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The BieX Fellowships are made possible by various gifts in order to promote interdisciplinary rese
promising scientists working on projects that bridge the gap between biology and other fields.

Students are encouraged to work collaboratively with professors in different departments or schc
drawing on expertise campds.
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Ron Alfa
Neurosciences/MSTP

Jing-yu Cui

&‘ Electrical Engineering

Professor Seung Kim (Developmental Biology) Profssor Craig Levin (Radiology)

Diabetes mellitus is a chronic disease defined clinicallingyu is designing algorithms and systems for-real

by increased blood glucose levels resulting from de- time cardiac Positron Emission Tomography (PET) for
creased peripheral insulin sensitivity or impaired in norrinvasiven vivovisualization of molecular signa-
insulin secretion by pancreatic beta cells. While dia- tures of disease and guidance of surgical interven-
betes mellitus is historically one of the oldest diseas-tions. Jingyu applies the statef-the-art technologies

es, the complex genetics underlying the most preva-in computer graphics, optimization, and computer

lent form, type2 diabetes mellitus (T2DM), are only vision for removing motion artifacts and speeding up
beginning to be el uci da theithagindipronedsshy hurdreds ofitiraes t enaldec |
harnessing the powerful genetics of the fruit fly, Dro-reattime visualization of molecular activities in

sophila melanogaster, to study the genetics of diabetbardiology.

states. To this end, he is drawing on approaches from
the neurosciences and bioengineering to study metal
olism and glucose homeostasis in the fly.

Christopher Emig
Bioengineering

Craig Buckley
Chemical Engineering

Professor Stephen Quake (Bioengineering)

De novo genetic material construction enables the
complete programmatic control of genetic systems,
paving the way for advances in biological research,
molecular medicine, fuels, environmental remediation,
materials, and countless industrial processes. The
Quake lab is building a device for rapid fabrication of

Professor Alex Dunn (Chemical Engineering)
The motor protein dynein contains a component
termed the linker that is predicted to generate the

force that drives cytoplasmic dynein stepping along gjg1e DNA molecules to enable iterative engineering
iﬁf biological systems.

microtubules; however, its actual forgenerating
abilities have never been directly examined. Craig w
use single molecule techniques to perform the first
direct test of the hypothesis that the linker is the
primary force generating mechanical element in
dynein. If it is, he will map out the energetic surface
underlying force production by tracking the linker
swing in real time. These measurements will elucida
the mechanism of dynein force production and test
fundamental models of motor protein biophysics.
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Denitsa Milanova lows a new "multiscale” modeling approach where
| BieX Medtronic Fellow improved macrescale continuum models are directly
‘| Mechanical Engineering linked to microscale models of these molecular
> E mechanisms. Due to its wetharacterized regular
E and hierarchical structure, the human cornea is his

target tissue. A coordinated approach between mod-

Professor Annelise Barron (Bioengineering) eling and novel experimentation at different scales

Most would agree that extracting accurate, quantitacombines areas of biology, chemistry, imaging, and

tive diagnostic information from biological samplespplied mechanics to engineer a computational model

FAST, is odifficult. 6 Tiordiectblinidallagplications ig ref@mctivetsurgery. t

sis is sample preparation. The analyst must deconvo-

lute a complex mixture of biological molecules into §

clean isolate of the informatieoarrying molecules,

which is hard to do quickly and requires large, expe|

sive equipment. Current diagnostics rely upon flug

rescence; however, an urgent need for rapid virus |

and viral particle counting demands a simpler anal

cal platform. A lowcost FET (field effect transistor)

device that obviates fluorescence and operates wi

minimal sample prep requirements will enable a rap

medical response to emerging infectious diseases.

Jack Wang
Neurobiology

egeneration of the nerve fibers, or axons, is a pivot-
al event and a major determinant of clinical outcome
in many neurodegenerative diseases; however, the
mechanisms that regulate this process remain largely
Patricia Ortiz -Tello unclear. Remarkably, expression of a mutant protein
Genetics (WIdsS) significantly delays axon degeneration from
many neurological insults. Through a series of genetic,
biochemical and proteomic approaches, Jack propos-
es to understand how this protein is able to exert
such a profound neurrotective effect. The goals of

[arofessor Ben Barres (Neurobiology)

Professor Carlos D. Bustamante (Genetics) his research are to understand the molecular mecha-
Preeclampsia, a disorder that complicate898 of nisms of axon degeneration and to identify therapeu-
pregnancies worldwide, occurs at®fold higher tic targets to prevent axon loss following neurological

prevalence at higher altitudésmost likely due to the injuries and diseases.
hypoxic environment. Interestingly, the prevalence
remains low in populations that are indigenous to
high altitude. The Bustamante lab hypothesizes that
populations that have adapted to living in a hypoxic
environment have acquired adaptations that may
confer protection against preeclampsia. Such adapta
tions may have imprinted a molecular signature in the
genome, which they can recognize by looking at the professor Margaret Fuller (Developmental Biology)

genomic patterns of the population. They aimto  Most of our tissues are constantly replenished by
disentangle the underlying genetic mechanismofthi§ | s sue specific adult st

Jongmin Kim

BieX SIGF

Bruce and Elizabeth Dunlevie Fellow
Chemical and Systems Biology

clinical consequence of human evolution research is to understand how the switch from prolif-
eration to differentiation in adult stem cell lineages is
Steven J. Petsche regulated. He has developed an vivalifferentiation
Mechanical Engineering system that can trigger proliferating progenitor cells

to synchronously differentiate in the male germ line
of fruit flies. By employing this differentiation assay,
he will identify genes critical for the switch and will

. . . . _.determine how those genes are regulatednder-
Professor Peter M. Pinsky (Mechanical Engineering)standing this switch will be important in regenerative
As a result of advances in imaging and experimenta-yqdicine and cancer therapy.

tion at small scales, the molecular mechanisms that

give rise to the mechanical properties of human con-

nective tissue can be better understood. Steven fol-




Paul Lebel for neurological disorders as well as improve how
BieX SIGF neur al prosthetics decod
Applied Physics

Daniel Newburger

BieX SIGF

Morgridge Family Fellow

Biomedical Informatics
mechani stic under :

Professor Zev Bryant (Bioengineering)
Paul s goal is to furth
ing of molecular motors by capturing single molecule E=2E2
microscopy data at unprecedented bandwidth and  pyofs. Serafim Batzoglou (Computer Science) and
resolution. He has developed an imaging and data aniee Ji (Oncology)

acquisition system to track gold nanoparticles s gach year more than three hundred thousand people
precise probes of length and twist of single DNA  gevelop colorectal cancer (CRC) due to inherited
molecules at more than 20,000 frames per second. genetic risk factors. Identifying the germline muta-
Their lab expl0|t_s the resolution of this techn_lqu_e_as dions responsible for CRC susceptibility in affected
tool to study various systems: they observe individuaj,milies dramatically improves preventative care and
torque-generating steps of a single ApBwered jinical outcome, but the vast majority of these muta-
enzyme as it winds up DNA and measure the basic tjons remain uncharacterized. In order to identify
physical properties of DNA itself under applied ten- hese unknown mutations, Daniel will help develop
sion and torque. Additionally, through independent  machine learning algorithms for evaluating genomic
collaborations with Professors Stephen Quake and  yata from higkthroughput DNA sequencing technol-
Jody Puglisi, he is developing nanopartieleed as- g gjes, They hope this work will provide genetic find-
says for higithroughput condition screening and real ings that immediately inform clinical intervention and
time dynamics of translating ribosomes. that it will illuminate new aspects of CRC pathogene-
sis.

Mark Longo

BieX SIGF

Morgridge Family Fellow
Biology

Pl Ruth Sommese

o BioX SIGF

Paul Berg Fellow
Biochemistry

~di

Profs. Ward Watt (Biology) and Jay McClelland ‘
(Psycholc;]gy) ‘ K5 Professor James Spudich (Biochemlist ) .

I'm the course of Markds i@ gy Sihds, chriovdscli8r'difofdbrdaled " !

genetics, he has noticed striking parallels between o, ing cause of morbidity and mortality. Familial
certain aspects of the cognitive and biological Sc'encbardiomyopathies are among the most frequently

es. He intends to explore these similarities further in ,c.\,rying inherited cardiac diseases, and many result
pursuit of a _complex Qda_ptlve systems conception ofgom mytations in the fundamental force generating
ger_1et|cs_.Th|s work .W'” Y'eld a booker_lgth manu- system of cardiac muscle, myosin and the thin fila-
script with the working titteThe Genetic Mind: Genes ment. The interaction between myosin and the thin
as Learning Networkst issue is the very way we filament has been fir®ined in cardiac muscle in

think of evolution and what exactly it means for 9eneg, ms of power output and the rates of force genera-

to be ofordé things. tion and relaxation. The goal of this project is to
) characterize how cardiomyopathy mutations affect
Samir Menon the force producing capabilities of cardiac muscle at

BieX SIGF the single molecule, single cell, and whole organ level.
Colella Family Fellow

Computer Science

Profs. Oussama Khatib (Computer Science) and
Kwabena Boahen (Bioengineering)

The ability to coordinate muscles and resolve inter
task conflicts is fundamental to human motor control
and underlies even simple motions like holding a cuf
with a hand and flippin
elbow. Samir is using insights from humanoid robotiq
control theory to predict how the brain coordinates
multiple tasks and is using functional magnetic reso-|
nance imaging to identify the brain regions responsi
ble. His work promises to help target rehabilitation

e s ame

Gaurav Krishnamurthy (see pg. 12 for project details)
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Carolina Tropini Carmichael Ong
BieX SIGF BieX Bioengineering Fellowship
Bruce and Elizabeth Dunlevie Fello
Biophysics program

Professor KC Huang (Bioengineering) Carmichael 6s research in
Cells are much more than the sum of their parts ries between mechanical engineering, biology, and
thanks to their underlying organization, which allows medicine and in the interface between fundamental
for signal amplification, stimuli response, cell divisionresearch and clinical application. He would like to
and many other critical life processes; however, the focus on device design or robotics and biomechanics
mechanisms underlying localization and its contribu-for improving medical applications by using engineer-
tion to fitness have been difficult to uncover due to ing concepts to more effectively and efficiently

the often prohibitive task of creating mutants with  develop better technology for biology and medicine
normal enzymatic activity but altered localization.  as well as to better understand biological systems. By
Carolina proposes to develop a simple, adaptable  building a strong foundation in mechanical and bioen-
genetic tool to program the spatial localization of gineering concepts, his graduate studies will give him
proteins in any genetically tractable bacterial speciesthe flexibility and ability to work on a wide variety of
by targeting the existing localization landscape, focusnedical projects.

ing on the role of twacomponent systems in

development. Sungwon Lim
BieX Bioengineering Fellowship

Austin Lee -Richerson
BieX Bioengineering Fellowship

Sungwon is particularly passionate about the process
of developing molecular therapeutics and delivery
Austinds research as an systontsedHe Wil facus wrahis tnterests bysirvestigating
building a model of the cellular metabolism of glio- the structural and chemical properties of biomaterials
blastoma multiforme, the most lethal type of brain  to enhance the stability and delivery efficiency of
cancer. A combination of data about the activity of therapeutics to their target sites vivdoy studying
genes and the presence of proteins within glioblastocell physiology to understand the precise mechanisms
ma biopsies and cell lines provided the basis for the of the cellular uptake of therapeutic macromolecules
model. This model will be used to identify potential and by exploring the field of molecular engineering to
therapeutic targets within the metabolism of the brairdiscover the elements that determine proper activa-
cancer. As a graduate student, he hopes to continuetion of the delivered therapeutics. All of these

to apply engineering principles to current challenges explorations will accelerate overcoming substantial

in medicine and biology to develop the next genera- barriers in the drug delivery system and maximize the
tion of medical therapeutics. therapeutic effect of molecular medicines

Katy Keenan (see pg. 16) and Xiaoxue Zhou (see pg. 8)
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