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Structure Based Drug Design
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Structure Based 
Drug Design Funnel
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Matching
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pharmer.sf.net github.com/dkoes/shapedb pharmit.csb.pitt.edu

Sunseri J, Koes DR. Pharmit: interactive 
exploration of chemical space. Nucleic Acids 
Res. 2016 Jul 8;44(W1):W442-8.

Hain E, Camacho CJ, Koes DR. Fragment 
oriented molecular shapes. J Mol Graph 
Model. 2016 May;66:143-54.

Rego N, Koes D. 3Dmol.js: molecular 
visualization with WebGL. Bioinformatics. 
2015 Apr 15;31(8):1322-4.

Koes DR, Camacho CJ. Indexing Volumetric 
Shapes with Matching and Packing. Knowl 
Inf Syst. 2015 Apr 1;43(1):157-180.

Koes DR, Camacho CJ. Shape-based virtual 
screening with volumetric aligned molecular shapes. 
J Comput Chem. 2014 Sep 30;35(25):1824-34. 

Koes DR, Camacho CJ. Pharmer: efficient and exact 
pharmacophore search. J Chem Inf Model. 2011 Jun 
27;51(6):1307-14.

Koes D. The Pharmit Backend: A Computer 
Systems Approach to Enabling Interactive 
Online Drug Discovery. IBM Journal of 
Research and Development. 2018 Nov 28.

http://pharmer.sf.net
http://pharmer.sf.net
http://pharmit.csb.pitt.edu
https://www.ncbi.nlm.nih.gov/pubmed/27095195
https://www.ncbi.nlm.nih.gov/pubmed/27095195
https://www.ncbi.nlm.nih.gov/pubmed/27095195
https://www.ncbi.nlm.nih.gov/pubmed/27085751
https://www.ncbi.nlm.nih.gov/pubmed/27085751
https://www.ncbi.nlm.nih.gov/pubmed/25505090
https://www.ncbi.nlm.nih.gov/pubmed/25505090
https://www.ncbi.nlm.nih.gov/pubmed/25505090
https://www.ncbi.nlm.nih.gov/pubmed/26085707
https://www.ncbi.nlm.nih.gov/pubmed/26085707
https://www.ncbi.nlm.nih.gov/pubmed/26085707
https://www.ncbi.nlm.nih.gov/pubmed/25049193
https://www.ncbi.nlm.nih.gov/pubmed/25049193
https://www.ncbi.nlm.nih.gov/pubmed/21604800
https://www.ncbi.nlm.nih.gov/pubmed/21604800
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Pharmacophore
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Common Features:

aromatic ring  
hydrophobic area 
positive ionizable 
negative ionizable  
hydrogen bond donor 
hydrogen bond acceptor

IUPAC: The ensemble of steric and electronic features that is necessary to 
ensure the optimal supra-molecular interactions with a specific biological 
target structure and to trigger (or to block) its biological response.

Aromatic Hydrogen Donor

Hydrogen Acceptor

Negative

Positive

Hydrophobic



University of Pittsburgh Computational and Systems Biology

Pharmacophore Elucidation

Ligand Only 

e.g. PharmaGist, PENG, GAPE, MOGA 

Receptor Only 

Simulation: Pharmmaker, SILCS, PyRod 
Docking: FTMap 
Grids: GRAIL 

Ligand-Receptor

6

Koes DR. Pharmacophore modeling: methods and applications. 
Computer-Aided Drug Discovery. 2015:167-88.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2447755/
https://pubs.acs.org/doi/abs/10.1021/ci500618u?casa_token=yViwUE6H2rYAAAAA:JllRJIi37IDefWP6Tp81ibO2QEPhkKOAV1Kpig6nV-VXFkc6jYWDT4_9okhP0n5VjRIvidDhs6oJKtg
https://pubs.acs.org/doi/abs/10.1021/ci100194k?casa_token=4GeRMLNpxfcAAAAA:dKlrpgo8vTlidwoaolcjovv8U1lA3NG0ZeIYfuU69hagoxjyn09_TbjVSNonctftKP9UWmkLSmUtwA8
https://pubs.acs.org/doi/abs/10.1021/ci9002816?casa_token=FIxsPxoeg8sAAAAA:1A2281tNcbxzaP7DeBuUcXI95G3C9K4ylJJy6-y6S8ZTMNKJXJSTKKcIyknrAlYQWmAb97LRaYj8wF4
https://pubmed.ncbi.nlm.nih.gov/31576621/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4685950/
https://pubs.acs.org/doi/10.1021/acs.jcim.9b00281
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4762777/
https://pubs.acs.org/doi/abs/10.1021/acs.jctc.8b00495
https://link.springer.com/protocol/10.1007/7653_2015_46
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Ligand Only
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Features Ligands TP FP Precision Recall F1 EF

5 9 1 178 0.56% 0.26% 0.004 0.309

4 18 41 2166 1.86% 10.70% 0.032 1.041

3 27 131 8083 1.59% 34.20% 0.031 0.892

Estrogen Receptor Alpha 
Training: PubChem Assay 713 
Test: DUD-E esr1



University of Pittsburgh Computational and Systems Biology

Receptor Only
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Bound (PDB 1QKU) Unbound (PDB 2B23)
estradiol shown for reference

Features TP FP Precision Recall F1 EF

Bound 5 54 265 16.93% 14.10% 0.154 11.209

Unbound 6 5 13 27.78% 1.31% 0.025 21.157
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Ligand-Receptor
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Features Train F1 TP FP Precision Recall F1 EF

3 0.189 214 537 28.50% 55.87% 0.377 21.921

4 0.301 140 139 50.18% 36.55% 0.423 55.404

5 0.326 71 50 58.68% 18.54% 0.282 78.111

3 4 5
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Pharmit Demo
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Key Points 

• Molecule Loading 

• Feature Definition 

• Shape Constraints 

• Filters 

• Visualization 

• Minimization
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Pharmit Database Prep
Input: SMILES (length < 250) 

• Tautomers:  What's a tautomer? 

- default OpenBabel protonation 

• Stereoisomers 

- Respect SMILE specification 

- Sample unspecified steriochemistry 
implicitly during conformer generation 

• Conformers 

- Sample maximum of 20 conformers 
using RDKit

11
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Protein-Ligand Scoring
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AutoDock Vina

Trott O, Olson AJ. AutoDock Vina: improving the speed and accuracy of docking with a new scoring function, 
efficient optimization, and multithreading. Journal of Computational Chemistry. 2010 Jan 30;31(2):455-61.

https://onlinelibrary.wiley.com/doi/full/10.1002/jcc.21334?casa_token=Z4V185gxKaYAAAAA:DiI1YSsVxzHnTpR7vZZP3-c5RTON6r4jxheQtq1qYqaor9EnY2bEh0uY5YCtl9tQRjFdRWHly_YB5w
https://onlinelibrary.wiley.com/doi/full/10.1002/jcc.21334?casa_token=Z4V185gxKaYAAAAA:DiI1YSsVxzHnTpR7vZZP3-c5RTON6r4jxheQtq1qYqaor9EnY2bEh0uY5YCtl9tQRjFdRWHly_YB5w
https://onlinelibrary.wiley.com/doi/full/10.1002/jcc.21334?casa_token=Z4V185gxKaYAAAAA:DiI1YSsVxzHnTpR7vZZP3-c5RTON6r4jxheQtq1qYqaor9EnY2bEh0uY5YCtl9tQRjFdRWHly_YB5w
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Protein-Ligand Scoring

12

AutoDock Vina

Trott O, Olson AJ. AutoDock Vina: improving the speed and accuracy of docking with a new scoring function, 
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Protein-Ligand Scoring
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Model
Pose Prediction

Binding 
Discrimination

Affinity Prediction
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Protein-Ligand Scoring
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14

(R,G,B) pixel
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Protein-Ligand Representation

14

(R,G,B) pixel            → 
(Carbon, Nitrogen, Oxygen,…) voxel

The only parameters for this 
representation are the choice of 
grid resolution, atom density, 
and atom types.
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Why Grids?

15

Cons 

• coordinate frame dependent 

• but can be input into 
equivariant networks 

• pairwise interactions not explicit

≠

Pros 

• clear spatial relationships 

• amazingly parallel 

• easy to interpret
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libmolgrid

16

Keras TrainingPyTorch TrainingCaffe Training

GPU Performance GPU Memory Utilization
e = molgrid.ExampleProvider(balanced=True,shuffle=True) 
e.populate('examples.txt')

gmaker = molgrid.GridMaker(resolution=0.5,  
dimension=23.5)

batch = e.next_batch(batch_size)
gmaker.forward(batch, input_tensor,  

random_translation=0, random_rotation=True)
   

github.com/gnina/libmolgrid

Dr. Jocelyn Sunseri

http://github.com/gnina
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Convolutional Neural Networks

17
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Convolutional Neural Networks

17
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Convolution 
Feature Maps

Convolution 
Feature Maps

Fully Connected
Traditional NN

Hochuli J, Helbling A, Skaist T, Ragoza M, Koes DR. Visualizing convolutional neural network protein-ligand 
scoring. Journal of Molecular Graphics and Modelling. 2018 Sep 1;84:96-108.

Sunseri J, King JE, Francoeur PG, Koes DR. Convolutional neural network scoring and minimization in the D3R 
2017 community challenge. Journal of computer-aided molecular design. 2019 Jan 15;33(1):19-34.

Ragoza M, Hochuli J, Idrobo E, Sunseri J, Koes DR. Protein–ligand scoring with convolutional neural networks. 
Journal of chemical information and modeling. 2017 Apr 11;57(4):942-57.

Francoeur PG, Masuda T, Sunseri J, Jia A, Iovanisci RB, Snyder I, Koes DR. Three-Dimensional Convolutional 
Neural Networks and a Cross-Docked Data Set for Structure-Based Drug Design. Journal of Chemical 
Information and Modeling. 2020 Aug 31;60(9):4200-15.
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Protein Ligand Scoring
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Cross-Docked Protein Ligand Scoring

19Affinity Prediction Pose Selection

https://github.com/gnina/models/tree/master/data/CrossDocked2020
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GNINA 1.0
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https://github.com/gnina/gnina

Monte Carlo Chain
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Using the CNN

21
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Default CNN Ensemble
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Default CNN Ensemble
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Default CNN Ensemble

24

30 40 50 60 70

Top1(%)

0

100

200

300

400

500

A
vg

T
im

e
P
er

Sy
st

em
(s

)

dense

general default2018

redock default2018

crossdock default2018

default2017

Vina

Default Ensemble

All Ensemble

Ensemble

Single Model

30 40 50 60 70

Top1(%)

0

100

200

300

400

500

A
vg

T
im

e
P
er

Sy
st

em
(s

)
Redocking Crossdocking

CPU Times

~10X slower



University of Pittsburgh Computational and Systems Biology

Exhaustiveness

25
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Whole Protein Docking
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gnina -r rec.pdb -l lig.pdb --autobox_ligand rec.pdb -o docked.sdf.gz
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Whole Protein Docking
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64X Vina ≈ 8X CNN

gnina -r rec.pdb -l lig.pdb --autobox_ligand rec.pdb -o docked.sdf.gz
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Flexible Docking

27

Recommendation:  Use flexible docking for specific, intelligently selected residues

gnina -r rec.pdb -l lig.pdb --autobox_ligand lig.pdb -o docked.sdf.gz --flexdist 3.5 --flexdist_ligand lig.pdb

gnina -r rec.pdb -l lig.pdb --autobox_ligand lig.pdb -o docked.sdf --flexres A:84,A:88
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CNN Scores
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Virtual Screening
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Using GNINA

30

Colab Notebook

https://colab.research.google.com/drive/1QYo5QLUE80N_G28PlpYs6OKGddhhd931?usp=sharing
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Software Availability
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Name License URL

gnina Apache/GNU https://github.com/gnina/gnina

pharmit BSD/GNU http://pharmit.csb.pitt.edu/

libmolgrid Apache/GNU https://gnina.github.io/libmolgrid/

smina Apache/GNU http://smina.sf.net/

3Dmol.js BSD https://3dmol.org/

sdsorter GNU https://sourceforge.net/projects/sdsorter/

https://github.com/gnina/gnina
http://pharmit.csb.pitt.edu/
https://gnina.github.io/libmolgrid/
http://smina.sf.net/
https://3dmol.org/
https://sourceforge.net/projects/sdsorter/
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