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Introductions to Participants

Advisory Committee (full Roster)

* Returning: Paul Adams (Chair), Peter Andolfatto, Bridget Carragher, Wah Chiu*, Kirk Clark,
Robert B. Darnell, Roland Dunbrack, Paul Falkowski, Thomas Ferrin, Mandé Holford, Cathy
Peishoff, Sue Rhee, Torsten Schwede, Lance Stewart

*  Welcome: Kevin H. Gardner, Takita F. Sumter

* Retiring: Judy Blake**, Paul Craig (observer; now on sabbatical with RCSB PDB), Jill Trewhella

RCSB PDB Participants

* Director: Stephen K. Burley; Director Emerita: Helen M. Berman; UCSF Site Head: Andrej Sali

* Operations Team Members
o  Rutgers: Zukang Feng, Robert Lowe, Jasmine Young, Christine Zardecki
o UCSD: Jose Duarte (Site Manager), Yana Rose

Federal Funder Representatives

* Steven Ellis (NSF), Paula Flicker (NIGMS), Jerry Li (NCI), Amy Swain (DOE),
Ramana Madupu (DOE)

*joining late, **unable to participate


https://docs.google.com/document/d/1aTmk-LCX7_0_kQNJqokY3OD7_n9GClmfbON88VFyiJM/edit?usp=sharing
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Protein Data Bank History

* PDB 1° Open Access digital data resource in biology Myoglobin Hemoglobin

* Founded in 1971 with 7 X-ray structures of proteins

* Single global archive for protein and DNA/RNA
experimental structures

* Today, Open Access to >188,000 structures

«  wwPDB collaborates on management of the archive
o Atomic Coordinates: US (RCSB PDB), EU (PDBe),
and Japan (PDB;j)
o Related Experimental Data:
PDB (MX), BMRB (NMR), and
EMDB (3DEM maps)
* Honored the FAIR, FACT, and TRUST Principles /core

since inception SEAL Structures that Inspired Launch of the PDB




FAIR Principles

wwiw.nature.com/scientificdata

SCIENTIFIC D AT Al

OPEN: Comment: The FAIR Guiding

e | PriNCiples for scientific data
. Management and stewardship

charac
© Mark D. Wikinson et al.*

© There ks an urgent noed to improve y data. A diverse
© set of stakeholders—representing academia, industry, funding agencies, and scholarly publishers—have
Recened. 10 Dacember 2015 | Come together to design and jointly endorse a concise and measureable set of princples that we refer

Accested. 12 Februry 2016 | 10 35 the FAR Data PrinGples. The intert is tht these may act a3 & guideline for those wishing to

Puistihed: 15 March 2016

enhance the reusability of thelr dsta holdings. Distinct from pm initiatives that focus on the human

scholar,
© find and use the data, nnanmmupmngumbynduuu.k This Comment is the first

on of the FAIR Principes,
© implementations in the community.

rting discovery theough good data management

: Suppo
: Good dats management is nol & goal in itself, but rather & the key conduit leading Lo knowledge
 discovery and innovation, and to subsequent data and knowledge integration and reuse by the
© comeunity after the data publication process. Unfortunately, the existing digitel ecosystem
: surrounding scholaty data publcation prevents us from extracting maumum benefit from our
esearch investments (eq, ref. 1), Partially in response to ths, scence funders, publishers ad
governmental agencies are beginning to raqure data management and stewardship plans for dita
olection, annatation, and archwal, dita
 stewardship inchides the notion of Jong-term care’ of vahable digital assets, with the goal that they
: should be discoverad and re-used for downstream investigations, elther alone, o in combination with

¢ generated in publicl funded experments. Beyond

Box 2 | The FAIR Guiding Principles

To be Findable:

F1. (meta)data are assigned a globally unique and persistent identifier

F2. data are described with rich metadata (defined by R1 below)

F3. metadata clearly and explicitly include the identifier of the data it describes
F4. (meta)data are registered or indexed in a searchable resource

To be Accessible:

Al. (meta)data are retrievable by their identifier using a standardized communications protocol
Al.1 the protocol is open, free, and universally implementable

Al.2 the protocol allows for an authentication and authorization procedure, where necessary
A2. metadata are accessible, even when the data are no longer available

To be Interoperable:

* newy gmemed data. The outcomes from good data mamgerenk m tewseddp, theeios, are

© and rese In downstream studies. What constees “good data m.vng-ﬂlom‘ I howeveq |xr,ty

e s et o s 8 T 12. (meta)data use vocabularies that follow FAIR principles

ok i o A Sy : 5

| 1 e s b st v oy, Ky m,u,:.‘.‘,“:, 13. (meta)data include qualified references to other (meta)data
S Al et o Foanl y, iaesspsa

 obstacks, thereby helping to maxirize the addedake wuw.d by contemporary, formal scholary
: digitel publishing. Importanty, it is our intent that the principles apply not only to ‘data’ in the
¢ conventional sense, but akso to the sorithms, took, and workflows that led to that data. Al
 scholarly digtel research objats’—from dats to analyticel pipelives—benefit from appiicetion of

these principles, since all components of the research process must be available to ensure
 wansparency, reproducibiity, and reusability

To be Reusable:

There are numerous and diersa stakeholders who stand to benefit from avercoming thes cbstacles:
researchers wanting to share, get credit, and reuse each ather's data and nterpretations, professional

I1. (meta)data use a formal, accessible, shared, and broadly applicable language for knowledge representation.

R1. meta(data) are richly described with a plurality of accurate and relevant attributes

data publchers offering their services; woftware and tookbuilders providing data analysis and
processing senvices such as reusable workllows; funding agendies (privete end public) increasingly

© Cormesponderce and raquests for materis’s should be accressed to B.M, (emsl; bacend mons @dtis.A)
i #A full Ist of authors and their offlistions appears at the end of the paper.

ENTIRG DATA | 3160618 | 0OL 10.10)8isdits 201618

R1.1. (meta)data are released with a clear and accessible data usage license
R1.2. (meta)data are associated with detailed provenance
R1.3. (meta)data meet domain-relevant community standards

Wilkinson, M., Dumontier, M., Aalbersberg, |. et al. The FAIR Guiding Principles for scientific data management and stewardship.

Sci Data (2016) 3: 160018 doi: 10.1038/sdata.2016.18



https://doi.org/10.1038/sdata.2016.18

FACT Principles

Bus Inf Syst Eng 59(5):311-313 (2017)
DOI 10.1007/512599-017-0487-2

@ CrossMark

EDITORIAL

Responsible Data Science

Wil M. P. van der Aalst - Martin Bichler -
Armin Heinzl

Published online: 26 June 2017
© Springer Fachmedien Wiesbaden GmbH 2017

1 Introduction

Anincreasing fraction of research reported in BISE (Business
& Information Systems Engineering) is data-driven. This is.
not surprising since torrents of data are vigorously changing
the way we do business, socialize, conduct research, and
govern society (Hilbert and Lopez 2011; Manyika etal. 201 1;
White House 2016). Data are collected oneverything, at every
time, and in every place. The Intemet of Things (IoT) is.
rapidly expanding, with our homes, cars, and cities becoming
“smart” by using the collected data in novel ways. These
developments are also changing the way scientific researchis

data availability and powerful data science techniques dra-
matically improve our lives by enabling new services and
products, while improving their efficiency and quality. How-
ever, there are also great concerns about the use of data (van
der Aalst 2016a, b). Increasingly. customers, patients, and
Automated data decisions may be unfair or non-transparent.
Confidential data may be shared unintentionally or abused by
third parties. Each step in the “data science pipeline” (from
raw data o insights and knowledge) may create inaccuracies,
e.g..if the data used to leam a model reflects existing social
biases, the algorithm is likely to incorporate these biases.
T I

performed. Model-driven with
data-driven approaches. For example, genomics and evi-
dence-based medicine are revolutionizing the understanding
and treatment of diseases. From an epistemological point of
view, data-driven approaches follow the logic of the new
experimentalism (Mayo 1996; Chalmers 2013) in which
knowledge is derived from experimental observations, not
pEa s » :

use of data and make it impossible to reap the benefits of data
science. Rather than to avoid the use of data altogether, we
strongly believe that data science techniques, infrastructures

nd i sign. Over the
Tast year the first author has been leading a Dutch initiative
called Responsible Data Science (RDS), cf. hitp://www.

Prof.dr. ir. W. M. P. van der Aalst (53)

Department of Mathematcs and Computer Science (MF 7.103),
Eindhoven University of Technology. PO Box 513,

5600 MB Eindhoven, The Netherkands

email: wm.p.d.adlst@ue.nl

Prof. Dr. M. Bichler
Department of Informatics, Decision Sciences & Systems,
Technical Universty of Munich (TUM), Bolzmannstr 3,
5748 Munich, Germany

e mail: bichler @in.tum.de

Prof. Dr. A. Heinzl
Chair of General Management and Information Systems,
University of Mannheim, 68161 Mannheim, Germany
e-mail: heinz] @uni-mannheim.de

In the context of RDS, there are

gular waysto
make data science more responsible. We believe that the
insights obtained from these discussions are also relevant for
the BISE community. The data-driven nature of today's
(business) information systems makes it essential to incor-
porate safeguards against irresponsible data use already in the
requirements and design phases.

2 FACT: Fairness, Accuracy, Confidentiality,
and Transparency
Responsible data science centers around four challenging

questions (van der Aalst 2016a; Responsible Data Science
Initiative 2016):

&) Springer

FACT: Fairness, Accuracy, Confidentiality, and Transparency

Responsible data science centers around four challenging questions (van der Aalst 2016a;

Responsible Data Science Initiative 2016):

o Q1 fairness: data science without prejudice - how to avoid unfair conclusions even if they
are true?

e Q2 accuracy: data science without guesswork - how to answer questions with a
guaranteed level of accuracy?

¢ Q3 confidentiality: data science that ensures confidentiality - how to answer questions
without revealing secrets?

¢ Q4 transparency: data science that provides transparency - how to clarify answers so that

they become indisputable?

The terms fairness, accuracy, confidentiality, and transparency form the acronym FACT. This
should not be confused with the well-known FAIR principles (Findable, Accessible,
Interoperable, and Re-usable). Whereas FAIR looks at practical issues related to the sharing

and distribution of data, FACT focuses more on the foundational scientific challenges.

van der Aalst W. M. P,, Bichler M., and Heinzl A., “Responsible data science,”
Bus Inf. Syst. Eng. (2017) 59: 311-313 doi: 10.1007/s12599-017-0487-z
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TRUST Principles

www.nature.com/scientificdata

SCIENTIFIC D AT A Box 1 The TRUST Principles

T o S Principle Guidance for repositories
OPEN' The TRUST Principles for digital - - - - - -
COMMENT repositori as Transparency To be transparent about specific repository services and data holdings that are verifiable by publicly
O T y——— accessible evidence.
*, Wim Hugo %, Reyna o)
i”:?v..v";:i{? 5 'S:Z:T."s‘..“"‘:?;’"?s .,.n’ft‘;’L'LTJCZ“’T?;.m”"'."iio'i:::':n s Responsibility To be responsible for ensuring the authenticity and integrity of data holdings and for the reliability and
o o o P persistence of its service.
yintnd tosenean ey areren e User Focus To ensure that the data management norms and expectations of target user communities are met.
etageg e o e b
- i e o s Sustainability | To sustain services and preserve data holdings for the long-term.
i
; sy e Technology To provide infrastructure and capabilities to support secure, persistent, and reliable services.
e, -
Py
o o
e
et e it e e o
fr < e TDR clear (mll
e bl poion of st b h s o oy e
ities i TI
el fiioa pii

Vo oo
Tokyo, Japan. ‘PTAB Ltd, Dorset, UK. ific
delsProvncde Buenos Aes Lo Plat, Argnina UK Dato Avd\we UK DataSenice, Uniersiy o Eser
Caches CapeTe

Tondan Ok omversof
bty o “Center for nformation Technology; National nstiutes of
Healh, Wryand,Ush ““Data Services, University Libraries, Virgina Tech, Virginia, Ush. ¢ Natoal irr of

fimt nter (OKRZ), Hamb rcss,
Newl e, USh. e o s in@ri

SCIENTIFIC DATA] (2020)7:144] hitpsidoi org/L0.1038/541597.020.0485.7 1

Lin, D., Crabtree, J., Dillo, I. et al. The TRUST Principles for digital repositories.
Sci Data (2020) 7: 144 doi: 10.1038/s41597-020-0486-7
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RCSB PDB: Driving Breakthroughs

in Research and Education

Global Data

Deposition and
Biocuration

Archive
Management
and Access

Data
Exploration

Outreach and
Education

Global Knowledge

RCSB.org

57,000 Structural Biologists/PDB Data Depositors

Data processing

and validation
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per Year in 2021

Data Standards, Integration, Storage, Access

Web Portal, Search/Analysis, 3D Visualization

Website and In-person Outreach
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~250 Structures Released Per Week

GLOBAL

RCSB.org DATA

Automated
integrated and
comparative data
preparation

Master Archive
preparation
wwPDB partner
access
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Release 5 <
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Global Data
Release
User Access

Biocuration
(ongoing)

@ ednesday

PROTEIN DATA BANK

PDB Deposition GLOBAL
KNOWLEDGE

Jl PDBe | PDBj [ RCSB PDB



Publicly Available PDB Data

The cost to replicate the contents of the
PDB archive is estimated at

PDB Archive contains >1 TB of Structure Data for Proteins, DNA, and RNA $18 billion (USD) (Analysis
The PDB Archive PDB Data PDB Data Impact
» Grows at the rate of nearly 10% per year « Enable research in subject areas from « Basic and applied research
» Used to download >2 million structure data Agriculture to Zoology (Analysis) » Patent applications
files per day » Contributed data to nearly >1 million « Discovery of lifesaving drugs
» Managed by International collaboration US- published research papers « Innovations that can lead to new product
Asia-Europe « Used by >400 biological data resources development and company formation
» Manages “Big Data” as global Public Good « STEAM education: PDB-101 provides
curricula and online tools for teachers and
students

Millions of Data Consumers worldwide served every year Generates retum on investment of
~1,500 times federal funding

Researchers, scientists, educators, students, curious public, Public and Private sectors, including
medical professionals, patients, and patient advocates pharmaceutical and biotechnology
companies

(Analysis)

RCSB.org


https://www.rcsb.org/pages/about-us/index

Remembering John Westbrook

For more than 25 years John
supported Rutgers, RCSB PDB, and
millions of data users worldwide
with his vision and passion for
innovative databases, ontologies,
and other technologies for
management of complex biological
data.

As Data & Software Architect Lead of the RCSB PDB, John was
central to the design and development of infrastructure and
services to acquire, curate, archive, and deliver 3D
macromolecular structure data to the broad community of PDB
users.

His work helped establish the PDBx/mmCIF data dictionary and
format as the foundation of the modern Protein Data Bank (PDB)
archive.

John D. Westbrook Jr (1957-2021) Acta Cryst (2021) D77:
1475-1476 doi: 10.1107/S2059798321011402.

RCSB.org \12
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RCSB.org

2021 Highlights

14,571 new PDB depositions
2,539 new ligands

185,541 released structures
2.3 billion data downloads from
wwPDB sites combined

~700,000 PDB101.RCSB.org users
3 poster prizes for RCSB PDB
undergraduate researchers

PROTEIN DATA BANK




2021 Highlights

>14K depositions (>850 SARS-CoV-2)

IQB Boot Camp

BioArt Award

Chemical FpEB EEXTE

Sketch ﬁ b‘

Scientific Communication

RU: Undergraduate Course
Drugs and the Brain

SN
A ,

BioXFElLs;

SecunrceLaogn _odwed Resvo Mgt Cooge

Vs

Ligand \ 7

Validation

PDB50 =
Celebration

Pairwise Structure Alignment

STRU RAL SCIEN AWAKENS

71st Annual Mes t5, 2021

Nucleic Acids
Research

| ¢ ®@¢g PDB50 read into |

@ ... Congressional
L IR Record

R’S EmRutgers MAY 4-5, 2021 | VIRTUAL

Researc! h Intensive Summer Experience

HS Video Challenge PDB50




Biocurator Milestone:

>10,000 Depositions Processed

) . o . . - g
RCSB PDB Biocurators Dr. Sutapa Ghosh and Dr. Monica
Sekharan

RCSB.org

SARS-CoV-2 main protease in February 2020.

\15



Impact of COVID-19 on Operatlons

Remote since March 2020
o Regular All Hands and social
hours in addition to standing
meetings

e Biocuration of SARS-CoV-2

structures prioritized
o >1,900 structures released as
of March 9, 2022

, ‘N [ !r
O 925 releasedin 2021 ﬂm m ’f

« Pandemic-related traffic to : . |
PDB-101 peaked in 2020 [ ' ‘ y é
« Related resources updated 'F !

weekly at RCSB.org/covid19 s

RCSB.org
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Return to Office

Hybrid office at Rutgers,
UCSD, UCSF

o  Will continue until institutions
change policy and/or

o Organization needs dictate
otherwise

Shared offices follow local
social distancing guidelines
Classes taking place in-person
Current plans for in-person
undergraduate summer
research

>
HE
A

/ﬁ'://l s
® oy o
A

i

(B.1.617.2)

alpha

(B.1.1.7)

Q3>
%

_,.Zg

D

kappa
(B.1.617.1)

beta

omicron
(B.1.1.529)



New Team Members

« Paul Craig: Visiting Scholar (UCSD + Rutgers)
Sabbatical of collaboration on UXD,
documentation, ...

« Henry Chao: DevOps Lead (Rutgers)

« Connor Parker: Scientific Software Developer
(Rutgers); working with RCSB PDB before
graduate school in the fall

Recruitment, Interviews, and hiring are ongoing;
More to come...

RCSB.org




Questions and
Comments?

RCSB.org \19



Data Deposition,
Validation, Biocuration,
Archive Management

Jasmine Young

RCSB.org \20



2021 wwPDB Deposition/Biocuration Statistics

* 14,571 new depositions
(15,436 in 2020; 13,377 in 2019)

Depositor Location

Australia/NZ

« 5,687 RCSB PDB-biocurated
(7,190 in 2020; 5,523 in 2019)

North America

* Biocuration workload is
geographically-balanced
o 38.1% Americas, Oceania
o 33.0% Europe, Africa
o 28.0% Asia

RCSB.org




Deposition/Validation/Biocuration in 2021

* OneDep System for Deposition, Validation, and Biocuration:
12 software upgrades; improvements included Mol* 3D assembly
views for depositors, inclusion of extended PDB IDs and DOls in
PDBx/mmCIF data files, and validation and other enhancements

* Improved automation for biocurating incoming depositions
o 76% of new entries now pass automatically through Entity Transformer
module standardizes polymer and non-polymer entity representation
o 25% pass without biocurator assistance through sequence processing
o 57% pass automatically through ligand processing

RCSB.org



Recent Validation Report Enhancements

* Available for all released 3DEM PDB structures and EMDB maps

o Include images for deposited masks and improved map-model overlay
* Provided in PDBx/mmCIF to make validation data more
interoperable with the archival format and more

“database-friendly”
o Easier to interpret (more “readable” by humans)
o Contains a high-level summary and easier access to residue-level
information
* More prominent labeling of the types of validation reports
o e.g., For Manuscript Review vs. Not For Manuscript Review

RCSB.org \23



https://www.wwpdb.org/validation/2017/FAQs#types

Communicating Data Quality to
Depositors and Journals

* OneDep submission blocked for certain data errors
(e.g., physically impossible values)
e Qutliers highlighted in the wwPDB validation reports
o Biocurators highlight major issues for depositor correction

o Depositors must download and accept data quality assessed in the
validation reports for submission

* Many journals require wwPDB Validation Report with manuscript
submission
o Validation reports with For Manuscript Review watermark provided by

biocurators

RCSB.org



Types of wwPDB Validation Reports

Official Report: For Manuscript Review  Preliminary Report: Not For Manuscript Review

WORLDWIDE

PROTEIN DATA BANK

Full wwPDB X-ray Structure Validation Report (7)

Jan 19, 2022 - 12:25 PM EST

PDBID : 0228
Title : 5.9.2 testing
Deposited on : 2022-01-19
Resolution : 2.30 A(reported)

IThis wwPDB validation report is for manuscript reviewl

This is a Full wwPDB X-ray Structure Validation Report.

This report is produced by the wwPDB biocuration pipeline after annotation of the structure.

We welcome your at valid L wupdb.org
A user guide is available at
hetps://www.wwpdb.org/validation/ 2017/ Xray ValidationReportHelp

with specific help available everywhere you see the (1) symbol.

The following versions of software and data (see references (1)) were used in the production of this report:

MolProbity ' 4.02b-467
Mogul  : 185 (274361), CSD as5d1be (2020)
Xtriage (Phenix) : 113
EDS : 2.
buster-report : 117 (2018)
Percentile statistics : 20191225.v01 (using entries in the PDB archive December 25th 2019)
Refmac : 5.8.0158
CCP4 : 7.0.044 (Gargrove)
Ideal geometry (proteins) : Engh & Huber (2001)
Ideal geometry (DNA, RNA) :  Parkinson et al. (1996)

Validation Pipeline (wwPDB-VP) : 226

RCSB.org

WORLDWIDE

PROTEIN DATA BANK

Preliminary Full wwPDB X-ray Structure Validation
Report ()

Jan 19, 2022 - 09:49 AM EST

Deposition ID : D_ 8000240532

This wwPDB

ation report is NOT for manuscript review

This is a Preliminary Full wwPDB X-ray Structure Validation Report.

‘This report is produced by the wwPDB Deposition System
during initial deposition but before annotation of the structure.

We welcome your comments at validation@mail. wwpdb.org
A user guide is available at
https://www.wwpdb.org/validation/2017/XrayValidationR Help
with specific help available everywhere you see the (i) symbol.

The following versions of software and data (see references (D)) were used in the production of this report:

MolProbity  : 4.02b-467
Mogul : 185 (274361), CSD as5dlbe (2020)
Xtriage (Phenix) : 113
EDS : 226
Percentile statistics : 20191225.v01 (using entries in the PDB archive December 25th 2019)
Refmac : 580158
CCP4 : 7.0.044 (Gargrove)

Ideal geometry (proteins) : Engh & Huber (2001) JE———
Ideal geometry (DNA, RNA) : Parkinson et al. (1996) =
Validation Pipeline (wwPDB-VP) : 2.26 \ 25
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3DEM Growth: Higher Resolution/Complexity

Continue rapid growth in

3DEM deposition
O 4254 new structures in 2021
(53% increase versus 2020)

Some 3DEM structures reaching

resolution limits comparable
to MX

Complexity continues to grow
(see 2022 RCSB PDB Calendar)

2022 should see total 3DEM
holdings exceed NMR

Growth of EM/EX Structures

20000
B Cumulated growth I Annual growth
15000

10000

5000

0 - een S8 B0
P F LT PLPPLPL RO T80 Q2O D D
S S S R S S S S S S S R R S S Sl

Y,

Revolutionizing
ructural biology
with 3DEM

2022 Calendar

RCSB.ORG
=1 p ) - JPvree
EPLDES | (omomss,
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https://pdb101.rcsb.org/learn/flyers-posters-and-calendars/calendar/2022-calendar-revolutionizing-structural-biology-with-3dem

Community Development of 3DEM Validation

2020 EM Data Management Workshop EMDR and Validation Challenges

* White paper to be submitted soon * EMDR funded by NIGMS
e Recommendations include RO1GM079429-12 (Chiu, PI)

o Show calculated and * Promotes community
author-provided FSC curves in development of validation and

the same plot (Implemented) standards |

o Include which types of model  ° Produces best models against
restraints were used selected maps

o Include a map-model FSC plot ~ ° Explores model metrics with focus

to indicate correlation on fit-to-map

between the experimental * Burley now Rutgers Pl on EMDR
map and one computed from RO1 submission to NIGMS

the model as a function of

resolution

RCSB.org \27
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Plans for 3DEM-related Improvements

Completed/Ongoing

Enhanced validation reports

Better streamlined release
between PDB and EMDB

Made deposition of
half-maps mandatory

More mandatory metadata
items

Increasing controlled
vocabularies

Future Plan

Distribute status information
of unreleased entries

Improve metadata checking
with more rigorous validation

Streamline deposition

Provide per-amino acid fitting
to map

\28



RCSB.org

PDB Archive Growth in 2021

Year-end holdings > 185K structures

* 12,602 new structures released
(14,044 in 2020; 11,501 in 2019)

Data In Storage

* OneDepdata: 31.3TB
* PDB ftp (legacy + versioned): 923 GB
« EMDB ftp: 4.5 TB

Storage for all Deployed Core Archive Services: 109 TB

* Redundant copies of all ftp servers, map and
model services, images, and annual snapshots

CoreTrustSeal certification (through April 2024)
(CoreTrustSeal.org)

Total and Annual Release
200000
B Total Release M Annual Release

150000

100000

50000

0 an@
1980 1990 2000 2010 2020

Released Entries By Method/Year (log scale)

10000 T ————
== X-Ray == NMR EM == Multiple-Methods

1000
100

10 /\/\/\/—\/\’\
1

1980 1990 2000 2010 2020

All PDB Statistics

“


http://coretrustseal.org
https://www.rcsb.org/stats

Archive Management and PDB Exchange
Dictionary Enhancements

PDB Core Archive

* Distribution of PDBx/mmCIF-
formatted validation reports

e Distribution of individual Chemical
Component definition files

* Better-organized inventory lists
* Standardized SARS-CoV-2 annotation

e Standardized Chemical Component
Dictionary (CCD) synonyms

http://www.wwpdb.org/news/news?year=2021#613b93b3ef055f0

3d1f222cf
RCSB.org

PDBx/mmCIF Dictionary

Better support for X-ray data:
anisotropic diffraction limits, unmerged
reflection data, and anomalous
diffraction data

Support for extended PDB ID and DOI
Support enhanced assembly files
Better collection of starting model

Support better-organized CCD
synonyms

Support 3DEM improvements

Repackaging of dictionaries on GitHub

\30
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RCSB.org

Chemical Reference Data Growth

Improved Access: Individual Chemical

Component entries are available for download

as individual files from the PDB archive

>36K Chemical Component Definitions

e 2538 newin 2021 (2683 in 2019, 3143 in 2020)
* 3137 updated (2708 in 2019, 4334 in 2020)

~1K Biologically Interesting molecule
Reference Dictionary (BIRD) Definitions

29 newin 2021 (9 in 2019, 170 in 2020)
« 3 updated (4 in 2019, 144 in 2020)

Definitions Enhanced by External Resources
CCDC, PubChem, ChEMBL, ChEBI, DrugBank, Pharos, CAS

MAN

PRD_900007

HOy,
W
HO' Y NN
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H

H
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Questions and
Comments?
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Data Exploration
(RCSB.org)

Yana Rose
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RCSB.org Services Overview

« Data Integration - P
|

o Loading PDB archival data =/ )

o Generating data derived from archival PDBArchive ~ Comparative  ~50 External

Data Data Resources

contents
o Integrating data from external resources Data Integration

« Data Access B s
o Search services
o Data delivery services
« Data Exploration
o Resources that help users explore,
visualize, and analyze PDB data &I
o MyPDB: stores searches, sends alerts /
when related data are released FRE KX

o Related content: documentation, news, Programmatic

newsletters, etc.

Users

RCSB.org



New: Structure Motif Search

A new service finds structures containing a small number of specific amino acids in proximity

© B impon e Query can be constructed from

RAVKTKIGYPALDODLAVVRSIRQAVGD Session

et Mol* (3D visualization) or

' % Measurements

& P A e Advanced Search

® —lSumetSearch

133 s 53
ARPVOAYDSHSLDGVKLATERAVTAA

293 03 323 333 353
FGIPMSSHLFQEISAHLLAATPTAHWLERLDLAGSVIEPTLTFEGGNAVIPDLPGVGI IWNREKEIGKYLV

]

AN 1.LYS162autn 164|... = A ¥ 0O
2.ASP193[auth195]|... = 1~V @ 1
i) e Structure motif matches can be
3.GLU219@m221|... % A ¥ O
4.GLU245(@un247)].. = A~V O V|Sua||zed |n MOI*
5. HIS295[@uth297)|... = AV O
| | = —- Tabular Report -- v @AIO Selected | &,
1 to 25 of 179 Assemblies Page1of8 | b | B 25 v Sort by 1 Resolution: Best to Worst v
4JN7: Assemb|y 1 Download File | View File

CRYSTAL STRUCTURE OF AN ENOLASE (PUTATIVE GALACTARATE
DEHYDRATASE, TARGET EFI-500740) FROM AGROBACTERIUM RADIOBACTER,
BOUND NA and L-MALATE, ORDERED ACTIVE SITE

Vetting, M.W., Groninger-Poe, F., Bouvier, J.T., Wichelecki, D., Morisco, L.L., Wasserman, S.R., Sojitra, S.,
Washington, E., Scott Glenn, A., Chowdhury, S., Evans, B., Hammonds, J., Stead, M., Hillerich, B., Love, J.,
Seidel, R.D., Imker, H.J., Gerlt, J.A., Almo, S.C., Enzyme Function Initiative (EFI)

To be published

Released 2013-04-03
©/90 View Method X-RAY DIFFRAGTION 1.15 A

Global Symmetry: Dihedral - D4

Oligomeric Count 8

Structure Motif Match @ I ©Align  RMSD: 0.53 A - LYS:A-149, ASP:A-189, GLU:A-216, GLU:A-242, HI... l

RCSB.org



Small Molecule Search Options

DEEYCXO6&EHHS O
5

. CH,
* Chemical sketch tool: web-based tool to
. . . ® (0] NH
build chemical drawings to search for small ° o i o
molecules in the PDB, based on chemical
o w,
drawing tool Marvin JS from ChemAxon o
OH
B O0000

* Molecular Definitions search results option: === ® MO sokts | &

Capability to perform integrated Searches 110 18 of 18 Molecular Definitions Pagetlof1 25 v Sortby | Score v

. . NAG Download File | View File
and retU rn CompOnentS aS demed |n the 2-acetamido-2-deoxy-beta-D-glucopyranose
Chemical Component Dictionary (CCD) and Noecoarveire 28
. . . i‘ InChiKey OVHNDRQM[;HJTHS-FMDGEEDCSA-N
Biologically Interesting molecule Reference PR \dontlers  2acatyamin)2-deony-eta-D-ghcopyancse
N N-[(2R,3R,4R,5S,6R)-6-(hy yl)-2,4,5-tris(c 1-3-yllett
. . DGIcpNAcb
D I Ct I O n a ry ( B I R D ) N-acetyl-b-D-glucopyranosamine
b-D-GlcpNAc

RCSB.org \36



New: Integration with External Resources

RCSB.org

Glycosylation resources:
GlyTouCan, GlyCosmos, and
GlyGen

New membrane protein
annotations from OPM, PDBTM,
and MemProtMD (in addition to
mpstruct)

Oligosaccharides

Help @&
Entity ID: 2
Molecule Chains Chain Length 2D Diagram®
2-acetamido-2-deoxy-beta-D- E,F G, H,I,J,K L 2 N-Glycosylation @ Oligosaccharides Interaction

glucopyranose-(1-4)-2-

acetamido-2-deoxy-beta-D-

Glycosylation Resources

GlyTouCan: GlyCosmos: GlyGen: [EEEEA

| IEVEVIZESRAN @ Download Files v

Crystal structure of multidrug efflux transporter OgxB from Klebsiella pneumoniae
PDB DOI: 10.2210/pdb7CZ9/pdb

Classification: MEMBRANE PROTEIN
Organism(s): Klebsiella pneumoniae
Expression System: Escherichia coli
Mutation(s): No ©@

Membrane Protein: Yes @ [}
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New: Streamlining Search Results

. . . . . » Sequence @
F I |te rl n g Of h Ig h Iy-s I I I I I I a r DIPAQKETCNICLNDDINADQMFSVDKSGHMCCSECVKRHIEVRLLEGSLITCPHYRCNSLLTSVRCGNLLTPKLNKMWEQKTKDELIPVMDRVYCPNPRCSTLMSETELSGLNIGVRRCCVKCGEPFCVKCKVSWHNN

LSCDEYKTLHPNPTENDGRLRDLANEKSWRQCSKCKHMIELSSGCISVWCRCGHTFCYQCGADAGDCFHGLGRDDLDLTQCCGSCCCFVFFLVIIAIWTIILLVRRFS Z

S e a r C h R e S u It S b a S e d O n PDBID 7MBN = Target Proteinv @ E-Value Cutoff 0.1 ©  Identity Cutoff 0 % (Integer only) @ Count | Clear
.
. S e q u e n C e I d e n t I ty Return Polymer Entites v @ grouped by Sequence Identity 50% v @ and display representatives Count = Clear  [§eN
. Refinements @ n B = Alignment Reference (. Query v Represent by Resolution: Best v --TabularReport--v ~ @ AllO Selected &,
e UniProtID | ,
ORGANISM 1 to 8 of 8 Representatives (31 Polymer Entities) Page1of1 25 v Sortby | Score v

(7] Homo sapiens (7)

{ J G ro u p D e p OS it i 0 n I D (] Pediculus humanus corporis (1) 4KBL: Entity 1

TAXONOMY. WL?& Structure of HHARI, a RING-IBR-RING ubiquitin ligase: autoinhibition of an
rd

Download File | View File Download Alignment

; Ariadne-family E3 and insights into ligation mechanism
() Eukaryota (8) Y. ;
S Duda, D.M., Olszewski, J.L., Schulman, B.A.

»
>

EXPERIMENTAL METHOD
(1) X-RAY DIFFRACTION (8)

(2013) Structure 21: 1030-1041

W Released 2013-05-29
N Vi)

5 Method X-RAY DIFFRACTION 3.3 A
POLYMER ENTITY TYPE g Chain IDs AB
(1) Protein (8) © 3D View Organism Homo sapiens

Macromolecule E3 ubiquitin-protein ligase ARIH1

REFINEMENT RESOLUTION (A) Sequence Match  Sequence Identity: 26%, E-Value: 3.697e-13, Region: 183-377

RCSB.org

15-20(2) 0 T T T T T T T
0 50 100 150 200 250 300 350

(020-250Q) QUERY

(235800 4KBL_1 o o N f B o]

(13.0-35(@)

38



3D Protein Feature View

{ Biological Assembly 1

Users can view and select sequence features in specific symmetry partners.

“IPIDES 3D Protein Feature View: 7NTQ bty Back e e ° ®
Crystal structure of the SARS-CoV-2 Main Protease complexed with N-(pyridin-3-ylmethyl)thioformamide
Chain Symmetry Partner

A 1(ASM... Interface residues buried fraction [biojava-structure-6.0.5] | value: 0 | Position: 281 [auth: 281]

T T T T T T T T T T T T T T T Tl

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
PDB INSTANCE A
UNIPROT PODTC1

SECONDARY STRUCTURE

SR | ] . O EE e .
=]

UNMODELED
RAMACHANDRAN OUTLIER L]

BOND OUTLIER

ROTAMER OUTLIER e o
RSRZ OUTLIER ° ° ° o0
BINDING CHAINA-2 |  [11] Im | i
BURIED RESIDUES (NINN I | I RLn o un [ |
COVALENT BOND
METAL COORDINATION e o ee o ©

HYDROPATHY | - mtndb b it w"“ .'YJ.T_&Ale =

3D Protein Feature sl | ST S

© 3D View: Structure |[1D-3D View
Electron Density | Validation Repo
Ligand Interaction

View Can be eaSily MOLECULE PROCESSING
accessed from SSP e ————

RCSB.org

DL B O

|
iy



RCSB.org

New: Ligand Quality Assessment at RCSB.org

e New graphics summarize the fitting
quality of the Ligand of Interest on
Structure Summary pages

e Clicking on the bar will take the user to
the Ligands tab for more information
about this ligand in this particular entry
and across the archive

e Response to recommendation made at
2019 RCSB PDB AC Meeting

Shao et al. (2022) Structure 252-262.e4 doi: 10.1016/j.str.2021.10.003

Worse 0 I —1 Better

Ligand structure goodness of fit to experimental data

FAD in PDB structure 5SNAK

Worse 0 I P 1 Better

Ligand structure goodness of fit to experimental data

FAD in PDB structure 2CZ8
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https://www.rcsb.org/structure/5NAK
https://www.rcsb.org/structure/2CZ8
http://doi.org/10.1016/j.str.2021.10.003

FAD in PDB structure 5NAK FAD in PDB structure 2CZ

Structure Summary 3D View Annotations Experiment Sequence Genome Versions Structure Summary 3D View il Genome Ligands Versions

5 NAK B fles I Display Files ~ [OISWIEEL]
2CZ8

FAD cL GoL KYN PO4 K

o3 =, Ligand Defi d St f FAD
FAD: FLAVIN-ADENINE DINUCLEOTIDE o efnten s S o FAD: FLAVIN-ADENINE DINUCLEOTIDE U Dftona Summay o FAD
FAD is a Ligand Of Interest in SNAK designated by the RCSB Help & o ) . Help &
FAD is a Ligand Of Interest in 2CZ8 designated by the RCSB
Better Better Better
Better] Better]
2 2 2z
§ g §
& & & B g
g 2 g g 2
o o o s s
3 2
3 3
¢ % ®
v @]
Y 4
Worse Worse| Worse. X o
— | — — | —
Worse Beter Worse Better Worse Better Worse Worse
Experiment Data Fitting Experiment Data Fitting Experiment Data Fitting
Worse Better Worse Better
Experiment Data Fitting Experiment Data Fitting
< Best-fitted instance in this entry > Best-fited instance in this entry < Best-fitted instance in this entry
) Other instances in this entry () Best-fitted PDB instances with same target (top 5) Best-fitted PDB instances (top 5) . Best-itted instance in this entry Best-fitted instance in this entry
) Other instances in this entry Best-fitted PDB instances (top 5)
Identifier Ranking for Ranking Real Real space RMSZ- RMSZ- Outliers Outliers Atomic Stereochemical Model Average
goodness  for space correlation  bond-  bond- ofbond ofbond clashes errors completeness occupancy
of fit geometry R coefficient length  angle length angle Identifier Ranking for Ranking Real Real space RMSZ- RMSZ- Outliers Outliers Atomic Stereochemical Model Average
factor goodness  for space correlation bond- bond- ofbond ofbond clashes errors completeness occupancy
SNAK_FAD_A_501 99% 19% 0.056  0.986 152 213 5 7 0 0 100% 1 (e geometry :mr eesfficient | length = engle | fengtht | angle
SNAK_FAD_B_501 99% 19% 0057  0.983 151 214 5 6 0 0 100% 1
2CZ8 FAD_D_1204 12% 14% 0.23 0.748 2,04 1.97 9 3 2 [} 100% i
SN7T_FAD_B 501 98% 19% 0067 0987 148 212 5 6 0 0 100% 1
2CZ8 FAD_H_1208 11% 15% 0241 0746 199 196 9 3 2 0 100% 1
SNAE_FAD_B_501 98% 20% 0067 0986 14 216 5 6 0 0 100% 1
2CZ8_FAD_C_1203 8% 15% 0249 072 2.01 1.94 9 4 5 0 100% 1
SNAH_FAD_B_501 98% 20% 0061 0978 185 217 5 6 0 0 100% 1
2CZ8_FAD_G_1207 6% 15% 0284 0707 202 194 9 4 5 [ 100% 1
6FOY_FAD_B_501 97% 22% 0073 0989 133 207 6 7 0 0 100% i
2CZ8 _FAD_E_1205 5% 15% 0.296  0.698 2.01 1.96 9 4 3 [ 100% 1l
5NAB_FAD_A 501 97% 20% 0071 0985 141 214 4 7 0 0 100% 1
4KGD_FAD_B_701 100% 28% 0031 0897 120 179 6 5 0 0 100% 1 2GZBRAD F 1205 |5% ds% 022 |0e% 20200201 = 1 9 100% il
4FEE_FAD_B_701  100% 24% 0034 0996 145 187 4 6 0 0 100% 1 2CZ8 RAD Act201jd% ) S21eiN oses i e 0 & 4 9 160% )
4FEG_FAD_B_710 100% 24% 0033 0.997 144 184 5 9 1 0 100% 1 CEUZAE RN |2 i3 U9 e SO Koo O & S g LS a
2PGO_FAD_B_613 100% 20% 0036 0993 112 185 4 5 0 0 100% 1 KGR FALIE P01 | 100% i LA [ iz 12 S S y o bl i
6RKO_FAD_B 403 100% 25% 0036 0993 142 24 5 7 0 0 100% 1 4FEE_FAD_B_701  100% 24% 0034 099 145 187 4 6 o 0 100% il
4FEG_FAD_B_710  100% 24% 0033 0997 144 184 5 9 1 0 100% 1
2PGO_FAD_B_613 100% 29% 0036 0993 112 18 4 5 0 0 100% 1
6RKO_FAD_B_403  100% 25% 0036 0993 142 iol] 5 7 o 0 100% 1


https://www.rcsb.org/structure/5NAK
https://www.rcsb.org/structure/2CZ8

Search Architecture Driving RCSB.org

Background Information; RCSB Protein Data Bank: Architectural Advances Towards Integrated Searching and Efficient
Access to Macromolecular Structure Data from the PDB Archive, https://doi.org/10.1016/j.imb.2020.11.003

____________________________________ Sequence | )
------------------------------ Similarity

Y Y Y v \ 4

OneDep @ wwPDB sites
¢ CDN/ Data Access | Web Ul _ | Search Aggregator [« gltrr:lf;l:lrt:
Data Artifacts (data.rcsb.org) " (rcsb.org) | (search.rcsb.org)
A A A A A A
= Sequence }_
T Motif
GV SioTeg —— P Annotation Search
- - Service Structure
P— e T Motif
... ETL Indexing [ 4
. Exchange (staging) & ‘ 2
- Data Warehouse — . Chemical
asticsearc imilari
External Resources Document Databases Similarity | _)

Rose et al. (2021) Journal of Molecular Biology 433, 166704 doi: doi.org/10.1016/j.jmb.2020.11.003
RCSB.org
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RCSB.org

2021 RCSB.org Usage Summary

RCSB.org

* Google Analytics: ~4.7 million unique users (~3.9 M in 2019)
o 12 million sessions
o 46 million page views
o ~257.71 1B of data accessed

* Internal tracking: ~7 million unique IP addresses

Data File Downloads

* RCSB PDB: 1,828,603,104 downloads;
604,544,570 (web), 1,224,058,534 (FTP)

* All wwPDB: 2,364,150,827 downloads;
719,560,727 (web), 1,644,590,100 (FTP)

External Utilization

* >450 external resources repackage and distribute data

* Biopharm/biotech companies use PDB data internally

* Protein structure prediction accelerated by artificial intelligence
approaches depend upon open access to PDB data

Tracked using Google Analytics and internal logging services

Sessions by country

RCSB.org

United States I
China I

India I

United Kingdom - [

Japan
0% 5% 10% 15% 20%

Jan 1, 2021 - Dec 31, 2Q2ICATION OVERVIEW >

2.1M sessions from US (GA)

“



RCSB.org Traffic:

Jan 1, 2021 - Dec 31, 2021:
Jan 1, 2019 - Dec 31, 2019:
200,000

® Users
® Users

Increase versus 2019 Visits

February 2021 March 2021 April 2021 May 2021 June 2021 July 2021 August 2021 September 2021 October 2021 November 2021 December 2021
Users New Users Sessions Number of Sessions per User ~ Pageviews Pages / Session Avg. Session Duration
18.03% 17.88% 5.59% -10.54% 18.64% 12.36% -25.15%
4,674,456 vs 3,960,503 4,587,136 vs 3,891,311 11,655,187 vs 11,038,294 249vs 279 46,686,818 vs 39,352,823 4.01vs 3.57 00:05:20 vs 00:07:07
RN AN, oien o k ARt P TNV Mans SRRy
Google Analytics: Internal Tracking: Google Analytics: Internal Tracking:
Unique Users Unique IP Addresses Page Views Hits (all pages, images, files)
2021 4,674,456 6,845,233 46,686,818 2,154,402,236
2020 3,632,445 (incomplete data) 6,677,853 42,113,933* 1,692,857,853
2019 3,960,503 6,415,390 39,352,823 1,230,667,138
2018 3,595,930 4,784,921 36,484,191 1,286,305,223

We assume that Google Analytics filters out some robotic access; *Estimated page views; Google Analytics data for 2020 is incomplete.



Customer Service and Improved Documentation

« Electronic Help Desk
supports ~1,000

conversations/year
O  Feature requests
o  Request for guidance on usage
O  Bugreports

« New, detailed RCSB.org

documentation
o Generated in tandem with
RCSB.org development
o Linked from RCSB.org
features and top menu
o Searchable from header
search box

RCSB.org

RCSB PDB  Deposit v Search v Visualize v Analyze + Download v Learn ~ More v [EsETEREITIS

186934 Biological General Help

-

__,D) I—\ = 4 [t ~ PDB Archive @ |
Bad® coabing Broakthroughs in

PROTEIN DATA BANK Researchand Education

FPbE 8o

Search and Browse
Advance| ) Help &
Basic Search

n[ ﬂﬁ:‘mﬂ" E%Eg" — Advanced Search m

Documentation
General Help -

Organization of 3D Structures in the >
Protein Data Bank

Symmetry Resources in the PDB
Identifiers in PDB

Web Services Overview

X-ray Electron Density Maps

Ligand Structure Quality in PDB
Structures

Structures Without Legacy PDB
Format Files

Deposition Resources
Website FAQ
Software Supporters

Data From External Resources
Integrated Into RCSB PDB

Glossary

Membrane Protein Resources

Search and Browse -
Exploring a PDB Entry -
3D Viewers -
Sequence Viewers -

Mol*

Sequence Viewers

Organization of 3D Str w. ko Protein Data
Ban k Programmatic Access

Additional Resources

® Overview Software Supporters
o Definitions
o Relevance in Exploring the PDB Deposition Resources
o Example
FAQs
Video: Entry, Entity, Assembly, and Instance Glossary
Overview

Biomolecules are hierarchical structures. For example, proteins are composed of linear chains of amino acids that (often) fold into compact
subunits which then can associate into higher level assemblies with other proteins, small molecule ligands, and water or other solvent
molecules. Biomolecules in the Protein Data Bank (PDB) archive are organized and represented using this hierarchy to simplify searching
and exploration.

Definitions
Four levels of hierarchy are commonly used: Entry, Entity, Instance, and Assembly:

+ An ENTRY is all data pertaining to a particular structure deposited in the PDB and is designated with a 4-character alphanumeric
identifier called the PDB identifier or PDB ID (e.g., 2hbs).

An ENTITY is a chemically unique molecule that may be polymeric, such as a protein chain or a DNA strand, or non-polymeric, such
as a soluble ligand. Some entries may even have branched polymeric entities, such as oligosaccharides.

+ An INSTANCE is a particular occurrence of an ENTITY. An ENTRY may contain multiple INSTANCES of an ENTITY, for example,
many copies of a protein chain in a homooligomeric protein.

An ASSEMBLY is a biologically relevant group of one or more INSTANCES of one or more ENTITIES that are associated with each
other to form a stable complex and/or perform a function.




RCSB.org

Rutgers User Experience Design (UXD) Review

Spring Semester 2022: Two students in Master of
Business and Science (MBS) Degree program

Goals

* Identify how undergraduate professors use
RCSB.org in classroom
* Improve the usability and experience of the
tools they frequently use
Process
* Research

o  Paul Craig organizing interviews with
BioMolViz community

Analyze

Design wireframes

Test

Deliver recommendations

il

I'd find it here D

Treejack Testing

To find out how easily users
can find information on the
website

First-Click Testing

To verify that the first click a
user makes on an interface
to carry out a given task is
clear and easy

=



Questions and
Comments?
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Outreach/Education

Christine Zardecki
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2021: Celebrating 50 Years of the PDB

RCSB.org

8 virtual symposia and webinars,
each hosting hundreds of

participants
o Co-hosted with ASBMB, ACA,
EMBL, Rutgers, ACS, Biophysical
Society, Royal Society of Chemistry,
Biophysical Society of Japan
o Video recordings are being
published on YouTube
Special journal collections and

publications

o  Nature

o Journal of Biological Chemistry
Related materials hosted at

RCSB.org/pdb50

Special Symposium- < [
Celebrating the 50" Anniver

of the Protein Data Bank
May4-5,2021 Fo

The inaugural event was sponsored by wwPDB
Foundation and hosted 916 participants and 275
posters; 209 student/postdocs were eligible for
4 prize awards

“


https://rcsb.org/pdb50

Journal Collections and Articles

Protein Data Bank
Celebrates 50 Years of
Worldwide Collaboratory
Discoveries

SDS SAN DIEGO
SUPERCOMPUTER CENTER

PDBS5Othanniversary: celebrating the
future of structural biology

RCSB.org/pdb50

B e e RUTGERS {3 Bl THE PROTEIN DATA BANK

JOURNAL OF
BIOLOGICAL
CHEMISTRY

Education Corner:

|
o

Irina Bezsonova
UCONN Health

Inktober SciArt
Celebrating PDB50

The PDB in JBC

PUBLICATIONS

BIOLOGICAL
CHEMISTRY

Nationa Instiute of
m ‘Gonoral Modical Sciancos J B JOURNAL OF

Jﬂ‘i’ﬁ!&%‘@“
Vearns, ey
\ IS,

Protein Data Bank Marks 50
Years of Lifesaving Scientific #BiomedicalBeat

biobeat.nigms.nih.gov

PDB50: THE GAME
CELEBRATE 50 YEARS OF

Collaboration and
Coordination

How the Protein Dato Bank
changed biology

PUBLICATIONS



http://rcsb.org/pdb50
http://rcsb.org/pdb50

Special Projects Celebrating PDB50

«

Fox &

B

PDB50 Game: This gives players the Structural Biology Playing Cards Molecule of the Month: Fifty Years of PDB Citation MeSH Network Explorer
opportunity to explore the process of Open Access to PDB Structures
structure discovery.

Education Corner:

Irina Bezsonova
UCONN Health

Inktober SciArt
Celebrating PDB50

PDB

Video: Celebrating in Virtual Reality Education Corner: Inktober SciArt PDB50 was noted in the
Exploration of groundbreaking PDB Celebrating PDB50 Congressional Record

structures for structure-based drug (HTML | PDF) Cookies for team members
desian. 1“‘

RCSB.org/pdb50 \51



http://rcsb.org/pdb50
https://www.congress.gov/congressional-record/2021/7/19/extensions-of-remarks-section/article/e772-1?q=%7B%22search%22:%5B%22%22%5D%7D&s=1&r=27
https://www.congress.gov/117/crec/2021/07/19/167/126/CREC-2021-07-19-pt1-PgE772.pdf

4

«» Congressional Record

th
of America PROCEEDINGS AND DEBATES OF THE 1 1 7 CONGRESS, FIRST SESSION

House of Representatives

EXTENSION OF REMARKS IN RECOGNITION OF THE 50™ ANNIVERSARY OF
THE PROTEIN DATA BANK IN THE UNITED STATES

HON. FRANK PALLONE JR.
July, 19, 2021

Madam Speaker, I rise today in recognition of the 50* anniversary of the Protein Data
Bank (PDB) in the United States and its outsized impact on the scientific community.
Established at Brookhaven National Laboratory in 1971, the PDB was created because
researchers were unable to share the valuable information they collected due to the lack
of advanced computer systems at that time. The PDB solved this problem by serving as
a depository for three-dimensional structures of large, biological molecules—such as
proteins, DNA, and RNA —and offered the data free of charge or restrictions on usage
to individual researchers across the world. Since 1998, I am proud to say the PDB has
been co-managed by Rutgers, The State University of New Jersey. Today, the PDB
archive in America hosts more than 180,000 structures of molecules found in all living
organisms on the planet and is part of a worldwide network with other data centers in
Europe and Asia.

The PDB'’s legacy as the first open-access digital data resource in biology and medicine
has led to countless breakthroughs and has democratized access to data in a way that
has tremendously benefited the public. Each year, millions of researchers, scientists,
educators, students, medical professionals, patients, patient advocates as well as
pharmaceutical and biotechnology companies around the word utilize the PDB for basic
and applied research, STEM education, and the discovery of lifesaying medicines,
particularly anti-viral and anti-cancer drugs. Examples of its profound impact include
the more than two million structure data file downloads it generates per day; its

RCSB.org

contribution to over one million published research papers; and its enabling of research
in many subject areas, ranging from Agriculture to Zoology.

But this ambitious project would not have been possible without significant federal
investment in scientific research. The National Science Foundation, the Department of
Energy, and the National Institutes of Health all contribute funding to the PDB, which
generates a return on investment 1,500 times more than federal dollars it receives. This
kind of investment clearly demonstrates the importance of the government-university
research partnership and why it is critical that we maintain and strengthen that
partnership to bolster American innovation and competitiveness for years to come.

In conclusion, Madam Speaker, I offer my congratulations to the PDB in the United
States as it celebrates its first 50 years as a leading global resource for experimental data
central to scientific discovery, and I look forward to its contributions to science and our
society over the next 50 years.

Congressman Frank
Pallone, Jr., who
represents New
Jersey's 6th district that
includes Rutgers
University, noted the
50th anniversary of the
PDB in the
Congressional Record
(HTML | PDF)


https://www.congress.gov/congressional-record/2021/7/19/extensions-of-remarks-section/article/e772-1?q=%7B%22search%22:%5B%22%22%5D%7D&s=1&r=27
https://www.congress.gov/117/crec/2021/07/19/167/126/CREC-2021-07-19-pt1-PgE772.pdf

Recent SARS-CoV-2 Efforts

Molecules of the Month

December 2021 April 2021
SARS-CoV-2 Spike Variants  SARS-CoV-2 Spike and
Antibodies

Genome and Proteins Flyer

June 2021
Glucocorticoid Receptor and
Dexamethasone

2021 BioArt Award

Research Intensive Summer Experience at Rutgers

Mickayla Bacorn

[ ——

: ’i‘ A \

Clockwise, starting with upper left: Mary Agnes Balogun (Morgan State), Mickayla Bacorn
(University of Maryland, Baltimore County), Cassandra Olivas (California State University
Stanislaus), and Amy Wu Wu (University of Puerto Rico-Mayaguez)

Studied protease evolution across known Coronaviridae;
2 awarded poster prizes at American Crystallographic
Association Meeting; 1 at ABRCMS; manuscripts in
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Recent and Related Publications

m

Design and proof of concept for targeted phage-based
COVID-19 vaccination strategies with a streamlined

cold-free supply chain

Daniela 1. Staquicir
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Contributed by José N. Onuchic, May 3, 2021 sent for review March 29, 2021); reviewed by Luiz V. Rizzo and Angel €. Garcia

(COVID-19) is a global imperative, Rapid immunization of the entire

against a widespread, continually evolving, and
highly pathogeni irus is an unprecedented chalenge, and iffer-
ent filamentous

outbreaks and the imminent need for novel and versatile tech-

nologies for rapid manufacturing and large-scale distribution of
pics as emergency countermeasures.

SARS-CoV-2 is a single-stranded enveloped RNA virus with

structural proteins. The spike (S) protein mediates both

bacteriophage (phage) partices have unique potential in vaccine
development due to their inherent immunogenicity, genetic plas-
. cost-effectiveness for large-scale production, and

evaluation of two targeted phage-based vaccina-

phage and adeno-associated virus/phage (AAVP) particles. For
peptide-targeted phage, we performed structure-guided antigen
destyo selec i solvent exiceed epltupes of e SAKLCov
spike (5) protein. One of these epitopes displayed on the major
capld proten pVIl of phage induced  speific and susained hu-
moral response in mice. These phage were further
engineered to ddvamaly ipley the paptite caxswGDIvE
on the minor capsid protein pil to enable their transport fro

“dual-display” phage into the lungs of mice generated a systemic
and specific antibody response. In the second approach, targeted
\VP particies were engineered to deliver the entire S protein gene

host cell recognition and membrane fusion and is pivotal for viral
entry. The S protein, composed of the S1 and S2 subunits, is dis-
played as a trimer on the surface of the viral particle (3). Within

Author contributions: DAS, EHET, CAM. VY. F1S, ED:R, V.G, DD, PO, N,
TLS.NE. LS. MLG, ECL, SKL, PCW. 5KB, INO, WA, and RP. deigned
rescarc DS, FHET. M VY. FIS, ED.R., V/GC, DD, PO, NH. TLS. N
MLG, ECL CW, WA, snd RP.performed researc; SKL., SKB, and IO, con
v6<,00,
POUNH, TLS,NE. RLS, MLG, ECL, PCW, 1N, WA, and R2. snabzed dts:
D15, FHET, o, VA, FIS, £D-8, V.GC. PCW, IND, WA, and RP. wrote

Reviewrs: LVA, Hospital iaelita Albert Ensten; and A£G, Los Alamos National
borstory.
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AAVP | COVID-19 | gene defivery | phage display | SARS.Cov-2

S e carly 2021, the World Health Organization (WHO) has es-
timated that nearly 3
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have been caused by complications of coronavirus discase 2019
(COVID-19). This unprecedented pandemic has prompted a world-
wide collaborativ effort o develop vaccines and antivial therapies to
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acute respiratory syndrome (SARS) and Middle.

syndrome (MERS), foreshadowed the risk of emerging disease

PNAS 2021 Val. 118 No. 30 2105739118

Publhed iy 7, 2021

hitpsidolorg/10.1073/pnas 2105739118 | 1019

MicRoBIoLoGY

(2021) Proceedings of the National Academy of Sciences
118 (30) e21057391181 doi: 10.1073/pnas.2105739118

GPS to brain scans: the remarkable
LEGACY OF THE PENDULUM

The puzzling persistence of

IMMUNE CELL MEMORY PLUS

Why can’t some
people make

ortrait'of
Pant)iemnc

an artistic lens
bnngs its.details

(2021) American Scientist 109: 88-93

Structure

RCSB Protein Data Bank resources for structure-
facilitated design of mRNA vaccines for existing and
emerging viral pathogens

Graphical abstract

Authors
David S. Goodsell, Stephen K. Burley

=
PROTEIN DATA BANK s Correspondence
| e omge. ¢ A0 . stephen.burley@rcsb.org
In brief

Goodsell and Burley examine the
structural biology underpinning the
success of SARS-CoV-2 mRNA vaccines
and present freely available resources at
the RCSB Protein Data Bank that could
guide the structure-facilitated design of
new countermeasures against existing
and emerging viral pathogens.

Highlights

of mRNA vaccines

 Protein Data Bank (PDB) provides open access to the world
archive of biomolecular structure

« RCSB PDB provides essential tools for finding and analyzing
biomolecular structures

Goodsell & Burley, 2022, Structure 30, 55-68
January 6, 2022 © 2021 Elsevier Ltd.
hitps://doi.org/10.1016/}.51r.2021.10.008

@ CelPress

(2022) Structure 30: P55-68.e2 doi:
10.1016/j.str.2021.10.008
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https://www.pnas.org/content/118/30/e2105739118
https://www.pnas.org/content/118/30/e2105739118
https://www.americanscientist.org/magazine/issues/2021/march-april
https://www.cell.com/structure/fulltext/S0969-2126(21)00376-2
https://www.cell.com/structure/fulltext/S0969-2126(21)00376-2
https://www.americanscientist.org/magazine/issues/2021/march-april
http://doi.org/10.1073/pnas.2105739118
http://doi.org/10.1016/j.str.2021.10.008

2020 Summer of the “Coronaverse” Published

One-week Boot Camp: 35 student researchers studied

sequence-structure evolution of the main protease

12 continued for 5 weeks to explore the other structures
(3 supported by NSF REU)

RCSB.org

W) Check for updates}

Received: 21 December 2020 | Revised: 26 August 2021 | Accepted: 16 September 2021
DOI: 10.4002/prot 26250

RESEARCH ARTICLE esoreine WILEY

Evolution of the SARS-CoV-2 proteome in three dimensions
(3D) during the first 6 months of the COVID-19 pandemic

Joseph H. Lubin? | Christine Zardecki?® | Elliott M. Dolan? | Changpeng Lu® |
Zhuofan Shen? | Shuchismita Dutta®®* | John D. Westbrook™** |

Brian P. Hudson™® | David S. Goodsell***° | Jonathan K. Williams® |

Maria Voigt™® | VidurSarma® | Lingjun Xie%? | Thejasvi Venkatachalam® |
Steven Amnold® | Luz Helena Alfaro Alvarado® | Kevin Catalfano’ |

Aaliyah Khan® | Erika McCarthy’ | Sophia Staggers“’ | Brea Tinsley!? |

Alan Trudeau'? | Jitendra Singh?® | Lindsey Whitmore'® | Helen Zheng®® |
Matthew Benedek'® | Jenna Currier’ | Mark Dresel® | Ashish Duvvuru'’ |
Britney Dyszel'® | Emily Fingar” | Elizabeth M. Hennen?® | Michael Kirsch?® |
Ali A.Khan?® | Charlotte Labrie-Cleary’® | Stephanie Laporte? | Evan Lenkeit® |
Kailey Martin’® | Marilyn Orellanal’ | Melanie Ortiz-Alvarez de la Campa®? |

Isaac Paredes?® | Baleigh Wheeler?* | Allison Rupert?® | Andrew Sam? |
Katherine See?® | Santiago Soto Zapata'® | Paul A.Craig?® | BonnieL. Hall®* |
Jennifer Jiang1 | JuliaR Koeppe!® | Stephen A. Mills*® | Michael J. Pikaart'” |
Rebecca Roberts'® | Yana Bromberg?® | J.Steen Hoyer”” | Siobain Duffy?” |
Jay Tischfield® | Francesc X.Ruiz?® | EddyArnold>?’ | JeanBaum? |

Jesse dberg®® | Grace igan®®31 | Sagar D. Khare®2# |

Stephen K. Burley23432

Proteins: Structure, Function, and
Bioinformatics (2021) doi:
10.1002/prot.26250

\55


https://doi.org/10.1002/prot.26250

PDB-101 Traffic:

Increase over 2019 Visits

Jan 1,2021 - Dec 31,2021: @ Users

Jan 1,2019 - Dec 31,2019: @ Users

ﬂ),ooo /:

'4001000_./' i‘:
Users New Users Sessions Number of Sessions per User =~ Pageviews Pages / Session Avg. Session Duration
4.08% 4.72% 13.08% 8.65% 16.24% 2.80% 5.90%
692,526 vs 665,404 690,283 vs 659,158 1,050,599 vs 929,057 1.52vs 1.40 2,310,472 vs 1,987,604 2.20vs2.14 00:02:08 vs 00:02:01
A ot O St IR, A Y, ATttt a5 S

Google Analytics: Internal Tracking: Google Analytics: Internal:
Unique Users Unique IP Addresses Page Views Page Views

2021 692,526 906,103 2,310,472 4,104,583
2020 853,734 1,001,957 2,608,213 4,140,229
2019 665,958 749,005 1,989,074 3,632,911
2018 594,073 760,797 1,816,972 3,496,896

We assume that Google Analytics filters out some robotic access
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PDB-101 Traffic 2021 vs 2020

Users Sessions Bounce Rate Session Duration
700K T.1M 69.94% 2m 07/s
417.6% $14.4% $2.1% 15.7%

40K

30K

20K

10K

0
01 01 01 01
Jan Apr Jul Oct

RCSB.org



L

RCSB PDB YouTube: 1.3M views in 2021

3.8K

2.5K

1.3K

Jan 1,2021 Mar 3,2021

Video
Total

What is a Protein? (from PDB-101)

How Enzymes Work (from PDB-101)

What is a Protein? Learn about the 3D shape and function of macro...

¢Qué es una proteina? (Spanish)

Penicillin and Antibiotic Resistance (from PDB-101)

O

O

a

O

D Fighting Coronavirus with Soap (from PDB-101)
a

O

Ll

_s;_\gs_—(.:;w—z Life Cycle (Summer 2020)

May 2, 2021
Watch time
Views ¥ (hours)
1,379,974 52,101.2
591,039 42.8% 254039 488%
278,466 20.2% 9,833.1 18.9%
74181  5.4% 22818 4.4%
70,006 5.1% 14325 2.8%
62,999 4.6% 39044 75%
33,408 2.4% 1,566.3 3.0%
23608 1.7% 643.4  1.2%

‘/’\/}‘«\QKM\‘,\ A~

Jul 2,2021

Subscribers A

15,502
9,230 59.5%
3025 19.5%

284 1.8%
158 1.0%
477 31%
202 1.3%

59  0.4%

e oA eﬁl‘w"'\/‘m"’\')\\/“*\/m LD

Sep 1,2021

Impressions A
24,276,781

13,685,178
5,023,291
315,442
836,378
365,287
513,871

287913

Impressions
click-through
rate A

2.5%

21%
2.2%
4.8%
3.4%
6.5%
3.4%

5.2%

Oct 31, 2021

Dec 31,2021
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RCSB.org

2022 3DEM calendar
9 Goodsell Molecular Landscapes
Videos

O Opioids and Pain Signaling

o Experimental methods
Health Focus: Drugs & Brain

o HS Video Challenge

o Undergraduate course
Guide to Exploring Carbohydrates

3D Printed Model and Lesson Plan:
Serum Albumin
Molecule of the Month articles

Casein Micelle and
Fat Globule in Milk

PDB-101 in 2021: Beyond Covid-19 and PDB50

Cellulose Synthase

views

Opioids and
Pain Signaling;
>7K YouTube

—_
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https://pdb101.rcsb.org/learn/videos/opioids-and-pain-signaling
https://pdb101.rcsb.org/learn/videos/opioids-and-pain-signaling
https://pdb101.rcsb.org/learn/flyers-posters-and-calendars/calendar/2022-calendar-revolutionizing-structural-biology-with-3dem
https://pdb101.rcsb.org/sci-art/goodsell-gallery
https://pdb101.rcsb.org/learn/videos/opioids-and-pain-signaling
https://pdb101.rcsb.org/learn/videos/methods-for-determining-atomic-structures
http://pdb101.rcsb.org/browse/drugs-and-the-brain
https://pdb101.rcsb.org/events/video-challenge/2021-awards
https://pdb101.rcsb.org/learn/guide-to-understanding-pdb-data/exploring-carbohydrates-in-the-pdb-archive
https://pdb101.rcsb.org/learn/3d-printing/3d-print-serum-albumin
https://pdb101.rcsb.org/learn/videos/opioids-and-pain-signaling
https://pdb101.rcsb.org/sci-art/goodsell-gallery/casein-micelle-and-fat-globule-in-milk
https://pdb101.rcsb.org/sci-art/goodsell-gallery/casein-micelle-and-fat-globule-in-milk
https://pdb101.rcsb.org/sci-art/goodsell-gallery/casein-micelle-and-fat-globule-in-milk
https://pdb101.rcsb.org/sci-art/goodsell-gallery/cellulose-synthase
https://pdb101.rcsb.org/sci-art/goodsell-gallery/cellulose-synthase

RCSB.org

2021 Boot Camp: Scientific Communication

RCSB PDB and the Rutgers Institute for
Quantitative Biomedicine hosted virtual

boot camps for 20 undergraduates/ Sl B
. . DNA-Sequencing Nanopores Ribonuclease P Designed Proteins and Citizen

graduates with a focus on Science Science

Communication in Biology and Medicine. P A
R e

Students developed writing and 3D e v

molecular visualization skills by dune 2021 ey 2021 i

Glucocorticoid Receptor and Fetal Hemoglobin Cisplatin and DNA

Dexamethasone

collaborating on articles for the
Molecule of the Month series at PDB-101.

v



Questions and
Comments?
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Operations
Stephen K. Burley
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RCSB.org

John Westbrook (1957-2021)

* QOutpouring of support from the global community

* Data & Software Architect Lead responsibilities have been divided

among team members and services
o Main projects have been split across Deposition/Biocuration/
Archiving and RCSB.org
o Zukang now managing direct reports
©  Yana now project manager for RCSB.org

* Will re-examine the organization in July 2022 to inform recruiting
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RCSB PDB Line Management

January 2022; Some resources shared with Rutgers

Biocuration Team Lead

Jasmine Young

[

Biocuration
Lead Deputy

Yuhe Liang
Irina Persikova

Biocuration
Team

Gregg Crichlow
Justin Flatt
Sutapa Ghosh
Brian Hudson
Monica
Sekharan

Director / Pl
Stephen Burley
Business Manager
Jonathan Hackett
Computing
Project Support Manager
TBN
Shamara Whetstone
| | | H

Principal Scientific Senior Scientific UCSD Manager Deputy Director UCSF Lead

Developer Developer .

Zukang Feng Rob Lowe Jose Duarte Christine Zardecki Andrej Sali

| | [ I I—I_l
Devel 3DEM Develoters Developers ROB/ Devel Content Creators Customer Developer
o pe Advisor Li Chen Charmi Bhikadiya | | PDB-Dev o remi Service Hel ; 3
Vladimir Connor Parker M A i Developer Chunxiao Bi Shuchismita Desk P Sai Ganesan
Guranovi¢ Cathy Lawson e el o ind Sebastian Dutta b
Ezra Peisach Dennis Piehl Bri ’I'I' d Bittrich David Goodsell Rachel
Chenghua Shao Henry Chao Vallat Jeremy Henry Maria Voigt Kramer Green
Yana Rose
TBN (Developer/s) Jouh “edura
TBN
Rutgers ucsD UCSF




NSF Equipment Supplement Impact

e Urgently required expansion of server and
storage infrastructure now installed on PDB/EMDB/BMRB Archives
both coasts
o  50% increase in Server CPUs ‘
o 150% increase in Server Memory RCSB PDB
o 200% increase in Solid State Disk uCsD °pe|"5t§°k RUTGERS
o 100% increase in Hard Disk ;)T':\ECT( sl Da(t:a(:Juases s ;)TPAEC';’(
CLOUD & Backend CLOUD
e Improved overall RCSB.org user Services
experience (reduced latency, etc.) I I
e Expected growth can be accommodated PDB/EMDB/BMRB Data Consumers
through 2024-2025 for current RCSB.org (RCSB.org, >5 million users in 2020)
services

RCSB.org \65



CAREER OPPORTUNITIES for
SCIENTIFIC SOFTWARE DEVELOPERS

Join the multidisciplinary RCSB Protein Data Bank Team in
Piscataway, NJ; San Diego, CA; or San Francisco, CA

Develop innovative analysis, integration, query, and visualization tools for 3D biomolecular
structures at RCSB.org to help accelerate research and training in biology, medicine, and
related disciplines.

Open Positions:  Scientific Web Application Developer (Rutgers)
Scientific/Bioinformatics Software Developer (Rutgers)
Scientific Software Developer (UCSD)
Postdoctoral Researchers (UCSD/UCSF)

www.rcsb.org/pages/jobs




Recruitment in 2021

* Professional societies: American Crystallographic Association (ACA),
American Society for Biochemistry and Molecular Biology (ASBMB),
BioXFEL, International Society for Computational Biology (ISCB),
Nature, Society for Advancement of Chicanos/Hispanics and Native
Americans in Science (SACNAS)

* Informal postings: Black Women in Computational Biology Network,
500 Queer Scientists, Facebook, Twitter, LinkedIn, CCP4 & pdbl
bulletin boards

RCSBRagkground Information
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RCSB.org

Diversity, Equity, and Inclusion

Working closely with Rutgers in new University-wide initiative to
Recruit, Retain, and Develop a Diverse Community
Promote Inclusive Scholarship and Teaching
Define Sustainable and Substantive Community Engagement
Build the Capacity of Leaders to Create Inclusive Climates
Develop an Institutional Infrastructure to Drive Change
Working with UCSD Equity, Diversity, and Inclusion to
o  Address barriers to success for our underrepresented faculty, staff, and students
o Further our efforts toward inclusive excellence
o  Foster a more welcoming and supportive campus climate
Working with UCSF Office of Diversity and Outreach to offer all campus community
members an equitable, inclusive, welcoming, secure, responsive, and affirming
environment that fosters mutual respect, empathy and trust
Partnering with Rutgers School of Graduate Studies in program for underrepresented
minority undergraduate training and recruitment to Ph.D. programs (2015-present)
o  Research Intensive Summer Experience at Rutgers
o Nationally-acclaimed summer research program for outstanding undergraduates from diverse
backgrounds
o RCSB PDB scholars (21) funded in part for past 7 years via NSF supplement

O O O OO0
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Strategic Initiatives

Stephen K. Burley
Andrej Sali

RCSB.org \69



RCSB.org

Cloud Migration Plans for 2022

Set up on-premises server hardware for testing
Docker Container deployment of RCSB.org backend services

Convert RCSB.org backend services from current OpenStack N
configuration for deployment within Docker Containers

Develop new orchestration tools for RCSB.org services, to _@_
interface with Kubernetes instead of OpenStack

Deliver annual PDB core archive snapshots from AWS storage

dWS$s

Deliver current PDB archive via ftp from AWS storage
(updated weekly to accommodate newly released structures)
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PDB-Dev and Integrative Structure Validation

* PDB-Dev deposition system has been

. : #% PDB-Dev
improved and streamlined ;

2 Prototype Archiving System for Integrative Structures

Validation Report for PDBDEV_00000009

About Validation Model Data Model Fit to Data . Validation
Validation Overview Details Quality Quality Used for Modeling Help

* Designed to interoperate with existing
wwPDB OneDep system

* Version 1.0 Integrative Methods el i

Download Download

Validation Summary

Structure Validation Report, including a Rigort Table sctur of he hman e i
Summary Table

Publication Rev7 dimerization is important for assembly and function of the
Title Rev1/PolT translesion synthesis complex

* Stepping-stone to Bayesian validation of
structures of all types (w/ Jeff Hoch et al)

Alessandro A. Rizzo; Faye-Marie Vassel; Nimrat Chatterjee; Sanjay
Authors D'Souza; Yunfeng Li; Bing Hao; Michael T. Hemann; Graham C. Walker;
Dmitry M. Korzhnev

* mmCIF development (cf, Model Archive)

RCSB.org I/HM Validation project funded by RCSB PDB.



PDB-Dev Validation Report Example

Data Quality

Data quality®
SAS:Scattering profile@
SAS data used in this integrative model was obtained from 1 deposited SASBDB entry (entries).

| macror iles are pi

Scattering_profile for SASDC29: data from solutions of bi

Log I(q) vs q with error bars (SASDC29)

Log I(q) vs Log q with error bars (SASDC29)

d as both log I(q) vs q and log I(q) vs log (q) based on
SAS validation task force (SASvtf) recommendations. I(q) is the intensity (in arbitrary units) and q is the modulus of the scattering vector.

o]

] o i
|.;,
-2 : -2
=37 =31
E) Y
8 4] & 41
l@ 5 E 5
o V] o V]
3 3
-6 1 -6 1
=71 =77
-8 1 -8+
0 2 4 6 8 -2
q[nm7]

RCSB.org

-1

0
Log q [nm]

https://pdb-dev-beta.wwpdb.org/Validation/PDBDEV

Fit of Model to Data

Fitof m

odel to data used for modeling®

Fit of model(s) to SAS data

X2 goodness of fit analysis @

Model and fits displayed below were obtained from SASBDB. x? values are a measure of fit of the model to data. A perfect fit has a x? value

of zero.

SASDB ID

Model x®

SASDC29

1 2513

Model fit for SASDC29 (fit/model number 1): The

curve (in blue) can be compared with the theoretical curve

calculated from a model (in red).

74

Model fit for SASDC29

© Experimental data

— Linear fit

00000009/ntmls/main.html

01 02 03 04 05
q[A]

—
—
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https://pdb-dev-beta.wwpdb.org/Validation/PDBDEV_00000009/htmls/main.html

RCSB.org

Vision for Global Federation of
3D Structure Models and Experimental Data

Structural
models




Questions and
Comments?
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RCSB PDB Team

2> ) =2 RCSB.ORG

| ”
PROTEIN DATA BANK

info@rcsb.org

Funding

National Science Foundation (DBI-1832184),

National Institute of General Medical Sciences,
National Institute of Allergy and Infectious Disease, and
National Cancer Institute (NIH R0O1GM133198), and the
US Department of Energy (DE-SC0019749)

Management

RUTGERS ~ UCSanDiego
SDSC gﬁg&l(fggf’uﬁl CENTER

Yol RL D W 1D E Member of the
WPDB Worldwide Protein Data Bank

PROTEIN DATA BANK

(wwPDB; wwpdb.org)

John D. Westbrook
Follow us In memoriam
1957-2021




