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I am delighted to welcome you to this issue of Research at Boston
University, which highlights some of the most exciting developments that
have thus far occurred in 2005. In selecting from literally thousands of
outstanding research projects, we have sought to choose those that simul-
taneously tell a gripping tale, reflect the overall trends in our research
directions, and exemplify the potential social impact of our research
efforts. For instance, in “Learning About Learning,” we describe our new
NSF-funded Center of Excellence for Learning in Education, Science, and
Technology. Researchers from more than a dozen disciplines and depart-
ments collaborate to develop fundamental models of cognition and to
apply them to understand how humans learn scientific and technical con-
cepts. Their goal is to enhance education in the STEM disciplines (sci-
ence, technology, engineering, and mathematics) that are essential for
our nation’s future well-being. Similarly, in “Boning Up on Bones,” we
show how several distinct research collaborations, involving faculty from

the College of Engineering, the School of Medicine, and the Goldman School of Dental Medicine, have pro-
vided crucial new insights into how to heal, grow, and regenerate bones. 

One critical responsibility for a research university is to educate and mentor the next generation of
researchers. Accordingly, in this issue of Research at Boston University we not only highlight some of the
extraordinary accomplishments of our faculty, but we also celebrate the diverse and outstanding work being
done by student researchers. The article entitled “Up-and-Coming” provides just a glimpse into the enor-
mous depth and breadth of the investigations being conducted by our graduate students. Not featured this
year, but equally important to our mission, are our thriving undergraduate research programs, supported
both internally and with extramural funding, which every year involve hundreds of undergraduates in close
research collaborations with members of the faculty. Boston University is proud to be, for the fourth time,
one of only a handful of universities nationally to be part of the Beckman Scholars Program—a program that
supports outstanding undergraduate researchers. In addition, Boston University faculty are involved in a
wide array of programs for children of all ages. From Math Field Days to Saturday Science Labs, from the
NSF-funded Project STAMP to summer research internships in science and engineering, Boston University
researchers are committed to nurturing future generations of researchers.

As this publication goes to press, we prepare to welcome Boston University’s tenth president, Robert A. Brown,
a highly respected educator and administrator, as well as a distinguished researcher in his own field of chemi-
cal engineering. We also prepare to bid farewell to Boston University’s ninth president, Aram V. Chobanian, 
a widely respected medical doctor and researcher who has led Boston University with enormous grace and
vision and who will return to the Medical Campus after completing his term. Both these remarkable individuals,
from very different academic disciplines and backgrounds, share a deep understanding of the role of research
in supporting (and indeed advancing) Boston University’s core mission of educating and nurturing the next
generation of leaders in the sciences, arts, and humanities. 

Finally, as is the case with any publication of this sort, we can only provide you the tiniest glimpse into the
vast world of research under way at the University. I hope you will take the time to follow some of the links in
the articles to explore in more depth the subjects covered here. I also invite you to regularly visit our research
home page at www.bu.edu/research to learn about the latest in research news at Boston University.

David K. Campbell
Provost ad interim
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Principal Investigator and neuroscientist Stephen Grossberg
and mathematician Gail Carpenter are two of the researchers
who lead CELEST—a multi-disciplinary and multi-institutional
effort that is integrating experimental and computational
approaches to brain science to better understand how we learn.
CELEST researchers are also creating new biologically inspired
technologies and innovative classroom curricula. 
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Meet CELEST
CELEST, the Center of Excellence for Learning in Education,
Science, and Technology, formed in October 2004 under a 
$20 million National Science Foundation grant, plans to turn
mind and brain research into high school and undergraduate
curricula that will engage a new generation of students interested
in scientific research. Several thrusts propel the center toward
its goals of developing neural models that illuminate the inner
workings of the mind, applying those models to intelligent
technologies, and bringing that research into the classroom.The
center draws on expertise from a wide array of departments,
including cognitive and neural systems, psychology, brain and
cognitive sciences, mathematics, physics, and psychology.

Principal Investigator and neuroscientist Stephen Grossberg
envisions undergraduate and high school curricula that include
science of the mind and brain. He and other scientists have
been studying how the mind works for over 30 years, but even
today most biology, mathematics, and chemistry textbooks
ignore the science of learning.“There are few things more
interesting than the way the mind learns to hear, to communi-
cate, or even to play a sport,” says Grossberg.“Teaching about
brain science can turn that natural curiosity into excitement
about math and science.”

Cutting-Edge Mind/Brain
Research
Frogs don’t usually fall into the category of headstrong animals,
but even these small-brained amphibians have a mind of their
own. Frogs snap at flies when they are hungry and jump away
from menacing animals. But if certain connections in a frog’s
brain are severed, the frog will incessantly snap at flies.And
instead of hopping away, the hapless frog will even try to eat its

predator.Without certain brain connections, the behavior of
these frogs becomes involuntary—they don’t have a way to
overcome their most dominant behavior.

For CELEST researcher and neural modeler Daniel Bullock,
the frog has played an important role in developing new brain
models that illustrate how the brain plans and carries out actions.
While human brains have evolved more complex structures than
frogs, they share some of the same basic components that drive
planning, acting, and learning.

Brains give humans the ability to plan actions and execute
them at the right time. For example, explains Bullock, runners 
at a track meet stand ready in the blocks, waiting for the gun.
Without the ability to plan, thinking about running would send
the athletes hurtling down the track. Instead, a complex web 
of neural circuitry keeps them in place until the starter pulls 
the trigger. Brains guide eye movements using similar, though
simpler, circuitry. How do we choose where to look from the
multitude of images before us? The answer lies across several
interconnected layers of brain systems, subsystems, and cells
which together prepare and execute actions.

Bullock, Grossberg, and their student (now Dr.) Joshua
Brown selected eye movement as the subject for their model
called TELOS (Telencephalic Laminar Objective Selector).This
complex model involves 20 types of cells and several different
brain regions, including the cerebral cortex, basal ganglia, and
thalamus.The model builds on what Bullock calls a “jigsaw puz-
zle” of research, carefully assembled into the most likely repre-
sentation of the actual circuitry in the brain.

Each piece of the jigsaw puzzle contributes scientific data to
guide the model. On a cellular level, scientists have connected
electrodes to individual neurons, recording the firing pattern in
response to different inputs. Modelers like Bullock derive math-
ematical equations from these unique patterns.At a higher level,
scientists have studied the anatomy of the brain, identifying neural

Learning About Learning

Boston University mathematician Gail Carpenter remembers the first time she

encountered a mathematical model of neurons firing in the brain. The moment

influenced her to analyze the model in her doctoral dissertation. “It changed my

life,” says the mathematician turned Cognitive and Neural Systems professor.

Today Carpenter, along with seven other Boston University researchers, leads a

new center focusing on inspiring the next generation of scientists. 
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connections and pathways. Modelers use this information to inter-
connect their mathematical neurons, like components wired together
on a circuit board. Bullock programs the model into specialized
computer software that he trains through stimulus and reward. Over
time, the model uses its memories of rewarding and unrewarding
past behavior to guide its gaze. Bullock and his colleagues will
continue to tweak the equations and interconnections until the
model behaves the way a human would.

Mathematical models like TELOS take scientific understanding
of neural systems to a new level. Scientists often disagree over the
function and relevance of neurons and synaptic connections.“But
models,” says Bullock,“can help drive consensus by bringing the
research together into one coherent system. It’s a big community
effort.”

CELEST helps drive that effort because it brings researchers
across disciplines together under a common goal. The center
increases the pace of research by helping scientists weed out bad
ideas earlier. And the center brings together the expertise needed
to do what really excites Bullock—understanding bigger systems.
“Even though TELOS is incredibly complicated and stretches all
of us cognitively, it is still not us, it is only one small part of the
picture,” he says.

Mind Models at Work Outside 
the Lab
What does streamlining Boeing’s airplane manufacturing process
have to do with satellite imaging? Both are engineering problems
that require sorting through large amounts of data and applying
specialized rules to interpret it.And both problems can be solved
using the Adaptive Resonance Theory (ART) neural model
designed by Boston University professors Carpenter and Grossberg.

The Department of Cognitive and Neural Systems technology
lab develops neural models similar to TELOS but focuses on
memory rather than motor control.These models can help solve
challenging engineering problems by mimicking the way the brain
makes sense of data and images.

At Boeing, engineers design airplanes by creating small parts
and systems of parts. Engineers often end up redesigning parts 
that already exist because sorting through the database of existing
designs takes longer than re-creating the part. But the ART model
can quickly learn how to retrieve designs that match a rough sketch
of a new design, saving time and money that engineers would
otherwise have wasted on duplicated efforts. Boeing claims ART
has saved them millions of dollars each year.

ART also has applications for remote sensing. Satellites collect
images of the Earth as they orbit but lack the brains to make sense
of the data,“whereas a human would notice interesting changes
and patterns,” says Carpenter. In a collaborative effort with the BU
Center for Remote Sensing, Carpenter and geographer Sucharita
Gopal have used ART to transform hordes of satellite images into
maps that show meaningful interpretations of the way the Earth’s
landscape is changing. In fact, after the first Gulf War, the ART
system recognized a new pattern that didn’t fit into its existing land
cover categories: the burning oil fields in Iraq.

Today, Carpenter is extending ART into a distributed model
that learns to associate data with multiple categories. For example,
in satellite images,ART might categorize a pixel, representing a
30x30-meter section of the Earth’s surface, as a conifer forest, but
in reality that area might be home to both conifer and hardwood.
Since the distributed ART model includes associations with both
conifers and hardwoods,“it gives us a more realistic representation
of the Earth’s surface,” says Gopal.

The ART model and its applications exemplify several of
CELEST’s primary activities, which include modeling cognition,
verifying the models, applying them to real-world problems, and
bringing neuroscience into education.These research activities pro-
pel the field of brain science forward with both theoretical and
practical advancements.As neuroscience research extends into fields
like manufacturing, medicine, and beyond, the need for students
versed in mind and brain science increases, making CELEST’s edu-
cational outreach all the more important.

Curriculum Development in Action
To participate in the kind of interdisciplinary research done at
CELEST, scientists must be comfortable with sophisticated math,
such as differential equations.The mere mention of such beasts may
conjure up unwelcome memories of late nights as an undergrad,
pouring over math problems about pendulums and springs. But
when educators apply differential equations to neural systems, says
Bullock, the concepts become “much, much cooler.”

TELOS, a model developed by Cognitive and Neural Systems researchers,
integrates neuroscience research on diverse cell types and brain regions
into a mathematical model that simulates how the brain chooses eye move-
ments to focus on one visual target among the multiple images that com-
pete for our attention. The panels above illustrate some of the various
scenarios involved in “voluntary” (internally controlled) eye movement.
Panel A illustrates how eye movement may be suspended while plans to
look at two separate positions compete for control of the eyes. Panel B
shows that when the competition between plans resolves, a normally closed
gate is briefly opened to allow the winning plan to generate an eye move-
ment that points the gaze toward the favored target. Panels C and D illus-
trate how an internal plan, such as the plan to look to an area of the scene
where an expected item may soon appear, can overcome the distraction
caused by a strong visual stimulus in some other part of the scene.
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One of CELEST’s goals is to apply complex mathematics to
neural systems in the undergraduate curriculum. Mathematician
Robert Devaney teaches both the introductory and advanced dif-
ferential equations courses at BU, and has developed new textbooks
containing examples of math applied to chemistry, physics, and
other sciences.Today he is working with CELEST researchers to
create a new revision that will contain neural modeling examples.

The process requires connecting a topic in mathematics to a
neural model. Carpenter, with help from Devaney, has enlisted grad-
uate students studying mathematical models of cognition to generate
ideas. One group is using hearing as an example of a two-variable
system.The brain determines the direction from which a sound orig-
inates by using input from both ears. Devaney will try out the best
ideas with his sophomore differential equations class, with Carpenter
and her graduate students as teaching assistants.

CELEST’s outreach also extends into high school and middle
school. Education thrust leader H. Eugene Stanley and educators
Paul Trunfio and Luis Cruz-Cruz have gathered local high school
teachers together with CELEST researchers to evaluate different
ways to bring neuroscience concepts into high school math and
science classes. One idea that resonated with teachers was an optical
illusion. In a photograph, researchers highlighted two separate
regions that appeared to be different shades of the same color. But
in reality the colors were identical—nearby contrasting colors
caused a false impression of different shades.

High school teacher Stacey Raymond says the optical illusion
helps her students connect concepts like light waves, covered in her
physics class, with their own perception.“It’s a great hook,” she says,
“the students are interested in themselves, and anything you can tie
to them really helps.”

Trunfio’s past successes will help guide them in developing
these new materials.A few years ago, he developed software that
allows students to watch molecules as they move on the screen fol-
lowing the laws of molecular dynamics.“The computer allows stu-
dents to explore on their own and test their ideas,” says Raymond.
“Seeing things change on the screen makes the chemistry more
concrete for them.”

CELEST researchers plan to develop similar self-guided and
Web-based modules that will encourage students to start wonder-
ing and theorizing about how their brains work.

Using Our Brains to Make Math Fun
For the last 15 years, Devaney has been making math fun for high
school students. Now he has joined with the mind and brain scien-
tists at CELEST to develop new tools for teaching brain science.

Devaney teaches high school students about fractals during
Math Field Day, an annual event that brings a thousand students to
Boston University. Fractals are geometric patterns that, when mag-
nified, repeat indefinitely.They appear in nature on coastlines, in
snowflakes, even in the branching interior of the human lung.
During lectures and breakout sessions, students use games made by
Devaney to experiment with fractals.While engrossed by the
images, they learn about developments in contemporary mathemat-
ics that are often missing from their regular curriculum.

The event leaves an impression and inspires many students to
continue studying math and science.“I got an e-mail from a Purdue
biologist today,” says Devaney.“She remembered a field day she
attended years ago and wants to show one of our chaos games to
her colleagues. I get these kinds of letters all the time.”

Math Field Days also demonstrate other areas of modern math-
ematics, such as chaos theory. One computer animation simulates an
oscillating chemical reaction—that is, a reaction that perpetually
changes states by turning purple, then yellow, then purple again. In
1951, a chemist named Belousov discovered the reaction, but his
colleagues scoffed at his discovery, thinking that all reactions even-
tually reached equilibrium.Years passed before they recognized the
reaction was an example of a complex system similar mathemati-
cally to neurons firing and weather patterns.

The mathematics behind the reaction is sophisticated, but
Devaney makes the concepts accessible to high school students
using computer graphics. Students adjust the chemical mix, see the
colors change, and watch as the solution for the complicated math-
ematical equations traces across a coordinate plane.

Because neural models, like the one that enchanted Carpenter
in graduate school, behave according to similar equations, Devaney
and Carpenter believe they can develop comparable games for neu-
ral systems.As a first step, Devaney plans to have CELEST scientists
teach a few breakout sessions during the next field day.

Eventually, Devaney hopes the program will evolve into a dedi-
cated cognitive and neural science field day, inspiring a new wave of
curious students to study neuroscience. —Elizabeth Dougherty

To learn more about CELEST, see http://cns.bu.edu/celest/.
For the Department of Cognitive and Neural Systems, see http://cns.bu.edu.
For more information about ART model applications, see

http://cns.bu.edu/techlab.
To learn more about Math Field Days and dynamical systems, see

http://math.bu.edu/DYSYS.

This screen shot shows a com-
puter animation created by BU
mathematician Robert Devaney
to simulate a Belousov reaction.
Belousov’s equations describe
a chemical reaction that oscil-
lates, or continuously changes
states. The mathematics is
similar to that used to describe
other complex systems such 
as the patterns of weather or
firing neurons.

This map was produced by applying the ART (Adaptive Resonance Theory)
neural model to remote sensing data. It shows changes in land use in the
Nile River Delta between 1984 and 1993. ART mimics the way the brain
remembers and makes sense of data and images. Its applications are varied—
it can be used to streamline a manufacturing process or, as in this case,
interpret satellite images to better understand Earth’s changing landscape.



Immunologist Jianlin Gong is developing a way to use a
patient’s own cancer cells to activate an immune response
and prevent a recurrence of the disease.

Facing page: Fused cancer and dendritic cells such as
these are at the core of Gong’s approach to fighting
cancer with cancer. (A) Stained images of dendritic cells,
ovarian cancer cells, and fused dendritic/ovarian cancer
cells; scanning electron microscope images of (B) dendritic
cells, breast cancer cells, and fused dendritic/breast
cancer cells, and (C) dendritic cells, ovarian cancer cells,
and fused dendritic/ovarian cancer cells.
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Fighting Cancer with Cancer
Using the cancer cells invading your body to kill the cancer sounds
like poetic justice. Jianlin Gong, a researcher in the immunotherapy
unit at the School of Medicine, is working on just such a strategy.
She is developing a vaccine for patients in remission from cancer
that works by training cells in the patient’s immune system to
attack any cancer cells lurking in the patient’s body.

Healthy immune systems naturally seek out and destroy
cancerous cells. However, the immune systems of those already
afflicted with cancer are less effective in this respect, making
many cancer patients vulnerable to redeveloping the disease.The
vaccine Gong and her colleagues are developing jump-starts the
immune systems of these vulnerable patients so that the reactivated
immune system can find and destroy any residual cancer cells.

The research team is creating the vaccine by fusing dendritic
cells extracted from the patient’s own blood or bone marrow
with cancer cells also taken from the patient. Dendritic cells are
the “teacher” cells of the immune system.The fusion creates a
specialized cell that is greater than the sum of its parts—it is able
to train the immune system to recognize and destroy cancer cells
in the body that are of the same type used in the fusion.

In animal studies, Gong has found that the fusion cells can
effectively cure different types of cancer. Her success in treating
breast, ovarian, and leukemia cancer cells in the laboratory led to
permission to run clinical trials in human subjects. In 2004, in
collaboration with Adam Lerner, an oncologist at Boston Medical
Center, Gong and her team began testing a vaccine for leukemia
patients in remission. She expects to begin testing the treatment
in other types of cancer soon—and is hopeful that poetic justice
for those afflicted with cancer may someday be a reality.

Heart Disease—
A Heart So Big It Breaks
Millions of Americans suffer from myocardial failure, a common
condition in which heart cells enlarge and ultimately fail, often
leading to heart failure and death. BU cardiologist Wilson
Colucci is working to develop a better understanding of the
underlying causes of this dangerous disease and, he hopes, more
effective treatments.

Although the steps in the development of heart failure are
well documented, its causes remain uncertain. Colucci’s research
clears up some of the mystery.

Studying rat heart cells, Colucci found that common mole-
cules known as Reactive Oxygen Species (ROS) regulate the
progression toward heart failure.Along with other scientists, he
discovered that several factors, including hypertension and abnor-
mal levels of neurohormones, cause the heart to overproduce
ROS. In turn, ROS affects the function of several proteins,

Approaching Disease from 
New Directions

Boston University researchers continue to push boundaries—working across

disciplines, departments, schools, and campuses to better understand how 

diseases arise and to develop new approaches to cure illness. From innovative

approaches to cancer, heart disease, and addiction to the development of novel

diagnostics and new technologies for drug discovery, researchers bring a wealth

of creative energy to the effort to restore and support health.
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including a protein called Ras, which
helps control cell growth. Colucci and
his colleagues have learned that ROS
can alter the chemical makeup of a
specific segment of Ras, leading to
increased activity and causing the
heart muscle cells, or myocytes, to
grow larger and the heart muscle to
thicken in a process called hypertrophy.

The enlarged heart, however, is not
stronger, nor can it pump blood better.
It is very different from the process
by which athletes develop larger and
stronger heart muscles that are able to
pump a greater volume of blood.

Adult myocytes are generally not
in a growth state. However, ROS causes
them to enter a time warp—reverting
to a state much like the developing
heart cells in a fetal heart. Designed to
exist in a protected womb-like environ-
ment, the fetal-like heart cells cannot do
the demanding work of an adult heart.
They may die off, and, since the heart 
is unable to replace them, the heart
becomes progressively weaker.

Colucci’s research is one of the
first to reveal how ROS initiates the cascade that starts with hyper-
trophy and ends in heart failure. Understanding the interplay of
ROS and Ras is a step toward preventing the cascade from running
its course, says Colucci.“This finding opens up new possibilities
that we never imagined just five years ago.”

This research was published in the February 2005 issue of the journal
Circulation.

Optimizing Pharmaceutical Design
Drugs with undesirable side effects can be dangerous.To efficiently
minimize dangerous or undesirable side effects while optimizing
the drug’s therapeutic effects, pharmaceutical designers need to
understand how a drug operates—and which specific genes the
drug interacts with among the thousands of genes in a typical
cell. Selecting and developing new compounds with specific gene
targets can be like “shooting in the dark,” says biomedical engineer
Timothy Gardner.To improve the chances of getting a hit, Gardner
and colleagues at the Center for BioDynamics, the Department of
Chemistry, and the Center for Chemical Methodology and Library
Development created a new system—known as Mode of Action by
Network Identification, or MNI.

In the early 1990s, researchers developed gene microarrays, small
chips with special fluorescent probes that light up in the presence
of RNA. By programming the probes to react under different con-
ditions, researchers can take “snapshots” of specific genes activated
in the presence of different drugs. However, since genes are inter-
connected in a complex network of reactions, literally thousands of
genes can be activated in response to the initial genes activated by
the drug. Gardner compares this process to an e-mail chain letter
that eventually reaches thousands of people distantly related to the
original sender.While microarrays reveal all the genes that have

responded to a particular drug, they can’t pinpoint the genes that
initiated the response process.

Gardner and his team used mathematical and statistical tech-
niques to analyze the entire system of gene responses to a given
drug and reconstructed, or “reverse engineered,” a model of the
entire system. In doing so, they were able to identify the genes that
initially reacted to the drug and kicked off the cascade of responses.

The researchers developed MNI using yeast cells, which react
to many drugs much like human cells but have only 6,000 genes as
opposed to the 30,000 genes in humans.They successfully tested
the method on nine drugs for which the gene targets were already
known. Gardner acknowledges that the small data set, plus the sim-
plicity of the yeast genome, may limit the applicability of the method
to all drugs, but efforts are already under way to expand the size and
scope of the data set to broaden the range of applicable drugs.

The researchers also tested a new drug, PTSB, being developed
as a possible treatment for cancer. MNI predicted, and later experi-
ments verified, two gene targets—both associated with cell growth.
“Cancer cells grow extremely rapidly,” says Gardner,“so it makes
perfect sense that PTSB targets genes related to cell growth.”

Cellicon Technology—a company founded by Gardner and
biomedical engineer James J. Collins that is based on earlier dis-
coveries using reverse engineering to better understand cellular
processes—is currently using the MNI method to test and develop
more effective antibiotics.

Gardner’s research is supported by funds from the Department of Energy; the
National Institutes of Health; the National Heart, Lung, and Blood Institute’s
Proteomics Initiative; the Whitaker Foundation; the National Science
Foundation; and the Pharmaceutical Research and Manufacturers of America
Foundation.The MNI research was published in the March 2005 issue of the
journal Nature Biotechnology.

A P P R O A C H I N G  D I S E A S E  F R O M  N E W  D I R E C T I O N S

BU cardiologist Wilson
Colucci has found a new
understanding of processes
underlying heart failure.
Left column: normal rat
heart and microscopic view
of normal rat heart cells;
right column: rat heart and
cells that are enlarged as 
a result of hypertension.

Mode of Action by Network Identification (MNI), developed by researchers
at the Department of Biomedical Engineering and the Center for Chemical
Methodology and Library Development, applies reverse engineering to
drug discovery. MNI involves systematically perturbing cells with genetic or
chemical stimuli and measuring changes in mRNA expression to derive an
algorithm that describes how a particular network of genes is activated.
The algorithms can then be applied to other drugs under investigation to
identify likely genetic targets.
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Breaking the Hold of Addiction
Recovering cocaine addicts face a daunting task— staying drug-free
amidst a world of triggers and temptations—and about 50 percent
will eventually relapse into the disease of drug addiction.“Even
after you break the physical dependence on the drug, the sensory
memories associated with it still exist. It is powerful and hard to
fight off,” says David Farb, a pharmacologist at the School of
Medicine, who is working to develop an innovative drug treatment
based on neuroactive steroids that will break the link between tak-
ing cocaine and the pleasurable experience it elicits.

Cocaine increases the natural flow of dopamine in the brain,
causing it to linger in a cavity called the synaptic cleft.There, it
binds to dopamine receptors in far greater proportions than nor-
mal, giving the drug user a sense of pleasure, and activating a chain
reaction of receptor-mediated synaptic responses that ultimately

leads to the cerebral cortex, the brain center where thought and
memory consolidate and often originate. Sensory memories of the
pleasurable feelings there become linked to the act of taking the
drug, strengthening the addiction.

Farb’s innovative drug treatment does not stop the body from
“reacting” to cocaine or even prevent the dopamine from binding
to the receptors. Instead, it goes further down the chain of events,
disrupting a chemical neurotransmitter called glutamate, which is
necessary for responses to flow from the neurons in the cortex to
dopamine-releasing neurons in the striatum, and hopefully prevent-
ing the formation of pleasure memories linked to the act of taking
cocaine.The therapeutic drug has been used successfully in animal
studies and has moved into pre-clinical studies supported at the
Medications Development Division of the National Institute on
Drug Abuse.

A P P R O A C H I N G  D I S E A S E  F R O M  N E W  D I R E C T I O N S

David Farb, a pharmacologist at the School of Medicine, transforms frog eggs into miniature factories that produce
countless permutations of protein receptors that can be used to test new drugs for development. 



10 Research a t  Bos ton Un ivers i t y  2005

Development of this drug necessitated a clear understanding of
how neuroactive steroids interact with various receptors through-
out the central nervous system.The amount of information that
must be integrated to develop such an understanding is daunting,
but Farb and his colleagues developed a novel way to speed up the
process.They reduced it to a matter of minutes by using frog eggs
and automated parallel electrophysiology.

Like stem cells, frog eggs, or oocytes, act as miniature protein
synthesis factories.When mRNA from specific human receptors is
injected into oocytes, they produce those receptors.The simplicity
and speed of this process allow the researchers to easily create huge
numbers of cells with different permutations of receptors.They
then connect the cells to a special diagnostic machine that moni-
tors the oocytes as they are flooded with the drug being tested.The
machine’s computer tracks the drug’s effect on each permutation of
receptor subunits and analyzes the data—a totally automated
process that takes about six minutes, as opposed to the months of
painstaking work in conventional methods.The results are stored in
a bioinformatics-based drug discovery database. Farb’s machine
doesn’t require scientists with years of specialized training either.
Since the experiments are predesigned in the software, he can train
operators to use this new technology in only two weeks.This
methodology was patented by Boston University in the early 1990s
and is now being used extensively by the pharmaceutical industry.

Researchers in Farb’s lab are employing this technology to
study the mechanisms of steroids and anxiety-reducing drugs.The
technology is also available to other BU researchers involved in
drug design and discovery or trying to understand how receptors
and ion channels function.

Farb’s research has recently been published in the May 17, 2005, issue of
Proceedings of the National Academy of Sciences. His research is supported by the
National Institute on Drug Abuse Research Resources, National Institute of
Mental Health, and National Institute of General Medical Sciences.

The Heart/Mouth Connection
Bleeding gums, aching joints, and clogged arteries don’t seem to
have much in common, but according to BU periodontologist
Thomas Van Dyke they are all inflammatory diseases that affect the
body in similar ways.

As director of the clinical core of BU’s new Specialized Center
for Research in Oral Inflammation and Resolution at the Goldman
School of Dental Medicine,Van Dyke focuses on treating periodontal
disease, which afflicts over 50 million people in the United States.

Although widely treated as an infectious disease,Van Dyke says
inflammation is often ignored in treating periodontal disease.“Merely
killing bacteria with mouthwash treatments may help control the
disease,” he says,“but it won’t cure it.”According to Van Dyke, some
people’s bodies are less equipped to control inflammation and are
more likely to develop bleeding gums—the hallmark of periodontal
disease. He has shown experimentally that animals that are geneti-
cally modified to resist inflammation are not only resistant to peri-
odontal disease but to other inflammatory diseases as well.

Some drugs, such as COX-2 inhibitors, can control arthritis
pain and other forms of inflammation—but they may have danger-
ous side effects.The FDA recently pulled Vioxx, a COX-2 inhibitor,
off the market after finding it increased the risk of heart attack and
stroke. COX-2 inhibitor drugs ultimately interfere with the body’s
natural processes for resolving inflammation, says Van Dyke.

Van Dyke is working to develop treatments based on a very
different approach— stimulating production of the natural con-
trols, or “off signals,” for the inflammatory response. Normally the
body reacts to injury or irritation with inflammation— rushing
blood to the area to destroy bacteria and heal damaged tissue.
Afterwards, the body releases molecules to turn off the inflamma-
tory response. People with chronic inflammation seem to lack an
adequate off signal.Van Dyke reasons that supplying the molecules
that turn inflammation off is much less likely to affect other
processes in the body, or cause harmful side effects, than trying to
prevent inflammation responses from ever turning on, as COX-2
inhibitors do.

Researchers have known for some time that omega-3 fatty
acids in fish oil are anti-inflammatory and heart-friendly.Aspirin is
also known to limit inflammation and block clot formation in heart
patients. Research has shown that aspirin combined with omega-3
fatty acids produces molecules similar to those that turn off inflam-
mation within the body. In conjunction with researchers at Brigham
and Women’s Hospital in Boston,Van Dyke used these so-called
“resolving” molecules as a topical treatment for periodontitis in
animals.Although unorthodox, this treatment shows much promise.
When treated with the resolving molecules, test animals did not
develop periodontal disease, although control animals readily
acquired it under the same conditions.Additionally, because Van
Dyke administers the drug locally rather than systemically, it is
much less likely to produce side effects.

Many people with cardiovascular disease also have periodontal
disease and/or arthritis, and Van Dyke suspects that treating one
may actually change the ecology of the body, making it less prone
to developing the other diseases.According to Van Dyke, curing
periodontal disease—the most convenient inflammatory disease to
treat—may lead to a lessening in severity of the other inflamma-
tory diseases. Furthermore, he hopes that the theory behind treat-
ments that stop inflammation may also help develop drugs for
other, more life-threatening diseases.

Van Dyke’s research is supported by the National Institute of Dental and
Craniofacial Research.

A P P R O A C H I N G  D I S E A S E  F R O M  N E W  D I R E C T I O N S

Oocytes in Farb’s lab are flooded by potential pharmaceutical compounds.
In concert with automated parallel electrophysiology technology, this sys-
tem rapidly analyzes and tracks the effects of potential drugs on various
combinations of receptors and stores the information in a bioinformatics-
based drug discovery database.
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Finding the Genetic Key to
Blindness
Like Van Dyke, BU geneticist Lindsay Farrer believes inflammation
creates more trouble than most people think. A gene associated
with inflammation also puts people at risk for age-related macular
degeneration (AMD), says Farrer.AMD causes vision loss and even
blindness. It currently afflicts nearly 10 million Americans.

Farrer and colleagues at the University of Texas Southwestern
Medical Center and Sequenom, Inc., of San Diego, California,
sifted through more than 14 million base pairs of DNA on an area
of a single chromosome that has long been suspected of harboring
a genetic defect causing AMD. Using a series of screening tests,
they honed in on 24 suspect locations.

The researchers then analyzed the genomes of two groups—a
test group with early stage AMD and a control group without the
disease.They found one particular cluster of seven genes at one of
the locations that differed significantly between the two groups.
The area in question produces a protein called Complement Factor
H (CFH) that helps to activate an inflammatory response. One
variant of the gene appears to trigger excessive inflammation and
to triple a person’s chances of eventually getting AMD, says Farrer.
The statistical correlation between the genetic variation and AMD
was at “a level of significance that we never see,” he adds.

Although the genetic finding may account for 50 percent of
the cases of AMD, Farrer stresses that other environmental factors
such as smoking and obesity also play a substantial role. He hopes
that identifying patients with a genetic predisposition to the disease
may eventually help predict which patients will better respond to
different drug treatments. —Elana Hayasaka

Farrer is Chief of the Genetics Program at the School of Medicine and Director
of the Genetic Epidemiology Center. He also is a principal investigator on the
MIRAGE Project, a multi-center NIH-funded study of Alzheimer’s disease.The
AMD research was reported in the April 15, 2005, issue of the journal Science.

Swapping Spit for Blood Tests
Frequent blood tests help doctors monitor the health of many peo-
ple, particularly elderly and hospitalized patients. But people’s veins
don’t get better with age, and the repeated taking of blood can
become both time-consuming and stressful.While blood samples
remain a cornerstone of health diagnostics, doctors are starting to
look for another way to diagnose and monitor conditions such as
diabetes, high cholesterol, and even evidence of a recent heart attack.
They are turning to a much more easily accessible fluid: saliva.

Periodontist Frank Oppenheim, who has been studying saliva
for 30 years, believes “spitting into a tube will be much easier for
patients than having their veins punctured.” Until recently, most
saliva research focused on remedies for oral disorders such as dry
mouth, which can cause tooth decay. Oppenheim’s research now
focuses on diagnostics for both oral and systemic diseases.The proj-
ect is part of an effort, spearheaded by the National Institute of
Dental and Craniofacial Research, to use nanotechnology to tap
into disease cues that may be hiding inside the mouths of patients.

The enzymes and proteins in saliva can reveal certain health
conditions, but blood serum is more useful. Because serum seeps into
the mouth through the gum line, it increases saliva’s potential as 
a useful diagnostic tool. Oppenheim’s first phase of research will
explore this potential.“We need to figure out what we should mea-
sure, and what is in saliva that is representative of a disease,” he says.

To detect compounds in spit, Oppenheim is working with
David Walt from Tufts University employing Walt’s “Artificial Nose
Array” technology.The technology is based on the human nose,
which can identify thousands of distinct scents using only a few
different cell types.The cells work together to send a singular 
signal pattern in response to a scent that the brain identifies as
belonging to a particular chemical.

The artificial nose is a fiber optic cable about 2 mm thick con-
taining thousands of individual fibers, each encased in an insulating
material. Light flows through each fiber and reflects off the insula-
tor, similarly to the way light reflects off a mirror, but allowing
only one wavelength, or color, to travel from one end to another.

The tip of each fiber contains an embedded receptor.The
receptors, three-micron-diameter beads with special chemical
detectors on their surface, fluoresce in reaction to certain molecules.
To test saliva, Oppenheim dips the tip of the fiber optic cable into
a sample and watches the light flowing down the fibers change col-
ors. Color changes reveal chemicals present in the saliva. Patterns
of colors may be associated with different disease characteristics.

Subjects for Oppenheim’s first round of experiments were renal
patients requiring frequent dialysis. He tested saliva samples before
and after dialysis to see how the procedure affected the composition
of saliva. Dialysis patients are of particular interest because their
blood composition changes dramatically during dialysis. Oppenheim
demonstrated his microarray technology could also detect these
changes in saliva samples.

Oppenheim plans to apply this technology to evaluate the
diagnostic potential of saliva to other patient groups in the near
future. He imagines that someday doctors will routinely use this
technology, giving patients little spit collection boxes to conveniently
monitor their health. —Elizabeth Dougherty

Oppenheim’s research is supported by the National Institute of Dental and
Craniofacial Research.

People with age-related macular degeneration (AMD) experience dete-
riorating sight in the center of their field of view, vision that is essential
to everyday activities such as reading and driving. The loss of vision
results from damage to the macula, the central part of the retina that
is rich in photosensitive cells. This image shows the yellow deposits
known as drusen, composed of inflammatory proteins, that accumulate
in the macula of those affected. BU geneticist Lindsay Farrer has identi-
fied a gene that is associated with both inflammation and risk of AMD.



Left to right: Biomedical engineer Tejal Desai, physicist
Bennett Goldberg, and electrical engineer Selim Ünlü lead
an interdisciplinary team of distinguished scientists who
collaborate at Boston University’s Center for Nanoscience
and Nanobiotechnology. They are pictured in the center’s
nanophotonics laboratory, dedicated to developing technolo-
gies that integrate nanobiotechnology, photonics, and
nanoelectromechanical systems (NEMS).12 Research a t  Bos ton Un ivers i t y  2005
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At the Center
“Nanoscience is not just about being small,” says physicist
Bennett Goldberg, director of the newly formed Center for
Nanoscience and Nanobiotechnology (CNN). Rather, these tiny
particles have unique characteristics— electrical, optical, or
chemical properties that make them extraordinarily valuable in
solving a wide range of problems.

This breadth poses a new kind of research challenge.“The
hard part is combining the expertise in physics, biology, chem-
istry, and engineering to discover these unique properties and
then to design and implement their use in a nanoscale product,”
explains Goldberg.

Goldberg, electrical engineer Selim Ünlü, and biomedical
engineer Tejal Desai launched CNN in October of 2004 with
seed funding from Boston University.The center aims to stimu-
late collaboration between science and engineering departments
to advance nanoscale mechanical and biomedical research, and it
includes a unique effort to engage industrial partners in syner-
gistic research and technical transfer projects that will help make
CNN self-sufficient.

Computing with Carbon
Nanotubes
Researchers and graduate students affiliated with CNN filed
into a large conference room, armed with cookies and coffee.A
special guest was presenting at this journal club, a regular meet-
ing bringing researchers together to discuss recent scientific
discoveries relevant to CNN research.The guest was an expert
in carbon nanotube diodes, Ji Ung Lee from the Thin Films
Laboratory, Nano Advanced Technology group at General
Electric Global Research.

While many departments host journal clubs, this one 
has the distinction of being interdisciplinary, encouraging the

exchange of ideas among researchers from diverse fields such 
as physics, chemistry, biology, and engineering.“The idea is to
create an opportunity for intellectual exchange,” says Goldberg,
“and to get researchers together, talking about their work.”
Taking the gatherings a step further, CNN connects corporate
researchers with BU scientists, allowing industry experts like Lee
to lead discussions and foster industrial partnerships.

Diodes, a basic component of semiconductor devices, make
electrical current flow in one direction by placing an electron-
filled material next to a material filled with “holes” waiting to be
filled in with electrons. Carbon nanotube diodes have the poten-
tial to allow extreme miniaturization of electronic components.

Scientists produce carbon nanotubes by rolling sheets of
carbon atoms, connected in a honeycomb pattern, into cylinders.
To construct different types of tubes, researchers skew the sheet,
like the stripes on a barber pole, and vary the diameter. Each 
of the myriad tube shapes and sizes, ranging from one to three
nanometers in diameter, have different electrical and photolumi-
nescent properties, giving carbon nanotubes the potential to be
applicable to a wide variety of technical applications.

But that same variety, which gives carbon nanotubes such
a wealth of potential, makes the actual properties of any given
shape difficult to predict, explains physicist Anna Swan. Each
variation causes different interactions between individual elec-
trons, giving rise to different electrical and optical properties.
“We are starting to understand, but we need more sophisticated
theory to truly understand what’s going on,” she says.“They 
will be very useful if we can learn to master them.” Swan is
researching the possibility of using carbon nanotubes as light
sources, similar to LEDs, and as light detectors.

During the journal club, Lee described a carbon nanotube
diode with a reversible current.That is, the diode can be config-
ured to allow current to flow forward or backwards. In the audi-
ence, one researcher pointed out Lee’s new chip architecture
holds the possibility for “reconfigurable computing” because the

Harnessing Nanotechnology

Scientists at BU’s Center for Nanoscience and Nanobiotechnology

work with particles measured in billionths of a meter—exquisitely small, 

considering that a human hair measures 80,000 nanometers in diameter,

an animal cell 10,000 nm, and a bacterium around 1,000 nm. A quantum

dot spans just tens of nanometers.
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reversibility provides a new degree of freedom in the basic build-
ing blocks of computer circuitry.

Actual manufacture of such chips may be a decade away, but
the journal club has served its purpose.A new conversation, driving
basic scientific research and technological advancement, has begun.

High-Speed Nanoscale Oscillators
for Phones and Physics
In a dimly lit lab in the basement of the Metcalf Building, physicist
Pritiraj Mohanty sits on a stool next to a high-tech refrigerator
designed to freeze its contents to just a few hundredths of a degree
above Absolute Zero, at about -273 degrees Celsius.This is the
point at which atoms stop moving. Holding a red plastic tie wrap
horizontally, he tweaks the loose end of the wrap, causing it to
vibrate in a blur.The tie wrap demonstrates the basic behavior of
his most recent development: the fastest known nanomechanical
oscillator, operating at gigahertz speeds.

Mohanty’s oscillator has attracted the attention of several
corporations that believe it has valuable technical applications.The
device, a two-sided comb-shaped chip of silicon measuring just
10.7 microns long and 400 nm wide, could further miniaturize cell
phones, which today rely on bulky electronic oscillators to com-
municate at gigahertz speeds, or allow multiple phone lines. Because
the device cannot be destroyed by extreme temperatures and mag-
netic fields such as those produced by solar flares, it may also be
applicable in satellite communications.

Part of the CNN mission is to develop partnerships with indus-
tries interested in such emerging technologies. Both researchers and
corporations can benefit from long-term collaboration by sharing
equipment, expertise, and ideas. Close collaboration with industry
at the early phases of research adds expertise that can accelerate
progress. Partnerships may even lead to job opportunities for gradu-
ate students in the near term, and licensing agreements for BU’s
technology in the long term, explains Michael Pratt, who is coordi-
nating CNN’s industrial liaison program through BU’s Office of
Technology Development. Mohanty’s work has triggered partner-
ship discussions between BU and BAE Systems, a maker of com-
munications satellites.

Because of its astonishing physical behavior, rather than its
technical applications, Mohanty’s oscillator also intrigues physicists.
When placed inside the fridge and reduced to near Absolute Zero,
the oscillator stops behaving according to classical mechanics and
starts showing quantum behavior.That is, the comb’s spine transi-
tions from one extreme position to another in discrete movements
rather than in a sweeping motion. If the tie wrap showed this
behavior, the blur seen during oscillation would vanish.

But the tie wrap, if reduced to near Absolute Zero, might not
exhibit this quantum behavior. Quantum mechanics usually applies
to particles such as atoms but Mohanty’s oscillator, despite its
nanoscale, is large, consisting of 50 billion atoms. Physicists expect
crowds of atoms to behave differently from individual atoms, says
Mohanty. His observations, made using a high-speed network
analyzer that operates like a camera photographing at picosecond
speeds to catch glimpses of the spine hopping from one state to
another, confirm the crowd can be coaxed into behaving like a
quantum particle. Mohanty wonders if larger objects will show the
same transition.“Does this behavior break down at a certain size?”
he asks.

Mohanty’s research on the nanoscale oscillator was reported in the January 28,
2005, issue of Physical Review Letters and the June 24, 2005, issue of Applied
Physics Letters. For more information, see: http://nano.bu.edu.

Tiny Toxin Detectors
Toxins such as chemicals, bacteria, or viruses float in the air, grow
on food, and threaten public health. Detecting their presence
before they cause an illness or epidemic has become increasingly
important and, with CNN innovations, cheaper and easier.

Until recently, biosensors that detect listeria on cheese or chemi-
cals in the air have been large, expensive pieces of equipment usu-
ally owned by central laboratories. Goldberg, Ünlü, and Desai have
rallied their expertise to create new low-cost, compact sensors.
Eventually, individual manufacturers and businesses working with
toxic chemicals will be able to use these devices to detect contami-
nation locally, without sending samples to an outside lab.

The sensor, called a microring resonator, depends on both
optical and chemical properties of nanomaterials to detect specific
biomolecules.The base of the sensor consists of two parallel chan-
nels, with a circular channel centered in between.A light source
shines laser light through one of the channels. Some of the light
will flow straight through the channel, and some will bend into the
center circle and then back out the opposite channel.The wave-
lengths that travel around the circle depend on the type of material
used.A property called the refractive index of the material deter-
mines which wavelengths bend and which do not.The light emit-
ted on the opposing channel provides a baseline, or normal state,
for the sensor.

The team designed the system so that the presence of toxins
changes the refractive index of the material. If a toxin is present,
the spectrum seen coming out of the sensor will be different than
it was without the toxin.

To prepare the channeled silicon wafer, Desai coats it with
chemicals designed to bind with specific types of molecules.The
shape and size of the chemicals on the surface dictate which toxins
will stick to the surface and which will not. During a test of a sam-
ple, molecules flow over the surface and toxins adhere to the chem-
ical coating.The presence of the toxins sticking to the surface alters
the refractive index of the material, causing a change in the way
light bends into the circular channel.

To drive the project forward, electrical engineering graduate
student Ayça Yalçin, who won the 2005 Photonics Award at Science
and Engineering Day for this project, spent hours in Desai’s bio-
medical lab.Yalçin’s expertise in electrical engineering hadn’t pre-
pared her for biological research, so she had to learn several lab
techniques along the way. She says the experience helped her
develop skills that have expanded her future research options.

H A R N E S S I N G  N A N O T E C H N O L O G Y

The nanomechanical 
structure fabricated by
Mohanty’s group at Boston
University consists of 
a central silicon beam 
10.7 microns long and 
400 nm wide that bears a
“paddle” array 500 nm long
and 200 nm wide along
each side. This antenna-like

structure oscillated at 1.49 gigahertz or 1.49 billion times per second,
making it the fastest moving nanostructure yet created. 
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For Desai,Yalçin’s experience is emblematic of the benefits of
CNN.Today, there are few problems researchers can solve by con-
centrating in one discipline, she says. But students who learn to
collaborate and to find complementary expertise among their col-
leagues will be able to solve more complex problems.“CNN helps
students gain the confidence they need to find and communicate
with experts outside of their own field,” says Desai.

Watching Life Unfold 
After a rainstorm, when the sun finally breaks through the clouds,
colors glimmer and swirl on the oily surfaces of puddles that have
accumulated on the ground. For physicist Anna K. Swan, this simple
phenomenon provides the basis for the new imaging technology she
is developing to look at very small objects such as strands of DNA.

Swan’s ultimate goal is to build a better microscope.Today’s
best microscopes fall a hundred times short of revealing DNA.
A single base pair of DNA measures only .3 nm, and a strand of
20 pairs measures only 6 nm in length.

The new technology will help advance detection of genetic
defects.Today, scientists infer genetic defects by testing to see if two
strands of DNA fit together properly.A microscope able to deter-
mine the shape of a strand would allow scientists to detect defects
through direct observation.

The basic physics of rainbows in puddles provides the founda-
tion for Swan’s imaging technology.A thin layer of oil floats on the
water.As sunlight penetrates the layer of oil, some of it reflects off
the oil, and some continues through and reflects off the water.The
light, coming from one direction, reflects back from different direc-
tions off the oil and water.This skews the wavelengths, causing
interference that eliminates some colors from the visible spectrum.

The eye sees reflected blues, reds, even iridescent pinks and greens,
depending on the thickness of the oil. Because the oil isn’t spread
evenly, it produces a swirled rainbow in the puddle.

Swan applies this basic principle of reflected light to observe
strands of DNA. She stands the strands upright, like blades of grass,
onto glass layered on top of a silicon base.Then she attaches fluo-
rescent material to the top or bottom of the strand. By observing
how light reflects from the fluorescent material and the glass, she
can determine the strand’s length. By coupling two strands of
DNA, the same light will reflect differently, revealing more about
the shape of the strand.

CNN has helped Swan make progress on DNA imaging by
connecting her lab in the BU Photonics Center to biomedical
engineer Charles Cantor’s laboratory. Biologist Lev Moiseev, who
received his doctorate for his work on this project in 2003, pro-
vided expertise on DNA and fluorescence microscopy, and assisted
in preparing materials for imaging.

Researchers in Swan’s photonics lab are focused on engineer-
ing the microscope.The scope consists of two lenses on either side
of the plate holding DNA strands. Laser light beams through the
lenses, hits the subject, and reflects back through the lenses into a
spectrometer that collects and analyzes the reflected light.As they
encounter problems, the researchers refine the design. In a recent
iteration, they eliminated the fiber optic cables carrying the laser
light because the cables caused interference. Now mirrors direct the
laser beams. Ultimately, they want to collect enough information
about an object from the microscope to create rotating 3-D com-
puter images of the DNA.

This new kind of microscope will also help advance the basic
understanding of cell biology.Today, biologists use electron micro-
scopes to look at the structure of a cell, a process that kills the cell
by encasing it in conducting material.According to Swan, since her
new technology uses light, which does not require this destructive
step,“we can look at life as it unfolds.” —Elizabeth Dougherty

To learn more about the Center for Nanoscience and Nanobiotechnology, see 
http://nanoscience.bu.edu/.

To learn more about CNN projects, see http://ultra.bu.edu/.

H A R N E S S I N G  N A N O T E C H N O L O G Y

Left: Physicist Anna Swan is creating a new light-based imaging technology
so powerful that it will be able to reveal defects in individual strands of DNA.

Above: Swan is also investigating the potential of carbon nanotubes as light
sources, similar to LEDs. The image at the right shows how a nanotube
begins to vibrate when it is “plucked” with laser light that resonates with
the tube’s electronic structure. The frequency of the nanotube’s vibration 
is shown on the horizontal axis as the energy of the laser is varied on the
vertical axis.



According to computer scientist Mark Crovella,
studying the Internet is like being an astronomer
studying the stars and galaxies of the Universe.
“As with specks of light in the sky, it is difficult to
know how many computers connect to the
Internet, what kinds of computers they are, and
what they are doing.”
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“Computers will be embedded everywhere, to the point
that we won’t notice them,” he says, speaking of the “invisible
computing” trend.

This trend is one of the driving forces behind modern
computer science. Computer scientists made it possible for hun-
dreds of thousands of computers to work together in a global
Internet.They also created sophisticated tools that allowed
minds untrained in computer science to create e-commerce
applications ranging from online banking to eBay. Now com-
puter scientists are trying to devise ways for everyday people to
make creative use of these evolving invisible computers.

At the same time, the Internet itself—the model for such
distributed computing— remains mysterious.And it is suscepti-
ble to attacks and failures. Boston University computer scientists
are working to conceive the next generation of computing and
to understand the generation we’ve already built.

Galaxies Are to Astronomy as
Networks Are to Computer
Science
Computer scientist Mark Crovella is training himself to think
like an astronomer.The Internet is more like a universe of stars
and galaxies, he says, than it is like a stack of computers in a
rack.“As with specks of light in the sky, it is difficult to know
how many computers connect to the Internet, what kinds of
computers they are, and what they are doing. No one knows
what’s really happening out there,” says Crovella.

That is a real concern. Much of the world’s commerce
and communication depends on the Internet, but the Internet’s
infrastructure is vulnerable to attacks. Scientists trying to protect
the Internet from worms and viruses can’t know where to start
if they don’t know what’s out there to begin with.

The Internet was once a single network owned by the gov-
ernment and used by scientists for research.The National Science
Foundation operated the backbone, similar to a system of high-
ways between metro areas but carrying information instead of
cars. Because the NSF controlled public access to the backbone,
mapping its geography and traffic was possible, even easy.

By 1995, e-mail and the World Wide Web had evolved.
Everyone wanted to connect.The Internet quickly became part
of everyday life for businesses and citizens.That same year, the
NSF transferred operation of Internet backbones to private
companies such as AT&T, Sprint, and MCI.

Suddenly, keeping track of the networks and traffic became
much more difficult. Because these companies do not allow out-
side access to their equipment or data and because of the sheer
enormity of the Internet,“finding the traffic jams” on the
Internet today is extremely difficult, says Crovella.And as the
Web grows, the problem just keeps getting worse.

Crovella may have a solution.The same way astronomers
infer the existence of planets from light reflected off stars,
Crovella infers the size, shape, and activity on computer net-
works by looking at “reflected signals.” Essentially, he sends a
packet of data—a message from one computer to another —
through the network. Similar to a FedEx tracking slip, the packet
changes as it hops through the network.

Crovella can make conclusions about the network by look-
ing at how the packet changes and how long it takes to travel
through the network. By sending several packets on different
routes, he can get a sampling of a network’s activity and infer a
picture of “normal” behavior.A complete survey of the Internet
would be impossible, but by using statistical inference he can
make conclusions about the whole Internet by looking at
smaller parts. BU statisticians Eric D. Kolaczyk and David Chua
collaborated with Crovella to provide the mathematical exper-
tise behind these methods.

Computer Science:
Coming of Age, Again

In 1943, IBM Chairman Thomas Watson is rumored to have said, “I think

there is a world market for maybe five computers.” In hindsight, such an absurd

estimate is hard to imagine. But according to BU computer scientist Azer

Bestavros, today’s prediction of a market for around five computers per person

also falls short. Bestavros predicts hundreds or even thousands of computers per

person—in their cars, phones, homes, offices—monitoring just about everything.



18 Research a t  Bos ton Un ivers i t y  2005

C O M P U T E R  S C I E N C E : C O M I N G  O F  A G E, A G A I N

The analysis shows that across the Internet traffic varies in pre-
dictable ways at different times of day. By looking for anomalies
such as an increase in traffic at an unusual hour, they can detect an
unusual event.That event might be a broken link that forces traffic
to find another path through the network or an attack by a worm
that is spreading through the Internet.

To make this event detection useful, Crovella and graduate stu-
dent Anukool Lakhina have developed statistical methods that net-
work operators can use to monitor their own networks. Sprint, an
Internet backbone provider, allowed them to test these methods
using data collected from their network.

“We want to be able to tell the operators there is something
unusual happening,” says Crovella,“and more importantly, that it
matters.”

Programming the Sensorium—
Making Invisible Computing Work
for Us
Hikers love Global Positioning System (GPS) technology. Using a
handheld device, they can pinpoint their location by exchanging
signals with a set of satellites orbiting the Earth. Using basic geom-
etry, the satellites determine a hiker’s location by comparing his
distance from each satellite and the distances of the satellites from
one another.

Computer engineer Ari Trachtenberg plans to set up his own
GPS system. Instead of launching satellites into space, he will tuck
motes, tiny computers with radio-frequency transmitters, behind the
ceiling tiles on the fourth floor of the Photonics Building.While 
a hiker might need his GPS to navigate the shortest path back to
camp,Trachtenberg won’t be using his indoor GPS to find his way
to and from the coffeemaker. Rather, he says,“this will be a key
technology for a number of futuristic applications.”An indoor GPS
could have lifesaving applications in managing emergencies—the
technology, for example, could help firefighters locate trapped 
individuals.

Locating an object in a building may seem a simple task, but
walls, doors, and other people cause the signals between individuals
and motes to bounce around.The more the signals bounce, the
longer it takes them to travel between the individual and the mote,
possibly causing the mote to calculate an individual’s location
incorrectly.Trachtenberg’s work includes correcting this interfer-
ence the same way computers correct for signal interference on
transmission wires.

Information technologist Mark Gaynor has undertaken similar
projects in the Graduate School of Management.With partners
Matt Welsh at Harvard and Steve Moulton at Boston University
Medical Center, his team is devising decision support systems for
emergency response that use sensor networks to monitor and trans-
mit the vital signs of injured people.The sensors collect informa-
tion about each patient and aggregate it in one or more command
center computers.A command center might sit in an ambulance
and help paramedics decide who to treat and who to transport.

Eventually Gaynor sees this system integrated into hospitals
and homes. Hospital centers will receive data from large accidents,
for example, allowing personnel to remotely monitor and prepare
for incoming patients as well as communicate how busy they are
and whether appropriate specialists are available.A challenge,
according to Gaynor, was devising a way to integrate data from the
wireless sensors with computers networked via the Internet.The
data produced by the medical sensors, for example, needs to be

integrated with information from medical databases, laboratory
results, hospital census data, and data input manually by physicians
and nurses.

Azer Bestavros, chairman of the Department of Computer
Science, and his colleague Assaf Kfoury, want to take large-scale
distributed systems such as sensor networks to the next level.Today,
each idea for a new sensor network application results in special-
purpose computers and specially developed software. For example,
the many dozens of computers in a modern Mercedes are custom
built for the car.“The custom approach doesn’t scale,” says Bestavros.

Streamlined technology makes it possible for more people, not
just computer experts, to innovate.The dot-com revolution of the
nineties was possible because software engineering technologies had
matured, making it possible for almost anyone to start e-commerce

Mark Gaynor, an information technologist in the School of Management,
has been developing a distributed sensor network that will use devices like
the one pictured to improve emergency responses and decision making.
The device will ultimately be one of a galaxy of sensors that will monitor
patients and relay vital information between patients, emergency respond-
ers, and medical personnel in hospital emergency departments. 
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businesses, from eBay to Amazon.com.“You just use Visual-Something
and there you go,” says Bestavros, referring to Microsoft’s Visual
Studio suite that simplified the development of Web applications.

He envisions a similar set of tools to build sensor networks.
The first step is envisioning a world filled with sensors of all kinds.
The next is imagining the types of tools people will need to program
them. Bestavros and Kfoury are just getting started, but already bar-
riers to making the toolbox abound.The sensors inside a car will
likely be different from those inside a house or a phone, and some
sensors move, while others remain in place. Making them work
together flexibly poses a challenge.

Nonetheless, the need for such a toolbox continues to grow
as more and more sensors disappear into the nooks and crannies
around us.

Preventing Attacks by Predicting
Them
“Imagine I am a very bad person,” says computer science graduate
student Mina Guirguis, preparing to explain a new way he has
devised, along with Bestavros and computer scientist Ibrahim
Matta, to attack a computer network. But Guirguis has no plans to
launch an attack. Rather, he invents new types of attacks so he can
find new ways to protect the Internet.

One of the most well-known computer network attacks is
called Denial of Service. Guirguis likens this type of attack to put-
ting cement trucks on a bridge. If the attacker can summon enough
cement trucks to a bridge, the bridge will collapse.

In a computer network, attackers call on other computers to
unite and attack a website.Attackers infect computers with a pro-
gram that accesses a website and launches all of the programs at the
same time.This floods the website with requests. Innocent network
users wanting access to the website can’t get past the flood of
requests.

These types of attacks have become easier to defend.They
require an attacker to coordinate hundreds of thousands of com-
puters.This takes time, said Bestavros, and often specialists can
detect and thwart the attack before it starts.

But Guirguis has devised a more insidious attack that can be
launched with just a hundred computers.The attack takes advan-
tage of the “adaptive nature” of the Internet, explains Guirguis,
causing the network to thrash as it tries to adapt to a constant
stream of changes.

Anyone who has encountered an erratic driver on the highway
can understand this phenomenon.A driver adapts to traffic condi-
tions by braking when the cars ahead slow down and speeding up
when space opens up in front. If a few drivers conspire to drive
erratically, braking, then speeding up when the surrounding traffic
has slowed down, a traffic backup will result as every driver adapts
to the few badly behaved drivers.

Guirguis’s small group of attacking computers acts like a group
of erratic drivers.As the computers send out requests to a Web
server, the Web server will start to reject new requests.Then the
attackers will stop, causing the Web server to open up again.This
prompts a new flood of requests to come in from attackers, but also
from innocent users.“The attack uses honest traffic; it makes non-
adversarial traffic become adversarial,” explains Bestavros.

According to Guirguis’s experiments on test networks, these
attacks can be extremely effective at disrupting Internet services.
Now that computer scientists know the Internet is vulnerable to
such attacks, they can start designing adaptive systems that are not
susceptible to abuse.

Raising the Cost of Spam
Someone, somewhere, must be buying what the spammers are sell-
ing. Otherwise, the trouble of sending volumes of spam simply
wouldn’t be worth it. It is exactly that equation that information
economist Marshall Van Alstyne wants to tilt in favor of those who
would just as soon never get one more message about herbal Viagra.

Van Alstyne wants to make the spammers pay, literally.The idea
stems from a fundamental principle of economics developed by
Nobel Prize-winning economist Ronald Coase to solve the pollu-
tion problem. Prior to his work, large companies polluted the air
and water, but the ill effects never hit their bottom line. By assign-
ing a value to clean air and water, he theorized, polluting air and
water would become costly to the polluters.

Applying this to spam means that if a person receives unwanted
spam in her in-box, the spammer pays. If spammers must compen-
sate those customers disturbed by their messages, spamming won’t
stay profitable.Van Alstyne and his colleagues have designed a
mathematical model to test this theory, and the results are posi-
tive—messages from illegitimate senders drop off dramatically.

Eliminating spam in other ways is complicated. Software filters
and white lists inevitably engender escalation—the better the tech-
nology the more creative spammers become in outwitting it. Filters
also remove unanticipated messages that may contain information
of value to the recipient—information from political candidates, a
first contact from a new colleague, or news about a community
effort.

To account for the fact that different people will respond dif-
ferently to unsolicited messages,Van Alstyne’s approach returns
control of the in-box to the recipient. Because technology cannot
differentiate spam from unexpected but valuable messages,Van
Alstyne’s solution allows humans to make the distinction.The
burden lies with both the sender and receiver. Essentially, spammers
agree not to send spam. If they do, they must pay, but only if the
receiver cashes in.

The system works within the framework of existing e-mail
accounts which, for the most part, already have approved-sender
lists.When a message comes in from a sender not on the list,Van
Alstyne’s system challenges the message. For the message to get
through, the sender must post a bond, placing about five cents aside
for the receiver. If the message is spam, the receiver can cash in the
bond with a mouse click.This action transfers the bond money
into an account managed by the receiver’s ISP or employer. It also
signals the sender that future messages will likely cost money. If the
receiver ignores the bond, it expires after a few days and the sender
can assume the receiver may be interested in future messages.

Van Alstyne and his team have filed for a patent on their idea
and are working to define open standards for such a system. Several
companies are working to implement it. Soon, if you get interrupted
by spam, you can make sure the spammer pays.

—Elizabeth Dougherty



Elise Morgan, a mechanical engineer, examines
how physical stress impacts bone and cartilage
development. Based on this research, she is devel-
oping new approaches to preventing and treating
osteoporosis and repairing damaged joints.

20 Research a t  Bos ton Un ivers i t y  2005



21Research a t  Bos ton Un ivers i t y  2005

“The partnership between the different departments enhances
the quality of BU’s bone research,” says Thomas Einhorn, an
orthopedic surgeon at the School of Medicine, professor of
biomedical engineering, and principal investigator on a recent
research grant from the National Institutes of Health (NIH).

Manipulating Bone Proteins
Einhorn’s $5 million NIH grant encompasses a number of stud-
ies looking at the ways bone fractures heal and cells regenerate
on the molecular level. Fifteen tiny molecules called Bone
Morphogenetic Proteins (BMPs) sit at the center of the project.
These proteins are thought to regulate fracture healing within
the body.After a bone breaks, they quickly appear on the scene
to control the growth and death of bone cells. Researchers
believe that people with bone fractures that heal slowly, or not at
all, may have abnormal levels of one or more of the BMPs.
Einhorn’s research seeks to understand how these proteins work.

Einhorn and his colleagues have developed an innovative
way to test the specific function of each BMP using genetically
modified mice.The animals are born healthy, but they harbor a
latent gene designed to create excessive amounts of one of the
BMPs when a “key”—the injection of a specific drug—turns it
on.The beauty of this design is that it mimics nature—the
young mouse has normal BMPs as it grows, and thus a normal
skeletal system.When, as an adult, it breaks a bone, the BMPs
naturally leap into action. However, with the special injection
the selected BMP floods in, allowing researchers to observe how
an excess of this protein influences the healing process.The
researchers can also learn how the absence of the particular
BMP impacts the healing process, using a similar procedure to
turn the gene off and prevent production of that BMP after the
fracture. Einhorn and his colleagues plan to test each of the 15

BMPs individually to see how overproduction and lack of pro-
duction affect bone healing.

By understanding how the 15 BMPs work and interact with
each other to heal fractures, the scientists hope to develop thera-
pies to help bones heal faster and stronger.

Rebuilding Joints
What if people could grow new joints to replace ones that have
grown painful and stiff from age and overuse? Mechanical engi-
neer Elise Morgan, also supported by Einhorn’s NIH grant, studies
the effects of bone stress on cartilage generation and bone
strength.

Scientists have known for years that breaking a bone and
gradually pulling it apart during the healing process creates new
bone. Bone lengthening treatments to correct stunted growth and
congenital bone deformities are based on this phenomenon.
Morgan’s radical work focuses on using this process to grow car-
tilage—the tough cushiony tissue found in joints.

When a bone breaks, the body triggers the formation of a
special set of undifferentiated cells. Like stem cells, these cells
have the potential to grow into different types of cells, each
forming a different type of tissue—muscle, skin, tendon, bone,
or cartilage. In ordinary fractures, a thin layer of cartilage first
forms to support the break, and then hard bone replaces the car-
tilage to mend it. Morgan’s group has found that gently moving
the bones relative to each other for about 15 minutes a day pre-
vents hard bone cells from growing in, and encourages a thicker
growth of cartilage— creating a joint-like feature in the middle
of what was once solid bone. Furthermore, the cartilage formed
looks and acts just like joint cartilage.

By understanding how and why this cartilage formation
happens, Morgan hopes one day to develop effective treatments
to regenerate cartilage in damaged joints.

Boning Up on Bones

They hold us up but sometimes let us down. In fact, more than half of all Americans

will break a bone at some point during their life. To address this and other common

skeletal problems, several researchers at Boston University are focusing on new ways

to heal, grow, and regenerate bones. The approaches range from testing simple shoe

inserts, to manipulating bone-growing proteins, to using nanotechnology to develop

better implants. The diversity of research under way mirrors the diversity of resources

within the University, involving faculty from the School of Medicine, the Goldman School

of Dental Medicine, the College of Engineering, and Boston Medical Center. 
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Building Stronger Bones
Osteoporosis threatens an estimated 44 million Americans, or more
than half of the people over 50 years of age.This bone-wasting dis-
ease often comes with considerable pain, broken bones, and ulti-
mately may impede daily activities such as shopping, going
outdoors, or getting together with friends. Researchers have docu-
mented that weight-bearing exercise (such as running or walking)
builds bone mass just as adding calcium to one’s diet does.

Morgan studies how bone structure changes in response to
exercise and how these changes affect the ability of bones to with-
stand the stresses that we place on them. Her lab is equipped with a
variety of machines that push, pull, and twist bones to simulate
daily activities. In particular, she examines trabecular bone—the
inner, slightly spongy part of the bone that contains bone mar-
row—the part that is the primary target of osteoporosis.

Morgan is applying her data to develop methods to identify
“weak links” in trabecular bone—the parts of the structure most at
risk for fracture. By using the same methods, her research group
can also identify how osteoporosis drugs already on the market
improve bone strength and reduce the risk of fracture.These drugs,
such as Alendronate and Teriparatide, all work to prevent the loss of
bone mass that occurs with age, but not all of these drugs produce
the same effect on the bone structure. Morgan’s experimental data
can reveal which drugs most effectively build structurally sound
bones in the areas that most need it.

Several other researchers at Boston University focus on this
crippling disease. Philip Trackman at the Goldman School of
Dental Medicine looks at the complex tissue lattice of cross-
links— struts and braces made of collagen—that support and add
strength to healthy bone.The bones of people with osteoporosis
often have fewer cross-links, and Trackman suspects that people
with osteoporosis have reduced amounts of an enzyme, lysyl oxi-
dase, that triggers the creation of these structures. By creating a
therapy to coax bone-building cells to produce more of this
enzyme,Trackman hopes to help people afflicted with the disease to
redevelop stronger bones.

Einhorn and molecular biologist Louis Gerstenfeld at the
School of Medicine are looking at the connections between
parathyroid hormone (PTH) and bone fractures. PTH is produced
in the parathyroid gland, a small gland in the neck, just behind the
thyroid. Under normal conditions PTH regulates how the body
uses calcium and phosphate, two important building blocks of bone.

Other researchers have documented an unusual finding.
Although high levels of continuously present PTH can cause
osteoporosis-like symptoms, intermittent high levels have the oppo-
site effect—they cause bones to actually gain mass. In a paper pub-
lished in April 2005, Gerstenfeld, Einhorn, and their research team
reported on an animal study that found that injecting PTH once a
day to create fleeting PTH peaks helped increase bone regenera-
tion. In this study, funded by Eli Lilly, they found that fluctuating
PTH levels also help fractures heal faster. Einhorn and his clinical
staff have begun trials at Boston Medical Center to test this treat-
ment in people who have specific types of fractures.

Gerstenfeld has a few suspicions about how this process works.
In addition to controlling calcium and phosphate levels, PTH also
regulates the balance of bone cells.Two types of cells are involved
in bone maintenance—osteoblasts, or bone-making cells; and
osteoclasts, or bone-eating cells. In healthy bone, osteoclasts eat
bone cells at the same rate that osteoblasts create bone.Too many

osteoclasts result in bone loss, while too many osteoblasts result in
too much bone in the body.An imbalance of PTH, as occurs in
osteoporosis, disrupts this balance. Gerstenfeld believes that varying
the level of PTH forces the body to reset the osteoclast-osteoblast
balance.Although this is just a theory, he is working to fully com-
prehend the role of PTH and help create more effective treatments
for debilitating bone loss.

Nanotechnology for Bone Implants
Metal implants are often used when bone structure has been so
destroyed by injury or disease that a surface is needed to support
the remaining bone and provide a structure for the growth of new
bone cells. But titanium is not bone, and your cells know it. So you
can’t blame bone cells for shying away from cold metal implants.
Ketul Popat, a post-graduate biomedical engineering research asso-
ciate, is using nanotechnology to make metal implants more wel-
coming to growing bone cells.

Popat is creating metal implants surfaced with teeny pores,
each about two nanometers wide (two billionths of a meter), that
create an environment that mimics the surface of real bone.“It
helps integrate the implant with the natural bone system,” he says.
In his laboratory studies, bone cells grow over the nanostructure
surfaces much more rapidly than they do on conventional metal. In
clinical use this translates into the body healing faster. Popat pre-
dicts that when the implants are used clinically, one month’s worth

B O N I N G  U P  O N  B O N E S

The foot bone’s connected to the leg bone. Some innovations are
inspired by simple concepts. David Felson, a clinical epidemiologist at the
School of Medicine, came upon a simple way to treat osteoarthritis in knees.

Cartilage serves as a cushion between bones. When it is weakened or
damaged, the bones grate together, causing painful bruising. Aging naturally
wears down this cushioning, often at uneven rates, which can lead to chang-
ing angles between knees, leg bones, and feet. Sometimes this manifests in
bowlegs or pigeon toes. Felson devised a noninvasive way to correct these
deformities and return the leg bone angles to normal alignment. He uses
shoe inserts that slope up at a five-degree angle, placing the foot at an
incline that realigns the bones and reduces bruising and pain. 
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of healing will be done in one week.Although the research thus
far has been conducted in vitro and several years of testing still lie
ahead, he hopes that the nanostructure surfaces will one day be
used for human implants.

To create the nanostructures, Popat coats one side of an alu-
minum sheet with a polymer similar to nail polish. He places the
sheet in a reaction chamber along with a similar-sized platinum
sheet and immerses them in acid, then runs an electric current
through them.A layer of aluminum oxide grows on the uncoated
side, creating a grid of tiny nanopores. By regulating the electrical
current, Popat can control the pore size and distribution, allowing
him to create nanostructure at a scale comparable to that in natural
bone.After about eight hours, the oxidized aluminum sheet is
removed and put into chromic acid, which etches the oxide to cre-
ate regular porous nanostructures.A final copper chloride bath eats
away any remaining extraneous aluminum, leaving behind a thin
nanoporous membrane.This membrane can be used to coat existing
orthopedic implants, providing a more welcoming surface for the
growth of natural bone cells.

Scientists use similar technology to create porous membranes
for filtration devices, but according to Popat this is the first time
the technology has been used for orthopedic implants. He suggests
that another practical application for the nanopore membranes
could be drug delivery systems in which the pores would be
employed to gradually release drugs into the body.

Regrowing Bone
Like Ketul Popat, Lee Chou thinks that implants should provide a
comfortable home for bone cells. However, he takes this idea one
step further —biodegradable scaffold implants that grow bones
where no bones have grown before.

Scientists have traditionally believed that inert materials made
the best implants. Since materials such as titanium barely react or
change within the body, the body doesn’t react negatively to them.
Chou, on the other hand, who specializes in biomaterials and oral
medicine at the Goldman School of Dental Medicine, believes an
implant made of bioactive, as opposed to inert, materials will coax
the body into reacting positively to it.

On a molecular level, no material is completely inert in the
body, says Chou.The unique chemical makeup and shape of the
surface always causes biological changes, even changing the way
genes are expressed. Orthopedists usually use special proteins to
induce cell growth on conventional implants. However, says Chou,
these genetically engineered proteins change when they come in
contact with the implant—the implant and proteins were never
designed to work in tandem.

Chou’s approach uses the chemistry and shape of the
implanted scaffold to control genes and induce bone growth. He
spent several years screening different materials in the research lab
before he hit on the right combination of elements.

In addition to the cell-growth-stimulating chemistry of the
scaffold, the structure, which looks somewhat like a hard piece of
Styrofoam, provides an attractive home for bone cells.The hollow,
porous design allows bone cells to grow inside, around, and on the
scaffold; and blood vessels to grow through it, in contrast to con-
ventional implants that only allow cells to grow on the surface.
Chou also designed the scaffold to dissolve after the bone grows in,
leaving only natural bone behind.

Chou implants the scaffold into a body and adds osteogenic
cells taken from a chip of the patient’s own bone. He’s had
astounding results. One of his patients was born without upper
jawbones.Within three months, the scaffold had created useable
jawbones, allowing the man to eat normally and flash a smile for
the first time in his 26 years.Astoundingly, although the patient
was born with a genetic disease that makes his bones naturally brit-
tle and Chou used cells from his genetically defective bones to seed
the scaffold, the structure coaxed them to grow normal, healthy
bones—bones even stronger than his natural bones.

At the moment, Chou and his collaborator David Cottrell,
chairman of the Department of Oral and Maxillofacial Surgery, are
focusing on additional clinical studies for using bone tissue engi-
neering to treat patients with severe bone defects.Although Chou
concentrates his research on dental applications, he envisions that
his bioactive scaffold will one day be used to grow bones through-
out the body.

A man of many interests and talents, Chou also directs a project
focusing on the mechanism by which the body takes in the AIDS
virus. He also has been recognized for excellence in teaching—in
2002 he received BU’s highest teaching award, the Metcalf Cup
and Prize. —Elana Hayasaka

Laisheng Lee Chou, who teaches
in the departments of Restorative
Sciences and Biomaterials at the
Goldman School of Dental
Medicine, has developed innova-
tive three-dimensional biodegrad-
able bone implants that
encourage the growth of bone
cells. Chou’s implants have pro-
vided a structure on which bone
tissue has grown in places where
no bone previously existed.

Ketul Popat has applied a technology used to fabricate porous filtration
membranes to create bone-friendly metal implants. The surfaces of the
implants are covered with nano-sized pores (magnified 100,000 times)
that mimic the surface of real bone and encourage rapid healing. 



Space physicist Harlan Spence, who chairs the
Department of Astronomy, is revealing the history
of space weather’s impact on Earth by analyzing
ice cores to detect evidence of cosmic rays reach-
ing Earth’s atmosphere. 

He is also building an instrument to learn 
how long-term exposure to cosmic rays will affect
travelers in space.

24 Research a t  Bos ton Un ivers i t y  2005



25Research a t  Bos ton Un ivers i t y  2005

Keeping Tabs on Space Weather
Meteorologists have trouble accurately forecasting weather here
on Earth, but scientists are even more challenged in trying to
forecast weather in space. Just like storms or tornados that arise
below our stratosphere, the weather above it can turn ugly and
dangerous, especially to the astronauts and delicate high-tech
equipment floating in Earth’s upper atmosphere. In 1998, solar
storms knocked out a satellite, disrupting the service of nearly
80 percent of all pagers in the U.S. In 2003, astronauts on the
International Space Station were forced to take cover while
billions of high-energy solar particles damaged satellites and
tore into the atmosphere of Mars after being flung into space
by a storm on the Sun.The job of the NSF-funded Center for
Integrated Space Weather Modeling (CISM) is to help scientists
understand and forecast space weather.

BU astronomer and space physicist Jeffrey Hughes has
assembled about 80 scientists from 10 different research institu-
tions to create and test a comprehensive computer model to
explore how magnetic storms on the Sun move through space
and interact with Earth’s magnetic field and atmosphere to 
create space weather.This model is being built by coupling
together existing models of parts of the whole system.While
researchers at CISM partner institutions are building and com-
bining various component models, BU space physicists have
taken up the task of integrating them with one another and
testing how well the whole model works.The component mod-
els are needed to account for the very different environments
found in space, the solar wind moving at supersonic speeds
versus the much slower flows in the denser gas of Earth’s upper
atmosphere, for example.This process is similar to how scientists
interested in climate change couple models of Earth’s oceans
and atmosphere.

CISM’s research is also helping scientists learn about space
weather’s effect on Earth, such as how the solar wind hitting the
Earth’s magnetic field causes the aurora borealis (the northern
lights) and produces magnetic storms that can damage electrical
transformers and/or even knock out an entire electrical grid—
as happened in 1989 when nearly 6 million people in Canada
were left in darkness after a solar eruption.

In addition to discovering the mechanisms behind space
weather, CISM also serves as an educational resource, teaching
young scientists as well as the public about the environment of
space. Every summer, the center holds a summer school session
for graduate students and young professionals eager to explore
the mysteries behind space weather.

For further information, see www.bu.edu/cism.

Satellites and Ice Cores
What does a NASA satellite have in common with ice buried 
30 meters below the ground? Both can reveal evidence of micro-
scopic particles zooming along at nearly the speed of light, says
space physicist Harlan Spence, who is chairman of the
Department of Astronomy.

As CISM tries to predict how and when storms of these
particles occur, Spence wants to know how they affect people.
The tiny and fast-moving particles, called cosmic rays, can easily
zip through unprotected human tissue and damage it. Because
they contain huge amounts of energy, large doses of them could
result in radiation sickness or even cause cancer. Fortunately,
Earth’s magnetic field naturally repels cosmic rays, protecting
people on Earth.Astronauts traveling through the vast emptiness
of space may, on the other hand, be vulnerable. Until now, manned
space missions have been relatively short-term and radiation
sickness has not been a problem, but in the near future NASA
plans to send people to Mars via years-long journeys through

New Views of Space

From far-off planets to charged microscopic particles whizzing through our

solar system, space research at Boston University encompasses a wide variety of

programs and projects and draws on the resources of many departments within

the University. With a renewed national interest in travel to the Moon, Mars, and

beyond, space scientists at BU are on the leading edge of a rocketing field of

science. 



26 Research a t  Bos ton Un ivers i t y  2005

N E W  V I E W S  O F  S P A C E

space.This makes it imperative that we understand the long-term
effects of cosmic ray exposure.

To do this, Spence has created a device, the Cosmic Ray
Telescope for the Effects of Radiation (CRaTER). NASA is eager
to test Spence’s creation and in 2008 will launch a satellite to orbit
the Moon—with CRaTER riding on it.

About the size of a shoe box, CRaTER contains three sensors
and two sheets of plastic that mimic human skin.They are arranged
at distances that simulate the distance cosmic rays would travel as
they penetrate the skin, travel through vital organs, and exit the skin
on the other side. CRaTER will record data over the course of a
year as it orbits the Moon and transmit it back to researchers on
Earth to study.

Another thrust of Spence’s work involves looking for evidence
of previous violent solar storms that were so intense that cosmic
rays were able to penetrate Earth’s magnetic field. Researchers
know that when cosmic rays reach the atmosphere, they interact
with ozone to produce compounds called nitrates. Rain brings the
nitrates down to Earth where they settle into the layers of ice that
constantly build up over time in very cold places, like Greenland.

Working with scientists in the Department of Earth Sciences,
Spence’s team went to Greenland and extracted sample ice cores.
Back in the lab they analyzed the cores for nitrates.The researchers
can calculate the rates at which ice has been deposited at the loca-
tions where the cores were taken and therefore can assign dates to
various levels.The farther underground the ice is, the older it is. So,
by measuring the depths at which nitrates occur, Spence and his
colleagues can calculate when, and how often, storms of cosmic
rays have reached Earth.

Using ancient ice cores and high-tech satellite sensors, Spence
hopes his research will one day help shield both space travelers and
those on Earth from any danger from cosmic rays.

For further information, see http://crater.bu.edu.

Photographing Planets
About 10.5 light-years from here lies a star very much like our Sun,
named Epsilon Eridani.Around it orbits a large planet. Scientists
know the planet is there, yet no one has ever seen it. BU space
physicist Supriya Chakrabarti plans to change this. He is building a
novel imaging system to photograph the planet and let us see it for
the first time.

Chakrabarti recently acquired a $3 million NASA grant for the
Planet Imaging Concept Testbed Using a Rocket Experiment, or
PICTURE. In 2007, PICTURE will be launched on a rocket that
will travel nearly 300 km (a little more than 186 miles) into space
and snap a photo of the mysterious planet.

Current images of Epsilon Eridani do not reveal the planet
because the star is so much brighter —it’s like trying to see an
object next to a bright light shining in your eyes— everything else
is washed out.

According to Chakrabarti, scientists deduced the planet’s exis-
tence because of its effect on its parent star.As the planet orbits
around Epsilon Eridani at regular intervals, its gravitational pull
varies.This causes regular, minute movements in the star, giving sci-
entists clues to the planet’s existence.

Because of the vast distances between the Earth, the planet,
and the star, and because the star is so bright compared to the
planet, Chakrabarti says the task of photographing the planet is like

trying to take a picture of an ant, using an ordinary lightbulb
placed about a football field away, and a camera on the other side of
the country.“It’s a very difficult thing to do,” he remarks.

“While sensitive instruments might be able to detect the
planet, the intense light of the star throws off the scale.”To over-
come this, Chakrabarti and his team at the Jet Propulsion Laboratory
(JPL) in Pasadena, California, have developed a novel technology in
which they selectively block out light. He compares the technology
to slats in a picket fence. Essentially, if placed just right, the slats

will block the light from Epsilon Eridani, while the light from the
planet shines through the gaps.

To accomplish the mission, Chakrabarti has created a collabo-
ration of space researchers from around the country as well as
BU’s Departments of Astronomy, Manufacturing Engineering, and
Electrical and Computer Engineering. NASA will provide a rocket
to carry the telescope-camera out of Earth’s atmospheric distortions.
NASA’s Goddard Space Center in Maryland will provide a special
lightweight mirror for the telescope, and colleagues from the
Massachusetts Institute of Technology will provide two cameras.
Special “deformable” mirrors created at Boston University’s College
of Engineering will help make fine adjustments.These mirrors are
produced by Boston Micromachines of Watertown, Massachusetts,
a company formed by engineer Tom Bifano, who is chairman of
BU’s Department of Manufacturing Engineering, and his former
student, Paul Bierden (ENG’92, ’94).

Through PICTURE’s innovative technology Chakrabarti and
his team will give people their first glimpse of the faraway planet
orbiting around Epsilon Eridani and perhaps, in the future, photo-
graphs of other never-before-seen “hidden” planets.

—Elana Hayasaka

Above: This exploded drawing
depicts the instrument that will be
used by the PICTURE mission. It will
be carried on a NASA rocket beyond
Earth’s atmosphere where it will
employ a novel technology to photo-
graph a large planet orbiting Epsilon
Eridani, a star much like our Sun. 

Right: Simulation of the image
PICTURE is expected to capture,
showing how by diminishing the 
light from Epsilon Eridani (left) 
the light from the planet (right)
becomes visible.
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CRaTER, an instrument designed by BU space physicist Harlan Spence,
will ride on a NASA satellite mission to be launched in 2008. CRaTER will
send back data about how long-term exposure to cosmic rays may affect
the health of humans traveling in space.

The Center for Integrated Space Weather Modeling (CISM) is integrating complex
computational models of the various parts of the space weather system—from left, the
solar corona, the solar wind, the magnetic field surrounding Earth (magnetosphere),
and Earth’s upper atmosphere (ionosphere)—to better understand how activity on the
Sun affects life on Earth.
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Rosalind Wynne recently earned her PhD in electrical
engineering. She and her advisor, Theodore Morse,
devised a new way to form highly precise optical
fibers made up of bundles of miniscule hollow
glass tubes. These fibers are particularly useful in
biomedical imaging.
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Making Holey Fibers
As a girl, Rosalind Wynne, a recent PhD in electrical engineer-
ing and winner of the 2005 College of Engineering Dean’s
Award at Science and Engineering Day, liked bubble gum. Her
ultimate goal was not to blow the perfect bubble, but to blow a
perfect bubble in a bubble. She never got it right, she says.

But she has managed to advance the field of “holey fiber”
manufacturing. She and Theodore Morse, her advisor and an
expert in photonic materials, devised a way to form optical
fibers that are bundles of miniscule hollow glass tubes—tubes
within a tube. Different from standard solid glass fibers, these
fibers have holes that span the length of each thread.The holes
change the optical properties of the fiber, making them particu-
larly useful in biomedical imaging, where scientists need intense
white light to increase the accuracy of their imaging tools.

Making a traditional optical fiber involves little more than
stretching it.A two-inch-thick solid rod of glass, pretreated to
have refractive properties for channeling light, is pulled on an
eight-meter-tall tower.The tower holds the rod at the top, heats
it, and pulls one end of the molten glass downward until it is
the thickness of a human hair. Because of the thermal and
mechanical properties of the glass, the tube stretches consistently.

Making holey fiber takes a bit more finesse. Instead of a
solid rod of glass,Wynne starts with a hollow tube in which she
packs several small capillary tubes. If she stretches the nested
tubes too slowly, or at too high a temperature, the inner tubes
will collapse or deform, preventing the light from moving
smoothly—and making a poor-quality fiber.“You can’t just
stack some tubes together and pull it into fiber,” she says.“There
are many details that ensure the holes survive. It’s like blowing
many perfectly controlled micron-sized bubbles inside another
micron-sized bubble that is hundreds of meters long.”

Wynne modified a mathematical model used for capillary
tube manufacture to predict the best conditions for stretching
the rod.When she tested her predictions, they proved an excel-
lent guide. Her production technique yielded functional fibers.
In fact, her fibers are already in use helping calibrate an experi-
mental microscope used in the Center for Subsurface Sensing
and Imaging Systems’ research program. —ED

Faster, Better, Cheaper
It doesn’t look like much—a thin three-inch plastic square
with 15 barely visible etched lines, but it may represent the
future of detecting and diagnosing genetic diseases, says Arpita
Bhattacharyya.

A graduate student working with biomedical engineer
Catherine Klapperich in the College of Engineering,
Bhattacharyya is working on a prototype for a cheap, disposable
chip to extract and amplify DNA for rapid molecular diagnosis.
She hopes they will replace the more expensive glass or silicon
chips now used.

For her chip, Bhattacharyya first had to figure out how to
mimic the property of natural silica that grabs onto DNA and
RNA. Her solution is to line small channels, no wider than a
strand of hair, with a silica gel. Just like the silica of glass, the
silica gel snatches up DNA and RNA from blood, saliva, or any
other bodily fluid that a researcher wants to test. Unneeded
materials flow out of the channels, leaving the genetic material
behind. Bhattacharyya then floods the channel with a special
solution to release the genetic materials from the silica and uses 
a polymerase chain reaction (PCR) to amplify the DNA and
RNA.

Up-and-Coming: Student
Researchers Step Up to the Plate

The next generation of scientists and engineers are already making significant

contributions in science and technology. From engineering new photonic fibers

and diagnostic chips to understanding the life cycle of anemones or the cycles of

floodwaters, graduate students at Boston University are already having an impact

in their fields of study and in the world.
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Bhattacharyya plans to keep working on the plastic chips to
improve the efficiency of extracting the genetic material and to
incorporate the amplification process right onto the chip. Because
they are inexpensive and disposable, such chips may one day be
used right in a doctor’s office to diagnose viral infections or genetic
diseases.

The potential benefits of her research recently turned heads
at the 2005 Science and Engineering Day poster session, winning
Bhattacharyya the Office of Technology Development Award and 
a possible patent. —EH

Shape Changers
In the oceans of the world, golf-ball-sized blobs glide through the
water gobbling up tiny zooplankton.Although native to the eastern
coast of the United States, Mnemiopsis leidyi ctenophores— jellyfish-
like creatures—have invaded the Baltic and Aegean seas, carried in
the ballast water ships use for stabilization when their cargo holds are
empty.With no natural enemies in their new homes, the ctenophores
have flourished to the point that they have pushed out other native
fish that also feed on the zooplankton, leading worried ecologists
and fishermen to search for a way to control the burgeoning 
population.

One possibility is a mysterious anemone—Edwardsiella lineata—
one that scientists have misnamed and misunderstood for decades.
For the past year, biology graduate students Adam Reitzel and
James Sullivan have studied this bizarre creature, tracing its life
history through its weird twists and turns.

Edwardsiella lineata begins its life in the guts of the ctenophores.
Essentially a parasitic worm that looks like a mouth with a sack
attached, it feeds off of the ctenophore.After growing up to 1.5 cm,
it leaves the ctenophore, moving on to the next stage—a tiny 1–2
mm-long football-shaped larva with tiny hair-like cilia that whip
around, propelling it through the water.

One to four weeks later it morphs into a star-shaped critter
with eight tiny tentacles. In this stage, the organism’s body tissue is
undifferentiated—it has the potential to become a variety of dif-
ferent tissues, much like a stem cell.These tissues slowly grow into

the adult form—a classic anemone with a tube-like body sprout-
ing a tuft of arms on top.

Sullivan and Reitzel collected more than 200 of these animals
in their parasitic worm form by capturing ctenophores in the waters
off Woods Hole. In their lab the students observed something no
other scientist had seen before—the anemone’s complete life cycle.
Previously, scientists had believed that the different life phases of
the anemone were completely different animals.

Because of their parasitic nature in the worm-like stage, some
scientists have proposed using the anemone to biologically control the
rampant ctenophore populations in European seas, but both Reitzel
and Sullivan are cautious.They have noted that some of the anemones
reproduce asexually in both the parasitic and adult form, while others
reproduce sexually.The cause of this remains a mystery.They assert
that releasing the anemones into new environments before under-
standing how they reproduce invites potential catastrophe.

Sullivan and Reitzel may already be the leading experts on this
little-known anemone, but they intend to continue studying them.
The excitement of studying animals no one else knows about fuels
his interest, says Reitzel. —EH

Adventures in Analytical Chemistry
When Xian Zhang arrived in Boston to start her graduate studies
in chemistry, she had only a vague idea of what she wanted to study.
Her interests outside of chemistry were in art, history, and cultural
artifacts. Connecting these side interests to chemistry didn’t seem
possible until a friend referred her to BU chemist Richard Laursen.

A few years earlier, Laursen had spent a sabbatical semester work-
ing at the Metropolitan Museum of Art looking at how pigments
and oils used in paints bind to canvas. Zhang’s curiosity was piqued.
She approached Laursen, knowing he was considering retirement,
and asked if he would take one more student.

Laursen agreed, but neither he nor Zhang had specific ideas for
research projects.Together they attended conferences and studied
the field, looking for interesting projects where they could make a
unique contribution.They decided to study yellow dyes in textiles,
which are more varied and delicate than blues and reds and, there-
fore, harder to analyze.

Xian Zhang’s graduate work in chemistry combined with interests in art,
history, and cultural artifacts took her to China, where she studied the
varied and delicate yellow dyes used in ancient fabrics. Such analysis
provides important clues to the culture of ancient civilizations. Zhang is
seen here with Xie Yunlin, from the Shanghai Museum, China, who pro-
vided ancient textile samples for analysis.

James Sullivan and Adam Reitzel, graduate students in the Department of
Biology, have discovered that the anemone Edwardsiella lineata has several
very different-appearing life stages that scientists had previously identified
as separate animals. Here they are shown in their initial stage as a para-
sitic worm living in the bodies of the jellyfish-like creatures known as
ctenophores.
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Archaeologists learn about the civilizations that created ancient
textiles in part by studying the dyes used to color the fabric. But
the traditional method for extracting dyes from an ancient fabric
requires harsh treatment with strong acid to release the color from
the fibers—a treatment so harsh that it damages the dye, causing
information about the dye’s composition to be lost.

Zhang and Laursen’s search for a new way to extract the yel-
lows without damaging the dyes led them on an archaeological
adventure to the Silk Road and the deserts of western China in a
search for samples to study.

They experimented with gentler chemicals, eventually devising
a milder method for separating the dye from the fibers that pre-
serves sugars the old method would have destroyed.The telltale
sugars revealed differences in dyes that otherwise looked the same.
Combining this new extraction method with analysis by liquid
chromatography and mass spectrometry, they were able to distin-
guish the yellow dyes from pagoda tree buds and onion skins.

Now Zhang is building a reference library of natural yellow
dyes using plant materials from around the world. She is using this
information to identify dyes in archaeological digs in Peru and
China.

Zhang expects to finish her doctoral degree in 2006 and hopes
to continue as a post-doc so she can learn more about analytical
chemistry and art history. Ultimately, she wants to bring this new
technology to her native China.“China has such a long history.
Every day people dig things up —firsthand materials from tombs,”
she said.“I hope my work can help in the understanding of China’s
history.” —ED

Zhang and Laursen’s work was published in the April 1, 2005, issue of Analytical
Chemistry (available online at: http://pubs.acs.org/cgi-bin/article.cgi/ancham/2005/
77/i07/pdf/ac048380k.pdf).

Thinking Locally and Acting 
Globally 
Pablo Suarez, who recently received his PhD in geography, devel-
oped new metholologies to analyze traffic patterns and historic
flood data for the Boston metro area. He found that severe floods
have turned the Hull peninsula into a temporary island and period-
ically blocked Route 9 West between Boston and Framingham,
trapping cars and causing missed work and lost business. Scientists
expect flooding to increase with global climate change, and Suarez’s
findings may help Boston city planners improve drainage or change
traffic routes to better prepare Boston for the coming shift in
weather patterns.

More importantly, other city planners can apply Suarez’s
groundbreaking methodology to analyze traffic and flood data and
identify problem areas in their own cities.

Suarez has also visited countries outside the U.S. to identify
their specific climate-related problems. In areas of Argentina,
Mozambique, Zimbabwe, and Bangladesh, he notes, flooding and
drought cause more than lost business.They can devastate rural
communities.“A farmer in Zimbabwe is very sensitive to drought,
but there is not much he can do about it,” says Suarez.

In his home country of Argentina, a village near Buenos Aires
floods several times a year.The floods come when storms cause sea
swells that surge up the river, flooding inland settlements.Villagers
can wake at night with nothing but their heads out of water.
Suarez, knowing such floods are predictable, wanted to know why
information does not get to them. He found that even if informa-
tion gets to the village, it is rarely trusted.

He arranged to work directly with the villagers, teaching them
about the floods and helping them understand that the floods will
be getting worse.They devised a simple flood alarm. Downstream
villages first affected watch the river and blow whistles when it
starts to rise.The community also decided to elevate the floor of
their soup kitchen so it can serve double-duty as a flood refuge.
Suarez realized his outreach could help identify small changes 
that could mean the difference between life and death for these
communities.

Now a post-doc, Suarez will also be collaborating with the
International Red Cross to continue educating rural communities
and aid workers.“Climate change information must be integrated
with development and aid,” he says. —ED

Suarez’s methodology was published in the journal Transportation Research Part
D:Transport and Environment. An article on Suarez’s Metro Boston research can
be found at http://www.bu.edu/bridge/archive/2003/03-21/global.html.

Cooperative Robots
Manufacturing engineering graduate students Xu (Nikko) Ning
and Wei Li want robots to work together.With advisors Christos
Cassandras, John Baillieul, and Hua Wang, they devised a scenario
in which four robots pursue a common goal.Then Ning and Li set
out to program the robots to cooperate.

The game involves one team of four-wheeled robots called
“Khepera robots” that resemble miniature R2-D2s from the movie
Star Wars. They move on a table on which “targets” are scattered,
each with a different value. Reminiscent of a video game, the
robots “deactivate” the targets by visiting them.As the robots move,
they decide where to go next based on the values of nearby targets
and the proximity of other robots to those targets. In the spirit of
cooperation, they will move to the highest-value target that no
other robot is near.

Pablo Suarez, a recent PhD in the Department of Geography, now working
as a post-doc in the department, is concerned with finding ways to miti-
gate the effects of flooding and drought. His work has taken him from
Boston to Mozambique, Zimbabwe, and Bangladesh, as well as to his
native Argentina. Here he leads a participatory climate workshop with sub-
sistence farmers living along the Limpopo River in Zimbabwe, where 500
people died during floods in the year 2000. 



Each robot wears a cardboard disk with identifying markers
and an arrow to differentiate front from back.An antenna stands
ready to receive information about the mission.

Overhead, the engineers have mounted a camera to track the
location of each robot. Ning programmed a computer which serves
as the vision workstation and interprets images from the camera,
translating them into the coordinates of the targets and the robots.
The workstation transmits that information to each robot using a
wireless radio-frequency signal. Li programmed each robot to
receive the information and use it to determine a course of action.

As the robots glide across the table, the camera sends a steady
stream of data to the workstation—processing three or four mes-
sages per second to keep the robots up-to-date and moving in the
right direction. By the time the information flows from the camera
to the workstation and finally to the robots, the data is old—every-
one has moved. Li’s program allows the robots to remember where
they were, where they were headed, and to incorporate the new
information to adjust their trajectory gradually so they roll
smoothly from target to target.

The project, carried out in the Intelligent Mecatronics
Laboratory, is funded by the National Science Foundation and the
U.S.Air Force as preliminary research for unmanned air vehicles.
The smoothly gliding robots make good models for aircraft, which
can’t very well stop in mid-air awaiting new instructions.

Li will receive his PhD for this work in May 2006. Ning, a
first-year graduate student, will continue to work on other projects
including using robots with onboard cameras to guide “blind”
robots around obstacles. —ED

A video of the cooperating robots can be viewed at
http://taurus.bu.edu/misc/IMLuav2.wmv.

Building Better Backpacks
Sharon Sharpe’s field hockey career ended when, as an undergradu-
ate, she tore her knee cartilage and anterior ligament.“I spent a lot
of time in rehab,” she remembers. Her time in physical therapy
inspired her to help others with athletic injuries.

After 16 years as an athletic trainer, she came to BU’s Sargent
College of Health and Rehabilitation Sciences to study physical
therapy.There her research has focused on preventing injuries in
another kind of athlete—U.S. soldiers.These men and women who
trek miles carrying backpacks weighing up to 40 percent of their
body weight are plagued by stress fractures, knee pain, and back
injuries.The heavy packs also throw off their balance, making
them more susceptible to injuries from slipping or falling. Sharpe’s
research, in association with physical therapy faculty members
Robert Wagenaar and Kenneth Holt, focuses on designing better
backpacks.

Backpacks use hip belts to distribute the weight over the hips
and legs to help relieve fatigue, but they also prevent the wearer’s
shoulders and hips from moving naturally. As people walk, their
shoulders and hips naturally rotate in opposite directions to balance
their movement.The straps of the backpack which connect shoulders
and hips impede this movement. Inner metal frames, added for stur-
diness, further prevent natural body movement.

With a grant from the Army, Sharpe created an inner frame
pack with a hinged hip belt that keeps weight on the hips but
allows free hip and shoulder movement. People who tested the
pack, however, hated it.Although freer, they found the movement
hard to control—in full stride the momentum of the weight
pulled them off balance.

Using the testers’ feedback and studying their movement with
data from sensors on both bodies and packs, Sharpe is adjusting the
design to mimic the body’s own muscle construction.When people
walk, their back and abdominal muscles stretch as their hips and
shoulders rotate, then muscles spring the body back toward center
with enough momentum to flow into the opposite rotation for the
next step. Sharpe’s new design allows a wearer to move the hips
and shoulders, but resistance builds as the body rotates, eventually
helping to snap the body back to center,“much like the natural
construction and biology of the muscles,” says Sharpe.

Upon finishing her degree, Sharpe plans to teach athletic trainers.
Her research has taught her the importance of examining trials and
experiments from all angles, and having the flexibility to change the
design as the need arises—but with enough rigidity to maintain
focus on the goal, much like her backpacks. —EH
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Xu (Nikko) Ning and Wei Li are graduate students
in the Department of Manufacturing Engineering.
They have programmed small robots, like the ones
pictured here, to work together as a team and
accomplish a task.



Open for Business
The official ribbon-cutting for Boston University’s new Life
Science and Engineering Building on May 18 brought together
Boston Mayor Thomas M. Menino with Boston University admin-
istrators, faculty, alumni, students, and staff to celebrate the opening
of the 10-story, 187,000-square-foot research building.The $83 mil-
lion structure is considered the capstone to a 20-year effort in

which the University consistently
increased its capacity for inter-
disciplinary research.

“Already a leader in inter-
disciplinary research, Boston
University took on the difficult
challenge of designing a building
that would not only provide out-
standing research facilities, but
would also foster spontaneous
interaction among faculty, gradu-
ate students, and undergraduates
who work in many different but

interdependent disciplines,” says Provost ad interim David Campbell.
“Such interaction is essential to the innovative thinking and cre-
ative problem-solving needed to tackle the big questions that con-
front us, questions that in large part exist at the nexus of
engineering and the life sciences.”

The building features laboratories where biologists, chemists,
biomedical engineers, and bioinformatics researchers, graduate stu-
dents, and undergraduates work side-by-side on investigations in
genomics, proteomics, systems biology, and other areas of research
central to science in the 21st century.

Breaking Ground
As of spring 2005, Boston University’s new Biosafety Level 4 facil-
ity (BSL-4), known as NEIDL (National Emerging Infectious
Diseases Laboratories, pronounced “needle”), had received the
required approvals from the Boston Redevelopment Authority and

was awaiting a final environ-
mental impact statement—
expected to be issued by the
National Institutes of Health
(NIH).The lab’s $128 million
in funding from the National
Institute of Allergy and
Infectious Diseases (NIAID)
of NIH was approved in
September 2003. Federal funds
will be matched by funds

from Boston University and Boston Medical Center.
Mark Klempner, associate provost for research on the Medical

Campus, will be NEIDL’s director and is the principal investigator
for the project.According to Klempner, researchers in the lab will
search for a basic understanding of the processes behind deadly dis-

eases such as anthrax, botulism, tularemia, plague, and viral hemor-
rhagic fevers like Marburg disease.This understanding will help in
the development of diagnostics, therapeutics, and vaccines to com-
bat these life-threatening diseases.

“The first priority will be those diseases for which research has
been somewhat limited and that have emerged as potential agents 
of bioterrorism,” says Klempner.“NEIDL will concentrate on these
so-called Category A agents which threaten national security because
they can be easily disseminated, have high mortality rates, disrupt
society, and therefore require special public health preparedness.”

Although there has been local opposition to the project,
final approval from the NIH is expected sometime in fall 2005,
with groundbreaking and construction to begin soon after.

Of Genes and Teraflops
Blue jeans may be ubiquitous on college campuses, and genes may
be the focus of study in laboratories throughout the world, but in
May 2005 a singular blue gene — the BlueGene/L supercomputer
from IBM— was installed at Boston University.The new super-
computer, purchased with the support of an $800,000 grant from
NSF, is poised to make significant contributions to our deeper
understanding of genetics and cellular biology, as well as a host of
other disciplines ranging from subnuclear physics to the modeling

of space weather and
ocean systems. Although
BlueGene/L is not yet
available commercially, IBM
has chosen to collaborate
with Boston University and
a small number of other
institutions worldwide to
foster the development of
research applications for
the supercomputer.

Researchers at Boston University, as well as other institutions
including Massachusetts Institute of Technology and Tufts
University, will have access to the new supercomputer. Students in
BU’s training program in Advanced Computing in Engineering and
Sciences (ACES), funded in 2004 with an NSF IGERT grant, will
also be working on BlueGene/L, and Gyan Bhanot, a computer sci-
entist at the IBM T. J. Watson Laboratory in Yorktown, New York,
will be working with researchers to develop and optimize compu-
tation and communication on the supercomputer.

With 1,024 nodes, the BlueGene/L has a peak speed of
5.6Tflops (5.6 trillion floating point operations per second).
According to physicist Claudio Rebbi, director of BU’s Center for
Computational Science,“If all the operations that the BlueGene/L
could do in a second could be put on a cash register tape, the rib-
bon would stretch 18 million miles—in five seconds it would be
long enough to reach from the Earth to the Sun!”

Building Capacity
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Elaine Alpert (Public Health and Medicine) has been awarded the
Family Violence Prevention Fund’s Educator Award in recognition
of educational leadership in helping health care providers, systems,
and communities improve the lives and safety of those affected by
violence and abuse.

John Baillieul (Aerospace & Mechanical Engineering) has been
elected 40th president of the Control Systems Society of the
Institute of Electrical and Electronics Engineers (IEEE).

Cheryl Barbanel (Medicine) was elected president of the American
College of Occupational and Environmental Medicine.

Thomas Barfield (Anthropology) was elected president of the
Central Eurasian Studies Society.

James M. Becker (Surgery) has been named Humanitarian of the
Year by the New England Chapter of the Crohn’s and Colitis
Foundation of America (CCFA). Dr. Becker is the first surgeon ever
to be accorded this honor.

Enrico Bellotti (Electrical & Computer Engineering), Todd
Murray (Aerospace & Mechanical Engineering), Assad Oberai
(Aerospace & Mechanical Engineering), and Venkatesh
Saligrama (Electrical & Computer Engineering) have won
National Science Foundation CAREER Awards.

Tian Yu Cao (Philosophy) was elected a Fellow of the Institute for
Advanced Study in Princeton, NJ.

Alice Cronin-Golomb (Psychology) was elected president of the
International Society for Behavioral Neuroscience.

Ricardo Elia (Archaeology) has been awarded a fellowship from
the National Endowment for the Humanities.

David Felson (Medicine) was awarded the 2004 Lee C. Howley Sr.
Prize for Arthritis Research by the Arthritis Foundation.

Timothy S. Gardner (Biomedical Engineering) has been selected
as one of the world’s 100 “top young innovators” in 2004 by
Technology Review, MIT’s magazine of innovation.

Irene Good (Writing Program) was awarded a Guggenheim
Fellowship.

Charles Griswold (Philosophy) has been elected a Fellow of the
Stanford Humanities Center.

Michael Hasselmo (Psychology) was elected president of the
International Neural Network Society.

2004–2005 Fulbright Scholars John A. Hermos (Medical
Sciences) and Frank J. Korom (Religious Studies) conducted
research in India. Lisa A. Urkevich (Music) went to Kuwait.

Jaakko Hintikka (Philosophy) was awarded a 2005 Rolf Schock
Prize by the Royal Swedish Academy of Sciences.

Jeffrey Hutter, Associate Dean of Academic Affairs at the
Goldman School of Dental Medicine and chairman of the
Department of Endodontics, has been elected to serve as a com-
missioner for the American Dental Association’s Commission on
Dental Accreditation.

Karen Jacobs (Occupational Therapy) has been awarded a
Fulbright Scholar grant to lecture at the University of Akureyri 
in Iceland during the 2005–2006 academic year.

Terrence Keane (Psychiatry) received the Lifetime Achievement
Award from the International Society for Traumatic Stress Studies.

Award-Winning Faculty
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Margrit Betke (Computer
Science), director of undergradu-
ate studies in the department, has
been selected as one of 10
“Women to Watch in New
England” by the Boston-based
business and technology news-
paper Mass High Tech. Chosen
from a pool of nearly 100 nomi-
nees from academic, nonprofit,
and business organizations in the

New England region, the 2005 awardees were judged to excel in
leadership abilities, intellectual creativity, entrepreneurship, and
mentoring of the next generation of professionals in science and
technology.

Robert Devaney (Mathematics 
& Statistics) has been named 2004
Massachusetts Professor of the Year
by the Carnegie Foundation for
the Advancement of Teaching and
the Council for the Advancement
and Support of Education (CASE).
He has previously earned signifi-
cant teaching awards, including
Boston University’s United
Methodist Church Scholar/Teacher

Award (1996) and Metcalf Award (2003). Devaney also won the
2005 Trevor Evans Award from the Mathematical Association of
America for an article entitled “Chaos Rules” published in 
Math Horizons.
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Conan Kornetsky (Psychiatry, Pathology, & Laboratory Medicine)
was awarded the Nathan B. Eddy Lifetime Achievement Award by
The College of Problems on Drug Dependency.

Laurence Kotlikoff (Economics), department chairman, has been
elected to the American Academy of Arts and Sciences. Kotlikoff is
one of 19 BU faculty members to serve as Academy Fellows.

Maria Kukuruzinska (Molecular & Cell Biology) has been
selected to serve as chair of one of the first Roadmap reviews to be
conducted by the National Institutes of Health. Dr. Kukuruzinska
will chair a grant-reviewing committee for the NIH’s National
Center for Research Resources.

Joseph Loscalzo (Medicine) was awarded the American Heart
Association’s 2004 Distinguished Scientist Award, honoring extraor-
dinary contributions to cardiovascular and stroke research.

Michael Mendillo (Astronomy) has been elected president of the
Space Physics and Aeronomy Section,American Geophysical Union.
Nancy Crooker (Astronomy) has been chosen as president-elect.

Allan D. Pierce (Aerospace & Mechanical Engineering) has been
awarded the Gold Medal in Psychological and Physiological Acoustics
by the Acoustical Society of America (AAS). Steven Colburn
(Aerospace & Mechanical Engineering) will receive the Silver
Medal.Allan Pierce will also receive the Tom Rossing Award in
Acoustics Education from AAS.

Robert Pinsky (Creative Writing), former U.S. Poet Laureate, has
won the PEN/Voelcker Award for Poetry.

Sidney Redner (Physics) has been named Ulam Scholar by Los
Alamos National Laboratory.

Scott Schaus (Chemistry) has received a National Science
Foundation CAREER Award.

Martin Schmaltz (Physics) has received an Outstanding Junior
Investigator Award from the Department of Energy.

Laurel Smith-Doerr (Sociology) has received a Jean Monnet
Fellowship.

H. Eugene Stanley (Physics and University Professors Program)
has been elected a Fellow of the Brazilian Academy of Sciences.

Alan Strahler (Geography) has been elected a Fellow of the
American Physical Society.

Lawrence Sulak (Physics) has received a Ville de Marseilles
Research Prize.

Alfred I.Tauber (Philosophy and Medicine), director of the Cen-
ter for Philosophy and History of Science, has been elected a
Fellow of the Sackler Institute for Advanced Study.

Rosanna Warren (English & Modern Foreign Languages and
University Professors Program) has received the Award of Merit 
for Poetry from the American Academy of Arts and Letters.

Jenny White (Anthropology) has been elected president of the
Middle East Section of the American Anthropological Association,
and received the Douglass Prize for the best book on Europeanist
Anthropology.

Dietmar Winkler (Religion) has received the Josef Kreiner Award
of Merit.

Roscoe C. Giles (Electrical &
Computer Engineering), deputy
director of the Center for
Computational Science, has been
named one of the “50 Most
Important Blacks in Research
Science” for 2004 by the Career
Communications Group, Inc.The
award recognizes the accomplish-
ments of people of color to sci-
ence in the U.S. to promote their

greater representation among science professionals and to pro-
vide young people of color with role models in science and
research.

Ronald Roy (Aerospace &
Mechanical Engineering) has
been chosen as the George
Eastman Professor of Oxford
University.This visiting professor-
ship is a distinguished chair
appointed annually to a citizen of
the United States deemed to be
of great eminence in teaching or
research. Prior Eastman Professors
include a Justice of the U.S.

Supreme Court and 12 Nobel laureates. Roy will be the first
engineer to hold this post in the 75-year history of this presti-
gious award.

A W A R D - W I N N I N G  F A C U L T Y
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Amyloid Treatment and Research Program
Animal Model Research Center
Aphasia Research Center
Center for Archaeological Studies
Howard Gotlieb Archival Research Center
Arthritis Center
Institute for Astrophysical Research
Center for BioDynamics
Biomedical Imaging Center
Biomolecular Engineering Research Center
Cancer Research Center
Cardiovascular Proteomics Center
Center for Chemical Methodology and Library Development
Clinical Epidemiology Research and Training Unit
Communication Research Center
Center for Computational Science
Institute for the Study of Conflict, Ideology, and Policy
Institute on Culture, Religion and World Affairs
International Center for East Asian Archaeology 

and Cultural History
Center for Ecology and Conservation Biology 
Institute for Economic Development
Center for Energy and Environmental Studies
Center of Excellence in Sickle Cell Disease
Fraunhofer Center for Manufacturing Innovation
Hearing Research Center
Center for Human Genetics
Center for Information and Systems Engineering
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Center for International Health
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Memory Disorders Research Center
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Faculty and Staff
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Computing Labs
UNIX,Windows, and Macintosh labs
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Libraries
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Research
Sponsored Programs Revenue:
2004/2005: $315.9 million

Financial Resources
Endowment: $712.3 million 
Total assets: $2.8 billion
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all other figures as of 6/30/04 unless otherwise stated.
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