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State of the RCSB PDB

Stephen K. Burley, M.D., D.Phil.
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RCSB PDB Vision & Mission

To enable breakthroughs
~ In scientific inquiry,
@ medicine, drug discovery,
¥/ technology, and education

~\ with rich structural views
of biological systems.
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To provide a freely-available and
sustainable resource of experimental
3D biological macromolecular
structure data that is by, for,

and of the community by

Enabling efficient deposition, high-quality
curation, and exploration of data in the
global PDB archive

Leading biological structure representation
and driving integration with related data
resources

Establishing and fostering communication
and collaboration across sciences
Inspiring, enabling, and informing diverse
users through structural views of biology
and medicine




RCSB PDB Core Values

USER FOCUS

We are dedicated to under-
standing and exceeding the
expectations of our diverse
user community through
active communication

and response.

LEADERSHIP

We embody the highest
standards of scientific rigor
and develop authoritative
representations of macro-
molecular structure.

RESPECT

We embrace our visible
and invisible differences-
including all expressions
of diversity and thinking/
learning styles-and value
the richness and variety
of ideas produced by our
team and our community.

5 jon
Gatistas Do
0 ]

INNOVATION AND
CREATIVITY

We promote problem
solving and exploration by
accepting new approaches

and an atmosphere of trust
and openness.

RESEARCH AND

SCHOLARSHIP

We apply modern research
approaches to developing
cutting edge methodologies
for data science.
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INTEGRITY

We adhere to the highest
standards of honesty, fairness
and accountability

in all our actions.

PEOPLE

We are committed to profes-
sional development, personal
growth and life balance.

TEAMWORK

We value and foster effective
communication, collaboration,
cooperation, accountability,
mutual respect and

a can-do attitude.

PASSION

Our desire to share our
excitement about science
with others motivates us to
be boldly engaged

and positive.




RCSB PDB is a Member of the wwPDB

= Ensures security of the PDB Archiveand W O RLDTWTID E

unrestricted ﬂ
LPDE

global access to PDB data
PROTEIN DATA BANK

= Regional Data Centers
= RCSB PDB
= PDBj (Osaka University)
= PDBe (EMBL-EBI) oo anaus

T IVET L \'f'::?a:;'::'i “'i\
= BioMagResBank (University S —— L
Wisconsin, Madison) SPDB .-,
= [nstitutional agreement in place ‘J
ST A 8
= Formalized procedures for s w-:::;:g:: . :5.!_;,_;
deposition, validation, metadata Rl - oy PR
representation, and annotation i e R 5

= Regional Data Centers
collaborate on Data In and
operate independent
Data Out services
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RCSB PDB Advisory Committee

= Responsible for providing independent advice to the RCSB
PDB Director and staff on current and pending issues of
policy, operations, technical implementation, and project
performance

* Updated Terms of Reference
= Members appointed for 3 years (renewable)

= Service concluded by Jack Chirikjian, Andrzej Joachimiak,
Ann Palmenberg, David Searls, Cathy Wu

* New members to enhance input from Industry, cryoEM,
Small Angle Scattering, and Integrative/Hybrid Methods
(Bridget Carragher to join in 2016)

= Cynthia Wolberger to serve as Chair through 2019




Global Advisory Mechanisms

= Worldwide PDB (wwPDB) Advisory Committee
= Chair: Byrd (NCI Frederick )

= Task Forces, Working Groups, Workshops
= X-ray Validation: Read (Cambridge)
= 3DEM Validation: Henderson (MRC-LMB), Sali (UCSF)
= NMR Validation: Montelione (Rutgers), Nilges (Pasteur)
= PDBx/mmCIF: Adams (LBL)
= Small-Angle Scattering: Trewhella (Sydney/Utah)

" Integrative/Hybrid Methods: Sali (UCSF),
Schwede (Basel), Trewhella (Sydney/Utah)

= Ligand Validation: wwPDB/CCDC/D3R




Response to 2014 Report

AC Recommendation Response
Pursue funding to develop Q Proposals submitted; described in
approaches for supporting data next presentation

from Integrative/Hybrid Methods

Terminate the legacy deposition ﬁ ADIT retired on July 19,2015 for
system (ADIT) structures determined via
X-ray crystallography

Continue to provide mobile-friendly Q Recent redesign efforts (Structure
services Summary and PDB-101) are responsive
to display device form factor

Develop a focused Education Plan Q Plan described in afternoon presentation

Make more information available a Needs discussion with wwPDB and
on unpublished structures community stakeholders
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Deposition and Annotation

Data In Milestones: Oct 2014-Sept 2015

= Archive Growth
= 8,386 entries depositedin 2015
= >112,000 structures available in the archive

PDBx/mmCIF format implemented in all major
X-ray software packages

= Large structures fully integrated with PDB Archive as
single PDBx/mmCIF file entries

wwPDB D&A X-ray Data In Pipeline
= More than 10,200 structures deposited since deployment
= Improvementin biocurationtime: Median: 16.5-> 1.6 days
* Infrastructure improvements

= New content provided to enable blinded docking competition
= Workshops and Meetings
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Access and Exploration

Data Out Milestones: Oct 2014-Sept 2015

= Visualization and query supportfor large
structures represented in PDBx/mmCIF

= Validation and mutation information mapped to
sequence (Protein Feature View)

= Improved usability of Structure Summary pages
now available for all PDB entries

* Infrastructure and process improvements

= Workshopsand Meetings
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Education Milestones: Oct 2014-Sept 2015

< Curricula Overview ~ Show Skills

= Developed focused | spees==  cetting startea
Education Plan I

= Pilottesting of -
HIV /AIDS curriculurr

= Modular Curriculum N

Make sense of the Information Out There Guide and exercise

Teaching Notes

materials created for oo

Explore a Topic of Interest at a Molecular Level Guide
Quick Review [7)
Worksheet

= Biomolecular S

Find Structures Relevant to a Topic of Interest Guide

Structures and Models UkPodor B ettt B

Analyze and Comp I Structures  Cheat Sheet [

Basics

= Molecular Immunology e 3

Selections @
Structure Analysis [&)

= HIV/AIDS e
/ Make Publication Quality Images and Movies Guide

Part1
Part2
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Outreach Milestones: Oct 2014-Sept 2015

= PDB-101 website redesign
project

= Collaboration with HHMI to
establish Geis Digital Archive
begins

= Collaborative development of
Science Olympiad events in
protein modeling across US

= 7 peer-reviewed publications

= Targeted participation at
professional society meetings
and other events

= Cross-site retreats for
outreach and software
development
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wwPDB/CCDC/D3R Ligand Validation Workshop

Meeting Objectives: To bring
together co-crystal structure
determination experts from
Academe and Industry with
X-ray Crystallography and
Computational Chemistry
Software Developers to discuss,
develop, and recommend:

Rutgers July 30-31, 2015

= Best practices for PDB archive
deposition/validation of co-
Crystal structures Ligand Validation Workshop

. . . . Paul D. Adams', Kathleen Aertgeerts?, Cary Bauer®, Jeffrey A. Bell*, Helen M. Berman®¢,
= Editorial /Refereeing/Publicat

Outcome of the first wwPDB/CCDC/D3R

Talapady N. Bhat?, Jeff Blaney®, Evan Bolton®, Gerard Bricogne'?, David Brown'', Stephen K.

lOn Standards fOF CO-CI‘YStal Burley>%12*, David A. Case®, Kirk L. Clark'*, Thomas Darden'4, Paul Emsley's, Victoria
Stru Ctures Feher'®", Zukang Feng>®%, Colin R. Groom'”", Seth F. Harris®, Jorg Hendle'8, Thomas Holder?,
Andrzej Joachimiak'®, Gerard Kleywegt?®", Tobias Krojer?!, Joseph Marcotrigiano®??, Alan E.
u Improvements 1n 11gand Mark?3, John L. Markley?**, Matthew Miller??, Wladek Minor?>, Gaetano T. Montelione??25, Garib
representatlon aCI‘OSS the Murshudov', Atsushi Nakagawa?’, Haruki Nakamura?”*, Anthony Nichols'4, Marc Nicklaus??,
- Robert Nolte??, Anil K. Padyana®, Catherine E. Peishoff?, Susan Pieniazek?®', Randy J. Read?®?,

PDB Archive

Chenghua Shao®, Steven Sheriff33, Oliver Smart2°, Stephen Soisson34, John Spurlino35, Terry

Stouch?¢, Radka Svobodova®’, Wolfram Tempel*®, Tom Terwilliger®®, Dale Tronrud*’, Sameer

= PDB Velankar?®, Suzanna Ward'’, Greg Warren', John D. Westbrook>¢, Pamela Williams*!,
f—
o= 5,6 i 5,6
TR T E AN Huanwang Yang®®, and Jasmine Ypung ° - 7 - )
AN G ~ W . NTe=S — -



Mission Critical Project:
wwPDB Deposition & Annotation System (D&A)

Goals: Create the next
generation deposition and

annotation system to support
PDB data from X-ray, NMR,
and 3DEM that will:

= Maximize data quality
= [Improve data validation
= Standardize file formats

= Ensure more complete
data capture

2007 Initial
Discussions

= Supportlarger and more
complex structures

* Improve efficiency and
consistency

= Use of same system across
wwPDB to enable load
balancing and expansion

= Automation and validation RT3 :
of routine tasks 2014 wwPDB Biocurator Summit

2010 D&A Team Meeting

FDB SR




2015 wwPDB Advisory Committee Meeting
October 2™ in Osaka, Japan

= wwPDB Plsreported D&A V2.0 (All Methods)
September completion deadline missed

= Initial wwPDB AC Recommendations
= Release of D&A Version 2.0 ASAP; No later than Jan 8, 2016
STATUS:  On track for Nov 15 beta testing

Jan 8 deployment requires resolving issues with
backwards compatibility with deposition system

= Appoint global project manager ASAP and provide monthly
project updates to wwPDB AC Chair

STATUS: Jasmine Young named Global Project Lead
15tupdate shared with wwPDB AC Chair

= Written wwPDB ACreportpending
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Addressing the Challenges of
Integrative/Hybrid Methods

Helen M. Berman
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Integrative
Structural
Biology

Electron
microscopy

X-ray
crystallography

Sampling and analysis

Ward et al. (2013)
Science 339, 913-915
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Experimental Methods Used for
Structure Determination

X-ray entries NMR entries
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There is No Process to Handle Integrative/Hybrid Models

The evaluation and archiving of
“integrative structural models” that draw on data from multiple experimental techniques and novel
modelling approaches presents a number of challenges. To address these challenges, the

Worldwide Protein Data Bank (wwPDB; wwpdb.org) has recently formed the Hybrid/Integrative
Methods Task Force

1 IMaging-ups-its-game

|

The Task Force made a strong recommendation that an archive for integrative models be
established. Integrative models that have already been submitted to the PDB are currently on-hold
awaiting a policy decision. The Task Force recommends that such models should not be processed or

archived in the PDB at this point in time. Instead, they should be transferred to and processed by the
future integrative data and model archive once it has been established.

e January 24,2015
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How Do We Assemble the Pieces of the Puzzle?




wwPDB Hybrid Methods Task Force

/ J 70100l it ,:, :
[ 1oy e o (4
R S

October 6-7, 2014 at EMBL-EBI, Hinxton
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Discussion Points

= What experimental data (beyond X-ray, NMR, EM) should be
archived, where, and how should it be validated?

= What kinds of non-atomistic models can we expect and how
should they be validated?

= What are the criteria for deciding where models should be
archived?

= How should non-atomistic and mixed atomistic/non-
atomistic models be archived?

= Should there be an archive for integrative (mixed) models
(and data)?

= Should we establish a federated system of data and model
archives to support integrative structural biology?




Archive structural models,

data/metadata, and
work flows

Adopt flexible structure
representation

Assess structural model
uncertainty

Federate archives for
structural models, and
data/metadata, and
work flow

Establish publication
standards

Summary of Recommendations

Stractare

Meeting Review

Outcome of the First wwPDB Hybrid/Integrative
Methods Task Force Workshop

Andrej Sali,’* Helen M. Berman,? Torsten Schwede,” Jill Trewhella,* Gerard Kleywegt,” Stephen K. Burley,**
John Markley,” Haruki Nakamura,® Paul Adams, > ‘°Alsxandm M.JJ. Bonvin," Wmctuu % Matteo Dd Peraro,'?
ichard

Frank Di Maio,* Thomas E. Ferrin,’® Kay Gris

Gerhard Hummer,'® Km&mh '? Graham Johnson.m Catheme L Lawwn.2 Jem Meier # Marc A Mamﬁanan.

Gaetano T. Montslione,”** Michael Nilges,”** Ruth

S Juri
Randy J. Read,*' Helen Saibil,** Gunnar F. Schréder, n‘“m &:l’lwwtens.’s Claus A.M. Seidel, “Drmn Svergun,”
Maya Topf,** Eldon L. Ulrich, 7 Sameer Velankar,® and John D. Westbrook?

Structures of bk lecul are increasingl!

d by i o deli

g that relies on varied

types of experimental data and theoretical information. We describe hore the prooesdlngs and conclusions
from the first wwPDB Hybrid/Integrative Methods Task Force Workshop held at the European Bioinformatics
Institute in Hinxton, UK, on October 6 and 7, 2014. At the workshop, experts in various experimental fields of
structural biology, experts in integrative modeling and visualization, and expertsin data archiving addressed
a series of questions central to the future of structural biology. How should integrative models be repre-

sented? How should the data and

should the data and models be archived? What inf

gl models be d? What data should be archived? How

models?

Background

for the
The PDB {nttp//wwpdb.org) was founded in 1971 wih seven
protein structwes as its frst hodings (Protein Data Bank,
1971). The global PDB archive now holds more than 100,000
atomic stuctures of biological macromolecules and their com-
plexes, all of which are freely accessible. Most structures in
the PDB archive (~80%) have been determined by Xray crystal-
lography, with the remainder contriouted by two newer 3D struc-
turedetermination methods, nuciear magneticresonance (NMR)

tion should y the of e

Considerable effort has gone into understanding how to best
ourate e structural modsls and experimenta data
with these methods. Over the past several years, the Worldwide
PDB(wwPDB; megbnalorganmtm responsiole for mmn«
ingthe PD . 200
method-specific task forces to advlse on which expe'mental
data and metadata from each method should be archived and
how these data and the resulting structuremodels should be vali-
dated. The wwPDB X-ray Validation Task Foroe (VTF) made
detaled recommendations on how to best validate sructures

spectroscopy and 3D electron microscopy (3DEM). by X-ray oy y (Read et al., 2011). These

Dy o Scences, Dapartment of Pharmaceutca Chamistry, Calfomia institute for Quantitative
Boeaences Byers Hal Room ems. University of Caiifornia, San Francisco, 1700 4% Street, San Francisco, CA 94158-2330, USA
for Protein Data Bark, Canter for Integrative Proteomics Research, Rutgers, The Stae
Unnsmyof New Jersey, Piscataway, NJ 08854, USA
ISwiss stitute of Bicinfomatics Biozentum, University of Basel, Kiingelbargstrasse 50-70, 4055 Basel, Switzedand
“Scheol of Molecular Bioscience, The University of Sydney, NSW 2008, Austrdia
*Pretein Data Bank in Europe, European Molecuar Biclogy Laboratory, European Boinformatcs Institute, Welicomsa Genome Campus,
Hinxton, Cambridge CB10 18D, UK
“Skaggs Scheol of Pharmacy and Phamaceutical Sciences and San Diego Supercomputer Center, University of California, San Diego,
La Jolla, CA 92093, USA
"BioMagfiesBark, Dapartment of Madison, Madison, W 53708-1544, USA
2Protein Data Bank Japan, nstitute for Protan Mseach. Osa(a University, 3-2 Yamadaoka, Suita, Osaka 585-0871, Japan
WPhysical Biosciences Divsion, Lawmrence Bekdey Laboratory, Berkaley, CA 94720-8235, USA
*cDapartmant of Bicangneering, UC Barkaley, Barkeley, CA 94720, USA
" Bijvoet Center for Biomolecular Research, Faculty of Science - Chemistry, Utrecht University, Paduaiaan 8, Urecht, 3584 CH,
e Nemerands
ZNatonal Center for Macromolecular Imaging, Baylor College of Madicine, Houston, TX 77030, USA
“institute of Bicengineedng, School of Life Sciences, Ecole Polytechnique Fédérae de Lausanne (EPFL) and Swiss nsttute of
Bioinformatics, 1015 Lausanne, Switzedand
*Dapartmant of Bochemisty, University of Washington, Seattle, WA 98195-7370, USA
**Dapartmantof Pharmacautical Chemistryand Dapartment of Bicangineering and Therapeutic Sciences, California hstitute for Quanttative
Boscences, University of Caifomia, San Francisco, 600 187 Street, San francisco, CA 84158-2517, USA
eDivision of Stuctural Biclogy, Wallcome Trust Cantre of Human Genetics, University of Oxford, OX3 7BN Oxtord, UK

(Amikations consinuad on nextpage)
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Post-Meeting Activities

= Task Force Co-Chairs/Working Group Leadership
= Jill Trewhella, Andrej Sali, Torsten Schwede, Helen Berman
= Monthly Skype

= Subteams formed

= Federation (JT and HB)
= Validation (AS and TS)

" Proposals
= Deposition and representation (EAGER funded by NSF)
= Validation (submitted to NSF)

= Research Collaborative Network (under preparation)




Federation Plan Endorsed by wwPDB AC

Principles

= Sample was made/used and
some experimental data
was collected

= Model-2>PDB
= Data—2>Federated Databases

= Developmentof validation :
standardsrequired 1 T

October 2,2015, Osaka, Japan
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Fe deration Hybrid model
repository

\—////

Common dictionary/Semantic mapping

GitHub |
< Data Files

¢ NIH Commoni = /4
\_/\/_/

Structure/model Experimental RGNS Cloud hosted Un-hosted
N ., . - _
repositories repositories data sets data sets

g | 1

Federated Deposition System
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Small Angle Scattering Biological Data Bank
(SASBDB)

49 SAS-only entries deposited to
PDB between 2010-2012

SAS Task Force recommended data
transfer to SAS data and model
archive

= SASBDB hosted at EMBL-Hamburg

= Using the sasCIF extensions to
PDBx/mmCIF dictionary

New PDB status code TRSF will
indicate an entry has been
transferred to another other
archive center

= Status: TRSF Title: XXXXXXX,
transferred to SASBDB

Data transferred and should be
available for depositor review by
year end

Signin

SASBYB -

Agvanced search E.g. SASDAUA, Lyz, Nudiekc Acids Res
Small Angle Scattering Biological Data Bank

===

Curated repository for small angle scattering data and models

Submit data About SASBDB Help

Small angle scattering (SAS) of X-ray and neutrons provides structural ion on biological In solution at a SASBDB currently contains:
resolution of 1-2 nm. 138 experimental data sets
SASBOS is a fully searchable curated repository of freely and cata, which are deposited 234moeds
together with the relevant experimental conditions, sample detalls, derived models and their fits to the data. al data sets d
Browse the contents according to:

Organism Dissemination type

Recent depositions:

SASDACS - Varkud Satellite (VS) ribozyme in Tris

SSSSSS Varkud Satelite (VS) ribozyme dimer, Neurospora RNA R, Gunier 39 nm
g Butfer Tris, pH: 7.5 Do 164 rm
eeeeeeeee SAXS data collected at BL12.3.1 SIBYLS, ALS 2012-Mar-06 VolumePeed 240 nm?
\ Crystal structure of the Varkud satellite ribozyme.
Nature Chemical Biology dot:10.1038/nchembio. 1929,

Suslov NB, DasGupta S, Huang H, Fuller JR, Lilley DMJ, Rice PA, & Piccinilli JA.

SASDAST -~ mouse olfacto SASDABT - Complax Com|

A \‘_'. N 'x"(‘

SASDABS - Protein Interac SASDAS8 - UL26N of pseu SASDAGT - CD44 HABD s

o
° \
W \
Dimeric and Tet Jimerization-induced Alloste Otfactome

To cito SASBO8 refer 10: Vilentini E, Kikhney AG, Prevital G, Joffries CM, Sveegun DI. SASBOB. a repository for biological small-angle scatioring data. Nuckeic Acids Res. 2015 Jan 26,43:0357-63

www.sasbdb.org
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Requirements for an Effective Federation

= Methods for data harvesting and deposition
* Interoperating deposition sites

= Methods for curation and validation

= Appropriate domain expertise

= Methods for archiving

= What goes where?

= Methods for data exchange

" Dependent on commitment/adherence to agreed standards

= Methods for data distribution




Creating a Research Collaboration Network (RCN)

" Bring together representatives of key methods:
X-ray, NMR, EM, SAS, MS/crosslinking, FRET, ...

" Chaired by Jill Trewhella
= [dentify technical and community challenges

* First meeting November 30,2015

" Proposal under preparation




Conceptual Model for a Data Pipeline

Federated Data Repositories

DEPOSITION SYSTEM I Data Exchange

Input Data: ANNOTATION PIPELINE

Multi-scale and
multi-state models

°Spat|a.ll Restraints Data Annotation

*Experimental Data and
Metadata

“ Model and Data Validation

Data Exchange

wwPDB Repository and Services

=
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Build on the wwPDB D&A System

Deposition Annotation Workflow

Data ¥ NMR

PD

¥ 3DEM ik m

Q SAS B,

Q Models ol T BMRB
o X-Ray Q.. T
¥ NMR e o o [ SAS
¥ 3DEM e
Q SAS Models
a Models Manual and Automated validation
B s Annotation
Q .
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Validation of Integrative Models

* Preliminary standards and methods for estimating and
visualizing model uncertainty will be developed

= Benchmark preliminary protocols for assessing model
uncertainty
= (Clustering of models
= Convergence of sampling
= Fitto inputinformation

= Estimationof model precision based on variability in the ensemble of
good-scoring models

= Self-consistency of the experimental data
= Validation models by using random subsets of experimental data

= Development of tools for visualizing model uncertainty
= Plots to show fit to input information
= Plots to describe localization density for model ensemble
= 3D representations of model uncertainty

R~
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[/HM Working Group Leadership

= Jill Trewhella, Andrej Sali, Torsten Schwede, Helen Berman




Data In:
Deposition and Annotation

John Westbrook, Ph.D.

Jasmine Young, Ph.D.

AAAAAAAAAAAAAAAA



Blocurators and Data In Developers

Demo graphics RCSB PDB East, October 2015

= 11 scientists, 3 scientific developers, 4 software developers
= 14 Ph.D, 2 M.S,, 2 B.S.

= 8 countries, 3 continents




Data In Responsibilities

Communicate
with depositors
and diverse user
communities

Create, maintain
and refine data
dictionaries

Develop
value-added
resources
across the data
pipeline

Outreach/Cu
stomer

Standards &

New Content

-

Primary
Data
Curation

//\/\\
/ \

Project
Management

Resource

Development

wwPDB
Deposition &
Annotation

Archive
Quality
Control

Y
Y
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RCSB PDB
biocurates
>6,000
entries/year
(from Americas
and Oceania)

Develop and
maintain tools
for submission,
validation, and
curation

Assure quality
of weekly data
release

Make larger
archive-wide
improvements
(“remediation”)




2015 Goals and Deliverables %’ e

* Primary Data Curation
" Increase productivity and efficiency

= wwPDB D&A

= Enable wwPDB workload balancing; Supportall current methods

= Archive Quality Control

* Improve representation of large structures;
streamlined weekly release

= Resource Development
= External Reference Files (ERFs)

Data Standards and New Content

= NMR Exchange Format (NEF); Support multiple reflection data;
Extend EM metadata collection

* OQutreach/Customer Support
= D&A User feedback: What are they saying?




Primary Data Curation
= 2015:8.4 FTE

= Domain expertise:

= Methodologies
(X-ray, NMR, EM, etc.)

= Large structures
(viruses/ribosomes)

= Small molecules
(drugs, metal-containing |
ligands, Carbohydrates, etc.) Bactericidal Pre-contraction Post-contraction

contractile nanotube state state
= Software development
= Statistics

= RCSB PDB processes
>6,000 entries/year
(from Americas and Oceania)

2015 Interesting Structures

= Average ~50 entries
per month per FTE

B-galactosidase in complex with

CRISPR-Cas in acti A
ds Inaction a cell-permeantinhibitorat2.2 A

%O!:Rﬁ S ¢ ) ﬁ/ﬁé& (g -



Increasing Size and Complexity

Large structures (containing >62 Number of Large Structures
chains and/or 99999 atoms) cannot be Deposited per Year
represented in legacy PDB file format 5
= 2014:277 large structures oo
combined and re-released s 40
= 30
= 2015:68 new large structures 520
deposited and released o
Yar £ 2 2 2 8§ 3 2 3 5 3 8
Experimental | Classification | Source Number of Peptide-like
Method ; o § Organism Inhibitor/Antibiotic Entries
! 0 i 150

100

# of Entries
(6]
o

' : YVear @ 8 8 9 3 & & 8 8 2 8 8 3 o ~

i . i . QO O O O O 0O O QO QO O O
“ X-ray ~ K Ribosome - W Eubacteria & Eukaryota R
“EM - WVirus ~~Viruses & Archaea

- = Other - “ Other
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Improving Primary Data Curation with the
wwPDB Deposition & Annotation System (D&A)

Goals: Create the next
generation deposition and

annotation system to support
PDB data from X-ray, NMR,

and 3DEM that will:

= Maximize data quality
= [Improve data validation
= Standardize file formats

= Ensure more complete
data capture

2007 Initial
Discussions

= Supportlarger and more
complex structures

* Improve efficiency and
consistency

= Use of same system across
wwPDB to enable load
balancing and expansion

= Automation and validation RT3 :
of routine tasks 2014 wwPDB Biocurator Summit

2010 D&A Team Meeting

FDB LA e B




1 _ 89%X-
X-ray D&A Milestones PDB Archive bXeray
——10% NMR
1% EM
—low oo —
Jan Sept Jan Apr Jul Oct
o o o o o
V1.0 hgefos“ri;’nnt ADIT UCSD and ADIT
Production proveme Phase Out PDB;j Phase Out
Release :
Launch VLS Begins Deployments Concludes

Annotation Pipeline Improvement

= January 2014: X-ray production launch (V1.0)
= Fall 2014: X-ray improvementrelease (V1.5)

= January 2015: RCSBPDB and PDBjADIT systems phase out begins
= April 2015: UCSD and PDBjdeployments

= July 2015: RCSB PDB and PDBj ADIT systems phase out concludes

= 2015: Annotation pipeline improvement

ADIT: Legacy depositionsystem developed by RCSB PDB

“PDB D ey

-/




Impact of D&A on X-ray Deposition
January 27, 2014 - September 30,2015

= More than 10,200 structures deposited and fully
annotated

= More than 5,600 released

X-ray Depositions by Month D&A Depositions by Geography

=
N
o
o

% 5% 8%

= 1000 1% “ North America
o

2, ]

2 800 == All X-ray " Europe

> . .

T o0 ——=D&A 19% = Asia

= 400 - h Ameri

S s ADIT South America
£ 200 - - :

£ === AutoDep Oceania

Z o

B Commercial

Nov14
Jan15
Marl5
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Biocuration Pipeline Improvements

= Enhanced sequence annotation for chimeric proteins

= Enhanced ligand assessment with display of local ligand density fit
* Improved Workflow management

" Increased productivity via Workflow Manager multi-processing

= Developed monitoring system

AAAAAAAAAAAAAAAA



Improved Sequence Annotation

= Biological sequence checked against atomic coordinate sequence
and cross-referenced to UniProt/GenBank

= 3D structure view
= Sequence discrepancy annotation
= Added support for chimeric proteins

AUTHEntity: 1V:4  EEEEEEIRJ 0L TEEQIAEFKEAFSLFDKDGDGTITTKELGTVMRSLGQNPTEAELQDMI
XYZChaim AV:L . ......... QLTEEQIAEFKEAFSLFDKDGDGTITTKELGTV[JRSLGONPTEAELQDMI

SP:P62161 DOLTEEQIAEFKEAFSLFDKDGDGTITTKELGTVMRSLGQNPTEAELQDMI
SPIQSSEZY e e e e e e e e e e e e e e e e e e e e e e e e e e
SPIQSSEZO e e e e e e e e e e e e e e e
! 0TI
'SP:P62161 | T P S S S S BRSSO
1
'SP:Q5S6Z9 Entity:1V:4  NEVDADGEGTIDFPEFLTMMARKMKDTDSEEEIREAFRVEDKDGNGYISAAELRHVMTNL
: Chain: A V:1 NEVDADGDGTIDFPEFLTMMARKMKDTDSEEETIREAFRVF o o o oo v vveeeeeeeannns
'SP'QSSGZQ NEVDADGEGTIDFPEFLTMMARKMKDTDSEEEIREAFRVEDKDGNGY ISAAELRHVMTNL
1 PRI TN ET | SPQAS6290 0000 L ... ceeessccaaceeessaed . Weiececsssseeees
! et essessesesesenesss.) ResidierALA W, : s HIS 5"-52151[' |t T
'SP:Q6LDG3 " Position: 155 j , - -
1
, ’ 6 HIS SP:PGZIGI‘ ‘ °""::;"°"
1 1Vi4 GEKLTDEEVDEMIREADIDGDGQVNYEEFVOMMTER@AAIE KMYVRDGVLTGDIfJMALLLE 7 HIS | SP-P62161 expression
ta
AVEL . NYEEFVOMMTAKLECEKMYVRDGVLTGDIHMALLLE J 9
GEKLTDEEVDEMIREADIDGDGQVNYEEFVOMMT « v v v v vvev e e e emeneeemnnnenn [ 3 LY SP:P62161J J expression
Four ....................................... EKMYVRDGVLTGDIMALLLE IL L tag |
peiowtpontl I ’ 9 SER SP:PSZIS]‘ ‘ exp::;slon
121 | - -4 - | === mm e | e e - | === = e B el I T T
sequence : | ! | ! ! ' : { 68 ASP sp:Psueﬂ (] } e;ﬂ,'{‘;f;f,"
AUTHEntity: 1V:4  GNAHYRCDFRTTYKAKEKGVKLPGYHFVDHCIEILSHDKDYNKVKLYEHAVAHSGLPDNA : 1 = |
references XYZ Chain: A Vi1 GNAHYRCDFRTTYKAKEKGVKLPGYHFVDHCIEILSHDKDYNKVKLYEHAVAHSGL. ... { i:: L ‘:t: ‘:::7'2::2221‘ l‘ ::":"
USIL 060000000 000000000060000000060000300000000006000000000600000060 8 | |t nker
forfour SP:Q55629 GNAHYRCDFRTTYKAKEKGVKLPGYHFVDHCIEILSHDKDYNKVKLYEHAVAHSGLPDNA | 157 | Leu |sp:Qss6z9] | linker
SPIASS6ZO . i . e e s e e s s s s s s e e e s s s s s e e e e s s s e e e s e s e e et et es e s e l 158 GLU SP'QSSGZQ\ ‘ linker
frasments SPQBLDG o » '
g T D P P | 159 | crs |sP:Q55629 || | linker
. nglneered
AUTH Entity: 1 V:4 RRGGTGGSMV SAIKPDMKILRMEGNVNGHHFVIDGDGTGKPEGKQ.MDLEVKEGGPLP ’ 174 I HIS SPQSSGZQ‘ ‘ mutation
XYZ Chain: AVl L.o...... MVSAIKPDMKIKLEMEGNVNGHHFVIDGDGTGKPYEGKQTMDLEVKEGGPLP [ 241 ARG | SP:Q55629 | | linker
:mzsgxg ............................................................ 242 | ARG |sPQssez9 | linker
SPQSS6Z9 . ......... SAIKPDMKI[JLRMEGNVNGHHFVIDGDGTGKPEEGKQEMDLEVKEGGPLP | 243 || GLY [sP.Qss6z9) [ linker
SPIQBLDG3 i e e e e e e e e e e e e e e e e e e e e | 244 GLY | SP:Q55629 || linker
: L e bl b el e Sl B Sl I el el | | 245 | THR SP:Q556Z9 || linker
=
)
<
o=
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Improved Ligand Annotation

Batch search against
Chemical Component
Dictionary with
automated ligand ID
assignment X

Captures and displays
author-provided
chemical information

Comparison panel -

2D and 3D views of
ligand for review —
Deposited instance

ID assignment from coordinates

Enhanced with

REA inentry 1CBS with
LLDF=1.31 (RSR=0.10,CC=0.95)

Closestmatch in
. the dictionary

display of local ligand
electron density fit -

| d P ] =

PROTEIN DATA BANK g

Localligand density
display (1.5 sigma
omitmap)
TMP in entry 3HW4 with
LLDF=6.77 (RSR=0.41,CC=0.70)
ot ———— — e
NN e Y
~ \h"\"’/“,\,. \'/.{ -



Improved Workflow Management

* Improved messaging with X e
communication tracking

= Enabled task prioritization (tabs, = — - "= & = =% - -

D_1000206191

color labels, message flags, etc.) ;M s T e e = e =
s By o m ATER TS WD Nesdes B Rewew 0 seron |

TraoaMod  [1og) (Dats)

= Streamlined deposition help =

S ca . £
(Run) DIFFRACTION - avmt Hrus HPUB  Jusews.sols  RP Remove ﬁ e

desk (pre-submission) i

[1]JDEPOSITION SUMMARY RCSB - ANNOTATOR | CHENGHUA SHAO

Deposition Summary : Level 1 : Refresh
Review module Release module 9 [®) Q 9 9 O Q
€

xception finished  init i W

pdb-d-linux-1.rutgers.edu  634218.3 @
d-linux-2.rutgers.edu oo @

IO Proc Entries | Author's Corrections | Pending entries | Reminder Entries Search My Messages | All Messages | | Unsubmitted Entries w/ Messages
€) (8) (0) (3) (0) Options (0) (16) (13)
y \
To-Do Entries  Refresh. Search G} -
Process Exp Method PDB/BMRB/EMDB Status AuthCoord DepDate Ann Remove] Comm |Title Author
SOLUTION 4P7U/80020/? PROC  HO 2014-12-09  yhl Remove a nmr testing 2lvn liang, y.-h.,
'h'ansMod
() LigMod  X-RAY 4XR6// PROC  HPUB 2015-01-20 CS Remove @ ! Tailspike protein double mutant Gohlke, U., Broeker,
DIFFRACTION D339A/E372Q  of E.  coli N.K, Heinemann, U.,
bacteriophage HK620 in complex Seckler, R., Barbirz, S.,
with hexasaccharide

o
w
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o=
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D&A Improved Efficiency and Advances

Efficiency Advances

" Greater efficiency for * Improved supportfor
routine structures large structures

* More automated = Workflow ensures
processingfor ligands completeness of
and polymer annotation
sequenc.es | * Enhanced validation

) Prfc)c_ess_mg Ofnﬁu}tlple = Enabled monitoring of
cntriesinparalle system peformance

" Processing of large and
complex structures
without splitting

sPDB :




Measuring System Performance

Benefit of new system: Improved
throughput with system enhancements

= Median: 16.5 days - 1.6 days
= Majority completed within 1.6 days
= ADIT median ~14 days

Average Processing Time by Month

79.2

Unanticipated consequence:
Increased coordinate replacements as
Depositors react to validation reports

Number of Coordinate Replacements by Month
300
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D&A Deployments and
Supporting Infrastructure

" Deployments at Rutgers

= Disaster Recovery and Global Deployment

i
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wwPDB D&A Deployments at Rutgers
January 2014-September 2015

* Host multiple D&A platforms

* Production, alpha/beta test, production staging,
development

= Host standalonevalidation services
= Hostannotation services for all partners

= Hostarchive update operations for legacy and
D&A pipelines




D&A Disaster Recovery and
Global Deployment Since April 2015

UCSD PDB;

= Full deposition and annotation = Full deposition and annotation
pipeline pipeline

= Hardware/software commissioned = Hardware/software commissioned

= Multiple entries fully processed and = > 170 entries fully processed
released

= > 60 entries released
= Standby for warm failover

£PDE  wwPDB Deposition Tool =
| mmssmpeston  Seenewesten -

Welcome to the wwPDB deposition system. Currently we are accepting X-ray based depositions only at this site. For all other
® | depositions, please use the aj ppropriate RCSB PDB, , PDBe, PDBj, or BMRB site.

an existing deposition, please login on the left.

[ ] To start a new deposition, please complete the form below. Upon completion, you will be emailed login information specific to your new
depositi
Question about an in-progress deposition? For fastest response, login into your session 2 01 5 PDB .
and select the "Communication" page from the left hand navigation panel. _]

lou have any feedback, please write to us at deposit-help@mail. wwpdb.org

D&A System
Training

deposit-rcsb-west.wwpdb.org/deposition

deposit-pdbj.wwpdb.org/deposition/

o=
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Data Standards and New Content

Primary

* PDBx/mmCIF Format
* NEF Format | curaton

wwPDB

= ERFS: NeW COntent SLLE . 4 Deposition &

Customer .
Annotation
Support (D&A)

Project
Management

Data Archive
Standards & |} ‘ Quality
New Content Control

Resource
Development

AAAAAAAAAAAAAAAA




Working Group for PDBx/mmCIF Deposition

= Working Group meets virtually ==
~monthly PDBx/mmCIF Dictionary
Resources
= Currently finalizing e i
recommendations for delivery of 9 !
complete chemical definitions, M“H vesy
chemical restraints, richer X-ray T T
experimental data, and
extensions for SFX and XFEL o
experiments
in the Lab Pipeline (e

_______

Round Trip wwPDB
Deposition
| PDBx Format - wwPDB Processing and
in wwPDBFTP Archive Annotation

%PDB ) v "7
() \A )
I%OTEIN DATA BANK \/%




NMR Exchange Format (NEF)

* Format specification and ety e i o i

example files developed by A e
working group spearheaded by
GW Vuister, U Leicester

= Al represented SOFftWATre COULA | - o sosmcees s ctsons. oot ot s st ot smcarciny

# should be given whenever a meaningful value is known'

- - # Other parameters need be given only if they are defined for the potential_type
Wr lte 1 e S an r e a e a C _nef_distance_restraint.target_value L
) _nef_distance_restraint.target_value_uncertainty
nef_distance_restraint.lower_linear_limit
Oth er S Output _nef_distance_restraint.lower_limit CORRESPONDENCE
_nef_distance_restraint.upper_limit OPEN
_nef_distance_restraint.upper_linear_limit

f_distance_restraint.sequence_code_1

nef _distance_restraint.residue_type_1

Em _distance_restraint.atos_name_1 glthUb.CO m/

nef_distance_restraint.chain_code_2

nef_distance_restraint.sequence_code_2
nef_distance_restraint.residue_type_2 N M REXChange FO rmat/N E F
nef_distance_restraint.atom_name_2

nef_distance_restraint.weight

= Decisions on outstanding issues |~

. 11 . A21 AA HBX A17 VAL H 1.00 3.7 NMR Exchange Format: a unified and open standard
e re resen a lon 21. AZLAAHBE A8 LEU WO 100 3.7 for representation of NMR restraint data
. - p 31 . A 22 THR HG2X A 17 VAL H 1.00 3.7
) ) 4 1 . A22 THR HG2X A 18 LEU H 1.0 3.7 W prasent e i, oy adopitble
L S 5 . A18 PHE HB2 A 24 ASP HBX 1.00 2.8 SFcn-source NMR cxchangs orms (NEF) e
treatment o Stereo-speCI 1C G A M e A2 AP Y1004 e
6 8 . E6B SER HB2 A 24 ASP HBY 1.00 4.4 7 MR mecmogy e e e 1o
2011, the nember of NMR derived strctuses
stop_ 1 the Prowin Data Bask (PO e

assignments)

= Decisions on management and
future development

vares nd accompanying experimental duta for
entries Getermsined by X-eax NMR ce cryo EM

P 1

sechaigees.
NMR VTP have been implementd in & sof
papelme 1 e, —
g ther  developers of key soffwase packages wed foe

mnoatse. are large
NMR duta 4t ety stegle poograen woukd  (Table 1), with the aen of attaining 4 afied
sature: they are typicaly dertved (roe vars-  typically squire—and they are ot easdy and  pgeouch 3 rgeesent NMR restrains and o
and they may adagted and extended foe any  clated data. Togethes, Shey agreed cn and sec:

@ 2018 motm Armarica e A g rosarves.
i
i

Be interpretnd Affereraly by diffcrent s specifc program. censtly implemernind end tsted 6 NS it
ware ctral

= Roll out NEF-enabled software e e e

programs ase used i structuse determin. Nl(:r thas eaabling many usefel appica. ol of making their softwase capabie of both
thon and analysts, with & concomunt rak of  Uota. Unfortsnutely.

versions by the end of 2015 B pmminie SRR

byl
(BSKY® wth ot from the NMR com- fll paniog ofexch ltwarespecte e b the covssbaties and workibepe. e frmt
menky, and S Collsborative Competational  peoven 1o be.

mpossiie.
1 Progect foe NMR (CCPNY, provide systemunc  hasrgers he peoper archivieg and use of bio- Mm-mmg
= IS rea accessing NMR duta. Unfortenundly, nether of  inchasion of NMR sestraist validason in e umuum-u«uﬂ.mm
adogted uarmbiguoes Ssterpectamon of the data doss

by the deveopens of popedat scltware toch for  Tor these reassa. the wwPDH purtsens. oot e sy ssbiary soltwase spect e,
NMR struchuse determisation, refisement and  logether with CCPN. ongantzed & series of  and is readabie by doth machines and bemans.

o
w
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New Chemical Component Model Data File

= Exact small molecules matches between PDB and
Cambridge Structural Database (CSD)

= Contains
= Accession code correspondences
= Cartesian coordinates and R-value
= Data-collection temperature and a disorder flag
= SMILES and InChlI descriptors

= Digital Object Identifier (DOI) for the citation associated
with CSD entry

= Distributed via wwPDB FTP archive SPDEB

AAAAAAAAAAAAAAA

= Collaboration between wwPDB and CSD ¢ ¢ )¢

www.ccdc.cam.ac.uk




Data Out:
Data Access and Exploration

Peter Rose, Ph.D.
Andreas Prli¢, Ph.D.

AAAAAAAAAAAAAAAA



Bi-coastal Developer Team

RCSB PDB West, October 2015

= Science: structural and computational
biology, structural bioinformatics,
chemoinformatics, genomics, drug
design, scientific software
development

= Software: web design, user experience
design, database design, web services,
big data, open source development

= Systems: hardware, networking,
virtualization, cloud computing, data
management

= Diversity
= 3 scientists, 4 software developers,
2 systems & infrastructure

= 3 Ph.D,5M.S, 1B.S.
= 7 countries, 3 continents

= TS T €3S
PDB \‘@\x};

PROTEIN DATA BANK rr/,




Responsibilities

Communicate
with diverse
communities

Ongoing usage
assessment

to inform
development

Website and resources

Web
Resources

Outreach/Cu
stomer
S

Project
Management

Archive
Keeping

utilized by >300,000 unique
[P addresses/month

Data > 50 external

Integration resources
and

System design,
Procurement,
Maintenance

24 /7 /365 support,
Weekly updates,
Annual snapshots

o
w
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2015 Goals and Deliverables

* Web Resources: Enhance user experience

= Data Integration: Mutantand validation information,
map gene locations

* Hardware/Infrastructure: Modularize services to
enhance extendibility, scalability, and maintainability

* Archive Keeping: Maintain and update a secure and
uniform version of the archive

= Analytics: Monitor usage trends

* Qutreach: Professional society and technical meetings,
including American Society of Human Genetics,
GTC Bio, InChl, OpenStack




Data Flow

Data Aggregation - Integration »Dissemination

RCSB PDB

wad O
Website

RCSB PDB
. P of

External Databases
— | et )| Ve
UniProt databases
Local Calculations

SCop
Secondary Structure >

Data In

PubMed
—y Sequence Clusters >
I
More Structure Clusters >

Custom Images >

1
More

PDB archive
FTP of

[==)
8!
o=
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Structure Summary Redesign
SDView Amottons  Sequnce  SeuenceSimiaty  SrctweSmimty  Expaiment  Ltwstre

= Buildson 2014 home

page redesign

= Enhanced usability

= [Improved content
organization

RCSS8 PD8

A An Informancn Portal 1o
PROTEIN DATA BANK

D 5P56 @0 W]

Akt S | T by Avtations

A Structural View of Biology

Tha rescnrce & powared by the Proten Duta Bark axchive- riormation about
e 30 $hapes of DGR, MuCied 8008, 87 COMOieR EsseTObes Pal Neigs
- ot aspacts agreunm,

H0m proten Symes 10 hAATh and Geese
A8 & membur of the wwFOB, the FICSE PO curates and annotates POS cas.

e cata by
renaarch and e0ucation in Mo bickogy, STUctursl biokogy. computations
boog s beyord

Take an Interactive Tour of the PDB

Mutation Track e Protein
Foature View

View Oerances butween PON and
UniProt sequences

O Gown by Moiecule Name
Update 10 Plam vamsion 28
Saarching and Reportng by Chan identfer
. Sacuance Chuster Report

Cuntom Report W Sanvicss Imgrovemants

N, and mow. The
Toucaton Comer axplons Laaming the AICS of
Prowns. - 107315

& View in 3D: JSmol or PV (in Browser)
Standalone Viewers

Simple Viewer Protein Workshop

Ligand Explorer Kiosk Viewer

Protein Symmetry: Asymmetric (View in 3D)
Protein Stoichiometry: Monomer

Biological assembly 1 generated by PISA (software)

Macromolecule Content
« Unique protein chains: 1

[ Display Files v OIS EL 2 8

2RH1

High resolution crystal structure of human B2-adrenergic G protein-coupled receptor.

DOI: 10.2210/pdb2rh1/pdb | ?«"‘L
Classification: MEMBRANE PROTEIN / HYDROLASE %"‘ ioor
Deposited: 2007-10-05 Released: 2007-10-30

Deposition author(s): Cherezov, V., Rosenbaum, D.M., Hanson, M.A., Rasmussen, S.G.F., Thian, F.S., Kobilka,
T.S., Chol, H.J., Kuhn, P., Weis, W.l., Kobilka, B.K., Stevens, R.C., Accelerated Technologies Center for Gene
to 3D Structure, GPCR Network

Organism: Homo sapiens | Enterobacteria phage T4 sensu lato

Expression System: Spodoptera frugiperda

Mutation(s): 3

Str Biology Knowledgeb 2RH1 (5 models >22 annotations)

Experi | Data S h wwPDB Validation Full Report

Method: X-RAY DIFFRACTION Metric Percentile Ranks Value

Resolution: 2.4 A Riree M— o fe— 0231

R-Value Free: 0.232 Clashscore I e 4

R-Value Work: 0.196 Ramachandran outliers I 0
Sidechain outliers I 0.3%

RSRZ outliers M W 5%
Werse Setrer

B reccentie coative 29 ol Xray wncteres
Dpwcentie reative oo X eay snustures of smiar reschson

Download Primary Citation

Literature

High-resolution crystal structure of an engineered human beta2-adrenergic G protein-
coupled receptor.

Cherezov, V., Rosenbaum, D.M., Hanson, M.A., Rasmussen, S.G., Thian, F.S., Kobilka, T.S., Chol,

(2007) Science 318: 1258-1265

PubMed: 17962520 X
PubMedCentral: PMC2583103
DOI: 10.1126/science.1150577

PubMed Abstract:

Heterotrimeric guanine nucleotide-binding protein (G protein)-coupled receptors constitute the largest family of
eukaryotic signal transduction proteins that communicate across the membrane. We report the crystal structure of
a human beta2-adrenergic receptor-T4 lysozyme fusion protein bound to the partial inverse agonist ©

ArOurng the 2015 EMOataBans Map Chaseege
ow1ws

o
w
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Deposit ~ Search~ Visualize - Analyze ~ Leam ~ More ~ l.*
2RH1 B Display Files - RO G
High crystal of human B2 gic G protei
DO 10.2210/pdb2rh1/pdd e i)
Classincation kY, .l. ..;.s!.,'.‘
Deposited: 2007-10-05 Released: 2007-10-30

author(s): v, D.M.. Hanson, MA,, S.G.F., Thian,

ES. Kobilka, T.8.. Chol, Hd. Kuhn, P, Weis, W.l. Kobilka, BK,. Stevens, B.C.. Accelerated
Technologies Center for Gene to 3D Structure. GPCR Network
Organism: Homo saplens | Enterobacteria phage T4 sensu lato

System:

Mutation(s): 3
Structural Biology Knowledgebase: 211 (5 models >22 annotations) [E251)

Data wwPDB Full Raport
Method: X-RAY DIFFRACTION Metric Percentile Ranks Valve
Resolution: 2.4 A Riree M— wef—0.231
R-Value Free: 0.232 Clashacore mmm— o o—
A-Value Work: 0.196 Rarmachandran outliers EE— o
Sidechain outiiers I— 0%
——

Uterature
High crystal of an engi human beta2. gic G
protein-coupled receptor.

Cherezoy, V., Rosenbaum, DM, Hanson, MA.. Rasmussen, 8.0.. Thian, .8, Kobilka, T.8.. Chol,
Mol Kubn, P, Wels, W.l. Kobitka, BK, Stevens, A.C,

(2007) Science 318: 1256-1265
PubMed: 17062520 [ZIIRIT)

PubMedCentral: PMC2883100
DO 10.1126/science. 1150577

PubMed Abstract
guanine %) protein (G proten)-coupled receptors constitute the largest tamily
of signal proteins that across the We report the crystal

structure of a human beta2-adrenergic receptor-T4 lysozyme fusion protein bound 10 the partial inverse

Tablet view

RXT T 401427

Mypos -

2RH1

High resolution crystal structure of
human B2-adrenergic G protein-coupled
receptor.

DOI: 10.2210/pdb2rh1/pdb 2 PSI- |
Classification: MEMBRANE "Qresoov
PROTEIN / HYDROLASE

Deposited: 2007-10-05 Released: 2007-10-30
Deposition author(s): Cherezov, V., Rosenbaum,
D.M., Hanson, M.A., Rasmussen, S.G.F., Thian,
E.S. Kobilka, T.S., Choi, H.J., Kuhn, P., Weis,
W.L, Kobilka, BK, Stevens, R.C. Accelerated
Technologies Center for Gene to 3D

Structure, GPCR Network
Organism: Homo sapiens | Enterobacteria phage T4
sensu lato

P gip

M;tatlon(t): :'!

Biology ledgeb 2RH1 (5 models
>22 annotations)

Experimental Data Snapshot

Method: X-RAY DIFFRACTION
Resolution: 2.4 A

New Responsive Structure Summary Page Layout

Phone view

@ Snapshot & Detach X Fullscreen < Reload

o
w
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WebGL-based 3D viewers




Data Integration and Visualization

= Protein Feature View: Mutations, Validation

" Gene View: Mapping genome location to structure

= Visualization

= Protein Viewer (PV) offers mobile-friendly 3D visualization
= Large structure support

= External Reference Files (ERFs) on FTP Site
= CSD ligand structures

= BLASTClust and Cd-hit sequence cluster files
= Phased release of data to support blinded docking tests




Mutation Information

X Fullscreen @ . @ & Export Action + Color By: Alignment Length % |  Sort By: Alignment Length 4% |
50 100 150 200 250 300 400 500 600 700 800 900 1000 1100 1200 1300 1400
P12497 B e L —
Molec. Processing
)
T3 3 I
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Validation Track
Two hemoglobin subunit A chains

P6990s B —

Molec. Processing

= UP Sites
SCOP domains
Secstruc

PDB Validation

4HHB.A
4HHB.C

Released: 1984

P69905

Molec. Processing

= UP Sites
SCOP domains
Secstruc
PDB Validation

1Y4B.A
1Y4B.C
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From Gene to Protein Sequence & 3D

17:43,106,427..43,106,528
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PV (WebGL 3D Viewer)

Note: Use your mouse to drag, rotate, and zoom in and out of the structure. Structure Details

Symmetry Type Global Symmetry AN~
Symmetry Cc2
Stoichiometry A2

Structure Orientation

Select Orientation Front C2 axis

<>

Display Options
Style Cartoon 3
Color By Chain :
@ Snapshot & Detach X Full screen < Reload
Symmetry Axes
Status: Load: Enter PDB ID Outline
Fog
PV is a WebGL based 3D viewer. Animation

Select a Viewer

PV (WebGL)




Large Structure Support

* Large and complex structures,
historically splitacross several

entries, merged into single
PDBx/mmCIF files (Dec2014)

= Visualization challenge: slow
network transfer, file parsing,
and rendering
* Only represents Ca/P backbone
= Multiscale rendering

= JavaScript/WebGL based viewers
(JSmol, PV)

= Separate NIH BD2K grant to handle large
structure visualization and analysis




Integration with PubMedCentral (PMC)

PMC Open Access (0A) articles with

= How are PDB entries used PDB data mentions per year
and mentioned in articles? (Jan. 1, 2000-Aug. 1, 2015)
= NIH BD2K Data Discovery 000
Index (DDI): bBCADDE =
= Links between publications 2500
and datasets .
= [dentified PDB ID mentions o
in full text PubMedCentral 0

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

Open Access articles
(~1 million articles)

* Note: PubMed contains
~?25 million articles Number of unique PDB IDs found | 45,209

in data mentions

Number of unique PMC OA 20,731
articles with PDB data mentions

~40% of PDB IDs

mentioned in PMC OA articles

o
w
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o=
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Hardware

= Expanded e 1

Hundreds of CPUs )z

cap acity Terabytes of Memory The RCSB PDB Private Cloud \ Big Data
Hundreds of Terabytes of Storage

= More elastic
Compute & Storage Nodes
= On-demand @
resources | |

= Better analytics

Management Nodes

= Bicoastal load

b al a n Cl n g Hi%r;tair:i:ity
= Hosted at UCSD and
Rutgers
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Archive Keeping

FTP + Web Downloads

= “Archive Keeper” for 2 600 505 522 est.
wwPDB § 400
= Maintain a secure and 20 j I I I
. . 0 - T T T
uniform version of =z g 2 % ¢
archive R
= Package weekly update
* Yearly snapshots Depositions 10364 10900est
* Maintain wwpdb.org 10,000

= Monitor download 5,000 -
statistics

(@]

|
2011 |
2012

2010
2015
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Web Service API

Overall Usage

Analytics

Website

2015
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Analytics: Overall Website Usage

Non-bounce Sessions: Non Bounce Sessions / Country
1,000,000
2014>2015: N2% L
; 750000 US grew 5.5%
500,000
——
—
250,000
S L]
! rAiln>
Jan 1, 2015 - Sep 30, 2015: @ Sessions 0
Jan 2, 2014 - Oct 1, 2014: ® Sessions 2010 2011 2012 2013 2014 2015
%MM
60,000
February 2015 March 2015 April 2015 :m:;;\y 2015 June 2015 July 2015 August 2015 September 2015
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Page Views by Category

Structure Summary Page:
2014->2015:M16%

Protein Feature View (PFV)

[¥ov "}" N

Similarity Structure Simiarity Experiment Literature

© View in 3D: Jmol (in Browser)

1GAV

BACTERIOPHAGE GA PROTEIN CAPSID
DO 10.2210/pdb1gav/pdd

Classification: Virus

Deposited: 1997-01-28 Released: 1957-08-04
Deposition author(s): Tars, K., Bundule, M., Liljas, L.
Organism: Enterobacteria phage BZ13

Mutation(s): 50

Structural Biology Knowledgebase: 1GAV (1 model >15 annotations) [EI5ET)

Experimental Data Snapshot wwPDB Validation Full Report
Method: X-RAY DIFFRACTION Metric Percentile Rank: Value
Resolution: 3.4 A Clashscore Po—
R-Value Observed: 0.279 Ramachandran cutisers S — 0%
Sesechan cutiers I ) —
jo

RSAZ cutiiers I—

comes in 2 flavors:

1
1
.......... S ——

-
1
1
1

Simplified view
on Structure
Summary Page

PFV “full”
page views:
2014>2015:N66%

P00940

Molec. Processing

Standalone Viewers B3 e et oo 9 e
PO45SS
Matiepe  Capsidpeolenp2d - Nuc . 96 Pro ‘Reverse Lanscoplase/nboauclease H
wS1AL
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Page Views by Category, continued
Searches

2014->2015:M34%
B o

Advanced Search Interface

UniProt Gene Name
Find PDB entities linked to a UniProt Gene Name (e.g. HBA1).
UniProt Gene |HBA1] Result Count
Name
Add Search Criteria ©
 Retrieve only representatives at 90% a sequence identity €2
Match all ¢ of the above conditions. | Clear All Parameters | Submit Query |

Gene View
¢ 16:226,649..227,521 Q CZDMP O2kb S - 201492015 *111%

% Genome
226,700 226,800 226,900 227,000 | 227,100 227,200 227,300 227,400 227,5(

x - poB @) N

>2W72.A

>1C7C.A

X7 Genes ©
>ENST00000320868.5

[ |

>ENST00000472694.1

>ENST00000397797.1
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Factors Influencing Development

2014-2018 User Advisory
NSF Proposal Feedback Committees

RCSB PDB Data Access and Exploration

. Expert
Data Archive Usage Knowledge of

Content Analysis our Staff
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w
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Customer Service: Help Desk (info@rcsb.org)

Requests Request Category

1400
1200 est.

1200

1000

800
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0 - - T T T

2010 2011 2012 2013 2014 2015
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Education Efforts

Shuchismita Dutta, Ph.D.
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From RCSB PDB AC 2014 Report

While the Committee found the array of PDB outreach and education activities to be truly
impressive, there was concern that these are taking too many person-hours and resources
during a period in which the budget has continued to shrink. The Committee fully endorses the
importance of these activities and also recognizes that broader impacts is a review criterion for
NSF proposals. Educational activities at both Rutgers and UCSD are also important for
maintaining strong institutional ties. Given the current funding situation, however, the Committee
recommends that the RCSB thoroughly evaluate their education plan, articulate a set of goals
and draw up a focused education plan that will maximize impact and return. As part of this
process, the Committee recommends that the RCSB leadership determine how to assess the
impact of different programs and activities, both to make decisions about which programs to
continue as well as to periodically evaluate programs in the future. In light of comments from Dr.
Peter McCartney of the NSF (see section below), the Committee encourages the RCSB PDB to

seek partners who could help in education and outreach efforts, rather than becoming directly
involved.

PDB NDTY ey
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RCSB PDB: A Community Resource

Other Scientists:
Biology, Chemistry, Computer
Sciences, Math, Physics, etc.

Structural Biologists
(academic and
commercial/Pharma)

4-year Undergraduate

Undergraduate Educators and Students

Researchers Graduate

Students

Community College
Educators and Students

Funding
Agencies

Policy
Makers

Health Care
Pyoviders/Clinicia
ns (students and

Continuing
Medical Education
for professionals)

Librarians
High School Educators

and Students

Science
Communicator

Patient
Advocacy
Groups

General
Audiences

Patients
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Overarching Principles and Goals

Inform and receive feedback about Explain/Teach about
PDB data, RCSB PDB tools, Biomolecules in general
services, resources Foundations of PDB Data
RCSB PDB resources
Engage users with tools, services, and Transform/Enable the application of
resources that RCSB PDB resources to
Meet community needs Explore biology /medicine-related
Are easy to use topics that impact society
Inspire with Promote a Structural View of Biology
Examples of resource applications and Medicine
Leverage community interactions Collaborate with teaching professionals to
Through known experts, and develop materials for
champions Undergraduate students

High school teachers and students
Reuse developed materials

Suitably adapted for healthcare

professionals and patient advocates

PDB N =led )
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Focusing Education Efforts

Education Goals
1. Explain/Teach

Exploration and learning = HIV/AIDS
in STEM fields = Diabetes
? |
2. Transform/Enable What: Other Global Health
Promoting informed Major Public COnEerns

decision making with Health Issues

comprehension in 3D

= Professional
Development
= Curricular materials,

= Promote
understanding of
biomolecules and

Why?

RCSB PDB
Mission

How?
Leveraging
Educators

the PDB aligned with current
= Structural View of Education Standards
Biology and Medicine

* RCSB PDB Educational Activities

o0
N
[
o=
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What?

Major Public
Health Issue

Selecting Educational Themes

Why?

RCSB PDB
interests

How?
Leveraging
Educators

HIV/AIDS Diabetes

~1.5 million new diagnosis/year
in US for adults (age 18-79)

Increasing numbers of Type Il in
<18 year olds

* 50,000 new infections/year in US
* Youth rates (age 13-24) very high
Social (26%)

luill + Lack of understanding and _ _ _
* Incidence rates higher in

misconceptions B _ :
individuals with <high school
education
Economic Socio-economic consequences
Impact Rising health costs
* Highlight academic biomed e Designer Insulins
RCSB PDB research «  SBDD Success Stories = new
IR0 *  Structure-based Drug Design drugs
(SBD!)) Success Stories = Drugs +  Understanding molecular
used in cART mechanisms for action for Type
* Visualize basis for Drug Efficacy Il Diabetes Mellitus drugs

and Resistance

5 AT A S g
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Theme-Based Education Strategy

RCSB PDB Educational Task In collaboration with

Develop/Teach undergraduate Honors course Subject matter-experts

_ _ Subject matter-experts
Develop online RCSB PDB curriculum High school teachers

: _ High school teachers
Test/Refine curriculum Educational consultants

: High school teachers
Promote curricular modules Educational coordinators
& Related societies

Possible repackaging for other audiences Healthcare professionals
Patient advocates

= ‘ \j\l"‘\\" ’,i ) _‘O\ g
PDB e QR (\}




Theme-Based Education Efforts

Why?

RCSB PDB ' efa ‘n

HIV/AIDS (2014-2016) Diabetes (2015-2017)

Undergraduate
honors course

Promote/develop
Molecule of the
Month articles

Create molecular
origami

Develop curricula
Test curricula

Host symposia

Mentor

independent
research

Host Video
Challenge

PDB

PROTEIN DATA BANK

2014
(Relevant PDB entries and initial research)

HIV-1 Protease, HIV Reverse Transcriptase,
HIV Capsid, HIV Envelope Glycoprotein

HIV-1 Capsid, Antibody (related)

V1.0 (2014),V2.0 (2015)
Pilot (2014-15), Efficacy (2015-16-17)

NJ Science Convention for teachers (2014)
NSTA Regional for teachers (2015)
*World AIDS Day Symposia:

2013 (Robert Wood Johnson AIDS Program);

2014 (FXB Center, AIDS Education Training
Center National Resource Council)

Rutgersundergraduates (2014)
Rutgers graduate student(2015-2016)

2014: 23 entries (4 states)
2015: 38 entries (5 states)

* External funding

2015,2016
(Relevant PDB entries and initial research)

Insulin, Leptin, Insulin Receptor, Glucagon,
Receptor for Advanced Glycation End
Products

Insulin

V1.0 (planned 2016)
Efficacy (2016-2017)

SACNAS for Chicano, Hispanic, Native
American students/faculty (2015)

N]J Science Convention for teachers (2015)
*World Diabetes Day, planned for 2016

Rutgersundergraduates (2014-2015)

2016: planned
2017: planned

A S P
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Collaboratively-Developed HIV /AIDS Curriculum

= B r O a d FO Cus Cvarvien Biomolecular Structures and

Biomolecular Structures and Models Models

- L €SS0ns d 1 r eCtly Molecular Immunology Getting Started >
related tO RCSB PD B Molecular View of HIV/AIDS
materials

Learning Objectives

v Skl“S How To
* Curricular Modules e S Pa Ok ronou B
- Blomolecular Make sense of the Information Out There ?;::imz::;cis@? &
Additional Readi
Structures and Models N . :
plore a Topic of Interest at a Molecular Level Guide W)
Quick Review |[¢)
= Molecular Immunology Worksheet )
Learning about Asthma )
u MOleCUIar V]eW Of Find Structures Relevant to a Topic of Interest Guide @

Quick Review |5

H IV/AI D S Selected structures related to Asthma [w)

« ) ’ Visualize, Analyze and Compare Selected Structures  Cheat Sheet &)

= Includes “Skills box aasis

Selections &

Structure Analysis
Structure Comparisons &3

Make Publication Quality Images and Movies Guide
Part1
Part2

SPDB VNSO o e
Sy S J\'\—/‘&/ﬂ{}n S




2014-2015 Curriculum Development

= Collaborative Curriculum Development Program (2014)
= 5 HS teachers (NJ), educators, scientists, clinicians

Presented to NJ teachers at 2014 convention
= Pilot Testing (2014-2015)

= Professional Development Workshop (2015)

= 4 HS teachers (NJ), educators
= Reviewed curricular material=> Modules

Undergraduate Honors Course Visualize HIV Announce
15 students curriculum Program
development

HS Video Challenge Revise/develop curricular modules | Announce
| Program

, Review Curricular
Student learning and survey || Feedback analysis modules

Z TS T <39 n




Contributors

Teachers and

Educators
A.Bhatia B. Buck S. Coletta K. Lu cc W. Mott A. Sanelli M. Witkowski
(Teacher) (Teacher) (Educator) (Teacher) (Teacher) (Teacher) (Teacher)
Subject Matter
Experts
T. Bhowmick L. Denzin, ]. Dougherty J. Nelson
(Infectious Disease) (Immunology) (Pharmacology) (HIV, Education, Nursing)
Rutgers
Interns
D. Goodsell
41 (Scientist/Artist/
R Educator)
RCSBPDB 000 Structures in 4,
\QQ- il of Dy
Team | Z

= Y SN




2015 HIV/AIDS Pilot Testing

(25 testers from USA, 18 from rest of world)

H ‘\ Greenland
Y
\ ~ 4
\ \ .
| \
< \
[l e Iceland
. /b Ruseia
- | //
o
S = "
: 3 1 “,-; = 4 N i J Mongolia ‘ R _;j
: N orﬂ_v United Sta North 4 4 1 }' o China / Japan
i Pacific Atl - j ‘ South Korea
! Ocean &, 2 (;caenatflvc A5 (S SR
: q ( Algeria | Libya Egypt. e St
: Me j ™\ g Saudi Arabia 3 (s T
! < = Mali | Niger T sudan FV—~ % Th'al_l'g {‘\9
| & S S Aomd N e
: o) \'Ier)_ezuele - Oy .E% R "ige/,’,if"(;l ol b q
______ i FME‘:E"Z:.?‘Z(?L_L: SN _________I_;___;T_.L .I":,:‘..’.’.:\.Kenya-_____________________._._._‘7’:..__.__._.-_.__..__.____.
R . d . l /_Z"k_’; DR Congo ™ = ° Indonesi
eVl S e Currlcu ar » r ) { Tanzania fidoncsia Pa&.‘ New
) . Brazil s inea
i Angola T
modules based on ooivay LN
o T L Nambis "N/ Madagascar Indian
feedback released cnie (@ South §%an" Ocean Austalo
‘ Atlantic
¢ v
November 1, 2015 / ' oeean South Arics
. J
New ! / Argentina
Zealand

Module review and
testing taking place in :

academic year
2015-2016.
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Monitor Usage: Google Analytics

Period: Dec 1, 2014 to Jun 30, 2015

Sessions ¥ VS. Select a metric (8 O 6 O) (6 8 5 9)
® Sessions
200
1. Men-us
100 2. MW zh-cn
3. EMengb
January 2015 February 2015 March 2015 April 2015 May 2015 4 es
Primary Dimension: Language 5 | fr
Secondary dimension ¥  Sort Type: Default v 6 o de
Acquisition Behavior
7. Mes-es
Language
Sessions ¥ % New Sessions New Users Bounce Rate Pages / Session Avg. Session Duration
8. pt-br
8,060 72.49% 5,843 64.89% 1.89 00:02: 9
% of Total: 100.00% Avg for View: 72.48% % of Total: 100.02% Avg for View: 64.89% Avg for View: 1.89 Avg for View: 00:0 . en
(8,060) (0.02%) (5,842) (0.00%) (0.00%) (.
. 10. ja
1. en-us 6,859 (85.10%) 69.37% 4,758 (81.43%) 62.21% 1.97 00:0:
O 2. zh-cn 183 (2.27%) 86.89% 159 (2.72%) 80.87% 1.36 00:01:15 0.00% 0 (0.00%) $0.00 (0.00%)
O 3. en-gb 128 (1.59%) 92.19% 118 (2.02%) 74.22% 1.56 00:01:18 0.00% 0 (0.00%) $0.00 (0.00%)
O 4. es 86 (1.07%) 90.70% 78 (1.33%) 81.40% 1.37 00:01:00 0.00% 0 (0.00%) $0.00 (0.00%)
O 5. fr 85 (1.05%) 90.59% 77 (1.32%) 80.00% 1.28 00:00:33 0.00% 0 (0.00%) $0.00 (0.00%)
1/9 to 2/13: ~75-80 2/27 to 3/20: ~130 5/13: Prep for Video Challenge
Student Class on Fridays? Student Class on Fridays? (after AP Bio exam on5/11/2015)
® Sessions
200
y
[ 1 |
100
January 2015 February 2015 March 2015 April 2015 May 2015 June 2015




2015-2016 Curriculum Development

* Present updated materials to teachers

= Rutgers Waksman Summer Program participants (Oct 2015)
= National Science Teachers Association (NSTA) Regional meeting (Nov 2015)

= Advertise curricular modules online, through contacts and via social media

= Review, field testing and independent assessment of

efficacy (2015-2016)

HS Video Challenge

Revise/develop curricular modules

Student learning and survey " Feedback analysis

Announce
Program

Review Curricular

modules

Visualization
Challenge

Finalize Curricular Modules and Introduce Curricula in Community
and 4-year Undergraduate Colleges >

| Feedback

Student learning and survey || analysis

o0

N

f—

o=
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Measuring Success

Short Term

= Teacher interestin
Curricular modules y

= Documentteacher participation
" Google Analytics

= Assess efficacy of
Curricular modules

= Independent evaluation

= ANEfficiency in Curriculum
development/and efficacy
testing

= Time and resources needed to
develop curricular modules

Long Term: A\

Teacher partnerships and utilization

Use of 3D structural data by teachers
and students
= Google Analytics

High quality images/animations in
publications/presentations

= Google Images

=  Reproduction requests

Brand Loyalty: Experts and general
audiences keep coming back

= Google Analytics

= Survey

= [nternal NSF statistics

= Increased understanding
(Improvement in Pre- vs. Post-tests)

o0
N
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Next Generation
PDB-101 Website

David S. Goodsell, Ph.D.

AAAAAAAAAAAAAAAA oS .



PDB-101: Established 2011

= Online portal for
te a Ch e r S , Stu d e ntS , > :;ORRE An Educational Resource for Exploring a Structural View of llology‘
educational moe 1 o o T T—
developers and the
. Structural View of Biology
general public v

Life is three-dimensional. This extends to life's molecular building blocks--proteins, DNA, and RNA, PDB-101 offers tools to explore the molecules of biological processes that define life.

The Structural View of Biology interface starts with key topic categories and subcategories that will drill down to individual molecules. It is bullt around the Molecule of the Month series.

| I nte g r at e d th e o and materials for leaming, and Understanding PDB Data helps interpret the data archived in the PDB. [more]

growing number of
materials developed @
= Enabled topic-based
exploration of PDB
Molecule of the Month st inare tnfrastuctare ne sptechnlagy an
articles

by RCSB PDB
structures through

‘PDB (

PROTEIN DATA BANK 6/Q




2014 Advisory Committee Report

Following the recommendation of the Committee in 2013, a survey was conducted to assess the
effectiveness of PDB-101 and determine the nature of the user community and how this
resource is utilized. Of the ~700 respondents, fully 83% had never deposited a structure and
60% were students (28% undergraduates, 32% graduate students), pointing to the importance
of PDB-101 as an educational tool. The most popular feature was the Molecular of the Month,
which, combined with the popularity of these images in textbooks and other media, reinforces
the impact of this particular activity. The Molecule of the Month page on Ebola virus proteins
garnered over 10,000 views in just a few weeks in October 2014, reinforcing the importance of
PDB-101 as a resource for educating the public about the molecular basis of disease.

e b St SRR 2l AN
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2014 Survey: Who Uses PDB-101? [

D hi : Responses
I
CMOgraphics i Where do they work?
1
o L i = College/University (74%)
37% @ w 60% . = Research Institute (12%) — > Breakdown
: * Government (2%)
839% have . il;a;rgj//;lrug discovery /biotech (3%)
Ethnicity never 0

GO EN  Research Area

structure i Life Sciences (39%)
& Chemistry (20%)
~ Medical Sciences (12%)

K Hispanic or Latino (13%) & Undergrad (28%)

I
I
I
i Other (87%) . . | & Graduate (32%)
& Computational Sciences (12%) i ~ Postdoc (8%)
] 0
Pharmacology (6%) I & Faculty (25%)
] 0
Race Other (6%) | = Staff (6%)
__________________ “ Physics (3%) .
& White (72%) “ Math/Statistics (2%)
W Asian(25%) WSS ToTTmTTmmmmmmmmmmmmmmmmm T T

College / = University (409)

University Tvpe = 4-year college (56)
ty yp = Historically Black College/University (3)

- American Indian or Alaska Native (2%)
& Black or African American (<2%)

“ Native Hawaiian or Other Pacific Islander (1%)

= Women's college (2)

(==
N
[
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What Do PDB-101 Users Do?

Why do they use PDB-1017? Users visit...
600 PDB-101(2014) rcsb.org (2012)
500 Daily (6%) Daily (17%)
400 - Weekly (27%) Weekly (38%)
300 -
: Monthly (20%) Monthly (16%)
200 -
100 Occasionally (39%) Occasionally (22%)
0 Never (8%) Never (7%)
L
< N o? § g 3 & ¥
g L e 0§ F o & ¢ F
§ & & §F F g o &8
¥ & § & & & §F &5 8
S & & °F g & 5§ § Why did they visit PDB-101 today?
> S S & ¢ ¥
$ Sy o £
S ntg &§ N1 13% & To help with teaching
& \
& “Tolearn about structural biology
S 6%

- To take this survey

“ Found during internet search

‘PDB (

PROTEIN DATA BANK 6/Q

“ Toaccess aspecific PDB-101 feature




PDB-101 Usage

January 1, 2015 - September 30, 2015

= ~630,000sessions
= ~12% of total rcsb.org traffic

= Top cities
= London .
= New York s
= New Delhi PN
= San Diego
= Sydney
= Melbourne
= Beijing
= Chicago ‘ RS
= Los Angeles f ,,"
21 N 10,818
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Current PDB-101

= Growing content

191 Molecule of the Month
articles

Activities: molecular
origami

Educationallesson plans
Posters, flyers, animations

m ChaHenges

No search functionality

Browse-by-topic category
only returns Molecule of
the Month articles

Hard to find new content

Limited technical design
requires complicated
update process and affects
rcsb.org

1 @IPDE  REMDaBank
) An Educational Resource for lxnlodnu - Mctunl View of Biology

| structural View of Biology Browser |

of the Month Understanding PDB Data Author Profiles Video Challenge Curriculum

Structural View of Biology
Select one of the key topics below to start exploring. Each subcategory leads to

related Molecule of the Month articles and examples of proteins and nucleic acids.

Protein Synthesis Enzyi Health & Disease
= =]
s
EXLK
X323
- Biotechnol &
Biological Eneray | | Com e o on Nanotachnoiogy

PDB-101 News

Molecule of the Month:
®; Two-component Systems

2015 HS Video Challenge Winners

Follow us on Twitter and Facebook

About PDB-101
Ufe is three-dimensional. This extends to life’s molecular bullding blocks--proteins, DNA, and RNA. PD8-101 offers toals to

explore the molecules of biological processes that define life.

The Structural View of Biology interface starts with key topic categories and subcategories that drill down to individual molecules. It is built around the Molecule of the Month series, which
regularly describes the structure and function of a molecule. Educational Resources provides activities and materials for learning, and Understanding PDB Data helps Interpret the data archived in

the PDB. Author Profiles are a new and unigue historical and educational tool that offers a timeline display of all

The RCS8 PDB develops these to support ion of the found in the Protein Data Bank archive of

Z with a
of proteins, nucleic acids, and complex

assemblies.

www.rcsb.org/pdb-101
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Redesign Goal:

Enhance User Experience

= Improved User Interface

= New keyword search capabilities
for Molecule of the Month

= [Improved browser
= New menus

= Highlightall content

= More features visible and
accessible from home page

= Lessclicks needed to access
materials for teaching and
learning

= Technical improvements

= Modular, extensible, and
independent from rcsb.org

= Easier to update and add content

= Leverages RCSB PDB software
development

Beta test site: pdb101.rcsb.org

PDB-101 Molecule of the Month ~ Browse  Leamn- Teach ~ Events -+  Geis Archive ~ More -

5 — Molecular explorations through
& ?DB lol biology and medicine

Educational portal of - IPID B

Beaste [(IY O & # O

Molecule of the Month July 2015 Browse resources by category >

~ Health and Disease

~ Molecules of Life

& ~ Biotech and Nanotech

New Delhi Metallo-

B-Lactamase Style Color Spin
Antibiotics can save lives, but antibiotic-resistant * Cartoon * Rainbow On

strains of bacteria pose a dangerous threat Spheres Chain on - SWCfoBS and Structure
More Trace Structure Determination

All articles: By Date By Category By Title

Health Focus: Human Immunodeficiency Virus (HIV) News and Events

S of HIV at the molecular level provides insight into how the virus works and can be stopped. SACNAS
hudy ot 27 October, 2015

=8 Society for Advancement of
e: Chicanos/Hispanics and
amm] Native Americans in Science

National Conference

To learn more, explore features on the HIV capsid, related enzymes, and other proteins; an interactive

animation; classroom materials, and more.
°@ W
A s

<

Introduction, Dates, & Awards | Rules Resources = Participation Guide

2015 Winners -l P
LET LT
— All News

Learn: Mmaterials for Exploration Teach: curicula

2015 Video Challenge for High School Students

Detecting & Combating HIV in 3D
The RCSB PDB invites high school students to create short videos that tell the
molecular story of health and disease.

NJ Science Convention Oct 13-14
30 September, 2015

Education Corner: using PDB Resources

Take an Interactive 5 5P ml = Biomolecular Issue 66 - July 2015

. [i%eo we ) 'F B
Tour of the Protein 735 % e Structures and High School Video L H
Data Bank ”.'; e :" g Models Challenge Results .2 25

Eprfethebeautyanddiversity;)laDPDB The RCSB PDB Curricula provide authentic,
molecular shapes and sizes with this unique hands-on teaching materials, individual and
viewer. group activities and assessment suggestions.

Paper Models | Posters  Videos = Animations All Curricula
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Browser

Browser accessed
through home page
(shown) or top
menu

Each subcategory
provides access to
all related
Molecule of the
Month columns
and Educational
Materials

Browse resources by category

~ Health and Disease

You and Your Health

HIV and AIDS

the virus and how we fight it

BB Grid = List

The AIDS epidemic began a few decades ago and since then scientists have revealed the atomic structures of most of the molecules in
HIV. Using these structures, researchers have designed new treatments for HIV infection, which are now part of effective drug regimens
that halt the growth of the virus. Structures of HIV molecules also provide new hope for development of vaccines and methods to rid an

infected individual of the latent virus.

~ Related Molecule of the Month Articles

Immune System

HIV and AIDS >

Diabetes
Cancer
Vir
uses Broadly Neutralizing Antibodies Cascade and CRISPR HIV Capsid
Toxins and Poisons
Drug Action
SR
Drug Resistance v
: Z 8.
v Molecules of Life
v Biotech and Nanotech HIV Reverse Transcriptase HIV-1 Protease Integrase
v Structures and Structure
Determination
a Learning Resources
The Structural
Biology of HIV
av¥s
al.®
HIV Capsid HIV Capsid The Structural Biology of HIV
PDF &' Video Poster, high res. 2

o
N
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HIV Envelope Glycoprotein

T-Cell Receptor

The Structural
Biology of HIV

S

a%e

The Structural Biology of HIV

Poster, low res. '




Molecule of the Month

HIV Capsid

At the center of HIV, an unusual cone-shaped capsid protects the viral genome and delivers it into infected cells

Viruseq
or DNA
compl
and ce
packag
to the

Stayi

The HI
from P
domai
assem
six, an
to form

Brea

The fle|
capsid
cone-§
over a
electro
with m
micros|
and a

large s
read m

Cellular pro

Fighting Back

TRIMS is one of the weapons deployed in the ongoing battle being fought between living

&M arnanieme and viniees TRIMS hinde tn the retrmviral caneid and interferas with the

Exploring the Structure

Image Jmol 1

The capsid protein is able to form hexamers and pentamers by shifting slightly in structure. This is an example of the principle of "quasiequivalence", first proposed by Caspar and Klug in

PDB

PROTEIN DATA BANK

1962. Quasiequivalence is the way that many viruses build capsids that are much larger than is possible with perfect symmetry, but that still only use a single type of protein chain. In the
HIV capsid, the interactions between the many subunits are similar, but are deformed slightly to accommodate the different shapes of the cone-shaped portion and the round caps. To take
a closer look at these two structures, PDB entries 3mge (Z' and 3p05 (&, click on the image for an interactive Jmol.
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Learn: Educational Resources

Learn Posters, Flyers & Calendars Bard = List
Paper Models g‘:‘ “'%‘ M :
TR : -
> | o 1. o Aol g
Posters, Flyers & Calendars > ". ' o " - ' o & 1‘.?‘
Videos ’nﬁ H "m%i " . |
G-Protein Coupled Receptors Molecular Machinery: A Tour of ~ Molecular Machinery: A Tour of The Structures of the Citric
. . . Flyer &' the Protein Data Bank (2014) the Protein Data Bank (2014) Acid Cycle
Interactive Animations
Poster (@' Flyer &' Flyer &'

Education Corner

The Structural The Structural
Biology of HIV Biology of HIV

Guide to Understanding PDB
Data

Virus Structures What is a Protein? The Structural Biology of HIV The Structural Biology of HIV
Flyer &' Flyer &' Poster, high res. ' Poster, low res. &'

How Do 0. G5 Work? How Do 2 G5 Work? RIBOSOME _

o e 08 e

How Do Drugs Work? How Do Drugs Work? The Ribosome Molecular Machinery: A Tour of
Poster, high res. (4 Poster, low res. &' Flyer & the Protein Data Bank (2002)
Poster, high res. @'

TOLL-LIKE RECEPTORS
frvotion fo the immsnc syvsem

N

2B
2%

~

v

01,05 e
2,
? 5

| Wi,

of Molecude of e Sonth

X
3
&

I

Molecular Machinery: A Tour of ~ Molecular Machinery: A Tour of Toll-like Receptors 2015 Molecule of the Month
the Protein Data Bank (2002) the Protein Data Bank (2002) Flyer &' Calendar (@'
Poster, low res. &' Flyer (&'
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Teach

How To

“How to” skills Organization
Read a Scientific Paper Guide

materials

Make sense of the Information Out There Guide and exercise [
Teaching Notes [
Additional Reading

Explore a Topic of Interest at a Molecular Level Guide
Quick Review [z
Worksheet
Learning about Asthma

Find Structures Relevant to a Topic of Interest Guide
Quick Review [£]
Selected structures related to Asthma

Visualize, Analyze and Compare Selected Structures Cheat Sheet [
Basics [«
Menus
Selections [«
Structure Analysis [«
Structure Comparisons [=3

Make Publication Quality Images and Movies Guide
Part1 [«
Part2 [«
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Future

= Searching of Educational Resources enabled November 2015
* Internal and external beta testing November 2015
* [nitial deployment December 2015

= 2016 Evaluation
= User surveys
= Feedback from students and teachers
= Focus groups
= Analytics (usage and navigation)

* Continued infrastructure development and improvement
= Mobile responsiveness
* Improved search
= Authoring tools

* Ongoing content development leveraged with Education
efforts
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