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Response to Major 2012
Recommendations

AC: Conduct a user survey in preparation of renewal
proposal

Response: Conducted November-December 2012

AC: Carefully consider final testing and implementation of
the Common Deposition and Annotation System

Response: Detailed transition plan being implemented

AC: Need to improve communication with depositors about
biological assembly information

Response: New system captures biological assembly
information, including experimental details
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Response to Major 2012

Recommendations (cont.)

AC: Monitor use of the RCSB PDB by mobile devices
Response: Usage addressed in Data Out

AC: Development of online courses
Response: R25 Proposal under review

AC: Seek external funding for outreach
Response: Success with NIDA, Rutgers proposals

AC: Periodically reevaluate outreach expenditures

Response: Print newsletter reviewed via survey;
printing discontinued after July 2013
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2013 NSF Site Visit

“Investment in the RCSB PDB is bringing huge
benefits to research, education, discovery, and
innovation. The return on the dollar is particularly
strong. Continued funding of the RCSB PDB is very
strongly recommended.”

Site Visit Team, May 10, 2013
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Rationale and Vision

To provide a Structural View of Biology that enables an
understanding of biological functions and processes at the
molecular level in 3D

Mission
To produce a sustainable resource that is by, for, and of the
community by providing

= Leadership in the representation of biological structures derived via
experimental methods

= Access to data in an accurate and timely manner
= Leadership and maintenance of the unified global PDB archive

= Comprehensive, integrated and unique views of the data supporting a
broad base of scientific inquiry
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HPV VACCINATION

SCIENTIFIC
AMERICAN

Human Papilamavirus Prevention

CHEMISTRY
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Meeting the Mission: Components

= Dataln

= Data Out

= Qutreach and Impact
= Management

Julian Voss-Andreae
Synergy, 2013
Sketch rendering
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D ata In PDB Depositions

9972 depositions in 2012

>800 new entries/month

" 90000
-g M Deposited per year
$ 75000 77 m Released entries available per year
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Ensuring That Data Are
Freely and Globally Available
SPDB

= Partners

= RCSB PDB (Research Collaboratory for Structural
Bioinformatics, Rutgers/UCSD)

= PDBj (Osaka University)
= PDBe (EMBL-EBI)

= BioMagResBank (University of Wisconsin, Madison)

= Collaborate on the guiding policies for unified data
processing and annotation (Data In)

= Each partner website offers diverse services and
views of the data (Data Out)
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Downloads
per year

350

Millions
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365 million data downloads (FTP/HTTP)

in 2012 N
RCSB PDB: 298 million
o 50 ﬁ
B PDBe: 46 million
PDB] 2 1 mllll()n | 2008 | 2029 | 2010 | 20:1 | 2012 |

*Release of remediated data
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RCSB PDB Data Out Services

RCSB PDB Mobile
>9000 downloads since Aug 2012

llllll

MyPDB Service
~15K Users (since Mar 2009)
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International User Communities

Who are our users? What are they using? How do we know?

Biologists: structural RCSB PDB website, Publication requests, website
biology, biochemistry, deposition tools, data usage, info@rcsb.org requests,
genetics, pharmacology, ... community outreach

Other scientists: Web Services, search Publication requests, website
bioinformatics, software engines, data usage, info@rcsb.org requests,
developers, ... community outreach

Students & teachers PDB-101 Increase in web hits, email,

meeting interactions

Media Images, data, information | Publications, image requests

General public Images, Molecule of the Concerts, media, Wikipedia
Month, information from
external media
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PDB-101

2012 Visits Unique Visitors
aton, W%, PDB101 M, PDB101
PDB'].O]. 778,041 563,465
ACCeSS: | _ pDB101 % of visits: 12.15%

P PDR-101 B dv) ] oummww:mugkm

Structursl View of Blology Coucations! Resources Melecwie of the Morth Usderstanding POS Dats  Author Profiles

Structural View of Biology
PDB-101 News
Select one of the key topics below to start exploring. Each subcategory ——
leads to related Molecule of the Month articles and examples of proteins on —
and nucleic adds, o Glasdrndes
Like us on Facebook
Meet us at the National Sclence
n
| San Antosio!
RCSH POR ol be o T NETA euh et had
Protein Synthesis | Enzymes | (m‘ = 'n:";:“m. MO-: Room
Z14C ot 12om.
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About PDB-101
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Gefre We

The Structursl View of Biotogy wieece sarts with key topic categores and subcategores that 39 fows 20 ndvidus molecuien [t & bl around e Molecule of the
Month seren, which regiacy Semcrier e Wructure and fanction of 8 molecue. Educationsl Rescurces Srovide actvites and matenia's Yor aming. and Understanding
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s SO, 0 Comdien astevdies

rarmged b bers of the RCSS

y WEP, NOGME, DOR, MUM, NCI. NINDS, s N5

€ RCSB Proteis Data Bank

Hemoglobin Catalase
43,849 views 31,875 views

Collagen Alpha-amylase
25,429 views 22,389 views

Insulin Lysozyme
20,071 views 20,008 views

Caspases
17,543 views
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Alcohol dehydrogenase
20,921 views

DNA polymerase
17,469 views



2012 Survey: Who Are Our Users?

33%

& American Indian or
Alaska Native (3%)
& Asian (28%)

Black or African American
(2%)

 Native Hawaiian or Other
Pacific Islander (1%)

“ White (66%)

(12% Hispanic or Latino)

41%

32%

<1%

Based on 973 responses

O
Iw 67%

24%

Where do they work?

2%

College /University (70%)

Research Institute (16%)

= Government (3%)

= Pharma/drug discovery/biotech (6%)
= K12 (2%)

= Other (3%)

College/University
Type Role
= University (580) “ Undergrad (28%)
= 4-year college (54) “ Graduate (37%)
- W , 1 (9) ~ Postdoc (10%)
omen’s college u Faculty (13%)
= Historically Black w Staff (9%)

College/University (1) “ Other (3%)
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What Do They Do?

Why do you use the RCSB PDB? Users visit... S o
800 2 200N
4 ) ‘
700 Daily (26%) =A%
500 Weekly (41%)
400
300 Monthly (12%)
200 Occasionally (21%)
100
0
Research Area
» Physics
ch':\(\ Pharmacology
«'z’% ’b&\
XOIR
PG
o\{_\(\ & &
O <© eb’b
’\Qoo & Math/Statistics
’b@? &°
&
& 0
0 75 /0 have never Life Sciences
deposited a structure
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Who Cites the RCSB PDB?

Primary reference cited by >15,000

© 2000 Oford Unbversity Press

The Protein Data Bank

Heden M. Berman'+, John Westbrook', Zukang Feng'?, Gary Gilliland'?, T. N. Bhat'?,
Helge Weissig'*, llya N. Shindyalov* and Philip E. Bourne' A%

'Research for S, (RCSE), 'Oy of Futgers |

€10 Taykor Road, Piscataway, NJ 08854-8087, USA, "National Insttate of Standands and Technalogy, Route 270,
Quince Orchard Road, Gaitersburg, MD 20899, USA, ‘San Diego Supercomputer Center, University of Calfomia,
San Diego, 9500 Giman Drive, La Jolla, CA 92003-0505, USA, *Departmant of Phamacoiogy,

Nacleic Ackds Research, 2000, Vol 28, No. ! 238242

Universty of Caldomia, San Diego, 5500 Gitman Drive, La Jolla, CA 52063-0500, USA and
“The Bumham Instiiste, 10501 North Torrey Pines Road, La Jola, CA 52037, USA

Fuoaived Seplentnr 20, 1000, Fevend s Asoasted Oueter 17, Y099

RCSB Protein Data Bank-..

= Rutgers and UCSD eqn

= structural biology - databases e
Verified email at rcsb.org eat

My profile is private gat Asd homepage

:”I‘(\'ll“ DATA BANK
: PpB-101

Change photo

Citation indices
Al smezooa

Citations 20555 10705

h-index 20 26

i10-index | . |
Select: AL, None Actons 1]

Citations to my articles

219

2005

2009

Show: 20 ¢ 120 Next>

"013

Title / Author

The protein data bank
. HM Berman, J Westbrook, Z Feng, G Gillland, TN Bhat, H Weissig, IN ...
Nucleic acids research 28 (1), 235-242

Cited by Year

15371

2000

Goo

scholar

ogle

15 RCSB PDB references are cited >100 times

The protein data bank

HM Berman, T Battistuz, TN Bhat, WF Bluhm, PE Boumne, K Burkhardt, Z Feng ...
Acta Crystallographica Section D: Biological Crystallography 58 (6), 899-907
Announcing the worldwide protein data bank

H Berman, K Henrick, H Nakamura

Nature structural biology 10 (12), 980-980

The worldwide Protein Data Bank (wwPDB): ensuring a single, uniform
archive of PDB data

H Berman, K Henrick, H Nakamura, JL Markley

Nucleic acids research 35 (suppl 1), D301-D303

The protein data bank and structural genomics

J Westbrook, Z Feng, L Chen, H Yang, HM Berman

Nucleic Acids Research 31 (1), 489-491

The RCSB Protein Data Bank: a redesigned query system and relational
database based on the mmCIF schema

N Deshpande, KJ Addess, WF Bluhm, JC Merino-Ott, W Townsend-Merino, Q Zhang ...

Nucleic acids research 33 (suppl 1), D233-D237

The Protein Data Bank and the challenge of structural genomics
HM Berman, TN Bhat, PE Bourne, Z Feng, G Gilliland, H Weissig, J Westbrook
Nature Structural Biology 7 (11; SUPP), 957-959

The protein data bank: unifying the archive
J Westbrook, Z Feng, S Jain, TN Bhat, N Thanki, V Ravichandran, GL Gilliland ...
Nucleic Acids Research 30 (1), 245-248

The RCSB Protein Data Bank: redesigned web site and web services
PW Rose, B Beran, C Bi, WF Bluhm, D Dimitropoulos, DS Goodsell, A Priié, M ...
Nucleic acids research 39 (suppl 1), D392-D401

The RCSB PDB information portal for structural genomics
A Kouranowv, L Xie, J De La Cruz, L Chen, J Westbrook, PE Boume, HM Berman
Nucleic Acids Research 34 (suppl 1), D302-D305

The Molecular Biology Toolkit (MBT): a modular platform for developing
molecular visualization applications

JL Moreland, A Gramada, OV Buzko, Q Zhang, PE Bourne
BMC bioinformatics 6 (1), 21

312

210

190

168

156

2011
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Annual Citations

Title: The Protein Data Bank 1200
Author(s): Berman, HM ; Westbrook, J ; Feng, Z ; et al.
Source: NUCLEIC ACIDS RESEARCH Volume: 28 Issue: 1 Pages: 235-242 DOI: 1000
WEB OF knowL Ence 10.1093/nar/28.1.235 Published: JAN 1 2000
This item has been cited by items indexed in the databases listed below. [more information] 800
11,486 in All Databases 600
=~ 11,205 publication in Web of Science
#=- 10,567 in Science Citation Index Expanded (SCIE), Social Science Citation Index (SSCI), 400
and Arts & Humanities Citation Index (A&HCI)
- 985 in Conference Proceedings Citation Index - Science (CPCI-S); Conference
Proceedings Citation Index - Social Science & Humanities (CPCI-SSH) 200 -
- 214 in Book Citation Index— Science (BKCI-S); Book Citation Index— Social Sciences &
Humanities (BKCI-SSH) 0 e — : J——
8,215 publication in BIOSIS Citation Index
O NN A O XS O A DO O DO
104 publication in Chinese Science Citation Database ,I,QQ ,196 ,1,00 ,\,00 ,1/00 ,»QQ ,I,QQ ,\/QQ ,1,00 ,\,00 ,»QN ,»QN ,1,0'\’
Citations by Institution Citations by Country
Max Planck Society Spain
Indian Institute of Science Canada
Rutgers Japan
Chinese Academy of Sciences China
Wellcome Trust Sanger India
Russian Academy of Sciences France
Consiglio Nazionale delle Italy
U of Cambridge Germany
U of London England
U California System USA
T T T T T
0 500 1000 0 2000 4000 6000
= \J/\/ s t/‘« (VAN
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Citations by Subject Area

Computer Science
Mathematics

Biochemistry & Molecular Biology
Biophysics
Life Sciences

Subject Area

Biotechnology & Applied

Pharmaco log

Biochemis|
10000
- L resd CAEX
"PDB \Z < B
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Clinical Endocriselogy (2003) T8, 91-397

ORIGINAL ARTICLE

A new germline VHL gene mutation in three patients with
apparently sporadic pheochromocytoma

Angela V. D’Elia*, Franco Grimaldit, Stefano Pizzolitto*, Giovanna De Maglio®, Elisa Bregant®, Nadia Passon®,
Alessandra Franzoni®, Antonells Verrientit, Giulia Tamburranot, Cosimo Durantes, Sebastiano Filettis,

Federico Foaolaris. Dieao Russol and Giuseppe Damante*§

¢
'l Energy Fuels 2010, 24, 1464-1470 - DOL:10.1021/ef901132v
d

Published on Web 123072009

—

Toward Greener Carbon Capture Technologies: A Pharmacophore-Based Approach
to Predict CO, Binding Sites in Proteins

dok: 10111 om 12052

energy:fuels

Michael L. Drummond,* Angela K. Wilson, and Thomi

Department of Chemistry, Center for Advanced Scientific Computing and Modeling (C,

. Phycol. 37, 668-676 (2001)

Denton, Texas 76201, USA

ALGAL SENSORY PHOTORECEPTORS!

Peter Hegemann,®> Markus Fuhrmann, and Suneel Kateriya
Institut fur Biochemie I, Universitat Regensburg, 93040 Regensburg, Germany

Sunlight is the primary energy source for all life on
carth, but it also plays an important regulatory role
for the growth and development of living organisms.
Additionally, light is used as a source of information,
which enables the organism to orient and adapt to its
steadily changing world. To exploit light as a complex
sensory stimulus, algae and higher plants developed
sophisticated networks of photoreceptors and sensory
pathways that generate appropriate responses. These
responses cover a time scale of seconds up to days or
even years.

THE PRINCIPAL PHOTORECEPTORS IN NATURE

Nature uses a verv limited number of nrincinal or-

also used in the archaeal branch (
where they serve as sensory photore
tion of the cells in different ligh
rhodopsins) or as light-driven ion tra
rhodopsin and halorhodopsin). A
contain all-frans,15-S-anti retinal, wl
sorption undergoes a concerted 1
The concomitant rotation of the !
ion movement across the retinal ba
pumping process in bacteriorhodops
sin (Kolbe et al. 2000). The func
rhodopsins is surprisingly similar. /
retinal binding site is displaced afte

MOLECULAR ECOLOGY

Molecular Ecology (2009) 18, 4997-5017

doi: 10.1111/j.1365-294X.2009.04427 .x

INVITED REVIEW
Linking genotypes to phenotypes and fitness: how
mechanistic biology can inform molecular ecology

SERSt and PATRICIA M. SCHULTE*
Columbia, 6270 University Blud, Vancouver, British Columbia, Canada V6T 1Z4
y of Calgary, 2500 University Drive N.W., Calgary, Alberta, Canada T2N 1N4

article

omic resources, high-throughput molecular technologies and
as genome scans have made finding genes contributing to
populations an increasingly feasible task. Once candidate

Qlinica Chimica Acta 413 (2012) 1606 1611

lists available at S SclenceDirect

Clinica Chimica Acta

journal homepage: www. elsevier.com/locate/clinchim

Characteristics and prevalence of KRAS, BRAF, and PIK3CA mutations in colorectal
cancer by high-resolution melting analysis in Taiwanese population

Li-Ling Hsieh *<, Tze-Kiong Er <, Chih-Chieh Chen ¢, Jan-Sing Hsieh *, Jan-Gowth Chang *', Ta-Chih Liu ***
N m of Molrcuiar Diggnestics, Department of Laboratory Medichee,

* Depertmene of Sargery, Kaokstung Medical Ustwrsity
* femtinute of Clinicad Medicier, Colloge of Medicine, Koohsiung Medica! Usiversity, Koohitang YTetwan

ARTICLE INFO ABSTRACT

Sockground: The identi cation of KRAS, BRAF, and MIOCA before the ad of ar .
growth factor seceptor therapy of colorectal cancer has becoene important. The aim of the present study was to in-
vestigace the ocourrence of KRAS, BRAF, and AIR3CA intheT. with colerectal cancer.
This stedy was sndertakon 10 identily BRAF and PIKICA mutations in patients with colorectal cancer by high-

resolution melting (HRM) ummumuymmmmmwmmymmnmm
post-ACR

Armicle Mstory:

Received 17 Apefl 2012

Recetved Ia revised form 27 Apeil 2012
Accepeed 28 Apail 2012
Available online § May 2012

tes
Colovectal cancer Methods: In the present study, Mm:nnnmfrwnlnmdbtm xed, paraf n-embedded (FFPE)
ARAS gene colorectal cancer samples for clinical ARAS mutational analysis by direct sequencing. All the samples were also
SRAF pevie tested for mutations within BRAF VEO0E and PICA (exons 9 and 20) by MRM analysis.

tion: however. the nroton is not released but instead
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Management

= Director, Helen M. Berman
=  (Overall direction of RCSB PDB

= Deputy Director, Martha Quesada
= Facilitation of wwPDB initiatives

= Associate Director, Philip E. Bourne
= Direction of UCSD site

= Associate Director, Stephen K. Burley
= Direction of Outreach & Education
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Advisory Groups

Advisory Committees Task Forces
= RCSB PDB AC = X-ray Validation TF
=  Cynthia Wolberger =  Randy Read (Univ of
(Johns Hopkins/HHMI) Cambridge)
= wwPDB AC = NMR Validation TF
= Soichi Wakatsuki =  Gaetano Montelione (Rutgers)
(Stanford) = Michael Nilges (Institut Pasteur)
Working Groups = 3DEM Validation TF
= PDBx/mmCIF WG =  Richard Henderson (MRC-LMB)

=  Andrej Sali (UCSF)

= Small-Angle Scattering TF
= Jill Trewhella (Univ Sydney)

= Hybrids Methods TF, TBD

- Paul Adams (LBL)
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Agenda

Overview

Outreach &
Education

Data In

Data Out

Helen Berman

Christine Zardecki
Shuchismita Dutta

Jasmine Young
John Westbrook

Peter Rose
Andreas Prlic
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Data In: Data Deposition,
Processing, and Remediation

Jasmine Young
John Westbrook




RCSB PDB provides a Structural View of
Biology that enables understanding of
biological functions and processes at the
molecular level in 3D

Data In

= (Captures experimental data that defines the
3D structure of macromolecules

= Supports a diverse user base by maximizing
the quality and completeness of the data files

= Provides leadership in data standardization,
representation and validation

Remediation




Five Year Plan

= Significantly increase processing
throughput and data quality
with current staffing

" Process increasingly complex
structures determined by new
and hybrid methods

= Enhance query capabilities

= Continue to standardize,
harmonize and remediate fileS EMD-1048; PDB IDs 1pdf, 1pdi, 1pdj, 1pdl, 1pdm, 1pdp:

Three-dimensional structure of bacteriophage T4
baseplate. VA Kostyuchenko et al. Nat. Struct. Biol. 10,

| Enhance annotatlon thro ugh 638—93 (2003); PDB ID 2fI8: Evolution ofba§teriophage
tails: Structure of T4 gene product 10. PG Leiman et al. J.
Mol. Biol. 358,912-21 (2006); PDB ID 3h3w: The
d evel O p m ent Of EXternal structure of gene product 6 of bacteriophage T4, the
. hinge-pin of the baseplate. AA Aksyuk et al. Structure 17,
Reference Files (ERFs) 800-808 (2009)
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1vity

Increasing Product

Entries processed per RCSB PDB FTE

[410]4
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RCSB PDB annotated 64% of all depositions in 2012

Processing productivity at RCSB PDB doubled since 2008,

while global deposition increased 40%
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Increasing Complexity

Number of ligands released per year Average Molecular Weight released per year
1800 120000
M X-ray
1600 100000 +—
1400 ®NMR
1200 80000
1000
60000
800
600 —1 40000
M
400
200 J1HH 20000
0 """""'|-|.|-|I|I|||I|I|I|'Illllllllllllll" 0 |||||||||||||lTlWlTITl7I7i7I7i7ITI7IjTI7u7I7iWITI'VI7I7I7I‘1
00 O N < WO O N < OO N~ VW W O N O 0 O N < VW 0 O N & O 0 O N &€ VU 0 O
N 00 00 00 W 0 O Y gy @ O © © © © © d N IS 00 60 60 &0 60 Oy OO O OO0 OO O © O O © « «
Year 93333353 32LJII233RR Year 9922232322233 22322_R.¢%
Number of entries with peptide-like Number of entries and total number of
inhibitors/antibiotics released per year polymer chains released per year
160
200000
1‘218 B Released PDB Entries
150000 | M Total Polymer Chains
100
80 100000
60
40 50000
20
0 - 0 -
O ©® O &N o W W O & o W 0 O « 4 9 & v 8 5 g g 4 9
Yer 3 3338533383833 Yr 2 2 & 28 | & 8 8§ g 8
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“Retiring” Data Deposition & Annotation Pipelines

Deposition Processing & Annotation Integration Dissemination

RCSB PDB
Pipeline

@:MR coord

RC
Web

ublic
DB FTP
rchive

Depositors Consumers
files
Data \\
Exchange and
PDB P t ' File Format )E(l'\;lay PDBe . PDBe Web
Pipelines PDB] PDBj Web
$ $ FTP mirror Access
:I::Bde BMRB BMRB BMRB Web
wrodeR 1\ ADIT NMR < | FTP mirror Access

EMDep
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w
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Legacy System Was Not Scalable!

Challenges:

1. Larger and more complex biological molecules that
stretch the limits of the PDB file format are being
deposited to the archive

2. Data from hybrid experimental methods are
difficult to represent in the PDB file format

3. Two different wwPDB data processing pipelines
require complex data exchange and harmonization

4. Workload across wwPDB sites is not
geographically balanced
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Addressing Large Structures and
Hybrld Methods (Challenges 1 & 2)

=  Working group charged with finding “round trip”
single format that can handle complex data not
supported by the PDB file format

= Consensus reached on using stylized PDBx
format

= Follows dictionary-driven macromolecular
Crystallographic Information Format

Workshop Participants, September 2011 (mmCIF) Syntax
PDBx Structure = Many supporting tools available
Format Determination = Supports large and complex structures
in the Lab Pipeline
= Supports new and hybrid methods
Round Trip wwPDB = Preserves simple style and readability of
Deposmon
PDB format
PDBx Format wwPDB N bedded i ior X ft
DX O Processing ow embedded In major X-ray software
i At ' Ann?)rtl;ition packages (CCP4/REFMAC and Phenix)
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First Non-split PDBx Large Structure

30-May-2013
Landmark HIV Capsid Structures Released in PDB

Two complete HIV-capsid structures, both of unprecedented size, are
described in this week's issue of Nature and released in the Protein
Data Bank (PDB; wwpdb.org). This represents a significant advance in
the field of structural biology and a milestone for the PDB.

PDB entries 3J3Q and 3J3Y are models based on cryo-electron
microscopy data and use of a molecular dynamics flexible-fitting
method. They contain 1356 and 1176 protein chains, respectively, and
over two million atoms each. The HIV-1 capsid is the protein envelope
that encloses and protects the RNA genome of the virus. An important
subject of study, the full capsid has been a difficult target for structural
characterization due to its extremely large size and morphological
variability.

The wwPDB has anticipated structures of increasing size and complexity that exceed the
limitations of the original PDB file format. These capsid structures have been curated following
the recently announced wwPDB procedures for the deposition and release of large
structures. Extremely large structures can now be deposited, annotated, and released as
single files in PDBxmmCIF and PDBML/XML formats.
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Addressing Pipeline and Workflow Issues:
A Unified wwPDB Common Deposition & Annotation System (Challenges 3 & 4)

DEPOSITION = ANNOTATION > DISSEMINATION
> L poro Percentile Ranks
Global PDB N inconconruNY HoTvoOKE
s tem \/ FSNGPNGDMFNNY vopK
ys
for multiple - - ‘—r N ed e
experimental Ligand Sequence anual and Automat alidation
methods Processing Processing Annotation
Modules

= PDBx/mmCIF is the master file format
= System supports all experimental methods

= Validation suites based on recommendations from community Task
Forces; X-ray is implemented

= Better checking for ligand chemistry and polymer sequence
= Enables workload balancing and increased productivity

“PDB \7\"’ - b«""\\ n
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New wwPDB Data Deposition & Annotation Pipeline

Deposition  Processing & Annotation Integration Dissemination
RCSB
RCSB F i
DB Web Ac
Rele . aster ublic
Procel DB !:TP DB !:TP
rchive rchive

Depositors Consumers
NMR files

without
coordinates

PDBe PDBe Web
— FTP mirror )_) Access
PDB; )_) PDBj Web
BMRB a FTP mirror Access
ADIT NMR
BMRB BMRB Web
_; FTP mirror Access
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New Deposition Interface

IIIIIIIIIIIIII

(i.e., wwpdb.org/deposit)

= Supports multiple Oxpostent0 5 | =
methods Prome =

Location

= Workload balancing s’
based on resource
capacity and
geography

Multiple methods

Experimental Method

o X-Ray Diffraction
Electron Microscopy
Solution NMR

o Neutron Diffraction
Electron Crystallography
Solkid-state NMR
Solution Scattering
Fiber Diffraction

.......
lequesied accessio

‘jasmin@rcsb.rutgcn.edu '

Preferred deposition site RCSB

United States

A AAl

CHCHCNC)

°




2012 Workload Balancing

Deposition distribution Processing distribution

2000 - ™ Asia  Europe  North America
6000 - €000 " Asia ¥ Europe “ North America
5000 - 5000 -
10007 ; 4000 1 n
000 000
1000 1000

° RCSB | PDBe | PDB;j | ° RCSB | PDBe | PDB;j

New D&A system enables workload balancing across all 3 sites
Only possible between RCSB PDB and PDBj in legacy system




Ligand Module: Checks Against Chemical
Component and BIRD Dictionaries

COMPARISON PANEL

= Batch search against A ASTNA,
CCD/BIRD and e, W L il

automated ligand ID

assignment f JJ
= Captures and displays s s
author-provided %j: (,z\/"/l\t |

chemical information

= Comparison Panel
= 2D and 3D views of ligand

for review
= [D assignment W}'
Currently in production

at RCSB PDB o o

Author Coordinates (left), Closest Dictionary Match (right)




Sequence Module: Consistency Checks

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

= 3D structure view
= Sequence discrepancy annotation

{ Jmol 13 (Load 3D Viewer FALA/GLY ~] ( Change ) 0 e _

J/AUTH PDB:R V(1) VVVQAPTQVPGFLGDSVITLPCYLQVPNMEV! v'

EXYZPDB:RV(I) .VVQAPTQVPGFLGDSVTLPCYLQVPNMEV"
‘UNP:P15151 RLV]1) VVVQAPTQVPGFLGDSVTLPCYLQVPNMEV'
| N N T

AUTHPDBRV()  SXRLEFVAARLGAELREASLRMFGLRVEDE( \ A~/ /.

XYZ PDBR V(1) SKRLEFVAARLGAELRDASLRMFGLRVEDE( ALIGNED

POSI AUTH ANNOTATION
UNPPlSlSl(RI.Vl) SKRLEFVAARLGAELRNASLRMFGLRVEDE( TION poR| SEQU- @ DETAILS
| 61| ~=-dmmmm|mmmmpmmmm | mmmmpmmn |- ENCE
; UNP:PlSlSl _engineered mutation ¢ |
AUTHPDBRV(1)  AZVQKVQLTGEPVPMARCVSTGGRPPAQITI R1,V1) engineered mutation |
XYZ PDBR V(1) AEVQKVQLTGEPVPMARCVSTGGRPPAQITI : UNPPISI51 :'a‘:;‘;:fa“"“‘
'UNPP15151 (RLV]) AEVQKVQLTGEPVPMARCVSTGGRPPAQITI | 92 || SER (RiVl) ASNI exp g
: |1 160 | GLN UNP:P15151 XY  microheterogeneity
AUTHPDBRV() ~ VPSSQVDGKMVTCKVEHESFEKPQLLTVLL v scunnunn ; R1V1) chromophore
XYZ PDB:R V(1) VPSSQVDGXKQVTCKVEHESFEKPQLLTVSLTVYY....... 5 190 | gLy UNP:P15151 ASN conflict
UNPP15151 (RLVD) VPSSQVDGK[VICKVEHESFEKPQLLTVLTVYYP... ... : (R1,V1) acetylation
! 181""*""""""""|""+""|""+""|""+"‘: amidation

I UNP:P15151 lnltlatlng methionine

3 \]\l 7 .



Metric Score

X-ray Validation m—

Backbone s ———$0.0
X-ray Validation Task Force (VTF): A o
Developed consensus recommendations On  undempackingme=——01 =157
data and structure validation Worse Better

= 2008 Workshop ® et Score

= Chair: Randy Read (Univ. of Cambridge) f— '7:2::;2

= Structure 19, 1395-1412 (2011) Backbone smmmm—= ——=0.0

Rotamers s = 0.33

Clashscore s jo1.31

New X-ray validation reports are .||
embedded in the current system [ vs. entire PoB

0 wvs. 1.85-2.35A structures

Validation Module Checks

Software Used

Protein geometry

MolProbity (Chen et al. Acta Cryst. D66, 12-21 (2010))

Ligand geometry

Mogul (IJ Bruno et al. J. Chem. Inf. Comput. Sci. 44, 2133-2144 (2004))

DNA validation

NUCheck (sw-tools.rcsb.org)

Crystallographic symmetry clashes

Maxit (sw-tools.rcsb.org)

Ligand stereochemistry & assignment

wwPDB D&A Ligand Module

Sequence

wwPDB D&A Sequence Module

Structure factor validation

SF-Tool (sw-tools.rcsb.org), Refmac (AA Vagin et al. Acta Cryst. D60, 2284-229
(2004)), Phenix/Xtriage (PD Adams et al. Acta Cryst. D66, 213-221 (2010)),
EDS/Mapman (GJ Kleywegt et al. Acta Cryst. D60, 2240-2249 (2004))

[='a]
()
(-

o=
PROTEIN DATA BANK

\/\/ A\
Ca f/\—\ff\ (% (z\



EMDataBank

nified Data Resource for M

3 D E M NCMI, RCSB PDB, PDBe
Collaboration with EMDataBank

= EM maps are annotated by PDB
and part of PDB archive since

March 2012

= 3DEM data items for wwPDB
common deposition system
developed

= EM Validation: EM VTF
recommendations published . !
Structure 20, 205-214 (2012) T —

S. Benlekbir et al. Nature Structural &
Molecular Biology 19, 1356-1362 (2012)

- ) e I — u H
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! EMDataBank

Unified Data Resource for 3DEM

3DEM: Importance of Validation ™ ressros ose

= Recent public commentaries = J. Cohen,Is High-Tech View of
. . . HIV Too Good to Be True? Science
highlight pressing need for 341, 443-444 (2013)
. " = R.M. Glaeser, Replication and
3 D E M StFUCture Valldatlon validation of cryo-EM structures

J. Struct. Biol, in press (2013)

= 3DEM validation pipeline under
development, following EM VTF =5 &>
recommendations ) X o\

= 1stversion will evaluate model
quality using X-ray criteria

= Validation methods for maps and
map-model fit, in testing, with the
3DEM community

EMD-5418 ]G SodroskKi et al. Molecular
architecture of the uncleaved HIV-1

envelope glycoprotein trimer PNAS 110,
12438-12443 (2013)

% \j\l T EX9 .
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NMR

= NMR data items for wwPDB
common deposition system
»re Nave been developed in
collaboration with BMRB

= NMR Validation

= New validation standards
recommended by NMR VTF
Structure 21, 1563-1570 (2013)

= NMR validation module

( (
lncorporatlng NM R VTF PDB ID 2lpz; BMRB entry 18276. A Loquet et
recommendatlons under al., Structure of a bacterial type III secretion

needle from Salmonella typhimurium. Nature
development 486, 276-279 (2012); determined using a

hybrid solid-state NMR and electron
microscopy (EM) approach.

= sz\/’? — X M\
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Version 1.0 Testing and Deployment

= Deposition and annotation pipelines now being tested

= Both deposition systems available in parallel during
transition

= January 2014

= All incoming depositions will be processed using the new system
= Depositions initiated in old system will have time to complete

Tasks _________________________________Jpae

PDBx working format announcement May 22, 2013
D&A systems announcement Jul 1, 2013
D&A public alpha testing by X-ray software developers Jul 1,2013
Produce new validation reports for depositors once entry is fully processed Aug 1, 2013
D&A public beta testing by selected X-ray depositors Sep 16, 2013
D&A in production at all sites Jan 1, 2014
Old deposition systems operating in parallel Jan 1, 2014

‘PDEB DR
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Data In-Data Out Synergies

Data quality (data processing)
/ Data standardization (remediation)
Extended annotation (ERF5s)

Improved query functionality
Extended query options

3 IS T €19



Remediating Data for a Uniform Archive

wwPDB regularly reviews the
[ [ [ P f

archive to identify and correct e

errors and inconsistencies

(“remediation”)

Archive

Common D&A

Remediation
System

These efforts:

* Inform all processes

= Improve consistency in Development/ Ammotation
entry and archive Selnement
annotation

" Enhance chemistry - Better query capability
representation 4




Representation of
viruses in the
remediated PDB archive,
CL Lawson et al. Acta
Cryst. D64, 874-882
(2008)

Previous Remediations

wwpdb.org/remediation.html

= 2007: Sequences, nomenclature,
citation and virus representation
Nucleic Acids Research 36,
426-433 (2008)

= 2009: Biological assemblies and
binding sites of ligands and metal
ions

= 2011: Representation of
biological assemblies, residual B
factors, and peptide inhibitors
and antibiotics
(manuscript in preparation)

PDB ID: 4ekw, Ion
Channel, ] Payandeh et
al. Nature 486, 135-139
(2012)

PISA: E Krissinel and K
Henrick, J. Mol. Biol.
372,774-797 (2007)

PDB ID: 2fir, PPACK
inhibitor binding site,
SP Bajaj et al,
J.Biol.Chem. 281,
24873-24888 (2006)

PDB ID: 1¢fi,
Actinomycin, A Lifferth
et al., Z.Naturforsch 54,
681-691 (1999)

% \j\l T EX9 .



Biologically Interesting Molecule

Reference Dictionary (BIRD)

= Developed as a result of the
remediation of peptide-like
inhibitors and antibiotics

= (Contains information about

the chemistry, biology, and
structure of these molecules

* Integrated in current and
future D&A annotation
systems

= Example of an ERF




Future Remediation

Current reviews are focused on representation of

= Carbohydrates
= Protein modifications

= Metal-containing ligands

Protein modifications Metal-containing ligands

3 W - UE n
PDB SR



Carbohydrate Remediation

= Multiple representations in naming and linking
Issues = Non-standard nomenclature and incomplete linkages
= Representation of branched polymers

= Represent data consistently within the archive and in agreement
Goals with glycobiology community standards
= Enable searches for carbohydrates in PDB archive

= Identify and analyze carbohydrate-containing entries
Plans = C(Create standard representation for branched polymers
Forward = Incorporate standard nomenclature

= Develop a strategy for remediation

LINUCS: [][b-D-GlcpNAc] {[(3+1)][a-L-Fucp]{}[(4+1)][b-D-Galp]{[(2+1)][a-L-Fucp]{}}}

a-L-Fucp-(1-2)-b-D-Galp-(1-4 )-lb A—0
IUPAC b-D-GlcpTAc Symbolic >I
a-L-Fucp-(1-3)+ =

PDB ID: 2wmg MA Higgins et al. J.Biol. Chem. 284, 26161-26173 (2009)

= \j\/ B 1A .
LR c: A € 3
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Data Enrichment Beyond Remediation

= Archive-wide remediation is limited to
standardizing terminology, nomenclature and
well-established annotations

= Some data within existing PDB entries constantly
in flux (e.g.,, DBREF)

= Some data required to support richer queries and
analysis are not readily incorporated into PDB
entries




What Do We Mean by an External
Reference File (ERF)?

= A data file containing compilations of additional
annotations on structure entries

= Can be extended as necessary without impacting
archival data files




Current ERFs

* Chemical Reference Data (RCSB PDB/wwPDB)

* Chemical Component Dictionary
(CCD; ~18K definitions)

= Biologically Interesting molecule Reference
Dictionary (BIRD; ~1K definitions)

= Structure Integration with Function, Taxonomy
and Sequence (SIFTS; PDBe and EMBL-EBI)

= Weekly updates of mappings among PDB,
UniProt, IntEnz, GO, Pfam, InterPro, SCOP, CATH




ERF Content Example
Chemical Component Dictionary (CCD)

= Molecular names and synonyms

= Chemical formula, formula weight, and formal charge
= Atom and residue nomenclature

* Polymer linking type

= Model coordinates from a PDB entry

* Computed coordinates (Corina or OpenEye)
= Connectivity and bond types

= Stereochemistry and aromaticity

= Systematic names (ACDLabs and OpenEye)
= SMILES, InChl, and InChIKey descriptors

= Release status and revision history




Future ERFs

= New keywords for structure and function

= Lists of PDB entries containing special
features

= Pharmaceutical targets

= Membrane proteins

= Ligand binding

= Protein-protein and protein-nucleic acid
interactions

= New mapping of data items within PDB
entries to other data resources

= Sequence and domain beyond SIFTS
(e.g., RefSeq)

= Ontologies and classifications (e.g., PRO)
= Biological pathways (e.g., BioCyc)
= Computed and mined annotations
= Sequence clusters
= Structure clusters
= C(Crystallization conditions

Glycan Biosynthesis i . 4 Y
and Metabolism } S . .

“\;" PO s s s &

Biodegradation of
Xenobiotics

o

m\,

& i beed
H i i
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Metabolism of
Other Amino Acids
o o 0 H
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M (Cofactors and Vitamins
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PDB Data vs. ERF Content

* Primary data in PDB entries

= Coordinates, supporting experimental data, sample
preparation, sequence and taxonomy, chemical
nomenclature, experimental metadata, secondary N
and tertiary structure features, citation, external 4
database references, ...

—_—

= External Reference File content
* Chemical reference data (e.g., CCD, BIRD)
= New keywords
= Lists of PDB entries containing special features
= New mappings
= Computed and mined annotations




Implementation Strategy for ERFs

= Leverage RCSB PDB staff expertise to manually
and computationally develop ERF content

= Work with community experts

= Package and organize data to support various
delivery options

* Document provenance
= Provide ERF catalog




—Cepter for Integrativy
PROTEOMICS
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wwPDB D&A Team
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Data Out: Data Distribution,
Query, and Analysis

Peter Rose
Andreas Prli¢




Data Out Goals

Enable research and discovery in science, medicine,
and education by

* Presenting an accurate, concise, and meaningful
understanding of structure and structure-function
relationships

= Addressing broad biological questions where
macromolecular structure is central

* Enabling computational analyses involving
macromolecular structure




Website

. implementation,
Outreach Services testing, bug fixing,
_ . Mobile deployment,
Science Festivals, 1 maintenance
Science Olympiad,
Workshops,
PDB-101

Operations Hardware _
24/7/365 support, System design,
Weekly updates, procurement,
Help desk triage, maintenance

/ Project management

% ‘ N A



Recent Accomplishments:
Structural Views of Biology e

Viewing structures in a biological context
to support different user groups: I S

* Protein feature view

= Drugview

= Biologically Interesting molecules
Reference Dictionary (BIRD) features

= Protein Symmetry view

= RCSB PDB Mobile app

= PDB-101 (Outreach presentation)




Protein Feature View

‘ Protein Feature View of PDB entries mapped to a UniProtkKB sequence @

UniProtkB: Search PDB 2 | P04585 &
Species:Human immunodeficiency virus type 1 group M subtype B {(isolate HXB2)
Gene name: gag-pol
Length: 1435
50 100 150 250 350 450 550 650 750 850 950 1050 1150 1250 1350

P04585

Molec. Processing Gag-Pol polyprotein )
P '<| ""'7' N2 4 G N - " . D Reverse han H_" 'H-I'V -l e = H _

Y T I
@ RNaseH Int (ntegraseca...) Int.)

Motif | 00

UP Sites T % 1 1 1 117 9 A |
Pfam Gag_p17 J 24 L zz R¥P R¥T_1  R¥T_t RV¥T._conn ' RNase_ H | Int rve | IN_D/

[iscoP domains  Retrovira..) Retrovirus.. JReto.) Reb) llaclAc/Ac DNA/RNA polymerases ... [Ribonucl

Disorder

Hydropathy

Secstruc 4B SNE-HHEnaan- | - == - O - [ aaas -

3QI0.A
1EXQ.A
2NPH.A
3KT2.A
2YNG.A
2YNG.B
1EX4.A
1E61.P
1ESK.A
INCP.N
101W.A
1ITAM.A
2KOD.A

m €
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Drug View

Search by Generic and Brand Name

Search

Author

Advanced

Browse

Chemical Name

e 117: Lipitor

Integration with DrugBank

Name 7-[2-(4-FLUORO-PHENYL)-5-ISOPROPYL-3-PHENYL-4-PHENYLCARBAMOYL-
PYRROL-1-YL]- 3,5-DIHYDROXY-HEPTANOIC ACID

Identifiers (3R,5R)-7-[2-(4-fluorophenyl)-5-( 1-methylethyl)-3-phenyl-
4-{phenylcarbamoyl)-1H-pyrraol-1-yl]-3,5-dihydroxyheptanoic acid
(3R,5R)-7-[2-(4-fluorophenyl)-3-phenyl-4-(phenylcarbamoyl)-S-propan-
2-yl-pyrrol-1-y|]-3,5-dihydroxy-heptanoic acid

Synonyms ATORVASTATIN

Farmula C33 H35FN2 05

Molecular Weight 558.64 g/mol

Type non-polymer

Isomeric SMILES CC(C)ele(C{=0)Nc2eccec2)e{c{-c2cce(F)ec2)n 1CC[C@@H]{O)C[C@@H]

(0)CC(0)=0)-clecceel

InChl INChI=15/C33H35FN205
fe1-21(2)31-30(33(41)35-25-11-7-4-8-12-25)29(22-9-5-3-6-10-22)32(23-13-15
-24(34)16-14-23)36(31)18-17-26(37)19-27(38)20-28(39)40
/h3-16,21,26-27,37-38H,17-20H2,1-2H3,(H,35,41)(H,39,40)/t26-,27-/m 151

InChI key XUKUURHRXDUEBC-KAYWLYCHSA-N

DrugBank ID DB01076 (77 (Stereoisomeric match)

Name Atorvastatin

Groups approved

Description Atorvastatin (Lipitor) is a member of the drug class known as statins. It is used
for lowering cholesteral. Atorvastatin is a competitive inhibitor of
hydrorymethylglutaryl-coenzyme & (HMG-Coa) reductase, the rate-determining
enzyme in cholesterol biosynthesis via the mevalonate pathway, HMG-Coa
reductase catalyzes the conversion of HMG-Coa to mevalonate. Atorvastatin
acts primarily in the liver. Decreased hepatic cholesterol levels increases
hepatic uptake of cholesteral and reduces plasma cholesteral levels.

Salts Atorvastatin calcium

Brand names o Atogal
o Cardyl
o Faboxim
o Hipolixan
o Lipitor
[more]

Large image - View atom labels

& view in Imol

Visualize Binding Site in 2D & 3D

% Instances in PDB Entries

As free ligands: 1 entries ~
Ex: IHWK

% Related Ligands in the PDB Hide

Find stereoisomers ~

Find similar ligands ©

Use 117 for a chemical structure
search ~

% Chemical Details Hide
Formal Charge 0
Atom Count 76
Chiral &tom Count 2

in/na

Lnenin

Created by Poseview, Univ. of Hamburg, Germany

~160K views over 12 months
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Drug and Drug Target Mapping

™ . Page Dof1 > The Anatomical Therapeutic Chemical (ATC) Classification System is used for the classifica
R Drug Statistics Methodology.
Generic Mame  Brand Hame DrugBank ID ATC Codes Ligand ID Target Hame UniProtID PDBID1 Seq.Identity ATC names are only listed when there are corresponding PDB entries.
| | | | | Iniv | | I |
Amprenavir ® Agenerase DB00701 o JOBAEQS 478 HIV-1 protease 090777 1HPY 939% Here you can browse an ATC name, view the number of associated PDB structures, and sear
* Prozei * JOSAEQ7 | C10AA.05: Atorvastatinf |
SR\Ertex = | Search in Tree Next Previous Clear Search
Atazanavir ® Latazanavir DB01072 | ® JOSAEOS | DR7  |HIV-1 protease 090777 2AQU 93% R — R —
: ;fm’-'da: - | A: ALIMENTARY TRACT AND METABOLISM = [ 15456 Structures |
Darunavir * Prezista DB01264 | * JOSAE10 | 017 |HIV-1 protease 090777 4HLA 93% ¢- 4J B: BLOOD AND BLOOD PORMING ORGANS - [ 7878 structures ]
- 4 | C: CARDIOVASCULAR SYSTEM - [ 7761 Structures |
Indinavir ® Crixivan DB00224 | * JOSAEOZ MK1  |HIV-1 protease 090777 1HSG 93% | | €.01: CARDIAC THERAPY - [ 175 5 )
Lopinavir ® Aluviran DB01601 | * JOSARIOD AB1 HIV-1 protease 090777 1MUL 93% j . €.02: ANTIMYPERTENSIVES - [ « structives |
Nelfinavi - ﬁ::::aapt DB00220 | * JUSAEDA | UN  |HIV-1 prot 090777 | 10HR 93% Y; & G031 DRURNTICS = [ 20 sarwenswes |
nnsur e i | €.04: PERIPHERAL VASODILATORS - [ 29 Structuves |
Ritonavir ® Norvir DB00503 | * JOSAEOS RIT HIV-1 protease 090777 THXW 92% \ ] €.05: VASOPROTECTIVES - [ 55 structures |
® Norvir Sec 1 =
~ _ €.07: BETA BLOCKING AGENTS - [ « seruce
Saquinavir * Fortovase DB01232 | * JOSAEDT | RoC  |HIV-1 protease 090777 1HXB 94% | “ : ( s
* Invirase . C.08: CALCIUM CHANNEL BLOCKERS - [ & serucrures |
® ROC i | €.09: AGENTS ACTING ON THE RENIN-ANGIOTENSIN SYSTEM - [ o stuctures |

. €.10: LIPID MODIFYING AGENTS - [ 7519 Structures |
4 | C.10.A: LIPID MODIFYING AGENTS, PLAIN - [ 7519 Structures ]
4 | C.10.A.A: HMG CoA reductase inhibitors = [ 2 souctures ]

L . C.10.A.A.02: Lovastatin - [ 1 seructure )
M C.10.A.A.05: Atorvastatin - [

. . . . . I 4 e Ik!k?omf;r' mﬁiﬁlmmmmnc: C.10AA.05: Atorvastatin
Integration with Binding Affinity Databases | L ———

Binding Affinity {Sequence Identity %)

Identifier

ECS0: 2.5nM (91) - data from BindingDB (7!
:ei’th;_) g IC50: 3.8 - 6.2 nM (91 - 99) - data from BindingDB [

Download % ICS0: 8 nM - data frorm BindingMOAD

‘PDB DT Ty
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Biologically Interesting Molecules

Search, display, and visualize peptide-like molecules annotated in the
Biologically Interesting molecule Reference Dictionary (BIRD)

¥
Advanced Search Interface ‘

Actinomycin D

Polypeptide ~

Class

Antibiotic®  EF,G,H ‘ "

Chain ID

f—\’

Explorer

[ Biologically Interesting Molecules (from BIRD)

) @

Name or ID

Type

Class

Find annotated biologically interesting molecules (BIRD)

[C) Remove Similar

| Antagonist
Antibiotic
Anticancer
Anticoagulant
Antiinflammatory
Antimicrobial
Antiretroviral

Match all  : | of the ah Antithrombotic

Antitumor

Antiviral

Caspase Inhibitor
Enzyme Inhibitor
Immunosuppressant
Inhibitor

Lantibiotic

Metal Transport
Thrombin Inhibitor
Toxin

Trypsin Inhibitor

| Contains  + | |actinomycin

| Any

ann
Fle  Arabysn  Hely

I8 PO8 Ligand Lagimerr 4,10 (pewered by the MET) 318 l y ]

Comac s

Actinomycin D bound to DNA,
PDB ID: 1i3w, Robinson et al.

Biochemistry 40, 5587-5592 (2001)
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Protein Symmetry View

Protein symmetries observed in the PDB

Cn: cyclic Dn:dihedral T:tetrahedral O:octahedral I:icosahedral H: helical
n=1,.. n=2,.. n=12 ne=24 n=60 ns=co

3 : S
2XQT: CIS 1A6D: D4 2Y: T 1EAB: O 1A34: 1

Global Symmetry Local Symmetry

Pseudosymmetric Asymmetric Pseudosymmetric

Part of complex has approximate
higher local structural symmetry
than expected by sequence

Entire complex has approximate
higher global structural symmetry
than expected by sequence

Entire complex

Part of a complex
IS symmetric

1A6D: D4

This complex has ASBB8
stoichiometry based on
sequence with a point
group symmetry of D4

1A6D: D8

This complex has 16

structurall lar subunits,
hence A16

stoichiometry and a

group pseudosymmetry of D8

1LTI: C1

This complex is
asymmetric (C1). Gray
subunit colors indicate
no symmetry.

1LTI: C5

This complex has A58
stoichiometry based on
sequence. The A5
subunits are related by
a C5 axis.

4K2U: C2

This complex is globally
asymmetric, but two of the three
subunits (light and heavy chain of
antibody) are structurally similar
and are related by a C2 axis
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Protein Symmetry and Stoichiometry

Visualizing Symmetry in Jmol

Symmetry axes, polyhedra, coloring

Cyclic: C6

[cosahedral: |

Tetrahedral: T Octahedral: O

Drilldown by Global Protein

Symmetry and Stoichiometry

Browsing by Different
Symmetry Types

Step 1

Dihedral: D7

Helical: H

[ pr—
:vc‘z (23435) o
* C3(2835)
* C4 (715)
Step 2 * C5(346) LR
* C6(247)
* C7(77)
* C8(28)
* Other (92)
* more choikes...

[

€ Provinsymmetry

o Asymmetric (53071)

> Cyclic (27775)
Dihedral (7151)

o lcosahedral (421)

o Helical (282)

> Tetrahedral (261)
Octahedral (202)

o more choices...

G Protein Stoichiometry

* Homomer (339) sesnnnn

* Heteromer (7)
¢ more choices...

(
y Organism
(N

* Aplysia californica (44)
* Escherichia coll (33)

* Homo Sapiens (23)

* Gloecobacter violaceus PCC 7421 (21)
* Vidrio cholerae (18)

* Glocobacter violaceus (17)

* Lymnaca stagnalis (16)

* Other (165)

4. | Global Symmetry - [ 89544 Structures ]
- || Pseudosymmetric - [ 387 structares |
4. | | Symmetric - [ 89163 Structures ]
- || Asymmetric - [ 53071 structures |
> W cydlic - [ 27775 Structures ]
4- | | Dihedral - [ 7157 Structures ]
U.j D11 - [ 1 Structure ]
Uj D12 - [ ¥ Structure ]
Uj D17 - [ 2 Structures ]
UJ D2 - [ 4708 Structures ]
Uj D3 - [ 1546 Structures ]
uj D4 - [ 548 Structures ]
Lﬁj D48 - [ ¥ Stracture ]
u] D5 - [ 167 Structures ]
.JJ D6 - [ 67 Structures ]
Uj D7 - [ 75 Structures ]
Uj D8 - [ 30 Structures ]
U.j D9 - [ 5 Structures ]
& uj Helical - [ 282 structures ]
- || Icosahedral - [ #271 structares ]
[> uj Octahedral - [ 202 Structures ]
‘- | Tetrahedral - [ 2671 structures
- | Local Symmetry - [ 858 structures |
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Available on the

RCSB PDB Mobile App App store

Browse Simple Interactive  Browse
Molecule of  search 3D viewer* search
the Month results
articles

*NDKMol, Takanori Nakane, Kyoto University
- — ‘ - L
=Jp) - \ / \/f‘/\\\ A \

JLJ Y Vs —
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How Do We Decide
Which New Features to Add?

AAAAAAAAAAAAAAA



Factors Influencing Our Decisions

Advisory
Committee

RCSB PDB Usage

Website

User
Feedback




How Do We Measure the Impact of
RCSB PDB Website Improvements?




Primary Access Statistics

400,000

350,000

300,000

250,000

200,000

150,000

100,000

50,000

0

RCSB PDB Website
Unique Visitors Per Month

/

/

2000 2002 2004 2006 2008 2010 2012

This grant period:
traffic almost doubled and growing

Millions

300

250

200

150

100

50 -

File Downloads (FTP)

==RCSB PDB

AN\
— N

A

//\/

J

=

2000

2001
2002
2003
2004
2005
2006

%2007
2008

%2000
2010

*2011
2012

*Release of remediated data

PPPPPP
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Website Monitoring

Pageviews
nght now Per minute Per second

300
active visitors on site

Il RETURNING H NEW

Google Analytics used to

* Analyze growth rates

= Monitor feature usage

= Understand user workflows

= [dentify appropriate website improvements

&= INIS T T €XE .
DR \ AV & ‘\} =



Source Starting Page First Iteration

How Users
Come to Our Site
and Where They
Land

Homepage

Structure
Summary

Diagram size
proportional to traffic




Visits by Hostname

B www.rcsb.org M www.pdb.org M pdb.org
rcsb.org M pdb.rcsb.org [ Other

|

500,574
Visits

www.rcsb.org
413,428 Visits (82.6%)




Where Is Our Growth Coming From?

Feature Page Views Annual
May-Aug 2013 | Growth Rate

Drilldown and Search 2.6M 10%
Homepage 1.5M 5%

PDB-101 445k 9%

Ligand Summary 95k 5%

Protein Feature View 76k New
Search Unreleased 61k 14%
Help 21k 37%
Chemical Search 8k 46%
News 7k 31%
MyPDB Query 5k 30%
Web Services Documents 5k 11%

o
w
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2012 Usage Worldwide

Top
Countries

in2012 °

10.

-
.

L4 a
" Each circle > 7k visits

Country / Territory | Visits

United States
India

United Kingdom
China

Germany

Japan

Canada

France

Italy

Spain

: 4 Visits
1,909,608  29.82%
573,024 8.95%
392,663 6.13%
353,662 5.52%
340,741 5.32%
338,453 5.29%
203,561 3.18%
192,786 3.01%
140,080 2.19%
135,536 2.12%

d .

Contribution to total: | Visits

28.82%

28.47% ——

6.13%

—5.52%

5.32%

5.28%
3.18%

A . ~3.01%
e 219%

2.12%
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MyPDB

= Stores user queries and annotations
= Weekly or monthly query notifications

16000

7~

14000 S
Better Positioning on Page /
12000 /
10000 /
8000 /
6000
v~

4000 /
2000 /

0

Number of Users

S @ @ & N & SIS SN
SRR G R R R R IR R R GGG OERY
%\‘\/\ ‘o\'\/\ o,\'\'\ 'Q’\\/\ ’b\\'\ b\'\/\ q\\'\ 'Q’\'\/\ \'\/\ b\‘\/\ o,\\'\ '\,}\'\/\ 0)\‘\/\ ‘o\'\’\ o‘,\\'\ 'Q’\\,\ \'\,\




Growth in PDB-101
(Outreach & Education)
Usage

statistics:

= ~75,000
Visits per
month

= ~12% of

Visits ¥ VS. Selecta metric Hourly Day Week Month

all site
visitors

= ~17% of
all page
Views




RCSB PDB Mobile App Downloads

Available in

..o | firstannouncement

iTunes store ™ June 26,2012
= iPhone/iPod: fjguzctel;igg 1dzeployed
released May 29,
2012;
announced June , i l
26,2012 S ——

= iPad:
released August
8,2012

= Android version
in beta testing

AAAAAAAAAAAAAAA




Feature Usage (July 2013}

P_r/ 771 _. Search 376

PROTEIN DATA BANK acromolecule: PDB ID(s):

1351 ’ 24‘7 ! [collagenl ] [

( Run Query ) ( Run Query ;j‘
Structure P 1
9 5 | Au?lll‘;r(s): An:t::?:ns:
660 932 ——— | e —

Done

Next V
owle[r|7|v]u]i]o|r

477

|

1372 Als|o|Fle|H|JjK|L
Lz x[c]v]s|n]mEL

MyPDB ™ the Month
, ”

Structures Viewer

Copyright © 2012 RCSB PDB

- 1S I A WX
PDB , “\//\/\v
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Website Usage by Device

Device Month
Category
Desktop
June 2013
June 2012
% Change
Mobile
June 2013
June 2012
% Change
Tablet
June 2013
June 2012
% Change

AAAAAAAAAAAAAAAA

Visits
525,337
444,596
18.16% ¢m Desktop usage
up 18%
14,801
7,256  _
103.98% &=
Mobile and tablet
6,084 usage
3,498 almost doubled
73.93% = |



Mobile Strategy

Considerations:

= Mobile usage of website exceeds
RCSB PDB Mobile app usage

Strategy for new grant period:

= Responsive web design of website to support all
types of devices

= Maintain RCSB PDB Mobile app “as is”

= INLS T €W
T \ AV & ‘\}
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Old vs. New Hardware

UCSD Rutgers

old new

Average page load time improved ~10% since last year

- AV e A X
ZPDB ( ™ )
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Data Out IT Infrastructure

Legend

Hardware and Physical Infrastructure (Blue Circle)
Software and Hypervisor (White Circle)

Virtual Machine (VM) Servers and Services (Green Circle)

Benefits of Multiple
Sites:

e Enterprise class datacenters

e Generator backed power and
cooling

e Excellent internet connectivity

e Disaster Resiliency, Avoidance and
Recovery

e Knowledgeable staff at both
institutions

2 wwPDB

4 Alignment

4 Load Balancers

PDB DT ey
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Global Load Balancing of Web Tratffic

failover - idle

Example: During Internet 2 = Increased reliability and
outage Sep 3, 2013, mitigated access faster access from East

to website successfully
- coast and Europe

% & TR = Balanced load on servers
e (no idle failover servers)
\Z .
by S
- o iR "2 5N
cPDB - ™ = A
TTTTTTTTTTT BANK v e \/\r«,x}' q -



Plans for Next Grant Period

= Enhance searching based on external reference files
* Improve searching across diverse data types

* Improve reporting

* Provide pathway mapping

= Extend Web Services

= Improve structural analysis and visualization




External Reference Files (ERFs)

= A data file containing compilations of additional
annotations on structure entries

= Can be extended as necessary without impacting
archival data files

Reference Capabilities )
Files »
L \_ Extended
B — TR

Core PDB Extended Web
DEY Services
v/




New ERF: Membrane
Protein Annotation

Prototype drilldown using
mpstruc classification

= Annotation and classification | | @ wasmemsraneprotens |
of membrane proteins + BETABARREL (356)

¢ MONOTOPIC MEMBRANE PROTEINS (247}

w Transmembrane Proteins 1

* Query by membrane p
ClaSSIflcatIOn ¢ Channels: Potassium and Sodium ... (154)

e Bacterial and Algal Rhodopsins (121)
+ Photosynthetic Reaction Centers (110)

= Visualization of membrane " Dtype ATpase (87) T (GPCRS) (52)
+ Major Facilitator Superfamily ( ... (82)
region : (h;tur:tg;l?g;%!)iﬁ‘luxﬁansporters (71)
= Collaboration with SBKB and & rensmembrane ot

Stephen White (UC Irvine) L b1 adrenergir .. 1)
¢ App adenosine receptor (12)
¢ (2 adrenergicr ... (11)

¢ CXCR4 chemokine receptor comple ... (5)
+ Rhodopsin, Squid (4)
¢ Apelin receptor (AR} TM helix 1 ... (4)

e Other (17)
E TS T X
“PDB LY Y .
AAAAAAAAAAAAAAA rx‘ ¢ \‘K/"\%V.}.



New ERF: Ligand Classification

* Find and export ligands relevant to drug design
= (Classify ligands by

= Modified residues vs. non-polymer ligand

= Organic vs. inorganic

= Buffer components, cryo-protectant, etc.

= Approved drug or experimental compound

= Action(s): inhibitor, agonist, antagonist,
substrate, etc.

= Ontologies (ChEBI, MeSH)




Improve Searching

= Search across diverse data types such as sequence,
structure, ligands, function(s)

= Complex Boolean expressions combining

sub-queries

lmcnul Method is X-RAY
External Link Search : External Link=EDS_IDS

lmenhl Method is SOLUTION NMR
} xternal Link Search : External Link=RECOORD_PDB_ID




Improve Reporting

= Develop flexible framework to plot PDB data as
timelines, networks, scatter plots, heat maps,
histograms, and other display formats

= Reporting functionality will use annotations and
summarized data from ERFs




Map Structures to Pathways: Why?

= Proteins do not actin
isolation

= To provide a Structural
View of Biology

= Repeated user requests
for searching of

Metabolism

UL [P0

metabolic pathways, M

enzymes, and “HH

metabolites >
2 ey B
D Y AR € ‘\)
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Map Structures to Pathways: Example

= Automated mapping to
pathways in Reactome
and other model
organism databases
stored in ERFs

= Semi-automatic
in-depth mapping of
selected pathways

" (Queries and
visualization of
structural coverage

AAAAAAAAAAAAAAA



Extend Web Services

* Provide programmatic access to archival PDB data
plus extra annotations from ERFs

* Provide workflow modules that can be used by
common workflow tools such as KNIME or Galaxy

= Enable use of PDB data in conjunction with other
open source (R, Weka) and commercial workflow
modules (FreaClary)

= Enable saving and sharing of workflows

Define variables Create report
String Input String Input Java Edit Variable  CSV Reader Interactive Table
S

Listof PDBIDs  List of Report Composetabular  Read custom Node 34
Columns report URL report

FoR TELES
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Structural Analysis/Visualization

= Predefined queries for
common structural motifs

(metal coordination,
cis-peptide bonds, etc.)

* Geometric queries for
macromolecules and
ligands

= Search for similar
structural motifs and
binding sites




The RCSH :
of tools of

studying thy
of bi
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Outreach & Education

Christine Zardecki
Shuchismita Dutta




Goals

= To facilitate RCSB PDB’s mission in the interests of
science, medicine and education

= To promote a Structural View of Biology so that
experts and non-experts can understand biological

processes at a molecular level in 3D

Interactions with different user communities

biochemi ?
hmm ormaticiststeachers

g undergratiateS,  nositors

graduate students Outreach
pharmacologistsauthors
publishers =

PELS

Feedback structural biologists
|Ilustrgu

geneticists

K12
software develo

data user
high schil studgnt

texthook

Development of RCSB PDB resources

I
2y S

=5 B

/\
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International User Communities

Who are our users?

Biologists: structural biology,
biophysics, biochemistry, genetics,
Immunology, pharmacology, cell and
molecular biology, ...

What are they using?

RCSB PDB website,
deposition tools, data

How do we know?

Publication requests, website
usage, annotator and Help Desk
requests, community outreach,
surveys

Other scientists: bioinformatics,
software developers, ...

Web Services, search
engines, data

Publication requests, website
usage, Help Desk requests,
community outreach, surveys

Students & teachers

PDB-101

Increase in web hits, email,
meeting interactions,
specialized workshops/events

Media: Writers, textbook authors,
patient advocacy groups, ...

Images, data,
information, outreach
material, e.g., posters

Publications, image requests

General public: Curious/interested
individuals, artists, sculptors, ...

Images, Molecule of the
Month, external media

Concerts, media, Wikipedia




User Feedback

Online Survey (Nov 2012) Examples of Impact and
Assessment

(= =]

cPDB = Qutreach

PROTEIN DATA BANK

 Annual Biomedical Research
——

Conference for Minority Students
(ABRCMS; Nashville, TN,

1. Gender

o | o
o 3304 ? ‘ ln| 67% November 13-16, 2013)

2 Ethnicity = Plans for additional surveys Y2
:\“' :::::m"""m::° (12% Hispanic or Latino) and Y4

‘ = Data Out

3. Race

= Continued development and
support for website features

Data In
= Continued depositor-directed
surveying using deposition and
annotation tools and interactions

[ Aomerican Indan or Alsska Natve -
" Asian |

- Black or African American

= Native Hawaian or Other Pacific Islander

White
—

v]\/ SR b
AAAAAAAAAAAAAAA r/’:‘\\‘ /.\(N//*\ q “ .



User Communication

Online News & Help Desk Professional Society Meetings

Downdoad RCSE POB Mobile
for the IPhone/IPad

Soarch the POA. acomes M08, view
moecues 30, and mare

Facebook & Twitter

Staff Activities

PDB40

Symposium

October 28 - 30,201
Cold Spring Harber Laboratory

[='a]
PDB
(-
o=

R
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Journal Interactions

Top Overall

Acta Crystatops,Sect ©
Nat.Struct. Mol Biol,
Nature

). Med.Chem.

Protein Sol

EMBO ).

Proteins

J.AmM.Chem Soc
Science

Bioorg Med.Chem. Lett.
Ced

Mol.Cell

Nodleic Acids Res.

Mos One

Acta Crystalioge, SectF
Biochem.).

Febs ).

J.Virol.

).Struct Bol.

FESS Lett

Blochem. Biophys Res Comm.

Cham Biol.

Euc). Bochen.
Nat.Chem. Sl
Angew.Cham. Int £¢.Engl

Top in 2012

J. Biol. Chem. 669
PNAS 601
Biochemistry 430

J. Med. Chem. 334
Structure 301

PLoS One 270

J. Mol. Biol. 270

Acta Crystallogr. D 269
Nature 217

NSMB 209

TEEEEETEEEEEEEEEEEEEEEEEEEEEEe .

Structure Publication
Notifications

Acta Crystallogr. D&F, FEBS J.,
J. Biol. Chem., ]. Mol. Biol,
Nature, Nature Comm., NSMB,
Nat. Chem. Biol.,, Proteins,
Nucleic Acids Research, PNAS,
Science

Validation Reports

IUCr
Journals
5& THE JOURNAL OF
J BIOLOGICAL CHEMISTRY

’ﬁeLIFE

\‘?
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Resources

PROTRIN BATA BARE

PD
[ An Educational Resource for Exploring a Structural View of Blology

A Mesanen o vou @

B SEMDuaBank

Contact Us | Print

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.

PDB-101 News

August 2013 Molecule of [
Receptor

Follow us on Twitter

Get interesting structural Biology mews and more st
Sbutamoadels

Like us on Facebook

Video Tour of POB-101

Loarn abost the cferent rescurces avalabie at
POS-101 in this brief video.

About PDB-101

Ufe is three-cemensional. This extends to Ife's makeculer Buikding Blocks--protens, DNA, and SNA. POB-101 oMers 190ls 1 explone the molecules of Diological rocesses that define We.

The Strectural View of Biclogy nterface starts with key topic categories and subcategories that dril down 1o ndhvideal molecules. It s SUlt around the Molecule of the Month seres, which
regularly describes the structure and fusction of & molecule. Bducationsl Resosrces Srovides activities and materias for learming, and Understanding PDS Data heips interpret the deta
archived in the POO. Author Profiles are a new and unigue historcal and educational tool that offers » timeling diaplay of all structures amcciated with 3 particular ressarcher

The ACSH POS develops these
Complex assembnes

0 support of the strucs

found in the Protels Deta Sank archive of experimentally - determined structures of proteies, fudeic ads, and

« BIDE BDess
View of Botogy

* PDB-101 ZPE . ———me

e ———]
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HIV Capsid
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Build a Paper Model of HIV Capsid

R L]
—

Downlcad our rew POF 12 buld 2 10 paper model of the
WV capmied S [ v 1w e o) 10 1
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Resources

How to fold PDB-101's DNA paper model

MOLECULA DEL MES
[ 40N AGIDO DESORRBONVCLCO

™

M munpulacionc pec-
wraes on ka ahrmenios
nnldn scbm prodine
pocde ket a0 o modibcable La informacdn o mess R oues & &
abmacenads & foema organizads on s cadenus ddl
ADN. pussdadas 3 becn secaado denero de L cthe
b Cadas moléculs & ADN cntd compunita de una
- -

moria de sdlo kectura
1 ADN o was anemoris swsbooular que i s
i, sepecsenes kow svances

on andiis ¢ denaficacda
forcrmes quc haa wdo

[T AR ST
R

[— =1 ) J:’_,_' 4

s que cade ol ¥ 4 - sl
cada peldet RO T . de la estructura de AD
sporcadon. . PTTTYTIITSYTT 4

DaD¢
P ' P

Utlice este folleto para construir un giro completo de una
cadena de doble hélice de ADN. Escoja entre: un modelo
esquem

bases (2 la derecha) 0 un mode

10dos kn Somos en cada nuck

Cone d moddo Primens doble nodon hos plegses  Doble bis Haes
mancados por wna lines wlkda gris. maners gue queden exondida en
d paagse
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National Reach

RCSB PDB used in national high RCSB PDB Exhibit Visitors

school and undergraduate
programs, e.g.,

= Protein Modeling event at Science
Olympiad (MSOE/RCSB PDB)

= SMART Teams (Students Modeling
A Research Topic; MSOE)

=  WestEd: In Touch With Molecules
project

= RCSB PDB’s Education Corner
describes high school and
undergraduate programs at
Brookhaven National Laboratory,
Oregon State Univ., Stony Brook
Univ., Univ. Kansas, and more

at NSTA 2013
San Antonio, TX

WI_WV_PR AL
VA WA\_\ |‘ /_/_/—AR

_

PA
IL
‘ ? IN
KS
LA
MA

MN
MO
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PDB-101 Usage in 2012: US

6NY:
22,419 visits

18,486 visits

NJ: 15,015 visits
PA: 14,372 visits

42,242 visits MD: 9,538 visits




(an'am |
cPDEB
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Educational Experiences

-[BS8
Collaborative-seminar- cnurses»vk tuu leacher-wkshop

brad
13-ocIgne; Jlyplat Ubsemina

UG-Interns

‘PDB Dy ey B
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RCSB PDB: An Educational Incubator

= Specialized workshops

= Courses/publications on a
structural view of biology

= Research opportunities

= eLearning/Massive Open
Online Courses (MOOCs)

\ . v

International HS Teacher Workshop,
Princeton Univ., 2013

coursera Global Partners

Development &
Commercialization

PDB on Coursera

Studen_t report, Reviewed and published report,
Rutgers Univ., 2013 Rutgers Univ., 2013 UC San Diego, 2013
= \/j\l ~ X W
“PDB DTy B
At ' \/\' } q



Science Olympiad: Protein Modeling

= Students build 3D models and
answer questions on structure

and function

= Developed by Milwaukee School
of Engineering (MSOE)

= RCSB PDB
* Organized training workshops

= Supervised and judged the
event

= Event on hiatus until 2015

= Currently collaborating with
MSOE to develop the next
Protein Modeling competition
(NIDA grant)

AAAAAAAAAAAAAAAA




-

Reflecting on Our Experiences ﬁ

Scientists and students presume | Designing courses to train
structural data is too complex students and scientists
holistically

Specialist knowledge in biology |Developing programs for high
is not required school teachers

Developing and disseminating | Consolidating education and
educational materials takes outreach efforts around
much time and effort key biomedical themes

— IS B TA\



Working Together to Visualize

Student workshop, PHS Announce =
Program Teacher
workshop/
2 O 1 2 webinar HS student
learning

Submit Select
reports winners

2013

HS student learning HS
interns
Working Together to i
== Al Teacher training workshops

= Teachers teach students

= Student report competition

PROTEIN DATA BANK = hY \/\
r’.\‘ L . w :




Algorithms for
High-Performance
Geometry-Based Queries
of Protein-Ligand
Interactions in PDB

Identification of HIV/AIDS
related macromolecules in
PDB

Organization of anti-HIV
drugs

Engaging HS Students in Research

H,N OH
Ligand ‘d
9 Q.... ““%5 ~-2.8A K

0 0

§ Serine
OH
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2013/2014/2015: HIV/AIDS
OUtreaCh Themes 2014/2015/2016: Diabetes

Onwards: TBD with educators

= Help consolidate our efforts
= Facilitates collaboration with other programs
(e.g., RWJMS AIDS program)
= Allow reuse of educational materials with distinct wrappers
for different audiences

= Address key health concerns in the nation and provide new
perspectives on etiology and treatment

= Provides access to other funding resources
(e.g., Global Health, GAIA centers-Rutgers Univ.)

= Lay the foundation for annual student video challenges
= Community-created outreach materials
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National High School Video Challenge
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Year 1: The 3D of HIV/AIDS 1 oo e—— -

Structural Proteins

= RCSB PDB will challenge
high school students to
create short videos (<5')
that tell stories about the
3D molecular processes
involved with HIV/AIDS

= Videos will be judged on
scientific accuracy,
creativity, and educational
value by an expert panel
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Targeting HS Teachers and Students

= NJ Pilot program “Working Together to Visualize: A
Molecular Structural View of HIV/AIDS”, 2013-2014

= National program and Video Challenge, 2014-2015

Announce Teacher

program workshop/webinar,

symposium

HS student learning Submit Select — Announce Theme based

i winpEE e Challenge symposium

videos post workshop/ 8 ymp
Develop educatloinal NSTA winni_ng webinar HS student learning
materials workshop entries

Submit Judge & Post winning
videos  announce winners entries online

HS student learning
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Designing Courses for Students &

Scientists

* Franchising courses first offered at Rutgers, then
piloted at
= Wellesley College

= Georgetown University

= Developing bi-coastal short courses for UG and
Grad students in collaboration with BioMaPS
(NIH grant under review)

= Planning to offer these courses through
e-learning platforms




Reaching Out Nationwide

= Participating in national education meetings
= National Science Teachers’ Association (NSTA)

= Offering summer workshops for teachers from
around the nation at Rutgers and UC San Diego

= Offering webinars for interested teachers unable
to attend the Rutgers/UC San Diego workshops

= (Creating an online forum within PDB-101 for

educators and students to share/discuss
experiences and provide feedback
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Future of Outreach and Education

= Designing courses for students and scientists in
range of institutions, extensible through
e-learning platforms*

= Facilitating a Structural View of Biology for
students, educators, and scientists through theme
based outreach and education

= Targeting HS teachers and students nationwide in
analysis and visualization of molecular structures

= Developing online resources that capitalize on
growth of mobile device usage in classroom

* Grant under review




Outreach Team
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