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A UMass research team from the Crosby Lab, part of the Polymer Science
department, has developed a new synthetic material called “Geckskin”
which mimics the adhesion power of Gecko feet.

UBot, a robot designed by UMass’s Laboratory for Perceptual Robotics,
can learn by interacting with its environment. UBot’s creators hope that
someday the robot will be used in rehabilitation therapy for patients who
suffer from the after effects of stroke.

Understanding T-cells, a part of the immune system, has remained elusive
to scientists for decades. Gregory Tew, of the Polymer Science department,
has found a way to look inside their previously impenetrable membranes.

Dr. Caitlyn Shea Butler of the Environmental Engineering department
has designed a “Microbial Fuel Cell Latrine” that purifies human waste
and produces electricity at the same time. Last May, Butler and a team of
researchers traveled to Ghana to install this “Green Latrine.”

Paul Daurenhaur’s Green Gasoline-Paul Daurenhaur of the Chemical Engineering department, believes that the burning of wood could hold the key to developing a new green biofuel.

11 The Metamorphosis Model-Lawrence Schwartz, a Professor in the Biology department, uses
22
19
23

moth pupa to look at the properties of aging on a molecular level.
New Military Fabric-Kenneth Carter and James Watkins of the Polymer Science department, are
helping to perfect a fabric that uses nanotubes to repel both biological and chemical agents.
Preventing the Spread of Breast Cancer-Shelly Peyton of the Chemical Engineering department, proposes a new method to treating breast cancer.
List of Campus Labs-A catalog of the cutting edge scientific research taking place on the
UMass campus.
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Sticking to It
After decades of research,
the adhesion of Gecko feet
						
is explained.

		
A team of researchers from UMass have developed “Geckskin,”a synthetic material which mimics the power of Gecko feet. An index card sized piece of Geckskin can hold up to 700 pounds while adhering to surfaces such as wood, metal
or glass. The group, part of the Al Crosby Research Group, is hoping to see the
material reach the commercial market in less than a years’ time.

T

he wonders which nature achieves so
easily have always captivated and inspired our imaginations. We watch
spiders climb up walls and invent Spiderman; watch the soaring wings of an eagle
and dream of flying. For scientists, however,
the wonders of nature possess more possibility than just stoking the imagination. For
them, each feat is something from which
to learn. At the Crosby Lab at the University of Massachusetts Amherst, the inspi-

ration is geckos, or more specifically, their
feet. Duncan Irschick, Alfred Crosby and
Michael Bartlett, the three heads of the
project, have been studying geckos for years
to try and unlock the incredible adhesion
power of their feet.
What’s there to learn? Geckos can withstand a force of 40 times their weight while
clinging to just about any surface—including
glass. That’s a total of about nine pounds
that the five-ounce lizard can carry—even
while hanging upside-down. And, a gecko
does this without leaving behind any sort of
residue—in fact their feet aren’t even sticky
when touched. And when the gecko wants
to be “unstuck,” the huge force between wall
and foot is broken and remade in milliseconds as the little critter runs up a wall at high
speed.
These incredible properties were the inspiration for the Crosby Lab’s new synthetic
material. Doctoral candidate Michael Bartlett
is the lead author on the paper describing the
material that was published earlier this year.
Left: The “Geckskin” team, Al Crosby, Dan King,
Michael Bartlett, Duncan J Irschick. Photo Credit:
Irshick Lab website.
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“What we really wanted to focus on is
scaling up the properties and attributes that
a gecko displays,” said Bartlett in a UMass press
release. “[We wanted to be] able to sustain a high
load on a vertical or overhanging surface and to
release that upon command with minimal force. And
to be able to do this over and over and over again
with minimal energy loss,” he concludes.
The result? A thin, cheaply produced material
that the team has affectionately dubbed “Geckskin.”
Many mechanisms attempting to explain the adhesion power of gecko feet have been proposed over
the past decade. However, it wasn’t until 2000 that
an accepted method was devised by Robert Full of
the University of California, Berkeley. Since the proposal of Full’s method, biomimetic adhesives have
became a hot topic among research groups.

standing how a geckos foot functions, didn’t mean
that we were able to replicate it right away. Most laboratories studying gecko feet focused on the setae—
the fine hairs that line the feet of geckos. In addition to these microscopic setae are spatulae—even
smaller projections of nonometer hairs that protrude
from the setae. Although a single Van der Waals
force is very weak, when produced by over six and a
half million setae and spatulae on a single gecko foot,
the force can be surprisingly strong. Because of their
microscopic size, each of these hairs is able to create
a force with molecules in whatever surface the gecko
is adhering to—the number of setae accounts for the
massive strength of the force.
While a few labs have produced materials that
were mildly successful—the most notable being
“Gecko Tape” in 2003 and “Geckel” in 2007—these

“What we really wanted to focus on is scaling up the properties and attributes that a
gecko displays,” said Bartlett in a UMass Press Release. “Being able to sustain a high load
on a vertical or overhanging surface and to release that upon command with minimal
force. And to be able to do this over and over and over again with minimal energy loss.”
Full’s discovery is based on the attractive properties behind Van der Waals forces, the forces responsible for holding molecules together on a microscopic level. This discovery inspired a race to
produce adhesive materials that could be beneficial
in an array of industries from healthcare to defense
to nanotechnology and even sports.
However, just because we were closer to under-

attempts were unsuccessful when used on a larger
scale. “Gecko Tape” has poor durability and its
cost of production was too high to bring to market;
Geckel loses some of its adhesion power under water
and is still labelled “under construction” by scientists
despite its debut more than five years ago.
Crosby’s Lab hopes to overcome these limitations.
Contradictory to previous discoveries, Crosby’s Lab
doesn’t focus on the setae to produce adhesion. Because
of the inability for scientists to mimic the strength of the
adhesion, even after years of research, Bartlett and his
team predicted that there must be some other contributing factor that hadn’t yet been recognized.
Duncan Irschick, a functional morphologist who
has been studying the clinging and climbing abilities
of geckos for over 20 years proposed that it was the
“skin tendon connection [that] was really one of the
most enabling features” for adhesion. In fact, Bartlett and his team demonstrated that setae are not
even required to achieve adhesion.

Left: Most laboratories studying Gecko feet focused
on the setae—the fine hairs that line the feet of
Geckos. In addition to these microscopic setae are
spatulae—even smaller projections of nonometer
hairs that protrude from the setae.
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“In order for something this large to use adhesion,” Crosby says, “its tendons are stitched right into
its skin. And so you have the tendon, which is very
stiff tissue, connected to the skin and the setae. That
direct connection is critical. Without that, the gecko
could not use adhesion. This direct integration is
what we ended up mimicking in Geckskin.” Geckos,
unique from other animals, have this close skin bone
connection and it is this connection that allows for
the extreme weight bearing properties.
Bartlett and Crosby’s material can achieve feats
that no previous gecko-foot inspired material could.
The index card sized material “can hold a maximum
force of about 700 pounds while adhering to a smooth
surface such as glass,” described the team in a UMass
press release. So far the team has not been able to
come up with a time-limit for how long the material
will last. “Hundreds [of hours], at least,” Crosby says.
“We have measured this without seeing any degradation in performance.”
In addition to its impressive sticking ability, the
material can be released with hardly any force and
reused an uncountable number of times with no
loss of effectiveness. Even better, the material leaves
behind no sticky residue and isn’t harmful to surfaces
such as plaster or wood. Additionally, the material
can’t be pulled loose and is secure from many different angles, but can be removed with a “simple tug,”
says Bartlett.
The fabric is made out of simple materials that
could be bought at a local store. In fact, a trip to the
fabric store was what inspired the concept behind
the materials design. The team was inspired by the
draping ability of a tablecloth. Crosby describes the
revelation saying, “think about a tablecloth… it has
the ability to kind of drape and conform over a table
very easily. But if you pull on a tablecloth it’s very stiff.
And these were the two attributes we wanted to build
and that’s what we saw in the gecko anatomy.”
To replicate this draping property, Crosby purchased a few yards of nylon and polyester and combined them with a caulking to create a stiff fabric.
When a stiff piece of fabric was woven into the material, the caulking helped to mimic the tendon of the
gecko’s foot. Simply put, “We took a fabric, put a bit
of rubber around it and sewed another piece of fabric
-the ‘tendon’-into that ‘skin’…in your typical under
over weave,” Crosby explains.
By using stronger, more durable materials, the
team was able to increase the weight-bearing power
of Geckskin. After testing twenty to thirty different
types of materials, Bartlett and Crosby settled on a
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Setae are spatulae on the toe of a gecko, magnified 1050
times. (Photo credit: Biomimetics: Looking Beyond Fibrillar
Features to Scale Gecko-Like Adhesion. Crosby, Bartlett et al.)

mix of carbon fibers and Kevlar as well as polydimethylsiloxane, a component of Silly Putty, as the
best design.
The cost? “Right now we estimate that at least the
materials costs are under 25 cents for a pad to hold
something about 700 pounds. That’s small scale production, but not including labor,” says Crosby.
In order to test their material, Crosby, Bartlett and team stuck a 42-inch flat screen TV to a
glass surface and sat down for some gecko-related
viewing. “We would hope that there would be some
kind of product or commercial application by the end
of next year. In terms of whether you see it hanging
a 42-inch TV by next year, that’s unlikely. There’s
going to have to be more testing for duration. But
for certain products I think it can come out pretty
quickly. It holds with pretty good confidence from
what we’ve seen.”
The project is funded by the U.S. Defense Advanced Research Projects Agency (DARPA) through
a subcontract with Draper Laboratories in addition
to UMass Amherst research funds. Although the
team is forbidden by DARPA from discussing details
about commercial applications too openly, the team
hopes to see Geckskin on the market in some form
within the year.
So far, Geckskin has been featured on the Discovery Channel, National Public Radio and Wired
Magazine, just to name a few. Watch out Duct Tape,
the Gecko just might have you beat.
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Paul
Daurenhaur’s

P

aul Dauenhauer, of the
Chemical Engineering department, believes that the
energy released through
burning wood could hold the key
to developing a new green biofuel.
The process, called pyrolysis, has
been a hot topic lately among top
bio-fuel research groups. Pyrolysis, which literally means “to break

they break apart into smaller molecules in a process called thermal
degradation. The chemicals which
result from this degradation, namely furans, anhydrosugars and aldehydes, can be collected as a form of
crude oil, or “bio-oil,” which can
be refined into a bio-fuel.
Currently, even in the best of
conditions, pyrolysis only produc-

ing wood passes through many energy states--from solid, to liquid and
finally to gas, energy and molecules
are lost in each of these stages, creating a poor yield of the product.
Dauenhauer and his team have
developed a new innovative process that conserves the energy and
molecules lost during these kinetic
phase changes. The process, called

Pyrolysis is based off of the principle that when long sugar chains found in wood are burned, they break
apart in a process called thermal degradation. “If we understand how wood pyrolyzes,” says Dauenhauer,
“we can control the reaction to degrade in the most favorable way to make ‘green gasoline.’ ”
apart with fire,” is a way of collecting the energy released when wood
burns by gathering the chemicals
that are produced. Dauenhauer,
after receiving an $800,000 grant

Vials containing sawdust, catalyst, charred
catalyst and gasoline made from sawdust.

from the Early Career Award in
Basic Energy Sciences, given by
U.S. Department of Energy, is at
the forefront of this new research.
Pyrolysis is based off of the
principle that when long sugar
chains found in wood are burned,

es a very small yield of bio-fuel.
“If we understand how wood pyrolyzes,” says Dauenhauer, “we can
control the reaction to degrade in
the most favorable way to make
‘green gasoline.’”
Dauenhauer and colleagues
have published new findings in
Science Magazine describing how
they have circumvented some of
the issues surrounding pyrolysis.
One of the main issues with
previous pyrolysis projects found
that since wood is a heterogeneous
compound-made up of many different molecule-it was difficult to
heat at a speed fast enough to produce the molecules needed to create “bio-oil.”
Additionally, because the burn-

“reactive boiling ejection,” uses a
thin-field technique to greatly increase the yield of pyrolysis.
The process is incredibly complicated. In essence however,
Dauenhauer burns small strips of
cellulose instead of larger pieces
allowing for rapid heat transfer
and better conversion into the final
bio-fuel product. The ability of the
thin cellulose strips to burn quickly
alters the way the cellulose decomposes and allows for higher product yield.
“The race is on,” Dauenhauer
says, “to predict which pyrolysis
reactions produce the highest quality bio-oils and the greater quantities of bio-fuel.”
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The UMass Robotics team has
created a few robots with some
pretty incredible abilities

A

t first glance, the University of Massachusetts Laboratory for Perceptual Robotics
and its partner lab, The Robotics and Biology Lab, seem to contain automatons more representative of something out of a science fiction
novel than a real science lab. Upon entering the
labs you’ll find yourself face to face with some
of the world’s most promising innovations in the
world of robotics. Don’t start picturing humanoid
robots with arms, legs or faces however, “because
[designing them to look humanoid] just gets too
creepy,” says Bryan Thibodeau, a doctoral candidate working in the Laboratory for Perceptual
Robotics. Instead you’ll find three less “creepy”
machines, each with an interesting function and a
unique purpose behind its design.
UMann, the first robot designed by the Robotics and Biology Laboratory, was revolutionary when news of it was first published in
2006. Just as impressive was the Laboratory for
Perceptual Robotic’s “Dexter” when news of it
was released in 2008. However, most recently,
a new robot called UBot has been completed,
built off of principles that made the UMann and
Dexter revolutionary, in addition to some of its
own proprietary innovations.
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Biology & Robotics Laboratory

The Biology and Robotics
Laboratory (BRL) strives to
combine developing science, technology and human resources to
create an interface between robotics and
biological systems. The BRL works to integrate the science of robotics into daily life,
by, for example; creating computer and mechanical systems to allow humans to feel and
physically manipulate computer models, or
by enabling robots to perform minimally invasive surgeries.

Laboratory for
Perceptual Robotics

Located in the Computer Science department at UMass Amherst, the Laboratory for Perceptual Robotics (LPR)
uses computational systems to solve
sensory and motor problems. The LPR’s
experimental platforms include sensor
networks, mobile manipulators and integrated bimanual humanoids.

EYE on RESEARCH
A collaboration between Speech Pathologist Yu-kyong
Choe and the director of the Laboratory for Perceptual
Robotics (LPR), Rod Grupen, has produced a very curious robot: UBot, designed to aid in the rehabilitation of
patients who have suffered a stroke.
Because stroke victims often require extensive therapy,
which can be both time consuming and expensive, Choe
and Grupen, are looking to robots for a cheaper solution.
Currently, human therapists can be hard to find and insurance often only covers short-term treatments, leaving
patients only partially healed and left with low muscle
function and/or limited communication skills. In fact, as
Grupen describes, “stroke rehabilitation is such a monumental financial problem everywhere in the world, that’s
where it can pay for itself.”
“It’s estimated that there are about three million Americans who suffer daily from the after-effects of a stroke.”
Choe’s hope is that in the future, these patients will have
access to higher quality, cheaper therapies through the use
of personal robots. “In the future, it is possible that therapy
robots will be placed at rehab facilities and residential settings,” Choe says.
Not only does Choe think that robots would be more
cost-effective and easier to find, but she also believes they
may offer better treatments, too. “Such constant presence
of therapy robots (in the home) can maximize treatment
intensity and, in turn, enhance therapy outcomes,” she described in a UMass press release. “The more you practice,
the better function will be,” she adds.
Enter UBot, a nearly four-foot machine with arms,
wheels and a screen for a face, potentially the new inhome personal therapist. The study, funded by a two-year,
$109,251 grant from the American Heart Association, uses
Choe’s speech pathology expertise, along with Grupen’s
robotic knowledge, to create user-friendly software and
interface for UBot. Therapists Jennifer Baird and Tammie
Foster, as well as computer science doctoral students Takeshi Takahashi and Hee-tae Jung, are also involved in the
project. “We hope to advance artificial intelligence by creating robots that learn from human beings while interacting
with them,” says Grupen. “It will also allow doctors, therapists and family to come into the home via telepractice. We
want to explore embedding robots into human culture in a
way that improves quality of life and increases human-tohuman social interaction in a circumstance when age and
disability can isolate people.”
Currently, Choe and Grupen, along with this team of
experts, are conducting a study on the UMass campus
to evaluate the beneficial effects stroke patients receive
from working with a therapist such as UBot. The study

A Design in Dexterity

“Dexter,” so named as a play on the word
“dexterity,” was designed to study the
complex mechanism behind holding and
grasping objects as well as the concept of
cognitive representations of the physical
world. While it seems second nature for
us to pick up a pencil, grab a coffee cup, or
open a door, the simple ease with which we
accomplish these motions is incredibly hard
to replicate. Such a simple act uses an intricate combination of both fine motor skills,
as well as depth perception and a concept of
the physical world.
Dexter, created by the Laboratory for
Perceptual Robotics (LPR), is designed to
experiment with the way a robot perceives
physical objects and how this perception of
physical objects is stored. Dexter is designed
not only to have fine motor skills but also
to interact with the world in a way that is
uniquely human. With Dexter, LPR hopes
to “advance computational accounts for
sensorimotor and cognitive development
in a manner that leads to new theories for
controlling intelligent robots and provides a
basis for shared meaning between humans
and machines.”
Dexter is made up of two Whole Arm
Manipulators (WAMs) from Barrett Technologies, two Barrett Hands and a BiSight
stereo head, which contains two cameras.
As described by the lab, “this configuration
leads to a combination of excellent velocity,
acceleration and back-drivability. The last of
these properties means that contacts anywhere on the arm are detectable as actuator
“effort,” thus creating the opportunity to
study “whole-body” grasping.”

Dexter and Rod Grupen, director of the Laboratory
for Perceptual Robotics (photo: LPR website)
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enrolls five stroke patients per year to attend a fiveweek rehabilitation session with either UBot or a
human therapist three times per
week. The patients receive a
combination of three different
types of treatments: a completely
robot mediated treatment, a
computer-mediated
treatment
and a robot-mediated or robotassisted therapy through a
remote therapist.
In
the
robot-mediated
therapy,
patients
complete
word-retrieval tasks and games
and arm exercises, delivered
by UBot alone. To administer
these treatments, UBot has been
taught to model his responses
off of therapy routines and
patient-doctor interactions that
it has observed. Additionally,
the patient can “play” an automated game with the
robot to practice word retrieval. The program works

UMann Learns from
its Environment
As the article “UMass Mobile Manipulator Pushes Things Around,
Learn the Way of Things,” puts it,
the UMann is quite an amazing
robot. “Robots teaching robots?
Check. Robots teaching humans?
Check. Robots learning things on
their own accord? Um, terrifying?”
The UMass Mobile Manipulator or UMann, as it is aptly
called, was the first product of the
Robotics and Biology Laboratory.
He was designed by computer
science doctoral candidate Dov
Katz and Professor Oliver Brock
with a robotic arm that allows the
robot to “see” objects it encounters through a digital camera. A
complex algorithm then turns
that data into trial-and-errorbased learning. The arm pushes
on objects and observes how they
change, similar to a child explor-
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by displaying pictures on the robot’s screen and
providing cues to help the patient recall the correct

A collaboration between Yu-kyong Choe
and Rod Grupen,
Ubot is equipped with
dexterous hands
which can pick up objects, wheels for movability and a computer
screen face.
words to express himself. In cases where the patient
is having trouble retrieving the correct words, UBot is

ing the physical dimensions of the
world. UMann stores this knowledge for later use in performing
specific tasks, such as opening
scissors. “Once robots learn to
combine movement, perception
and the manipulation of objects,
they will be able to perform meaningful work in environments that
are unstructured and constantly
changing,” says Katz.
Teaching robots to work,
say, in a factory assembly line or
to clean your room is comparably
simple because these both occur
in structured relatively unchanging environments. Robots can
be easily taught to perform one
task again and again, however,
it’s adapting to and learning from
one’s environment, as UMann
does, that is challenging. Once
this ability for robots to learn
from their environment is perfected, they will be able to work in
unstructured, constantly changing
environments.
UMann has all the most

important things it needs to get
around; wheels, a battery pack, a
one-meter arm, a three-fingered
hand and a webcam in order to
interact with the world. While it
may not look too science fiction-y,
or even remotely human, its learning capabilities resemble that of a
human infant, a big step forward
in the world of robotics.

able to provide additional cues. Eventually, with enough
repetition, this retrieval game rebuilds the pathways that
were destroyed by the stroke until patients can retrieve the
words on their own.
In the computer-mediated therapy, the same tasks, exercises and “games” are presented to the patient, however,
they are delivered on a laptop computer. This method lacks
additional cues and physical demonstrations that the robot
is able to provide for the patient.
In the third treatment, robot-assisted therapy delivered
through a remote therapist, the patient receives information from both the robot and the doctor. The patient is told
to perform certain word- and arm-movement tasks by the
therapist, whose movements are exactly mimicked and displayed to the patient by the robot. The therapist, from a
remote location, is able to demonstrate motions that UBot
“sees” through a 3D camera near the therapist.
Choe expects that the two robot-mediated conditions
will yield better outcomes than the computer mediated
therapies in both speech and physical function due to the
patient-robot interaction. In addition to determining the effectiveness of the three therapy options, the research team
will also analyze how client and therapist receive the robot-mediated therapy sessions.
While UBot is not meant to completely take the place
of a therapist, it is meant to provide more sustainable and
longer lasting therapies. By providing encouragement and
human-to-robot interactions, Choe hopes to see faster improvements in stroke victims. As Choe describes, “In this
study, we want to find out whether the physical presence
of a robot that looks like a human can make a person more
motivated to complete her therapy tasks. Also, whether
she’ll engage and show progress with the robot, because
intensity really matters. The more you practice, the better
function will be. Anything that keeps her from being bored
or quitting is valuable.”
The ability of UBot to connect to Skype and allow patients to interact with real therapists in real-time could be
invaluable as well. This ability enables the patient to interact with doctors and therapists immediately, without having
to travel out of their homes. Patients living in rural areas
often have to travel out of town, or even out of state to find
a certified therapist and with lack of mobility this can be
challenging. Through UBot, Choe hopes that patients will
be able to communicate effectively with therapists without
having to leave their homes.
So far, the therapies that Choe and her team implement
have been very successful. “It doesn’t really matter if a person had a stroke yesterday or 10 years ago. Once we bring
them into our clinic they start making progress,” Choe said.
Eventually, in addition to working with stroke patients,
the team hopes that UBot could help with elderly care as

EYE on RESEARCH
Nexi MDS

“Nexi,” a collaboration between MIT Media
Laboratory’s Personal Robots Group, UMass
Amherst’s Laboratory for Perceptual Robotics,
and Xitome Design and Meka Robotics is a type
of robot that the team calls an “MDS Robot.”
The robot’s dexterity is based off of UMass’s
“Dexter” and “Ubot” designs.
Nexi is one of a group of robots built in the
MIT laboratory who possesses a novel combination of mobility, dexterity and human-centric
communication and interaction abilities. The
name MDS stands for Mobile, Dexterous, Social. Mobile because the robot can move around
on a set of wheels, dexterous because it can grasp
objects and social because it can interact in a human like manner. Its plastic body can even sense
the touch of a human hand.
Nexi is about the size of a three your old
child and the robot is equipped with a highly
expressive face. Nexi can use its facial features
to express a variety of facial expressions, including excitement, anger, boredom, confusion,
sadness and a variety
of others. The robot
is also equipped with
a surprisingly human
sounding female voice.
Videos of Nexi
speaking and demonstrating its facial
expressions can be
found on YouTube by
searching for Nexi the
MDS Robot.

well. “In addition to improving quality of life,”
Grupen says “if we can support a client in the home
so they can delay institutionalization, we can improve outcomes and make a huge impact on the cost
of elder care. There are 70 million baby boomers
beginning to retire now.” The use of “robots could
save billions in elderly care,” he adds.
Choe is hopeful about the implementation of robotics into our daily life. “Thirty years ago when computers were massive and bulky, no one thought they
would be in our homes,” she points out. “If the same
is true for robots, now is the time to start developing
home robots that effectively lead language and physical therapy routines for people recovering from stroke.
We want to support this with sound research.”

11

				

					

•

Understanding Aging on a Molecular Level

C

ombating
aging is a
pursuit that
has baffled and intrigued our society
since before 3,500
B.C.; an obsession
that has produced
interesting formulas
claiming anti-aging
properties and the even
the elusive fountain of
youth. Despite our continued
fascination with aging, we are still
far from understanding it on a molecular level. Lawrence Schwartz,
a Professor in the Biology department at UMass, is conducting research that he believes will shed
some light on the aging process.
Schwartz’s research focuses
on metamorphosis—the process
through which a caterpillar larvae
becomes an adult moth. During
metamorphosis, the pupa of the
moth loses about 40% of its muscle
mass in just 30 hours, a process
which Schwartz says is similar on
the cellular level to what happens
during aging.
Specifically, Schwartz sees
a connection between sarcopenia—the degenerative loss of
muscle mass and strength that
naturally occurs with aging—and
the changes a moth undergoes just
before emerging from the cocoon.
Schwartz’s team of researchers study the giant muscles of the
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Tobacco Hawkmoth that help propel
the moth forward as it emerges from
its cocoon. The muscles, called intersegmental muscles (ISMs), are
no longer of use to moth after if has
completed its transition from caterpillar to moth. This loss of muscle
mass occurs in the pupal cuticle

“Defects in the regulation of
cell death serve as the basis of
many human diseases, including
auto-immunity,
neurodegeneration and most cancers,” Schwartz
explains. With a better understanding of what programmed cell
death is, especially by de novo

Schwartz sees a connection between sarcopenia—the
degenerative loss of muscle mass and strength that
naturally occurs with aging—and the changes a moth
undergoes just before emerging from the cocoon.
of the moth, a coating of muscles gene expression, Schwartz is apthat covers the moth’s lower end. proaching the theory of aging in
When the moth is ready to leave a revolutionary way. After 5,000
its cocoon, its emergence is facili- years of studying aging, we’re
tated by the programmed cell death still searching for that fountain
of the ISM muscles, which helps to of youth. Hopefully Schwartz, as
propel the moth forward and out of the author of over 300 published
the cocoon. This massive cell death journal articles, won’t make us
takes place in response to hormones age too much more before we hear
released by the immune system of more about his discoveries.
the moth as it completes the metamorphosis stage.
The production of the hormones
that cause programmed cell death
in the moth is a process of gene
production called “de novo gene
expression.” Essentially this means
that the moth is producing a completely new form of hormone that
has never been expressed in its life The Tobacco Hawkmoth’s intersegcycle so far. By studying the mo- mental muscles, seen in a moth about
lecular mechanisms involved in this to emerge at the end of metamorphode novo gene expression, Schwartz sis (shown left), and an animal that is
30 hours older (shown right). From
hopes to gain a greater understand- Schwartz’s paper: “Programmed cell
ing of programmed cell death and death in insect neuromuscular systems
eventually, aging and gene therapies. during metamorphosis”
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The immune system’s T-cells
hold promise in curing cancer and HIV

F

or decades, scientists have been trying
to find the “key” that would allow them
to study the inner-workings of a certain
type of white blood cell, the T-cell.
However, the T-cell’s thick outer membrane remained too difficult for scientists to pass though,
hiding the cells inner functions and preventing
them from developing an understanding of this
integral component of our immune system.
Now, Gregory Tew, of the Polymer Science
and Engineering department and his research
team, believe that they have found a way past
the previously impenetrable membranes of
these cells, allowing scientists their first ever
look inside. Their revolutionary invention is a
synthetic protein that mimics the natural interactions the cell has with certain proteins, like a
counterfeit key fitting into a sealed lock. “We
think [our discovery] will lead to new advances in fundamental immunology and that it also
holds great potential for therapeutic applications
in the clinic” said Gregory Tew. “T-cells have a
major role to play in the life-cycle of HIV and
cancer” and understanding them brings us one
step closer to understanding and curing, cancer
and HIV.
T-cells, or “thymus-cells,” are a group of
white blood cells that originate in the thymus
gland. Like all white blood cells, T-cells respond
to pathogens that enter our blood stream helping
to fight off viruses and bacteria. However, not all
T-cells react to every pathogen; and some types of

T-cells are specific to a single pathogen, only becoming active in response to a precise pathogen’s
signals.
One very important type of T-cell, called
a “naïve T-cell,” is considered undifferentiated,
meaning it can be taught to respond to the signals
received from unique pathogens. Because they
are undifferentiated to a certain signal, naïve
T-cells have the ability to recognize and destroy
pathogens that the immune system has never
encountered before. Unlike other T-cells, which
become differentiated to recognize only a single
type of disease causing microbe and are known
as “active T-cells,” a naïve T-cell can be taught
to attack any foreign body.
Once a naïve T-cell is exposed to a new pathogen, its DNA begins to transcribe proteins that
can fight off that specific new germ causing the
T-cell to become active. With the ability to infiltrate a naïve T-cell, allowing access to the cells
DNA, Tew is hoping that immunologists will be
able to teach T-cells to recognize cancer, HIV or
a whole host of other diseases. Tew is especially
hopeful that this could mean new breakthroughs
for cancer researchers, because of the interesting interactions that occur between T-cells and
cancer cells.

HISTORY OF CANCER TREATMENTS

When cancer treatments were first beginning, it
seemed as if the disease would be cured in just a
few scant decades. Researchers thought that by
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helping to boost the immune system with a few new
drugs, we would use the body’s white blood cells, such
as T-cells, to fight off cancers in a relatively easy way.
In fact, the Nixon Administration declared a “war on
Cancer” in 1971, promising the American people that
the disease would be cured in less than ten years. At the
time of President Nixon’s declaration, it was thought
that cancer was a virus that resulted in uncontrollable
cell growth and that our body’s natural immune system
could fight it off.
Because there were hundreds of viruses known
to cause cancer in birds, amphibians and rodents, researchers assumed that the same viruses caused cancer
in humans. Scientists were so sure of this diagnosis
that in 1980, TIME magazine published an article proclaiming that a cure for cancer had been found. The
“cure” was Interferon, a drug that used white blood
cells released during a viral infection to fight cancer
cells. Interferon treated the tumors of mice effectively,
however when used to treat human cells, the drug was
virtually useless.
Finally, after more than a decade’s worth of ineffective viral cancer drugs were produced, researchers had

Gregory Tew Laboratory
“Macromolecular research in this century will
be defined by discoveries at the interface of
chemistry, biology and materials science.”
-G. Tew, Ph. D.

Current Research:

Research in the Tew Group is focused
on problems at the molecular interface.
A common theme of all projects in the
group is the use of modern synthetic organic chemistry to build interesting, novel
macromolecules which are chemically rich
and to study their properties using various
physical methods.
In one major
thrust, the Tew
Group is interested
in
understanding
how to program
molecules with the
necessary information to self-order
into complex, hierarchical functional
materials.
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to concede that cancer simply wasn’t caused by a virus.
Possibly the reason why we held onto this theory of
a virus-based cancer for so long was the development
of radiation and chemotherapy treatments which fit in
with the cancer-virus hypothesis. Radiation and chemotherapy are effective at curbing the growth of bloodcell cancers such as leukemia. However, for cancers
that produce large-scale, solid tumors, our methods of
treatment are still wildly ineffective. Finally it was proposed that cancer is caused by a mutation which occurs
in a cell’s DNA , causing unlimited cell proliferation,
as we still believe today.
Over the past decade or two, our approach to
treating cancers has changed drastically. The discovery that cancers are caused by a gene-based mutation
changed the playing field completely, switching the
fight against cancer from an offensive battle against
an outside enemy, to a defensive fight against our own
cells; our own team.
While this new understanding of cancer was at once
terrifying and complicated, at the same time it opened
up new opportunities for treatments that had either been
long ago abandoned or had never been fully considered. Among these new theories emerged the idea that
the T-cell, as a type of white blood cell, could be used
against cancer cells. This new theory in fact wasn’t
“new” at all—it is based off of the same principle of
using the body’s own immune system to fight back at
cancerous cells. For a while researchers shunned these
theories, saying they were a step backward and that
we’d already tried using the immune system to fight
cancers and these techniques had failed.
However, one tenacious researcher from the University of Texas Cancer Center wasn’t ready to give up
on this theory. The scientist, Jim Allison, believed that
the T-cell, as a powerful type of white blood cell, could
be used to naturally destroy cancer cells that are recognized as foreign. Allison first had to overcome one
very problematic detail; in the most dangerous cancers,
especially the ones that as of yet have no cure, the
disease has found a way to disarm T-cells. Cancer cells
can either cause T-cells to die, or can trick them into
overlooking the cancer cells, making a tumor appear as
if it is a natural part of our body.
Allison began by asking a very important question:
Why do T-cells fail to recognize cancer as foreign and
how can they be taught to recognize them as harmful?
Allison believed that if he could help white blood cells
to recognize cancers as foreign, he could use them to
fight the disease. His premise was that instead of introducing foreign treatments into the body, such as
chemotherapies or radiation that cause damage to all
of the body’s cells without discretion, the T-cell could

be employed to fight in a cell-specific manner. To use
a sports analogy, the theory is akin to putting players
from the home team onto the field, players that had
been benched, but, when given the right play and instructions, have the skills to win the game. Instead of
calling in bulldozers to demolish the entire field, as
chemotherapy and radiation do, Allison wanted to use
our own white blood cells against cancer in a more
elegant, simple solution.
In part, the treatments that Allison created worked
and we still use them today. Allison’s theories pioneered two major new techniques that are still used in
hospitals today. However, there are major set backs to
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while the second is like a gas pedal. When fighting a virus,
both of these signals work together to produce an immune
response. However, in the presence of cancer, T-cells
never receive the signals to attack. Somehow, cancer cells
have found a way to put a brake on T-cells, sending them
a negative signal that causes them not to attack.
By combining two innovative techniques, Tew and
his researchers believe that they have found a way
around this. Using a synthetic protein that mimics a
protein transduction domain (PTD), Tew’s synthetic
protein can move across the membrane of a T-cell and
access the molecule without damaging it. There are 21
amino acids in the human body and each amino acid
is a building block used to create proteins. Instead of
confining himself to these 21 materials, Tew and his
“Chief among these new theories
team decided to design some of their own.
emerged the idea that the T-cell, a
“We felt that if we were not limited to the usual
type of white blood cell, could be
amino acid alphabet of proteins, we could do it better.
That turned out to be true; we used biomimetic design
used against cancer cells. “
principles to make PTDs that are less toxic and more
both of these methods. Electoroporation, a process that
effective for moving cargo across the cell membrane
involves submitting the body to a harsh electrical field
than natural ones.”
that penetrates cells, generally ends up killing about
Tew and colleagues call their new macromolecules
80% of the cells it comes in contact with, causing a “PTD mimics” for the site on the cell that the protein
serious deficiency in the immune system. The second
adheres to. The most important part of Tew’s discovery
method, transduction, is the insertion of a viruses
is that the PTD mimic access to the cells internal progenetic code into the DNA of a white blood cell. This
cesses, but they are also able to introduce active genes
method “reminds” a white blood cell to fight tumors, into the genome of the cell. This ability of the PTD
but can be hazardous for other reasons. It’s hard to tell
mimic to carry information across the cell membrane
exactly how the virus will react with the body, or what
using siRNA is crucial, because it means that DNA
cells it might attack. This, quite obviously, can cause a
can be inserted into T-cells without the use of viruses.
whole host of other problems.
SiRNA’s are able to insert DNA into a cells genome
In order to insert a transcript into a T-cell using a
without the use of a virus, and therefore eliminated the
virus, researchers have to use an activated T-cell, and
risk factors associated with using viruses.
not a naïve T-cell. In order for the T-cell to accept the
What does this mean? It means that scientists can
addition of new “instructions” in the form of a viral
now introduce the instructions needed into naïve T–
transcript, the T-cell had to be activated. Since activat- cells in the form of siRNAs that will allow them to reced T-cells don’t proliferate or regulate in the same way
ognize cancer cells as foreign and harmful. By inserting
as naïve cells, once activated they are less effective at
a genome directly into a naïve T-cell, the genome has
taking up the transcript. While the process is currently
a better chance of picking up the transcript and of rebeing used by doctors, the number of T-cells containing
producing to create more genome-containing cells. By
the cancer-treatment that doctors are able to produce
inserting a transcript into a genome before the cell is
is small. With current methodologies, treating cancer
activated, Tew hopes that researchers will be able to
with active T-cells is somewhat ineffective.
produce a lot more treatment-containing T-cells. The
It is the ability to penetrate a T-cell without chang- importance of inserting genes into naïve T-cells is
ing the cell type from naïve to active that has, up until
that the cells still reproduce and proliferate in large
this point, been so difficult for researchers to accomplish. numbers, which will allow huge amounts of cancerHowever, it is just this non-invasive access to a T-cell’s
fighting T-cells to be produced.
inner-workings that Tew’s new research has addressed.
Looking to the future? “We think it will lead to new
advances in fundamental immunology and it also holds
great potential for therapeutic applications in the clinic,”
THE TEW LABORATORY
Tew
says. “We hope every immunologist on the planet
T-cells work by responding to two different signals from
the immune system. The first signal is like an ignition, hears about this delivery breakthrough, because now
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Dr. Caitlyn Shea Butler of the Environmental and Water Resource Engineering department has designed a Microbial Fuel
Cell Latrine that purifies human waste and produces electricity.
This past May, Butler and her team of researchers travelled to
rural Ghana to implement the revolutionary design.

I

t sounds like something out of a science fiction ing to the World Health Organization (WHO), apnovel: a latrine that not only purifies human proximately 2.4 billion of the world’s population
waste, but also generates electricity at the same lack access to “improved sanitation”. Combined
time. But for Dr. Caitlyn Shea Butler, an Assistant with an increasing population, lack of facilities
Environmental Engineering Professor at the Univer- and in many cases little understanding of the imsity of Massachusetts, it’s a long-term project that portance of clean sanitation, the developing world
has recently come to fruition. The project, called faces a mounting problem of how to effective“Bioelectricty Generation from Domestic Waste: ly—and cleanly—provide sanitation systems. The
The Microbial Fuel Cell Pit Latrine,” was funded main issues are that when human waste seeps into
by a one year $100,000 grant from the Bill and ground water, it causes the rapid spread of deadly
Melinda Gates Foundation. Butler’s long-term goal pathogens that cause waterborne diseases such as
is the placement of these latrines throughout the typhoid, cholera, parasites and diarrhea. The WHO
developing world. “This is a centralized resource estimates that every year, upwards of 170 million
for the whole community,” explains Butler. “Its people die from dirty water, most a direct result of
purpose is a combination of removing the harmful insufficient sanitation.
components of human waste and generating elecThe second problem is that many rural areas,
tricity for the villagers.”
especially in Africa, have limited, if any, access
The “Green Latrine,” as Butler affectionately to electricity. In a village of just a hundred people,
calls it, could potentially transform the way human Butler’s microbial fuel cell would produce enough
waste is treated in underdeveloped countries such electricity to light ten 45-watt bulbs for over five
as rural villages in Africa. The Microbial Fuel Cell hours, or even longer if energy efficient light bulbs
Pit Latrine, as it is called, can purify the domestic were used.
waste of a small farming village, turn it into safe
When implemented on a large scale, Butler’s
compost for their fields, prevent harmful waste “Green Latrine” would help to address both of these
from filtrating into drinking water sources, as well issues simultaneously.
as provide some electricity to the village.
Butler saw Africa as an ideal place to imple- The Microbial Fuel Cell Latrine
ment her new “Green Latrine.” Underdeveloped Butler’s Microbial Fuel Cell uses principles that
countries, such as many communities in Africa, are are similar to that of a hydrogen fuel cell. Typical
faced with two key persistent problems. The first is hydrogen fuel cells use hydrogen gasses to produce
a severe and growing sanitation problem. Accord- an electrical current—more simply, a flow of elec-
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trons around a circuit. However, Butler’s system uses organic
waste to create this same flow of electrons. Butler’s fuel cell
uses natural bacteria to consume organic waste, produce an
electrochemical reaction that gives off electrons and in turn
creates an electrical current.
“The microbial fuel cell treats the liquid portion of the
waste. The solids are filtered out in the chamber underneath
the toilet. In that chamber the solids are composted and the
liquid passes through to the microbial fuel cell,” says Butler,
when asked to describe the inner-workings of the latrine.
Basically, the fuel cell is a battery with both a positive and
negative end, or an anode and a cathode. The battery filters
waste into a chamber on the anode where oxidation takes place,
using the anode as an electron acceptor. Organic matter and
nitrates present in the waste are oxidized to produce carbon
dioxide, while at the same time the nitrogen gases are reduced
to nitrates on the cathode which acts as an electron donor.
This chemical reaction, caused by the bacteria present in both
the anode and cathode chambers degrading organic materials,
produces the electrons that create the electrical current when
they travel from the anode to the cathode.
The nitrates present in human waste are mostly found in the
form of ammonium, which is in part what causes the toxicity
of human waste. The nitrification that takes place within the
fuel cell produces electricity, as well as degrades the potentially
harmful ammonium molecules. “Basically, the oxidation and
the nitrification are two halves of an electrochemical reaction,”
Butler said when describing the process. This electrochemical
process produces water that contains minimal pathogens and
low organic matter, at once neutralizing these harmful pathogens, producing usable compost and electricity.
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Ghana is located on the western
coast of Africa, bordering the Ivory
Coast and Togo. Agona Nyakrom,
the province Butler and her team
travelled to is about 70 miles northwest of Accra, Ghana’s capital.

Below: A typical outdoor latrine that
would be found in rural Ghana prior
to westernization. (Photo Credit:
Caitlyn Butler)

Going Green in Ghana

Butler, a Northampton native, became interested in using
science for real world applications at an early age. While attending Northampton High, she was encouraged by her teachers to apply her skills in math and science to solve real world
problems. “I always had intrinsic interest in science and math
and how I could use that to solve problems,” she says. After
receiving her Ph. D. from Notre Dame in 2010, Butler worked
at the University of Arizona. It was there that she learned
about the microbial fuel cell. She was immediately interested
and couldn’t stop imagining the real world applications of
such a system.
Before working at UMass Amherst, Butler was part of a
program called GlobalResolve based out of Arizona State University (ASU). GlobalResolve, along with a range of global
partners, works to develop sustainable technologies and programs that provide energy, clean water and local economic
development for rural communities in the developing world.
Mark Henderson and Brad Rogers, professors at ASU and the
founders of GlobalResolve, became interested in her project.
Through Henderson and Rogers, Butler learned about the

Butler Laboratory News

This past October, students Cynthia Castro and Joe Goodwill,
along with Katie Fox and Sally
Miller from Landscape Architecture and Regional Planning,won
the UMass Innovation Challenge
MinutePitch by proposing a
business model for the development of the ‘Green Latrine.’
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Latrine,” there are a couple of practical
reasons as well. Ghana was the first country
to receive Peace Corps volunteers and is tolerant of working with outside volunteers from
the U.S. on projects in rural communities.
Additionally the national language of Ghana
is English, making it easier to communicate
without additional financial resources needed
to overcome a language barrier.
Upon visiting Ghana, Butler was amazed
by the sanitation facilities, which ranged from
western-style toilets to nothing more than an
open pit. Oftentimes, a western-style toilet might
be present, but a range of factors prevented it
sanitation system—or more accurately, the lack from being used. Issues such as lack of running
thereof—in Ghana.
water or electricity might prevent use, but just as
As she developed her microbial fuel cell, often the sheer number of people trying to use a
first at Arizona State University and later at single toilet prevented effective use as well. In
UMass, Butler always had Ghana in mind as such cases, like in school systems, teachers or
a potential test site. Ghana is a small country headmasters might have access to the toilet, but
on the western coast of Africa with a populayoung schoolchildren, who are often more sustion of nearly 25 million. Although it is a relatively prosperous country when compared to ceptible to diseases, did not.
other third world countries, Ghana still lacks
proper sanitation a concern which leads to Installing the “Green Latrine”
public health issues. By the estimation of the In May of 2012, Butler, UMass graduate stuWorld Bank, only 14% of the Ghanaian popula- dents Cynthia Castro and Joe Goodwill, along
tion has access to adequate sanitation systems with Henderson and Rogers, travelled to Ghana
and this number becomes even lower, only 8%, to install the first Microbial Cell Latrine. The
team chose a rural province of 20,000 people
when looking to the rural communities.
In addition to the health justifications that called Agona Nyakrom, located about 70 miles
make Ghana a good candidate for the “Green northwest of Accra, Ghana’s capital. Hender-

“Coincidently, the school had
recently received a new western
style bathroom facility after
students had appealed to the
Minister of Food and Agriculture,
Kwesi Ahwoi. Although the students
received the toilets, lack of electricity
and running water prevented
them from being functional.”
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Left: The back of the Microbial
Fuel Cell Latrine during construction, showing
the latrine’s composting system
and where the fuel
cell is housed.
Right: Caitlyn Shea Butler and her
team of builders, including Mark
Henderson of the University of Arizona’s GlobalResolve program, as well as
UMass undergraduate students Cynthia
Castro and Joe Goodwill, in front of
the finished latrine at Nayakrom
Secondary Technical School in
the providence of Agona Nyakrom,
located in the central region of Ghana. (Photo
Credit: Caitlyn Butler)

son, the founder of GlobalResolve, was instrumen- that says that it is still receiving consistent use. Altal in establishing a relationship with the local com- though cleanliness of the facility remains an issue,
munity as well as ensuring the sustainability of the the cement building that houses the latrine is a vast
project. Once a relationship was built with the com- improvement from the situation before.
munity, Nyakrom Secondary Technical School, a
Butler is happy with the results so far and hopes
high school of about 200 students was chosen as the to return to Ghana soon to check on the project’s prosite of construction.
gress. She says however, that she still has big dreams
Coincidently, the school had recently received a of improving the efficiency for large-scale installation.
new western-style bathroom facility after students
“This is a first-generation system,” she says,
had appealed to the Minister of Food and Agricul- “There’s still room for improvement.” She hopes
ture, Kwesi Ahwoi. Kwesi Ahwoi had recently pre- to create systems that are less costly to install and
sented the school with 20 new computers and this gift are more energy efficient. “There is the potential to
prompted the students to request better bathroom fa- continue expanding their deployment throughout the
cilities. According to an article by the Ghana News surrounding region,” she describes. “Our goal is that
Agency, because the school had only a single toilet our technology can be adapted to existing latrines,
located far from the classrooms, students said they which makes the cost very inexpensive.”
were “often compelled to take their bath (relieve
Currently, the latrine is still undergoing a trial
themselves) in the open in order to avoid being late period: local members of the community are checkfor classes.” Although the students received the ing power readings, recording usage and assessing
toilets from the District and Municipal Assemblies of the latrines cultural impact. In May of 2013, after
the Agona area, lack of electricity and running water one year, the effectiveness of the project will be asprevented them from being functional.
sessed. If deemed successful, the project will hopeUpon arriving in Ghana, Butler and her team fully be adopted in other towns. At present, Butler
arrived in Agona Nyakrom, they hired a team of is at UMass working on improvements to her fuel
local laborers to help build the latrine, benefiting cell. With more funding she hopes to further her
the local economy. Using inexpensive materials, the research and bring the latrine to additional underdeteam completed the latrine for less than the $10,000 veloped communities.
budget they had predicted for the project.
When the toilet was finished, Butler said the students “were busting down the doors to get in.” The
Learn more by visiting Caitlyn Butlers website
facility is currently monitored by a local non-profit
at www.people.umass.edu/csbutler/
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Preventing
		Breast Cancer
the spread of

Shelly Peyton of the Chemical Engineering department is working on a unique
way to study breast cancer—using replicas of human brain, lung, bone and
other tissues. When different types of breast cancer become metastatic, they
spread to different parts of the body—yet each type generally spreads to a specific body part. “What we’re trying to understand is why breast cancer doesn’t
spread randomly,” Peyton explains.

S

helly Peyton of the Chemical Engineering department is working on a unique
way to study breast cancer—
by using authentic replicas of
human brain, lung, bone and
other tissues. By infecting
these replicas of human tissues,
Peyton is able to study breast
cancer ex-vivo—outside of the
human body.
Why study tissues other
than that of the breast? Most
breast cancers, or at least the
most deadly—and the ones
we understand the least—they
don’t stay located in one place
throughout their development.
Instead, as they grow, they also
metastasize, spreading from
one type of tissue to another.
As it turns out, when different
types of breast cancers become
metastatic, they don’t all spread
to the same tissues or organs
first. And it’s this non-random
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spreading that scientists still
can’t explain.
“What we’re trying to understand is why breast cancer
doesn’t spread randomly,”
Peyton explains. “It almost
always ends up in a few areas
of your body, and that’s what
makes it so deadly. Ninety
percent of breast cancer
deaths are due to metastasis.
So the ability of breast cancer
to spread to your brain, your
lungs, your bone, your liver,
and take over those organs,
that’s the real danger.”
This non-random spreading
is called “tissue trophism,” and
despite the work of countless
labs around the world, we still
seem to be far from understanding how and why this metastasis occurs.
Other than Peyton’s lab,
no lab in the world is currently using ex-vivo specimens to

study breast cancer. Peyton’s
work is unique in that it allows
her to control exactly what
types of cancer she studies and
exactly what conditions they are
exposed to. Using her clones
of human tissues, she hopes to
gain a clearer understanding of
just what is happening inside all
those cells.
What’s unique about breast
cancer is that its cell types are
widely different from type to
type and from patient to patient,
so a treatment that works for
one patient may not work for
another. Additionally, types of
cancer that seem quite similar
genetically, can have completely
different patterns of metastasis.
“The reason why it has been
so hard to figure out is that I
think we’ve been studying it
the wrong way,” Peyton says.
“Cancer biologists typically
come from a chemical/genetics
background. So they say, for
example, we know this kind of
cell tends to go to bone, so let’s
look at its genetic code and see
how it differs from cells that tend
to go to lungs.”
Peyton however, believes
that by introducing different
types of cancers to her laboratory models of human cells, she
can use statistical modelling
to map why specific types of
cancer migrate to specific types
of cells. By combing biological measurements of the cancer’s reactions to different cell
types with statistical modelling
that predicts migrations patterns, Peyton hopes to develop
a better picture of why cancer
cells migrate the way they do.
The methods that she uses to
complete this statistical analysis are similar to models that
predict population statistics.

By studying cancer outside
of the human body, she is able
to gather statistics and information about breast cancer that scientists have never had access to
before.
In regards to studying cancer
within the human body Peyton
says, “It’s just so difficult to make
connections that way.” In addition
to being able to control the environment her models are exposed
to, Peyton also has access to as
many test subjects as she needs.
Instead of measuring the spread
of cancer in one patient, Peyton
can watch the same type of cancer
spread in a variety of different
tissues and genotypes.
For the first time, she can
measure whether identical
forms of cancer follow identical migrating patterns every
time they spread, or if there is
another factor that influences
their movement. Peyton hopes
that her model will help her evaluate exactly why specific kinds
of breast cancer cells migrate to
specific kinds of tissues.
Ultimately, Peyton wishes to
create a composite model of all
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the different breast cancer cell
types, as well as their migration
patters. Eventually, she hopes
that her research will help to
develop drugs that are specific
to different types of tissues, as
well as specific to each individual
patient. “We not only want to kill
the breast cancer cells, but block
their ability to spread to certain
potentially fatal tissues elsewhere in the body,” says Peyton.
“That would be a really powerful
combination of therapy geared
for each individual patient.”
Peyton’s research is funded
by a $590,000 grant from the
National Science Foundation.

By combing biological
measurements of the
cancer’s reactions to different cell types with statistical modeling that predicts migration patterns,
Peyton hopes to develop
a better picture of why
cancer cells migrate
the way they do.
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UMass researchers help design a nanotube filled material
that protects soldiers in the field from chemical warfare

T

wo scientists from the
Polymer Science and Engineering
departments,
Kenneth Carter and James Watkins,
are helping to perfect a new fabric
composed of nanotubes that repels
both chemical and biological agents.
In the near future, the military hopes
to use the fabric to offer a new layer
of protection to soldiers in the field.
In collaboration with Francesco
Fornasiero of Lawrence Livermore
National Laboratory, the team of
researchers received a five-year, $1.8
million grant to perfect the material,

The material is designed to
respond to stimulation from the
environment in a fast, effective
manner, only becoming active when
an outside contaminant is detected.
Unlike previous designs, when the
coast is clear, the fabric remains
a thin, highly breathable material.
This breathability is vital to the material’s success since bulky materials
in extreme environments can cause
sun and heat stroke to the wearer of
the uniform in the field.
When a chemical or biological
threat is detected, the fabric changes

When in their
aligned state, the
fabric membranes
are only a few nanometers in size—
not large enough
to allow bacteria
and viruses through,
which are typically
around 10 nanometers in size.
as well to find a way to effectively to it’ protective state automatically,
manufacture it. The grant comes without prompting from the wearer.
from part of a $13 million project “The uniform will be like a smart
funded by the U.S. government’s second skin that responds to the enThreat Reduction Agency.
vironment,” says Fornasiero.
The fabric’s revolutionary design
The composition of the fabric
is based on the idea that when there is made up of millions of aeratis no threat present, the fabric ing carbon nanotube membranes
should remain comfortable and with pores of a few nanometers
wearable. However, in the presence wide that allow oxygen to pass
of a harmful biological agent, the through unhindered. The fabric
fabric becomes impenetrable to the is engineered to respond quickly
outside environment, protecting the and unanimously when a chemisoldier within a shielding cocoon.
cal agent is detected, changing to
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its protective state by closing the
nanotube pores in response to a
warfare agent. Almost simultaneously, the nanotubes change direction, aligning to block chemicals in
the outside air.
When in their aligned state, the
fabric membranes are only a few nanometers in size—not large enough
to allow bacteria and viruses
through, which are typically around
10 nanometers in size. The fabric
would not prevent nerve or mustard
gasses which are small enough to
slip through the membrane. The
UMass research team is currently
working on modifying the material to prevent this threat while still
maintaining the materials breathability. By using specified functional
groups on the nanotubes, the team
hopes to create a membrane that
is responsive to further chemical
threats as well.
Additionally, the team is
working on a design that would
allow the material to shed the
outer contaminated surface layer
if it comes directly in contact with
a harmful chemical. This “shedding” response is modelled after
the way our skin responds when it
comes into contact with a chemical
agent. As Carter describes, “mimicking the way real skin responds to
threats by exfoliation and shedding
of contaminated areas will allow for
a dynamic and responsive garment,
all achieved through controlled
chemical reactions in this new advanced fabric.”
The U.S. Threat Reduction
Agency estimates that military uniforms made out of the new material
will be ready in less than ten years.
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List of Campus Labs

Following is an alphabetical list of the on-campus labs currently operating at UMass Amherst. The list is composed of
laboratory descriptions found online of the labs, either from individual lab websites or from the UMass school website.
Labs lacking descriptions or about which no information could be found were left out. The list contains most on-campus labs but does not claim to be entirely comprehensive.

A

Advanced Computer Networking
Research Group (Psychology)
Research in the Computer Networking Research Group focuses on communication protocols (particularly
for multimedia servers, live multimedia and multicast), quality of
service issues including call admission and performance modeling.
Advanced Networked Systems
Research Group (Psychology)
This group conducts research in
all aspects of networked systems
including Internet protocols, peerto-peer systems, wireless and mobile
networks, large-scale distributed
systems and network security.
Adult Attachment Laboratory
(Psychology)
Research on the nature of adult
human attachment (Paula Pietromonaco)
Aging, Bejeweled and Cognition
Study (Psychology)
The Aging, Bejeweled and Cognition Study is an exciting new study
that focuses on Bejeweled Blitz®, a
game that relies on speed, the ability
to scan an array for relevant patterns
and the ability to predict stimulus
patterns.
Adolescent and Family Research
Lab (Psychology)
The Adolescent and Family Research Lab at UMass Amherst
is directed by Dr. Sally Powers.
Research in the lab explores a range
of topics, many within the field of
developmental psychopathology.
Recent projects explored adolescent
depression, adolescent-parent relationships, opposite-sex relationships in late
adolescent/emerging adulthood couples
and married opposite-sex couples.
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Architecture and Language Implementation (Psychology)
The Architecture and Language
Implementation Group has the
goal of improving the performance
of computer systems through the
synergistic enhancement of the
compiler, run-time environment
and architecture. Efforts include the
Scale compiler and a wide range of
optimizations for improving memory subsystem performance, Java
virtual machines, garbage collection algorithms, microarchitectural
support for advanced compiler and
run-time optimizations and parallel
architectures.
Adler Lab (Biology)
Although many ecological and
evolutionary studies focus on single
species or two-species interactions,
there is a growing recognition that
the factors determining the distribution and abundance of species and
the evolution of phenotypic traits
can only be understood in the context of multiple interactions.
Auebach Research Group
(Chemistry)
Molecular modeling of catalysts
and materials for
renewable energy
applications is
the focus of the
Aubach Research
Group.
The Aubach
Research Group is developing and
applying simulation methods to
model dynamics of zeolites, organic
polymers and hybrid organic-inorganic nanoparticles. The ultimate
goal of the Auebach Research Group
is to shed light on the physical
chemistry of these systems, to assist
in the design of new materials with

advanced properties.
Autonomous
Learning Laboratory
(Psychology)
The Autonomous
Learning Laboratory (ALL),
formerly the Adaptive NetWorks
(ANW) Laboratory, focuses on both
machine and biological learning. Areas of study include reinforcement
learning, artificial neural networks
and biologically-inspired models of
adaptive motor control.

B

Barns research Group (Physics)
The Barns Group’s research focuses
on the chemical physics of nanoscale
objects. This lab employs a variety
of optical techniques to reveal the
dynamics, transport processes and
emissive properties of different
chromophores at the limit of single
molecules, where the heterogeneity
of ensemble measurements can be
circumvented.
Baskin Lab (Biology)
Research in this lab focuses on
understanding anisotropic growth
in plants through the study of cell
division, cell elongation, cortical
microtubules, cell wall properties
and various mutants.
Brain, Cognition and Development Laboratory (Psychology)
The Brain Cognition and Development Laboratory conducts research
in an ongoing effort to further our
understanding about how the brain
develops and how cognitive and
perceptual abilities develop from
infancy through adulthood. The research conducted in the BCD lab utilizes behavioral measures, measures
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of looking time and eye-fixations
and recordings of event-related
potentials (ERPs).
Bezannilla Lab (Biology)
The Benzannilla Lab’s research focuses on understanding how proteins
within the cell direct and regulate
cell growth and morphogenesis.
Blanchard Research Lab
(Biology)
The Blanchard Research Lab’s
research program is focused on
understanding microorganisms and
molecular processes involved in the
decomposition of plant material,
particular the recalcitrant structures
in the plant cell wall. This research
has important implications for
climate change research, developing
cellulosic biofuels and animal health
and nutrition.

C

Caicedo Lab (Biology)
Adaptive evolution, the product of
natural selection, underlies much of
all biological diversity. The Caicedo
Lab seeks to understand the genetic
basis of adaptation, as well as the
population and genomic context in
which adaptive evolution occurs.
Center for Intelligent Information
Retrieval (Psychology)
The Center for
Intelligent Information Retrieval
(CIIR) is one of the
leading research
groups working in the areas of information retrieval and information
extraction. The CIIR studies and
develops tools that provide effective
and efficient access to large networks of heterogeneous, multimedia
information.
Center for Knowledge Communication (Psychology)
The Center for Knowledge Communication (CKC) investigates knowl-
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edge-based educational systems,
integrating theoretical principles
into research systems for empirical
evaluation and theoretical analysis.

extension for Java and PolySPIN,
an approach to automating seamless
interoperability among Java, C++
and CLOS software modules.

Commonwealth Center for Forensics & Society (Psychology)
The Center for Forensics is a unique
partnership between UMass Amherst and the Massachusetts State
Police. The Center’s work advances
digital forensics science and technology, addressing the challenge of
the protean nature of computer systems and the Internet. Our core mission is to develop and apply novel
research and technology in forensics
and privacy to address the interests
of government, law and society.

Chambers Lab (Chemistry)
The goals of the Chambers Lab is to
enable a better understanding of the
molecular basis of memory formation. To enhance memory formation
through new drugs that enhance
synaptic communication. To develop
new, druggable enzymatic targets to
help in the fight for halting Alzheimer’s Disease.

Computer Graphics Laboratory
The Computer Graphics (GFX)
(Computer Science)
Laboratory focuses
on modeling of
the real world and
simulation of physically based illumination phenomena.
Research topics include global
illumination algorithms, real-time
rendering, graphics hardware based
rendering, and geometric acquisition
of the real-world.

Continuum Detector Lab (CDL)
(Astronomy)
The student-staffed CDL develops
and builds bolometer instruments,
capable of detecting and measuring
sources of electromagnetic waves.
One of these instruments is AzTEC,
an instrument capable of seeing
through dust and the cosmic microwave background, is being used on
the LMT and on the ASTE telescope
in Chile.

Computer Vision Research Lab
(Computer Science)
The Computer Vision Research
Laboratory was established with the
goal of investigating the scientific
principles underlying the construction of integrated vision systems and
the application of vision to problems
of real-world importance.

Cognition and Action Laboratory
(Psychology)
The Cognition & Action Lab at
UMass Amherst is housed in the
Department of Psychology and is
an affiliate of the Neuroscience and
Behavior Program.
Research in this lab broadly explores a range of questions pertaining to cognition and action and the
intersection between them. This lab
uses a variety of techniques to explore how the brain learns cognitive
and motor tasks and how this brain
function changes over sleep.

Convergent Computing Systems
Lab (Computer Science)
CCSL research is aimed at supporting the creation and use of systems
that incorporate components from
different sources (e.g., written in
different languages or imported
from different Internet sites) into a
synergistic whole. Current projects
include JavaSPIN, a persistence

Crosby Research Group
(Polymer science)
Can we design a material with different “materials properties” at the
nanometer, micron and millimeter
length scales? More importantly, can
we link this length-scale design of
materials properties with fabrication
techniques that allow materials to
self-assemble or adapt their struc-
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ture to meet the demands of their
environment? From the gecko to the
Venus Flytrap, beautiful examples
of hierarchical design and fabrication are found in nature as answers
to these questions. Our group uses
these and various examples in
nature to inspire the development
and understanding of hierarchical
structures that display predictable
materials properties.

D

The Dynamic Memory Modeling
Lab (Psychology)
Directed by Jeff Starns, the Dynamic
Memory Modeling lab explores
memory processes as they unfold
in time by applying computational
models that predict both accuracy
and response time data. The models simulate the accumulation of
memory evidence as a drift diffusion process that can be linked to
the firing rates of neural populations. Experiments in this lab mostly
involve tasks in which participants
must attribute items to specific past
contexts, such as a word list or a
particular speaker.
Dynamical Systems Laboratory
(Psychology)
The Biologically
Inspired Neural &
Dynamical Systems
Laboratory aims to
apply techniques developed in computer
science to problems in biology and to
turn insights gained from biological
systems to construct better computational algorithms. A specific goal is to
employ computational techniques from
machine learning, such as clustering
and Bayesian network modeling, to
solve problems in functional genomics. Another goal of the lab is to build
mathematical models of neural circuitries in the brain.
Dauenhauer Research Group
(Polymer Science)
The Dauenhauer Research Group
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focuses on the fundamental reaction engineering technology necessary to produce fuels and chemicals
from alternative feedstocks such as
shale, natural gas and lignocellulosic
biomass. Renewable carbon sources
such as hybrid poplar trees and
switchgrass are fundamentally different feedstocks than conventional
carbon-sources such as petroleum.
Biomass exists as a complex
mixture of biopolymers which
form a solid and fibrous composite
material that is highly oxygenated
and overfunctionalized. Conversion
to fuels and chemicals requires a
significant reduction in species size,
reduction in the number of functional groups and overall reduction
in oxidation state. Alternatively, conversion of natural gas (methane) to
fuels and chemicals requires the addition of functionality and increase
in molecular size. Research focused
on the development and utilization
of inorganic catalysts for biomass
and natural gas transformation will
permit the efficient, economical
use of non-food-based biomass and
domestic natural gas.
Database and Information Management Laboratory
(Computer Science)
The Database and Information
Management Laboratory (DBLab)
focuses on the development of information infrastructures and data management systems for efficiently and
securely managing large volumes of
data. The research group is particularly interested in the challenges
posed by emerging data types like
XML and streaming data and issues
that arise in non-traditional architectures like embedded systems.
Dumont Lab (Biology)
Research in the Dumont lab focuses
on understanding the relationships
between morphology, behavior and
performance in a variety of vertebrates including bat, carnivoran and
avian species. In order to address
these relationships, research utilizes
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museum collections, behavioral and
performance data from wild animals
and cutting-edge techniques borrowed from mechanical engineering

Dubin Research Group
(Chemistry)
Research in the Dubin Group arises
from an interest in polyelectrolytes,
long-chain molecules in which every
repeat unit carries a charge. Their
unique properties reflect a combination of those of polymer solutions
and salts. We focus on their interaction with oppositely charged nanoparticles such as dendrimers, surfactant micelles and proteins, with
the objective of fundamental understanding of solution behavior. To
do this the Dubin Group measures
properties that can be quantitatively
understood through basic physical
relationships. Our work combines
the disciplines of analytical, biological and physical chemistry.
Downes Lab (Neurobiology)
The goal of our
research is to understand how spinal cord
networks control
locomotive behavior,
such as walking or
swimming. More
specifically, we are interested in how
spinal cord networks are assembled
during animal development, how
they function and how they are
controlled.

E

Engineering Research Center for
Collaborative Adaptive Sensing of
the Atmosphere
(Computer Science)
The NSF Engineering Research
Center (ERC) for Collaborative
Adaptive Sensing of the Atmosphere
(CASA) seeks to revolutionize the
way we observe, detect and predict
atmospheric phenomena by creating
distributed collaborative adaptive
sensor networks that sample the atmosphere where and when end-users
needs are greatest.
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The Eyetracking Lab (Psychology)
The research in the Eyetracking
Lab, which is directed by Dr. Adrian
Staub, uses eye movements to
investigate the cognitive processes
involved in reading and language
processing. In collaboration with
other members of the UMass Cognitive Psychology program, members
of other departments at UMass,
and collaborators at other universities, this lab also investigates topics
such as visual search, attention and
memory.
El Walker Lab (Interdepartmental)
The El walker lab is conducting two
distinct research projects. In the first
project, they are investigating the
mechanisms that control the uptake
and homeostasis of iron. This project
has important implications both for
our basic understanding of these
mechanisms, and also for our ability
to manipulate the iron content of
particular plant parts as a means of
improving the iron nutritional quality of food. In the second project, we
are using molecular approaches to
discover genes involved in production of paclitaxel (generic name for
Taxol™ - Bristol-Myers Squibb).
Genes discovered during this project
will improve our ability to supply
sufficient quantities of paclitaxel to
the world.
Eric Bittman Lab (Biology)
The molecular and neural basis
of endogenous daily (circadian)
rhythms in mammals. This lab focus
upon the suprachiasmatic nucleus of
the hypothalamus (SCN), a master
pacemaker critical not only to general activity rhythms but also to the
estrous cycle, the rhythmic secretion
of many hormones and seasonal
breeding. The restriction of reproduction to a particular time of year
depends upon the discrimination of
day length. The circadian system
accomplishes this by SCN-regulated
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secretion of the hormone melatonin
by the pineal gland, and detection
of melatonin duration using highly
specific cell membrane receptors in
the brain.

G

The Growth in Early Marriage
(GEM) Project (Psychology)
Our project focuses on the early
years of heterosexual marriage,
which are an important time in
people’s lives. The Growth in Early
Marriage Project (GEM), funded by
the National Institutes of Health, is a
study of couples in Western Massachusetts who are newly married.
The researchers who lead this study-Dr. Paula Pietromonaco and Dr.
Sally Powers--are interested in how
couples change over time and about
the way that close relationships can
affect health.
The goal of the GEM Project is to
learn firsthand from newlyweds and
to understand their experiences as
they make the transition to married
life.
Gierasch Research Group
(Interdepartmental)
The protein folding problem, namely
how amino acid sequence determines the three-dimensional structure of a protein, is not fully understood despite many years of effort.
The Gierasch are addressing this
problem in a variety of ways in our
laboratory. Methods we use in all
of our folding work include circular
dichroism, fluorescence and nuclear
magnetic resonance.

H

Hayes Lab (Parental Attachment
Laboratory) (Psychology)
The Hayes Lab is interested in the
influence of reproductive events on
attachment between parent and offspring. Currently, this lab is investigating how obstetric experiences
prepare mothers for their postpartum
roles. This research is conducted

using a translational approach that
looks at pre- and postpartum behaviors of women and female prairie
voles (Microtus ochrogaster).
Hardy Research Group
(Biology)
Many biological responses are triggered when small chemical moieties bind to cavities or surfaces of
proteins. Attention typically focuses
on small molecules binding to the
main functional site, which is termed
the protein active site.
The Hazen Lab (Chemistry)
It is a complex composite of polysaccharides, proteins, and lignin,
with lignin and cellulose representing two of the most abundant bioorganic compounds on the planet.
It is essential to plants that structurally important polysaccharides are
resistant to facile deconstruction by
herbivores and microbes.
Harry Bermudez Research Group
(Polymer Science)
The Henry Bermudez Research
Group’s general theme is to exploit
various forms of self-assembly to
achieve nanoscale materials with
responsive properties, at the intersection of materials science and
biotechnology. They have largely,
though not exclusively, focused our
attention on biopolymer systems
composed of nucleic acids and/or
polypeptides, to benefit from tunable
interactions with unmatched precision. These and other well-defined
macromolecules are the natural
choices for studying self-assembly
in solution or at interfaces, with
obvious implications for sensors and
drug/gene delivery.
Hormones and Cognition Lab
(Psychology)
The Hormones and Cognition Lab
studies the effects of sex hormones
on cognition. The lab is directed by
Agnès Lacreuse of the Psychology
department.
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Human Relations Lab (Psychology)
Our research focuses on how people
interpret events in intergroup conflicts and how these interpretations
affect their emotions, self-concepts,
and support for different social and
political policies. Recently, much
of this work has examined what
determines the emotions that occur
in the context of violent intergroup
conflicts and how these emotions
predict support or opposition to intergroup aggression. Besides understanding people’s reactions to these
macro-conflicts, this lab also studies
emotional reactions in interpersonal
situations where inter-group conflicts
come into play (such as people’s
reactions to observing anti-Muslim
discrimination in the United States).

on animal performance has focused
on the mechanistic underpinnings of
performance (the “how”), Duncan’s
research explicitly examines performance traits in an evolutionary and
ecological context. In this way, he examines not just the “how” of animal
performance, but also the “why”.

Holden Research Group
(Chemistry)
A list of the interests of the Holden
Lab: Cell membrane mimics as tools
for understanding biology, functional
studies of membrane proteins, and
creating protocell-based devices.

J

I

The Infant Motor Lab (Psychology)
Research in the Infant Motor Lab
focuses on perceptual and motor
development in human infants. Of
particular interest is the role of vision
in reaching, the development of motor control, and the development of
handedness.
The Irschick Lab (Biology)
Duncan Irschick is an integrative
biologist interested in the evolution
and ecology of animal performance.
Animal performance traits have
fascinated humans for generations,
but there is still a great deal we don’t
know about why and how animals
can perform their amazing feats,
such as jumping, running, and biting.
Why can some animals run so fast?
How do lizards climb walls? Why
are some animals so much stronger
than humans? Whereas most research
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Information Extraction and Synthesis Lab (Computer Science)
The Information Extraction and Synthesis Laboratory (IESL) specializes
in the theoretical development and
implementation of systems for extracting databases from unstructured
text on the Web and mining those
databases to find patterns, predict the
future and provide decision support.

The Jenson Lab (Physics)
This lab’s efforts at understanding
retinal development address two
fundamental questions: (1) How are
different retinal cell types generated?
(2) How are those cells organized
into a functional tissue?

K

Kaltashov Research Group
(Biology)
The Kaltashov Research Group is a
Biological Mass Spectrometry Group
at the University of Massachusetts
Amherst. Research is focused on
developing mass spectrometry-based
strategies to study protein architecture, dynamics and interactions with
small molecules and other biopolymers.
The Karlstrom Lab (Biology)
The Karlstrom Laboratory uses zebrafish as a simple vertebrate system
to study how the forebrain and pituitary gland develop and to investigate
how axons are guided across the
midline to form the forebrain commissures and optic chiasm.
Knowledge Discovery Lab
(Computer Science)
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KDL investigates how to find useful patterns in large and complex
databases. We study the underlying
principles of data mining algorithms,
develop innovative techniques for
knowledge discovery and apply those
techniques to practical tasks in areas
such as fraud detection, scientific
data analysis and web mining.

Kittilstved Research Group
(Physics)
The Kittilstved Group’s research
is focused on understanding and
manipulating the electronic structures
of transition metal ions in inorganic
hosts for a wide range of applications
such as solar energy conversion,
photochemical water splitting and
spin-based electronics.
Knapp Research Group
(Biology)
Biological responses to oxygen are
highly complex and rely on specific
enzyme action. This lab is interested
in understanding how biology controls the metal co-factors and protein
recognition involved in O2-sensing,
discovering bio-mimetic systems for
controlled oxidation chemistry and
developing fluorescence-based sensors.

L

Laboratory for Advanced Software
Engineering Research
(Computer Science)
The Laboratory for Advance Software Engineering Research (LASER)
is investigating the issues surrounding the development of complex
software and the construction of software environments. LASER research
emphasizes software analysis and
software process.
The Language, Intersensory Perception and Speech (LIPS)
(Psychology)
The Language, Intersensory Perception and Speech (LIPS) lab at
the University of Massachusetts at
Amherst is directed by Dr. Alexan-
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dra Jesse. Research within the LIPS
lab investigates speech perception,
as well as intersensory perception,
language processing and learning
processes as they relate to speech
perception. These research topics
are addressed with behavioral and
neuropsychological methods (e.g.,
eye-tracking, EEG), testing young
and older adults as well as infants
and toddlers.
Laboratory for Advanced System
Software (Computer Science)
The Laboratory for Advanced System
Software (LASS) conducts research
in the areas of file systems, operating systems, computer networks and
large-scale distributed systems, all
with an emphasis on multimedia.
Laboratory for Perceptual
Robotics (Computer Science)
The Laboratory for Perceptual
Robotics (LPR) is in the Computer
Science Department at UMass Amherst. The lab studies computational
systems that solve sensory and motor
problems. Experimental platforms
include sensor networks, mobile
manipulators and integrated bimanual
humanoids.
Current projects focus on knowledge representations grounded in
closed-loop interaction, learning to
exploit whole-body dynamics for
stabilization, risk-sensitive policy
optimization, human-robot interaction and communication and computational models for learning and
development.
Laboratory in Kine(ma)tics and
Geometry (LinKaGe)
(Computer Science)
The Laboratory in Kine(ma)tics
and Geometry’s research belongs to
computational geometry: the investigation of algorithmic problems with
geometric content. Its focus is on
rigidity, flexibility and motion for
constrained structures like linkages
or frameworks in mechanics or robotics. In an interdisciplinary spirit,
LinKaGe also considers applications
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to computational biology, and investigates computational methods for
motion generation in molecules (in
particular, proteins).
Large Millimeter Telescope (LMT)
(Astronomy)
The LMT is a collaboration between
the University of Massachusetts and
the Instituto Nacional de Astrofísica,
Óptica y Electrónica (INAOE) in
Mexico. The telescope is 50m (about
150 feet) in diameter and will be the
largest and most sensitive single-aperture telescope operating at wavelengths of 0.85mm to 4mm when
scientific operation begins following
first light, its premier usage, later this
year. Astronomers will use information collected from it to view of
regions of space which are obscured
by dust, increasing knowledge about
star formation and the solar systems
these stars could create.
Lahti Group Lab (Chemistry)
The Lahti Group’s main interests
include molecule-based magnetic
materials (including metal-free
magnetism), electro-optical conjugated polymers and molecules,
spectroscopy of high-spin open shell
molecules (especially EPR), organicbased LED’s, organic and polymer
based photovoltaic research, energy
transport and charge transfer in organic materials. Combining theoretical, synthetic and physical chemistry
to study the electronic properties of
molecules, polymers and materials
is the focus of the Lahti Group. All
of our work involves the understanding and electronic properties from a
physical organic and materials point
of view.

M

Mahoney Research Group
(Polymer Engineering)
Research in the Mahoney Group
involves using biophysical, molecular biological and synthetic model approaches to elucidate the structure of
transition metal sites in proteins and
enzymes and investigate how these

sites function in biology. We have
focused our efforts on nickel biochemistry and redox systems involving S-donor ligands. Systems that are
of current interest in the Mahoney
Group include proteins involved
in nickel trafficking and several
enzymes including hydrogenase,
superoxide dismutase and cysteine
dioxygenase.
Martin Research Group
(Biology)
The Martin Research Group is
interested in understanding specific
chemical interactions which underlie
complex enzyme systems. A major
focus of the lab is to understand
structure and function in enzymenucleic acid interactions.
The Memory Lab (Psychology)
Our research seeks to understand basic processes in recognition memory
and reasoning, using methods rooted
in signal detection theory.
Multi-Agent Systems Laboratory
(Computer Science)
The Multi-Agent Systems Laboratory
is concerned with the development
and analysis of sophisticated AI problem-solving and control architectures
for both single-agent and multipleagent systems. Current research
projects include cooperative information gathering, distributed situation
assessment, distributed scheduling,
auditory scene analysis, multi-agent
learning of coordination strategies,
multi-agent coordination and negotiation protocols.
MN/TX Adoption Project
(Psychology)
The Minnesota / Texas Adoption
Research Project (MTARP) is a longitudinal research study that focuses
on the consequences of variations in
openness in adoption arrangements
for all members of the adoptive kinship network: birth mothers, adoptive
parents and adopted children and for
the relationships within these family
systems. The project was begun in
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the mid-1980s by Harold Grotevant,
Ph.D., who is now the Rudd Family Foundation Chair in Psychology
at the University of Massachusetts
Amherst and Ruth G. McRoy, Ph.D.,
who is now the Donahue and DiFelice Endowed Professor in the Graduate School of Social Work, Boston
College.
Millimeter Wave Instrumentation
Lab (Astronomy)
This lab specializes in the area of low
noise millimeter and submillimeter
wave receiver systems for ground,
air and space-borne astronomy. Its
primary role is to develop systems
for the Large Millimeter Telescope,
using its experience developing the
systems on the 14m Five College
Radio Astronomy Observatory. It is
also building a receiver for NASA’s
Statospheric Observatory for Infrared Astronomy (SOFIA), the largest
airborne observatory, flying within a
Boeing 747.
Min Chen Research Group
(Interdepartmental)
The Min Chen Research Group is
interested in how molecules move
across the lipid bilayer membrane.
In cell, most of these translocation
processes are facilitated by highly
specialized membrane proteins. This
lab applies a combination of chemical, biological and biophysical tools
to study the translocation process at
single-molecular level. The mission
of this group is to gain a better understanding of the function and mechanism of these transporter proteins.
The Min Chen lab is also developing
new sensing technology based on
what they have learned about these
proteins.
Areas of our research include:
1.Translocation through double bilayer membranes
2.Nanopore-based biosensing

N

Normark Lab (Biology)
The laws of genetics are not univer-

sal. While many species have classical Mendelian genetics, in which
both parents contribute equally to the
genomes of all offspring, several other genetic systems exist. In thousands
of insect species, females monopolize
parentage of sons. In others, males
are completely absent. This variation
and its evolutionary significance remain poorly understood, illustrating
the incompleteness of the synthesis
of genetics with evolutionary biology that constitutes the theoretical
underpinning of modern biology.
This laboratory studies the evolution
of unusual genetic systems -- especially paternal genome elimination
and parthenogenesis --in armored
scale insects.
Neurocognition and Perception
Lab (Psychology)
The Neurocognition and Perception
Lab’s research focuses on understanding how human neural systems
carry out a wide range of processes
including basic auditory perception, spatially and temporally selective attention and speech and music
processing. To address these issues,
the lab employs behavioral, electrophysiological and neuroimaging
techniques with adults and children.
If you are interested in participating
in or learning more about our studies,
contact one of the lab members.

P

The Perception And Cognition
Laboratory (PAC Lab)
(Psychology)
The Perception And Cognition
Laboratory (PAC Lab) at the University of Massachusetts at Amherst
is directed by Andrew Cohen. The
main focus of the lab is investigating
the building blocks, or features, that
underlie perception and exploring
how multiple features are combined
to determine higher-level cognitive decisions in tasks of perceptual
classification, recognition memory,
judgment, decision-making and identification. Formal quantitative models
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are employed to inform and interpret
empirical research.

The Psychotherapy Research Lab
(Psychology)
Directed by Dr. Michael Constantino,
the Psychotherapy Research Lab is
part of the Department of Psychology
and the Clinical Program at the University of Massachusetts Amherst.
Our research focuses on identifying
and understanding patient, therapist
and relational processes that influence psychosocial treatments, and
on the development, systematization
and integration of efficacious psychotherapeutic interventions. To address
these issues, we employ multiple research modalities, including quantitative psychotherapy process research,
experimental treatment outcome trials, naturalistic process and outcome
research, qualitative analyses and
lab-based analogue studies.
Programming Languages And Systems at Massachusetts
(Computer Science)
The PLASMA Group (Programming
Languages And Systems at Massachusetts) investigates issues spanning
the areas of programming languages,
run-time systems (especially memory
management) and operating systems.
The focus of the group is on cooperative system support for robust
and high-performing computing in
the context of modern programming
languages.
Patek Lab (Interdepartmental)
The primary goal of the research in
the Patek Laboratory is to examine
the dynamic interplay between evolutionary processes and basic physics.
The Patek lab addresses this issue
in two broad systems-evolutionary
physiology of communication in the
sea and the evolutionary dynamics
of fast animal movements -with
most projects focusing on arthropods.
Tools range from high speed videog-
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raphy and acoustics to phylogenetics
and physiology.
Podos Lab (Biology)
The Podos Group conducts research
at the interface of animal behavior
and evolutionary biology, with a particular focus on animal communication. Research projects are conducted
in both field and laboratory settings,
mainly (but not exclusively) using
songbirds as a model system. Current
study species include sparrows, swallows, chickadees, warblers, finches
and grassquits. Podos lab members
are affiliated with two graduate programs, Organismal and Evolutionary
Biology (OEB) and Neuroscience
and Behavior (NSB).

R

Research in Presentation Production for Learning Electronically
(Computer Science)
The Research in Presentation Production for Learning Electronically (RIPPLES) project is investigating how
to most effectively use the World
Wide Web and CD/DVD-ROM to
deliver lectures and course materials
outside of the classroom. Our focus
is on asynchronous learning environments in which students proceed at
their own pace and are not assumed
to be accessing the same material at
the same time. Students can access
lectures as digital audio or video,
synchronized with slides, overheads
or other materials.
Resource-Bounded Reasoning Research Group (Computer Science)
The Resource-Bounded Reasoning
Research Group studies the construction of intelligent systems that can
operate in real-time environments under uncertainty and limited computational resources. The group conducts
research in decision theory, real-time
planning, autonomous agent architectures and reasoning under uncertainty.
Robotics and Biology Laboratory
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(Interdepartmental)
The Robotics and Biology Laboratory develops algorithms and methods that enable robots to perform
complex tasks in unstructured and
dynamic environments, a research
area referred to as Autonomous Mobile Manipulation. Our approaches
require the integration of hardware,
control, planning, manipulation,
perception, learning and reasoning.
Some of the insights from our robotics research also apply to structural
molecular biology, where we investigate algorithms for protein structure
prediction and protein docking.

interventions on student reasoning.

The Riley Lab (Biology)
What we know about the origin and
evolution of antibiotic resistance has
been learned almost exclusively from
studies of clinical isolates of human
pathogens. Little attention has been
paid to the immense reservoirs of resistance genes segregating in natural
populations. Our studies focus on determining the origin and evolution of
resistance mechanisms in natural isolates of bacteria obtained from wild
mammals and environmental settings,
assess the fitness of “natural” versus
“clinical” resistance mechanisms and
incorporate these data into existing
epidemiological models that dictate
therapeutic treatments. Such data are
critical to our efforts to design more
“resistible” antibiotics and to predict
future pathways of resistance evolution. Gillor et al. 2004

SENSORS: Wireless Sensor Networks Group (Computer Science)
The Wireless Sensor Networks
Research Group conducts research
on a variety of systems, networking
and data management issues in datacentric sensor networks. The group’s
focus is on building scalable energyefficient sensor networks through the
use of heterogeneous sensor modalities, sensor platforms and processors.

S

Statistics Education Research
Group (Psychology)
SRRI is a federation of researchers
from various disciplines, departments
and backgrounds. We study multiple facets of teaching, learning, and
thinking in science, mathematics and
engineering, at K-12 and university
levels. More recently, we have been
applying this research to the development of educational software tools
and classroom activities and researching the effects of instructional

Systems at UMass Amherst
(SUMA) (Computer Science)
The Systems Group at UMass Amherst (SUMA) has twenty faculty
members and spans all major areas of
systems research, including architecture, databases, distributed systems,
mobile computing, networking,
operating systems, privacy, programming languages, security, software
engineering and wireless sensor
networks, as well as systems aspects
of bioinformatics and information
retrieval.
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Thayumanavan Research Group
(Chemistry)
The Thayumanavan Research Group
is interested in the design and syntheses of mainly two classes of macromolecules, viz., dendrimers and
polymers. The design of these macromolecules is inspired by specific
applications that this group is interested in and sometimes by the sheer
beauty of the structures that one can
generate using organic syntheses as
a tool box. The structures that the
group imagines are often inspired by
the intricacies of the nature’s nature
macromolecules such as proteins and
nucleic acids.
Theoretical Computer Science
Group (Computer Science)
Theoretical Computer Science is
the quantitative and formal study of
computing: which problems can be
solved? what resources (for example,

time or memory space) are required
to solve them? The group’s faculty
specialize in a variety of areas, including the complexity of algebraic
computations, the complexity of
parallel computation, the descriptive complexity of computation and
the theory of parallel and distributed
processing.
Thompson Lab (Chemistry)
Membrane proteins are key players
in the essential cellular processes of
energy and signal transduction. Our
laboratory is interested in understanding the molecular mechanisms
of such processes: How does a
membrane receptor transmit a signal
across the membrane? How does a
transporter use the energy of ATP
hydrolysis to drive transport across
the membrane? Such molecules and
processes are of both fundamental
and medical interest.
Theoretical Aspects of Parallel and
Distributed Systems (Computer
Science)
Research in the TAPADS Group
focuses on theoretical aspects of the
design and effective use of parallel
and distributed computing systems
and of communication networks. Issues currently being studied include
load-balancing and scheduling of
parallel computations, enhancing
the computational power of parallel
architectures using network emulations, emulating fault-free networks
on possibly fault-laden ones and
efficient communication in interconnection networks and communication
networks.
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Visual Cognition and Attention
Lab (Psychology)
The VCA lab is part of the Department of Psychology and the Neuroscience and Behavior Program
at the University of Massachusetts
Amherst. It is directed by Kyle
Cave. Research in this lab covers the
various aspects of visual cognition,
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including visual attention and object
recognition. We want to answer basic
questions about the limitations in
visual processing that make attention
necessary, the mechanisms for controlling and directing attention and
how these mechanisms contribute to
higher-level cognitive functions such
as object recognition. We are working toward a better understanding
of the brain mechanisms underlying
visual cognition and attention and
toward more accurate computational
models of these mechanisms.

The Wadsworth Lab (Biology)
Microtubules are intracellular polymers that are required for several
vital processes in eukaryotic cells
including mitosis, intracellular
transport and the maintenance of
asymmetric cell shape. The goal of
this research in this lab is to elucidate
the mechanism(s) by which microtubules contribute to these diverse
phenomena. Current work focuses on
understanding the assembly and disassembly behavior of microtubules in
living cells.

Vachet Research Group
(Biology)
Proteins are essential players in most
biological processes and unraveling
their behavior (or misbehavior) is important for understanding the molecular basis of life and of a variety of
diseases. The Vachet Research Group
is interested in protein chemistry with
a particular focus on the development
of new methods to gather insight into
protein misfolding and aggregation,
protein interactions with metals and
protein chemistry within a cell. We
have two primary areas of investigation: (1) mass spectrometry-based
methods to study protein amyloid
formation and (2) nanomaterials as
novel extraction/concentration/detection methods for protein analyses in
complex mixtures.

Weis Research Group
(Physics)
The Weis Research Group is interested in: organization and self-assembly
biological membranes provide a rich
array of intriguing problems. Phase
separation of lipids and other forms
of lateral organization are relevant to
biological processes of membraneassociated proteins.

Voigtman Research Group
(Biochemistry)
Research in our group is directed
toward the quantitative analysis of
a variety of instrumental techniques
of modern chemical analysis, particularly spectrometric techniques.
Among the techniques currently
employed or studied are laser-excited
photoacoustic spectrometry, laser-excited multiphoton photoionization in
condensed phase solutions, circular
dichroism, optical polarimetry, UV/
visible spectrophotometry and atomic
absorption spectrometry.
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The Zoeller Lab (Biology)
The specific focus of the Zoeller Lab
is on the developing brain. Early in
fetal development, the cerebral cortex
undergoes important developmental
decisions that are conditioned by
thyroid hormone, but the fetus is
fully dependent upon the mother for
a source of thyroid hormone.
The goals of the Zoeller Lab are
to understand the molecular mechanisms of thyroid hormone action in
the early cortex and to identify the
specific developmental events that
are under thyroid hormone direction.
This lab also studies thyroid hormone
action in the early postnatal rodent
brain. Specific developmental events
are directed by thyroid hormone
by specific actions on gene expression. Considering the importance of
thyroid hormone in brain development, any factor that affects maternal
thyroid function, or thyroid hormone
action, can potentially influence early
brain development.
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