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But first... 
Novel Insights from Data Visualization with 

Active Learning
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Pedagogical
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Pedagogical Active Learning
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Pedagogical Active Learning
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Go to this URL: http://3dmol.csb.pitt.edu/viewer.html?session=GRC

“Overall, we found small but significant effects of 
using ARS-based technologies on a number of desirable 
cognitive and non-cognitive learning outcomes.”

http://3dmol.csb.pitt.edu/viewer.html?session=GRC
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Pedagogical Active Learning
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https://github.com/dkoes/asker.js

Go to this URL: http://3dmol.csb.pitt.edu/viewer.html?session=GRC

http://3dmol.csb.pitt.edu/viewer.html?session=GRC
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http://3dmol.csb.pitt.edu/viewer.html?session=GRC
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Molecular Active Learning
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Demo

Go to this URL: http://3dmol.csb.pitt.edu/viewer.html?session=GRC

http://3dmol.csb.pitt.edu/viewer.html?session=GRC
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Structure Based Drug Design

Virtual Screening Lead Optimization

Pose Prediction Binding Discrimination Affinity Prediction
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Drug Discovery Funnel

http://pharmit.csb.pitt.edu
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Drug Discovery Funnel

O. Trott, A. J. Olson, AutoDock Vina: improving the speed and accuracy of docking with a new scoring 
function, efficient optimization and multithreading, Journal of Computational Chemistry 31 (2010) 455-461
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Protein-Ligand Scoring

 12

Model
Pose Prediction

Binding 
Discrimination

Affinity Prediction
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Neural Networks

σ(w2⋅x+b2)

σ(w1⋅x+b1)

σ(w3⋅x+b3)

σ(w4⋅x+b4)

The universal approximation theorem 
states that, under reasonable assumptions, 
a feedforward neural network with a finite 
number of nodes can approximate any 
continuous function to within a given error 
over a bounded input domain.
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Deep Learning
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Convolutional Neural Networks
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Convolutional Filters
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Protein-Ligand Representation
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(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?
Pros 

• clear spatial relationships 

• amazingly parallel 

• easy to interpret
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Cons 

• coordinate frame dependent 

• pairwise interactions not explicit

≠
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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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Training
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PDBbind 2016 refined set 
• 4056 protein-ligand complexes 
• diverse targets 
• wide range of affinities 
• generate poses with AutoDock Vina 
• include minimized crystal pose 

Pocketome  
• 2923 distinct pockets 
• 27,142 receptor structures 
• 4,138,117 non-redundant poses 
• generate poses with AutoDock Vina 
• include minimized crystal pose 

Redocked Training Set Crossdocked Training Set
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Optimized Models
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Results
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Visualizing the Network
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Redocked 
Training 

Set
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Visualizing the Network
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Crossdocked 
Training Set
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Visualizing with Atomistic Probes
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Visualizing with Atomistic Probes
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Hydrogen Bonds... or Not
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Visualizing with Atomistic Probes
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Aliphatic Carbon Aromatic Carbon
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Visualizing with Atomistic Probes
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Oxygen Acceptor Nitrogen Acceptor
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Visualizing with Atomistic Probes
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Oxygen Donor/Acceptor Nitrogen Donor



University of Pittsburgh Computational and Systems Biology

Visualizing with Atomistic Probes
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Fluorine Carbon
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Visualizing Network Decisions
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masking gradients layer-wise relevance

1UGX
Score: 0.62
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Masking
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Masking:  Enzyme Mutants
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Pose Sensitivity
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3COY 2QMJ 3OZT

Partially Aligned Poses 
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Gradients
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Gradients
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2Q89

More Oxygen Here

Less Oxygen Here
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Pseudoligand From Gradients
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Layer-wise Relevance
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Pose Score: 0.988
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Visualizations
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2IDZ
Score: 0.04

3EJT
Score: 0.92

Masking Gradients LRP
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Another Aside...
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Distance
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Another Aside...
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Area
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github.com/gnina http://bits.csb.pitt.edu
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http://bits.csb.pitt.edu
http://github.com/3dmol

