution of 3-D biological macromolecular structure data.
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Did you find what you
wanted?
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STRUCTURAL GENOMICS | PUBLICATIONS | SOFTWARE

Molecule of the Month:
Beverse Transcriptase

The Protein Data Bank (PDB) is operated
by Rutgers, The State University of New
Jersey; the San Diego Supercormputer
Center at the University of California, San
Diego; and the Mational Institute of
Standards and Technology -- three
members of the Research Collaboratory
for Structural Bioinforrn atics (RESB). The
PDE iz supported by funds from the
Mational Science Foundation, the
Departrnent of Energy, and two units of
the Mational Institutes of Health: the
Mational Institute of General Medical

Sciences and the Mational Library of
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Enter a PDB ID or keyword Suery Tutorial
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[T query by PDE id anly [ match exact word
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SearchlLite keyword search form with examples
SearchFields customizable search form
Status Search find entries awaiting release

Complete News pdb-l Mailing List
News Newsletter Subscribe
3-Sep-2002

PDB Focus: Author Searches Users can query for a particular author
of a structure of a primary citation using the SearchFields interface. .,

MORE...

PDB Mirrors

Please bookmark a miror site™

*

San Diego Supercomputer Center
Rutgers University™

National Institute of Standards and
Technology™

Cambridge Crystallographic Data

Centre, UK
National University of Singapore
Osaka University, Japan

Universidade Federal de Minas
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Query Result Browser

PDB Query Result - Netscape =0
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Your query found 22 structures in the current PDEB release and you have selected 0 structures so far. (There are currently 3 structures being processed or "on hold"
matching wour queryl) You can select specific structures by clicking on the checkbosx next to their id. If vou do not select any structures, certain options will default
to all structures. To examimne an individual structure select the Explore link|

Pull down to select option: |New Search =l EI
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Title ! Crystal Structure Of & 3D Domain-Swapped Dimer Of Bowine Pancreatic Ribonuclease &
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apannd Lol Id: 1, Molecule: Eibonuclease &; Chain: A, B; Fragment: Swapped Helical Domain; Ec: 3.1.27.5; Biological Tnit: Ionoter,
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Structure Explorer

Yep, that’s
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Structure Explorer - 1FS3

View it... OO =

Title: Crystal Structure Of Wild-Type Bovine Pancreatic Ribonuclease A

Componnd: Mol _Id: 1; Molecule: Rihonuclease A; Chain: A; Synonym: Ribonuclease Pancreatic; Ec:
3.1.27.5; Engineered: Yes

Authors: E. Chatani, R. Hayashi, H. Moriyama, T. Ueki
Exp. Method: X-ray Diffraction
Cldsgfication: Hydrolase
BT Mvgber: 31275
Sourcs Bos taurus

Frimary Citation: Chatani, E., Hayashi, R., Moriyama, H., Ueki, T.: Conformational Strictness Required for
MMaximum Activity and Stahility of Bovine Pancreatic Ribonuclease A as Revealed by
Crystallographic Study of Three Phel20 MMutants at 1.4 A Resolution Pretein Sci. 11 gg. 72

Download it...
AN

(2002)
[ Medline |
Depasition Date: 08-Sep-2000 Felease Dater 13-Feh-2002
Resolution [A]: 1.40 F-Valus: 0217

Space Group: P3221
Unit Call: gim [A7: a 6405 b 64.05 ¢ 6335
angles [°]: alpha 90.00 beta 9000 gamma 120.00
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View Structure

PDB Structure Explorer - 1FS3

FROTEIN DATA BANK

Tifle Crystal Structure Of Wild-Type Bovine Pancreatic Ribonuclease A

Classification Hydrolase

Compond Rol_Id: 1; Molecule: Ribonuclease A; Chain: A; Synonym: Ribonuclease Pancreatic; Ec: 3.1 27 5; Engineered: Yes
Exp. Method  X-ray Diffraction

Interactive 3D Display:

Choose from the following display options (asvinmetric unit
only):

o VENML (default options): Interactive tnmersive ribbon
diagram

& VEML {custom options, fill zereen display): Interactive
immersive ribbon or cylinder diagram with ligands

* Rasmol

* Swiss-PdbViewer

* WMICE - Molecular Interactive Collaborative Environment
(requires Java Plugin)

* FirstGlance (needs Chime)

* Protein Explorer (needs Chime)

* Sting Millennium (needs Chime and Java)

¢ JTava (simple interactive sequencefstricthuire’propetty

backbone diagram):

S Images:

Assumed Biological
Molecule

Asymmetric Uni

Ribbons (250x250% Cylinders (250x250) Ribbons (250x2507
Ribbons (500x500) Cylinders (500x500) Ribbons (500x5007




Display the

file header...™

Download
the file...
(Select this
file format)

Download/Display
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Structure Explorer - 1FS3

PROTEIN DATA BANK

Tifle Crystal Structure Of Wild- Type Bovine Pancreatic Ribonuclease A

Classificafion Hydrolase
Compound Mol _Id: 1; Molecule: Rihonuclease A; Chain: A; Synonym: Ribonuclease Pancreatic; Ec: 3.1 .27 5; Engineered: Yes

Exp. Mefhod  E-ray Diffraction

Display the Structure File:
hgose from the following data representation formats:

file format
PDE mmCIF

°°mpN HTML|TEXT| - |TEXT
CUDrdJIlatE < | -

"header only"
(no coordinates) HTML TEXT| - )

Download the Structure File:

sage from the following file and compression formats:

file format

compreﬁﬁ\ FDE | munCIF

none

Uiz compressed
GNU zpped ("grpped")
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Header Information
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Structure Explorer - 1FS3

Tifle Crystal Structure Of Wild-Type Bovine Pancreatic Rihonuclease A

Compound Rol_Id: 1; Molecule: Ribonuclease A; Chain: A; Synonym: Ribonuclease Pancreatic; Ec: 3.1.27 5; Engineered: Yes

Save full entry to disk

HYDROLASE
CRYSTAL STRUCTURE OF WILD-TYFPE BOVINE PANCREATIC
Z RIBEONUCLEASE A

MOL_ID: 1;
MOLECULE: RIBONUCLEASE A;
CHAIN: A:

SYNONYM: RIBONUCLEASE PANCREATIC;

EC: 3.1.27.5;

ENGINEERED: YES

MOL_ID: 1;

ORGANISM_SCIENTIFIC: BOS TAURUS:

ORGANISM_COMMON: BOVINE;

TISSUE: PANCREAS:

EXPRESSION SYSTEM: ESCHERICHIA COLI:
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Visualizing Proteins
High complexity
Multiple levels of structure

Important properties are “distributed”
throughout the 3D structure

No single/simple “point”
at which to look



Visualization Objectives

Structure

— Backbone; secondary, tertiary & quaternary
Side chain groups

— Hydrophobic, charged, polar, acidic/base, etc.
Cross-links

— Hydrogen bonds, disulfide bonds

Surfaces

— VanderWaals, solvent-accessible

Charge distributions, distances & angles, etc.



Display Conventions

Spacefill Molecular Surface



Visualization Tools

* Viewers (free)
—1960’s : MAGE, RasMol, Chime
— 2003 : SwissPDB, Protein Explorer, Cn3D, etc.

e Operating systems — Unix, Windows, Mac

« Our choice (arbitrary) :
— Chime (plug-in to NETSCAPE)
— SwissPDB (stand-alone)



Important URL’S

Protein Data Base
— http://www.rcsb.org/pdb/

Chime
— http://www.mdlchime.com/chime/

SwissPDB
— http://www.expasy.ch/spdbv/

History of Visualization of Macromolecules
— http://www.umass.edu/microbio/rasmol/history.htm



SwissPDB
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SwissPDB — Toolbar

Center Distance between two atoms

Angle between three atoms

Measure omega, phi and psi angles

Zoom Provenance of an atom

Rotate Display groups a certain distance from an atom

Translate

% Swizs PDE Viewer 3.7 [b2) _ 0] x|
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Point of Information

oday’s lecture material Is:

— a subset of the information available to you In
online tutorials

— presented to “get you started” quickly and to
“shorten the learning curve”

— not exhaustive or even sufficient

=> should be augmented by actually working
through the online tutorials
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