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CONFIDENTIAL DISCLOSURE AGREEMENT

• The information contained in this presentation is proprietary to Hewlett Packard Enterprise and is offered in 
confidence, subject to the terms and conditions of a binding Confidential Disclosure Agreement (CDA)

• HPE requires customers and partners to have signed a CDA in order to view this training
• The information contained in this training is HPE confidential
• This presentation is NOT to be used as a ‘leave behind’ for customers and information may only be shared verbally 

with HPE external customers under NDA
• This presentation may be shared with Partners under NDA in hard-copy or electronic format for internal training 

purposes only
• Do not remove any classification labels, warnings or disclaimers on any slide or modify this presentation to change 

the classification level
• Do not remove this slide from the presentation
• HPE does not warrant or represent that it will introduce any product to which the information relates
• The information contained herein is subject to change without notice
• HPE makes no warranties regarding the accuracy of this information
• The only warranties for HPE products and services are set forth in the express warranty statements accompanying 

such products and services
• Nothing herein should be construed as constituting an additional warranty
• HPE shall not be liable for technical or editorial errors or omissions contained herein
• Strict adherence to the HPE Standards of Business Conduct regarding this classification level is critical



Pre-clinical Clinical trials FDA review
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Drug discovery

Phase I
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100-500
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Phase III
1000-5000
volunteers
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GETTING FROM TODAY…
Predominantly an in vitro and in vivo environment 

CHALLENGE:

Poor predictive validity
CHALLENGE:

80% clinical trials do not reach 
milestones

CHALLENGE:

Poor patient 
enrolment

CHALLENGE:

Poor site selection

CHALLENGE:

Poor recording
of clinical trial 
information

CHALLENGE:

Inefficient
study design

CHALLENGE:

Lack of satisfactory end point 
measurement
(e.g. survival, response rate)

10,000
compounds

Source: PhRMA Profile

Fewer new drugs
from more R&D $

Failure only after huge $$Discoveries in late stage testing Crisis for the industry



* Time reductions are estimates
Source: PhRMA Profile

Pre-clinical Clinical trials FDA reviewDrug discovery

1
FDA-approved

drug

Large-scale 
manufacturing

5 years 1.5 years 6 years 2 years 2 years

…TO TOMORROW
An in silico HPC, AI and Data augmented environment

108

compounds

~3.5 years* ~2 years* ~1.5 years* ~1.5 years*

FDA-approved
treatments

Safe, Efficacious, Rapid-response, Cost-Effective and Innovative 



CONFIDENTIAL I AUTHORIZED HPE PARTNER USE ONLY 5

EARLY SIGNS OF  AI CHANGING THE LANDSCAPE
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BACKGROUND: THE GRAND CHALLENGE OF DRUG DISCOVERY

• Expensive
• > $1 Billion per drug

• Time-consuming
• > 10 years per drug

• Consequently, research is market/competition driven
• Is market size > $1B?
• Is the patent expiring?

• Suffers from the lack of
• Knowledge of underlying disease-causing mechanism
• Personalization and precision to cater a diverse population 
• Translation/Reproducibility of pre-clinical, animal models, etc.
• Confidence in biomarkers and surrogate endpoints

• Quality in published assay/experimental data
• Agility required for rapid response in a pandemic

• Opportunity for a better future
• >6000 rare diseases do not have a cure 1

• Affects >25 million Americans

• ~75% of emerging infectious diseases are zoonotic. 2

• >2.5 billion affected, ~2.7 million deaths per year

• > 87 new infectious diseases since 1980 3

• > 15 new zoonotic disease outbreaks in 15 years 4

• Ebola, H5N1, H7N9, SARS, H1N1, COVID-19, etc.

• Pandemics between 1997-2009 cost US$80 billion 5

• ~$7 billion per year

• > $8 trillion: Global cost of the COVID-19 pandemic 6

1. https://www.genome.gov/FAQ/Rare-Diseases

2. Taylor, Louise H., Sophia M. Latham, and Mark EJ Woolhouse. "Risk factors for human disease
emergence." Philosophical Transactions of the Royal Society of London. Series B: Biological
Sciences 356.1411 (2001): 983-989.

3. Gebreyes, Wondwossen A., et al. "The global one health paradigm: challenges and opportunities for
tackling infectious diseases at the human, animal, and environment interface in low-resource
settings." PLoS Neglected Tropical Diseases 8.11 (2014): e3257.

4. https://www.who.int/emergencies/diseases/en/

5. World Bank (2012) People, Pathogens and Our Planet. Volume 2, The Economics of One Health. World
Bank Report #69145-GLB

6. https://www.bbc.com/news/business-52671992

Let us reimagine “drug discovery”

Drug Discovery Today

https://www.genome.gov/FAQ/Rare-Diseases
https://www.who.int/emergencies/diseases/en/
https://www.bbc.com/news/business-52671992
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DRUG DISCOVERY IS A WORKFLOW OF “SEARCH” PROBLEMS

~1060

compounds

Chemical space

~107

molecules

Biological Relevance

~104

small molecules

Synthesizable

~3000
potential drugs

Efficacious

~800
approved drugs

Safe 

https://en.wikipedia.org/wiki/Chemical_space https://zinc.docking.org/ https://pubchem.ncbi.nlm.nih.gov/ https://go.drugbank.com/drugs https://www.accessdata.fda.gov/

• Drug discovery workflows search for…

• relevant compounds that modulate a biological system to influence disease development and progression from a
chemical space of ~1060 potential synthesizable compounds

• similarity across >106 open-science proteins to understand the characteristics of the disease-causing organism
• the appropriate pose and active site interaction between a disease/symptom causing protein against ~107 drug

compounds
• evidence from over 106 research documents to explain the mechanism-of-action
• knowledge nuggets from assay and experimental data (over 108 medical facts) to list protein-protein and

protein-molecule interactions
• safety and efficacy indicators in siloed public-health data sources with over 108 past patient records and trial

data

https://en.wikipedia.org/wiki/Chemical_space
https://zinc.docking.org/
https://pubchem.ncbi.nlm.nih.gov/
https://go.drugbank.com/drugs
https://www.accessdata.fda.gov/
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THE “SEARCH” IS MULTI-MODAL, INTERACTIVE AND ITERATIVE 

CryoEM microscopes
• 3D structure of disease targets from multiple slices

Chemical/Molecular Structures
• SMILES sequences
• 2D and 3D structures

Scientific Documents
•Millions of publications, Lab notes 
• Results from assays/ instruments

Genome Sequences
• Sequence of organisms and humans

Animal Studies and Clinical Trails
• Longitudinal history – discrete time series
• Cohort studies

Fitness Trackers
• Continuous time-series from sensors

Databases
• Cohorts, Proteins, Medical terms, etc.

Knowledge Graphs and Ontologies
• Protein-protein interactions, protein-chemical 

interactions, Drug side effects, etc. 

Data Iterative Search Process

Library 
preparation

Ligand-
based and 
receptor-
based 
filtering 

Experimental 
validation

• Conformer generation
• Absorption, Distribution, 

Metabolism, Excretion Toxicity

• Docking simulations
• Pharmacophore screening
• 2D and 3D shape similarity 

estimation
• Electrostatic potential similarity 

estimation
• Fingerprint similarity

• Sequence similarity

• Hit compounds
• Active compounds
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USE CASE: RAPID-RESPONSE TO COVID-19 PANDEMIC

Source: Wikipedia

Viral target protein

Novel Virus

Spike protein
Source: LiveScience

Existing Drug Databases

Virtual Drug Databases

C1[C@@H](CC[C@H](C1)C(=O)[O-])C[NH3+]
C1(C(=O)NC(=O)N1)NC(=O)N
c1ccc2c(c1)C=CC(=O)C2=O
C1C[NH+]2CC[C@H]([C@@H]2[C@H]1CO)O
CC(CC1CCCC[NH+]1C)O

3D Structure from 
cryoEM microscopes

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFSNVTWFHAIHVSGTNGT
KRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWM
ESEFRVYSSANNCTFEYVSQPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIG
INITRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVE
KGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKL
NDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPF
ERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVNF
NFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVLYQDVNCT
EVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYT
MSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQD
KNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKF
NGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIG
KIQDSLSSTASALGKLQDVVNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQ
QLIRAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGK
AHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNTFVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPD
VDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSC
LKGCCSCGSCCKFDEDDSEPVLKGVKLHYT

Source: Homology 
structure of molecule

Source: NCBI; FASTA 
Sequence of Spike



• Problem Statement: A Pharma/academic research lab has a 200,000+ molecule 
database

• In-silico Challenge: Use simulations, Big Data and AI to narrow down the 
200,000+ database to prioritize ~10 compounds that can be tested in a wet lab 
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USE-CASE: PRIORITIZE COMPOUNDS FOR PRE-CLINICAL TESTING
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STATE OF THE PRACTICE: IN SILICO DRUG DISCOVERY WORKFLOWS

Different in-silico workflows for drug discovery

Disease Target Structure Estimation/Modeling (e.g. using RELION on CryoEM image data)

Particle picking 2D classification 3D classification Refinement Sharpening 3D Reconstruction

Ligand Database Preparation

Bibliographic research
(e.g. Uniprot, Brenda)

Activity and structural data collection
(e.g. ChEMBL, BindingDB, PubChem)

Conformer generation

Ligand-Based Screening Structure-Based Screening
• Ligand-based pharmacophores
• Fingerprint-based methods
• 3D Shape similarity
• Electrostatic potential similarity

Generate conformations • Protein-Ligand Docking
• Structure-based pharmacophores

Protein preparation

Extract ligand features Binding-site definition

Superimpose ligands Conformational sampling 

Generate pharmacophores Scoring 

Computational Validation 
Classification accuracy studies on actives (e.g. FDA), inactives (e.g. PubChem) and decoys (e.g. DUD-E)

Hit Selection and Absorption, Distribution, Metabolism, Excretion Toxicity Filtering
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STATE OF THE PRACTICE: DATA, TOOLS AND SOFTWARE

Purpose Tool 

Drug ligand database ZincDatabase, Zinc15Database, ChEMBL, Bingo, JChemforExcel, ChemDiff, ProteinDataBank(PDB), BindingMOAD(MotherOfAllDatabase), PDBbin
d, TTD, STITCH, SMPDB

Chemical structure representation ChemDraw, MarvinSketch, ACD/ChemSketch, jsMolEditor, Marvinmoleculeeditorandviewer, Ketcher, UCSFChimera, Pymol, OpenStructure, Daylight
SMILES, InChI, TriposMol2, OpenBabel, Corina, Indigo, PoseView, PLiP, Ligplot+, E-
Babel, Corinaonlinedemo, ChemicalIdentifierResolver, COSMOS, VEGAWE, PDBHydrogenAddition, DG-AMMOS, ChemMobi, ChemSpotlight

Molecular modeling CHARMM, GROMACS, Amber, SwissParam, CHARMM-GUI, CHARMMing.org

Homology modeling Modeller, I-TASSER, LOMETS, SWISS-MODEL, SWISS-MODELRepository, Robetta

Binding site prediction MED-SuMo, TRAPP, CAVER, sc-PDB, CASTp, Pocketome, 3DLigandSite, metaPocket, PockDrug

Docking Autodock, DOCK, GOLD, SwissDock, DockingServer, 1-ClickDocking

Screening Pharmer, Catalyst, PharmaGist, SwissSimilarity, Blaster, AnchorQuery

Target prediction PatchSearch, IXCHEL, CABRAKAN, SwissTargetPrediction, SEA, CSNAP

Ligand design GANDI, LUDI, BREED, SwissBioisostere, VAMMPIRE, sc-PDB-Frag, e-LEA3D, eDesign, iScreen

Binding free energy estimation Hyde, X-score, NNScore, DSXONLINE, BAPPLserver, BAPPL-Zserver, CLiBE

Quantitative structure-activity 
relationship

cQSAR, SeeSAR, clogP, MOLEdb, ChemDB/Datasets, DatasetsfromtheMilanoChemometricsandQSARResearchGroup, OCHEM, E-
Dragon, PatternMatchCounter

Absorption, Distribution, 
Metabolism, Excretion Toxicity

QikProp, VolSurf, GastroPlus, ALOGPS, OSIRISPropertyExplorer, SwissADME, PACT-F, TOXNET, LeadscopeToxicityDatabase

Source: http://click2drug.org/

http://click2drug.org/redirection-new.php?URL=0c721eb78f9d1c055d8fd94d4d56eef311557cbbdfb9ae1b318e4f609cda75e3&NAME=ZincDatabase
http://click2drug.org/redirection-new.php?URL=465031495f5333cb7fa195df4c1e39ea1d8c38fd1f271a032879d044b479e18c&NAME=Zinc15Database
http://click2drug.org/redirection-new.php?URL=3e36a88d27cd3b991c3a2ae4ff3b4e1585480450de7e779e8bd55dfcd435b8a2&NAME=ChEMBL
http://click2drug.org/redirection-new.php?URL=2220a167bd4ae51b18a05b3dadfa77226b836c4e170619e7a1abc98e944e6112&NAME=Bingo
http://click2drug.org/redirection-new.php?URL=4c6d759a97347db8a7a24867cb53c961839ced25040da35b498340c88dcd4eea&NAME=JChemforExcel
http://click2drug.org/redirection-new.php?URL=0141eed93206f6feb524d2bd45571ae52626cb0953ce6cc80028004a2a05aceb&NAME=ChemDiff
http://click2drug.org/redirection-new.php?URL=a5a4a3adbede7f89bf5db9fe56d0db9b42a33d22d68f296df85d6827a9698b10&NAME=ProteinDataBank(PDB)
http://click2drug.org/redirection-new.php?URL=7f784e20eb987351bb2ce0450294bbee1cb3d3e1c8edee5dc8903132d9fa7eb6&NAME=BindingMOAD(MotherOfAllDatabase)
http://click2drug.org/redirection-new.php?URL=dc02d1e9ead0871093d093bb47053c763934f236e7ffd3b3ecb29df93a8ed16c&NAME=PDBbind
http://click2drug.org/redirection-new.php?URL=a52910b4ef4360eaf40a4ab016ec2ce36c2071e7bc8ab2de2d4c00436d700722&NAME=TTD
http://click2drug.org/redirection-new.php?URL=5cef113f80d7d2094a67fbc72bff17e38e3c7b498e718516d570f107b0478167&NAME=STITCH
http://click2drug.org/redirection-new.php?URL=be70b063d0b7f50680c5661ceb3127c33a6b17afa64ac2430c77cccbf3394ebe&NAME=SMPDB
http://click2drug.org/redirection-new.php?URL=576f4e5d8a3f50be78086dffee1da54f87086e2fee0adc34a5ffa5d6c9ebc7cb&NAME=ChemDraw
http://click2drug.org/redirection-new.php?URL=4c6d759a97347db8a7a24867cb53c961839ced25040da35b498340c88dcd4eea&NAME=MarvinSketch
http://click2drug.org/redirection-new.php?URL=9e42f94c0904be485991263225af898b30d92182b575006af082fdf9f22b62ca&NAME=ACD/ChemSketch
http://click2drug.org/redirection-new.php?URL=6c4774ddb89e4d54b981020f08408a39bddffdb68c1e6ce41224f36c926d0416&NAME=jsMolEditor
http://click2drug.org/redirection-new.php?URL=f9448dff33cd094cc6afb70368b2148190b01102eed9adacb211735babef709b&NAME=Marvinmoleculeeditorandviewer
http://click2drug.org/redirection-new.php?URL=b00b34e8b08a7a23a5d4867a6b550e205eaf3d6252e6c6c2267cec405a1faf3c&NAME=Ketcher
http://click2drug.org/redirection-new.php?URL=c3e9bede42f4dedeba56fb4ee719b8a66b8d172764cd76837c005bb4975afd01&NAME=UCSFChimera
http://click2drug.org/redirection-new.php?URL=bf88655887fc8e3509ebe78974c950280a9bf15e9f3c23b92374f879b030c562&NAME=Pymol
http://click2drug.org/redirection-new.php?URL=6b129800ccd84de3281540e01e98fafae0a49abd45b750d3355b1a81162fa860&NAME=OpenStructure
http://click2drug.org/redirection-new.php?URL=70525a2833849f5912ce3063f8990a0456a2e40bd2ad49eea17547ede24075fa&NAME=DaylightSMILES
http://click2drug.org/redirection-new.php?URL=19e9e119a638c97fbb4b464b0702d2789e77f2ecdddc248599c9b962d587f792&NAME=InChI
http://click2drug.org/redirection-new.php?URL=3f1e25319262f8cdc4272d31dbee7acd6df481ab9504ced021822053c9b30ca8&NAME=TriposMol2
http://click2drug.org/redirection-new.php?URL=991d00e260ff05171eb15908de719d64c585e59225ee2399ccfef345c6069386&NAME=OpenBabel
http://click2drug.org/redirection-new.php?URL=6bed02b6c840a8a326cf032fbdc51eb8d4f3a50c6ca068247950b16f02c05f9e&NAME=Corina
http://click2drug.org/redirection-new.php?URL=37860fcaf8f94bf3415b0f823bb319e398e5af3d71066cfbeeb16c125bb4c674&NAME=Indigo
http://click2drug.org/redirection-new.php?URL=b30ca568549a22cdfff410cf688fbb5e65671a8cc2bb5bf48c46d7e035aaeb4c&NAME=PoseView
http://click2drug.org/redirection-new.php?URL=a54ce3caa85ecbe508455a4692505b9a79cac5747825c682dab0d536b7b2b30c&NAME=PLiP
http://click2drug.org/redirection-new.php?URL=529020fdbfc3fcc764b29ebafa799ba32a6e793e4e5945c204a181d7dedabff5&NAME=Ligplot+
http://click2drug.org/redirection-new.php?URL=72a433f62efc52519163363ce64b06be143a30bd7f738d4dea1138117b168a84&NAME=E-Babel
http://click2drug.org/redirection-new.php?URL=8d2480730b5ae042dc8d43e58fa880bedb75ef44be00c2b76ded39098b594ff3&NAME=Corinaonlinedemo
http://click2drug.org/redirection-new.php?URL=1f1f02b7cc3115e710fcab760a506108db3d26b57ee1a4ac911233b5935331e5&NAME=ChemicalIdentifierResolver
http://click2drug.org/redirection-new.php?URL=56b1e0f91f104f04299b1e1487adc950abcc5b839c9f1b4b3bfed99ac2d0a6d9&NAME=COSMOS
http://click2drug.org/redirection-new.php?URL=675a56ca4baa8ae11923cd541fd2788e86037401f486a933623ce44371d291ad&NAME=VEGAWE
http://click2drug.org/redirection-new.php?URL=67e36431700431d2fc57f7239939ed17a6f9c6210c5ae19dd058196659e7bc84&NAME=PDBHydrogenAddition
http://click2drug.org/redirection-new.php?URL=96644ab07ba9a1160f731f831d8478f62917925b2411e773a17274193fccf557&NAME=DG-AMMOS
http://click2drug.org/redirection-new.php?URL=2d558010d990097dab2497846e43979f5d84c32ea2e7a764171a5d82a11564b2&NAME=ChemMobi
http://click2drug.org/redirection-new.php?URL=05bb656fe7277dfce83a5905732088f9056e7da8496bd697e906349d36db6da3&NAME=ChemSpotlight
http://click2drug.org/redirection-new.php?URL=2f35f6dbed490191e06e6a0dbb0ee5699af8d135c4cde93f1f9e2a0609033ab3&NAME=CHARMM
http://click2drug.org/redirection-new.php?URL=600164dfb141d33c3b7ee891a99c42719abfe4645c54871df7b7550af95d0076&NAME=GROMACS
http://click2drug.org/redirection-new.php?URL=b06edfd91da10e70a3668af60b518d8e44f6fb004a62aae5d9ca15fe73d3d3f9&NAME=Amber
http://click2drug.org/redirection-new.php?URL=8cf62666d6e45aa2156c376846ef417b0f786d10f77064f78ab6eeb25d3a9e6a&NAME=SwissParam
http://click2drug.org/redirection-new.php?URL=6fc55279c3c9e4d4001fe270df0e6fdfd359684d6b7b4519dd1524990f0d3022&NAME=CHARMM-GUI
http://click2drug.org/redirection-new.php?URL=875fbfe3e1dffa4f0e84b7c0461a1dadc9272992a9e1b281e0b1a7ce53b57c68&NAME=CHARMMing.org
http://click2drug.org/redirection-new.php?URL=9c917731c140e519cd5715b8c03fcd5646495138c7cd0aa8f72fb1974ee02a21&NAME=Modeller
http://click2drug.org/redirection-new.php?URL=dd0fdb7827f639cd61ebdf3bbdb89bf5f807d7cc45e75cba45e5d614eef074d8&NAME=I-TASSER
http://click2drug.org/redirection-new.php?URL=c84e74fdbc41ff38ab8e77635cba41ec7d7d5dc5bf5a255d79d26e2c28d3b8bb&NAME=LOMETS
http://click2drug.org/redirection-new.php?URL=cbbe7a70c7159882daa2c7b9fe9e7dec60d848325a9267afb8f8d55d8d7e4ffe&NAME=SWISS-MODEL
http://click2drug.org/redirection-new.php?URL=cbbe7a70c7159882daa2c7b9fe9e7dec60d848325a9267afb8f8d55d8d7e4ffe&NAME=SWISS-MODELRepository
http://click2drug.org/redirection-new.php?URL=ccd218386cbdcf170cfe144f813d7b49091c27c1aa7543e0c15f809840ab6634&NAME=Robetta
http://click2drug.org/redirection-new.php?URL=21e10ce260f5a0633e084446addf128e275e5552296d9545ad452585de3ac950&NAME=MED-SuMo
http://click2drug.org/redirection-new.php?URL=f8d305f6276db8c39142abf6d677b70a7256c989d0226df9bc5ad24434eeb791&NAME=TRAPP
http://click2drug.org/redirection-new.php?URL=204bba7f48525db3bdb63e57a231484c07e5391f5cf51f7434e18b0c84c6b203&NAME=CAVER
http://click2drug.org/redirection-new.php?URL=c19cda0437b4a0ebf9d04f744974c3704446e6f233997e5b9f8ed4f071fa50a1&NAME=sc-PDB
http://click2drug.org/redirection-new.php?URL=61f73b2c6a755c42a175d04919d339a34907243baf96bcd28347e409272ea639&NAME=CASTp
http://click2drug.org/redirection-new.php?URL=b6b21d67cfb074b28db24a9cc99bed64cf6d9c0315f4342017b53c796e547800&NAME=Pocketome
http://click2drug.org/redirection-new.php?URL=7613b9fac616fb33de9002c94a7f31224d5f0c891e77108e0a8a7a0aa2fa1863&NAME=3DLigandSite
http://click2drug.org/redirection-new.php?URL=854e0f33be9cd32ac8d1ada353e991aeca7f04c157c6ef078c3f4a4ffa4df6c7&NAME=metaPocket
http://click2drug.org/redirection-new.php?URL=35506ce0e2accd23eab2f5a1ffbb86ec6377dfe08974857e4e90c35c4fcedbed&NAME=PockDrug
http://click2drug.org/redirection-new.php?URL=df8b1791b97126e463f0a2536cf026e7752818531f533f0a29c1a396ef406fae&NAME=Autodock
http://click2drug.org/redirection-new.php?URL=07d50939aa1339464caf4033ec63fe07fefaa9c0529d28ca8c2fda91b205b2e2&NAME=DOCK
http://click2drug.org/redirection-new.php?URL=c82cd9098e867b8249ff4359bc7d33a630578f3127f2572c557662cdc09d0a49&NAME=GOLD
http://click2drug.org/redirection-new.php?URL=921232e2149d5ada3f4ea7d5103bf72268dc78a8e8e122055e7e22ce8bcfa999&NAME=SwissDock
http://click2drug.org/redirection-new.php?URL=6ce318f9a4c800a6bca5a336c6854fbd3e85829e31c1c78805dee8d5acea945b&NAME=DockingServer
http://click2drug.org/redirection-new.php?URL=6decf2886f9e32416437cae5df5ba5c1674b6282028ff8034e68bd7ea01094f9&NAME=1-ClickDocking
http://click2drug.org/redirection-new.php?URL=cef9922b16a1af75ed5e4234ed2df54aa86a8fa02d3974b2b47dc749f97a2b0c&NAME=Pharmer
http://click2drug.org/redirection-new.php?URL=e4c6ce21787af9829d23ceab1a91b8f6527d688c9e7fc019402e0175ef216ea1&NAME=Catalyst
http://click2drug.org/redirection-new.php?URL=faf966ef24a9cdcd6b72ab7050ca9c6d06d670141671ebcd4d413c9fbb8a5626&NAME=PharmaGist
http://click2drug.org/redirection-new.php?URL=eafc2401736e6fab121934435cd50432be1c6840d525efc336e3125639df092e&NAME=SwissSimilarity
http://click2drug.org/redirection-new.php?URL=a39ed74107991b8be9f1e1199a122ca653d6a74a324a8ad8b119f26ea8f21019&NAME=Blaster
http://click2drug.org/redirection-new.php?URL=7aad3a0f1822a87c78b0bc8387e9e02bff7e844a92cff6781b6e15a5fcecb948&NAME=AnchorQuery
http://click2drug.org/redirection-new.php?URL=4daa720baf5d54c71795beb4b1876f807f1d5997652e0c7f36a496590ddf2bdf&NAME=PatchSearch
http://click2drug.org/redirection-new.php?URL=cbbfacc854d8d2b10d6e196cdf39c96cebf1443b73be5eb13ed075948a4c9116&NAME=IXCHEL
http://click2drug.org/redirection-new.php?URL=cbbfacc854d8d2b10d6e196cdf39c96cebf1443b73be5eb13ed075948a4c9116&NAME=CABRAKAN
http://click2drug.org/redirection-new.php?URL=b2b1625f787dbe33a54b149a79698816425fa9ffcc8902cf37a6ec5073875357&NAME=SwissTargetPrediction
http://click2drug.org/redirection-new.php?URL=649e42aa70350638277fa7e2888358c5225f22e65a18f6c377c36420649e8577&NAME=SEA
http://click2drug.org/redirection-new.php?URL=fada3e540581631970306ae469ea174255ae836e99481b1c697380ed8a21297e&NAME=CSNAP
http://click2drug.org/redirection-new.php?URL=2bf703aa1e087e18c43e9c9a5b96dd76ef549c1f099f615cef70d69da451e8db&NAME=GANDI
http://click2drug.org/redirection-new.php?URL=c570e4bce512ef3c796bc2f8726c593dea401c495d2b1258a09d8d46f533b074&NAME=LUDI
http://click2drug.org/redirection-new.php?URL=652f189b93a3e9bb8e21b4ac6b5e8c491677080f1d0af38e4a4b1758e5a9fb6a&NAME=BREED
http://click2drug.org/redirection-new.php?URL=3eb654e044582c3dc132a7c3cf805b56af6016abe4d788db531bab8c4c787367&NAME=SwissBioisostere
http://click2drug.org/redirection-new.php?URL=d388001a71d37ef92292a8374a582ca925c306f4b70a7129acdfe7d890862c94&NAME=VAMMPIRE
http://click2drug.org/redirection-new.php?URL=5243b209c4cd0f26113ba368b043fd1291fa6d065ae3ea00d41586101f179b5e&NAME=sc-PDB-Frag
http://click2drug.org/redirection-new.php?URL=24edf56cd30a8c13561f21885365343106a9203508c7e2ff1a18ca234ac142d2&NAME=e-LEA3D
http://click2drug.org/redirection-new.php?URL=501d24f46aecbe3922d99c3b0d6076f2ebc049a89bd8235263b699b9f85c0073&NAME=eDesign
http://click2drug.org/redirection-new.php?URL=fc375dbafb6eb1382cc2a036f612311661919a13058d54248e1281a3ebd17ec5&NAME=iScreen
http://click2drug.org/redirection-new.php?URL=68518b75f7cd03bf423dd66e555f31c781544ac27a7bf1495fceb21adf94fb15&NAME=Hyde
http://click2drug.org/redirection-new.php?URL=d5964dc7d3e01242165b6abd1826e576ae4deb026885ce046dafe2ca43bff3e4&NAME=X-score
http://click2drug.org/redirection-new.php?URL=a7c6228bee193c04937fc841b161a9aff06629696d78e687951f999d708cde00&NAME=NNScore
http://click2drug.org/redirection-new.php?URL=ca8d0dadd446312f7de4625fbcd619faf50bbca13ebd3d6691356fc2f629ba42&NAME=DSX%3Csup%3EONLINE%3C/sup%3E
http://click2drug.org/redirection-new.php?URL=d96a61e5dbb5020ad9084c713e01a56cf0a10626bb4db767f266e95a050f82ce&NAME=BAPPLserver
http://click2drug.org/redirection-new.php?URL=c1a0ad888233f89007d880740ec342dafdfea6294e3d022ef7a2c140ed633ff5&NAME=BAPPL-Zserver
http://click2drug.org/redirection-new.php?URL=54c751704fe5f3b7374af6f6a49a238518c0e98384dc785bc0fb2b7be9b836dd&NAME=CLiBE
http://click2drug.org/redirection-new.php?URL=d32b74244f25e5429346c69875cd3dcba4ecd68181c033c502235b6d3020cacf&NAME=cQSAR
http://click2drug.org/redirection-new.php?URL=f9d1d57407c374cff0a0ebc122414f08d7c4d7146691ea5a1ccde1e339c88675&NAME=SeeSAR
http://click2drug.org/redirection-new.php?URL=7802f3c6df8f897ef6edbfb8cfa1a4add13df2c2c602ac0c5c474dde3646f3f6&NAME=clogP
http://click2drug.org/redirection-new.php?URL=353e99a90eda96e7a50a78313c407136c3bfa873c49816d233ffbbf9c5cea795&NAME=MOLEdb
http://click2drug.org/redirection-new.php?URL=cd98dad20865a8c107bf83d43fe8e2a3d84807682e099a1a72658092bd621b62&NAME=ChemDB/Datasets
http://click2drug.org/redirection-new.php?URL=be7bb27951ffe8538bfdc1c95b7e095af59f98bed21ced611172967a4e03616b&NAME=DatasetsfromtheMilanoChemometricsandQSARResearchGroup
http://click2drug.org/redirection-new.php?URL=2a2a1c388a13a9d4a4f75f12599ef5ab816750efd1bf62b4ed64563238cec4db&NAME=OCHEM
http://click2drug.org/redirection-new.php?URL=7f25add940f47a28bc269c7db719bc8be4db045115c6e12e23e8616ba7cc105d&NAME=E-Dragon
http://click2drug.org/redirection-new.php?URL=04897f4676644dca67cd12a4da70b243fb7555b86145df95c59ebbd9eb44675d&NAME=PatternMatchCounter
http://click2drug.org/redirection-new.php?URL=41834b2a8b7274aa4b838f9a8771d2fbbaa19be754d404930483e240036c59db&NAME=QikProp
http://click2drug.org/redirection-new.php?URL=775d71cf2e2d6f8079ac633a4e876aee5b73ea645a7e68f6fdd3ecd9ac3df616&NAME=VolSurf
http://click2drug.org/redirection-new.php?URL=6c373af479ce3687d8a4940a62d6f21724c0197e741479a552a939c5fb99dfeb&NAME=GastroPlus
http://click2drug.org/redirection-new.php?URL=c362b17c2867cc0e323e7dbf807881e802d51acb10f43c1fa053b097aa04dfa0&NAME=ALOGPS
http://click2drug.org/redirection-new.php?URL=25695cd710b72f4f35cc3fe5620adcd8801a209ae7502cff1294675d91a50d71&NAME=OSIRISPropertyExplorer
http://click2drug.org/redirection-new.php?URL=4ddfdfd8e350d17359c343c234acacd20c09bf138c68c6708d6a0725a88f110d&NAME=SwissADME
http://click2drug.org/redirection-new.php?URL=94dd551b770adb5e7ad1af41c92620071841876ab39b2707b780ab51042ec510&NAME=PACT-F
http://click2drug.org/redirection-new.php?URL=8005b08b094da276ef19e6d9fe5074e6a4e2945be331876ee2adc414f804cca5&NAME=TOXNET
http://click2drug.org/redirection-new.php?URL=e44f73647898f5162c33bd2827091b5aa7f13dcadab62b3e7b5dda2cb4e2cd05&NAME=LeadscopeToxicityDatabase
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THE “FORCE-FOR-GOOD” PLEDGE
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MANY SCIENTIFIC WORKFLOWS IMPLEMENTED…

• Converged simulation and AI workflows
• Expertise to simulate molecular dynamics at unprecedented scale (Newtonian to

quantum physics fidelity and resolution)
• Scale-out protein-ligand docking experiments

• Artificial Intelligence for protein-ligand binding prediction
• Open-source AI model (PharML) for virtual screening of novel drug molecule

databases
• Natural Language Processing for rapid literature search

• Demonstration of a Q&A platform on the CORD-19 corpus released by the White
House

• Knowledge Graphs for rapid drug repurposing
• Integration of 13 popular life science databases (152 billion facts, >30 terabytes

on disk)
• Swarm Learning for disease classification

• Enabling federated privacy-preserving machine learning
• “Drug discovery workflow” acceleration using reference architectures

• Accelerating 3D reconstruction of viral protein targets from CryoEM microscopes

• Architecting data systems to query different shapes of data (sequences, graphs,
time-series, documents,2D/3D images).



15

“SEARCHING” FOR THE NEEDLE IN A HAYSTACK: THREE APPROACHES

PharML.BIND Drug Database

Protein-Ligand 
Prediction for 

COVID-19

Scaffold Analysis

Pharmacological 
Interpretation

Pre-trained AI 
model on 
BindingDB

Over 200,000 potential ligands

Ligands ranked by binding potential

Validation by study of therapeutic implications and mechanisms of action

COVID-19 protein targets

Chemical interpretation of ranked ligands

Artificial Intelligence Knowledge Graphs

Integrated
Databases

Uniprot, 
CHEMBL, 
PubChem, 

Rhea, 
BioSamples, 
BioModels, 
DrugBank, 

BioRDF, etc.

Drug Database

COVID-19 
protein 
targets

Protein 
Sequence 
Similarity

Protein 
Interactions

Protein-Molecule 
Activity

Chemical 
Properties

Biological 
Assays

Safety, Efficacy, 
Side-effects

Pharmacological 
Interpretation

Over 200K ligands

Drug Database

Molecular 
Docking 

Ensemble and 
Pose Analysis

Pharmacological 
Interpretation

COVID-19 
protein 
targets

Simulation

Using Autodock Vina

In-silico analysis

Validation by study of therapeutic implications and mechanisms of action
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• Searching the chemical space by synthesizing new virtual molecules 

IN-SILICO APPROCH: CREATING NEW MOLECULES

druGAN

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5355231/https://github.com/nicola-decao/MolGAN

MolGAN

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5355231/
https://github.com/nicola-decao/MolGAN
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IN-SILICO APPROCH: PREDICT 3D STRUCTURE FROM PROTEIN SEQUENCE

Source: https://github.com/deepmind/alphafold

• Searching in 3D to study binding of virtual molecules 

https://github.com/deepmind/alphafold
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IN-SILICO APPROCH : SIMULATION USING MOLECULAR DYNAMICS 

Drug Databases

CHEMBL
(1.9M molecules)

SWEETLEAD
(4326 molecules)

COCONUT
(426K molecules)

https://www.mdpi.com/1422-0067/20/18/4574/htm

6LU7, 6VSB, 6LVN, 6LXT, 6VW1,
6Y2G, 6Y2F, 6Y2E, 6VXS, 6VWW,
6W02, 6W01, 6Y84, 6VYO, 6VYB,
6VXX, 6M03, 6M17, 5R84, 5R83,
5R7Y, 5R80, 5R82, 5R81, 5R7Z,
6W4H, 6W4B, 6M0J, 6M3M,
6LZG, 5REO, 5REN, 5RFZ, 5RFY,
5RFR, 5RFQ, 5RFT, 5RFS, 5RFV,
5RFU, 5RFX, 5RFW, 5RFJ, 5RFI,
5RFL, 5RFK, 5RFN, 5RFM, 5RFP,
5RFO, 5RG0, 6W41, 6W61, 6W63,
6W75, 6W6Y, 6YB7, 5REA, 5REC,
5REB, 5REE, 5RED, 5REG, 5REF,
5RE9, 5RE8, 5RE5, 5RE4, 5RE7,
5RE6, 5RFB, 5RFA, 5RFD, 5RFC,
5RFF, 5RFE, 5RFH, 5RFG, 5REY,
5REX, 5RF9, 5REZ, 5RF2, 5REP,
5RF1, 5RES, 5RF4, 5RER, 5RF3,
5REU, 5RF6, 5RET, 5RF5, 5REW,
5RF8, 5REV, 5RF7, 5REI, 5REH,
5REK

160+ COVID-19 targets

6Y2E in 
10 different poses

Result: Top 500 molecules

Potential drugs

Collaborators: Jerome Baudry (UAH)

https://www.mdpi.com/1422-0067/20/18/4574/htm
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AN AWARD-WINNING JOURNEY WITH DR. JEROME BAUDRY

https://www.hpe.com/us/en/newsroom/journey-to-accelerate-drug-discovery-for-covid-19.html



20

IN-SILICO APPROCH : PROTEIN-LIGAND AFFINITY PREDICTION USING AI

6LU7, 6VSB, 6LVN, 6LXT, 6VW1, 6Y2G,
6Y2F, 6Y2E, 6VXS, 6VWW, 6W02, 6W01,
6Y84, 6VYO, 6VYB, 6VXX, 6M03, 6M17,
5R84, 5R83, 5R7Y, 5R80, 5R82, 5R81, 5R7Z,
6W4H, 6W4B, 6M0J, 6M3M, 6LZG, 5REO,
5REN, 5RFZ, 5RFY, 5RFR, 5RFQ, 5RFT,
5RFS, 5RFV, 5RFU, 5RFX, 5RFW, 5RFJ, 5RFI,
5RFL, 5RFK, 5RFN, 5RFM, 5RFP, 5RFO,
5RG0, 6W41, 6W61, 6W63, 6W75, 6W6Y,
6YB7, 5REA, 5REC, 5REB, 5REE, 5RED,
5REG, 5REF, 5RE9, 5RE8, 5RE5, 5RE4, 5RE7,
5RE6, 5RFB, 5RFA, 5RFD, 5RFC, 5RFF, 5RFE,
5RFH, 5RFG, 5REY, 5REX, 5RF9, 5REZ,
5RF2, 5REP, 5RF1, 5RES, 5RF4, 5RER, 5RF3,
5REU, 5RF6, 5RET, 5RF5, 5REW, 5RF8,
5REV, 5RF7, 5REI, 5REH, 5REK

160+ COVID-19 targets

Drug Databases

CHEMBL
(1.9M molecules)

SWEETLEAD
(4326 molecules)

COCONUT
(426K molecules)

Potential drugs
Result: 

Top 500 
molecules

https://arxiv.org/abs/1911.06105

Binding Database is an open, web-accessible
database of measured binding affinities, focusing
on the interactions of proteins considered to be
drug-targets with small, drug-like molecules.
BindingDB contains 910,836 binding data, for over
6,263 protein targets and 378,980 small
molecules.

PHARML.BIND – A GRAPH NEURAL NETWORK TRAINED ON BINDINGDB

Collaborators: Aaron Vose (NanoSemi), Yuri Peterson (MUSC), Ryan Yates (NCNPR)

https://arxiv.org/abs/1911.06105
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SHOULD YOU BELIEVE IN AN AI MODEL ?

Database # of molecules Purpose Key Result

BindingDB 820,433 molecules
7493 targets

Training a molecular-highway 
graph neural network 

98.3% accuracy in under 25 minutes 
on 2,708,151 protein-ligand pairs

DUD.E
22846 molecules
102 targets
50 decoys /active site

Adversarial testing of the 
neural network

ROC metrics comparable to docking
PharML AUC: 0.669-0.741
DockAlign AUC: 0.717

CHEMBL
13,377 targets (8 COVID-
19)
1,950,765 molecules

Identify candidates for drug 
repurposing 

# of molecules in clinical trials  (>15%)

FDA
~500 molecules
8 COVID-19 targets

Identify candidates for drug 
repurposing 

# of anti-viral drugs identified
# of drugs undergoing clinical trials

<Collaborator>
8 COVID-19 targets
202,046 molecules

Identify products to combat 
current and future health 
threats, e.g., COVID-19

Ranked Top 500 (for 8 COVI-19 
targets) ~ 1 day

Reference: Balma, J., Vose, A. D., Peterson, Y. K., Chittiboyina, A. G., Pandey, P., Yates, C. R., ... & Sukumar, S. R. (2020, December). Deep 
Learning Predicts Protein-Ligand Interactions. In 2020 IEEE International Conference on Big Data (Big Data) (pp. 5627-5629)..
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PHARML VS. STATE-OF-THE-ART ON FDA DATASET

PharML Beck et al. Odhar et al. Kandeel et al. Pant et al.
1 Ethoxyzolamide Rapamycin (Sirolimus) Perampanel Chromocarb Lactulose
2 Bosutinib Sirolimus Conivaptan Ribavarin Oxytocin
3 Acetazolamide Tiotropium Bromide Sonidegib Telbivudine Boceprevir
4 Nilotinib Everolimus Azelastine Vitamin B12 Saquinavir
5 Sitagliptin Tacrolimus (FK506) Idelalisib Aminophylline Adenosine
6 Itraconazole Etomidate Suvorexant Aminophylline Masoprocol
7 Atazanavir Daptomycin Olaparib Nicotinamide Doxorubicin
8 Indinavir Zolmitriptan Ponatinib Trifusal Cromolyn
9 Nelfinavir Ly2835219 Loxapine Bemegride Lopinavir

10 Chembl66274 Batimastat Tolvaptan Aminosalicylate Dibucaine
11 Methazolamide Batimastat (BB-94) Pyrazinamide Ritonavir
12 Atorvastatin Bacitracin Temozolomide Regadenson
13 Efavirenz Ivermectin Methazolamide Cladribine
14 Simvastatin Methscopolamine Tioxolone Daunorubicin
15 Mafenide Thiostrepton Propylthiouracil Albuterol;
16 Lapatinib Somatostatin Cysteamine Dapagliflozin
17 Nelfinavir Radotinib(iy-5511) Methoxamine Pravastatin
18 Zafirlukast Foxy-5 Zonisamide Pemetrexed
19 Chembl262022 Scopolamine Octopamine Protirelin
20 Dasatinib Acetylcholine Chloride Amiloride Mupirocin
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WHY PHARML: PHARML VS. STATE-OF-THE-ART ON FDA DATASET

PharML.BIND Rank Beck et al. , 2020 Rank

1 ETHOXYZOLAMIDE

2 BOSUTINIB 47

3 ACETAZOLAMIDE 294

4 NILOTINIB 488

5 SITAGLIPTIN 2680

6 ITRACONAZOLE 461

7 ATAZANAVIR 66

8 INDINAVIR 2252

9 NELFINAVIR 402/552

10 CHEMBL66274

11 METHAZOLAMIDE 1918

12 ATORVASTATIN 436/706

13 EFAVIRENZ 116/426

14 SIMVASTATIN 769/2045

15 MAFENIDE 3320

16 LAPATINIB 172/1860

17 NELFINAVIR 402/552

18 ZAFIRLUKAST 1305/1306

19 CHEMBL262022

20 DASATINIB 126/127

• Open-source
• https://github.com/jbalma/pharml

• Training dataset
• Model trained on 64 GPUs for 1 week on 

BindingDB

• Active-site agnostic predictor
• Speed: 9 compounds/second on a GPU
• Validation

• Probability of binding vs. random selection
• Lipinski’s rule-of-5

https://github.com/jbalma/pharml


24

ARTIFICIAL INTELLIGENCE FOR PROTEIN-LIGAND BINDING PREDICTION

Open-source code: https://github.com/jbalma/pharml
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DATA : SUGGEST MOLECULES BASED ON MECHANISM, SIMILARITY, ETC.

6LU7, 6VSB, 6LVN, 6LXT, 6VW1, 6Y2G,
6Y2F, 6Y2E, 6VXS, 6VWW, 6W02, 6W01,
6Y84, 6VYO, 6VYB, 6VXX, 6M03, 6M17,
5R84, 5R83, 5R7Y, 5R80, 5R82, 5R81, 5R7Z,
6W4H, 6W4B, 6M0J, 6M3M, 6LZG, 5REO,
5REN, 5RFZ, 5RFY, 5RFR, 5RFQ, 5RFT,
5RFS, 5RFV, 5RFU, 5RFX, 5RFW, 5RFJ, 5RFI,
5RFL, 5RFK, 5RFN, 5RFM, 5RFP, 5RFO,
5RG0, 6W41, 6W61, 6W63, 6W75, 6W6Y,
6YB7, 5REA, 5REC, 5REB, 5REE, 5RED,
5REG, 5REF, 5RE9, 5RE8, 5RE5, 5RE4, 5RE7,
5RE6, 5RFB, 5RFA, 5RFD, 5RFC, 5RFF, 5RFE,
5RFH, 5RFG, 5REY, 5REX, 5RF9, 5REZ,
5RF2, 5REP, 5RF1, 5RES, 5RF4, 5RER, 5RF3,
5REU, 5RF6, 5RET, 5RF5, 5REW, 5RF8,
5REV, 5RF7, 5REI, 5REH, 5REK

160+ COVID-19 targets

Potential drugs
Result: 

Top 500 
molecules

PubChem
Chemical 

properties

DrugBank
Mechanism
Side-effects

Clinical
Trials

Safety and 
Efficacy

UniProt
Interactions

Bio2RDF
Crosswalk

Rhea
Synthesis

ChemBL
Bio-Assays

Find similar targets based on
protein-sequence match to
the SARS-CoV2 target
protein ?

Find
all s

mal
l mo

lecu
les

that

inte
ract

with
the

SAR
S-C
oV2

targ
et p

rote
in ?

Does any existing druginteract with the proteinssimilar to SARS-CoV2 targetprotein ?

List properties of the

chemical that might be

biologically concerning for

human consumption

What happened to this
chemical on a previous
clinical trial?

If s
ucc
ess
ful,

how
can

this

dru
g b
e sy

nth
esiz

ed?

Drug Databases

CHEMBL
(1.9M molecules)

SWEETLEAD
(4326 molecules)

COCONUT
(426K molecules)

MeSH
Medical 

Concepts

https://www.cray.com/sites/default/files/cge-cug-2018-may22_2.pdf

Collaborators: Ryan Yates (NCNPR – Ole Miss)

https://www.cray.com/sites/default/files/cge-cug-2018-may22_2.pdf
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How could tazobactam treat Coronavirus infections? 

tazobactam inhibits RNF123
← interacts 
with

Deubiquitinat
ing Enzyme

← coexists 
with

26S 
proteasome

treats
Coronavirus 
Infections

tazobactam ← inhibits MAP3K11 stimulates
NF2 
gene|NF2

coexists with
Fusion 
inhibitor

treats
Coronavirus 
Infections

tazobactam inhibits RNF123
← interacts 
with

Deubiquitinat
ing Enzyme

← produces
26S 
proteasome

treats
Coronavirus 
Infections

tazobactam augments
Renal 
function

neg affects
Functional 
proteinuria

← causes
Immunoglobu
lin Fragments

prevents
Coronavirus 
Infections

tazobactam stimulates Colistin stimulates pseudo lysin produces
Immunoglobu
lin Fragments

prevents
Coronavirus 
Infections

SEARCHING FOR EMPIRICAL EVIDENCE USING AI

• Searching for the what-is, what-if, what-else and what–could be?
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SEARCHING FOR STRUCTURE, FUNCTIONAL AND EMPIRICAL EVIDENCE

Dataset Size (on disk) Size (triples)
UniProt
(Mar 2020)

12.7 TB 87.6 Billion

PubChemRDF 
(v1.6.3 beta)

13.0 TB 80.0 Billion

ChEMBL-RDF (27.0) 81 GB 539 Million
Bio2RDF (Release 4) 2.4 TB 11.5 Billion
OrthoDB (v10) 275 GB 2.2 Billion
Biomodels (r31) 5.2 GB 28 Million
Biosamples
(v20191125)

112.8 GB 1.1 Billion

Reactome (r71) 3.2 GB 19 Million

Sequences Time series Associations

Data store

Built-in analytics/algorithms User-defined AI

Query interface / APIs

Molecular synthesis
•MolGAN, druGAN

Structure prediction
•AlphaFold

Protein-Ligand interaction
•DBTA, PharML

Sequence Similarity estimation
• Smith-Waterman algorithm

Clustering

Ranking
Spectral analysis
Graph traversal
….

PrototypeOpen Data
30 TBs on disk, 150+ billion medical facts

Reference: Rickett, C. D., Maschhoff, K. J., & Sukumar, S. R. (2020, December). Massively Parallel Processing Database for Sequence and 
Graph Data Structures Applied to Rapid-Response Drug Repurposing. In 2020 IEEE International Conference on Big Data (Big Data) (pp. 
2967-2976).



28

PROTEIN SIMILARITY SEARCH TO UNDERSTAND COVID-19 EVOLUTION

NSP1 NSP2 NSP3 NSP4 NSP5 NSP6 NSP7 NSP8 NSP9 NSP10 NSP11 NSP12 NSP13 NSP14 NSP15 NSP16 E N S

0.862 0.73 0.802 0.856 0.972 0.906 0.993 0.981 0.974 0.982 0.888 0.972 1 0.968 0.92 0.956 0.949 0.919 0.807

SARS2 - SAR1 : Similarity

Searching for the ”what-is”
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KNOWING ABOUT PROTEIN EVOLUTION CAN BE SIGNIFICANT

A researcher can now compare against 4+ million proteins per query in less than 60 seconds

Mnemonic Scientific Name Score
F13_VACCC Vaccinia virus (strain 

Copenhagen)
1

F13_VACCW Vaccinia virus (strain Western 
Reserve)

1

F13_VACCP Vaccinia virus (strain L-IVP) 1

F13_VACCI Vaccinia virus (strain IHD-J) 0.99

F13_VACCA Vaccinia virus (strain Ankara) 0.99

CowPox - Smallpox
Query: U5TAC1_COWPX

Mnemonic Scientific Name Score
POLG_DEN22 Dengue virus type 2 

(isolate Malaysia M2)
0.61

POLG_DEN2H Dengue virus type 2 (strain 
Thailand/TH-36/1958)

0.58

POLG_DEN2U Dengue virus type 2 (strain 
Thailand/PUO-218/1980)

0.53

POLG_DEN1A Dengue virus type 1 (strain 
Thailand/AHF 82-80/1980)

0.5

A0A1V0E2I7_ZIKV Zika virus 0.47

Mnemonic Scientific Name Score
SCAF_VZVD Varicella-zoster virus (strain Dumas) 1

SCAF_VZVD Varicella-zoster virus (strain Dumas) 1

Q6QCM2_HHV3 Human alphaherpesvirus 3 1

Q6QCM2_HHV3 Human herpesvirus 3 1

A0A4D6F9U7_HHV3 Human alphaherpesvirus 3 1

Zika – Dengue and West Nile
Query: A0A060H177_ZIKV

The structure reveals that Zika virus is similar to
other flaviviruses, such as Dengue virus and West 
Nile virus. 

Shingles, also known as zoster or herpes zoster, is a viral
disease characterized by a painful skin rash
with blisters in a localized area. Shingles is due to a
reactivation of varicella zoster virus (VZV) in a person's
body. The disease chickenpox is caused by the initial
infection with VZV.

“Cowpox virus, a cousin of variola virus, causes a 
mild smallpox-like disease in cows. The story goes 
that Jenner was told that milkers who acquired the 
"cow-version" of smallpox were immune to the 
human version of the disease. ”

https://www.sciencedaily.com/releases/2017/08/170819103656.htm https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5870307/ https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2563790/

Chickenpox- Shingles
Query: SCAF_VZVD

Searching for the ”what-if”

http://pdb101.rcsb.org/motm/103
https://www.sciencedaily.com/releases/2017/08/170819103656.htm
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5870307/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2563790/
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Given a target protein of interest – search for molecules that have functional evidence
CONNECTING THE DOTS USING KNOWLEDGE GRAPHS

P04958

P12821

P08183

P0A8V2

O43451

P47820

P12822

O00462

P35968

P47989

COVID-like protein targets 
using Smith-Waterman algorithm

Tetanus toxin
Angiotensin-converting enzyme
ATP-dependent translocase ABCB1
DNA-directed RNA polymerase subunit beta
Maltase-glucoamylase, intestinal
Beta-mannosidase
Vascular endothelial growth factor receptor 2
Xanthine dehydrogenase/oxidase

TETX_CLOTE
ACE_HUMAN
MDR1_HUMAN
RPOB_ECOLI
MGA_HUMAN
ACE_RAT
ACE_RABIT
MANBA_HUMAN
VGFR2_HUMAN
XDH_HUMAN

Protein activity
Protein target in organism

Protein-molecule interactions

GLUTAMIC ACID 

CAPTOPRIL ( 3 )

ENALAPRIL ( 2 )

CHLORPROPAMIDE

PROMETHAZINE (1)

QUINIDINE 

FLURAZEPAM

RITONAVIR (57)

CAFFEINE 

FLUOXETINE

TAMOXIFEN

MAPROTILINE

DOXEPIN

MIDAZOLAM (3)

CLOTRIMAZOLE (5)

VINBLASTINE 

CLOMIPRAMINE

BEPRIDIL

CIMETIDINE

MIBEFRADIL

NIFEDIPINE (2)

KETOCONAZOLE

HYDROCORTISONE (7)

ASTEMIZOLE

PROCHLORPERAZINE

DESIPRAMINE

ERYTHROMYCIN (2)

SAQUINAVIR

PIMOZIDE

TERFENADINE

METERGOLINE

FLUVOXAMINE (1)

VERAPAMIL (2)

MICONAZOLE (5)
DEXAMETHASONE (9)

ETOPOSIDE (1)

RANITIDINE

AMIODARONE (2)

DIGOXIN 

HALOPERIDOL 

ITRACONAZOLE

LOVASTATIN

NELFINAVIR

NICARDIPINE (3)

AMITRIPTYLINE

COLCHICINE (10)

MORPHINE (2)
BUSPIRONE 

CHLORPROTHIXENE

PROTRIPTYLINE

CHLORZOXAZONE

TRIFLUPROMAZINE

RIFAMPIN

ACARBOSE

MIGALASTAT

ANDROGRAPHOLIDE

SPIRAPRIL

BENAZEPRIL

ENALAPRILAT (2)

GEFITINIB 

NERATINIB

ERLOTINIB

SUNITINIB

ADENINE (1)

ALLOPURINOL

CAFFEIC ACIDHypothesis generation with 13 different databases, 30 
TBs on disk, 150+ billion medical facts in ~ 60 seconds

Searching for the ”what-could-be”
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RESULTS IN RETROSPECTIVE

• Tetanus toxoid vaccine correlations were more than co-incidence
– Similar connections between the tetanus toxin protein sequence and other coronaviruses from the Rhinolophus affinis bat

– Correlation between tetanus vaccination rates in the US and COVID-19 asymptomatic and mortality rates, especially when 
compared against countries with lower tetanus vaccination rates and significantly higher COVID-19 mortality rates

– Correlation between DTP vaccination rates in children worldwide and COVID-19 symptom severity in children

– Correlation between TDaP vaccination rates in pregnant women and asymptomatic COVID-19 rates

– Potential for correlation between tetanus vaccination rates in prison inmates and asymptomatic COVID-19 rates

– Neurological symptoms and TMJ that are typical symptoms of the tetanus disease are being reported in several COVID-19 patients

– Additional studies also suggesting a protective effect from the DTP/TDaP vaccines against COVID-19

Searching for the ”what-else”

Reference: Rickett, C. D., Maschhoff, K. J., & Sukumar, S. R. (2021). Does tetanus vaccination 
contribute to reduced severity of the COVID-19 infection?. Medical Hypotheses, 146, 110395.
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RESULTS IN RETROSPECTIVE

Most research was focused on the virus ignoring
potential cross-immunity from other organisms, viruses,
vaccines etc.
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RESULTS IN RETROSPECTIVE



SUMMARY : VALUE OF HPC, AI AND DATA SCIENCE
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Converged HPC, AI and Data science methods offer unique capabilities

Scenarios Approach Metrics

Database: NCNPR
Viral target: Spike Protein

Study similarity of the 
ranked list

Number of common drug 
molecules suggested

Database: NCNPR, SWETTLEAD
Viral target: Spike Protein

Study robustness to 
molecule diversity

Number of molecules in 
active trials

Database: CHEMBL
Target: 3CLPro, Spike

Evaluate robustness to 
protein promiscuity

Number of molecules 
suggested across targets



SUMMARY : VALUE OF HPC, AI AND DATA SCIENCE
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AI Generated Drug Molecules
Existing Drug Databases

(e.g., CHEMBL)

Emerging Disease Targets
(e.g., COVID-19)

First-principle Design
By simulating molecular dynamics

CryoEM Imaging 
First-principle simulation 

Drug Repurposing 
Connecting-the-dots in literature

Genome Sequencing 
Drug Repurposing 

Well-Studied Disease Targets
(e.g., Influenza)

Mechanism-driven Design
Learning from prior knowledge

Molecular Synthesis 
Binding Prediction  

Drug Optimization 
Side-effect/Dosage Prediction

Rapid Literature Search
Federated learning

Insights based on lessons learned
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