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State	of	the	RCSB	PDB
Stephen	K.	Burley,	M.D.,	D.Phil.



RCSB	PDB	Vision	&	Mission
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RCSB	PDB	Core	Values
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RCSB	PDB	is	a	Member	of	the	wwPDB
§ Ensures	security	of	the	PDB	Archive	and	
unrestricted	
global	access	 to	PDB	data

§ Regional	Data	Centers
§ RCSB	PDB	
§ PDBj	(Osaka	University)
§ PDBe	(EMBL-EBI)
§ BioMagResBank	(University	
Wisconsin,	Madison)

§ Institutional	agreement	in	place
§ Formalized	procedures	for	
deposition,	validation,	metadata	
representation,	and	annotation

§ Regional	Data	Centers	
collaborate	on	Data	In	and	
operate	independent	
Data	Out	services

a
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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
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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
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Response	to	2014	Report

AC	Recommendation Response
Pursue funding	to develop	
approaches	for	supporting	data	
from	Integrative/Hybrid	Methods

Proposals	submitted;	described	in	
next	presentation

Terminate	the	 legacy deposition	
system	(ADIT)

ADIT	retired	on	July	19,	2015	for	
structures	 determined	via
X-ray	crystallography

Continue	to	provide	mobile-friendly
services

Recent redesign	efforts	(Structure	
Summary	and	PDB-101)	are	responsive	
to	display	device	form	factor

Develop	a	focused	Education	Plan Plan	described	in	afternoon	presentation

Make	more	information	available	
on	unpublished	structures

Needs	discussion	with	wwPDB	and
community	stakeholders
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Data	In	Milestones:	Oct	2014-Sept	2015
§ Archive	Growth

§ 8,386	entries	deposited	in	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
§ Improvement	in	biocuration	time:	Median:	16.5à1.6	days	
§ Infrastructure	improvements

§ New	content	provided	to	enable	blinded	docking	competition	
§ Workshops	and	Meetings

Deposition	and	Annotation
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Data	Out	Milestones:	Oct	2014-Sept	2015

§ Visualization	and	query	support	for	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
§Workshops	and	Meetings

Access	and	Exploration
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Education	Milestones:	Oct	2014-Sept	2015

§ Developed	focused	
Education	Plan

§ Pilot	testing	of	
HIV/AIDS	curriculum

§ Modular	Curriculum	
materials	created	for	
§ Biomolecular	
Structures	and	Models	

§ Molecular	Immunology	
§ HIV/AIDS

Education
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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

Outreach

12



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:
§ Best	practices	for	PDB	archive	
deposition/validation	of	co-
crystal	structures

§ Editorial/Refereeing/Publicat
ion	standards	for	co-crystal	
structures

§ Improvements	in	ligand	
representation	across	the	
PDB	Archive

Rutgers	July	30-31,	2015



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

§ Support	larger	and	more	
complex	structures

§ Improve	efficiency	and	
consistency	
§ Use	of	same	system	across	
wwPDB	to	enable	load	
balancing	and	expansion

§ Automation	and	validation	
of	routine	tasks 2014	wwPDB	Biocurator	Summit

2014
2010	D&A	Team	Meeting

2007	Initial	
Discussions
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2015	wwPDB	Advisory	Committee	Meeting
October	2nd in	Osaka,	Japan

§ wwPDB	PIs	reported	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	

1st update	shared	with	wwPDB	AC	Chair

§ Written	wwPDBAC	report	pending
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Addressing	the	Challenges	of	
Integrative/Hybrid	Methods
Helen	M.	Berman



Integrative	
Structural	
Biology

1

Ward	et	al.	(2013)
Science 339,	913-915
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There	is	No	Process	to	Handle	Integrative/Hybrid	 Models

3

January	24,	2015



How	Do	We	Assemble	the	Pieces	of	the	Puzzle?
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wwPDB	Hybrid	Methods	Task	Force

5

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



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?
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Summary	of	Recommendations

§ 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
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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)
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Federation	Plan	Endorsed	by	wwPDB	AC

Principles
§ Sample	was	made/used	and	
some	experimental	data	
was	collected

§ModelàPDB
§ DataàFederatedDatabases
§ Development	of	validation	
standards	required

9

October	2,	2015,	Osaka,	Japan	



PDB

PMP PRIDE

BIOISIS

SASBDB

NIH	Commons
GitHub

Data	Files

Federated	Deposition	System	

Structure/model	
repositories

Experimental	
repositories

Cloud	hosted	
data	sets

Un-hosted	
data	sets

Hybrid	model	
repositoryFederation
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Common	dictionary/Semantic	mapping	



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

11

www.sasbdb.org



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
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Creating	a	Research	Collaboration	Network	(RCN)

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

§ Chaired	by	Jill	Trewhella
§ Identify	technical	and	community	challenges
§ First	meeting	November	30,	2015
§ Proposal	under	preparation
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Input	Data:
•Multi-scale	and	
multi-state	models
•Spatial	Restraints
•Experimental	Data	and	
Metadata

Model	and	Data	Validation	

Data	Annotation	

wwPDB Repository	and	Services	 	

ANNOTATION	 PIPELINE

DEPOSITION	SYSTEM

Federated	Data	Repositories

Data	Exchange	

Data	Exchange	

Conceptual	Model	for	a	Data	Pipeline

14



Build	on	the	wwPDB D&A	System

15



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
§ Fit	to	input	information
§ Estimation	of	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	
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I/HM	Working	Group	Leadership

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

17



Data	In:	
Deposition	and	Annotation	
John	Westbrook,	Ph.D.
Jasmine	Young,	Ph.D.



Biocurators and	Data	In	Developers

Demographics
§ 11	scientists,	3	scientific	developers,	4	software	developers	
§ 14	Ph.D.,	2	M.S.,	2	B.S.
§ 8 countries,	3	continents

1

RCSB	PDB	East,	October	2015



Data	In	Responsibilities

Project	
Management

Primary	
Data	

Curation

wwPDB
Deposition	&	
Annotation	
(D&A)

Archive	
Quality	
Control

Resource	
Development

Data	
Standards	&	
New	Content

Outreach/Cu
stomer	
Support

Assure	quality	
of	weekly	data	
release	

Make	larger	
archive-wide	
improvements	
(“remediation”)

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

Develop	
value-added	
resources	

across	the	data	
pipeline

Communicate	
with	depositors	
and	diverse	user	

communities

Create,	maintain	
and	refine	data	

dictionaries

Develop	and	
maintain	tools	
for	submission,	
validation,	and	
curation
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2015	Goals	and	Deliverables
§ Primary	Data	Curation

§ Increase	productivity	and	efficiency
§ wwPDB D&A

§ Enable	wwPDB workload	balancing;	Support	all	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

§ Outreach/Customer	 Support
§ D&A	User	feedback:	What	are	they	saying?
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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.)

§ Software	development
§ Statistics

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

§ Average	~50	entries	
per	month	per	FTE	

2015	Interesting	Structures

CRISPR-Cas in	action

3X1L	

β-galactosidase in	complex	with	
a	cell-permeant inhibitor	at	2.2	Å

5A1A

Bactericidal	
contractile	nanotube	

Pre-contraction	
state

3J9Q 3J9R

Post-contraction	
state

Primary	
Data	

Curation
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Increasing	Size	and	Complexity
Large	structures	(containing	>62	
chains	and/or	99999	atoms)	cannot	be	
represented	in	legacy	PDB	file	format
§ 2014:	277	large	structures	
combined	and	re-released

§ 2015:	68	new	large	structures	
deposited	and	released
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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

§ Support	larger	and	more	
complex	structures

§ Improve	efficiency	and	
consistency	
§ Use	of	same	system	across	
wwPDB to	enable	load	
balancing	and	expansion

§ Automation	and	validation	
of	routine	tasks 2014	wwPDB BiocuratorSummit

2014
2010	D&A	Team	Meeting

2007	Initial	
Discussions

wwPDB
Deposition	

&	
Annotation	
(D&A)
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X-ray	D&A	Milestones

§ January	2014:	 X-ray	production	launch	(V1.0)
§ Fall	2014:	 X-ray	improvement	release	(V1.5)
§ January	2015:	 RCSB	PDB	and	PDBjADIT	systems	phase	out	begins
§ April	2015:	 UCSD	and	PDBj deployments
§ July	2015:	 RCSB	PDB	and	PDBjADIT	systems	phase	out	concludes
§ 2015:	 Annotation	pipeline	improvement

Jan Sept Jan Apr Jul

Annotation	Pipeline	Improvement

Oct

PDB	Archive
89%	X-ray

10%	NMR

1%	EM

V1.0	
Production	
Launch

Deposition	
Improvement	
Release	
V1.5

ADIT	
Phase	Out	
Begins

UCSD	and	
PDBj

Deployments

ADIT	
Phase	Out	
Concludes

2014 2015

7

ADIT:	Legacy	deposition	system	developed	by	RCSB	PDB



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
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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	viaWorkflow	Manager	multi-processing
§ Developed	monitoring	system
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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

Four	
sequence	
references	
for	four	
fragments
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Local	ligand	density	
display	(1.5	sigma	
omit	map)

Improved	Ligand	Annotation
§ Batch	search	against	
Chemical	Component	
Dictionary	with	
automated	ligand	ID	
assignment

§ Captures	and	displays	
author-provided	
chemical	information

§ Comparison	panel	
§ 2D	and	3D	views	of	
ligand	for	review

§ ID	assignment
§ Enhanced	with	
display	of	local	ligand	
electron	density	fit	

TMP	in	entry	3HW4	with	
LLDF=6.77	(RSR=0.41,	CC=0.70)

Closest	match	in	
the	dictionary	

Deposited	instance	
from	coordinates	

REA	in	entry	1CBS		with	
LLDF=1.31	(RSR=0.10,	CC=0.95)	
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Improved	Workflow	Management
§ Improved	messaging	with	
communication	tracking	

§ Enabled	task	prioritization	 (tabs,	
color	labels,	message	flags,	etc.)

§ Streamlined	deposition	help	
desk	(pre-submission)
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D&A	Improved	Efficiency	and	Advances
Efficiency	
§ Greater	efficiency	for	
routine	structures

§ More	automated	
processing	for	ligands	
and	polymer	
sequences

§ Processing	of	multiple	
entries	in	parallel

§ Processing	of	large	and	
complex	structures	
without	splitting

Advances	
§ Improved	support	for	
large	structures

§ Workflow	ensures	
completeness	of		
annotation

§ Enhanced	validation
§ Enabled	monitoring	of	
system	peformance
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Measuring	System	Performance
Benefit	of	new	system:	Improved	
throughput	with	system	enhancements
§ Median:	16.5	days	à 1.6	days	
§ Majority	completed	within	1.6	days
§ ADIT	median	~14	days

Average	Processing	Time	by	Month

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

0

50

100

150

200

250

300

Nu
m
be

r	o
f	R
ep

la
ce
m
en
ts

Date

Number	of	Coordinate	Replacements	by	Month

14



D&A	Deployments	and	
Supporting	Infrastructure

§ Deployments	at	Rutgers
§ Disaster	Recovery	and	Global	Deployment

15



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

§ Host	multiple	D&A	platforms	
§ Production,	alpha/beta	test,	production	staging,	
development

§ Host	standalone	validation	services
§ Host	annotation	services	for	all	partners
§ Host	archive	update	operations	for	legacy	and	
D&A	pipelines	

16



D&A	Disaster	Recovery	and	
Global	Deployment	Since	April	2015

§ Full	deposition	and	annotation	
pipeline

§ Hardware/software	commissioned		
§ Multiple	entries	fully	processed	and	
released

§ Standby	for	warm	failover

§ Full	deposition	and	annotation	
pipeline

§ Hardware/software	commissioned
§ >	170	entries	fully	processed	
§ >	60	entries	released

PDBjUCSD

deposit-rcsb-west.wwpdb.org/deposition

deposit-pdbj.wwpdb.org/deposition/

2015	PDBj
D&A	System	
Training

17



Data	Standards	and	New	Content
§ PDBx/mmCIFFormat
§ NEF	Format	
§ ERFs:	New	Content	

18



PDBx Format	
in	wwPDBFTP	Archive

Workshop	Participants,	Sept	2011

Working	Group	for	PDBx/mmCIF Deposition
§ Working	Group	meets	virtually	
~monthly

§ Currently	finalizing	
recommendations	for	delivery	of	
complete	chemical	definitions,	
chemical	restraints,	richer	X-ray	
experimental	data,	and	
extensions	for	SFX	and	XFEL	
experiments

Workshop	Participants,	Oct	2014

wwPDB	Processing	and	
Annotation

wwPDB
Deposition

PDBx Format	
in	the	Lab

Structure	Determination
Pipeline

Round	Trip
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NMR	Exchange	Format	(NEF)
§ Format	specification	 and	
example	files	developed	by	
working	group	spearheaded	by	
GW	Vuister,	U	Leicester

§ All	represented	software	could	
write	NEF	files	and	read	each	
other’s	output

§ Decisions	on	outstanding	issues	
(e.g.,	RDC	representation,	
treatment	of	stereo-specific	
assignments)

§ Decisions	on	management	and	
future	development

§ Roll	out	NEF-enabled	software	
versions	by	the	end	of		2015	
(XPLOR-NIH	is	ready)

20

github.com/
NMRExchangeFormat/NEF



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	InChI descriptors
§ Digital	Object	Identifier	(DOI)	for	the	citation	associated	
with	CSD	entry

§ Distributed	viawwPDB FTP	archive
§ Collaboration	between	wwPDBand	CSD	

21



Data	Out:	
Data	Access	and	Exploration
Peter Rose, Ph.D.
Andreas Prlić, Ph.D.



Bi-coastal	Developer	Team
§ 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.,	5	M.S.,	1	B.S.															
§ 7	countries,	3	continents

Developers	Summit	at	Rutgers,	June	2015

RCSB	PDB	West,	October	2015

1



Responsibilities Website	and	resources	
utilized	by	>300,000	 unique	
IP	addresses/month

Project	
Management

Web	
Resources

Data	
Integration	

and	
Visualization

Hardware

Archive	
Keeping

Analytics

Outreach/Cu
stomer	
Support

>	50	external	
resources

System	design,
Procurement,
Maintenance

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

2

Communicate	
with	diverse	
communities

Ongoing	usage	
assessment	
to	inform	

development



2015	Goals	and	Deliverables

§ Web	Resources:	Enhance	user	experience
§ Data	Integration:	Mutant	and	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
§ Outreach:	Professional	society	and	technical	meetings,	
including	American	Society	of	Human	Genetics,	
GTC	Bio,	InChI,	OpenStack

3



Data	Flow

4



Structure	Summary	Redesign	
§ Builds	on	2014	home	
page	redesign

§ Enhanced	usability
§ Improved	content	
organization

5



New	Responsive	Structure	Summary	Page	Layout

Tablet	view

6

WebGL-based	3D	viewers	Phone	view



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

7



Mutation	Information
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Validation	Track
Two	hemoglobin	subunit	A	chains

9

Released:	1984

Released:	2005



From	Gene	to	Protein	Sequence	&	3D
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Protein	Feature
View

Gene	View
biodalliance.org



PV	(WebGL 3D	Viewer)

11
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Large	Structure	Support

§ Large	and	complex	structures,	
historically	split	across	several	
entries,	merged	into	single	
PDBx/mmCIF	files	(Dec	2014)

§ Visualization	challenge:	slow	
network	transfer,	file	parsing,	
and	rendering
§ Only	represents	Cα/P	backbone
§ Multiscale	rendering	
§ JavaScript/WebGL	based	viewers	
(JSmol,	PV)

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

12



Integration	with	PubMedCentral (PMC)

§ How	are	PDB	entries	used	
and	mentioned	 in	articles?

§ NIH	BD2K	Data	Discovery	
Index	(DDI):

§ Links	between	publications	
and	datasets

§ Identified	PDB	ID	mentions	
in	full	text	PubMedCentral	
Open	Access	articles	
(~1	million	articles)

§ Note:	PubMed	contains	
~25	million	articles

13

PMC	Open	Access	(OA)	articles	with	
PDB	data	mentions	per	year
(Jan.	1,	2000-Aug.	1,	2015)

Number	of	unique	PMC	OA	
articles	with	PDB	data	mentions

20,731

Number	of	unique	PDB	IDs	found	
in	data	mentions

45,209

~40%	of	PDB	IDs	
mentioned	 in	PMC	OA	articles



Hardware

§ Expanded	
capacity

§ More	elastic
§ On-demand	
resources

§ Better	analytics
§ Bicoastal	load	
balancing

§ Hosted	at	UCSD	and	
Rutgers

14



Archive	Keeping

§ “Archive	Keeper”	for	
wwPDB

§ Maintain	a	secure	and	
uniform	version	of	
archive
§ Package	weekly	update
§ Yearly	snapshots

§ Maintain	wwpdb.org
§ Monitor	download	
statistics

15
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Analytics:	Overall	Usage
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FTP	downloads/month

Website	
Unique	IP	addresses/month	

Web	Service	API	
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Analytics:	Overall	Website	Usage
Non-bounce	Sessions:
2014à2015:	é2%	
2013à2014:	é2%		

US	grew	5.5%
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Page	Views	by	Category

18

Protein	Feature	View	(PFV)
comes	in	2 flavors:	

PFV	“full”	
page	views:
2014à2015:	é66%

Structure	Summary	Page:
2014à2015:	é16%	

Simplified	view	
on	Structure	
Summary	Page



Page	Views	by	Category,	continued

19

Searches
2014à2015:	é34%	

Gene	View
2014à2015:	é111%	



Factors	Influencing	Development

RCSB	PDB	Data	Access	and	Exploration

Advisory	
Committees

Usage	
Analysis

Data	Archive	
Content

User	
Feedback

Expert	
Knowledge	of	
our	Staff

2014-2018	
NSF	Proposal

20



Customer	Service:	Help	Desk	(info@rcsb.org)
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Education	Efforts
Shuchismita	Dutta,	Ph.D.



From	RCSB	PDB	AC	2014	Report

1



RCSB	PDB:	A	Community	Resource

Structural	Biologists	
(academic	and	
commercial/Pharma)Undergraduate	

Researchers	 Graduate	
Students

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

General	
Audiences

High	School	Educators
and	Students

Health	Care	
Providers/Clinicia
ns	(students	and	

Continuing	
Medical	Education	
for	professionals)

Patient	
Advocacy	
Groups

PDB	Archive

Patients

Community	College		
Educators	and	Students

4-year	Undergraduate	
Educators	and	Students

Policy	
Makers	

Science	
Communicators

Librarians

Funding	
Agencies

2



Overarching	Principles	and	Goals
Outreach Education

Inform	and	receive feedback about	
PDB	data,	RCSB	PDB	tools,	
services,	resources	

Explain/Teach about	
Biomolecules	in	general
Foundations	 of	PDB	Data
RCSB	PDB	resources

Engage	users	with	tools,	services,	and
resources	that	

Meet	community	needs	
Are	easy	to	use	

Inspirewith	
Examples	of	resource	applications	

Transform/Enable	the	application	of	
RCSB	PDB	resources	to

Explore	biology/medicine-related	
topics	that	impact society
Promote	a	Structural	View	of	Biology	
and	Medicine

Leverage community	interactions	
Through	known	experts,	and	
champions	

Collaborate	with	teaching	professionals	to	
develop	materials	for

Undergraduate	 students
High	school	teachers	and	students

Reusedeveloped	materials	
Suitably	adapted	for	healthcare	
professionals	and	patient	advocates

3



Focusing	Education	Efforts

What?
Major	Public	
Health	Issues

How?																																	
Leveraging	
Educators			

Why?
RCSB	PDB	
Mission

RCSB	PDB	Educational	Activities

§ Promote	
understanding	 of	
biomolecules	and	
the	PDB

§ Structural	View	of	
Biology	and	Medicine

Education	Goals
1. Explain/Teach

Exploration	and	learning	
in	STEM	fields

2. Transform/Enable
Promoting	informed	
decision	making	with	
comprehension	 in	3D

4

§ HIV/AIDS
§ Diabetes
§ Other	Global	Health	
concerns

§ Professional	
Development

§ Curricular	materials,	
aligned	with	current	
Education	Standards



Selecting	Educational	Themes
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HIV/AIDS Diabetes

What?&
Major&Public&&
Health&Issues&

How?&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Leveraging&
Educators&&&&

Why?&
RCSB&PDB&
interests&

• 50,000	new	infections/year	in	US
• Youth	rates	(age	13-24) very	high	

(26%)
• Lack	of	understanding	and	

misconceptions

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

• Increasing	numbers	of	Type	II	in	
<18	year	olds

• Incidence	rates	higher	in	
individuals	with	<high	school	
education

• Designer	Insulins
• SBDD	Success	Stories	à new	

drugs

• Highlight	academic	biomed	
research	

• Structure-based	Drug	Design	
(SBDD)	Success	Storiesà Drugs	
used	in	cART

• Visualize	basis	for	Drug	Efficacy	
and	Resistance

Social	
Impact

RCSB	PDB	
Mission

Economic	
Impact

• Designer	Insulins
• SBDD	Success	Stories	à new	

drugs
• Understanding	molecular	

mechanisms	for	action	for	Type	
II	Diabetes	Mellitus	drugs

Socio-economic	 consequences
Rising	health	costs



Theme-Based	Education	Strategy
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Develop/Teach	undergraduate	Honors	course

Develop	online	RCSB	PDB	curriculum

Test/Refine	curriculum

Promote	curricular	modules

Subject	matter-experts

Subject	matter-experts
High	school	teachers

High	school	teachers
Educational	consultants

High	school	teachers
Educational	coordinators	
&	Related	societies

Healthcare	professionals	
Patient	advocates

RCSB	PDB	Educational	Task In	collaboration	with

Possible	repackaging	for	other	audiences

What?&
Major&Public&&
Health&Issues&

How?&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Leveraging&
Educators&&&&

Why?&
RCSB&PDB&
interests&



Theme-Based	Education	Efforts
Activity HIV/AIDS	(2014-2016) Diabetes	(2015-2017)

Undergraduate	
honors	course

2014
(Relevant PDB	entries	and	initial	research)

2015,	2016
(Relevant	PDB	entries	and	initial	research)

Promote/develop
Molecule	of	the	
Month articles

HIV-1 Protease,	HIVReverse	Transcriptase,	
HIVCapsid,	HIV	Envelope	Glycoprotein

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

Create	molecular	
origami

HIV-1	Capsid,	Antibody	(related) Insulin

Develop	curricula V1.0 (2014),	V2.0	(2015)	 V1.0	(planned	2016)

Test	curricula Pilot (2014-15),	Efficacy	(2015-16-17) Efficacy	(2016-2017)

Host	symposia NJ	Science	Convention for	teachers	(2014)
NSTA	Regional for	teachers	(2015)
*World	AIDS	DaySymposia:	
2013	(Robert	Wood	Johnson	AIDS	Program);	
2014	(FXB	Center,	AIDS	Education	Training	
Center	National	Resource	Council)

SACNAS for	Chicano,	Hispanic,	Native	
American	students/faculty	(2015)
NJ	ScienceConvention for	teachers	(2015)
*World	Diabetes	Day, planned for	2016

Mentor	
independent
research

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

Rutgersundergraduates	(2014-2015)

Host Video	
Challenge

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

2016:	planned
2017:	planned

7*	External	funding

What?&
Major&Public&&
Health&Issues&

How?&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Leveraging&
Educators&&&&

Why?&
RCSB&PDB&
interests&



Collaboratively-Developed	HIV/AIDS	Curriculum
§ Broad	Focus	
§ Lessons	directly	
related	to	RCSB	PDB	
materials

§ Curricular	Modules
§ Biomolecular	
Structures	and	Models

§ Molecular	Immunology
§ Molecular	View	of	
HIV/AIDS

§ Includes	“Skills	box”

§

8



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	materialàModules

9

2014

2015

May Oct Nov DecJan Feb Mar Apr Jun Jul Aug Sep
Announce	
Program

HS	Video	Challenge

Student	learning	and	survey Feedback	analysis

Visualize	HIV	
curriculum	

development

Undergraduate	Honors	Course
15	students			

Announce	
Program

Review	Curricular	
modules

Revise/develop	curricular	modules	



Teachers and	
Educators

Subject	Matter
Experts

Rutgers	
Interns

Contributors

10

T.	Bhowmick
(Infectious	Disease)

L.	Denzin,	
(Immunology)

J.	Dougherty	
(Pharmacology)

J.	Nelson	
(HIV,	Education,	Nursing)

A.	Bhatia	
(Teacher)

B.	Buck
(Teacher)

M.	Witkowski
(Teacher)

A.	Sanelli
(Teacher)

W.	Mott
(Teacher)

K.	Lucci
(Teacher)

S.	Coletta
(Educator)

B.	Lin A.	Nazzaro K.	Shah
D.	Goodsell
(Scientist/Artist/
Educator)

RCSB	PDB	
Team



2015	HIV/AIDS	Pilot	Testing
(25	testers	from	USA,	18	from	rest	of	world)

Revised	curricular	
modules	based	on	
feedback	released	
November	1,	2015.
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

Overall	Sessions	
(8060)

2/27	to	3/20:	~130	
Student	Class	on	Fridays?

1/9	to	2/13:	~75-80	
Student	Class	on	Fridays?

5/13:	Prep	for	Video	Challenge	
(after	AP	Bio	exam	on	5/11/2015)

US	Sessions	
(6859)



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)
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2015

2016

May Oct Nov DecJan Feb Mar Apr Jun Jul Aug Sep
Announce	
Program

Visualization	
Challenge

Student	learning	and	survey
Feedback	
analysis

Review	Curricular	
modules

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

Revise/develop	curricular	modules	HS	Video	Challenge

Student	learning	and	survey Feedback	analysis



Measuring	Success

Short	Term
§ Teacher	interest	in	
Curricular	modules
§ Document	teacher	participation	
§ Google	Analytics

§ Assess	efficacy	of
Curricular	modules
§ Independent	evaluation

§ éEfficiency	in	Curriculum	
development/and	efficacy	
testing
§ Time	and	resources	needed	to	
develop	curricular	modules

Long	Term:	é
§ 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
§ Internal	NSF	statistics
§ Increased	understanding	
(Improvement	in	Pre- vs.	Post-tests)

14

What?&
Major&Public&&
Health&Issues&

How?&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Leveraging&
Educators&&&&

Why?&
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interests&



Next	Generation	
PDB-101Website
David	S.	Goodsell,	Ph.D.



PDB-101:	Established	2011
§ Online	portal	for	
teachers,	students,	
educational	
developers	and	the	
general	public	

§ Integrated	the	
growing	number	of	
materials	developed	
by	RCSB	PDB

§ Enabled	topic-based	
exploration	of	PDB	
structures	through	
Molecule	of	the	Month	
articles

1



2014	Advisory	Committee	Report

2



White	(72%)
Asian	(25%)
American	Indian	or	Alaska	Native	(2%)
Black	or	African	American	(<2%)
Native	Hawaiian	or	Other	Pacific	Islander	(1%)

Where	do	they	work?
§ College/University	(74%)
§ Research	Institute	(12%)
§ Government	(2%)
§ Pharma/drug	discovery/biotech	(3%)
§ K12	(8%)	

Undergrad	(28%)
Graduate	(32%)
Postdoc	(8%)
Faculty	(25%)
Staff	(6%)

2014	Survey:	Who	Uses	PDB-101?

College/
University	Type

Breakdown

!

3

37% 60%

Research	Area
Life	Sciences	(39%)
Chemistry	(20%)
Medical	Sciences	(12%)
Computational	Sciences	(12%)
Pharmacology	(6%)
Other	(6%)
Physics	(3%)
Math/Statistics	(2%)

83%	have	
never	

deposited	a	
structure

§ University	(409)
§ 4-year	college	(56)
§ Historically	Black	College/University	(3)
§ Women’s	college	(2)

Based	on
~700

Responses

Ethnicity

Hispanic	or	Latino	(13%)
Other	(87%)

Race

Demographics



0
100
200
300
400
500
600

Why	do	they	use	PDB-101?

What	Do	PDB-101	Users	Do?
Users	visit…

PDB-101	(2014) rcsb.org	(2012)

Daily	(6%) Daily	(17%)

Weekly	(27%) Weekly	(38%)

Monthly	(20%) Monthly	(16%)

Occasionally	(39%) Occasionally	(22%)

Never	(8%) Never	(7%)

27%

47%

6%

7%
13% To	help	with	teaching

To	learn	about	structural	biology

To	take	this	survey

Found	during	internet	search

To	access	a	specific	PDB-101	feature

Why	did	they	visit	PDB-101	today?
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PDB-101	Usage
January	1,	2015	– September	30,	2015

5

§ ~630,000	sessions	
§ ~12%	of	total	rcsb.org traffic
§ Top	cities

§ London
§ New	York
§ New	Delhi
§ San	Diego
§ Sydney
§ Melbourne
§ Beijing
§ Chicago
§ Los	Angeles



Current	PDB-101
§ Growing	content

§ 191	Molecule	of	the	Month	
articles

§ Activities:	molecular	
origami

§ Educational	lesson	plans
§ Posters,	flyers,	animations

§ Challenges
§ 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

6

www.rcsb.org/pdb-101



Redesign	Goal:	
Enhance	User	Experience
§ Improved	User	Interface

§ New	keyword	search	capabilities	
for	Molecule	of	the	Month		

§ Improved	browser
§ New	menus

§ Highlight	all	content	
§ More	features	visible	and	
accessible	from	home	page

§ Less	clicks	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



Browser

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

Browser	accessed	
through	home	page	
(shown)	or	top	
menu
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Molecule	of	the	Month
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Learn:	Educational	Resources

10

Top	menu	
options

Home	page	
widget	can	be	
updated	to	
highlight	 new	
content



Teach

11

Top	menu	
options

Curricula	
Overview

“How	to”	skills Organization	
of	all	relevant	
materials



Future
§ Searching	of	Educational	 Resources	enabled	November	2015
§ Internal	and	external	beta	testing	November	2015
§ Initial	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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