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Motivation

● Proteins structure determines function
− Medicine
− Biotechnology

● High discovery rate
● Known to unknown

− 1:200



X-Ray Crystallography and 
NMR Spectroscopy

● X-Ray Crystallography
− High resolution microscopy

● NMR Spectroscopy
− Quantum properties of the nucleus



Machine Learning Techniques

● Support Vector Machines (SVMs)
− < 50% error rate

● Neural Networks
● Deep Learning

− Deep Belief networks
− 84.5% recognition rate



DN-Fold

● Deep Belief Networks
− Restricted Boltzman Machines
− Generative Autoencoders

● Binary classification problem
− 976 Proteins
− (n2-n)
− Trained and Tested



Convolutional Neural Networks

● Receptive Fields
● Surrounding area & Hidden properties
● Fully Connected Deep Neural Network

● Images
● Sounds



Biological Inspiration



Convolutional Layers

● V1 in the visual cortex
● Input       →    Eyes
● Filter       →    V1
● Output    →    Higher level cortical regions



Mathematical Convolution

● Multiplying two function mathematically
● Produces an integral



Discrete Convolution

● Filters used have discrete stride lengths
● Snapshots taken

● Activation Map



Producing an Activation Map
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Producing an Activation Map



Convolutional Network 
Parameters

● Parameters and their effects
− Kernel Size
− Stride length
− Number of Filters
− Depth of classifying network

● Optional layers and features
− Downsampling
− Dropout technique



The Downsampling Layer

● Decrease computational complexity



Dropout Technique

● Temporarily disable neurons
● Prevents overfitting
● Only used in dense layers



Dataset

● Derived from the SCOP database
● Proteins

− Family (555)
− Superfamily (434)
− Fold (321)

● Sequence, profile, family alignment and 
structural information

● 84 data points



Models

● Generated 11 simi-random networks
● Varying kernels, strides, classifying 

networks



Model Selection

● Initial testing on a randomized test set
● Chose the top 3 networks to train and test 



Results

● Overall CNNs did not outperform DN-Fold
● Provided comparable results to past 

methods
● Data format
● Label balance



Conclusions

● Tasked with CNNs applied to DN-Fold 
Dataset

● Lacked spacial properties
● More filters not always good



CNN-Fold

● Program written to obtain results
● Specify CNN-Fold, DN-Fold, Command, or 

Json network architectures
● Train and Test modes
● Saves trained networks
● Download



CNN-Fold Demo
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Future Work

● Additional methods of conveying proteins
− Mimic image or sound
− Data normalization

● CNN-Fold
− Generalized input
− Additional command line parameters



Thank you!
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