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Computational Institute for Health and Environmental Research

Dr. Jim Burnett, Chemistry, Computational Chemistry, Synthetic Organic Chemistry, X-ray Crystallography, Protein NMR, Analytical 
Chemistry and Spectroscopy, Protein Modeling, Structure-based modeling techniques, Molecular Docking and Structure-based Design,
Grant Management, Process Chemistry, and Pharmacokinetics.

Dr. Rick Gussio, Pharmaceutical Sciences, Physical Organic Chemistry, Applied Statistics, Computational Chemistry, Quantum 
Mechanics, Structure-based design & discovery, QSAR, Molecular docking, Precision molecular modelling, Pharmacophore 
development, the molecular modeling of Natural Products, small molecule target interfaces, protein structure and function

Dr. Ann Hermone, Computational Chemistry, Quantum Mechanics (DFT, ab initio, transition states, molecular orbital properties), 3D 
pharmacophore query development & virtual discovery (>30% discovery in most targets), Chemo-informatics and specialized 
database development for discovery. Her interests also include the chemistry of environmental toxins, and ecology.

Dr. Connor McGrath,  Bioinformatics, Computational Biology, Protein Modeling, Applied Mathematics, Neural networks & AI, Algorithm 
development, Specialized database development, (Pipeline Pilot, MATLAB, SQL, etc.), Molecular dynamics (MD) simulations & analysis, 
Data modeling, MD Trajectory analysis. An experienced educator, his interests also include agricultural toxicology.

For over 20 years, this team was the National Cancer Institute (NCI), Developmental Therapeutics Program’s (DTP) Computational 
Drug Development Group (CDDG). Located at the Frederick National Laboratory for Cancer Research (FNLCR), the CDDG was 
a grant-based, competitively funded group conducting research on NCI and Department of Defense (DoD)/Department of 
Homeland Security (DHS) priorities. From 2000-2012, the CDDG managed the chemistry component of the famous National 
Cancer Institute-US Army Medical Research Institute for Infectious Diseases-Interagency Agreement (NCI-USAMRIID IAA). The 
NCI-USAMRIID IAA was publicized as the model program for the National Interagency Biodefense Campus, as it was the first 
Department of Defense (DoD) and Department of Health and Human Services (DHHS) small molecule research partnership to 
demonstrate success at the FNLCR.  From 2000-2021, the CDDG also worked in three operating committees in DTP while 
investigating links between cancers and infectious disease targets through the NCI-USAMRIID IAA. CDDG success resulted in 
their funding being expanded twice out of four DoD grant review cycles, attaining a peak budget of $2.5 million per year.  At that 
time, the CDDG was composed of 12 members that supported four international collaborations. The CDDG’s success in the DTP 
Rapid Access to New Discovery Resources program (RAND), secured the funding for the Chemical Biology Consortium in 2003. 
In 2004, the DTP stopped filing Investigational New Drugs (IND), despite their average filing of four INDs per year with the FDA. 
Even with a track record of 42 drugs, in 2015, the DTP operational committees were closed. As a result, part of the CIFHER 
mission includes promoting the development of drug candidates that were ignored by NCI leadership.  This is especially true for 
Natural Products that may treat orphan cancers. CIFHER scientific staff uniquely combines technologies from detailed molecular 
modeling to the application of broad-scaled informatic methods. The CIFHER research team has also expanded their mission as a 
unique resource to promote personal and environmental health for the prevention of cancers through research and education.

Scientific Research Team

Presenter Notes
Presentation Notes
Working with CIFHER

CIFHER performs computational scientific research in chemistry and biology. This includes everything from developing an informatics infrastructure (databases, customized software implementations and utilization, etc.) to molecular docking studies, virtual screening, structure-based drug discovery & design, target refinement, and much more. Importantly, CIFHER performs detailed molecular modeling. Molecular modeling for the most part, is no longer taught. It has been replaced by automated software, developed for Pharmaceutical industry requiring vast resources that are incompatible with academic endeavors. CIFHER is committed to build empirically guided, all-atom models that are biochemically feasible, and have predictive value in drug discovery and design. As an institute, CIFHER is also committed to training the next generation of scientists with these skillsets.

Generally, projects that are committed to cancer therapeutics and prevention, are prioritized. However, CIFHER’s board of directors and scientific advisory panel need to fund our staff. This means that benefactors, or committed funds from grants and foundations are prioritized. Sharing of intellectual property may offset certain funding deficiencies, or being named and funded as collaborators on grants will enable an efficient allocation of time required to perform the scientific research. CIFHER staff may be included as co-investigators on grants, enabling a direct collaboration with funding.

CIFHER teamwork and individuals can also be contracted directly when design work needs to be 100% the intellectual property of the employer. 
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Presenter Notes
Presentation Notes
The CIFHER scientific team is positioned as a hub to coalesce scientific data coming from a variety of sources. Virtually any scientific data, if reliable, can serve to evolve structure activity hypotheses to understand the relationship between the chemical structure of a drug or toxin and its activity (structure activity relationship: SAR).  Detailed molecular modeling can be used to refine empirically determined protein structure at a resolution level of 0.5 angstroms (all atom models). Various levels of approximations from quantum mechanical calculations to molecular mechanics can be used to model the SAR of drugs, toxins, or chemicals that can be used to prevent untoward genotoxic events and reverse the pathophysiology of a disease as a treatment. The end result is an increase in the knowledge base that may be used in prevention, the development of new treatments, or understanding the complex biochemical pathways of the cancer disease processes. One part of the CIFHER mission is to make the public aware of what’s happening at the atomic level through molecular visualization. 

CIFHER staff were formerly employed in the Division of Cancer Treatment Diagnosis’s Developmental Therapeutic Program. This program developed over 42 drugs that are still saving patient’s lives. Drug discovery and development are very important topics in research. Drugs are discovered and developed through scientific research in a milieu that utilizes a team approach with properly trained scientists. 
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Presenter Notes
Presentation Notes
In 1999, Dr. Sina Bavari at USAMRIID, and Dr. Rick Gussio at the NCI, decided to team up to combine the strengths of both of their research paradigms to find small-molecule countermeasures for Class A Biothreat Agents. A relationship between Anthrax Lethal Factor and MEK, a target for cancers, was already established by: Duesbery NS, Webb CP, Leppla SH, Gordon VM, Klimpel KR, Copeland TD, Ahn NG, Oskarsson MK, Fukasawa K, Paull KD, Vande Woude GF. Proteolytic inactivation of MAP-kinase-kinase by anthrax lethal factor. Science. 1998 May 1;280(5364):734-7. doi: 10.1126/science.280.5364.734. PMID: 9563949. In fact, Anthrax Lethal Factor has a use patent as a possible cancer treatment as a result of this work. 

Combining the small molecule design and discovery work of the NCI with the biological assay of work of USAMRIID became Bavari and Gussio’s NCI-USAMRIID IAA. With an initial funding of $186,00 per year, the NCI-USAMRIID IAA successes resulted in a peak funding of $2.5 million over a 12 year period accountable through four program review cycles.
 
After the Anthrax attacks in 2001, Congress decided to fund a new biodefence campus that would combine interagency collaborations to develop Class A biothreat agent countermeasures. However, the question was posed by Congress “How do we know that DoD and the DHHS can work together successfully?” By that time, the NCI-USAMRIID IAA was already in their 2nd cycle of successful funding. USAMRIID leadership decided that Drs. Bavari and Gussio would present their successes to the Senate Majority Leader Robert Frist, Vice-President Cheney’s staff, DHHS Secretary Tommy Thompson, Anthony Fauci (NIAID Director), Julie Gerberding (CDC Director), and many other VIPs during their visit to the Frederick National Laboratory. Because of the NCI-USAMRIID IAA success, and the potential for additional success with DHS, NIAID, and other federal partners, the budget was approved and the campus was expanded. The success of this IAA served as the “model program” for the new Biodefence Research Campus according to USAMRIID leadership and as reported by the press. 



Discovery of a new biochemical structural motif using P97 SAR

(Burnett, J.C. et al.  Organic Biomolecular Chemistry. 2017, 15(19): 4025-4248)
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Presenter Notes
Presentation Notes
The bis-threonine turnstyle was discovered because it rationalized a structure activity relationship (SAR) conundrum. On the phenyl-indole series of P97 inhibitors, it was found that you could substitute with opposite hydropathy (hydrophobic or polar) on the 5 position of the indole and achieve similar potency. From the P97 X-ray structure, it was observed that near the binding site, two separate loops that each contained a threonine residue, were within 5 angstroms of each other. 

The uniqueness of the Threonine side chain led to the observation that when these amino acids hydrophobically collapsed during inhibitor occupation, the presence of the polar group on 5, facilitated the formation of hydrogen bonds with OHs of the Threonine side chains. By contrast, if a small hydrophobic group was substituted on 5, the di-methyl groups of the Threonine side chains were facilitated to interact hydrophobically. The dynamics of these interactions resemble the biochemical equivalence of a turnstile. The paper was judged by the editors of Organic and Biomolecular Chemistry to be one of the 7 “hottest papers” for the journal in 2017. Subsequently, other examples of an amphipathic conundrums were found in the patent literature.



Target Structure-Based Discovery & Virtual Screening

1. Generate structure-based pharmacophores 

2. Form 3D search queries

3.  Evaluation of hits by molecular docking 4. Verify in biological testing assays 

(Gussio et al., J Med Chem. 1996 Apr 12;39(8):255-63.) 

Presenter Notes
Presentation Notes
This project illustrates that protein structures can be evolved through well defined structure-activity relationships. In this case, the molecular models sourced the discovery of five unique HIV-1 reverse transcriptase inhibitors. 

See: Gussio R, Pattabiraman N, Zaharevitz DW, Kellogg GE, Topol IA, Rice WG, Schaeffer CA, Erickson JW, Burt SK. All-atom models for the non-nucleoside binding site of HIV-1 reverse transcriptase complexed with inhibitors: a 3D QSAR approach. J Med Chem. 1996 Apr 12;39(8):1645-50. doi: 10.1021/jm9508088. PMID: 8648604.

Using structure-based modeling, 1RVO, and 6 other ligand complexes (HIV-1 RT Nevirapine-binding site with 3 bridging waters) were deposited in the PDB database two days before Tom Steitz (of Yale) deposited his X-ray structure of HIV-1 RT that contained Nevirapine bound in the nonnucleoside binding site. However, in the model, bridging waters that accommodated Nevirapine’s carbonyl and two pyridine Ns were included in the 1RVO deposit. The X-ray structure that confirmed these water bridges was solved by Stammers and Young at Oxford a year and a half later. All of the structure-based models were superimposable on the X-ray structures deposited by both Yale and Oxford groups. As a result of this success, a controversy was initiated that caused a new rule in the Protein Data Bank. PDB would no longer accept “theoretical models” for deposit.  Ironically, the structural accuracy of the theoretical models was actually achieved by refining the model coordinates by structure-activity relationships using a congeneric series of imidazodipyridodiazepines RT inhibitors.  

Subsequent virtual database screening using these coordinates enabled a 14% track record of inhibitor discovery.  Additional models of the mutations induced by inhibitors also successfully predicted that Calanolide A would be more potent in the Y181C mutant than the wild type.



Probing for New CDK Binding Space Using a QSAR Lead Discovery Approach

(Gussio et al., Methods. 1998 Mar;14(3):255-63.) 

Presenter Notes
Presentation Notes
Once a binding site is well-characterized as is in the case of the Paullones, the exploration of the boundaries of a binding site can be performed by probing its borders with bulkier hits by using this technique. For example, the co-crystallization of MEK inhibitors revealed that kinases have a surprising amount of additional steric space not seen in the apo form in kinases, or kinases that are co-crystallized with ADP.



10 Years Ahead: Modeling complex Anthrax Protective Antigen 
pore based on biophysical data 

Nguyen, T. L., Three-dimensional 
model of the pore form of 
anthrax protective antigen. 
Structure and biological 
implications. Journal of 
biomolecular structure & 
dynamics 2004, 22 (3), 253-65. 

Anthrax Toxin cell entry mechanism

Jiang, J., Pentelute, B., Collier, R. et 
al. Atomic structure of anthrax 
protective antigen pore elucidates 
toxin translocation. Nature 521, 545–
549 (2015). 
https://doi.org/10.1038/nature14247

In 2015, CryoEM ReconstructionIn 2004, PA pore model (PDB 1V36) 

Work by former CDDG Member Dr. TL Nguyen

Presenter Notes
Presentation Notes
This is probably the largest all-atom model ever built (>64,000 atoms). A paper describing this model was submitted to the Journal of Biochemistry but was rejected. Suspiciously, a graphic of this model was shown in the publication of the X-ray structure for anthrax lethal factor receptor in Nature within two months after the JBC rejection. Unfortunately, a cartoon portrayal of this model was included in the main figure of that Nature paper. 

The cryoEM structure was finally solved 10 years after the publication of Dr. Nguyen’s model by Collier’s group at Harvard. That work substantiated the predicted accuracy of this carefully constructed all-atom model based solely on biochemical feasibility.

The model proposed that after endosomic activation in the acidic environment, the heptamer’s 100 angstrom beta barrel pumped ions and water to emulsify the membrane where the lethally toxic anthrax lethal factor migrates to the cytosol by concentration gradient. 

https://doi.org/10.1038/nature14247


Using Quantum Mechanics in Stereo-electronic Design 

NSC 705701, 9-nitropaullone

(Gussio et al., Anticancer Drug Des. 2000, (1):53-66)  

Presenter Notes
Presentation Notes
The CDDG (now CIFHER) uses quantum mechanical calculations to characterize properties of molecules to help refine the predictability of their models. Even at the density functional level of approximation, properties calculated from the molecular orbitals possess enough accuracy to model the stereo-electronic effects of active molecules. 



CDK1 SAR-Based Generation of the Cyclin B1-CDK1 Interface

(McGrath CF, et al., J Biomol Struct Dyn. 2005 Apr;22(5):493-502.) 

Presenter Notes
Presentation Notes
This work exemplifies the ability of determining the coordinates of an important cancer target through precision SAR guided molecular modeling. However, in this case, the CDK1 binding site required another protein (Cyclin B) to chaperone the kinase into the bioactive conformation. For example, in the apo structure of CDK1, the entire rigid congeneric series of the Paullones could not fit the ATP site. However, once the cyclin-b was modelled into the CDK1 interface, the binding pocket altered its shape in such a manner that the entire Paullone series fit in a chemically complementary manner. Such chemical complementarity was verified when the entire Paullone series (active and inactive) exhibited an interatomic explanation of activity between the binding site and each ligand. The predictability of the cyclin B/CDK1 model was 100% for both ligand design and virtual discovery. 



Protein Modeling of Primary Drug Resistance by Site Directed Mutagenesis & SAR

(Hua et al., Cancer Research. 2001 Oct 1;61(19):7248-54)  

Presenter Notes
Presentation Notes
In the tubulin protein, the GTP nonexchangeable site is an important interface during mitotic assembly. Long before the X-ray was published, this modeling study showed that the non-solvent accessible interface forms an electrostatically neutral system balanced by salt bridges as shown in the figure.  However, when colchicinoid inhibitors bind to the colchicine site, inhibitors disrupt the ability of cationic side chain of Lys-350 (beta monomer) to participate in the salt-bridge formation with the first phosphate of GTP in the alpha monomer. The result was a slight misshape of the assembling alpha and beta monomers facilitating the depolymerization of tubulin polymers. Using both mutation data and the SAR of several chemotypes of colchicine binding site interactors, the exact dimensions of the binding pocket were discovered. Subsequently, the model was used to perform docking studies to help eliminate cellular active leads that were mechanistically redundant in the NCI’s developmental therapeutic program’s efficacy pipeline.



Characterization of Macromolecular Response Surfaces
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Presenter Notes
Presentation Notes
From the laboratory work of Zack Howard, the shape of the Poisson-Boltzman derived electrostatic isopotential surfaces clearly differentiate the surface recognition features of IL2  versus IL4.



Determine Binding Modes and Pharmacophores of Natural Products

(Giannakakou et al., Proc Natl Acad Sci U S A. 2000, 97(6):2904-9 )

(Gussio R, Fojo T, Giannakakou P. TIPS: 2000 Sep;21(9):323-4.) 

Taxotere
Epothilone-b

Presenter Notes
Presentation Notes
This seminal work exemplifies how a 2D portrayal of two apparently dissimilar molecules can be related pharmacophorically in the 3rd dimension.  The flexible macrolide ring derived from a sponge (Epothilones) can conformationally form a common pharmacophore with a rigid molecule (taxanes) from the bark of the pacific yew. The common pharmacophore was further supported by rationalizing cultured mutations in the presence of epothilone and sarcodictyn hyperstabilizers in cellular assays. 

Interestingly, four years after the publication of this PNAS paper, a Science magazine article repudiated the Epothilone/Taxol common pharmacophore hypothesis (see: Nettles JH, Li H, Cornett B, Krahn JM, Snyder JP, Downing KH). The binding mode of epothilone A on alpha, beta-tubulin by electron crystallography. Science. 2004 Aug 6;305(5685):866-9. doi: 10.1126/science.1099190. PMID: 15297674). According to their publication, epothilones do not form a pharmacophoric relationship with taxanes, and in fact, epothilones bind individually and differently to tubulin (their proposed “principle of promiscuity”).

The entire premise of the 2004 Science paper is based on EM data that purportedly demonstrates that the macrolides of epothilones and baccatin rings of taxanes do not share the same binding space in tubulin. 

However, by 2007, this paper: Structural Basis of the Activity of the Microtubule-Stabilizing Agent Epothilone A Studied by NMR Spectroscopy in Solution M Reese, VM Sánchez-Pedregal, K Kubicek, J Meiler, MJJ Blommers, C Griesinger & T Carlomagno. Angewandte Chemie, p1864–1868. Issue 11 Vol. 46: 2007, came to the conclusion that: “The results explain the existing structure–activity relationship data for epothilones with both native and mutant tubulins, and support the existence of a common pharmacophore for EpoA and paclitaxel.”




(Panchal et al., Nat Struct Mol Biol. 2004 Jan;11(1):67-72.)  

Gas Phase Pharmacophore to Structure-based Refinement

Presenter Notes
Presentation Notes
Panel A describes a pharmacophore as a steric organization of defined distances and zones that confer activity or inactivity. For example, the red circles (C,D,E) correspond to hydrogen bond acceptors, F corresponds to hydrogen bond donors, and the oval shapes (A, B) correspond aromatic centers with conjugated hydrophobic moieties. The specified distances between the pharmacophoric centers, as well as the zones themselves, enable the creation of search queries that can mine new chemical scaffolds to send for testing. Molecules that meet these requirements (such as those shown in Panel B), demonstrated inhibitor activity in the Anthrax Lethal Factor assay. Panel B illustrates the mined, active compounds fitted on the pharmacophore construct. Panel B also demonstrates that the scaffolds can be diverse, which lends to building in more affinity and specificity during design through the hybridization of chemotypes.

In Panel B, the scaffold that was co-crystallized with Anthrax Lethal Factor has carbons atoms rendered in yellow (NSC 12155, PDB code: 1PWP).



Structure-based discovery and pharmacophoric classification 

(Hermone et al., ChemMedChem. . 2008 Dec;3(12):1905-12)  

Presenter Notes
Presentation Notes
Molecules that are mined by 3D search queries and prove to be active, enable the construction and refinement of high precision (all-atom models) structures of the actual targets. Very often the 3D coordinates of loops of proteins can be determined by exploring the SAR of newly designed ligands. In this paper, a 3D based discovery of a diazachrysene, enabled the classification of all known botulinum inhibitors to bind in 3 pharmacophoric zones. 



Using Evolutionary Coupling to Refine Protein Structure with Molecular 
Dynamics to Form Predictive Designs for Artemis
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Work includes former NCI’s Computational Drug 
Development Group (CDDG) member Dr. Brian Peyser

Presenter Notes
Presentation Notes
CIFHER (Formerly NCI’s CDDG) molecular modeling strategies utilize the principles of structural biochemistry, and refinement of biochemical structure by structure activity relationships (SAR). In this study, CIFHER added evolutionary coupling to refine the model. Evolutionary coupling uses scoring functions to indicate residues that are likely to occur together in close proximity. Residues that are known to be related in distance, can help discern the bioactive conformation of loops when they are located quite distantly in protein structure. Since X-ray structures are solid state, the bioactive conformation of loops may be quite different than the solid state. 

This was the case in Artemis, a possible cancer target. In the left panel (above), residues that are predicted to be coupled by an evolutionary scoring function, were not near each other from the disordered part of an X-ray structure (shown in the center panel).  The blue arrow indicates the possible location of two residues that are closely coupled according to their score. These residues were 24 angstroms apart in the disordered part of the X-ray structure. Furthermore, the binding pocket was indeed quite shallow, and seemed to lack enough steric space to accommodate structure guided designs that could improve ligand affinity.  Using molecular dynamics and simulated annealing, the coupled residues were brought closer together to form a deeper binding pocket for ligand discovery and design. The model was energetically and hydropathically refined by chemical complementarity as other residues became closer during the annealing process. Once the binding pocket was formed, a deeper, more hydrophobic pocket enabled the structure-based design of ligands that were predicted in advance to be more potent. 



Integration of Bioinformatic Response Surfaces with Structure Based Methods 

Presenter Notes
Presentation Notes
CIFHER combines various informatics and molecular modeling techniques to virtually screen for new therapeutic agents. Panel A shows that a differential cytotoxicity pattern (COMPARE) from the NCI 60 cell screen was able to mine 506 compounds that were similar in cancer cellular inhibitory activity. Panel B shows that 506 compounds were reduced to 214 when a 3D pharmacophore query was used to cull the database further. As examples, the compound on the left: colchicine (a tubulin destabilizer) and on the right: taxol (a tubulin hyperstabilizer) were identified from the dataset. Panel C shows that when shape constraints were applied to the query, the database was reduced to 89 compounds. Next, (Panel D) molecular connectivity (topology of previously known compounds), reduced the database to 20 unique compounds. Only 12 of these (inventory) were available in the NCI repository to send for biological testing. Six of these compounds were potent enough to send for testing in the tubulin polymerization assay. Of the most potent, an additional 2 compounds were identified by substructure searching (Panel D). One of these compounds, inhibited tubulin polymerization, and is shown docked into the colchicine binding site in Panel E. Interestingly, the compound that inhibited tubulin polymerization was not part of the original 506 compounds mined directly from COMPARE (illustrated by the independent funnel leading back to the NIH roadmap).

The large picture (top left) depicts an overview of the virtual screening process. NCI 60 screening results have been deposited into PubChem (molecular libraries and NIH roadmap initiative) for decades. These data are publicly available and enable investigators access to compounds and their biological data on a world-wide basis.  Although the virtual screening process didn’t directly produce the tubulin polymerization inhibitor described here, the knowledge base accumulated from the study, enabled the identification of a more potent compound from the molecular libraries initiative. The combination of orthogonal structure and activity resources serve as “force multipliers” in the field of drug discovery.





Development of Custom CDDG Informatic Tools in the Pipeline Pilot Platform 

Presenter Notes
Presentation Notes
The grid and taverna paradigm affords investigators the ability to combine informatic algorithms, numerical recipes, text analytics, etc., into a pipeline to analyze biological and chemical data of interest. The investigator simply needs to cut and paste the components (blue icons) into the pipe (grey tubes) to create customized, unique, informatic response surfaces. The possibilities to analyze and create novel databases with this system are for all intents and purposes endless. 

CIFHER (formerly NCI’s Computational Drug Development Group (CDDG) scientists are particularly adept at the Pipeline Pilot system created by Biovia. The CDDG brought the Pipeline Pilot system into the NCI in 2004, with their independent funding.  However, NCI leadership was opposed to the system because it was commercially purchase and not open-source code. Recently, the NCI’s Compound Registration System was created from the CIFHER algorithms by the CDDG and software engineers in the Information Technology Branch. The system was finished in 2020 and has been running nearly flawlessly since. All compound submissions into the NCI are now processed by their system.

Shown above, is just one example of a Pipeline Pilot protocol. In order to facilitate the NCI’s Developmental Therapeutics Program’s operating committee decision network, the CDDG created a DTP pKa calculator out of data available from the molecular libraries initiative (NIH roadmap, accessible through PubChem).  This protocol can help chemists make decisions on compounds that could move forward in the efficacy pipeline.
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CDDG online tool for new drug discovery efforts: 

Virtual Target DiscoveryFind new substances

Work includes former CDDG Member Dr. Brian Peyser

Presenter Notes
Presentation Notes
In 1988, Dr. Ken Paull spearheaded the creation of an online tool COMPARE. Simply stated, COMPARE utilized the reliability of the NCI 60 assay data for compounds as a bioinformatic pattern recognition model. COMPARE uses the NCI 60 assay to classify compounds with similar mechanisms of action due to their pattern of differential cytotoxicity. The COMPARE system is famous for its ability to mine novel molecular scaffolds. Importantly, many of these compounds could be very dissimilar in their 2D structures or chemical scaffolds. As a result of the 1998 review of DTP and the success of COMPARE, Dr. Ken Paull’s branch was expanded to create more online informatic tools. 

Based on the logic that molecules that are mechanistically related in activity probably share common pharmacophoric features in the third dimension, the online tool autoPILOT was created. CIFHER (formerly the NCI’s Computational Drug Development Group) used accurately modeled test cases from discovery and design research to sterically and electrostatically overlap structures based on their 3D pharmacophore features.  PILOT is an anacronym for Pharmacophore Identification and Lead Organization Tool. The first version was available for deployment in 2005, a more advanced version with secondary pharmacophoric features was available in 2006. NCI leadership refused to allow the tool to deploy, because the tool did not meet “ChemDom software architectural requirements.” However, under the direction of Dr. Rick Gussio, the acting ITB Chief from (2018-2020), the online tool PRISM was re-written and deployed. Strategically, the was accessible online through the Compound Submission suite at the NCI under the name PRISM.  PRISM is the combination of autoPILOT and COMPARE, and was the realization of Dr. Ken Paull’s original vision in 1996. Unfortunately, PRISM was defunded in 2023 by NCI Leadership, and is no longer available as an online tool.

With proper funding, CIFHER could re-deploy PRISM independently from the NCI.  Moreover, the 3D model failures could be improved directly by the CIFHER team which can serve as the basis for new medicinal chemistry paradigms for cancer drug discovery.

The figure above is an overview of PRISM. On the left, are mean graph patterns from historical anticancer cellular data that correlate highly. In the center, the compounds are shown that correspond to the mean graph cellular activity. On the right, are the autoPILOT generated overlaps of the compounds on their 3D pharmacophoric centers. Notice the high degree of steric and hydropathic congruence with these structures. 

Below the Chemical Structures label (shown in teal) the pharmacophoric construct illustrates the specific geometric relationships between the most salient pharmacophoric features that relate to the compound’s activity. This pharmacophoric construct can serve as a 3D query to find new compounds (on the left) and can be used to mine co-crystals for ligand conformation’s that match targets. The CDDG was defunded before this last step was completed.



Protein-Drug Interaction 
Pathway Generation

Work includes former CDDG Member Dr. Brian Peyser

Presenter Notes
Presentation Notes
Drug interaction pathways may play a large role in the future of therapeutics. As more active compounds become associated as inhibitors or agonists in protein targets of interest, their relationships with other targets supplements a knowledgebase of interacting pathways that are critical for cellular processes and growth. Combinations of these active agents in experimental assays can show additional activity (additivity), or greatly enhanced activity (synergy) or may have the opposite action (antagonism). 

The ultimate goal of such experimentation would be to identify synthetically lethal pathways.  For example, in cancer cell growth, two compounds that would inhibit targets in a synthetically lethal pathway might completely wipe out the cancer if their combined activity was additive or even better, synergistic. This could possibly dramatically reduce the side effects of both agents, but more importantly, increase the drugs effectiveness when the two are combined.

In the illustration above, CIFHER scientific staff (formerly the NCI’s  Computational Drug Development Group (CDDG) have identified and even optimized active analogs in two related targets (highlighted in red boxes).  CD45 is a critical phosphatase that plays many roles in cancers and infectious diseases. CDC2 (cyclin dependent kinase 1) has also been known to be involved in many pathologies including cancers. New research involving combination experiments with both of these targets may lead to novel effective therapeutics with markedly reduced toxicity.
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