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Structure Based Drug Design

Virtual Screening Lead Optimization

Pose Prediction Binding Discrimination Affinity Prediction
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http://pharmit.csb.pitt.edu
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Aim 1: Develop and deploy deep 3D convolutional 
neural network protein-ligand scoring functions 

tailored for pain and opioid abuse molecular targets.
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Deep Learning
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Convolutional Neural Networks
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Protein-Ligand Representation

7

(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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Optimized Models
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Pose Results
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Affinity Results
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Virtual Screening

11



University of Pittsburgh Computational and Systems Biology

Virtual Screening
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libmolgrid
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Keras TrainingPyTorch TrainingCaffe Training

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

gmaker = molgrid.GridMaker()

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

random_translation=0, random_rotation=True)
   

github.com/gnina/libmolgrid

http://github.com/gnina
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Aim 2: Develop deep generative models for the rapid 
exploration of synthetically accessible chemical space 
surrounding pain and opioid abuse lead compounds.
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Discriminative Model
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Features X Prediction y
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Generative Model
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Features X

y?
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Generative Adversarial Networks

18https://thispersondoesnotexist.com
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Autoencoding
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Latent 
Space

GeneratorEncoder L2 Loss
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Variational Autoencoding Examples

20
2BES

VAE Atom 
Fitting
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Variational Autoencoding Examples
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Context Encoding

22http://people.eecs.berkeley.edu/~pathak/context_encoder/
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Context Encoding
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receptor grid generated ligand grid

GAN loss



University of Pittsburgh Computational and Systems Biology

Context Encoding with Fully Convolutional Network

24

1m5w

Generated Fit Densities Fit Atoms
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Context Encoding with Fully Convolutional Network
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3bxg

Generated Fit Densities Fit Atoms
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NCATS Goals
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• Deploy opioid abuse structural targets as examples in Pharmit 

• Construct opioid abuse focused benchmark datasets in Pharmit 

• Develop target-specific CNN scoring function 

• Develop 3D generative models and apply on opioid abuse targets
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