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About Computational Science
An interdisciplinary topic that incorporates and integrates
● All “science” disciplines

○ Physical sciences

○ Life sciences

○ Social sciences

● Computer Science

● Mathematics



NCSSM Computational Science Program
1. Introduction to Computational Science
2. Computational Biology / Bioinformatics
3. Computational Chemistry
4. Computational Physics
5. Nanotechnology and Research
6. Scientific Programming
7. Data Science for Scientists
8. Computational Medicinal Chemistry
9. Digital Humanities (residential)
10. Research Experience in Computational Science (spring/summer)
11. Research in Computational Science (residential)



Day 1:  Introduction

● Morning
○ Overview of the SARS-CoV-2 

virus
○ Journal Article:  “The 

proximal origin of SARS-CoV-
2 (Nature Medicine)

● Afternoon
● Dr. Holden Thorp, Editor-in-

Chief, Science magazine
● Software installs



Day 2:  Protein Structure Basics

● Morning: Overview of 
protein structure
○ Protein Data Bank

● Afternoon: Visualizing 
Protein Structure
● PyMOL
● PyMOL scripting



Day 3:  Genetic Alignments and 
Phylogenetic Trees

● Morning: Genetic 
Alignments
○ UniProt
○ BLAST

● Afternoon: 
Phylogenetic Trees
● UPGMA
● Clades
● Genetic Distances



Day 4:  Mouse Strains and Genomic 
Epidemiology

● Morning: 
Mice Studies
○ MGI

● Afternoon: 
Genomic 
Epidemiology
● NextStrain



Day 5:  Epidemiology

● Morning: Building an 
Epidemiology Model
○ MGI: Mouse 

Genome 
Informatics

● Afternoon: Modifying 
an epidemiology 
model
● Sensitivity analysis
● Infectivity samples



Day 6:  Pharmacokinetics

● Morning: Intro to 
Pharmacokinetics
○ Journal Article:  

MedChem of CNS 
Drugs

● Afternoon: Organic 
chemistry crash course 
model
● Basics of structure and 

naming
● Functional groups



Day 7:  StarDrop Studies

● Morning: ADME studies
○ logP, logS, 2Cp pKi

● Afternoon: Metabolism 
Studies
● Cytochrome P450 

enzymes
● Lability vs. Stability



Day 8:  Lead Drug Modification

● Morning: R-Group
Enumeration
○ Methyl, ethyl, propyl, 

butyl
● Afternoon: Chemistry 

Transformations
● Generation of 575 

novel compounds
● Screening – 7 

compounds



Day 9:  Docking and QSAR

● Morning: Protein-Ligand 
Docking
● SeeSAR Tool
○ Five antivirals against 

PDB ID:6M2N
● Afternoon: QSAR using 

machine learning
● AutoModeler tool
● Goal:  generate a 

random forest model



Day 10:  Vaccines;  Mask Discussion; 
Wrap-Up

● Morning: Vaccines and 
Masks
● Overview of vaccines
○ Overview of the science 

of masks
○ Discussion groups

● Afternoon: Wrap-up
● This talk
● Course survey



Benefits

This student participated in a special summer "short-course" entitled "Computing CoVID-19", presented 
jointly by the Science Department and the Summer Research and Innovation Program (SRIP)at the North 
Carolina School of Science and Mathematics (NCSSM).  This course was designed to use the 
technologies, techniques, and tools of computational science to study a variety of concept and topics 
revolving around the SARS-CoV-2 virus and the related pandemic disease of CoVID-19.  During the first 
week of this course, students were introduced to protein structure and the use of protein computing tools 
and databases, including the Protein Data Bank (PDB), UniProt, and PyMOL.  Students explored protein 
structures, performed BLAST alignments, and created phylogenetic trees from scratch.  They also used 
the NextStrain phylogenetic tree resource to explore the SARS-CoV-2 evolutionary history.  Also during 
Week 1, they built a simple epidemiology model using STELLA, and then modified a complext CoVID-19 
model to evaluate infectivity and its impact on total number of infected persons.  In Week 2, they were 
introduced to basic organic chemistry in medicinal chemistry and used a research-grade medicinal 
chemistry computing tool -- StarDrop -- to study a wide variety of chemical properties of anti-viral drugs 
and drugs that are being reconsidered for repurposing to address the CoVID-19 epidemic.  This course, a 
nationally-unique offering, was highly rigorous.  The student's completion of this course indicates above-
average abilities, intellectual curiosity, and work ethic, all characteristics that should be of interest for any 
university!



This WAS an extraordinary 
opportunity – we hope you 
TOOK every advantage!



QUESTIONS?
COMMENTS?


