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Sequence → Structure → Function
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Alcohol Dehydrogenase
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COVID-19
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Spike

ACE2 Receptor
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COVID-19
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Antibody
If the trial ultimately shows the treatment is effective against Covid-19, it 
could be available by autumn, according to the Indianapolis-based company.
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Primary Structure
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https://en.wikipedia.org/wiki/Amino_acid

N terminal C terminal
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Secondary Structure
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Tertiary Structure
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TIM barrel fold beta barrel
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Quaternary Structure
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domain swapping hemoglobin
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Structure Determination

9x-ray crystallography nuclear magnetic resonance
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Sequence → Structure → Function
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Motion
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Sequence → Structure → Function
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Motion
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Molecular Dynamics

11https://en.wikibooks.org/wiki/Structural_Biochemistry/Molecular_Modeling/Molecular_Dynamics
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Molecular Dynamics
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more stable

less stable

Dynamics Analysis
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Protein Folding
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https://en.wikipedia.org/wiki/Anton_(computer)
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Homology Modeling
 Find sequence alignment to template  

 Build backbone from template (loops??)  

 Add side-chains  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template

I-TASSER

https://zhanglab.ccmb.med.umich.edu/I-TASSER/
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http://swissmodel.expasy.org/

25% ‘Twilight Zone’

Major source of error: alignment

Homology Modeling
 Find sequence alignment to template  

 Build backbone from template (loops??)  

 Add side-chains  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template
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Learning to Predict Structure
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https://www.biorxiv.org/content/early/2018/02/14/265231



University of Pittsburgh Computational and Systems Biology

AlphaFold

17https://deepmind.com/blog/alphafold/

https://deepmind.com/blog/alphafold/
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AlphaFold

17https://deepmind.com/blog/alphafold/

https://deepmind.com/blog/alphafold/
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Computational Drug Discovery
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NUMBER OF VOLUNTEERS

THE BIOPHARMACEUTICAL RESEARCH AND DEVELOPMENT PROCESS

POTENTIAL NEW MEDICINES
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BASIC
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REVIEW
POST-APPROVAL

RESEARCH &
MONITORING

PRE-
CLINICAL

Source: Pharmaceutical Research and Manufacturers of America (http://phrma.org)

$2.6 
BILLION

http://phrma.org
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Drug Discovery
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Computational Drug Discovery
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Ligand Based Drug Design
Fingerprint Methods 
- map molecules to a descriptor space: 

1D: molecule weight, #h-bonds, etc. 
2D: paths, bond distances between atom-pairs 
Example: Daylight/FP2 

• all paths up to 7 bonds long 
• each path corresponds to a bit 

- similarity is “distance” between descriptors 
- for bit vectors, Tanimoto distance used

22

T (A,B) =
A∩ B
A∪ B

O=C-N-C

fingerprint:

O=C-O
O=N-O

N-C-C-C-C-C=0

C-C=C-C
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Ligand Based: QSAR
Quantitative Structure/Activity Relationships
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3/15

SERT QSAR Models MD Simulations Future Work Acknowledgments Questions?

What’s a QSAR Model?

I Regression model used to
estimate relationship
between variables

I Model identifies
relationship between 2D
chemical structures and
bioactivity

f (~x)
f(~x) = w1~x1 + w2~x2 + w3~x3 + ...+ b

I The vectors correspond to the bits

I Weights are assigned based on
prevalence of substructures

I A relationship between vectors, or
substructures, and a�nity can be
estimated

Karla Robles, Je↵ry Madura, David Koes University of Pittsburgh, Duquesne University

QSAR Modeling: Predicting Ligand Binding A�nities and Substructures Key in Binding to SERT

6/15

SERT QSAR Models MD Simulations Future Work Acknowledgments Questions?

Regression of SERT Models

Karla Robles, Je↵ry Madura, David Koes University of Pittsburgh, Duquesne University

QSAR Modeling: Predicting Ligand Binding A�nities and Substructures Key in Binding to SERT
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SERT QSAR Models MD Simulations Future Work Acknowledgments Questions?

Regression of DAT Models

Karla Robles, Je↵ry Madura, David Koes University of Pittsburgh, Duquesne University

QSAR Modeling: Predicting Ligand Binding A�nities and Substructures Key in Binding to SERT

DATSERT

11/15

SERT QSAR Models MD Simulations Future Work Acknowledgments Questions?

Identifying Selectivity from Substructures
ki unique SERT - 8.13

all SERT - 9.65

ki SERT - 9.69

ki no ssris DAT - 5.83

all DAT - 6.19

ki DAT - 6.21

Karla Robles, Je↵ry Madura, David Koes University of Pittsburgh, Duquesne University

QSAR Modeling: Predicting Ligand Binding A�nities and Substructures Key in Binding to SERT
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Structure Based Drug Design
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?
Unlike ligand based approaches, 
generalizes to new targets

Requires molecular target with 
known structure and binding site
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Structure Based Drug Design
Virtual Screening Lead Optimization

Pose Prediction Binding Discrimination Affinity Prediction
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Structure Based Drug Design
Virtual Screening Lead Optimization

Pose Prediction Binding Discrimination Affinity Prediction
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Protein-Ligand Scoring
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r1 r2d

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

AutoDock Vina
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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.
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http://pharmit.csb.pitt.edu
4PPS 

DUDe ER alpha benchmark
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Metrics

30https://en.wikipedia.org/wiki/F1_score

https://en.wikipedia.org/wiki/F1_score

