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Aspiring Scientists Summer 
Internship Program (ASSIP)

•
 

Established Summer 2007 at GMU
•

 
Students work one-on-one with GMU STEM 
faculty on cutting-edge research projects  

•
 

Win-Win: students learn hands-on how research 
is conducted; faculty receive assistance with 
advancing their research projects

•
 

Additional student benefits: manuscript co-
 authors, conference presentations, patents



Applicants to ASSIP
•

 
Highly competitive (< 9% out of ~1000 in 2018)

•
 

Courses completed, GPA, volunteer/work 
experience, personal statements considered; 
interviews follow for highly-qualified candidates

•
 

Mentor selected from 3-4 given in application
•

 
Mainly high-school (16+), undergraduates, high 
school STEM teachers (professional development)

•
 

Mainly local, national, international
•

 
Responsible for own housing, transport, meals

•
 

$25 application fee; otherwise free program



ASSIP Faculty Researchers
From GMU and collaborating institutes, including:
1.

 
Center for Applied Proteomics and Molecular Medicine

2.
 

Center for Secure Information Systems
3.

 
Departments of Chemistry and Biochemistry; Atmospheric, 
Oceanic, and Earth Sciences; Computer Science; Physics 
and Astronomy; Psychology; Electrical and Computer 
Engineering; Mathematical Sciences; and Bioengineering

4.
 

Microbiome
 

Analysis Center
5.

 
National Center for Biodefense

 
and Infectious Diseases

6.
 

School of Systems Biology
7.

 
Virginia Serious Games Institute

8.
 

VT Marion duPont
 

Scott Equine Medical Center



ASSIP Curriculum

•
 

Summer, 7–9 week session (early start option)
•

 
First official day: orientation and required training

•
 

Working hours: 9:00 am –
 

5:00 pm, Mon –
 

Fri
•

 
Supplementary weekly webinars and lectures: 
colleges, careers, networking, resumes, etc.

•
 

Optional parallel participation in Young Inventors 
Club (popular)

•
 

Concluding Poster Symposium and Reception



Projects Under My Mentorship

•
 

Protein structure analysis: predicting relative 
changes to protein function due to mutations

•
 

Functional changes to protein stability, activity, 
fitness, drug susceptibility or resistance, neutral 
mutation or association with a human disease, etc.

•
 

Mutants represented as feature vectors using native 
protein structure and computational mutagenesis

•
 

Machine learning used for training predictive 
models using mutants with known functional effects



Methods Implemented
•

 
Steep initial learning curve: lectures and reading 
materials provided over the first 4-5 days

•
 

Work integrates concepts drawn from computational 
geometry, probability theory, finite mathematics, 
statistical mechanics, biology, chemistry

•
 

Programming skills (e.g., Perl, C++, or Python)
•

 
Software (training on the fly): Matlab

 
(Delaunay 

tessellation of protein structures and analysis), 
Qhull

 
(tessellations—free), Weka

 
(suite of machine 

learning tools—free), Excel
 

(extensive use for data 
analysis and graphics), UCSF Chimera

 
(protein 

structure visualization—free)



Delaunay Tessellation

UCSF Chimera 
software

Points-amino acids
Qhull-tessellation
Matlab-visualization

Remove edges ≥

 

12Å; 
each tetrahedral 
simplex identifies 4 
interacting amino acids

Amino acid Q at 
position 99 (large red 
point), shared as a 
vertex by 18 
tetrahedral simplices, 
and has 12 neighbors

Feature vector 
for mutant Q99Y 
(Q replaced with 
Y at position 99)



Counting Amino Acid Quadruplets

only realistic 
choice for 
proteins

only realistic choice when identifying quadruplets of interacting amino acids 
based on the four unordered vertices of tetrahedra

 

in a protein tessellation

n

 

= size of amino acid alphabet = 20; r = size of the subsets = 4



Four-Body Statistical Potential
S = log (f / p)

f = observed relative 
frequency of occurrence in 
a diverse set of protein 
structure tessellations

p = rate expected by chance, 
based on relative frequencies 
of occurrence of the 20 types 
of amino acid letters in the 
protein set

*** p is calculated using the 
multinomial distribution ***

S ~ quadruplet interaction 
energy, by the inverted 
Boltzmann principle



Multinomial Reference Distribution
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Graphical Views of Results



Graphical Views of Results



Publications



Where Are They Now?



Concluding Remarks

•
 

ASSIP sessions are densely packed
•

 
Students thrive at the opportunity to 
perform cutting-edge research

•
 

Co-authoring manuscripts and presenting 
work at conferences are natural motivators

•
 

Skills learned are put to good use by 
students in future endeavors

•
 

ASSIP sessions are at least as equally 
satisfying for the faculty mentors!
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