
















being able to see molecules  
composed of millions of atoms,  

a technique that could be used to create new designer medicines 
or technically important materials such as superconductors  
or shape-memory substances that have military, medical,  
and robotic applications.

Those are the possibilities of a research project being led by 
MTSU’s Dr. Tibor Koritsanszky, who is collaborating with  
colleagues at Oak Ridge National Laboratory (ORNL) on a 
project named, appropriately, IMAGINE.

IMAGINE uses neutrons to peer deep inside molecules. As the 
materials being studied reflect the neutrons and they scatter  
“just like a compact disc does when sunlight reflects off it,”  
they form patterns that reveal chemical, physical, and biological 
structure and function secrets, Koritsanszky says. Another way  
of describing it is that IMAGINE will identify the “fingerprint”  
of the molecules, he adds.

It’s actually a bit more complicated 
than that, which is why Koritsanszky 
and his colleagues at ORNL submit-
ted a proposal in January 2009 to 
the National Science Foundation’s 
Major Research Instrumentation 
(MRI) program to obtain the device 
they now call IMAGINE, which is a 
single-crystal neutron diffractometer.

In August of that year, they were awarded $2.2 million to  
purchase the device and carry out research at ORNL. Some of 
the funding came from the American Recovery and Reinvest-
ment Act, popularly known as stimulus funds. The grant is the 
third MRI for MTSU’s Department of Chemistry and by far  
the largest.

“This diffractometer will fill a gap in U.S. neutron diffraction 
capabilities, since no similar capability or instrumentation is  
currently available at a neutron reactor source in the United 
States,” says Koritsanszky, the project’s primary investigator.

IMAGINE, which is compact enough to fit into a small office,  
is under development about 30 or 40 meters from ORNL’s High 
Flux Isotope Reactor (HFIR). Bryan Chakoumakos, ORNL’s 
group leader for single-crystal neutron diffraction, expects it to 
be operational in January 2012. The speedy timeline is possible 
because the device combines off-the-shelf hardware with an  
optical system being developed at ORNL.

Chakoumakos expects researchers from MTSU, pharmaceutical 
companies, and other industries to use IMAGINE to examine 
samples that might be as small as one or two millimeters. The 
reactor will send neutrons speeding down a mirror-lined tube, 
called a guide, to IMAGINE. There they will strike the millions 
of atoms that compose the materials being examined and form 
intricate patterns of spots as they scatter.

“They can be very beautiful—like a snowflake,” Chakoumakos says.

IMAGINE will record the patterns on cylindrical image plates 
that surround the sample and can be thought of as reusable film. 
That, by the way, is how IMAGINE got its name.

“It’s meant to be stimulating and a play on words, since it uses 
image plates,” Chakoumakos says.

Researchers then will use a laser to read the thousands, even tens 
of thousands, of images on the plates and create a 3-D picture.

That’s where Koritsanszky’s software tools come in.

Koritsanszky, an expert in X-ray structural analysis and  
computational modeling, is writing the software that will help 
make IMAGINE the most powerful instrument of its kind in the 
world—more efficient than similar devices in Australia, France, 
and Japan. (The Japanese facility was untouched by the tsunami 
that ravaged nearby areas along that country’s coastline but was 
damaged by the earthquake that preceded the onrushing wave.)

IMAGINE will have the power to “collect an unprecedented 
amount and quality of data on relatively small samples in a short 
period of time,” Koritsanszky says. “Applications of neutron 
scattering research span the diverse scientific fields of structural 
biology, pharmacology, chemistry, condensed matter physics, 
nano-structured materials, [and] environmental and  
geological science.”

Koritsanszky has a longstanding relationship with ORNL,  
where he also collaborates with the facility’s $1.3 billion Spallation 
Neutron Scattering laboratory. Building on that relationship 
with the creation of IMAGINE was a natural outcome, giving 
MTSU the opportunity to win the National Science Foundation 
grant, which flows through the University, and provides MTSU 
faculty and students access to ORNL’s world-class facilities.  
In return, ORNL is able to tap into the University’s talent pool.

“We knew MTSU was starting new Ph.D. programs in  
computational science, molecular biosciences, and mathematics 
and science education,” Chakoumakos says. “Tibor’s goal is to 
use IMAGINE for research he’s interested in and to use it for  
education at MTSU.” MTSU
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ROOT CAUSE
The Apostle Paul wrote it, and we’ve all heard it. Now a professor 
of management at MTSU has reached a conclusion about it: 

“The love of money is the root of all evil” 
— at least in the workplace.
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A Fine Grasp
Dr. Daniel Erenso, associate professor of physics 

and astronomy at MTSU, uses an experimental technique 
that enables him to “grasp” individual cells with a laser beam to 
study the morphology and elasticity of red blood cells (RBCs) by 
measuring their responses to linear and rotational deformations. 
What’s the upside? Abnormalities in RBC shape or flexibility, 
which are caused by genetic mutation, can result in sickle cell 
(SC) diseases. 

The prevalence of these diseases in the United States is approxi-
mately one in 5,000. Worldwide, an estimated 300,000 affected 
individuals are born each year. SC affects mostly people (or their 
descendants) from parts of tropical and subtropical regions since 
the gene mutation is caused by frequent exposure to malaria, 
which is common there. According to an article published in the 
New England Journal of Medicine, the average life expectancy 
of individuals with SC diseases is 42 for males and 48 for females.

Though several treatments have been developed to treat these 
diseases, the most promising technique is stem cell–targeted gene 
therapy. Recently, a clinical trial conducted in mouse models by 
a group led by Dr. Derek Persons at St. Jude Children’s Research 

Hospital in Memphis corrected two common types of sickle cell 
diseases: sickle cell anemia and beta-thalassemia.

Future human clinical trials of such stem cell–targeted gene 
therapy will require a different approach to measure the efficacy 
of the treatment in mice. One method is to conduct a compara-
tive study on the elasto-mechanical properties of the normal, the 
sickle, and the genetically corrected RBCs of the mouse model 
using laser tweezers. In 2010, Erenso teamed up with Persons to 
conduct this study. Erenso and coworkers found that new blood 
cells generated through the gene therapy technique have proper-
ties resembling those of healthy cells, a breakthrough for the 
scientists and good news for those with sickle cell diseases.

More recently, Erenso has been busy building a new device: a 
“magnetic” tweezer that will eventually allow him to study red 
blood cells at the molecular level—an even smaller dimension. 
Given Erenso’s cutting-edge approach to SC research, it comes as 
no surprise that another higher education institution in Middle 
Tennessee, Meharry Medical College, home of a sickle cell center, 
has recently reached out to collaborate with the MTSU professor.

Daniel Erenso tackles  
sickle cell diseases  
one cell at a time

It Takes a Very Steady 
Hand: Daniel Erenso wields 
tweezers in the fight  
against sickle cell anemia.

by Drew Ruble
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