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VBI’s innovative program designed  
to get kids excited about science, technol-
ogy, engineering, and mathematics (STEM) 
disciplines returned to the Virginia Tech 
campus for its spring 2010 semester on 
February 27. Marya Lieberman, associate 
professor of Chemistry and Biochemistry 
and member of the NDnano Center at the 
University of Notre Dame, was the featured 
lecturer for the event and discussed her 
research group’s work in nanotechnology.

A groundbreaking program for kids 
between the ages of 9 and 12, KTU is 
designed to introduce kids to STEM topics, 
as well as life on a university campus, at an 
early age. Held Saturdays over the course 
of a semester, the events feature lectures 
from internationally recognized scientific 
researchers, who design their talks around 
a specific question. Lieberman’s talk was 
titled, “What is the smallest thing a person 
can see?”

Lieberman discussed the scale of objects, 
showing how certain things, such as a grain 
of salt, an amoeba, and a single molecule, 
compare in size, as well as how we can see 
these things. She explained that a lens is 
needed to see some of these objects, which 
is how a microscope works. While the 
human eye and traditional microscopes can 
only detect light within the visible spec-
trum, an electron microscope uses a beam 
of electrons, allowing us to see tiny objects 
that cannot be clearly seen with visible 

light, such as human chromosomes. A scan-
ning tunneling microscope uses electrons 
to tunnel down to illuminate the object you 
want to view. The resolution of the micro-
scope allows for the viewing of atoms.

Lieberman explained, answering her 
lecture question, “And that’s the small-
est thing, we know how to see – individual 
atoms.” Atomic force microscopy is another 
way to “see” atoms, she said. This method 
creates a topographic map of the surface 
of the atom that, according to Lieberman, 
“…lets you image atomic-size features by 
touch.” Researchers can use this tech-
nique to observe DNA structure and create 
three-dimensional images of the surface of 
DNA at a molecular scale, showing how the 
foundation of DNA – the base pairs – start 
to form.

“DNA is built up by those small elements 
that we can measure and control,” said 
Lieberman.

Her research group is working on a 
new technique called DNA origami, which 
consists of weaving a long strand of DNA 
back and forth and holding it into place 
using “staples” made of DNA. These staple 
strands bind the longer strand in different 
places to create various shapes. The goal is 
to have the DNA shapes line up in chains, 
which Lieberman refers to as the “DNA 
choo-choo train.” This origami formation 
occurs when the DNA is heated up, and 
then slowly cooled down.

One of the applications Lieberman’s 
research group is working on involves using 
DNA origami to create molecular electronic 
circuits. To demonstrate the current limita-
tions of computer chips that work by passing 
electrons along wires, Lieberman asked a row 
of KTU students to pass several beach balls 
down their row, from one student to the next.

“Here’s how atoms pass electrons down 
the line when you have an electrical cur-
rent,” said Lieberman.  This hard work from 
the processor creates heat, which is why 
laptop computers get warm while in use. As 
technology advances and computer chips get 
bigger to provide more power, they will inev-
itably produce more heat. “But sending infor-
mation does not require sending electrons,” 
she explained. Lieberman’s group wants to 
use magnets to make circuits for computers. 
Magnets would not produce heat, and DNA 
origami can be used to hold these nanomag-
nets into place to create a new kind of circuit 
for computers.  
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a new high technology campus will 
be built in India as part of Virginia Tech’s 
global university. The proposed Virginia 
Tech, India campus, which will initially 
encompass a 70,000-square-foot campus 
facility, will be located on at least 30 acres in 
the state of Tamil Nadu in southeast India. 
Master’s and Ph.D. programs are planned 
for approximately 300 students in engineer-
ing and the sciences. 

The institution – called Virginia Tech 
MARG Swarnabhoomi, India – fulfills Vir-
ginia Tech’s desire to have a credible pres-
ence in India with ample land for future 
growth and proximity to a major metro-
politan city. The proposed campus will be 
located within a two-hour drive of Chennai 
(formerly known as Madras), India’s fourth 
largest city and the capital of Tamil Nadu. 

A key part of the initiative is the involve-
ment of Virginia Tech research resources 

such as the 
Institute for 
Critical Tech-
nology and 
Applied Science, 
the Virginia 
Tech Transpor-
tation Institute, 
and The Vir-
ginia Bioinfor-
matics Institute 
(VBI) at Virginia 
Tech. Madhav 
Marathe, Dep-

uty Director of the Network Dynamics and 
Simulation Science Laboratory at VBI and 
Professor in the Department of Computer 
Science at Virginia Tech, has been involved 
in the steering committee that has provided 
advice to the leaders of the project. Said 
Marathe, “The new high tech campus in 

India is a great opportunity for profession-
als from the United States and India to gain 
valuable expertise in a wide range of inter-
disciplinary science and engineering proj-
ects. There will also be considerable oppor-
tunities to explore the possible commercial 
development of ideas emanating from the 
research programs that will be established 
on the new campus.” He added, “This is an 
exciting initiative by Virginia Tech and a 
great fit with the mandate of VBI. We hope 
to work closely with all university partners 
in this project to develop an internationally 
competitive curriculum that helps to train 
the scientists and engineers of tomorrow.”  

The agreement represents more than 
three years of research and preparation on 
the part of a high-level team involving Pres-
ident Steger of Virginia Tech, representa-
tives of several of Virginia Tech’s academic 
colleges, John E. Dooley, Vice President 
for Outreach and International Affairs, and 
S.K. De Datta, Associate Vice President for 
International Affairs and Director of the 
Office of International Research, Educa-
tion, and Development. Virginia Tech will 
manage the campus and design its aca-
demic programs, research facilities, and 
labs. The university will also promote the 
idea of education abroad at the new cam-
pus and arrange for faculty exchanges. 
One of the goals will be to look for solu-
tions to local problems that in the long run 
will also have a global impact. This could 
include, for example, investigating ways to 
address deficiencies in infrastructure sys-
tems, resources, or health. The new campus 
is expected to become the site of high tech 
seminars, workshops, and symposia.  

Virginia Tech high technology campus to open in India
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ogy software from Virginia Tech in an effort 
to help ensure the long-term availability of 
the software under an open-source license.

This is a first for the society, which “has 
not been active in the [software licensing] 
area, although we’ve discussed it,” Scott 
Markel, vice president of ISCB’s board of 
directors, told BioInform via e-mail. Markel 
is also chair of the ISCB publications com-
mittee as well as principal bioinformatics 
architect at Accelrys.

The agreement gives Virginia Tech “a 
solution to ensuring availability” of the 
software and lends ISCB the opportu-
nity to “further support our community,” 
Markel said.

GenoCAD, a computer-assisted design 
package for scientists designing genetic 
constructs, was developed by Jean Peccoud 
and colleagues at the Virginia Bioinformat-
ics Institute at Virginia Tech.

Source: Abridged from GenomeWeb’s BioIn-

form Newsletter, January 8, 2010

Virginia Tech Professor wins 
grant to formulate mathematical 
framework for flu prevention

An assistant 
professor at Vir-
ginia Tech has 
won a $750,000 
federal grant 
to formulate a 
mathematical 
framework that 
can track the 
spread of pan-
demics among 

populations and malware across wireless 
computer networks, as well as how a black-
out occurring on one major power grid can 
cause a cascade of additional neighboring 
networks to fail.

Funded by the U.S. Department of Ener-
gy’s Early Career Principal Investigator 
program, the five-year grant was awarded 
to Anil Vullikanti, an assistant professor 

Tyson speaks at AAAS meeting in 
San Diego

VBI faculty fel-
low John Tyson, 
University 
Distinguished 
Professor in the 
Department of 
Biological Sci-
ences at Virginia 
Tech, recently 
gave a talk enti-
tled “Molecular 

network dynamics and cell biology” at the 
American Association for the Advancement 
of Science (AAAS) meeting which was held 
February 18-22 in San Diego, Ca. The talk 
was part of a session on “Moving across 
scales: Mathematics for investigating bio-
logical hierarchies” which was convened 
in the Health, Medicine, and Environment 
symposium of the AAAS meeting. In his 
talk, Tyson revealed how computer simula-
tions could be used to test math models for 
processes like the control of cell division 
in yeast and mammalian cells. Math-based 
computer models are a powerful tool for 
discovering the details of complex living 
systems. Tyson and collaborators create 
computer models to discover how cells pro-
cess information and make decisions. Other 
topics in the session included how com-
puter models can be beneficial to the design 
of optimal interventions for the prevention 
of human immunodeficiency virus infec-
tions, how math models can be used to look 
at global pandemics of disease, and how 
computer modeling can be used to investi-
gate decision making in the brain.

ISCB Licenses Virginia Tech’s 
GenoCAD Software to Ensure 
Long-Term Availability to Open 
Source Code

The International Society for Computa-
tional Biology announced this week that it 
has licensed the GenoCAD synthetic biol-

VBI in the News
with Virginia Tech department of computer 
science and a member of the Virginia Bioin-
formatics Institute. 

Source: The Medical News, February 5, 2010

VBI Scientific Publications

Sensitive and rapid method for amino acid 
quantitation in malaria biological samples 
using AccQ.Tag ultra performance liquid 
chromatography-electrospray ionization-
MS/MS with multiple reaction monitoring. 
Armenta JM, Cortes DF, Pisciotta JM, Shu-
man JL, Blakeslee K, Rasoloson D, Ogun-
biyi O, Sullivan DJ Jr, Shulaev V. Analytical 
Chemistry 2010 82(2): 548-558.

A recent paper in Analytical Chemistry 
describes a novel analytical method for 
fast, reproducible, and sensitive amino 
acid quantitation in biological samples. An 
AccQ*Tag ultra performance liquid chroma-
tography-electrospray ionization-tandem 
mass spectrometry (AccQ*Tag-UPLC-ESI-
MS/MS) method was developed and used 
to analyse amino acids samples obtained 
from the malaria parasite Plasmodium falci-
parum and human red blood cells. All of the 
analytical steps that are part of the method 
can be completed in less than 40 minutes. 
The Waters Acquity TQD UPLC/MS system 
equipped with a photodiode array (PDA) 
detector was used for amino acid separation 
and detection. The method was developed 
and validated using amino acid standard 
mixtures containing acidic, neutral, and 
basic amino acids. For some amino acids, 
concentration limits of detection were as 
low as 1.65 fmol. The developed AccQ*Tag-
UPLC-ESI-MS/MS method revealed good 
technical and biological reproducibility 
when applied to P. falciparum and human 
red blood cells samples.
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FEATURE

dr. adam arkin, professor in the 
Department of Bioengineering at the Univer-
sity of California, Berkeley, and head of syn-
thetic biology at Lawrence Berkeley National 
Laboratory’s Physical Biosciences Division, 
recently gave a talk entitled “Complexity and 
communication: Memory and subpopulation 
signaling in Bacillus subtilis” at the Virginia 
Bioinformatics Institute’s Conference Cen-
ter. The lecture, which took place on March 
5, was the last talk in the first GenBioOrg lec-
ture series organized by students in Virginia 
Tech’s Genetics, Bioinformatics, and Compu-
tational Biology (GBCB) Ph.D. program.

Arkin talked about the stress response 
system in the soil-living bacterium Bacillus 
subtilis. B. subtilis serves as a model system 
for the study of Gram-positive organisms. It 
can switch to a spore-like state when exter-
nal growth conditions get tough, for exam-
ple under conditions of starvation. This is 
just one of a number of options open to the 
bug when adverse conditions set in. Others 
include movement away from sources of 

stress (chemotaxis), generating antibiotics 
to kill any neighboring competition, as well 
as “killing and stealing DNA” tactics (com-
petence) to improve chances of survival. 
Said Arkin, “Bacillus subtilis is a spectacu-
lar story of survival. The attractiveness of 
this system is that you can map it all the way 
down to the co-regulators that are making 
these complex sequence of events happen.”

Arkin went on to show how complex 
functions linked to survival in B. subtilis 
have been bioengineered over time. “Evolu-
tion is effective because it uses modularity. 
Little modules of function can be rewired 
and there is an impeccable logic about how 
these things can be put together.” 

While acknowledging the bewilder-
ing number of parameters linked to the 
starvation response, Arkin is not afraid to 
use mathematics to model the biological 
complexity. Modeling and experiment pro-
vide insight into the dynamics of biologi-
cal motifs. At the heart of the bacterium’s 
survival mechanism is a large-scale strat-

egy that decides what genes, proteins, and 
pathways to turn on or off. This dovetails 
with the power of evolution to rearrange 
biological modules to develop new strat-
egies. The combination of evolution and 
strategies enables memory and anticipation. 
Past experiences can then be used by the 
bacterium to predict the future. Group coor-
dination of different biological elements 
maximizes communication and optimizes 
the chances for survival. Said Arkin, “Infor-
mation creates advantage and information 
about the past as well as the present create 
even greater advantage.”

Arkin’s work on the evolutionary design 
principles of cellular regulatory networks 
and how these principles aid in the predic-
tion, control, and design of cellular behav-
iors continues at pace. In addition to the 
work on B. subtilis, the physical theory and 
computational tools that are being developed 
by his laboratory for understanding cellular 
processes will help to build a systems-wide 
understanding of a number of viral, bacterial, 
and eukaryotic systems. Experiments are in 
progress to test the theories.

Dr. Arkin received his Ph.D. degree in 
physical chemistry from the Massachusetts 
Institute of Technology. He then pursued 
postdoctoral studies at Stanford University 
in chemistry with John Ross and in devel-
opmental biology with Harley McAdams 
and Lucy Shapiro. Dr. Arkin is a fellow of 
the American Academy of Microbiology.  

Arkin wraps up GenBioOrg seminar series

Bacillus subtilis, Image source: NASA
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