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Proteins we eat Proteins inside our body

Decompose and 
build new

MKTFLYFCLLFIVQTAFAADSIYVREQProteins are made up of amino acids

Proteins we eat and proteins inside our body

hemoglobin
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Functions of proteins (some examples)

Recognize and bind to foreign 
molecules – prevent viral DNA/RNA 

to enter the cell

Collagen provides structural support 
– skin, cartilage, bones, etc. 

Calcium pumps allow synchronized 
muscles contraction

Insulin regulates the blood sugar 
level

Alpha-amylase protein in saliva helps 
breaks down carbohydrates

Ferritin forms a hollow shell to store 
iron from our food
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3D structure of Hemoglobin

Cartoon representation

Backbone representation

All atoms in a protein

Binding sites

https://www.rcsb.org/pdb/e
xplore/jmol.do?structureId=
1LFZ&opt=3&bionumber=1 

https://www.rcsb.org/pdb/explore/jmol.do?structureId=1LFZ&opt=3&bionumber=1
https://www.rcsb.org/pdb/explore/jmol.do?structureId=1LFZ&opt=3&bionumber=1
https://www.rcsb.org/pdb/explore/jmol.do?structureId=1LFZ&opt=3&bionumber=1
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Computer representation

How biologists and 
chemists see a protein

How computer 
scientists see a protein
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MKTFLYFCLLFIVQTAFAADSIYVREQ

How are 3D structures determined?

Structure DB 
(~ 100K proteins)
Publicly available

(1) NMR
(2) X-Ray Crystallography

?

- Accurate
- Takes months to years
- Expensive
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Protein oligomerization in Alzheimer’s disease

Dr. Michael Nichols
Department of

Chemistry and Biochemistry
(UMSL)

“These fibrils are of considerable medical importance because they are associated with more than 40 
different diseases including Alzheimer’s disease.”

“ .. my laboratory 
involves mechanistic 

studies of Aβ 
aggregation .. ” 
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3D 2D

What are protein contacts?

Distance
matrix

Contact Map (or Contacts)

MKTFLYFCLLFIVQTA … FAADSIYVREQ
Protein sequence

Corresponding
structure

Calculate
pairwise distance

if d < 8Å c
ij
 = 1 

3D Structure

Dark spots = Contacts
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Protein and contact map sizes

Can we rescale structures or maps?

1-to-1 relationship
(mostly) 
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MKTFLYFCLLFIVQTAFAADSIYVREQ

What is protein contact prediction?

2D1D

P
contact

 = ?

Protein sequence   Contact Map (contacts)

Prediction

Possible?
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MKTFLYFCLLFIVQTAFAADSIYVREQ

Features and Data for Contacts prediction

1D and 2D features
(ex. Helix)

Predict

Physio-chemical 
features

(ex. AA composition)

Calculate / Pre-calculate

Predict
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Sequence Contacts    Structure

1D                     3D

Predict 3D modeling

MKTFLYFCLLFIVQTAFAADSIYVREQ

2D

Significance of Contact prediction

Machine Learning Methods for Protein Contacts Prediction

- Save scientists’ time
- Save money (millions)
- Drug design
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How accurately can we predict structures today?

World-wide competition 
held every two years 

(3 months long)

root mean
square 

deviationmost recent competition

a top participant

dataset

99% similarity
(experimental 
biologists’ are 

happy)

random 
prediction

Machine Learning Methods for Protein Contacts Prediction

vs
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ARTIFICIAL  INTELLIGENCE
Enabling computers to mimic human intelligence

MACHINE  LEARNING
Enabling machines to improve at tasks with experience (Statistical techniques) 

DEEP  LEARNING
Many layers of neural networks (vast amount of data)

G
lo

ss
ar

y 
o

f 
A

I t
er

m
s

Data
(Experience)
ex. face database

Examples: Neural Networks (NN), Support 
Vector Machines (SVM), Random Forests, etc.

Examples: Restricted Boltzmann Machines, Deep 
Neural Networks, Deep RNNs, Deep CNNs, etc.

Technologies: Batch normalization, Dropouts, 
Residual neural networks, etc.

training

What is Machine Learning (ML) ?
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Example: Convolutional Neural Network for Image Classification

Activation
function

(Sigmoid,
ReLU, 
etc.)

Activation 
map

3 channels

3 x 3 filter

Output of filter (1 value)

3 class
o/p

Dense neural 
network

1 
layer

weights
weights

weights

Dot 
products

Input 
Image

Input 
Volume

Fully connected 
network

weights

Machine Learning Methods for Protein Contacts Prediction
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Is ML applicable to problems in biology and medicine?

Diagnose pneumonia from chest X-rays 
better than radiologists

“artificial intelligence is capable of classifying skin 
cancer with a level of competence comparable to 
dermatologists” (performance tested against 21 board-certified 

dermatologists on biopsy-proven clinical images)

“accurately classify TB at chest 
radiography with an AUC of 

0.99”
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Contact prediction as a ML problem

1D and 2D features

Prediction

Contact maps

PDB DB
(~100K structures
 reduced to < 5K)

Sequences

Binary cross-entropy

(1) Make prediction

(2) Calculate
error
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(1) Correlated mutation based methods
- algorithm based and non ML methods
- used as features 

(2) Window-based methods
      (DNCON and MetaPSICOV)

(3) Deep CNN-based methods (last 1 year)
      (DNCON2 method)

Current methods for Contact prediction

            Y
X

Features 
around X

Features 
around Y

Predict P
XY

window 1             window2

Directly predict full CM
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Convolutional Neural Network for Contact Prediction

Activation
function
(Sigmoid,

ReLU, etc.)

Activation map

1 layer

weights

Dot productsInput 1D & 2D features Full Contact Map as Prediction

MKTFLYFCLLFIVQTAFAADSIYVREQ

Predict features

- Varied and Large input volume 
- Highly unbalanced data
- Limited data

Additional challenges (in comparison to image classification problems):

- Features are predicted
- Visualization
- Actual contact map as output

The DNCON2 Method
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An example of CNN learning and predicting 

True Contact Map

Prediction over increasing epochs 

Predicted Contact Map

Correc
t

Incorrect

Only top Nc 
contacts are 

evaluated

The DNCON2 Method
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Datasets

Training and Validation
• Used the dataset in original DNCON method
• 1426 proteins from the PDB (0-2 Å resolution)
• L = 30 to 300
• 1230 training proteins 
• 196 validation proteins
• The two sets have less than 25% sequence identity

Testing
• CASP10, 11, and 12 free-modeling (FM) datasets

The DNCON2 Method
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All features used

The DNCON2 Method
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Block diagram and CNN architecture

Architecture of one CNN

Overall architecture

The DNCON2 Method
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Python Code create a Deep CNN Architecture

The DNCON2 Method

https://github.com/multicom-toolbox/DNCON2/ 

https://github.com/multicom-toolbox/DNCON2/
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Hyper-parameters Optimization

• Depth of the network = 7
• Filter sizes in each layer = 5
• Number of filters in each layer = 16
• Batch normalization = at each layer
• Batch size = 30
• Optimization function = Nesterov Adam (NAdam)
• Activation function = Rectified Linear Units (ReLU)

The DNCON2 Method

Create and test 
various brain 

structures and 
neural 

connections
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Comparison with the state-of-the-art

The DNCON2 Results

Most 
difficult 
dataset

Number of 
proteins

Results of the 2016 
CASP competition

A benchmark 
method that uses 

similar features but 
NN (not CNN)

My method
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Short- and medium-range HELP long-range prediction

Training using 
Long-range only

Training using 
Short-, Medium-, and Long-range

Training using all
except the diagonal

Training using everything

The DNCON2 Results
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http://sysbio.rnet.missouri.edu/dncon2/

The DNCON2 Results

https://github.com/multicom-toolbox/DNCON2/ 

Availability of DNCON2

Re-submitted
(after a major revision)

http://sysbio.rnet.missouri.edu/dncon2/
https://github.com/multicom-toolbox/DNCON2/
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Raptor-X

60 
convolution 
layers
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MetaPSICOV

• classic feed-forward neural networks
• with 55 hidden units and a single 

output unit

Precision of L/5 long 
–range contacts
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(1) Extend DNCON2 and CONFOLD for membrane proteins’ structure 
prediction

(2) Predict contacts at various distance thresholds and study improvement in 
protein modeling (Deep CNN problem)

(3) Study how recent deep learning technologies like Boosting, bagging, 
residual networks, deeper networks will improve the precision (Deep CNN 
problem)

(4) Study what CNN layers learn! (Deep CNN problem)

Machine Learning Methods for Protein Contacts Prediction

Some Current and Future projects
Publications and Book Chapters:
- DNCON2 / MULTICOM-CLUSTER
- CONEVA
- CONFOLD
- Reconstruction studies

Interested undergraduate/graduate students are welcome join!
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• Protein structure prediction using computational methods has high stakes

• Contact prediction is at the heart of the protein structure prediction 
problem (a five decade old problem)

• Almost all machine learning methods have been applied to solve the 
contact prediction problem

• Results show that convolutional neural networks are the future for solving 
the problem

Machine Learning Methods for Protein Contacts Prediction

Summary



39 of 40

"We are extremely optimistic about the future of deep learning in biology 
and medicine. It is by no means inevitable that deep learning will 
revolutionize these domains, but given how rapidly the field is evolving, we 
are confident that its full potential in biomedicine has not been explored."

Machine Learning Methods for Protein Contacts Prediction

Conclusion
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