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Describing his research, Loren
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homology modeling simulations, such
as those he produced during his
internship.

2000 Undergraduate Summer Interns

his summer, ten undergraduate
student researchers from across the
country served ten-week internship

appointments at the Supercomputing
Institute; these included four students in
the Computational Neuroscience Program.
The students were selected from a pool of
58 applicants. The students worked
closely with faculty advisors on diverse
projects, many of which were related to
their present or possible future areas of
research interest.

The Supercomputing Institute Summer
Internship Program, currently in its tenth

year, promotes undergraduate involvement in ongoing and new research. Areas of
study include scientific computing, digital technology, visualization in the physical,
medical, and social sciences, and engineering, as well as in new software
development efforts for scientific computing and graphics support for such projects.
The main goal of the program is to carry out useful and interesting research. This
program provides an opportunity for a challenging and enriching educational
experience for undergraduate students interested in pursuing graduate or
professional education and research in scientific computing and/or graphics.

During the summer, interns participated in Institute-
sponsored tutorials specific to high-performance
computing. To conclude the summer, the interns
presented talks open to the entire research
community. These talks allowed them to share their
work and to gain experience making scientific
presentations. The program allowed the students to
perform research in close collaboration with faculty
investigators and their research groups, and to discuss
research with faculty members, post-doctoral
associates, graduate students, and other interns with
similar interests.

Project Descriptions

Aron Cooper, a major in Aerospace Engineering and
Astrophysics at the University of Minnesota, worked
with Dr. Shri Ramaswamy (Wood and Paper Science). Using matlab, he wrote
programs to reconstruct as a 3-dimensional matrix the images of the porous media
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spectra from molecular dynamics
trajectories during her presentation.

taken in the xy-plane. From these reconstructions,
Aron was able to analyze samples in the xy-, yz-, and
xz-planes. Aron's own code, based on functions found
in matlab, was used to produce skeletonized images of
every slice in all three planes. With these he attempted
to extract data which would allow him to characterize
the porous structure in each plane in terms of mass
transfer, heat transfer, and permeability. His findings
revealed that porous structure is very similar in the xz-
and yx-planes, and that the structure in these planes
does in fact vary enough from the xy-plane for one to
expect a substantial difference in heat transfer, mass
transfer, and permeability.

Majoring in Biochemistry and Quantitative Methods in
the Computer Science Department at the University of

St. Thomas, Loren Gragert worked with Dr. Germana Paterlini (Pharmacy). He
concentrated on two different areas: in one, he performed homology modeling
simulations (an increasingly important tool in proteomics) to construct the loop and
C-terminal regions of the chemokine receptor CCR5, the major co-receptor for HIV-1
entry into macrophage cells. In the second area, he modeled a
dimyristoylphosphaticylcholine (DMPC) lipid bilayer for use in simulations involving
membrane embedded proteins. The computational model of CCR5 will aid
investigations into the mechanism of binding of chemokines, small molecule
antagonists and the gp120 envelope protein of HIV-1. This work complements
modeling of the DMPC bilayer, which will be useful in simulating membrane-
embedded proteins in their physical environment.

Nicholas Koshnick, a major in Physics at Dartmouth
College, worked with Professor J. Woods Halley
(Physics and Astronomy). Focusing on the
development of a tight binding code for titanium
dioxide (see story on page 1 of this Bulletin), Nicholas
used extra (S and P type) orbitals, included with
titanium atoms, in order to describe a stable oxygen
vacancy while correctly accounting for their
interactions. Beyond this, Nicholas attempted to insert
the resulting changes into a titanium dioxide-titanium
interface code. By making several small improvements
to an existing description of S and P orbitals in a
titanium code, Nicholas and his research team
constructed a code that described stable oxygen
vacancies in titanium dioxide. Nicholas also
paramaterized parts of the titanium interactions to
achieve a better description of the process.

Andrea Lay, a student from Tulane University majoring in Biomedical Engineering,
worked with Dr. David D. Thomas (Biochemistry, Molecular Biology, and Biophysics).



Peter Oman (left) and Nicholas Koshnick
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Her topic of study was the simulation of electron paramagnetic resonance (EPR)
spectra from molecular dynamics trajectories. Utilizing EPR spectroscopy to study the
rotational dynamics of muscle proteins during muscle relaxation and contraction,
Andrea sought to understand the mechanism of muscle contraction itself. Prior to this
research, many computer programs had been written to simulate spectra based on a
rigid orientational distribution or general rotational motion models; however, very
little work has been done on the simulation of spectra corresponding to specific
rotational motions predicted from high-resolution structural data and molecular
dynamics simulations based on high-resolution protein structural data. Andrea wrote
a program to simulate these spectra, basing her work on the Hamiltonian equation
and the research of several former lab members, including a simulation program that
accounted for the rigid limit of the probe.

Peter Oman, a University of Minnesota student
who is majoring in Mathematics and Chemistry,
worked with Professor Darrin M. York (Chemistry)
and focused his research on a molecular simulation
of the HIV-1 nucleocapsid protein bound to SL3
RNA. Since the HIV NC protein is virally encoded,
consisting of two CCHC-type zinc knuckle arrays
connected by a small linker sequence, and is
therefore involved in virtually every stage of the
HIV life cycle, it is a crucial component in the study
of HIV in general. Peter's goal in his own work was
to obtain a detailed dynamical picture of the HIV
NC-RNA interactions at the atomic level, and to
characterize the role of zinc ions on the structure
and binding processes. To this end, he carried out
simulations using the new CHARMm 27 all-atom
force field, designed for accurate simulations of

nucleic acids and proteins. An initial model was constructed based on the NMR
solution structure of NC bound to the third stem-loop on the psi-recognition site of
the genomic RNA with amino acids in their characteristic protonation states at
neutral pH.

A Stanford University Psychology and Pre-Med
major, David Joseph Regelmann worked with
Dr. William B. Gleason (Laboratory Medicine and
Pathology Department), performing
computational studies of vascular endothelial
growth factor VEGF. David initially used the
program LIGPLOT to study the interaction of a
number of sulfated polysaccharide complexes
with proteins of known three-dimensional
structure. LIGPLOT analyzes intermolecular
distances to characterize hydrogen bonding and
other interactions between the ligands and
proteins. He then began work on models
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suitable for molecular mechanics and dynamics
studies of the interaction of VEGF160 (a
heparin-binding isoform) with heparin model
compounds. Parallel experimental studies using X-ray crystallography will also be
aided by the availability of his model structures.

As a major in the Integrated Science Program in the Department of Mathematics at
Northwestern University, Matthew Salomane worked with Drs. Heinz G. Stefan (St.
Anthony Falls Laboratory) and Vaughn Voller (Civil Engineering Department) on the
observation of dissolved oxygen dynamics in a vegetated lake. Matthew designed,
coded, and tested a deterministic model describing the seasonal growth and dissolved
oxygen dynamics of aquatic macrophytes in lakes. The model was based on general
information provided by his advisors, Drs. William Herb and Omid Mohseni. Special
attention was paid to the role of the plants' self-shading in creating a larger-
than-expected oxygen deficit near the sediment. During his internship, Matthew spent
one day at Holland Lake in Eagan, Minnesota, obtaining samples of lake weeds for
photography and classification, as well as taking lake temperature and oxygen
measurements. These projects provided Matthew with valuable experience in the
formulation and design of a mathematical model, as well as insight into the ways
models can be used to solve problems in the wider scientific arena.

Nathan Shultz, majoring in Chemistry at St. John's
University and the College of St. Benedict, worked
with Professor Donald G. Truhlar (Chemistry). The
bulk of his research explored possible ways of
increasing the accuracy and efficiency of electronic
structure calculations for problems involving chemical
kinetics. The approaches studied were the use of
Multi-Coefficient Correlation Methods as an
alternative to the slow convergence of traditional ab
initio electronic structure calculations and Hybrid
Density Functional Theory with parameters adjusted
for kinetics.

Sundeep Shakya, a University of Mississippi student
majoring in Computer and Information Science,
worked with Professor Christopher W. Macosko

(Chemical Engineering and Materials Science), under the co-supervision of Russell
Hooper, with emphasis on using adaptive re-meshing in large strain drop simulations.
Sundeep focused on developing a remeshing feature to allow the simulation of much
larger drop deformations. This required a robust three-dimensional meshing
algorithm that could generate a domain mesh from an active surface mesh and could
be run in batch mode. Since writing such an algorithm would take much time and
effort, and since several commercial mesh generators already exist, the researchers
decided to choose from among the various generators available at the Minnesota
Supercomputing Institute in order to find the one that best fit with their
requirements. gambit was tried and found to be insufficient for the project at hand, so
Sundeep finally decided to use hypermesh, as it provided the most straightforward
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means of interfacing with the existing finite element (FEM) code. Sundeep also wrote
a program in C to execute hypermesh in batch mode after each time step in the
droplet deformation simulations.

Andrew Watson, a major in Computer Science at the
University of Minnesota, worked with Professor
Leonard J. Banaszak (Biochemistry, Molecular Biology,
and Biophysics) worked on setting up new computing
system administration duties in a dedicated
computational biology laboratory. The system involves
a collection of Pentium III computers in a
Linux/Windows NT dual-boot environment, and
multiple software packages were installed on the
machines. Andrew worked out the protocols for the
desired Linux configuration, and he coded multiple
c-shell scripts in the process of configuring Linux and
making the system recoverable. This activity included
obtaining system recovery scripts and making a drive-
mounting script that would execute on login. Andrew
also wrote multiple scripts in Windows NT and installed software programs such as
S.P.O.C.K., O, CrystalClear, and CNS-Solve.

Computational Neuroscience Program

In the Computational Neuroscience Program, selected undergraduates worked on
projects with faculty in an interdisciplinary program co-sponsored by the National
Science Foundation. Research in this field requires the use of quantitative methods
and computer-related analysis techniques to study the development, structure,
biochemistry, and function of the nervous system.

Pedro Gautier (Chemistry, Universidad Metropolitana, Bayamon, Paraguay) and
Daniel Melendez (Natural Sciences, Universidad Metropolitana, Bayamon,
Paraguay) worked with Professors Darrin M. York and Jiali Gao (Chemistry) during
their internship. Their project used computational chemistry to model organic
reactions.

Corey Maley (Computer Science, Mathematics, Psychology & Philosophy, University
of Nebraska-Lincoln) worked with Professor Linda M. Boland (Neuroscience). Under
the guidance of Professor Boland and Dr. Anthony Varghese (Washington Avenue
Bridge Postdoctoral Fellow), he used C++ to construct a model that can be used to
simulate the firing of CA3 hippocampal pyramidal neurons. The model can be helpful
both in testing predictions and in designing physiological experiments.

Timothy Sonbuchner (Biochemistry, Biology, & Mathematics, Gustavus Adolphus
College) worked with Professors Christopher J. Cramer and Donald G. Truhlar
(Chemistry), and Washington Avenue Bridge Postdoctoral Fellow Dr. James Xidos.
Timothy worked on deriving accurate partial atomic charges for use with quantum
mechanical solvation models. This is the first step in the development of specialized



versions of these models for applications to neurotransmitters and other biomolecule
interactions.

For more information on the Institute's Undergraduate Intern program, see the
Undergraduate Internship webpage at http://www.msi.umn.edu/general/Programs
/uip/uip.htm.


