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Disclosures

• Member, Harrington Discovery Institute Investment Advisory Board

• Member, Cell Press Structure Editorial Advisory Board

• Member, Nature Scientific Data Editorial Board

• Member, Nature Oncogene Editorial Advisory Board

• Advisor, Ligo Analytics, Inc.

• Member, Vincere Biosciences, Inc., Scientific Advisory Board

• Consultant, HanAll Biopharma 
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Outline
• My Journey: 4 Careers and Counting
• Data Science: Protein Data Bank (a.k.a. Rutgers’ Best Kept Secret!)
• Artificial Intelligence/Machine Learning: De Novo Protein Structure Prediction
• Impact of PDB Data and Computed Structure Models on 

Basic and Applied Research in Biology and Medicine
• What do we mean by the term Artificial Intelligence?
• Rutgers Artificial Intelligence and Data Science (RAD) Collaboratory
• Artificial Intelligence/Machine Learning Applications in Biomedicine
• Prepare for a Medical Career in “The Era of Data Science and Artificial 

Intelligence/Machine Learning” 
• Acknowledgments
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My Journey: 4 Careers and Counting – Part I

• Brought up in United Kingdom, Australia, and Canada

• B.Sc. In Physics and Mathematics, University of Western Ontario, Canada — 1976-1980

• D.Phil. In Structural Biology, Oxford University, United Kingdom — 1980-1983

• M.D., Harvard-MIT Health Sciences and Technology Program — 1983-1987

• Internship/Residency Medicine, Brigham and Womenʼs Hospital — 1987-1990

• Post-Doctoral Fellow, Harvard Chemistry — 1987-1990

• Chaired Professor, The Rockefeller University and Investigator, Howard Hughes Medical Institute — 1990-2002

• Chief Scientific Officer, SGX Pharmaceuticals, Inc. — 2002-2008

• NASDAQ Initial Public Offering (SGXP) — 2006

• Distinguished Lilly Scholar, Eli Lilly and Company — 2008-2012

• Retirement No. 1 — 2012 FAILED!
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My Journey: 4 Careers and Counting – Part II

• Saved by Rutgers, The State University of New Jersey — 2013

• Distinguished Professor, Department of Chemistry & Chemical Biology — 2013-2017

• Director, Center for Integrative Proteomics Research — 2013-2018

• Member and Cancer Pharmacology Co-Lead, Rutgers Cancer Institute — 2013-Present 

• Director, RCSB Protein Data Bank — 2014-Present 

• Founding Director, Institute for Quantitative Biomedicine — 2015-Present

• University Professor & Henry Rutgers Chair — 2017-Present

• Interim Director, Rutgers AI and Data (RAD) Collaboratory — 2024-Present
(International Search underway for my Successor)

• Return to Full-Time Research — ASAP-203?

• Retirement No. 2 — 203? Hopefully, more successful than No. 1
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RCSB Protein Data Bank
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Structures that Inspired Launch of the PDB

Protein Data Bank (Established 1971)

Lysozyme

Hemoglobin

Ribonuclease

Myoglobin

• PDB 1st online Open Access digital data 
resource in all of biology

• Founded 1971 with 7 protein structures
• Single global archive for protein and 

DNA/RNA experimental structures
• Open Access >230,000 structures!
• wwPDB Partnership founded in 2003
• Members: RCSB PDB (US), PDBe (EMBL-

EBI), PDBj (Japan), and PDBc (China); 
plus EMDB (3DEM) and BMRB (NMR)

Protein Data Bank (1971) Nature New Biology 233, 223.
Worldwide Protein Data Bank (2019) Nucleic Acids Research 47, D520–D528. 7
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Protein Data Bank is “Crucial for Sustaining 
the Broader Biodata Infrastructure”
• Single FAIR/FACT compliant 

global archive providing 
Open Access to public domain 
experimental 3D biostructures
• PDB data distributed under the 

Creative Commons CC0 License
• RCSB Protein Data Bank is the 

US wwPDB Data Center jointly 
supported by NSF, NIH, and DOE

PDB data (curated and 
distributed by wwPDB)

Protein Data Bank (1971) Nature New Biology 233, 223.
Worldwide Protein Data Bank (2019) Nucleic Acids Research 47, D520–D528.

6
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Burley et al. (2022) Protein Science 31, E4482.

Burley et al. (2025) Nucleic Acids Research 53, D564–D574.

Service 0: IT Infrastructure Development and Management

RCSB Protein Data Bank (RCSB PDB) Services
Convert Global Data into Global Knowledge
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RCSB PDB Impact Across the Biosciences 

Burley et al. (2018) Protein Science 27, 316-330.
Goodsell et al. (2020) Protein Science 29, 52-65.
Goodsell and Burley (2022) Structure 30, 55-68. 
Burley et al. (2022) Protein Science 31, 187-202.
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Impact: All Therapeutic Areas 2010-2016

• All Therapeutic Areas 2010-2016 
Structure 27, 211-217
• Anti-neoplastic Agents 2010-2018

Drug Discovery Today 25, 837-850
• Anti-neoplastic Agents 2019-2023

Nature Oncogene 43, 2229-2243
• Review Article 2021 

Journal of Biological Chemistry
296, 100559

Westbrook & Burley (2019) Structure 27, 211-217
11
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Impact: All Therapeutic Areas 2010-20161

1. Westbrook & Burley (2019) Structure 27, 211-217
2. Galkina Cleary et al. (2018) PNAS 115, 2329-2334; Value in 2016 US$

PDB Structures 
facilitated5,914 of these 

drug approvals184

approved
210 NEW DRUGS

of NIH funding 
contributed to these approvals 
(20% of NIH Budget)2

~$100 BILLION
2010-2016

2000-2016

B-RAF Kinase 
complex with 
Vemurafenib

  

PDB ID 3og7
Bollag et al. (2010) 

Nature 467, 596-599
12
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Impact: Oncology Indications 2010-2018

• All Therapeutic Areas 2010-2016 
Structure 27, 211-217
• Anti-neoplastic Agents 2010-2018

Drug Discovery Today 25, 837-850
• Anti-neoplastic Agents 2019-2023

Nature Oncogene 43, 2229-2243
• Review Article 2021 

Journal of Biological Chemistry
296, 100559

Westbrook et al.  (2020) Drug Discovery Today 25, 837-850 13
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Impact: Oncology Indications 2010-20181

of NIH funding 
contributed to these approvals 
(20% of NIH Budget)2

1. Westbrook et al. (2020) Drug Discovery Today 25, 837-850.
Structure-guided drug discovery à >70% of small-molecule drugs

74 of these new drugs

2412
had a 
total of 

unique structures in the PDB 
explaining target biology and
facilitating discovery/development

79 NEW ANTI-CANCER DRUGS Approved 2010-2018
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Impact: Oncology Indications 2019-2023

• All Therapeutic Areas 2010-2016 
Structure 27, 211-217
• Anti-neoplastic Agents 2010-2018

Drug Discovery Today 25, 837-850
• Anti-neoplastic Agents 2019-2023

Nature Oncogene 43, 2229-2243
• Review Article 2021 

Journal of Biological Chemistry
296, 100559

Burley et al.  (2024) Nature Oncogene 43, 2229-2243 15
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Impact: LMW*-NMEs Oncology Targets 2010-2023

Area of Impact
 

• Target Biology

• Target Druggability
 

• Structure-Guided Drug Discovery

• Structure of NME+Target in PDB
 

• ADME^/Safety Optimization

Fraction of NMEs Impacted
 

• 100% (88/88)

• 100% (88/88)
 

• 75% (66/88)
 

• >70% (63/88)

• Cytochrome P450s, P-glycoprotein,
Herg Channel, etc.

* LMW=Low Molecular Weight (<1000 Da); ^ Absorption-Distribution-Metabolism-Excretion 16



RCSB.org

BRAF Structure-Guided Drug Discovery

BRAF History Synopsis
• 2004: PDB ID 1uwh (Academic)

1st BRAF structure in PDB 
Cancer causing mutations in catalytic 
domain

• 2007: V600E BRAF occurs in ~50% 
late-stage melanomas

• 2010: PDB ID 3og7 (Plexxikon)
V600E BRAF-Vemurafenib co-crystal 
structure

• 2011: Vemurafenib approved by US FDA 
• Acquired resistance to vemurafenib 

limited it utility as a single agent 
treatment for late-stage melanoma

US FDA New Drug Approval 2011

Bollag et al. (2010) Nature 467, 596-599.

PDB ID 3og7
17
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BRAF/MEK Combinations for Late-stage Melanoma

• BRAF and MEK occur in the same 
signaling pathway
• V600E BRAF targeted by 

Plexxikon*, GSK*, and Novartis*
• BRAF inhibition can be overcome 

by MEK upregulation
• MEK targeted by Japan Tobacco, 

Array Biopharma*,  and Exelixis*
• BRAF and MEK inhibitors are now 

used in combination

Maraka & Janku (2018) Discov Med 26, 51-60.

* Structure-Guided Drug Discovery
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AI/ML Computed Structure Modeling

PDB
 

Archive
 

>180K

Burley & Berman (2021) Structure 29, 515-519.

• Open access PDB enabled
• Homology modeling using 

“templates” from the PDB
• De novo protein structure 

prediction (template free) 
• Machine Learning approaches use PDB plus 

genomic sequence information 
• AlphaFold2 (Google DeepMind)*
• RoseTTAFold2 (Baker, UWashington)*
• OpenFold (AlQuraishi, Columbia U)

• Reasonable accuracy computed structure 
models (CSMs) now accessible for nearly 
every protein sequence in UniProt

* 2024 Nobel Prize in Chemistry
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AI/ML Computed Structure Modeling

20

Experiment
Prediction

• Open access PDB enabled
• Homology modeling using 

“templates” from the PDB
• De novo protein structure 

prediction (template free) 
• Machine Learning approaches use PDB plus 

genomic sequence information 
• AlphaFold2 (Google DeepMind)*
• RoseTTAFold2 (Baker, UWashington)*
• OpenFold (AlQuraishi, Columbia U)

• Reasonable accuracy computed structure 
models (CSMs) now accessible for nearly 
every protein sequence in UniProt

* 2024 Nobel Prize in Chemistry
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• RCSB.org delivers 
• >220,000 PDB structures
• >1 million Computed Structure 

Models (CSMs) from AlphaFold DB 
and the ModelArchive

• RCSB.org data exploration and 
visualization tools used by many 
millions of researchers, educators, 
and students worldwide 
• Provenance/reliability of both data 

types are clearly identified

RCSB.org Research-focused Web Portal:
One-Stop-Shop for Public 3D Biostructure Data

Burley et al. (2022) Protein Science 31, E4482.
Burley et al. (2025) Nucleic Acids Research 53, D564–D574. 21
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What do we mean by Artificial Intelligence?

22RADCollaboratory.Rutgers.edu
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RAD Collaboratory
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AI in Biomedicine
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AI: ML for Basic Biomedical Research

Atlas of the plasma human proteome in health and disease in 53,026 adults

28RADCollaboratory.Rutgers.edu Deng et al. (2025) Cell 188, 253-372.
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AI: ML for Applied Biomedical Research

Integrating machine
learning and 
structure-based 
approaches for
repurposing Src
protein tyrosine 
kinase inhibitors 
for inflammation

29RADCollaboratory.Rutgers.edu Iqbal et al. (2025) Scientific Reports 15, 1836.
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AI: Natural Language Processing in Clinical Practice 
(50 Internists were not ready in 2024!)
CHAT GPT 4.0
assistance gave 
no meaningful 
improvement in
diagnostic reasoning
score for 50 MDs
(76% versus 74%)

But CHAT GPT 4.0
alone scored  90%!

30RADCollaboratory.Rutgers.edu Goh et al. (2024) JAMA Network Open 7, e2440969.
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AI: Computer Vision/ML in Clinical Practice 
(Radiologists are ready, willing, and able!)
Computer Vision
combined with
Machine Learning
can improve early
detection of lung
and breast cancer

31RADCollaboratory.Rutgers.edu Intellias.com
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AI: Robotics/ML in Clinical Practice 
(Surgeons are ready, willing, and able!)
Surgeons are
using AI to monitor
interoperative 
metrics (force, etc.)
and enhance 
detection of +ve
surgical margins

32RADCollaboratory.Rutgers.edu Knudsen et al. (2024) Journal of Robotic Surgery 18, 102.
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Rutgers IT AI Resources
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Rutgers IT AI Resources Web Page

URL: https://it.rutgers.edu/ai/
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Skills You Need
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Skills Needed to Succeed in the DS/AI Era

• Excel in your chosen major (subject matter expertise matters!) 
• Learn to think in 3D at the atomic level (use RCSB.org in your bio courses)
• Bio or Chem of Physics Majors need to be well-grounded in

• Computer Programming (coursework or Coursera) 
• Statistics (Statistics Department coursework)
• Data Science (Data Science Program coursework) 
• Artificial Intelligence (Data Science Program coursework) 

• Undergraduate research in a federally funded lab using AI/ML tools
• Co-author a peer-reviewed paper that uses AI/ML tools

36
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Take Home Messages I

• Open access to PDB structure data informs research across fundamental 
biology, biomedicine, and bioenergy
• Open access to PDB structure data has contributed substantially to US FDA 

Drug Approvals
• Open access to PDB structure data was central to recent advances in 

computational structure prediction using Artificial Intelligence methods
• Combining PDB structure data with Computed Structure Models will 

accelerate basic and applied research
• RCSB Protein Data Bank RCSB.org research-focused web portal is a one-stop-

shop for using 3D biostructure data in your education and your research
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Take Home Messages II

• Rutgers AI and Data Science (RAD) Collaboratory is here to serve you as hub 
for related research, training, and community-building activities
• Rising Jrs/Srs consider applying for the RAD Summer Undergraduate 

Research Program through the ARESTY website starting late Feb/early Mar
• Learn more about the RAD Collaboratory at our March 8th (Data Science) 

and April 5th (AI/ML) networking events
• Appreciate the myriad ways that AI and Data Science are changing the face 

of basic and applied biomedical research and clinical practice
• Think carefully about the AI/DS-related skills you will need to succeed when 

you move on to medical school, etc. (Do Not Get Left Behind!)
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RCSB PDB Team

US National Science Foundation (DBI-2321666), 
National Institute of General Medical Sciences, 
National Institute of Allergy and Infectious Disease, and 
National Cancer Institute (NIH R01GM133198), and the 
US Department of Energy (DE-SC0019749)

Member of the 
Worldwide Protein Data Bank 
(wwPDB; wwpdb.org)

RCSB.ORG
info@rcsb.org

Core Operations Funding

Management

Follow us
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pdb101.rcsb.org > Train 

Materials to help effectively use RCSB.org tools for searching, 
visualizing, and analyzing 3D biostructure data 

● Guide to Understanding PDB Data
● Training Courses 
● Education Corner
● PDB & Data Archiving Curriculum

Training Resources on PDB-101

Sign up for Training Event Announcements


