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Highlights 2006

Publications 

1849 publications from  
2000 to 2006

Patents

Approximately 25% of 2006 
UCLA US patents filings 
included CNSI members

Since 2001, CNSI members 
have had more than 60  
patents issued in their 
names

Invention Disclosures

40 in fiscal year 2006 

International Collaborations

Six formal MOUs with  
academic institutions

Additional research  
interactions with institutes 
in seven European and  
Asian countries

Guest Lectures

Over 100 guest lectures by 
world-renowned scientific 
leaders 

Expanding Education

Education program  
has been expanded  
with three new training 
grants and new fellowship 
programs

Travel

CNSI Directors’ Travel 
included more than 100  
trips in 2006 

Invited Conferences and 
Seminars

Invited to 12 different 
countries

Visitors

CNSI has received more than 
70 visitors during 2006

Grants Awarded 

Since inception CNSI  
members have been 
awarded approximately 
$625M in research  
funding, 2000 – 2006

Honors

CNSI Director, Fraser 
Stoddart, is appointed 
Knight Bachelor for services 
to chemistry and molecular 
nanotechnology – 12.29.06

 

Colornet: Unless otherwise noted, replace all assets with those that were converted/used in the patch color from several days ago. Yee-Ping Cho DesignColornet: Unless otherwise noted, replace all assets with those that were converted/used in the patch color from several days ago. Yee-Ping Cho Design



page 2 CNSI 2006  aNNual reSearCh report

Foreword

T
oday the CNSI has a number of collabora-
tions in place with industry and academic 
scientists from around the world on 
research leading to fundamental discov-
eries and commercial applications which 
will yield significant economic growth for 

the state of California.  

We are working on nanoscale biosensors which will 
address early cancer detection and can be expected 
to yield $1 billion dollars to the state economy; 
nanocomposite reverse osmosis membranes which 
will address critical water sustainability needs and 
we anticipate a global market yield in the order of 
$10’s to $100’s of millions over the next decade;  
the safety assessment of nanomaterials which will 
address potential toxicity to humans and the envi-
ronment and can be expected to save the state of 
California millions to billions of dollars in litigation 
costs.  We are also working on hydrogen and natural 
gas storage as alternate fuels for automobiles and 
carbon dioxide capture from power plants and auto-
mobiles.  We expect that such alternate fuels would 
yield billions of dollars to the economy of the state 
of California.

We have established the CNSI Partners’ Program 
to recognize industry and academic institutes who 
have made generous contributions to the CNSI; CNSI 
Core Facilities, or CNSI Affiliate Centers through 
sponsored research, equipment, and or unrestricted 
support. To optimize these relationships, the CNSI 
offers its Partners many benefits.

In keeping with our Asia Pacific initiative to increase 
international awareness of the CNSI as a key center 
for nano-scale research, we have signed a number 
of MOUs with research institutions throughout Asia.  
Recently we have signed an agreement with the 
University of Tokyo and we are working with that uni-
versity’s Center for NanoBio Integration to develop a 
two-day conference on Nano-Bio planned for October 
2007 at UCLA.

In the past year, the CNSI has taken on grant submis-
sion activities and has expanded resources to enable 
our membership to develop new training programs. 
Our administrative staff has grown to 24 people 
to handle the needs of our members and industry.  
We are pleased to welcome Manashi Chatterjee, 
Education Manager; Bruce Shapiro, Building 
Manager; and Dina Lozofsky, Director of Technology 
Commercialization.  

It was with mixed emotions that we said farewell 
to CNSI Associate Director Carlo Montemagno, 
who left UCLA last year to take up the position of 
Dean of Engineering at the University of Cincinnati.  
We extend our sincere gratitude for all of the hard 
work and support that Carlo brought to our insti-
tute during the early stages of its development.  We 
are extremely pleased to welcome Eli Yablonovitch 
as the new Associate Director from the School of 
Electrical Engineering and Applied Science who 
along with Leonard H. Rome, Senior Associate Dean 
for Research of the David Geffen School of Medicine 
keep our efforts moving forward.

We will be moving into our new facility in the next 
few months and look forward to opening the doors 
to our brand new 260-seat theater for our weekly 
NanoSystems Series events. We look forward to wel-
coming visitors to our new site.

J .  Fraser stoddart 
 
  

Director of the California Nanosystems institute

Nano works its particular brand of magic through the way it brings together researchers 

from disparate disciplines. If a nexus is the center of something, then nano is already 

there; if a hub is about networking, then nano is connecting people today; if a hive is the 

highest level of organization, then nano will take us there tomorrow.
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CnSI Administration 2007

 

LeoNard rome

Associate Director

eLI YabLoNovItch

Associate Director

J. Fraser stoddart

Director

susaN rubIN

Managing Director

dINa LozoFskY

Director, Technology  

Commercialization

JeNNIFer marcus

Director, Marketing and  

Communications

WeNdY NIshIkaWa

External Affairs Director

bruce shapIro

Building Manager

davId LuNdberg

Director, International  

Strategic Alliances

boNJI saLIWaN

Business and 

Finance Manager

maNashI chatterJee

Education Manager
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proud to be a cNsI Founding platinum partner

C n S I  P l at I n u m  Pa r t n e r
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at Intel we constantly push the boundaries of innovation. We strive 

to develop innovative products and services based upon the latest 

technology.  as part of these efforts, we often help drive industry 

standards and rally industrial support for new approaches. We do 

this so that we can more quickly deliver innovative solutions with 

greater benefits to our customers. 

The focus at Intel is to propel innovation to the next step—in technology, edu-
cation, culture, social responsibility, manufacturing, as well as to continuously 
encourage our customers, partners, consumers, and businesses to join us in 
exciting technological advances. In the end, it’s not just about making technol-
ogy faster, smarter, and cheaper—it’s about using that technology to make life 
better, richer, and more convenient for everyone it touches. Technology benefits 
the world we live in. From established markets to developing nations, classrooms 
to hospitals, everyday citizens to businesses and governments, technology is a 
tool that is advancing the way people work, learn, and live.

Intel is collaborating with the California NanoSystems Institute (CNSI) to con-
struct a state-of-the-art clean room facility in the new CNSI building at UCLA.  The 
Integrated Systems Nanofabrication Cleanroom (ISNC) is unique in that it will 
integrate classic semiconductor tools and processes with biological, chemical 
and medical substrates. Intel will aid in process design and equipment selection 
to insure the successful interaction of many standard process techniques with 
the evolving fabrication applications.  Intel will play a crucial role in developing a 
truly unique laboratory with diverse process capability.

Intel also supports the Western Institute of NanoElectronics (WIN) – a CNSI affil-
iate center.  The mission of WIN is to explore and develop advanced research 
devices, circuits, and nanosystems with performance beyond conventional 
devices and to advance research programs focusing on the pioneering technol-
ogy called “Spintronics.” 

C n S I  P l at I n u m  Pa r t n e r
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basF is the world’s leading chemical company and tributes its  

success to more than 95,000 employees across five continents.  

We focus on smart, tailor-made solutions to meet the requirements 

of our customers all over the world. 

Innovation = Growth

We have combined the important technology-driven issues of the future in five 
“growth clusters:” energy management, raw material change, nanotechnology, 
plant biotechnology and industrial biotechnology. Interdisciplinary cooperation 
is the key to success. We want to use the potential offered by these broad-spec-
trum technologies to open up new and attractive business opportunities for BASF 
and our customers.

Nanotechnology is a truly cross-sectional technology from the scientific view-
point because of its myriad possible applications in chemistry and beyond. BASF 
is using nanotechnology to provide its customers with products which have supe-
rior characteristics or completely new properties.

Collaboration = Success

In addition to our BASF-lab at the University of Strasbourg and our Center for 
Nanostructured Surfaces in Singapore, we have more than 1200 R&D coop-
erations with universities, research institutes and other R & D enterprises. A 
prominent example is our collaboration on cube-shaped nanostructures with 
Omar Yaghi, UCLA professor of chemistry, who invented metal-organic-frame-
works in the early 1990s. These three-dimensionally linked organometallic 
networks are capable of storing large amounts of hydrogen or methane due to 
their greater specific surface area as well as the high porosity of the “nanocubes”. 
As a rechargeable storage medium for miniaturized fuel cells, they could replace 
conventional rechargeable batteries in mobile electronic devices such as laptops 
or cell phones. 

In 2007 BASF will partner with the California NanoSystems Institute at UCLA to 
support the development of the Center for Reticular Chemistry (CRC) whose mis-
sion is to provide national and international leadership in all aspects of reticular 
materials research and development, and to establish the CNSI at UCLA as an 
intellectual hub for researchers in the field.  

www.basf.com

C n S I  P l at I n u m  Pa r t n e r
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abraxis bioscience, Inc., a burgeoning biotechnology company,   

was built on one fundamental principle:  harnessing the power  

of converging multidisciplinary science to make a meaningful  

difference in addressing the needs of critically-ill patients.  

Throughout its years, Abraxis continues to be driven by that guiding principle 
and the results are transforming the treatment of many life-threatening diseases 
including cancer.  

Following ten years of research and development, scientists at Abraxis designed 
an innovative approach to treating cancer that deceives the natural biologic 
pathways of tumors with a proprietary drug delivery system – nanoparticle albu-
min-bound (nab™ ) tumor-targeting technology.  

Exploiting these biological pathways and a tumor’s natural attraction for albu-
min, this novel mechanism is used to deliver chemotherapy agents in high 
concentrations to all tumors secreting SPARC.  This nab technology encapsulates 
chemotherapy agents in a nanometer-sized particle of albumin.  Millions of these 
particles can be injected in a single dose of medication.  The albumin-bound med-
ication enters the blood stream where it is transported across the blood vessel 
wall through the specific albumin receptor (gp60) and targeted to SPARC, which 
has been secreted from the tumor cell to attract nutrients.  While the albumin 
binds and carries the drug into the tumor tissue, once inside the tumor interstitial 
space, it releases the active drug to penetrate tumor cells and destroy the tumor. 

ABRAXANE® for Injectable Suspension (paclitaxel protein-bound particle for 
injection) (albumin bound) represents the first in a new class of protein-bound 
taxanes that improves therapeutic effect and removes the side effects associated 
with solvents. 

Abraxis will now collaborate with CNSI and their team of leading researchers to 
capitalize on the explosion of scientific insight and create the future of nanotech-
nology within biotechnology. 

C n S I  P l at I n u m  Pa r t n e r
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n e w  f a C I l I t y

In the spring of 2007, the cNsI will begin moving into a brand new 188,000 square foot, world-class research  

facility on the ucLa campus. the cNsI facility will provide critical space for new research initiatives and  

sophisticated laboratories to support its mission to encourage university collaborations with industry and to  

enable the rapid commercialization of discoveries in nanosystems.
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The seven-story structure will house state-of-the art shared Core Research Labo-
ratories including the Electron Imaging Center for Nanomachines, Advanced Light 
Microscopy/Spectroscopy, Nano and Pico Characterization, Coherent Imaging, 
Class 100 and Class 1000 Clean Rooms (including 2 Class 1000 Clean Rooms 
dedicated to nanobio research), the Macro-Scale Small Animal Imaging Facility, 
and Molecular Screening Shared Resource in specifically engineered space for 
low noise and low vibration to house sophisticated equipment such as Scanning 
Electron Microscope, Transmission Electron Microscope, Scanning Tunneling Mi-
croscope, Atomic Force Microscope, and eBeam Writer.  The labs and equipment 
will be available to corporate and academic partners. 

In addition to the expansive laboratory space, the new building will also offer vast 
community space designed to stimulate interaction and collaboration among re-
searchers.  The common areas, equipped with wireless network throughout, in-
clude six outdoor terraces with seating areas on upper levels, a 260-seat theater, 
lobby space, eleven conference and break rooms equipped with kitchenettes, 
and an Interaction space set up with movable tables and comfortable chairs amid 
track-driven whiteboard screens that move to create smaller discussion spaces.

The new CNSI building creates vast opportunities for scholarly achievement and 
visionary research.  An official Grand Opening is planned for September 2007 to 
coincide with the CNSI’s First Annual International Conference.  

The Hive. The Hub. The Nexus.

n e w  f a C I l I t y

 ‘02 ‘03 ‘04 ‘05 ‘06

Number of Visitors Over Five Years

The number of visitors 
to the CNSI, from both 
academic institutions 
and Industrial organi-
zations, has increased 
dramatically since the 
institute’s inception in 
2000.

N
anoscience and nanotechnology are 
rapidly changing disciplines. One way 
to help scientists and students keep 
up with the rapid pace of scientific dis-
covery is to provide them with modern, 
state-of-the art physical resources. At 

the California NanoSystems Institute, these needs 
are a top priority.

In the Spring of 2007, the CNSI will begin moving 
into a brand new 188,000 square foot, world-class 
research facility on the UCLA campus. Strategically 
located on the Court of Science amid the disciplines 
that comprise the CNSI membership, Life and Physi-
cal Sciences, Engineering and Medicine, the CNSI  
facility will provide critical space for new research ini-
tiatives and sophisticated laboratories to support its 
mission to encourage university collaborations with 
industry and to enable the rapid commercialization 
of discoveries in nanosystems.

0
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T
he CNSI members who are on the faculty at UCLA represent a multi-
disciplinary team of some of the world’s preeminent scientists. The 
work conducted at the CNSI represents world-class expertise in five 
targeted areas of nanosystems-related research including Renew-
able Energy;  Environmental Nanotechnology and Nanotoxicology;  
NanoBiotechnology and Biomaterials; NanoMechanical and Nano-

Fluidic systems; and NanoElectronics, Photonics and Architectonics. 

California Governor Arnold Schwarzenegger has announced a $60M initiative to 
support research and innovations promoting clean energy and the environment.  
The leadership of the CNSI has established two new topical thrust group areas 
of research to meet the needs of the state and support technological advanc-
es promoting clean technology and renewable energy for the protection of our 
environment.  These new thrust groups have unlimited potential for generating 
productive research initiatives driven by the CNSI’s unique infrastructure bring-
ing together critical masses of faculty members with synergistic expertise to fuel 
the multidisciplinary collaboration required to solve problems in nanosystems 
research.

EnvIronmEntal nanotEChnoloGy and nanotoxIColoGy 

Thrust Group Leaders: Andre Nel and Eric Hoek

The concept of “clean” technologies embraces a diverse range of products, servic-
es, and processes that are inherently designed to provide superior performance 
at lower costs, greatly reduce or eliminate environmental impacts and improve 
the quality of life.  Clean technologies span many industries, from alternative 
forms of energy generation to water purification to materials-efficient produc-
tion techniques.  The term “clean technology” describes technologies developed 
by biological, computational, and physical scientists and engineers that enable 
more valuable use of natural resources and greatly reduce ecological impact, al-
though this may be only one of a technology’s benefits. The impact of clean tech-
nologies is ubiquitous: there are large and highly disruptive market opportunities 
in the multi-billion dollar agricultural, manufacturing and transportation sectors, 
as well as in the fundamental enabling areas of energy and water.

CNSI Research Thrust Groups

Nanotoxicology is concerned with the investigation 
of nanoparticles – materials the size of a millionth 
of a millimeter – which are already present in large 
numbers in the air from natural sources and from 
vehicle exhaust emissions.  They are also found in 
sun blocks, shoe polish, tires, inks, paints, and pho-
tocopier toner.  In the future they may be used in 
clothing manufacture, to purify water, clean up con-
taminated ground, deliver drugs to specific parts of 
the body or be used as tiny security sensors. The po-
tential threats to human and ecosystem health cre-
ated through widespread use of nanoparticles need 
to be scrutinized.  A new discipline of nanotoxicology 
is currently being developed to address knowledge 
gaps, to ensure safe development of nanotechnol-
ogy, and develop guidelines for the testing of all 
nanoscale materials where human and ecosystem 
health could be affected.

rEnEwablE EnErGy 

Thrust Group Leaders: Yang Yang and Omar Yaghi

The focus of the Renewable Energy thrust group 
will include energy generation, storage, and man-
agement. Currently, for energy generation we are  
focusing on advanced materials for solar cells and 
hydrogen storage. Additional approaches will be ex-
plored including thermal to electricity based on nano 
materials.  For energy storage we are looking to de-
velop systems involving chemical, electrochemical, 
hydrogen in addition to exploring uses of MOFs de-
veloped in the Center for Reticular Chemistry. 

r e S e a r C h  u P d at e
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Core Laboratories

advanCEd lIGht mICroSCopy/SpECtroSCopy 

Shimon Weiss, Faculty Director

Laurent A. Bentolila, Scientific Director 

The accelerating field of molecular imaging has 
witnessed major technical advances that are now 
introducing the cell biologist and the physician alike 
to a new, dynamic, subcellular world where genes 
and gene products can be visualized to interact in 
space and time and in health and disease. The mis-
sion of the Advanced Light Microscopy/Spectroscopy 
Shared Facility is to provide consultation, services 
and support for the application of novel spectroscopic 
methods and advanced image analysis techniques 
for the study of macromolecules, cellular dynamics 
and nano-scale characterization of biomaterials.

Our research resource is much more than just a state-
of-the-art facility since we provide both new imaging 
agents and new instrumental technologies. Firstly, 
our facility support the development of novel imag-
ing reagents and indicator probes made of inorganic 
fluorescent semiconductor crystals (known as quan-
tum dots) that can be synthesized in various colors 
and functionalized with various biological molecules 
including nucleic acids, proteins, peptides, small 
compounds etc… The unique optical properties of 
qdots enable to multiplex many different biological 
signals in complex environments such as the living 
cell. Importantly, qdot imaging has the potential of 
covering all length scales (from the macro-, micro- 
to the nano-scales), which is a formidable asset to 
tackle the complexities and the dynamics of the vari-
ous molecular and cellular events by probing when 
and where defined molecules appear, interact and 
disappear. Secondly, our facility provide a collection 
of high-hand, customized biological fluorescence 
microscopes and small-animal imaging devices that 
provide the ability to study these processes with 
high spatial and temporal resolution in whole organ-
isms and in living cells down to the single molecule 
detection level with nanometer-accuracy. 

T
he California NanoSystems Institute is exploring the 

power and potential of organizing and manipulating 

matter to engineer new integrated and emergent sys-

tems and devices, by starting down at the nanoscale 

level that will advance information technology, energy 

production, storage and saving, environmental well-

being and diagnosis, and prevention and treatment of chronic and 

degenerative diseases. The institute’s demonstrated ability to attract 

stellar faculty and top tier students will have a critical impact on the 

development of the next generation of scientists, engineers, and 

artists, who will bring prosperity and enlightenment to the State of 

California. 

To support the research, the new CNSI building will provide three 

floors of core facilities which will include both wet and dry laborato-

ries, equipment in the form of electron microscopes, atomic force  

microscopes, X-ray diffractometers, optical microscopies and  

spectroscopies, high throughput robitics and class 100 and 1000 

clean rooms for projects led by CNSI and other faculty.  Each of the 

following core facilities will afford critical work space for numerous  

research projects led by CNSI and other faculty and will be available 

to industry and academia.

r e S e a r C h  u P d at e
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Core Laboratories (continued)

mICro and nano-SC alE ImaGInG

Located on the first floor of the CNSI building, an 
optical suite of 1000 square feet was specifically 
designed to house our microscopes with the required 
environment control (low vibration, air-filtered, air-
conditioned to ±1oC and light-tight) and services. 
The facility currently provides: wide-field fluores-
cence imaging microscopy, iterative deconvolution 
and computational derived optical sections, confocal 
one-photon and two-photon laser scanning micros-
copy imaging, Fluorescence Correlation Spectroscopy 
(FCS), Total Internal Reflection Fluorescence (TIRF) 
microscopy, Fluorescence Resonance Energy Transfer 
(FRET), Fluorescence Lifetime Imaging (FLIM), time-
correlated-single-photon-counting (TCSPC) and 
near-infrared (NIR) detection.

CohErEnt ImaGaInG lab

John Miao, Faculty Director

Visualizing the arrangement of atoms has revolu-
tionized a number of fields ranging from physics, 
chemistry to biology. While there are already a few 
ways to imaging atomic structures, each has its limi-
tations. Scanning probe microscopes are limited to 
imaging atomic structures at surface. Transmission 
electron microscopes can resolve atoms but only 
for samples thinner than ~ 30 nm. Crystallography 
can reveal the globally averaged 3D atomic structure 
based on the diffraction phenomenon, but requires 
crystals. These limitations can, in principle, be over-
come by using coherent imaging that is based upon 
the principle of coherent scattering in combination 
with a method of direct phase recovery called overs-
ampling. 

For more information about Coherent Imaging Lab visit: 
http://www.physics.ucla.edu/research/imaging/ 

ElECtron ImaGInG CEntEr for nanomaChInES (EICn)   

Hong Zhou, Faculty Director

Lenny Rome, Faculty Co-Director 

Sergey Ryazantsev, Associate Director

Viewing molecules, materials and molecular 
machines at high magnification is important for 
research at the molecular scale and critical to nano-
science. Electron Imaging Center for NanoMachines 
(EICN) is now able to cover these and larger size 
ranges delivering valuable structural information for 
cell biological, biomolecular, molecular and materi-
als sciences.  EICN is no longer merely a confirming 
technology, but has risen to become a unique tool for 
data collection.  The CNSI cannot be a comprehen-
sive center for nanoscience without state-of-the-art 
EICN capability including the appropriate equipment, 
skilled technical expertise and academic leadership. 
We are currently designing a state of the art EICN 
facility for the CNSI building. This facility will offer all 
major EICN modalities. It will be operated by highly 
skilled technical staff that will be able to assist CNSI 
faculty address their complex imaging needs.

IntEGratEd SyStEmS nanofabrIC atIon ClEanroom (ISnC) 

Eli Yablonovitch, Faculty Director

Steve Franz, Technical Director

The CNSI Integrated Systems Nanofabrication 
Cleanroom (ISNC) consists of 8900 sq ft of vertical-
flow clean room space and 680 sq ft of class 10,000 
support space. The clean room is divided into 12 
process bays and their associated air return chases. 
There are 4 class 100 bays (3 of which have yellow 
lights for lithography applications) and 8 class 1000 
bays, 2 of which form a biology suite with its own ded-
icated air flow system. A full complement of utilities 
including high purity DI water, high purity nitrogen, 
reactive gases, chilled water etc are available to each 
process bay. The latest advances in vibration isola-
tion and electromagnetic shielding are integrated 

r e S e a r C h  u P d at e
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into the clean space to allow installation of the most sensitive and demanding 
fabrication and analysis equipment. The layout and wall structure allow for quick 
change of equipment with minimum impact to the clean room. 

The CNSI approach is unique in that it will integrate classic semiconductor tools 
and processes with biological, chemical and medical substrates. Traditionally, 
semiconductor processing excludes these types of applications because of the 
possibility of cross-contamination and equipment damage. High speed Intel pro-
cessors would not function correctly if exposed to cellular material, for example. 
By proper process design and equipment selection, (limiting temperature during 
processing of organic films, for instance,) it should be possible to success-
fully join many standard process techniques with the evolving bio-medical and 
nanoscale fabrication applications. Integrating the biology suite into the clean 
room allows scientists to keep their samples free of even trace contamination 
which may affect the outcome of their experiments.

Of course, new processes and techniques will be explored and implemented as 
they become available. Whereas traditional semiconductor equipment is limited 
to very thin, flat, dry substrates, equipment capable of handling wet, thick or 
non-flat samples are starting to appear (eg Veeco’s bioscope AFM for cell char-
acterization, IMP’s maskless patterning system for non-flat substrates Suss 
MicroTec’s 3D lithography coater etc.). These tools will be essential for process-
ing cells, proteins, tissue etc. 

By making available to chemists, biologists and doctors, as well as engineers, 
tools which have traditionally been dedicated to integrated circuit manufactur-
ing, researchers will be able to interact with DNA, single molecules, proteins and 
a host of other, very small entities. 

The Integrated Systems Nanofabrication Cleanroom will also be able to process 
more traditional nano-device fabrication such as quantum dots, single electron tran-
sistors, nanotips etc. The diversity of process capability will make this a very unique 
laboratory.

maCro-SC alE Small anImal ImaGInG

Shimon Weiss, Faculty Director

Laurent A. Bentolila, Scientific Director 

Currently being established on the third floor of 
the CNSI building, the Advanced Light Microscopy/
Spectroscopy Shared Facility is assembling a com-
prehensive collection of instrumentation for small 
animal molecular imaging using fluorescence, 
near-infrared, life-time and time-gated imaging 
modalities. Our facility proposes to acquire the most 
established commercial systems for small animal 
imaging which include the IVIS 200 from Xenogen 
Inc., the Maestro™ (CRI Inc.), the eXplore Optix (ART 
Inc. and General Electric), VisEn, and the CellVizio as 
well as custom made prototypes based on new detec-
tor technology optimized for qdot detection in deep 
tissues developed in partnership with CNSI mem-
bers. In addition, dedicated housing at the adjacent 
Crump institute will be available for mice and rats 
undergoing longitudinal imaging studies. Ancillary 
facilities and resources will be devoted to chemistry, 
image analysis and animal tumor models, including 
assistance with animal handling. Finally, the facility 
will include plans for training of individuals including 
basic scientists, clinicians, technologists, and sup-
port personnel interested in learning the techniques 
and science of small animal imaging including both 
didactic and hands-on instruction. 

Through technological research and development, 
collaborative research (Academia and Industry), 
services, training and dissemination of advanced flu-
orescent microscopy techniques, the CNSI Advanced 
Light Microscopy/Spectroscopy Shared Facility sup-
ports the nanoscale research and teaching efforts at 
UCLA.

molECular SCrEEnInG SharEd rESourCE (mSSr) 

Ken Bradley, Faculty Director

Robert Damoiseaux, Technical Director

High-throughput screening (HTS) involves assaying 
a large number of unique molecules in order to iden-
tify those that have a specific biological or chemical 
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function. Pharmaceutical and biotech companies 
have traditionally performed the lion’s share of HTS. 
However, having so much of our screening capacity 
outside the academic and public research commu-
nity, and having that capacity narrowly focused on 
drug discovery, restricts both the pace of basic sci-
ence as well as its translation into improved health.  
Thus, the establishment of academic HTS centers 
will serve the long-term goals of basic science and 
health research by providing a much broader range 
of screens than commercial firms typically undertake. 
Toward this end, UCLA has established the Molecular 
Screening Shared Resource (MSSR) to provide HTS 
capabilities to the academic community.  Through 
close collaborations between physicians, biologists, 
and chemists, it is our goal to identify molecules with 
novel functions in basic cellular and molecular biol-
ogy, and to develop probes and research tools whose 
uses include but are not limited to direct drug dis-
covery.  In addition, these efforts will gain leverage 
from the California NanoSystems Institute (CNSI), 
as we incorporate new nanotechnologies into the 
screening process in order to advance miniaturiza-
tion, improve throughput and reduce costs.  For more 
information about the MSSR visit: http://mssr.phar-
macology.ucla.edu/

nano and pICo CharaCtErIzatIon

James Gimzewski, Faculty Director

The Nano and Pico Characterization core facility at 
CNSI provides state-of-the-art microscopies to visual-
ize surfaces and molecules as well as nanostructures 
and devices down to the level of individual atoms.

Scanned Probe Microscopies differ from conventional 
microscopes that use light or beams of charged par-
ticles. They rely upon a unique tactile sensing of the 
surface using atomically sharp tips that literally feel 
molecules and structures like a blind person read-
ing brail. The fingers used in SPM terminate in tips 
shrunk down by a factor of approximately 10 million 
times that of your finger.

Scanned Probe Microscopies are also able to probe 
local properties on the atomic scale such as friction, 
electrical charge and local magneticism. They can 
also pull and record the unraveling of single mole-
cule chains such as DNA and polymers.

Scanning Tunneling Microscopy relies on quantum 
mechanics to sense a tiny electrical current flowing 
between the tip and surface, which are not in con-
tact. The overlap of the electron “clouds” of atom 
and specimen also permits the precise control of 
individual atoms and molecules in fabrication of 
nanostructures. This element of control can be 
thought of as the ultimate limit of fabrication.

Atomic Force Microscopy relies upon sensing tiny 
forces between the tip and object in order to feel and 
visualize nanostructures. The method uses a soft 
spring made from a silicon micromechanical cantile-
ver onto which a sharp tip is attached.

SPM systems operate in a diverse range of environ-
ments, for example, from temperatures 4oK and 
below (liquid Helium) up to 1000oC. Also, they oper-
ate in the extreme vacuum of space (UHV) all the way 
to atmospheric to liquid environments (including 
biofluids and electrochemical environments). 

The diversity of operation has enabled SPM tech-
niques to be used regularly to investigate systems 
such as: single DNA strands, living cells, proteins, 
molecules and atoms. Automated robotic APM’s are 
found in semiconductor manufacture and magnetic 
disk fabrication where they are critical metrology and 
quality control tools.

The CNSI Nano and Pico Characterization core facility 
encompasses SPM imaging under all these environ-
mental conditions. It is therefore a cornerstone for 
developing new nanotechnology products and per-
forming nanoscience research.

For more information about AFM/STM visit: http://
www.chem.ucla.edu/dept/Faculty/gimzewski/ 

Core Laboratories (continued)
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CEntEr for nanoSafEt y rESEarCh and tEStInG (Cnrt)

Andre Nel, Faculty Director

The mission of the Center for NanoSafety Research 
and Testing (CNRT) is to develop approaches and 
methods that can be used to assess the safety of 
engineered nanomaterials, which as a result of their 
extraordinary physicochemical properties have the 
potential to interact with biological systems. This 
could lead to harmful interactions that are accom-
panied by adverse health effects in humans and eco 
toxicity. A key objective of the CNRT is to elucidate the 
interactions between nanomaterials and biological 
substrates at the biotic/abiotic Interphase so as to 
clarify the principles according to which engineered 
nanomaterials that could lead to biocompatibility or 
bioadversity.  The CNRT uses a model developed in 
Dr. Nel’s Laboratory at UCLA to classify nanomateri-
als into potentially hazardous and potentially safe.  
Current attempts are focused on turning this model 
into a high throughput screening system that can be 
used to assess the toxicological potential of a large 
number of nanomaterials simultaneously.  Ultimately, 
it is envisaged to turn this screening procedure into a 
state-of-the-art toxicological analysis of nanomateri-
als that can be used to provide consultative advice 
about the safety/risk profiles of specific nanomate-
rials in the workplace, consumer-products and the 
environment. 

The manufacturing and commercialization of 
engineered nanoparticles, such as sunscreens, com-
posites, construction materials, medical devices, 
and chemical catalysts, represent the beginning of a 
new Industrial Revolution, projected to grow into a 
$1 trillion industry by 2015.  The State of California 
is positioning itself as a world leader and center of 
innovation in the nanotechnology industry, but public 
acceptance of new technologies is dependent upon 
objective research demonstrating that these higher 
quality products do not pose an increased level of 
environmental and health risk. For engineered nano-
materials there exists a legitimate concern that the 
very properties that make these materials unique 
could also be responsible for adverse biological 
effects.  The CNRT will evaluate the toxicity of these 
nanomaterials to enable faster commercial adoption 
of these innovations. 

The toxicological screening data developed by the 
CNTR will also be used by collaborators in the the 
UC Lead Campus for Nanotoxicology Research and 
Training to develop a database for nanomaterials 
safety, exposure and risk assessment, and the for-
mulation of public policy and regulatory procedures 
that can be used to develop comprehensive safety 
guidelines for the nanotechnology industry.

Affiliate Research Centers

T
he California NanoSystems Institute collaborates with 

a number of affiliate research centers which serve to 

strengthen the Institute’s international reputation as a 

hub for research excellence in nanosystems and nano-

technology across disciplines from the life and physical 

sciences, engineering and medicine. 
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Centers (continued)

CEntEr for rEtICular ChEmIStry

Faculty Director: Omar M. Yaghi

Faculty Contact for BASF California Scholars Program:  

Richard Kaner

The mission of CRC is to provide national and interna-
tional leadership in all aspects of reticular chemistry 
research and development, and to establish CNSI 
as an intellectual hub for researchers in the field. 
Reticular chemistry was invented by CRC members in 
the 1990s and it is concerned with linking of molecu-
lar building blocks of synthetic and biological origin 
into predetermined structure using strong bonds. 
This chemistry has led to the design and synthesis of 
new materials with unparalleled diversity. CRC mem-
bers are leading a revolution in the invention of new 
classes of porous crystalline materials among such 
are those called metal-organic frameworks (MOFs).  
They have nanopores that can be functionalized by 
organic units and their metrics varied at will. MOFs 
have surface areas up to 6000 m2/g and are the least 
dense crystals known. To date over 3,000 new com-
positions of MOFs have been reported and studied 
for their applications in hydrogen storage, methane 
transport, carbon dioxide capture, polymerization 
catalysis, gas and liquid separations, magnetism, 
electronics and proton conduction. CRC boasts the 
prestigious BASF California Scholars which brings to 
UCLA the best and brightest young researchers from 
around the world to carry out interdisciplinary proj-
ects which advance this technology to other fields 
including engineering, mathematics, biology, phys-
ics and medicine. 

funCtIonal EnGInEErEd nano arChItECtonICS (fEna)

Kang Wang, Faculty Director

The center on Functional Engineered Nano Architectonics (FENA) aims to create 
and investigate new nano-engineered functional materials and devices, and 
novel structural and computational architectures for new information processing 
systems beyond the limits of conventional CMOS technology. 

FENA embraces the current opportunity to create and explore the next genera-
tion of nanoscale semiconductor technology to the borders of ultimate CMOS and 
beyond: inventing the heterogeneous interfaces of new nanosystems, enabling 
a combination of biological and molecular functions, and revolutionizing the 
paradigms of information processing and sensing. These new nanostructured 
materials will provide the basis for the continued expansion of the semiconductor 
industry and the creation of new applications of monolithically integrated (CMOS, 
molecular and biomolecular) nanosystems.  

FENA’s high impact, high risk and long term agenda makes it a unique research 
center. It’s focused mission and objective is in line with the critical nanoma-
terial challenges highlighted in the International Technology Roadmap for 
Semiconductors (ITRS) and those facing today’s seminconductor industry. 

nano rEnEwablE EnErGy CEntEr (nrEC)

Yang Yang, Faculty Director

The Nano Renewable Energy Center (NREC) will focus on the research and devel-
opment of the latest renewable energy technologies.  Due to the energy crisis and 
the global warming effect, there is an urgent need to find reliable and renewable 
energy sources.  Nature provides plenty of energy, for example, the sun deposits 
120,000 TW of power onto the Earth’s surface, which is far more than enough to 
provide the 13 TW of total power that is currently used by the planet’s population.  
Hence, the primary goal of the NREC is to utilize nano technology in the renew-
able energy research, and to achieve quantum leap progress.  The research at 
NREC will be focusing on these three important categories: (1) Energy Harvesting; 
(2) Energy Storage; and (3) Energy Management.  Initial research activity at the 
NREC is on high performance and low-cost flexible solar cells based on conju-
gated polymers; inorganic nano particles; and organic-inorganic hybrid material 
system.  Other research areas, such as energy storage, will emerge as we expand 
our research activities in the future.  
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uCla art|SCI CEntEr 

Victoria Vesna, Faculty Director

The mission of the UCLA Art|Sci Center is to pursue, 
facilitate and promote research and programs that 
demonstrate the potential of media arts and science 
collaborations. Media artists and scientists will col-
laborate to address ethical, social and environmental 
issues of contemporary scientific innovations and 
artistic projects that respond to cutting-edge inven-
tions and research. 

The UCLA Art|Sci Center will have lab space in both the 
new CNSI building as well as in the new Broad build-
ing on North campus. Each space will be equipped 
with streaming cameras and monitors that will con-
tinually project the activities and events of the other 
space, bringing art to science and science to art. 
Multi-point conferencing equipment will be available 
which will allow for the two interconnected spaces to 
extend out to participating media artists and scien-
tists throughout UCLA and national and international 
communities. http://artsci.ucla.edu/news.html

uCla molECular InStrumEntatIon CEntEr (mIC)

Jane Strouse, Faculty Director

The UCLA Molecular Instrumentation Center (MIC) 
is a campus-wide, state-of-the-art core facility that 
enables the use of modern instrumentation in molec-
ular characterizations. The purpose of the MIC is to 
meet the needs of the UCLA scientific community by 
providing all aspects of technical support in the appli-
cation of modern instrumentation to solve problems in 
cutting-edge scientific research.  The UCLA Molecular 
Instrumentation Center (MIC), managed through 
the Department of Chemistry and Biochemistry, 
encompasses five major areas: Magnetic Resonance, 
Mass Spectrometry, X-ray Diffraction, Materials 
Characterization, and Proteomics and Biochemistry 
Instrumentation. 

Instrumentation available in the Magnetic resonance 
facility includes six high field NMR spectrometers 
and one EPR spectrometer.  The Mass Spectrometry 
Laboratory provides a wide range of sample character-
ization techniques for UCLA researchers that include:  
electron ionization (EI), chemical ionization (CI), 
matrix assisted laser desorption ionization (MALDI), 
electrospray ionization (ESI), and atmospheric pres-
sure chemical ionization (APCI).  Current equipment 
in the X-ray diffraction laboratory includes two single 
crystal X-ray diffractometers and three powder X-
ray diffractometers. The Materials Characterization 
and Proteomics and Biochemistry instrumentation 
laboratories each have a large number of instru-
ments available for use. For example, the Scanning 
Electron and Atomic Force microscopes (SEM and 
AFM) are two heavily used pieces of equipment in the 
Materials lab, and a recently purchased Biacore T100 
Molecular Interaction has recently been installed, 
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and is now available for use in the Biochemistry 
and Proteomics facility. More information about all 
of the equipment available in these laboratories can 
be found at the MIC website:  http://mic.ucla.edu/.  
Also included in the Proteomics and Biochemistry 
Instrumentation division is Elemental Analysis and 
Speciation.  The services currently available in this 
section are HPLC purification, sample digestion, and 
elemental analysis via Inductively Coupled Plasma 
(ICP) mass spectrometry and Optical Emission spec-
trometry.  

The highly qualified MIC staff, available in all five 
areas of the MIC, will provide the technical support 
needed to ensure that the needs of all UCLA research-
ers are satisfied to the highest possible standards, 
which in turn will uphold UCLA’s tradition of excel-
lence in world-class scientific research.

wEStErn InStItutE of nanoElECtronICS (wIn) 

Kang Wang, Faculty Director

The Western Institute of Nanoelectronics (WIN), a 
National Institute of Excellence, has been organized 
to leverage what are now considered the best inter-
disciplinary talents in the field of nanoelectronics in 
the world. The institute’s mission is to explore and 
develop advanced research devices, circuits and 
nanosystems with performance beyond conventional 
devices, which are based on the current industry 
standard, complementary metal oxide semiconduc-
tors (CMOS). 

For the first phase, proposed research will focus ini-
tially on spintronics extending from material, devices, 
and device-device interaction all the way to circuits 
and architectures.  The center’s objective is to allow 
for the future expansion and addition of new projects 
and programs in the later phases. 

WIN will use the new infrastructures and laborato-
ries of all the participating universities, including the 
California NanoSystems Institute of UCLA and UC 
Santa Barbara, the Center for Information Technology 
Research in the Interest of Society of UC Berkeley, 
and the National Nanotechnology Infrastructure 
Network of Stanford University.  A portion of WIN 
will be located in a new 3,000-square-foot laboratory 
within the new CNSI Institute building. 

Centers (continued)
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CLA, like the whole of California, faces 
on the Pacific Ocean, and is closely 
connected to Asia through cultural and 
social ties. The fact that over 45% of 
UCLA’s students are of Asian heritage 
testifies to the strength of this connec-

tion. Therefore, it is fitting that the CNSI’s first efforts 
at international outreach have concentrated on aca-
demic and research institutions in the countries of 
the Pacific-Rim.

A special Pacific Rim Initiative was launched in 
2006 for the purpose of increasing awareness of 
the CNSI as a major center for nano-scale research. 
CNSI members gave presentations at universi-
ties, research institutes, and corporations in Japan, 
Korea, and Singapore, nations where nano research 
is of a particular high quality and has received strong 
support from governmental and corporate sources. 
These presentations produced a number of signifi-
cant agreements. In July, for example, CNSI members 
were featured speakers in a two day conference on 
nanoscience at Nanyang Technological University 
(NTU) in Singapore. Subsequently, an agreement 
was signed with NTU for collaborative research and 
an exchange of post-doctoral students.

Similar arrangements were made in Japan with 
Nagoya University and the National Institute of 
Material Science (NIMS) and in Korea with Yonsei 
University and Seoul National University. Discussions 
about partnerships are currently being discussed 
with Kyushu University, Hokkaido University, Tohoku 
University, and the University of Tokyo. 

Presentations were also made at corporations in 
Japan and Korea doing nano-scale research. As a 
result, NEC, Canon, Hitachi, and Samsung are pres-
ently considering joining the CNSI Partners Program. 

A two day conference on Nano-Bio is planned to 
be held at UCLA in October 2007. It will be jointly 
sponsored by the CNSI and the Center for NanoBio 
Integration (CNBI) at the University of   Tokyo. A simi-
lar conference will be held at CNBI in Tokyo in 2008.  

The Pacific Rim Initiative will grow in 2007 with CNSI 
research presentations which are planned for Taiwan 
and China. The growth of these activities will continue 
to enhance the CNSI’s reputation as a world leader 
in the nano field. Equally important, it will also lay 
the foundation for the creation of a network drawing 
together nanoscience and nanotechnology research-
ers from throughout the Pacific Rim. The CNSI has 
the potential to serve as the central hub of such a 
network supported by centers in Japan, Singapore, 
Korea, and elsewhere in Asia. 

CNSI Pacific Rim Initiative

a special pacific rim Initiative was launched in 2006 for the 

purpose of increasing awareness of the cNsI as a major center 

for nano-scale research. 
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T
he State of California is positioning it-
self to become a preeminent hub and 
world leader in Nanotechnology within 
the next decade. The manufacturing and 
commercialization of engineered nano-
materials (NM) is projected to grow into 

a $1 trillion industry by 2015.  California’s participa-
tion in this new Industrial Revolution is going to have 
a tremendous impact on the State economy. 

With the goal of providing an infrastructure to allow 
students from different science backgrounds to be 
taught by a multi-disciplinary team of faculty, the 
CNSI has expanded the education program with two 
new training grants and new fellowship programs.

uC lEad C ampuS nanotoxIColoGy rESEarCh & traInInG  

proGram (nrtp)

Established in 2006, the Nanotoxicology Research 
and Training Program seeks to train outstanding 
graduate students and postdoctoral fellows in the 
various aspects of nanotoxicology with particular 
emphasis on nanomaterials, their potential toxicity 
and risk assessment.

The objective of the NRTP, under the direction of Dr. 
Andre Nel, is to train scientists who will develop the 
scientific underpinnings needed to assess nanoma-
terial (NM) project safety during the development 
stage, before the product enters the marketplace or 
gets disposed in the environment.  This research and 
training program will provide California with a pool of 
toxicology experts who can guide the development 
of safe products, develop tools for human and envi-
ronmental exposure and risk assessment, and pro-
vide a knowledge base for formulating public policy 
and regulation based on scientific principles.  

Funded by the University of California Toxic Sub-
stance Research and Training Program with UCLA 
as its lead campus, the NRTP will provide essential 
courses, lectures and seminars featuring well known 
researchers and policy makers in an effort to nurture 
a future workforce of scientists and engineers who 
will be prepared to solve problems in biological and 
environmental engineering.

Training the Next Generation of Scientists and Engineers

The NRTP training lab promises to provide state-of the art equipment and training 
and will be a key facility within the CNSI. Supervised by highly qualified staff, the 
training lab will be for the sole use of participants in the training program. The 
aim of the training lab is to foster interdisciplinary research collaboration and ex-
pose participants to equipment and resources which have not been traditionally 
used within their scientific discipline. Participants will have access to other core 
facilities throughout the CNSI as well.

thE nanoSyStEmS ChEmIStry and EnGInEErInG rESEarCh (nanoCEr) proGram

The National Science Foundation (NSF) Research Experience for Undergradu-
ates (REU) has funded The NanoSystems Chemistry and Engineering Research 
(NanoCER) Program – a 10-week summer program under the direction of Robin 
Garrell for eligible students interested in team-based interdisciplinary research.  
This program is designed to motivate students to take the lessons from the class-
room and apply them to actual research projects in the lab.  

NanoCER participants will create and characterize new materials and develop 
devices and applications of nanotechnology. The components of the program 
include hands-on team-based research, use of sophisticated instrumentation 
and fabrication facilities, mentoring by NSF-IGERT Materials Creation Training 
Program graduate fellows, faculty seminars, professional skills and career work-
shops, and a research symposium.

thE CnSI pIonEEr fEllowShIp proGramS In nanoSCIEnCE and nanotEChnoloGy

The CNSI Pioneer Fellowship Programs in Nanoscience and Nanotechnology are 
aimed at attracting highly motivated graduate students and postdoctoral schol-
ars who are interested in pursuing research in nanosystems. Pioneer fellows work 
under the direction of designated CNSI faculty members from one of a number of 
departments including bioengineering, chemistry and biochemistry, civil and en-
vironmental engineering, molecular cell and developmental biology, physics and 
astronomy, and microbiology, immunology and molecular genetics.

The Pioneer Fellowship programs give participants the opportunity to work in 
a very unique, interdisciplinary and collaborative environment with exceptional 
research and support staff and access to outstanding tools and facilities. These 
promising and creative young scientists and engineers will go on to lead research 
and discoveries in nanoscience and technology in the twenty-first century. Pio-
neer Fellows receive additional funding above the support they receive from their 
home departments. 

The CNSI Pioneer Fellowship programs seek to cultivate innovative thinking and 
broaden the existing projects at CNSI. 
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T
he Materials Creation Training Program 
(MCTP) at UCLA was instituted in 2001, 
supported by an Integrated Graduate 
Education and Research Training 
(IGERT) grant from the National Science 
Foundation. Under the directorship of 

Robin Garrell, the MCTP enables graduate students 
to master a specific discipline while being immersed 
in the collaborative scientific cultures characteris-
tic of careers in nanosystems and nanotechnology.   
The program engages students and faculty from 
departments in the physical sciences (Chemistry and 
Biochemistry, Physics) and engineering (Chemical 
and Biomolecular, Electrical, Mechanical and 
Aerospace, and Materials Science and Engineering ). 
Participants are trained in all aspects of the design, 
synthesis, fabrication, and marketing of new materi-
als and devices. 

MCTP students, in addition to completing the doctoral 
degree requirements in their disciplines, engage in 
an integrated, team-based laboratory experience in 
materials synthesis, characterization and fabrication,  
and also participate in interdisciplinary seminars 
where they learn the language, methods, intellec-
tual problems and technical challenges in materials 
science and engineering, discuss ethical and intel-
lectual property issues, and learn about patenting, 
entrepreneurship, and start-up companies.

Venturing Beyond the Classroom

In the past five years, MCTP participants have been 
remarkably successful translating their research 
efforts into concrete outcomes. By the end of 2006, 
they had published 124 papers, 80 of which involved 
collaborations outside their own research groups.  
They had also given more than 200 seminars, oral and 
poster presentations, with more than half of those 
being at conferences and venues outside UCLA.  The 
seven invention reports and patents generated by 
MCTP students are further evidence of creativity and 
productivity.  

Trainees have easily crossed disciplinary, institutional 
and even international boundaries. Many collabora-
tions were initiated by the students themselves, 
springing from team projects in the MCTP lab course 
and their internship experiences. Collaborating 
institutions have included large and small compa-
nies, government laboratories, and universities in 
the U.S., as well as international companies and 
universities. In addition to many dissertation and 
research awards at UCLA, MCTP trainees have won 
the Materials Research Society Graduate Student 
Silver Award, the SEGRF Fellowship at Lawrence 
Livermore National Labs, the Air Force Special Act/
Service Award and the Aerospace New Invention and 
Achievement Award.

A proposal to renew the MCTP IGERT training grant 
was submitted in Fall 2006 and includes plans to 
broaden the training to span biomaterials and bio-
sensors. Ambitious plans for partnerships to enhance 
diversity and international research experiences of 
the trainees have been developed. MCTP courses 
will become the nucleus of several new academic 
minors; these will lower barriers to participation in 
interdisciplinary courses and research opportuni-
ties. The proposal also describes plans to use the 
MCTP as the centerpiece of an interdepartmental 
PhD program in NanoScience and NanoTechnology 
that would be offered under the CNSI umbrella.  The 
CNSI will phase in support for MCTP fellowships and 
administration of these academic programs. 

t h e  m at e r I a l S  C r e at I o n  t r a I n I n g  P r o g r a m

In the past five years, mctp participants have been 

remarkably successful translating their research efforts 

into concrete outcomes.

Colornet: Unless otherwise noted, replace all assets with those that were converted/used in the patch color from several days ago. Yee-Ping Cho DesignColornet: Unless otherwise noted, replace all assets with those that were converted/used in the patch color from several days ago. Yee-Ping Cho Design



page 2 2 CNSI 2006  aNNual reSearCh report

Colornet: Unless otherwise noted, replace all assets with those that were converted/used in the patch color from several days ago.Colornet: Unless otherwise noted, replace all assets with those that were converted/used in the patch color from several days ago.

B 

Baum,  Linda G.

Bozovic,  Dolores 

Bradley,  Kenneth A.

C 

Caflisch,  Russel E.

Chen,  Yong 

Cong,  Jingsheng (Jason)

D 

Demer,  Linda L.

Deming,  Timothy J.

Dunn,  Bruce 

E 

Eisenberg,  David 

G 

Garcia-Garibay,  Miguel A.

Garrell,  Robin L.

Gelbart,  William M. 

Gimzewski,  James K.

Gruner,  George 

H 

Hoek,  Eric M.V. 

Houk,  Kendall N.

J 

Jalali,  Bahram 

Jiang,  Hong-Wen 

Judy,  Jack W 

K 

Kaner,  Richard B.

Kim,  Chang-Jin 

L 

Levine,  Alexander J. 

Liao,  James C.

M 

Mason,  Thomas G.

Maynard,  Heather D.

McCabe  III, Edward R.B. 

Miao,  John 

Miller,  Jeffrey F.

Monbouquette,  Harold 

N 

Nel,  Andre E.

Neuhauser,  Daniel 



Colornet: Unless otherwise noted, replace all assets with those that were converted/used in the patch color from several days ago.

page 2 3 CNSI 2006  aNNual reSearCh report

Colornet: Unless otherwise noted, replace all assets with those that were converted/used in the patch color from several days ago.

Member Profiles >

O 

Osher,  Stanley 

Ozolins,  Vidvuds 

P 

Pei,  Qibing 

Pellegrini,  Matteo 

Phelps,  Michael E. 

Putterman,  Seth 

R 

Reed,  Elaine F.

Regan,  Chris 

Rome,  Leonard H., Associate Director 

Roychowdhury, Vwani P.

S 

Schmidt,  Jacob 

Schwartz,  Benjamin 

Stefani,  Enrico 

Stoddart,  J. Fraser, Director 

Sun,  Ren 

T 

Tamanoi,  Fuyu 

Teitell,  Michael 

Tolbert,  Sarah 

W 

Wang,  Kang L.

Weiss,  Shimon S.

Witte,  Owen 

Woo,  Jason C.S.

Wu,  Benjamin 

Wu,  Lily 

Wudl,  Fred 

Y 

Yablonovitch,  Eli, Associate Director 

Yaghi,  Omar M.

Yang,  Yang 

Yeates,  Todd O. 

Z 

Zhou, Z. Hong

Zink,  Jeffrey I.



F A C U LT Y  P R O F I L E S

page 2 4 CNSI 2006  aNNual reSearCh report

Colornet: Unless otherwise noted, replace all assets with those that were converted/used in the patch color from several days ago.Colornet: Unless otherwise noted, replace all assets with those that were converted/used in the patch color from several days ago.

Linda G. Baum

Professor of Pathology and Laboratory Medicine
UCLA School of Medicine
Ph.D., Immunology, 1985, Duke University
M.D., 1986, Duke University
lbaum@mednet.ucla.edu

RESE ARCH INTERESTS

Many biological and disease processes are governed by carbo-
hydrate–protein–mediated cell–cell interactions. We examine 
these processes in the immune system, investigating the inter-
actions of lymphoid cells with stromal cells, antigen-presenting 
cells, and tumor cells. Our goal is to understand the mecha-
nisms controlling cellular glycosylation and the roles of cellular 
glycans in lymphocyte development, defense against microbes 
and tumor cells, and cellular transformation. We focus on a 
family of lectins, the galectins, that participate in all of these 
cellular processes.

The outcome of galectin binding to lymphocytes depends on 
the expression of specific glycan ligands on specific cell surface 
glycoproteins and the organization of the glycoproteins into 
discreet domains or lattices on the cell surface. The compo-
nents of the lattice, the spacing of glycoproteins in the lattice, 
and the separation of different glycoproteins into distinct 
lattices on the cell membrane all contribute to the outcome 
of galectin binding. We collaborate with CNSI members to use 
novel tools to examine the architectures of the lectin-glycopro-
tein lattices, by manipulating cellular glycosylation, examining 
binding to artificial ligands, and creating synthetic galectins 
that vary in their ligand specificity and binding domain spacing 
and flexibility, to understand the structural features of galec-
tins that deliver specific cellular signals.

SELECTED PUBLIC ATION S

Stillman, B.N., Hsu D.K., Pang, M., Brewer, C.F., Johnson, P., 
Liu, F-T., Baum, L.G., Galectin-3 and galectin-1 bind distinct cell 
surface glycoprotein receptors to induce T cell death, Journal of 
Immunology, 2006, 176, 778-789.

Aguilar, H.C., et.al, N-glycans on Nipah virus fusion protein 
protect against neutralization but reduce membrane fusion 
and viral entry, Journal of Virology, 2006, 80, 4878-4889.

He, J. Baum, L.G., Endothelial cell expression of galectin-1 
induced by prostate cancer cells inhibits T cell transendothelial 
migration, Laboratory Investigation, 2006, 86, 578-590.

Fulcher, J.A., Hashimi, S.T., Levroney, E.L., Pang, M., Gurney, 
K.B., Baum, L.G., Lee, B., Galectin-1 matured human mono-
cyte-derived dendritic cells have enhanced migration through 
extracellular matrix, Journal of Immunology, 2006, 177, 216-
226.

HONORS AND AWARDS

2006: President, Society for Glycobiology

PROFESSIONAL AFFILIATION S

American Association of Immunologists; American Society for 
Biochemistry and Molecular Biology; Society for Glycobiology

RESE ARCH KEy WORDS

cellular glycosylation, glycoprotein &ndash lectin interactions, 
glycoimmunology, cell death

Dolores Bozovic

Assistant Professor
Department of Physics and Astronomy
Ph. D., Physics, 2001, Harvard University
bozovic@physics.ucla.edu
http://personnel.physics.ucla.edu/directory/faculty/index.
php?f_name=bozovic

RESE ARCH INTERESTS

Hair cells of the inner ear perform the first step in the detec-
tion and analysis of incoming sound. These small biological 
mechanoelectrical transducers display remarkable sensitivity: 
they can detect deflections smaller than a nanometer. At the 
same time, they can withstand very loud sounds, covering a 
total range of six orders of magnitude in the applied pressure. 
Their proper functioning requires the presence of an active 
process, one that consumes energy to provide amplification of 
the incoming stimulus, and whose gain is tuned in response to 
the environment. The mechanisms behind this active process, 
however, remain unknown.

In this laboratory, we are studying the role of the nano-scale 
transduction apparatus in the overall mechanical respon-
siveness of hair cells. Most of the single-cell measurements 
undertaken to date have been performed on cells that 
specialize in the detection of low-frequency signals. We look 
forward to collaborating with other members of the CNSI to 
develop the technology required to push these measurements 
to the higher-frequency regimes relevant to our own hearing.

SELECTED PUBLIC ATION S

Le Goff, L., Bozovic, D., Hudspeth, A.J., Adaptive shift in the 
domain of negative stiffness during spontaneous oscillation by 
hair bundles from the internal ear, Proceedings of the National 
Academy of Sciences of the United States of America, 2005, 
102 (47), 16996-7001.

Bozovic, D., Hudspeth, A.J., Hair-bundle movements elicited 
by transepithelial electrical stimulation of hair cells in the 
sacculus of the bullfrog, Proceedings of the National Academy 
of Sciences of the United States of America, 2003, 100 (3),  
958-63.

Martin, P., Bozovic, D., Choe, Y., Hudspeth, A.J., Spontaneous 
oscillation by hair bundles of the bullfrog’s sacculus, The 
Journal of Neuroscience: the official journal of the Society for 
Neuroscience, 2003, 23 (11), 4533-48.

RESE ARCH KEy WORDS

biophysics of hearing, inner ear hair cells, the active process, 
mechanoelectrical transduction, nonlinear dynamics of hair 
bundle motility
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Ken Bradley

Assistant Professor
Microbiology, Immunology & Molecular Genetics
Director, Molecular Screening Shared Resource
Ph.D., Microbiology and Molecular Genetics, 2002,
Harvard University
kbradley@microbio.ucla.edu

RESE ARCH INTERESTS 

The Bradley lab is interested in i) identifying host proteins 
that are usurped by bacterial pathogens and ii) understanding 
how these interactions promote virulence. Specifically, we are 
studying protein exotoxins produced by Bacillus anthracis 
(the causative agent of anthrax), Campylobacter jejuni (the 
most common cause of bacterial diarrhea in the U.S.), Vibrio 
cholera (the causative agent of cholera), and Clostridium 
deficile (responsible for most hospital-acquired diarrhea). To 
better understand these interactions, our lab utilizes a number 
approaches including i) proteomics, ii) chemical genetics, and 
iii) somatic cell genetics. We are also interested in developing 
therapeutics and detection systems for bacterial pathogens 
based on nanotechnology. To this end, we collaborate with a 
number of labs at UCLA, UCSB, and nationwide.

SELECTED PUBLIC ATION S

Banks, D.J., Barnajian, M., Maldonado-Arocho, F.J., Sanchez, 
A.M., Bradley, K.A., Anthrax toxin receptor 2 mediates Bacillus 
anthracis killing of macrophages following spore challenge, 
Cellular Microbiology, 2005, 7 (8), 1173-85.

Bradley, K.A., Mogridge, J., Jonah, G., Rainey, A., Batty, S., 
Young, J.A., Binding of anthrax toxin to its receptor is similar 
to alpha integrin-ligand interactions, The Journal of Biological 
Chemistry, 2003, 278 (49), 49342-7.

Bradley, K.A., Young, J.A.T., Anthrax toxin receptor proteins, 
Biochemical Pharmacology, 2003, 65, 309-314.

PROFESSIONAL AFFILIATION S

American Society of Microbiology

RESE ARCH KEy WORDS

anthrax, toxin, receptor, somatic cell, genetic

Russel E. Caflisch

Professor
Mathematics Department
Department of Materials Science & Engineering
Ph.D., Mathematics, 1978, New York University
caflisch@math.ucla.edu
www.math.ucla.edu/~caflisch/

RESE ARCH INTERESTS

Professor Caflisch and his research group work on modeling, 
analysis, and simulation for applications in nanotechnology, 
materials science, fluid mechanics, and other fields. Specific 
projects include (1) Stranski-Krastonov growth of the self-
assembly and directed self-assembly of quantum dots, (2) 
design and optimization of material structures for quantum 
computing devices, (3) stability and structure of strained 
nanoscale crystals and wires, (4) singularity formation in 
incompressible flow, (5) hybrid numerical methods for plasma 
dynamics, and (6) simulation and optimal design of plasmon 
waveguides and electrodeposition shapes. This work often 
requires the development of new numerical methods and  
analysis of the mathematical properties of models from mate-
rials physics, including multiscale and stochastic methods. 
Numerical methods developed by this group include a level set 
method for epitaxial growth, a multiscale method for atomistic 

strain, and accelerated Monte Carlo methods for integration 
and optimization. The research group is multi-disciplinary, 
including mathematics, physics, and materials science. The 
group collaborates with researchers in industry, government 
labs, and academia from many different disciplines.

HONORS AND AWARDS

2006: Plenary Speaker (European Consortium for Math)
2006: Invited Speaker (International Congress of Math)

PROFESSIONAL AFFILIATION S

American Mathematical Society (American Mathematical  
Society), American Physical Society (American Physical 
Society), Materials Research Society (Materials Research 
Society), Society for Industrial and Applied Mathematics 
(Society for Industrial and Applied Mathematics)

RESE ARCH KEy WORDS

epitaxy, simulation, kinetic Monte Carlo, level set methods, 
island dynamics
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Yong Chen

Professor
Departments of Mechanical and Aerospace Engineering;
Materials Science and Engineering
Ph.D., Materials Sci. & Eng., 1996, University of California,
Berkeley
yongchen@seas.ucla.edu

RESE ARCH INTERESTS

Dr. Yong Chen is a joint Professor of California NanoSystems 
Institute, Mechanical and Aerospace Engineering, and Materials 
Science and Engineering at UCLA. His current research focuses 
on nanofabrication technologies, integrated nano devices and 
circuits, and nanoscale biological and medical sensors. Before 
joining UCLA, Dr. Chen worked from 1996 to 2003 as a Scientist, 
a Senior Scientist, and a Master Scientist in Quantum Science 
Research in the Hewlett-Packard Laboratories. The research 
group he led at HP demonstrated the world’s highest-density 
(40 Gbits/inch2) electronic memory circuits in 2003 and the 
first nanoscale de/multiplexer for electric circuits. His thesis 
research focused on optoelectronic materials, especially on 
self-organized semiconductor quantum dots.

SELECTED PUBLIC ATION S

Lai, Q., Zhu, Z., Chen, Y., Patil, S., Wudl, F., Organic nonvola-
tile memory by dopant-configurable polymer, Applied Physics 
Letters, 2006, 88, 133515.

Stuart, C., Xu, Q., Tseng, R.J., Yang, Y., Hahn, H.T., Chen, Y., Wu, 
W., Williams, R.S., Nanofabrication module integrated with 
optical aligner, Journal of Vacuum Science & Technology, 2006, 
B24, 539.

Hogg, T., Chen, Y., Kuekes, P.J., Assembling nanoscale circuits 
with randomized connections, IEEE Transactions on Nanotech-
nology, 2006, 5, 110.

Shen, W., Chen, Y., Pei, Q., Electric Lithography by Electrochem-
ical Polymerization, Applied Physics Letters, 2005, 87, 124106.

PROFESSIONAL AFFILIATION S

MRS, IEEE, APS, ACS

RESE ARCH KEy WORDS

nanofabrication, nanoelectronics, nanolithography, nano-
sensor, nanocircuits

Jingsheng Jason Cong

Chair and Professor, Computer Science Department
Ph.D., Computer Science, 1990, University of Illinois,  
Champaign-Urbana
cong@cs.ucla.edu
http://cadlab.cs.ucla.edu/~cong

RESE ARCH INTERESTS

Dr. Cong’s research interests include computer-aided design 
of VLSI circuits and systems, system-on-a-chip design and 
synthesis, programmable systems, novel computer archi-
tectures, nano-systems, and highly scalable algorithms. He 
has published over 230 research papers and has led over 30 
research projects supported by DARPA, NSF, SRC, and a number 
of industrial sponsors in these areas. Dr. Cong has served on 
the technical program committees and executive commit-
tees of many conferences, including ASPDAC, DAC, FPGA, 
ICCAD, ISCAS, ISPD, and ISLEPD, and several editoral boards, 
including the IEEE Transactions on VLSI Systems and the ACM 
Transactions on Design Automation of Electronic Systems.

SELECTED PUBLIC ATION S

Cong, J., Chen, D., He, L., Li, F., Lin, Y., “Power Modeling and 
Characteristics of Field Programmable Gate Arrays”, IEEE 
Transactions on Computer-Aided Design of Integrated Circuits 
and Systems, 2005, 24 (11), 1712-1724.

Cong, J., Kong, T., Shinnerl, J., Xie, M., Yuan, X., “Large Scale 
Circuit Placement”, ACM Transactions on Design Automation 
of Electronic Systems, 2005, 10 (2), 389-430.

Cong, J., Fang, J., Xie, M., Zhang, Y., “MARS A Multilevel Full-Chip 
Gridless Routing System”, IEEE Transactions on Computer-
Aided Design of Integrated Circuits and Systems, 2005, 24 (3), 
382-394.

Cong, J., Huang, H., Yuan, X., “Technology Mapping and 
Architecture Evaluation for k/m-Macrocell-Based FPGAs”, 
ACM Transaction on Design Automation of Electronic Systems, 
2005, 10 (1), 3-23.

HONORS AND AWARDS

2006: Semiconductor Research Corporation Inventor Recogni-
tion Award 
2005: Best Paper Award, International Symposium on Physical 
Design (ISPD)
2005: Best Paper Award, ACM Transaction on Design Automa-
tion of Electronic Systems (TODAES)

PROFESSIONAL AFFILIATION S

Editorial Board Member of Foundations and Trends in Electronic 
Design Automation (2005 - present); 2006 General Co-Chair, 
IEEE ASICON; 2006-2005 Member of Strategy Committee, 
Design Automation Conference (DAC)
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Linda L. Demer

Vice Chair, Department of Medicine, UCLA School of Medicine 
Professor of Medicine, Physiology, and Bioengineering, UCLA 
Co-Director, UCLA Specialty Training and Advanced Research 
(STAR) Program Director of Graduate Medical Education, 
Department of Medicine, UCLA School of Medicine M.D., 1983, 
The Johns Hopkins University School of Medicine
Ph.D., Biomedical Engineering, 1983, 
The Johns Hopkins University School of Medicine
ldemer@mednet.ucla.edu

RESE ARCH INTERESTS

In embryogenesis, immature mesenchymal cells aggregate 
and organize into patterned tissues. Later in life, a patholog-
ical recapitulation of this process takes place in atherosclerotic 
lesions, when vascular mesenchymal cells organize into trabec-
ular bone, cartilage, and fat tissue within the artery wall. In 
our laboratory, we have developed a tissue culture model for 
this process, and have demonstrated that the ectopic tissue is 
formed by mesenchymal stem cells present in the artery wall 
that undergo abnormal lineage acquisition. In addition, we 
have found that these cells self-organize in vitro into patterns 
that are predicted by a mathematical model based on molec-
ular morphogens interacting in a reaction-diffusion process 
governed by partial differential equations. We have identified 
the activator and inhibitor morphogens as bone morphoge-
netic protein and its inhibitor, matrix GLA protein (MGP). We 
have confirmed the mathematical model predictions in culture, 
showing that the addition of MGP alters the pattern from stripes 
to spots and also that the addition of warfarin, which inhibits 
MGP, creates a doubling of the stripe density. Thus, reaction-

diffusion principles may play a significant role in pathological 
morphogenetic processes in adults. We are now growing these 
stem cells on carbon nanotubes to attempt to modulate and 
refine the pattern formation for future potential use in tissue 
reconstruction.

SELECTED PUBLIC ATION S

Demer, L.L., Tintut, Y., Pitting phosphate transport inhibitors 
against vascular calcification, Circulation Research, 2006, (in 
press).

Tintut, Y., Morony, S., Demer, L.L., Role of osteoprotegerin and 
its ligands and competing receptors in atherosclerotic calcifi-
cation, Journal of Investigative Medicine, 2006, (in press).

Radcliff, K., Tang, T.B., Lim, J., Zhang, Z., Abedin, M., Demer, 
L.L., Tintut, Y., Insulin-like growth factor-I regulates prolifera-
tion and osteoblastic differentiation of calcifying vascular cells 
via extracellular signal-regulated protein kinase and phospha-
tidylinositol 3-kinase pathways, Circulation Research, 2005, 96 
(4), 398-400.

HONORS AND AWARDS

AHA Jeffrey M. Hoeg Award for Basic Science and Clinical 
Research; Franklin D. Murphy, M.D., Prize for Research; Davidson 
Memorial Endowed Lectureship, Royal College of Physicians of 
Edinburgh; Stein/Oppenheimer Award for Biomedical Research.

RESE ARCH KEy WORDS

vascular biology, biomineralization, adult stem cells

Tim Deming

Chair, Department of Bioengineering
Professor, Departments of Bioengineering and  
Chemistry and Biochemistry
Ph.D., Chemistry, 1993, University of California, Berkeley
demingt@seas.ucla.edu
http://deming.seas.ucla.edu/

RESE ARCH INTERESTS

Research in the Deming group is focused on the synthesis, 
processing, characterization, and evaluation of biological and 
biomimetic materials based on polypeptides. These materials 
are being studied because they can be prepared from renew-
able resources, they can be biocompatible and biodegradable, 
and possess unique self-assembly properties. We utilize inno-
vative chemistry techniques to synthesize materials possessing 
properties that rival the complexity found in biological systems. 
The polymers are then processed into ordered assemblies, 
which are characterized for both their nanoscale structure and 
biological function. This interdisciplinary approach stimulates 
innovations and ideas that direct this research into new and 
exciting areas.

SELECTED PUBLIC ATION S

Holowka, E.P., Pochan, D.J., Deming, T.J., Charged polypeptide 
vesicles with controllable diameter, Journal of the American 
Chemical Society, 2005, 127 (35), 12423-8.

Deming, T.J., Polypeptide Hydrogels via a Unique Assembly 
Mechanism, Soft Matter, 2005 (1), 28-35.

Auguste, D.T., Armes, S.P., Brzezinska, K.R., Deming, T.J., 
Kohn, J., Prud’homme, R.K., pH triggered release of protective 
poly(ethylene glycol)-b-polycation copolymers from liposomes, 
Biomaterials, 2005.

Cui, H., Krikorian, V., Thompson, J., Nowak, A.P., Deming, T.J., 
Pochan, D.J., “Preparation and Characterization of Synthetic 
Polypeptide Single Crystals with Controlled Thickness”, 
Macromolecules, 2005, 38, 7371-7377.

Tomczak, M.M., Glawe, D.D., Drummy, L.F., Lawrence, C.G., 
Stone, M.O., Perry, C.C., Pochan, D.J., Deming, T.J., Naik, R.R., 
Polypeptide-templated synthesis of hexagonal silica plate-
lets, Journal of the American Chemical Society, 2005, 127 (36), 
12577-82.

HONORS AND AWARDS

2004: World Polymer Congress, IUPAC Macromolecular  
Division, Samsung-IUPAC Young Scientist Award
2003: MRS Young Investigator Award

PROFESSIONAL AFFILIATION S

American Chemical Society, Materials Research Society

RESE ARCH KEy WORDS

polymerization catalysis, polypeptides, supramolecular chem-
istry, biomedical materials, stimuli-responsive materials
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Bruce Dunn

Professor and Nippon Sheet Glass Company Chair
in Materials Science and Engineering
Department of Materials Science and Engineering
Ph.D., 1974, UCLA
bdunn@ucla.edu
www.seas.ucla.edu/ms/faculty1/dunn.html

RESE ARCH INTERESTS 

Our research involves the synthesis of inorganic and hybrid 
organic-inorganic materials and the characterization of their 
electrical, electrochemical, and optical properties. One of our 
principal themes is the use of sol-gel methods to synthesize 
many of the materials studied in the group. This synthetic 
approach enables us to prepare materials that incorporate 
a wide variety of organic and biological dopants and are 
capable of developing unique microstructures and properties.  
The research areas currently being investigated include:(1) 
Electrochemical materials, where we are investigating the 
electrochemical properties of materials with designed chem-
istry and microstructures; (2) Mesostructured materials based 
on the self-assembly processes that occur upon the addition 
of surfactants to sol-gel materials; (3) Bio-hybrid materials in 
which biomolecules are encapsulated within sol-gel- derived 
inorganic matrices; (4) Biomolecular materials, where we try 
to exploit biological structures for engineering applications.  
We also investigate the utility of these materials in various 
device applications. Among the topics being investigated are 
three-dimensional batteries, biological fuel cells, bio-sensors, 
nanodimensional biochemical reactors, and nanowire arrays.

SELECTED PUBLIC ATION S 

Kickhoefer, V.A., Garcia, Y., Mikyas, Y., Johansson, E., Zhou, J.C., 
Raval-Fernandes, S., Minoofar, P., Zink, J.I., Dunn, B., Stewart, 
P.L., Rome, L.H, Engineering of vault nanocapsules with enzy-
matic and fluorescent properties, Proceedings of the National 
Academy of Sciences of the United States of America, 2005, 
102 (12), 4348-52.

Luo, T.J., Soong, R., Lan, E., Dunn, B., Montemagno, C., Photo-
induced proton gradients and ATP biosynthesis produced by 
vesicles encapsulated in a silica matrix, Nature materials, 
2005, 4 (3), 220-4.

Long, J.W., Dunn, B., Rolison, D.R., White, H.S., Three-dimen-
sional battery architectures, Chemical Reviews, 2004, 104 (10), 
4463-92.

HONORS AND AWARDS 

2004: Invited Professor, University of Picardie, Amiens 
2003: Named to Nippon Sheet Glass Chair in Materials Science 
and Engineering 
2000: Invited Professor, University of Bordeaux
1998, 1992-93: Invited Professor, University of Paris VI

PROFESSIONAL AFFILIATION S

American Ceramic Society (Fellow); Materials Research Society; 
Electrochemical Society

RESE ARCH KEy WORDS

sol-gel materials, biomolecule encapsulation, electrochemical 
properties, aerogels, mesoporous materials

David Eisenberg

Director, UCLA-DOE, Institute for Genomics and Proteomics
Professor of Chemistry & Biochemistry
Professor of Biological Chemistry
Ph.D., Theoretical Chemistry, 1964, Oxford University
david@mbi.ucla.edu

RESE ARCH INTERESTS

Our long-term goal is to understand and manipulate the 
metabolism of cells through the interactions of their constit-
uent proteins. One goal is to be able to infer functional 
linkages of proteins, on the basis of genome sequences and 
protein expression data. Computational methods have been 
developed for establishing these relationships, including the 
phylogenetic profile and Rosetta Stone methods. To benchmark 
these computational methods, a large Database of Interacting 
Proteins has been compiled. X-ray crystallography remains a 
powerful tool for exploring protein structure and interactions. 
Our projects in this area are of two types. The first set are in 
relation to amyloids and prions, which are pathologically inter-
acting proteins. The goal is to understand the structures that 
underlie the pathologies. The other projects regard the struc-
tural biology of Mycobacterium tuberculosis, which we conduct 
as part of the TB Structural Genomics Consortium.

SELECTED PUBLIC ATION S

Sambashivan, S., Liu, Y., Sawaya, M., Gingery, M., Eisenberg, 
D., Amyloid-like Fibrils of Ribonuclease A with a 3D Domain-
Swapped, Native-like Structure, Nature, 2006, (in press).

Strong, M., Sawaya, M.R., Wang, S., Phillips, M., Cascio, D., 
Eisenberg, D., Toward the Structural Genomics of Complexes: 
Crystal Structure of a PE/PPE Protein Complex from Mycobac-
terium Tuberculosis, PNAS, 2006, 103 (21), 8060-8065.

Thompson, M.J., Sievers, S.A., Karanicolas, J., Ivanova, M.I., 
Baker, D., Eisenberg, D., The 3D Profile Method for Identifying 
Fibril-Forming Segments of Proteins, PNAS, 2006, 103 (11), 
4074-4078.

Guo, Z., Eisenberg, D., Runaway Domain Swapping in Amy-
loidlike Fibrils of T7 Endonuclease I, PNAS, 2006, 103 (21), 
8042-8047.

Ivanova, M.I., Thompson, M.J., Eisenberg, D., A Systematic 
Screen of B2-Microglobulin and Insulin for Amyloid-like 
Segments, PNAS, 2006, 103 (11), 4079-4082.

PROFESSIONAL AFFILIATION S

Howard Hughes Medical Institute, Investigator, 2001 - present
National Academy of Sciences, 1989

RESE ARCH KEy WORDS

protein design, amyloids & prions, protein interactions
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Miguel A. Garcia-Garibay

Professor
Department of Chemistry and Biochemistry
Ph.D., Chemistry, 1988, University of British Columbia
mgg@chem.ucla.edu
www.chem.ucla.edu/dept/Faculty/mgg/index.html

RESE ARCH INTERESTS

The Garcia-Garibay research group is dedicated to the study of 
solids and crystalline materials spanning a wide range of prop-
erties and length scales. There are four main research thrusts 
in the group: (I) the design of reactions in crystals for both 
synthetic and materials applications; (II) the design of solid 
state materials with functions that rely on controlled mechan-
ical changes at the molecular level, including electrooptics and 
ferroelectrics; (III) the use of nanoparticles to control photo-
chemical processes; and (IV) the study of structure- reactivity 
correlations based on solid state reaction rates and X-ray struc-
tural analyses, including the control of reactive intermediates 
and a better understanding of quantum mechanical tunneling.

SELECTED PUBLIC ATION S

Garcia-Garibay, M.A., Crystalline molecular machines: encoding 
supramolecular dynamics into molecular structure, Proceed-
ings of the National Academy of Sciences of the United States 
of America, 2005, 102 (31), 10771-6.

Horansky, R.D., Clarke, L.I., Price, J.C., Khuong, T.-A.V., Jarowski, 
P.D., Garcia-Garibay, M.A., “Dielectric Response of a Dipolar 
Molecular Rotor Crystal”, Phys Rev B, 2005.

Campos, L.M., Warrier, M.V., Peterfy, K., Houk, K.N., Garcia-
Garibay, M.A., Secondary alpha isotope effects on deuterium 
tunneling in triplet o-methylanthrones: extraordinary sensi-
tivity to barrier width, Journal of the American Chemical Society, 
2005, 127 (29), 10178-9.

Garcia-Garibay, M.A., Crystalline molecular machines: encoding 
supramolecular dynamics into molecular structure, Proc Natl 
Acad Sci USA, 2005, 102 (31), 10771-6.

Mortko, C.J., Garcia-Garibay, M.A., Green chemistry strate-
gies using crystal-to-crystal photoreactions: stereoselective 
synthesis and decarbonylation of trans-alpha,alpha’-dialkeno-
ylcyclohexanones, J Am Chem Soc, 2005, 127 (22), 7994-5.

HONORS AND AWARDS

1999: Herbert Newby McCoy Award, UCLA 
1997: Dean’s Marshal Award for the Division of Physical 
Sciences, UCLA 
1996: NSF Career Award 
1995: Faculty Development Award, UCLA

PROFESSIONAL AFFILIATION S

The American Chemical Society
The American Association for the Advancement of Science
The Inter American Photochemical Society

Robin L. Garrell

Professor of Chemistry and Biochemistry and
Member of the Biomedical Engineering Interdepartmental
Program Faculty
Ph.D., Macromolecular Science & Engineering, 1984,
University of Michigan
garrell@chem.ucla.edu
www.chem.ucla.edu/dept/Organic/garrell.html

RESE ARCH INTERESTS

Professor Garrell’s team develops new methods for charac-
terizing and utilizing molecules and molecular assemblies at 
liquid-solid interfaces. Techniques they have pioneered include 
surface-enhanced Raman spectroscopy (SERS) for determining 
molecular orientations and conformations at metal surfaces, 
the quartz crystal microbalance to detect phase transitions 
and viscosity in thin films, and g-factor spectroscopy as a 
rapid probe of protein secondary structure. Quantum mechan-
ical calculations provide further insights into the nature of 
the surfaces and intermolecular interactions of molecules 
in self-assembled monolayers. Garrell’s team correlates the 
molecular structures of self-assembled monolayers and thin 
films with their resulting macroscopic adhesion and wetting 
behavior. These interfacial phenomena are being exploited in 
the design and fabrication of droplet-based “digital” microflu-
idic devices for biosensors, proteomics, and drug discovery. 
Digital microfluidic devices are reconfigurable, can be used to 
perform many identical or unique (bio)chemical manipulations 
simultaneously, and may incorporate optical, electrochemical, 
and/or impedance detection systems.

SELECTED PUBLIC ATION S

Wheeler, A.R., Moon, H., Bird, C.A., Loo, R.R., Kim, C.J., Loo, 
J.A., Garrell, R.L., Digital Microfluidics with In-Line Sample 
Purification for Proteomics Analyses with MALDI-MS, Anal 
Chem, 2005, 77 (2), 534-40.

Yoon, J.-Y., et al., “Using a Stirred Cell to Evaluate Conformational 
Changes in Proteins Adsorbed on Particles”, AIChE Journal, 
2005 (51), 1048-1052.

HONORS AND AWARDS 

2003: UCLA Distinguished Teaching Award; 2002: American 
Association for the Advancement of Science, Elected Fellow; 
1997: Hanson Dow Award for Excellence in Teaching, UCLA; 
1996: Agnes Fay Morgan Award (Iota Sigma Pi); UCLA Faculty 
Career Development Award; 
1995: Herbert Newby McCoy Award for Outstanding Research, 
UCLA; 
1985: National Science Foundation Presidential Young 
Investigator Award

PROFESSIONAL AFFILIATION S

American Association for the Advancement of Science (AAAS); 
elected fellow, American Chemical Society, Coblentz Society; 
International Society of Quantum Biology & Pharmacology, 
Iota; Sigma Pi, Society for Applied Spectroscopy (President, 
1999)

RESE ARCH KEy WORDS

surface and interface chemistry, microfluidics, proteomics, 
vibrational spectroscopy, adhesion
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William M. Gelbart

Professor, Chemistry and Biochemistry
B.S., Chemistry and Physics, 1967, Harvard University
Ph.D., Chemical Physics, 1970, University of Chicago
gelbart@chem.ucla.edu
http://virus.chem.ucla.edu

RESE ARCH INTERESTS

The goal of virtually all of our work is to expose the physical 
aspects of viral infectivity, for purposes of better understanding 
the life cycles of viruses and developing more-effective anti-
viral therapies.

On the theoretical side, we continue to be interested in the 
statistical mechanics of complex fluids, including: micellized 
surfactant solutions and microemulsions; lipid bilayers; 
colloidal suspensions; polymers and polyelectrolytes; interfa-
cial and surface thin films; and liquid crystals.

On the experimental side we are focussed on: the condensa-
tion, complexation, and encapsidation of double-stranded 
DNA; the structures (sizes and shapes) of large, single-
stranded, RNA molecules (in particular, viral genomes), as a 
function of nucleotide sequence and length, as determined by 
small-angle X-ray and neutron scattering, and by theoretical 
analyses; reconstitution of infectious viruses from purified 
components, for comparison and contrast with controlled in 
vivo infections using bacterial and plant hosts and animal cell 
culture; syntheses of virus-like particles for biomaterial and 
gene delivery applications; and the budding of colloidal parti-
cles and viral nucleocapsids through lipid bilayer membranes.

SELECTED PUBLIC ATION S

Nguyen, T.T., Bruinsma, R.F., Gelbart, W.M., Continuum theory 
of retroviral capsids, Phys Rev Lett, 2006, 96 (7), 078102.

Grayson, P., Evilevitch, A., Inamdar, M.M., Purohit, P.K., Gelbart, 
W.M., Knobler, C.M., Phillips, R., The effect of genome length 
on ejection forces in bacteriophage lambda, Virology, 2006, 
348, 430-436.

Nguyen, T.T., Bruinsma, R.F., Gelbart, W.M., Elasticity theory 
and shape transitions of viral shells, Phys Rev E Stat Nonlin 
Soft Matter Phys, 2005, 72 (5 Pt 1), 051923.

Borukhov, I., Bruinsma, R.F., Gelbart, W.M., Liu, A.J., Structural 
polymorphism of the cytoskeleton: a model of linker-assisted 
filament aggregation, Proc Natl Acad Sci USA, 2005, 102 (10), 
3673-8.

Zandi, R., Reguera, D., Bruinsma, R.F., Gelbart, W.M., Rudnick, 
J., Origin of icosahedral symmetry in viruses, Proc Natl Acad Sci 
USA, 2004, 101 (44), 15556-60.

HONORS AND AWARDS

2006: Laughlin Lecturer (Cornell University)
2002: Bikerman Lecturer (Case Western Reserve University)
2001: American Chemical Society “Liquids” (Hildebrand) Prize

RESE ARCH KEy WORDS

physical aspects of viral life cyles

James K. Gimzewski

Professor
Department of Chemistry & Biochemistry, Institute for Cell
Mimetic Space Exploration (CMISE)
Ph.D., Physical Chemistry, 1977, University of Strathclyde,
Glasgow, Scotland
gim@chem.ucla.edu
www.chem.ucla.edu/dept/Faculty/gimzewski/

RESE ARCH INTERESTS

Professor Gimzewski’s Pico Lab is concerned with developing 
a nanosystems approach to radical shifts in technology. The 
projects themselves stem from the ability to image and manip-
ulate matter all the way up from the atomic scale. The Pico Lab 
is equipped with state-of-the-art techniques that enable atoms 
and molecules to be studied and manipulated in environments 
that vary from extreme vacuum to cryogenic temperatures. 
Nanomechanics is an area of science that has evolved in the 
last ten years. It is concerned with the mechanics of systems 
having components or motions on the scale of the nanometer. 

Mechanical processes appear in most living systems and much 
of the research work has expanded from molecular systems 
to cell-based or whole-animal investigations. These latest 
studies are aimed at medical diagnostics, stem cell research, 
and biosensor-related applications. Biological systems also 
form the focus of bio-inspired materials and devices in which 
cellular systems are being used as models for the design of 
new paradigms in engineering.

Gimzewski embraces the convergence of all disciplines to 
develop a new form of thinking necessary for Nanotechnology 

to have a global societal and economic benefit within the next 
10 years. This convergence goes beyond Science, Medicine and 
Engineering, and embraces the Arts as an essential part of the 
process.

SELECTED PUBLIC ATION S

Gimzewski, J.K., Reed, J., Teitell, M.T., Malan, P.G., “Immuno-
logical Biosensors”, The Immunoassay Handbook 3rd Ed. (ed 
D. Wilde) (265-280 (Elsevier, Oxford, 2005).

Pelling, A.E., Li, Y., Cross, S.E., Castaneda, S., Shi, W., Gimze-
wski, J.K., Self-organized and highly ordered domain structures 
within swarms of Myxococcus xanthus, Cell Motil Cytoskeleton, 
2006, 63 (3), 141-8.

Naranjo, B., Gimzewski J.K., Putterman, S., “Observation of 
nuclear fusion driven by a pyroelectric crystal”, Nature, 2005 
(434), 1115-1117.

HONORS AND AWARDS

2001: Institute of Physics’ “Duddell” prize and medal 
1997: Feynman Prize in Nanotechnology

PROFESSIONAL AFFILIATION S

International Society for Nanoscale Science, Computation 
and Engineering; Elected Fellow of the World Innovation 
Foundation; Elected Fellow Royal Academy of Engineering, 
London, United Kingdom

RESE ARCH KEy WORDS

nanotechnology, nanomechanics, nanomedicine, nuclear 
fusion, cell sonics
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George Gruner

Distinguished Professor
Department of Physics
Ph.D., Eotvos Lorand University, Budapest, Hungary
ggruner@ucla.edu

RESE ARCH INTERESTS

Professor Gruner’s primary interests include the fabrication, 
investigation and application of nanoscale electronic materials 
and devices. The materials architectures include a network 
of nanoscale wires such as carbon nanotubes and polymeric 
nanofibers. Active electronic devices such as nano-scale 
transistors can also be fabricated using such networks. 
The research involves the exploration of the fundamental 
electronic properties of the material architectures involved, 
and of device oriented physical measurements. Large-scale 
fabrication avenues are also explored by the group. Merging 
electronics with biology is also part of the program pursued 
by the Gruner group. Size compatibility between devices  
and biological species, together with the charged nature 
of biomolecules lie behind such bio-electronics approach. 
The devices can be combined with a variety of species, thus  
giving the structures specific chemical or bio-function-
ality. Fabrication of elements of an artificial sensory system 
– converting a chem/bio presence into an electronic signal, 
together with the design and investigation of cell-device 
interfaces is currrently also pursued.

SELECTED PUBLIC ATION S

Gruner, G., “Carbon Nanotube Transistors for Biosensing 
Applications”, Analytical and Bioanalytical Chemistry, 2006, 
384, 322.

Hecht, D.S., Hu, L., Gruner, G., “Electronic Properties of carbon 
nanotube/fabric composites”, Current Applied Physics, 2005 
(AIP).

Gruner, G., “Carbon Nanotube Transistors for Biosensing 
Applications”, Nanofabrication: Technologies, Devices and 
Applications, Proceedings of SPIE, 2005, 5592, 175-180.

RESE ARCH KEy WORDS

nano-bio-electronics, fabrication and exploration of nanoscale 
material architectures, integration of biological systems 
and electronic devices, applications in emerging technology 
areas; plastic electronics, printed photo-voltaics, disposable 
biosensors 

Eric M.V. Hoek

Assistant Professor and HSSEAS Fellow
Civil & Environmental Engineering Department
Henry Samueli School of Engineering and Applied Science
Ph.D., Yale University, 2002
hoek@seas.ucla.edu
www.cee.ucla.edu/faculty/ehoek.htm

RESE ARCH INTERESTS

My research interests in nano-scale science and technology 
include the synthesis, characterization, and application of func-
tional nanoparticles, membranes, and film coatings to improve 
the performance of water treatment, desalination, sensing, 
and implant technologies. This research relies on a number 
of microscopic (AFM/SEM/TEM) and spectroscopic (EDX/
XRD/FTIR) methods, as well as traditional colloid and surface 
science analyses (light scattering and contact angle measure-
ments, electro-kinetic phenomena) to characterize natural 
colloids, engineered nanoparticles, synthesized membranes, 
and other functional substrates.

A recurring practical theme in our research is the development 
of methods to better understand and control surface fouling 
phenomena in aquatic systems. For example, we recently 
created a nanocomposite thin film that purifies water as well 
as conventional reverse osmosis membranes, but consumes 
as little as half of the energy. These nanocomposite films can 
be modified (during synthesis) to possess broad-spectrum 
antimicrobial activity, which improves membrane resistance to 
biofouling in water treatment applications. 

We are now developing antimicrobial film coatings for sensing 
devices, dental surfaces, and medical implants in collabora-
tion with faculty from UCLA’s medical, dental, and engineering 
schools.

SELECTED PUBLIC ATION S

Kim, S., Marion, M., Jeong, B.H., Hoek E.M.V., “Predicting 
Flux Decline in Cross-Flow Membrane Filtration of Interacting 
Nanoparticle Suspensions”, Journal of Nanoparticle Research, 
2006, (submitted).

Hoek, E.M.V., Agarwal, G.K., “Extended DLVO Interactions 
between Spherical Particles and Rough Surfaces”, Journal of 
Colloid and Interface Science, 2006, 298, 50-58.

Subramani, A., Kim, S., Hoek, E.M.V., “Pressure, Flow, and 
Concentration Profiles in Open and Spacer-Filled Membrane 
Channels”, Journal of Membrane Science, 2005, 277, 7-17.

HONORS AND AWARDS

2005/2004/2003: North American Membrane Society Out-
standing Student Paper Award (as co-author with students)

PROFESSIONAL AFFILIATION S

American Chemical Society (ACS); North American Membrane 
Society (NAMS); American Water Works Association (AWWA); 
Association of Environmental Engineering and Science Profes-
sors (AEESP) 

RESE ARCH KEy WORDS

colloids, nanoparticles, membranes, sensors, environmental 
nanotechnology
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Kendall N. Houk

Professor, Chemistry & Biochemistry
Ph.D., Organic Chemistry, 1968, Harvard University
houk@chem.ucla.edu
www.chem.ucla.edu/dept/Faculty/houk.html

RESE ARCH INTERESTS

The Houk Group solves problems in organic and bio-organic 
chemistry using theoretical and computational methods and 
programs.  Some of the group members are also involved in 
experimental research, including joint projects with CNSI 
members Stoddart, Garcia-Garibay, and Garrell, to test  
theoretical predictions and to develop new reactions, reagents, 
and catalysts that have been designed from theoretical  
investigations.

The Houk Group conducts research in the following areas:  
Understanding and design of stereoselective organic reactions 
and catalysts; pericyclic reaction mechanisms, rates, and 
synthetic applications; gating in proteins and synthetic hosts: 
a new factor in molecular recognition; exploring the origins of 
biological catalysis; reactive intermediates in biology and the 
atmosphere: potential surfaces, dynamics, and solution simu-
lations; and molecular devices and properties of organic 
materials.

SELECTED PUBLIC ATION S

Zhao, Y.L., Houk, K.N., Thionitroxides, RSNHO*: the structure of 
the SNO moiety in “S-Nitrosohemoglobin”, a possible NO reser-
voir and transporter, J Am Chem Soc, 2006, 128 (5), 1422-3.

Jones, G.O., Guner, V.A., Houk, K.N., Diels-Alder reactions of 
cyclopentadiene and 9,10-dimethylanthracene with cyano-
alkenes: the performance of density functional theory and 
Hartree-Fock calculations for the prediction of substituent 
effects, J Phys Chem A Mol Spectrosc Kinet Environ Gen Theory, 
2006, 110 (4), 1216-24.

Doubleday, C., Suhrada, C.P., Houk, K.N., Dynamics of the 
degenerate rearrangement of bicyclo[3.1.0]hex-2-ene, J Am 
Chem Soc, 2006, 128 (1), 90-4.

Brough, B., Northrop, B.H., Schmidt, J.J., Tseng, H.-R., Houk, 
K.N., Stoddart, J.F., Ho, C.-M., “Evaluation of Synthetic Linear 
Motor-Molecule Actuation Energetics”, PNAS, 2006, 103 (23), 
8583-8588.

Zhang, X., Houk, K.N., Why enzymes are proficient catalysts: 
beyond the Pauling paradigm, Acc Chem Res, 2005, 38 (5), 
379-85. 

HONORS AND AWARDS

2003: ACS Award for Computers in Chemical and Pharmaceutical 
Research; 2002: Fellow of the American Academy of Arts 
and Sciences; 2002: Fellow of the International Academy of 
Quantum Molecular Sciences; 1991: ACS James Flack Norris 
Award in Physical Organic Chemistry; 1988: Arthur C. Cope 
Scholar Award of the American Chemical Society

PROFESSIONAL AFFILIATION S

American Academy of Arts and Sciences, Fellow
American Association for the Advancement of Science
American Chemical Society
World Association of Theoretical and Computational Chemists

Bahram Jalali

Professor
Department of Electrical Engineering, UCLA
Ph.D., Applied Physics, 1989, Columbia University
jalali@ee.ucla.edu
www.ee.ucla.edu/~oecs/

RESE ARCH INTERESTS

The Optoelectronic Circuits and Systems Laboratory at UCLA 
performs multi-disciplinary research and development in the 
fields of communication and sensing. The lab has two comple-
mentary missions. The first is to solve critical problems faced 
by Defense and Commercial industries through innovative 
approaches that enable revolutionary advances in devices 
or systems. The second and equally important mission is 
to produce creative and highly skilled engineers who will 
be the driving force for technological innovation in the 21st 
century. The lab enjoys the strong support of the US Defense 
Department and private companies. Prof. Jalali has published 
over 200 scientific papers and holds six U.S. patents with six 
applications pending.

SELECTED PUBLIC ATION S

Indukuri, T., Koonath, P., Jalali, B., Photonics: Silicon Goes 
Underground, Applied Physics Letters, 2006, 88 (12), 121108 .

Tarighat, A., Hsu, R., Sayed, A., Jalali, B., Digital Signal Pro-
cessing Removes Laser Phase Noise from Received Data, 
Journal of Lightwave Technology, 2006, 24 (3), 1269-1276 .

Han, Y., Boyraz, O., Jalali, B., Tera-sample-per-second real-time 
waveform digitizer, Applied Physics Letters, 2005, 87 (241116).

Han, Y., Jalali, B., Continuous-time time-stretched analog-to-
digital converter array implemented using virtual time gating, 
Transactions on Circuits and Systems I, 2005, 52 (8), 1502-07.

HONORS AND AWARDS

Recipient of the BridgeGate 20 Award for his contribution to 
the Southern California economy; Senior Consultant to the 
Communications Group at Intel Corporation; Fellow of IEEE and 
OSA; Chair of the LEOS Los Angeles Chapter.

PROFESSIONAL AFFILIATION S

Director of the UCLA Optoelectronic Circuits and Systems; 
Laboratory at UCLA and Director of COAST (Consortium for 
Optical A/D Systems Technology)
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Hong-Wen Jiang

Professor
Department of Physics and Astronomy
Ph.D., 1989, Case Western Reserve University
jiangh@physics.ucla.edu
www.physics.ucla.edu/~jiangh/

RESE ARCH INTERESTS

Jiang’s group is actively working on the solid-state implemen-
tation of quantum information processing using electron spins 
in semiconductor nanostructures. The group is currently devel-
oping fundamental building blocks for quantum computation 
and quantum communications with advanced semiconductor 
nanostructures, called spin-resonance-transistors. The ongoing 
effort includes the electrically controlled manipulation of elec-
tron and nuclear spins, detection of the quantum states of a 
single electron spin, and the nanofabrication of solid state 
traps (i.e., quantum bits) and read-out channels. The group 
recently made the first measurement of the magnetic spin 
resonance of a single electron. Another area of their research is 
experimental condensed matter physics: quantum phase tran-
sition and localization phenomena in highly correlated 
low-dimensional electronic systems. The group’s recent focus 
is on high-sensitivity thermodynamic measurements of inter-
acting disordered semiconductor heterostructures. The 
thermodynamic measurements provide means to probe the 
many-body ground state properties of the interacting charge 
carriers. 

Jiang’s group has made several ground-breaking discoveries 
during their studies of quantum Hall systems.

SELECTED PUBLIC ATION S

Zhang, X.C., Faulhaber, D.R., Jiang, H.W., “Multiple Phases 
with the Same Quantized Hall Conductance in a Two-Subband 
System”, Phys Rev Lett, 2005, 52, 216801.

Sakr, M., Croke, E., Yablonovitch, E., Jiang, H.W., “Fabrication 
and Characterization of Electrostatic Si/SiGe Quantum Dots 
with an Integrated Read-out Channel”, Appl Phys Lett, 2005, 
87, 223104.

Xiao, M., Martin, I., Yablonovitch, E., Jiang, H.W., Electrical 
detection of the spin resonance of a single electron in a silicon 
field-effect transistor, Nature, 2004, 430 (6998), 435-9.

Xiao, M., Martin, I., Jiang, H.W., Probing the spin state of a 
single electron trap by random telegraph signal, Physical 
Review Letters, 2003, 91 (7), 078301.

Yablonovitch, E., Jiang, H.W., Kosaka, H., Robinson, H., Rao, 
D.S., Szkopek, T., “Optoelectronic Quantum Telecommunica-
tions Based on Spins in Semiconductors”, Special Issue on 
Spintronics Technology, Proceedings of the IEEE, 2003 (91), 
727. 

PROFESSIONAL AFFILIATION S

Fellow of American Physical Society

RESE ARCH KEy WORDS

quantum information processing, spintronics, nanoelectronics, 
condensed matter physics, quantum hall effect

Jack William Judy

Associate Professor
Electrical Engineering and Biomedical Engineering
Ph.D., Electrical Engineering, 1996, University of California,
Berkeley
IEEE and Society for Neuroscience, Electrochemical Society
jjudy@ucla.edu
ww.judylab.org

RESE ARCH INTERESTS

Prof. Judy and his research group work in two fields: (1) novel 
nano- and micro-electro-mechanical systems (NEMS/MEMS) 
and (2) application of state-of-the-art engineering technolo-
gies to brain research, a field now called neuroengineering. 
Specific NEMS/MEMS research activities include ferromag-
netic NEMS/MEMS for physical actuation and sensing at many 
levels of scale and miniaturized chemical-sensing systems. 
Examples include ferromagnetic actuators for optical, RF, and 
biomedical applications and micromachined electrochemical 
nitrate sensors with integrated microfluidics. His lab is also 
actively investigating the scaling limits of ferromagnetic actua-
tors through a study of nanomagnetomechanical devices. 
Specific neuroengineering research interests include tech-
nologies for improving brain-computer interfaces, such as 
multi-electrode neural microprobes for neural recording and 
stimulation and miniature wireless neural transceivers. The 
neural-probe technologies are being used for deep-brain-stim-
ulation applications, such as Parkinson’s disease research. The 
wireless neural transceivers are being developed for a wide 
range of behavioral and neurophysiological research proj-
ects. In addition, some research projects bridge his lab’s two 

broad research fields: NEMS/MEMS and neuroengineering. 
Examples include nanomachined single-cell patch-clamp 
instruments with integrated microfluidics and clog-resistant 
MEMS-enabledhydrocephalus shunts.

SELECTED PUBLIC ATION S

Vasquez, D.J., Judy, J.W., Scaling Magnetic Actuators Beyond 
the Single-Domain Limit, 1st IEEE International Conference on 
Nano/Micro Engineered and Molecular Systems, NEMS 2006, 
Zhuhai, China.

Matthews, B., Judy, J.W., Design and fabrication of a micro-
machined planar patch-clamp substrate with integrated 
microfluidics for single-cell measurements, IEEE Journal on 
Microelectromechanical Systems, 2006, 15 (1), 214-222.

Zendejas, J., Gianvittorio, J., Rahmat-Samii, Y., Judy, J.W., 
Magnetic MEMS Reconfigurable Frequency-Selective Surfaces, 
IEEE Journal on Microelectromechanical Systems, 2006, 15 (3), 
613 - 623.

HONORS AND AWARDS

2006: Fulbright Senior Scholar 
2001: Okawa Award 
1998: NSF Career Award

PROFESSIONAL AFFILIATION S

IEEE, Senior Member
Society for Neuroscience, Member

RESE ARCH KEy WORDS

nanomachining, nanomechanics, nanomagnetics, nanoactua-
tors, nanoneuroengineering
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Richard B. Kaner

Professor of Chemistry
Professor of Materials Science and Engineering
Ph.D., Chemistry, 1984, University of Pennsylvania
Kaner@chem.ucla.edu
www.chem.ucla.edu/dept/Faculty/kaner/

RESE ARCH INTERESTS

Nanostructured conducting polymers with applications for 
sensors, actuators, molecular memory and flash welding; rapid 
synthetic routes to refractory materials; ultra-incompressible, 
hard materials; new routes to carbon-based materials and 
composites.

SELECTED PUBLIC ATION S

Li, D., Kaner, R.B., Shape and aggregation control of nanopar-
ticles: not shaken, not stirred, J Am Chem Soc, 2006, 128 (3), 
968-75.

Huang, J., Kaner, R.B., The intrinsic nanofibrillar morphology of 
polyaniline, Chemical Communications, 2006 (4), 367-76.

Kaner, R.B., Gilman, J.J., Tolbert, S.H., Materials science. 
Designing superhard materials, Science, 2005, 308 (5726), 
1268-9.

Tseng, R.J, Huang, J., Ouyang, J., Kaner, R.B., Yang, Y., Poly-
aniline nanofiber/gold nanoparticle nonvolatile memory,  
Nano Letters, 2005, 5 (6), 1077-80.

Li, D., Kaner, R.B., Processable stabilizer-free polyaniline nano-
fiber aqueous colloids, Chemical Communications, 2005 (26), 
3286-8.

Cumberland, R.W., Weinberger, M.B., Gilman, J.J., Clark, S.M., 
Tolbert, S.H., Kaner, R.B., Osmium diboride, an ultra-incom-
pressible, hard material, Journal of the American Chemical 
Society, 2005, 127 (20), 7264-5.

HONORS AND AWARDS

2005: Australian-American Fulbright Fellow; Visiting Professor 
University of Wollongong;  
Eka-Granules Lecturer University of Tasmania; 
2002-04: UCLA Gold Shield Faculty Prize; 
1997: American Chemical Society Buck-Whitney Research 
Award; 
1996: Guggenheim Fellow; 1993: Sloan Fellow; 
1991-93: Dreyfus Teacher-Scholar; 
1989-94: Packard Fellow; 
1989: American Chemical Society Exxon Fellowship in Solid 
State Chemistry; 
1987: National Science Foundation Presidential Young  
Investigator

Chang-Jin Kim

Professor
Mechanical and Aerospace Engineering
Ph.D., Mechanical Engineering, 1991, University of California,
Berkeley
cjkim@ucla.edu 

RESE ARCH INTERESTS

Professor Kim’s research encompasses: 1) advancing the under-
standing of physical phenomena on the micro/nano scale; 2) 
broadening and advancing micro/nano fabrication techniques; 
and 3) developing new micro/nano mechanical devices for 
applications. A typical research project has all three of these 
aspects intertwined, starting with a daring new design concept 
based on a scale effect and ending with demonstration devices 
for real-world applications. Good examples are the projects in 
which surface tension is used as a key mechanical element in 
the design. Surface tension is merely an interesting force in 
the human scale, but is a dominant force in the sub-millimeter 
world. The series of demonstration devices spans from those 
using surface tension to passively impede movement, such 
as bubble check valves, to those controlling surface tension 
to actively generate motion, such as electrowetting-on-dielec-
tric (EWOD) devices; the latter have spawned the new field of 
digital microfluidics.

For nanotechnology, the main interest is formed around 
mechanical issues. An example is the development of novel 
macro mechanical properties by creating intricate nanostruc-
tures. Although all of the projects are based on miniaturization, 
their applications range anywhere from biomedical (handheld 
lab-on-a-chip systems, pins and particles for microarrays) to 

electronics (liquid-metal microswitches) to energy (micro fuel 
cell, microbatteries)systems.

SELECTED PUBLIC ATION S

Tsai, J.G.F., Chen, Z., Nelson, S.F., Kim, C.-J., “Selective Surface 
Treatment of Micro Printing Pin and Its Performance”, Applied 
Physics Letters, 2006, (in press).

Moon, H., Wheeler, A.R., Garrell, R.L., Loo, J.A., Kim, C.-J., 
“Integrated Digital Microfluidic Chip for Multiplexed Proteomic 
Sample Preparation and Analysis by MALDI-MS”, Lab on a 
Chip, 2006, (in press).

Choi, C.-H., Kim, C.-J., “Large slip of aqueous liquid flow over a 
nano-engineered super-hydrophobic surface”, Physics Review 
Letters, 2006, Vol. 96, 066001.

Meng, D.D., Kim, J., Kim, C.-J., A Degassing Plate with Hydro-
phobic Bubble Capture and Distributed Venting for Microfluidic 
Devices, Micromechanics and Microengineering, 2006,  
Vol. 16, pp. 419-424.

HONORS AND AWARDS

May 2006:The National Academies Panel on Benchmarking the 
Research Competitiveness of the US in Mechanical Engineering; 
Since 2006: Editorial Advisory Board, Institute of Electrical 
Engineers of Japan, Trans. Electrical and Electronic Engi-
neering; Since 2003: Chair, Devices and Systems Committee, 
ASME Nanotechnology Institute; Since 1999: Subject Editor, 
IEEE/ASME Journal of Microelectromechanical Systems 
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Alexander Levine

Assistant Professor, Chemistry and Biochemistry
Ph.D., Department of Physics, 1996, University of California, 
Los Angeles
alevine@chem.ucla.edu
www.chem.ucla.edu/

RESE ARCH INTERESTS

My research interests focus on the material properties and 
mechanics of biomaterials at the nanoscale. This work includes 
the mechanical properties of alpha-helical polypeptides, the 
analysis of single-molecule extension experiments, hydrody-
namics of membranes and at fluid/fluid interfaces, as well as 
force propagation through semiflexible biopolymer networks.

SELECTED PUBLIC ATION S

Brewster, R., Landry, J., Grest, G.S., Levine, A.J., Breakdown of 
Bagnold scaling in cohesive granular flows, Physical Review E 
72, 2005 (061301).

Head, D.A., Levine, A.J., MacKintosh, F.C., “Short-range defor-
mation of semiflexible networks: deviations from continuum 
elasticity”, Physical Review E 72, 2005 (061914).

Schmit, J.D., Levine, A.J., “Intermolecular adhesion in conduct-
ing polymers”, Physical Review E 71, 2005 (051802).

Chakrabarti, B., Levine, A.J., “The nonlinear elasticity of an 
alpha-helical polypeptide”, Physical Review E 71, 2004 
(031905).

Levine, A.J., Liverpool, T.B., MacKintosh, F.C., “Dynamics of 
extended bodies in viscous films and membranes”, Physical 
Review Letters, 2004, 93 (038102).

HONORS AND AWARDS

1996-1993: AT&T Graduate Fellowship
1989: Phi Beta Kappa Scholarship (Phi Beta Kappa)
1989: Julian Schwinger Graduate Fellowship
1988: Election to Mathematics Honors Society
1988: Election to Phi Beta Kappa
1987: Joined Physics Honor Society Sigma Pi Sigma  
(Sigma Pi Sigma)

PROFESSIONAL AFFILIATION S

American Physical Society; Materials Research Society;
Society of Rheology; 
Invited Participant for: Workshop on the Role of Theory in Bio-
logical Physics (Sponsored by the National Science Foundation)

James C. Liao

Professor, Chemical Engineering
Ph.D., Chemical Engineering, 1987, University of Wisconsin,
Madison
liaoj@ucla.edu

RESE ARCH INTERESTS

Professor Liao and his research group are focusing on eluci-
dating and reconstructing biological regulatory networks at the 
systems level. Experimental and computational methods are 
being developed to understand, predict, and redesign cellular 
behavior. An integrative technique called Network Component 
Analysis (NCA) has been developed; it utilizes mRNA expres-
sion and transcriptional network connectivity to determine 
network component dynamics, functions, and interactions. 
This approach has been applied to elucidate transcription 
factor dynamics in Saccharomyces cerevisiae cell-cycle regu-
lation, detect cross-talks in Escherichia coli two-component 
signaling pathways, and characterize E. coli carbon source 
transition. In addition, novel synthetic gene-metabolic circuits 
have been designed and constructed to demonstrate system-
wide understanding of cellular regulation. To this end, artificial 
feedback regulation, cell-cell communication, and oscillatory 
circuits have been constructed to demonstrate the design prin-
ciples of gene-metabolic regulation in the cell. 

SELECTED PUBLIC ATION S

Brynildsen, M.P., Tran, L.M., Liao, J.C., Versatility and Connec-
tivity Efficiency of Bipartite Transcription Networks, Biophysical 
Journal, 2006, (accepted).

Galbraith, S.J., Tran, L.M., Liao, J.C., Transcriptome Network 
Component Analysis with Limited Microarray Data, Bioinfor-
matics, 2006, (accepted).

Wong, W.W., Liao, J.C., The design of intracellular oscillators 
that interact with metabolism, Cell Mol Life Sci, 2006, 1215-
1220.

Oh, M.K., Cha, M.J., Lee, S.G., Rohlin, L., Liao, J.C., Dynamic 
gene expression profiling of Escherichia coli in carbon source 
transition from glucose to acetate, J Microbiol Biotechnol, 
2006, 16 (4), 543-549.

Fung, E., Wong, W.W., Suen, J.K., Bulter, T., Lee, S.G., Liao, J.C., 
A synthetic gene-metabolic oscillator, Nature, 2005, 435, 118-
122. 

HONORS AND AWARDS

2006: W.N. Lacey Lectureship at California Institute of 
Technology
2006: Food, Pharmaceutical and Bioengineering Division 
Award of American Institute of Chemical Engineers
2002: Fellow of American Institute for Medical and Biological 
Engineering
1992: NSF Presidential Young Investigator Award 
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Thomas G. Mason

Associate Professor of Chemistry & Biochemistry
John McTague Chair of Physical Chemistry
Associate Professor of Physics & Astronomy
Ph.D., Physics, 1995, Princeton University 
mason@chem.ucla.edu
www.chem.ucla.edu/dept/Faculty/Mason

RESE ARCH INTERESTS

The research interests of the Mason Group include: (1) nano-
emulsions: forming nanoscale dispersions of droplets of one 
liquid in another immiscible liquid through extreme shear; (2) 
microrheology: the study of the microscale deformation and 
flow of nanostructured synthetic and biological materials; (3) 
microfluidics: free boundary flows and instabilities of viscous 
threads; (4) novel colloidal dispersions; and (5) small-angle 
neutron scattering as a probe of the structure of nanoscale 
hydrocarbon materials and dispersions. Our group thrives on 
interdisciplinary interactions, and we seek research areas that 
combine aspects of traditionally different fields.

SELECTED PUBLIC ATION S

Cubaud, T., Mason, T.G., Folding of Viscous Threads in Diverging 
Microchannels, Phys Rev Lett, 2006, 96, 114501/1-4.

Mason, T.G., Graves, S.M., Wilking, J.N., Lin, M.Y., Effective 
Structure Factor of Osmotically Deformed Nanoemulsions, J 
Phys Chem (Web Published 4/2006 - to appear in print), 2006.

Cubaud, T., Mason, T.G., Swirling and Multiple Folding of  
Viscous Threads in Microchannels, Phys Rev Lett, 2006, 
(submitted).

Wilking, J.N., Graves, S.M., Chang, C.B., Meleson, K., Lin, M.Y., 
Mason, T.G., Dense Cluster Formation During Aggregation 
and Gelation of Attractive Slippery Nanoemulsion Droplets,  
Phys Rev Lett, 2006, 96, 015501/1-4.

Meleson, K., Graves, S., Mason, T.G., Formation of Concentrated 
Nanoemulsions by Extreme Shear, Soft Materials, 2004, 2,  
109-123.

HONORS AND AWARDS

2006: Glenn T. Seaborg Award (Beta Gamma Chapter of Alpha 
Chi Sigma); 2005: Gallery of Fluid Motion Award (American 
Institute of Physics/American Physical Society DFD); 2005: 
NSF CAREER Award (National Science Foundation); 2003: John 
McTague Career Development Chair (UCLA Dept. of Chemistry 
& Biochem.)

PROFESSIONAL AFFILIATION S

American Chemical Society
American Physical Society

RESE ARCH KEy WORDS

emulsions, nanoemulsions, microfluidics, microrheology, rhe-
ology, colloidal dispersions, neutron scattering, light scattering, 
polymer solutions, particle tracking, particle image velocime-
try, optical lithography

Heather D. Maynard

Howard Reiss Career Development Chair, Sloan Research 
Fellow,
Assistant Professor
Chemistry & Biochemistry
Ph.D., Chemistry, 2001, California Institute of Technology
MS, Materials Science, 1995, UC Santa Barbara
BS, Chemistry, 1992, University of North Carolina at Chapel Hill 
maynard@chem.ucla.edu

RESE ARCH INTERESTS

Maynard and her research group integrate synthetic poly-
mers with biologically derived molecules, such as peptides, 
proteins, and sugars, to prepare materials for applications in 
human medicine and nanotechnology. Specifically, polymer 
functionality and architecture are manipulated using controlled 
radical polymerization to prepare universal polymer scaffolds. 
Reactions of these scaffolds with amino acids and peptides to 
produce ligands that function as specific antagonists of cell 
surface receptors are being pursued. Potential applications 
of the polymeric drugs include cancer treatment. Controlled 
radical polymerization is also used to synthesize peptide- and 
protein-polymer conjugates. Polymer bioconjugates are impor-
tant commercial therapeutics and are valuable building blocks 
of nanostructured materials. It is known that having well-
defined conjugates with a specific number of monodisperse 
polymer chains is critical for resultant conjugate properties, 
including bioactivity and self-assembly. Maynard’s group 
explores several new strategies to synthesize materials of this 
description. In addition, protein micro- and nanoarrays are 
prepared using reactive polymer surfaces. These surfaces allow 

for the conjugation of active biomolecules in specific conforma-
tions. These materials may be useful in sensors for cancer and 
also as biomaterial coatings to enhance cell adhesion.

SELECTED PUBLIC ATION S

Christman, K.L., Requa, M.V., Enriquez-Rios, V.E., Ward, 
S.C., Bradley, K.A., Turner, K.L., Maynard, H.D., Submicron 
Streptavidin Patterns for Protein Assembly, Langmuir, 2006, 
ASAP.

Bontempo, D., Maynard, H.D., Streptavidin as a Macroinitiator 
for Polymerization: In Situ Protein-Polymer Conjugate Forma-
tion, J Am Chem Soc, 2005, 127, 6508-6509.

Christman, K.L., Maynard, H.D., Protein Micropatterns Using a 
pH-Responsive Polymer and Light, Langmuir, 2005, 21, 8389-
8393.

HONORS AND AWARDS

Amgen New Faculty Award; Alfred P. Sloan Research Fellowship; 
American Cancer Society Postdoctoral Fellowship; American 
Chemical Society Women’s Committee Travel Award Dow Travel 
Fellowship Award

PROFESSIONAL AFFILIATION S

The American Chemical Society; Society for Biomaterials; 
Materials Research Society

RESE ARCH KEy WORDS

polymer bioconjugates, functional polymers, smart polymers, 
materials for protein detection, protein micro- and nanoarrays
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Edward R.B. McCabe III

Professor, Pediatrics and Human Genetics
Director, CORE Laboratory, UCLA Child Health Research Career 
Development Award
Director, Human and Molecular Development Training Program
Co-Director, UCLA Center for Society and Genetics
M.D., School of Medicine, 1974, University of Southern 
California
Ph.D., Pharmacology, 1969, University of Southern California
emccabe@mednet.ucla.edu 

RESE ARCH INTERESTS

My research interests include a systems biology approach to a 
disorder (Glycerol Kinase Deficiency) associated with a gene on 
the X chromosome. I am collaborating with Jim Liao and Steve 
Horvath to determine relevant pathways and modifier genes 
for this disorder, using a variety of mathematical algorithms. 
Having demonstrated the efficacy of DNA diagnosis of bacte-
rial pathogens, I am working with Chih-Ming Ho and Vincent 
Gau to develop an electrochemical DNA biosensor to identify 
bacteria in urine. We are also testing the same device for use 
in newborn screening for the hemoglobinopathies and severe 
combined immunodeficiency. As a part of CMISE, I am working 
with Chih-Ming Ho to develop a completely self-contained cell 
culture system for use in unmanned and manned space flights 
as a radiation biosensor.

SELECTED PUBLIC ATION S

Iyer, A.K., Zhang, Y.H., McCabe, E.R., DAX1 (NR0B1) and SHP 
(NR0B2) form homodimers individually, as well as DAX1-SHP 
heterodimers, Mol Endocrinol, 2006.

McCabe, L.L., McCabe, E.R., Complexity in genetic diseases: 
how patients inform the science by ignoring the dogma, Am J 
Med Genet A, 2006, 140 (2), 160-1.

Zhang, Y.H., Huang, B.L., Eastman, K., McCabe, L.L., Maclennan, 
N.K., McCabe, E.R., Mouth cell collection device for newborn 
mice, Mol Genet Metab, 2006.

Zhang, Y.H., Huang, B.L., Jialal, I., Northrup, H., McCabe, E.R., 
Dipple, K.M., Asymptomatic isolated human glycerol kinase 
deficiency associated with splice-site mutations and nonsense-
mediated decay of mutant RNA, Pediatr Res, 2006, 59 (4 Pt 1), 
590-2.

HONORS AND AWARDS

2006: Glasgow Visiting Professorship, Department of Pediatrics, 
University of Utah School of Medicine; 2005: Mattel Executive 
Endowed Chair, Department of Pediatrics, David Geffen School 
of Medicine at UCLA; 2005: Membership, Japanese Society 
for Inherited Metabolic Disease; 2005: Maureen Andrew 
Mentorship Award, Society for Pediatric Research; 2005: Ben 
Kagan Lectureship, Cedars-Sinai Medical Center, Los Angeles, 
California

PROFESSIONAL AFFILIATION S

President, American Pediatric Society; Member, Advisory 
Board, National Children’s Study; Editor, Molecular Genetics 
and Metabolism

Jianwei (John) Miao

Assistant Professor
Department of Physics and Astronomy
Ph.D., Physics, 1999, SUNY at Stony Brook
miao@physics.ucla.edu

RESE ARCH INTERESTS

My research interests lie in the interplay of physics, nanosci-
ence, and biology. I am particularly interested in developing 
new physical methods for quantitative imaging of nanoscale 
materials and biological systems in three dimensions. I have 
pioneered 3D coherent diffraction microscopy based upon 
coherent scattering in combination with a method of direct 
phase recovery called oversampling. I, together with my 
students, postdocs, and collaborators, will continue to improve 
the spatial resolution of this imaging technique and pursue 
its applications in nanoscience and biology by using optical 
lasers, coherent X-rays, and electrons. With the prospects of 
X-ray free electron lasers, which are under rapid development 
worldwide, coherent diffraction microscopy can, in principle, 
be used to image non-crystalline specimens at the atomic reso-
lution in three dimensions.

SELECTED PUBLIC ATION S

Miao, J., Nishino, Y., Kohmura, Y., Johnson, B., Risbud, S.H.,  
Ishikawa, T., “Quantitative Image Reconstructive of GaN Quan-
tum Dots from Oversampled Diffraction Intensities Alone”, Phys 
Rev Lett, 2005, in press.

Miao, J., Chapman, H.N., Kirz, J., Sayre, D., Hodgson, K.O., “Tak-
ing X-ray diffraction to the limit: macromolecular structures 
from femtosecond X-ray pulses and diffraction microscopy of 
cells with synchrotron radiation”, Annual Review of Biophys-
ics and Biomolecular Structure, 2004, 33, 157-76.

Robinson, K., Miao, J., “Three Dimensional X-ray Diffraction 
Microscopy”, MRS Bulletin, 2004, 29, 177-181.
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Jeff F. Miller

Professor and Chair
Microbiology, Immunology and Molecular Genetics
M. Philip Davis Chair in Microbiology and Immunology
Associate Director, Pacific Southwest Regional Center of
Excellence in Biodefense and Emerging Infectious Diseases
Ph.D., 1986, Tufts University School of Medicine
jfmiller@ucla.edu

RESE ARCH INTERESTS

Our laboratory studies the roles of sensory transduction in 
bacterial-host interactions. Genes and operons that encode 
virulence factors are often subject to coordinate regulation 
in response to environmental signals, and bacterial virulence 
factors frequently target host cell signaling pathways. Specific 
areas of interest include: a) biochemical analysis of signal 
transduction pathways in pathogenic bacteria, b) genetic orga-
nization of bacterial virulence regulons, and c) in vivo and in 
vitro studies of mechanisms of pathogenesis.

We are also investigating the mechanisms involved in the induc-
tion of cytotoxic T cell responses by Listeria monocytogenes 
(LM). Infection induces LM-specific CD8+ cytotoxic T cells, 
which contribute to long-lasting cell-mediated immunity. We 
are using recombinant Listeria as probes to ask fundamental 
questions regarding immune recognition with a focus on auto-
immunity. In the course of these studies, we have developed 
a new class of live Listeria-based vaccines displaying activity 
against heterologous pathogens and tumors.

Host-parasite interactions are often driven by mechanisms that 
promote genetic variability. In a third project, we have discov-
ered a new class of retroelements, called “diversity generating 
retroelements,” which are capable of generating vast amounts 
of diversity in proteins involved in ligand-receptor interactions. 
The diversification process involves a unique template-
driven, reverse transcriptase-dependent mechanism, which is 
conserved among diverse bacterial species.

SELECTED PUBLIC ATION S

McMahon, S.A., Miller, J.L., Lawton, J.A., Kerkow, D.E., Hodes, 
A., Marti-Renom, M.A., Doulatov, S., Narayanan, E., Sali, A., 
Miller, J.F., Ghosh, P., The C-type lectin fold as an evolutionary 
solution for massive sequence variation, Nature Structural & 
Molecular Biology, 2005, 12 (10), 886-92.

Panina, E.M., Mattoo, S., Griffith, N., Kozak, N.A., Yuk, M.H., 
Miller, J.F., A genome-wide screen identifies a Bordetella type 
III secretion effector and candidate effectors in other species, 
Molecular Microbiology, 2005, 58 (1), 267-79.

Doulatov, S., Hodes, A., Dai, L., Mandhana, N., Liu, M., Deora, 
R., Simons, R.W., Zimmerly, S., Miller, J.F., Tropism switching  
in Bordetella  bacteriophage defines a family of diversity-
generating retroelements, Nature, 2004, 431, 476-481.

Joseph, S.B., Bradley, M.N., Castrillo, A., Bruhn, K.W., Mak, 
P.A., Pei, L., Hogenesch, J., O’connell, R.M., Cheng, G., Saez, 
E., Miller. J.F., Tontonoz P, LXR-dependent gene expression is 
important for macrophage survival and the innate immune 
response, Cell, 2004, 119 (2), 299-309.

Hal Monbouquette

Professor
Chemical & Biomolecular Engineering Department, UCLA
Ph.D., 1987, North Carolina State University
hmonbouq@ucla.edu

RESE ARCH INTERESTS

The Monbouquette group conducts research on biosensors, the 
biotechnological applications of extremely thermophilic micro-
organisms, protein nanocapsule technology, and the molecular 
engineering of surfaces. The group is collaborating with a UCLA 
neuroscientist on the micromachining of biosensors for in vivo 
monitoring of neurotransmitter release and uptake. In other 
work, a reporter enzyme has been engineered to behave as a 
molecular switch for several sensing applications under explo-
ration, including the detection of environmental toxins and 
the high-throughput screening of drug candidates. Extremely 
thermophilic microbes are being investigated as sources of 
enzymes and metabolic pathways useful in specialty chemical 
synthesis and of highly stable lipids for potential applications 
in drug delivery and in biosensor design.

The Monbouquette laboratory also is discovering conditions 
for the controlled opening and closing of naturally occur-
ring protein nanocapsules, in collaboration with Prof. Rome’s 
group, such that they may be useful in drug delivery or in the 
synthesis of nanomaterials. Finally, the group is pursuing the 
development of a process for the creation of complex, user-
defined surface patterns exhibiting feature sizes of ~2-3 nm 
feature size. This new nanopatterning concept is based on the 
use of electrophoretically mobile, photocatalytic nanoparticles 
as “pens” with which to draw nanopatterns on photocatalyti-
cally reactive surfaces.

SELECTED PUBLIC ATION S

Wang, J., Myung, N.V., Yun, M., Monbouquette, H.G., “Oxidase 
Entrapped Polypyrrole on High-Surface-Area Pt Electrodes: 
A Platform for Sensitive Electroenzymatic Biosensors”,  
J Electroanal Chem, 2005 (575), 139-146.

Wang, J., Myung, N.V., Yun, M., Monbouquette, H.G., “Glucose 
oxidase entrapped in polypyrrole on high-surface-area Pt 
electrodes: a model platform for sensitive electroenzymatic 
biosensors”, Journal of Electroanalytical Chemistry, 2005, 575, 
139-146.

Lim, S., Schroder, I., Monbouquette, H.G., “A Thermostable 
Shikimate 5-Dehydrogenase from the Archaeon Archaeoglobus 
fulgidus”, FEMS Microbiology Lett, 2004 (238), 101-106.

HONORS AND AWARDS

Dept. of Energy Young Faculty Award
TRW Excellence in Teaching Award

PROFESSIONAL AFFILIATION S

American Institute of Chemical Engineers
American Chemical Society

RESE ARCH KEy WORDS

biosensors, molecular engineering of surfaces for materials 
and nanoelectronics applications, biotechnology of extremely 
thermophilic microorganisms, protein nanocapsule technology
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Andre E. Nel

Professor of Medicine
Clinical Immunology and Allergy
Department of Medicine, UCLA
Chief, NanoMedicine Division
M.B., 1975, University of Stellenbosch, Capetown, R.S.A.
Doctorate of Medicine 1986, University of Stellenbosch,
Capetown, R.S.A.
anel@mednet.ucla.edu

RESE ARCH INTERESTS

Dr. Nel’s laboratory is engaged in three different but comple-
mentary types of research, namely: (i) the role of air pollutants 
in asthma, (ii) the decline of the immune system with aging, 
and (iii) nanotoxicology. The basis of all three of these research 
areas is the concept that oxygen can become toxic if the 
molecule is catalytically converted to oxygen radicals by partic-
ulate pollutants, mitochondrial dysfunction, and, possibly by 
nanoparticles. Mitochondria are cellular fuel generators and 
are also targeted by aging. Nanoparticles in ambient air, as 
well as some engineered nanoparticles, target and lodge 
in mitochondria. Oxygen radicals can lead to airway inflam-
mation, manifesting itself as asthma and increased allergic 
responses in the lung. Clarification of the air components that 
are most toxic allows regulation of those substances and the 
development of rational treatments for adverse health effects 
caused by pollutants. Similar consideration has to be given to 
the potential toxicity of some engineered nanoparticles, which, 
dependent on their chemical composition, surface size, and 
surface reactivity, may catalyze the production of oxygen radi-
cals as the basis for their toxicity.

SELECTED PUBLIC ATION S

Nel, A.E., Xia, T., Maumldler, L., Li, N., Toxic Potential of Materials 
at the Nanolevel, Science, 2006, 311 (5761), 622-627.

Xia, T., Kovochich, M., Brant, J., Hotze, M., Sempf, J., Oberley, T., 
Sioutas, C., Yeh, J.I., Wiesner, M.R., Nel, A.E., Comparison of the 
Abilities of Ambient and Manufactured Nanoparticles to Induce 
Cellular Toxicity According to an Oxidative Stress Paradigm, 
Nano Letters, 2006, 6 (8), 1794-1807.

Nel, A.E., “Air Polution-Related Illness: Biomolecular Effects of 
Particles”, Science, 2005, 208, 804.

Wang, M., Xiao, G.C., Li, N., Xie, Y., Loo, J.A., Nel, A.E., 
“Phosphorproteome and cytokine array analysis show MAP 
kinases mediate inflammation by pro-oxidative diesel exhaust 
particle chemicals”, Electrophoresis, 2005, 26, 2092-2108.

HONORS AND AWARDS

June 2005: Keynote speaker, International Nanoparticle 
Symposium, National Institute for Environmental Studies, 
Tsukuba, Japan, Title: “The role of Oxidative Stress and Mito-
chondrial damage in mediating the effects of DEP and Ultrafine 
particles”.
2004-2005: Chair NIH Study Section: Allergy, Immunology, and 
Transplantation Research Committee, NIAID 

Daniel Neuhauser

Professor, Chemistry and Biochemistry 
Ph.D., Nuclear Physics, 1987, California Institute  
of Technology
dxn@chem.ucla.edu

RESE ARCH INTERESTS

The Neuhauser group works to achieve a fundamental theo-
retical understanding of chemistry on a microscopic level, 
in both the quantum dynamics of molecules and genetic 
networks. Presently, we are working in three primary direc-
tions: 1) Developing new paradigms for molecular electronics 
(“molectronics”), a field aiming to reduce the size of molecular 
circuits down to a single molecule. We have developed a simple 
interference-based method for controlling current transfer 
through small molecules. We are aiming at a better under-
standing of such molecules, when they are stacked together 
into wires, sheets, and three-dimensional ordered and disor-
dered arrays. More generally, we are interested in the influence 
of the current and voltage on the chemistry. 2) Finding new 
ways to control molecular motion with lasers, with the aim of 
extracting useful information about molecular structure and 
intermolecular distances. For this study we are developing new 
paradigms based on dynamical effects, such as wave motion 
and solitons in molecules. 3) Working with genetic networks, 

where we model biologically important gene-protein reactions 
to determine how their final dynamical properties are related 
to the individual steps. We have two separate goals: first, 
understanding specific mechanisms and the best methods for 
describing such reactions; our more long term goal is to see 
how genetic networks can be influenced externally.

HONORS AND AWARDS

1999: Seaborg Award 
1997: Bergman Research Award 
1996: Alfred P. Sloan Fellowship Award 
1995: NSF Early Career Award (NSF) 
1995: Chevron Research Grant Award 
1991: The James Franck Fellowship 
1989: Weizmann Fellowship

RESE ARCH KEy WORDS

inter-reference-based devices: molecular impedance, molecular 
spintronics, bi-reference, plasmonics 
density functional theory: elminating self-energy contributions, 
orbital-free tenstor DFT
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Stanley Osher

Professor
Mathematics Department
Director of Special Projects, Institute of Pure and
Applied Mathematics
Ph.D., Mathematics, 1966, New York University
sjo@math.ucla.edu

RESE ARCH INTERESTS

Professor Osher and his research group work on level set 
methods in inverse problems and optimal design. These 
problems involve optimizing geometry and other quantities 
to achieve physically desirable results (such as maximizing 
band gaps in photonic crystals). The group has developed the 
level set method, originated by Osher and Sethian in 1987, 
and connected it to shape sensitivity analysis, new numerical 
methods, and regularization of ill-posed inverse problems. The 
level set method has had an enormous impact on science and 
technology (25,000 references on Google), including inverse 
problems and optimal design problems involving geometric 
objects as unknowns. The application of level set methods to 
such problems has not only increased the computational effi-
ciency but also opened completely new possibilities because 
of its flexibility in handling topological changes. This method 
has led to a change of paradigm in inverse obstacle problems: 
instead of reconstructing geometric objects with strongly 
restricted topology under a variety of a priori assumptions, the 
aim has changed to the reconstruction of rather general objects 
with minimal a priori knowledge. The applications include: 
structural optimization (e.g., the design of a dam, band struc-
ture design and photonic crystals), inclusion of detections (e.g., 
semiconductor contact regions), scattering and tomography 

problems, (e.g., impedance tomography, image processing 
and segmentation, medical imaging) and state-constrained 
optimal control. New, emerging areas include crack detection 
and nucleation.

SELECTED PUBLIC ATION S

Yin, W.T., Goldfarb, D., Osher, S., Image cartoon-texture 
decomposition and feature selection using the total variation 
regularized L-1 functional, Lecture Notes In Computer Science, 
2005, 3752, 73-84.

Kao, C.Y., Osher, S., Yablonovitch, E., Maximizing band gaps in 
two-dimensional photonic crystals by using level set methods, 
Applied Physics B-Lasers and Optics, 2005, 81 (2-3), 235-244.

Osher, S., Burger, M., Goldfarb, D., et al., An iterative regular-
ization method for total variation-based image restoration, 
Multiscale Modeling & Simulation, 2005, 4 (2), 460-489.

HONORS AND AWARDS

2005: Elected to US National Academy of Sciences
2005: Ralph E. Kleinman Prize of the Society of Industrial and
Applied Mathematics
2005: Concurrent Professor, Nanjing University 

PROFESSIONAL AFFILIATION S 

American Mathematical Society
Society for Industrial and Applied Mathematics

RESE ARCH KEy WORDS

level set methods, inverse problems, band gaps, photonic 
crystals, optimization

Vidvuds Ozolins

Associate Professor
Department of Materials Science & Engineering
Ph.D., Theoretical Physics, 1998, Royal Institute of
Technology, Sweden
Principle Member of Technical Staff, Sandia National
Laboratories
Postdoctoral Fellow, National Renewable Energy Laboratory
vidvuds@ucla.edu
www.seas.ucla.edu/ms/faculty1/ozolins.html

RESE ARCH INTERESTS 

Prof. Ozolin’s research deals with the theoretical understanding 
and design of advanced materials using computational 
modeling. Using a parameter-free first-principles approach, 
he applies quantum mechanics and statistical mechanics to 
the study of electronic structures, interatomic bonding, and 
microscopic kinetic processes in modern high-performance 
materials. Current research directions include: (i) nanoscale 
self-assembly and ordered pattern formation on metal and 
semiconductor surfaces, (ii) alloy film growth and structure, 
and (iii) new nanostructured materials for reversible hydrogen 
storage. His research group also develops new computational 
algorithms for predicting crystal structures and the physical 
properties of complex materials.

SELECTED PUBLIC ATION S

Magyari-Kope, B., Ozolins, V., Wolverton, C., Theoretical pre-
diction of a novel ground state structure for Li2NH, Physical 
Review B Rapid Communications, 2006, 73, 220101.

Wolverton, C., Ozolins, V., First-principles aluminum database: 
Energetics of binary Al alloys and compounds, Physical Review 
B, 2006, 73, 144104.

Ardell, A.J., Kim, D., Ozolins, V., Ripening of L12 Ni3Ti precipitates 
in the framework of the trans-interface diffusion-controlled 
theory of particle coarsening, Zeitschrift fur Metallkunde, 2006, 
97, 295-302.

Ravi, C., Wolverton, C., Ozolins, V., Predicting metastable phase 
boundaries in Al-Cu alloys from first-principles calculations 
of free energies: The role of atomic vibrations, Europhysics 
Letters, 2006, 73, 719-725.

RESE ARCH KEy WORDS

self-assembly, pattern formation, directed self-assembly, metal 
and semiconductor heteroepitaxy, nanostructured materials, first-
principles calculations, phase diagrams and phase stability, 
dynamical properties of solids.
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Qibing Pei

Professor, Department of Materials Science and Engineering
Ph.D., Polymer Science, 1990, Chinese Academy of Sciences
qpei@seas.ucla.edu

RESE ARCH INTERESTS

Professor Pei is establishing a soft materials laboratory for 
the study of electronic polymers and related materials and 
devices. His laboratory focuses on molecular design and 
nano-scale engineering for the development of new polymers 
and nano-structures displaying desired electronic and/or 
mechanical properties. The applications of these materials are 
manifold, including organic displays, flexible electronics, arti-
ficial muscles, and biologically inspired systems. For instance, 
conducting polymers undergo a small volume change when 
they are electrochemically or chemically oxidized, converting a 
portion of the input energy into mechanical work. Such energy 
transduction is attractive for constructing meso-, micro-, and 
even nanometer-sized electromechanical devices. On the other 
hand, electroelastomers based on soft dielectric rubbery films 
exhibit electrically induced strains as high as 400%. A number 
of actuators, such as roll actuators (shown in the figure), have 
been fabricated to replace electric motors and gears. The 
advantages of soft actuators are that they are quiet, compliant 
(and thus, shock resistant), highly efficient (compared to 
motors at small sizes), light in weight, and cheap to prepare. 
The performance of the electroelastomers is comparable to 

that of natural muscles. One particularly attractive applica-
tion is their use as the muscles in prosthetic, orthotic, and 
other biomimetic devices. Walking robots using a roll actuator 
in each of the robots’ six legs were demonstrated to mimic 
cockroach and dog locomotion. A series of rolls were linked 
together head to tail, each bowing by as much as 90 degrees, 
to produce an artificial snake. Obviously, there are numerous 
other exciting possibilities for using electroelastomers. Our 
laboratory focuses on the materials and actuator aspects of 
the whole story. 

SELECTED PUBLIC ATION S

Shen, W., Chen, Y., Pei, Q., Electric Lithography by Electrochem-
ical Polymerization, Appl. Phys. Lett, 2005, 87 (124106).

Pei, Q., Pelrine, R., Rosenthal, M.A., Stanford, S., Prahlad, H., 
Kornbluh, R.D., “Recent progress on electroelastomer artificial 
muscles and their application for biomimetic robots”, Proc 
SPIE Int Soc Opt Eng, 2004, 5385, 41-50.

Pei, Q., Pyo, S., Chang, S., Yang, Y., Eds. Jenekhe, S.A., Kiserow, 
D.J., Blue Light-emitting Polymers and Devices, in Chromon-
genic Phenomena in Polymers: Tunable Optical Properties, 
American Chemical Society Press, 2004, (August).

Matteo Pellegrini

Assistant Professor
Department of Molecular, Cell and Developmental Biology
Ph.D., 1995, Stanford University
matteop@mcdb.ucla.edu

RESE ARCH INTERESTS

Our lab is interested in developing computational approaches 
to reverse-engineer molecular networks. These network models 
allow us to elucidate the mechanisms of signal transduc-
tion, transcription, and metabolism. Our approach is to build 
models that integrate varied data, including measurements 
of gene expression, protein binding, phosphorylation, and 
genome sequences. For example, we use genome sequence 
data to infer networks of co-evolving proteins, which allow 
us to study the functions of most proteins. Currently, we are 
also developing methods to reconstruct dynamical networks 
of transcriptional regulation. Our long-term goal is to build 
network models that allow us to quantitatively predict the 
outcome of perturbations in cells.

SELECTED PUBLIC ATION S

Eisenberg, D., Marcotte, E., McLachlan, A.D., Pellegrini, M., 
Bioinformatic challenges for the next decade(s), Philos Trans 
R Soc Lond B Biol Sci, 2006, 361 (1467), 525-7.

Pellegrini, M., Fitz-Gibbon, S.T., Yeates, T.O., Eisenberg, D., 
Phylogenetic Profiling, Encyclopedia of Genetics, Genomics, 
Proteomics and Bioinfomatics, 2005.

Li, H., Pellegrini, M., Eisenberg, D., Detection of parallel func-
tional modules by comparative analysis of genome sequences, 
Nat Biotechnol, 2005, 23 (2), 253-60.

Pellegrini, M., Haynor, D., Johnson, J.M., Protein interaction 
networks, Expert Rev Proteomics, 2004, 1 (2), 239-49.

Bowers, P.M., Pellegrini, M., Thompson, M.J., Fierro, J., Yeates, 
T.O., Eisenberg, D., Prolinks: a database of protein functional 
linkages derived from coevolution, Genome Biol, 2004, 5 (5), 
R35.

RESE ARCH KEy WORDS

computational biology, systems biology, protein networks, 
comparative genomics, functional genomics
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Michael E. Phelps

Norton Simon Professor
Chair, Department of Molecular and Medical Pharmacology
Director, Crump Institute for Molecular Imaging
Director, Institute for Molecular Medicine
Ph.D., Chemistry, 1970, Washington University
mphelps@mednet.ucla.edu

RESE ARCH INTERESTS

The areas of research are (1) the development of integrated 
microfluidics devices that can tolerate a wide range of organic 
solvents for accelerating, diversifying, simplifying, and lowering 
the cost for producing positron-labeled molecular imaging 
probes, biomarkers, and drugs for molecular diagnostics and 
to guide the development of molecular therapeutics; (2) the 
development of integrated microfluidics and nanotechnologies 
for examining the molecular mechanisms of systems biology 
transformations of normal cells and intercellular networks to 
those of disease, particularly cancer and a number of neuro-
logical disorders; (3) the development of molecular imaging 
technologies for performing in vivo assays of the rates of 
metabolic reactions, concentrations, and activity of signal 
transduction pathways and various biological processes of 
disease (e.g., DNA replication, cell proliferation, apotosis). This 
research involves faculty and students from basic and clinical 
science departments and institutes at UCLA, as well as those 
at Caltech and the Institute for Systems Biology in Seattle. Tech 
transfer to the commercialization of discoveries and inventions 
that are to the public’s benefit is also important.

SELECTED PUBLIC ATION S

Kepe, V., Barrio, J.R., Huang, S.-C., Ercoli, L., Siddarth, P., 
Shoghi-Jadid, K., Cole, G.M., Satyamurthy, N., Cummings, J.L., 
Small, G.W., Phelps, M.E., “Serotonin 1A Receptors in the Living 
Brain of Alzheimer’s Disease Patients”, PNAS, 2006, 103 (3), 
702-707.

Kepe, V., Barrio, J.R., Huang S.-C., Shoghi-Jadid, K., Ercoli, L., 
Siddarth, P., Cole, G.M., Satyamurthy, N., Cummings, J.L., 
Small, G.W., Phelps, M.E., Serotonin 1A Receptors in the Living 
Brain of Alzheimer’s Disease Patients, Proc Natl Acad Sci USA, 
2006, 103, 720-727.

Fueger, B.J., Czernin, J., Hildebrandt, I., Tran, C., Halpern, B.S., 
Stout, D., Phelps, M.E., Weber, W.A., Impact of Animal Handling 
on the Results of 18F-FDG PET Studies in Mice, J Nucl Med, 
2006, 47, 999-1006.

Phelps, M., Phillips, A., Darley, M., Blaydes, J.P., MEK-ERK 
signaling controls Hdm2 oncoprotein expression by regulating 
hdm2 mRNA export to the cytoplasm, J Biol Chem, 2005, 280 
(17), 16651-8.

HONORS AND AWARDS

2001: Kettering Prize, General Motors Cancer Research 
Foundation
1999: Elected to the National Academy of Sciences 
1998: Enrico Fermi Presidential Award awarded by President 
Clinton 
1985: Elected to the Institute of Medicine

Seth Putterman

Professor of Physics
Department of Physics & Astronomy
Ph.D., 1970, Rockefeller University 

RESE ARCH INTERESTS

Recent research has explored energy-focusing phenomena 
in off-equilibrium continuous systems. Fluids and solids 
that are driven off-equilibrium do not return smoothly to the 
equilibrium state. Instead, they can display a wide range of 
energy-focusing phenomena. The limits of focusing are often 
determined by processes at the nanoscale. An example is sono-
luminescence, where pulsating bubbles concentrate diffuse 
acoustic energy by 12 orders of magnitude to emit picosecond 
flashes of light. In a one-megahertz sound field, the tempera-
ture inside the collapsed bubble reaches one million degrees 
Celsius (Physical Review Letters 92, 124301, 2004). A compel-
ling issue is whether the energy density becomes sufficiently 
large to trigger nuclear fusion in a hydrogenated bubble. 
Our first attempt to observe bubble fusion was reported in 
a one-hour documentary filmed in our lab, October 2004, by 

the BBC: “An experiment to Save the World.” Although these 
results were negative, our project is ongoing and we predict 
that someone will achieve success with some region of cavita-
tion parameter space. In another system, pyroelectric crystals, 
we actually achieved nuclear fusion in a very simple compact 
arrangement. By heating and cooling a walnut-sized sealed 
object that contained lithium tantalate and deuterium inside, 
we generated fusion by-products such as 2.45 MeV neutrons 
(Naranjo, Gimzewski, Putterman, Nature April 28, 2005).

SELECTED PUBLIC ATION S

Naranjo, B., Gimzewski, J., Putterman, S., “Observation of Nuclear 
Fusion Driven by a Pyroelectric Crystal”, Nature, 2005, 434, 1115.

RESE ARCH KEy WORDS

friction, sonoluminescence, fusion, pyroelectric, cavitation
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Elaine F. Reed

Director, UCLA Immunogenetics Center 
Professor, Department of Pathology and Laboratory Medicine, 
Immunogenetics  Member, ACCESS Department
Ph.D., Immunogenetics and Immunology, 1984, Columbia 
University
ereed@mednet.ucla.edu

RESE ARCH INTERESTS

My current research efforts are focused on understanding the 
mechanism of chronic allograft rejection. The development of 
anti-HLA antibodies following transplantation is associated 
with transplant atherosclerosis, a manifestation of chronic 
allograft rejection. Our studies suggest anti-HLA antibodies 
can play a key role in the initiation of proliferative signals, 
which stimulate the development of myointimal hyperplasia 
associated with chronic rejection of human allografts. Our 
current efforts are focused on elucidating the class I signal 
transduction pathway. Understanding this mechanism will 
permit the development of new therapeutic modalities for the 
treatment and prevention of transplant atherosclerosis and 
extending the functional life of transplanted organs. 

An additional focus of our research is in the development of 
methods for immunologic evaluation of the immune response 
in transplant patients. We are currently developing assays to 
measure both the humoral and cellular alloimmune responses 
to the graft. These tests include monitoring anti-HLA anti-
bodies to identify patients at risk of rejection, monitoring the 
T cell direct and indirect allorecognition pathways for the diag-
nosis of chronic rejection, studying immune and inflammatory 
gene and protein expression during allograft rejection, and 

identifying T suppressor cells that down-regulate the immune 
response to alloantigens. We plan to expand this work to use 
nanotechnology to develop robust clinical assays for assessing 
the immune response of the transplant patient and for the early 
diagnosis of cardiac, renal, and liver transplant rejection. 

SELECTED PUBLIC ATION S

Lepin, E.J., et.al., Phosphorylated S6 ribosomal protein: a novel 
biomarker of antibody-mediated rejection in heart allografts, 
American Journal of Transplantation, 2006, 6 (7), 1560-1571.

Jindra, P.T., et.al., Anti-HLA antibodies can induce endothelial 
cell survival or proliferation depending on their concentration, 
Transplantation, 2006, 82 ((1 Suppl)), S33-35.

Zhang, Q., et.al., Development of Post Transplant Anti-Donor 
HLA Antibodies Is Associated With Acute Humoral Rejection 
and Early Graft Dysfunction, Transplantation, 2005, 79 (5),  
1-8.

HONORS AND AWARDS

2006-2009: Finance Committee, American Association of 
Immunologists

PROFESSIONAL AFFILIATION S

2004 - American Society of Transplantation; 2003 - International 
Society for Heart and Lung Transplantation

RESE ARCH KEy WORDS

transplant immunology, signal transduction, immune monitoring

Chris Regan

Assistant Professor
Department of Physics and Astronomy
Ph.D., Physics, 2001, UC Berkeley
regan@physics.ucla.edu

RESE ARCH INTERESTS

In the past I have used atomic physics methods to look for 
violation of time-reversal symmetry, which relates to the 
observed preponderance of matter over antimatter in the 
universe and extensions to the Standard Model of particle 
physics. More recently, I have been studying the properties 
and device applications of exotic materials, ranging from 
superconductors to nanotubes. Currently, I am using the tools 
of nanotechnology to look at problems of both fundamental  
and practical interest. Specific projects are relevant to 
cosmology, quantum optics, nanoscale self-assembly, and 
clean energy harvesting.

SELECTED PUBLIC ATION S

Yuzvinsky, T.D., Mickelson, W., Aloni, S., Konsek, S.L., 
Fennimore, A.M., Begtrup, G.E., Kis, A., Regan, B.C., Zettl, A., 
Imaging the life story of nanotube devices, Applied Physics 
Letters, 2005, 86 (083103).

Regan, B.C., Aloni, S., Jensen, K., Zettl, A., Surface-tension-
driven nanoelectromechanical relaxation oscillator, Applied 
Physics Letters, 2005 (86), 123119.

Regan, B.C., Aloni, S., Jensen, K., Ritchie, R.O., Zettl, A., Nano-
crystal-powered nanomotor, Nano letters, 2005, 5 (9), 1730-3.

Regan, B.C., Aloni, S., Ritchie, R.O., Dahmen, U., Zettl, A., Carbon 
nanotubes as nanoscale mass conveyors, Nature, 2004, 428 
(6986), 924-7.

Regan, B.C., Commins, E.D., Schmidt, C.J., DeMille, D., New limit 
on the electron electric dipole moment, Physical Review Letters, 
2002, 88 (7), 071805.
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Leonard H. Rome

Senior Associate Dean for Research
Professor of Biological Chemistry
David Geffen School of Medicine at UCLA
Associate Director of the California NanoSystems Institute
Ph.D., Biological Chemistry, 1975, The University of Michigan, 
Ann Arbor
lrome@mednet.ucla.edu
www.vaults.arc.ucla.edu 

RESE ARCH INTERESTS

We are interested in developing nanoparticles for cell delivery. 
We have been concentrating on novel cytosolic ribonucleopro-
tein particles (RNPs), called vaults. Vaults were discovered in 
our laboratory and found to exist in most eukaryotic cells. They 
have an intricate shape, composed of multiple arches reminis-
cent of cathedral vaults, hence their name. The vault size (~74 
x 42 x 42 nm), shape, and localization suggests that they may 
be involved in nucleo-cytoplasmic transport. 

We are interested in elucidating the function of these unique 
structures and in manipulating their structures to endow them 
with new functions. We are using the baculovirus expression 
system to produce recombinant vaults in order to test the 
concept that vaults can have broad nanosystems applications 
as malleable nanocapsules. Toward this aim, we are currently 
designing particles containing encapsulated fluorescent 
probes and enzymatically active protein domains. In addition, 
a number of strategies are currently being considered to encap-
sulate chemically active small molecules into the vault particle. 
If successful, these vault nanocapsules can be bioengineered 

to allow their use in a wide variety of biological applications 
including drug delivery, biological sensor, enzyme delivery, 
controlled release, and nano-electrical machine (NEMS) appli-
cations.

SELECTED PUBLIC ATION S

Slesina, M., Inman, E.M., Moore, A.E., Goldhaber, J.I., Rome, 
L.H., Volknandt, W., Movement of vault particles visualized by 
GFP-tagged major vault protein, Cell Tissue Res, 2006.

Kickhoefer, V.A., Garcia, Y., Mikyas, Y., Johansson, E., Zhou, J.C., 
Raval-Fernandes, S., Minoofar, P., Zink, J.I., Dunn, B., Stewart, 
P.L., Rome, L.H., Engineering of vault nanocapsules with enzy-
matic and fluorescent properties, Proc Natl Acad Sci USA, 
2005, 102 (12), 4348-52.

Raval-Fernandes, S., Kickhoefer, V.A., Kitchen, C., Rome, L.H., 
Increased susceptibility of vault poly(ADP-ribose) polymerase-
deficient mice to carcinogen-induced tumorigenesis, Cancer 
Res, 2005, 65 (19), 8846-52.

Mikyas, Y., Makabi, M., Raval-Fernandes, S., Harrington, L., 
Kickhoefer, V.A., Rome, L.H., Stewart, P.L., Cryoelectron micro-
scopy imaging of recombinant and tissue derived vaults: 
localization of the MVP N termini and VPARP, J Mol Biol, 2004, 
344 (1), 91-105.

RESE ARCH KEy WORDS

vaults, nano-capsules, drug delivery, DNA delivery, biosensors

Vwani P. Roychowdhury

Professor, Electrical Engineering
Ph.D., Electrical Engineering, 1989, Stanford University
vwani@ee.ucla.edu

RESE ARCH INTERESTS

Professor Roychowdhury’s research interests include models 
of computation, quantum and nanoelectronic computation, 
quantum information processing, fault-tolerant computation, 
combinatorics and information theory, advanced statistical 
processing, and adaptive algorithms. He holds the patent for 
the methods and apparatus for enhancing grayscale.

SELECTED PUBLIC ATION S

Boscolo, R., Pan, H., Roychowdhury, V.P., “Independent Compo-
nent Analysis Based on Nonparametric Density Estimation”, 
IEEE Transactions on Neural Networks, 2004, 15 (1), 55-65.

Liao, J.C., Boscolo, R., Yang, Y.-L., Tran, L.M., Sabbati, C., 
Roychowdhury, V.P., “Network Component Analysis: Recon-
struction of Regulatory Signals in Biological Systems”, Proc. 
National Academy of Sciences, 2003, 100, 15522-15527.

Simkin, M., Roychowdhury, V.P., “Read before You Cite!”,  
Complex Systems, 2003, 14, 269-274.

HONORS AND AWARDS

1999: Best Paper (IEEE Transactions on Neural Networks) 
1993: Ruth and Joel Spira Outstanding Teacher Award  
(Purdue University)
1992-1994: General Motors Faculty Fellow
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Jacob Schmidt

Assistant Professor
Department of Bioengineering
Ph.D., Physics, 1999, University of Minnesota
schmidt@seas.ucla.edu
http://schmidtlab.seas.ucla.edu

RESE ARCH INTERESTS

Professor Schmidt and his group have strong interests in 
single-molecule biophysics and bioengineering, with a focus on 
biological membranes and membrane proteins: 1) creation of 
long-living and robust biological and biomimetic membranes; 
2) single-molecule transport measurements of membrane 
channel proteins; 3) construction of devices and apparatus 
for the manipulation and study of biomimetic membranes and 
membrane proteins. 

The research is highly multi-disciplinary, drawing from molecular 
biology, biochemistry, low-noise electronics, micromachining, 
and microfluidics. The group aims to advance the science and 
technology of membrane proteins through the development of 
tools and techniques enabling other researchers to perform 
experiments previously impossible because of limitations in 
technology or expertise. The group also maintains a strong 
interest in technology development, enabling more-efficient 
drug discovery targeted toward membrane transport and 
channel proteins.

Recent accomplishments of the group include the formation 
of robust and long-lived membranes encapsulated within 
a hydrogel matrix and the creation of a device capable of 
performing the automated synthesis of lipid bilayers.

SELECTED PUBLIC ATION S 

Brough, B., Northrop, B.H., Schmidt, J.J., Tseng, H.-R., Houk, 
K.N., Stoddart, J.F., Ho, C.-M., “Evaluation of Synthetic Linear 
Motor-Molecule Actuation Energetics”, PNAS, 2006, 103 (23), 
8583-8588.

Jeon, T.-J., Malmstadt, N., Schmidt, J.J., “Hydrogel-Encapsulated 
Lipid Membranes”, JACS, 2006, 128, 42-43.

Wong, D., Jeon, T.-J., Schmidt, J.J., “Single molecule measure-
ments of channel proteins incorporated into biomimetic 
polymer membranes”, Nanotechnology, 2006, 17, 3710-3717.

Schmidt, J.J., “Stochastic Sensors”, Journal of Materials Chem-
istry, 2005, 15, 831-840.

PROFESSIONAL AFFILIATION S

American Physical Society; Materials Research Society;
Biophysical Society; American Chemical Society

Benjamin Schwartz

Professor of Physical Chemistry
Department of Chemistry and Biochemistry
Ph.D., Physical Chemistry, 1992, University of California,
Berkeley
schwartz@chem.ucla.edu

RESE ARCH INTERESTS

Research in the Schwartz group is focused on the study of 
electronic dynamics in disordered media. Our efforts fall into 
two principle areas. First, we study how the motions of solvent 
molecules control the dynamics of electron transfer reactions 
in liquids. Because the relevant solvent motions take place 
on picosecond time scales, we use femtosecond laser spec-
troscopy and mixed quantum/classical molecular dynamics 
simulations to study these processes. The experiments allow 
us to “watch” the relevant motions in real time, and the simu-
lations provide molecular detail that is unavailable from the 
experiments; the combination of theory and experiment on 
the same chemical system is synergistic. Second, we study 
the electronic properties of conjugated polymers. Conjugated 
polymers are remarkable materials that combine the electrical 
properties of semiconductors with the mechanical properties 
and processing advantages of plastics; thus, these materials 
have enormous potential for use in displays that have large 
areas and/or are flexible. We use femtosecond laser and other 
spectroscopies to understand how the polymer chain confor-
mation and packing control electronic properties, such as how 
easily charges move between polymer chains. We also build 
and characterize optoelectronic devices, such as LEDs and 
photovoltaic cells, from these novel plastic semiconductors.

SELECTED PUBLIC ATION S

Larsen, R.E., Schwartz, B.J., Full configuration interaction 
computer simulation study of the thermodynamic and kinetic 
stability of hydrated dielectrons, J Phys Chem B Condens Matter 
Mater Surf Interfaces Biophys, 2006, 110 (2), 1006-14.

Bedard-Hearn, M.J., Larsen, R.E., Schwartz, B.J., “The Role 
of Solvent Structure in the Absorption Spectrum of Solvated 
Elections: Mixed Quantum/Classical Simulations in Tetrahy-
drofuran (THF)”, J Chem Phys, 2005, 122 (134506), 1-11.

Bedard-Hearn, M.J., Larsen, R.E., Schwartz, B.J., Mean-field 
dynamics with stochastic decoherence (MF-SD): a new algorithm 
for nonadiabatic mixed quantum/classical molecular-dynamics 
simulations with nuclear-induced decoherence, J Chem Phys, 
2005, 123 (23), 234106.

Mitsumori, T., Craig, I.M., Martini, I.B., Schwartz, B.J., Wudl, F., 
“Synthesis and Color Tuning Properties of Blue Highly Fluores-
cent Vinyl Polymers Containing a Pendant Pyrrolopyridazine”, 
Macromol, 2005, 38, 4698-704.
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Enrico Stefani

Professor, Anesthesiology/Physiology
M.D., Facultad de Mediina, 1964, Universidad de Buenos 
Aires, Argentina
Ph.D., Department of Biophysics, 1969, University College, 
London
estefani@ucla.edu
www.anes.ucla.edu/~estefani/

RESE ARCH INTERESTS

Development of new optical techniques (nano-microscopy) 
to determine in cardiac and vascular systems—with a resolu-
tion in the 20-200 nm range—the dynamic changes of protein 
complexes in subcellular compartments and in organelles, 
both in situ and in living cells.

SELECTED PUBLIC ATION S

Lu, G., Kang, Y.J., Han, J., Herschman, H.R., Stefani, E., Wang, 
Y., TAB-1 modulates intracellular localization of p38 MAP 
kinase and downstream signaling, J Biol Chem, 2006, 281 (9),  
6087-95.

Tanaka, Y., Tang, G., Takizawa, K., Otsuka, K., Eghbali, M.,  
Song, M., Nishimaru, K., Shigenobu, K., Koike, K., Stefani, E.,  
Toro, L., Kv channels contribute to nitric oxide- and atrial 
natriuretic peptide-induced relaxation of a rat conduit artery,  
J Pharmacol Exp Ther, 2006, 317 (1), 341-54.

Lu, R., Alioua, A., Kumar, Y., Eghbali, M., Stefani, E., Toro, L., 
MaxiK channel partners: physiological impact, J Physiol, 2006, 
570 (Pt 1), 65-72.

Zhu, N., Eghbali, M., Helguera, G., Song, M., Stefani, E.,  
Toro, L., Alternative splicing of Slo channel gene programmed 
by estrogen, progesterone and pregnancy, FEBS Lett, 2005, 
579 (21), 4856-60.

Eghbali, M., Deva, R., Alioua, A., Minosyan, T.Y., Ruan, H., 
Wang, Y., Toro, L., Stefani, E., Molecular and functional signa-
ture of heart hypertrophy during pregnancy, Circ Res, 2005,  
96 (11), 1208-16.

HONORS AND AWARDS

2004: Present Regular Member of Electrical Signaling, Ion 
Transport and Arrhythmias (ESTA) Study Section
2003: Research building named after me “Unidad de Inves-
tigaciones Enrico Stefani”, at the University of Colima, Colima, 
Mexico 
1997: Present Member, Guggenheim Review Committee

PROFESSIONAL AFFILIATION S

2003 Society of Cell Biology
2003 Society of Endocrinology
1990 American Physiological Society

J. Fraser Stoddart

Fred Kavli Chair of NanoSystems Sciences
Director of the California NanoSystems Institute (CNSI)
Chemistry & Biochemistry
Ph.D., D.Sc., Edinburgh University
stoddart@chem.ucla.edu
www.stoddart.chem.ucla.edu 

RESE ARCH INTERESTS

Professor Stoddart and his research group work primarily in 
four areas. They are (1) template-directed synthesis, either kine-
tically or thermodynamically controlled, (2) physical organic 
chemistry, principally as it relates to chemical topology and 
supramolecular phenomena, (3) design and construction of arti-
ficial molecular machinery, with special reference to actuators 
and switches, and (4) the application of nanoscale chemistry 
conducted on surfaces and at interfaces to fundamental prob-
lems in materials science and the life sciences. A wide range of 
knowledge and skill sets are required to pursue research effec-
tively and efficiently in such a multidisciplinary environment. 
Collaboration is encouraged within the Stoddart Group and 
beyond. Presently, it involves both graduate and undergrad-
uate students, as well as postdoctoral scholars, and extends 
nationally and internationally, as well as departmentally and 
campus-wide. Much emphasis is put on the development of 
presentational skills. Communication is central to the culture 
of a group that recognizes that the world is flat! 

SELECTED PUBLIC ATION S

Williams, A.R., Northrop, B.H., Chang, T., Stoddart, J.F., White,  
A.J.P., Williams, D.J., Suitanes, Angew. Chem. Int. Ed. 2006, 40, 
6665-6669. 

Ferrer, B., Rogez, G., Credi, A., Ballardini, R., Gandolfi, M.T., 
Balzani, V., Liu, Y., Tseng, H.-R., Stoddart, J.F., Signal processing 
in solution. Photoinduced electron flow in a self-assembling 
source-connector-drain molecular system, Proc. Natl. Acad. 
Sci. USA 2006, 103, 18411-18416.

Pentecost, C.D., Peters, A.J., Chichak, K.S., Cave, G.W.V.,  
Cantrill, S.J., Stoddart, J.F., Chiral Borromeates, Angew. Chem. 
Int. Ed. 2006, 45, 4099-4104.

Brough, B., Northrop, B.H., Schmidt, J.J., Tseng, H.-R., Houk, 
K.N., Stoddart, J.F., Ho, C.-M., Evaluation of synthetic linear 
motor-molecule actuation energetics, Proc. Natl. Acad. Sci. 
USA 2006, 103, 8583-8588.

HONORS AND AWARDS

2007: Knight Bachelor for Services to chemistry and molec-
ular nanotechnology; 2007: King Faisal International Prize for 
Science; 2006: Honorary Doctor of Science Degree, University 
of Twente in The Netherlands; 2004: Nagoya Gold Medal in 
Organic Chemistry. 2005: Honorary Doctor of Science Degree, 
University of Birmingham; Alumnus of the Year Award 2005 
(University of Edinburgh); Carnegie Centenary Professorship 
at the Universities of Scotland; First Novartis Lectureship (ETH 
Zurich); Paul Gassman Lectureship (University of Minnesota)

PROFESSIONAL AFFILIATION S

The Royal Society of London
The German Academy of Natural Sciences (The Leopoldina)
The American Chemical Society
The Royal Society of Chemistry 
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Ren Sun

Associate Professor
Department of Molecular and Medical Pharmacology
Ph.D., Molecular Biophysics & Biochemistry, 1993,
Yale University
rsun@mednet.ucla.edu 

RESE ARCH INTERESTS

Viral infections are associated not only with acute illnesses but 
also chronic diseases. In contrast to the rapidly manifesting 
SARS, Epstein-Barr virus (EBV) and Kaposi’s sarcoma-associated 
herpesvirus (KSHV) are associated with several malignancies. 
To understand the molecular mechanism of viral replication 
and its role in pathogenesis, we are pursuing our research in 
the following directions. 1) We have identified a viral gene, that 
can initiate the complete lytic replication cascade of KSHV. We 
are addressing the questions of how it controls the expression 
of downstream genes and how cellular signal pathways control 
the viral switch. 2) We will determine the optimal combination 
of these cellular factors/ pathways to most efficiently reacti-
vate the herpesviruses, using a microfluidic system consisting 
of nano transducers, which will be capable of sensing, making 
logical decisions, and providing real-time feedback control. 3) 
Murine herpesvirus-68 (MHV-68) is utilized as an in vivo model 
to dissect the roles of virus-encoded cytokines in viral replica-
tion and tumorpathogenesis. 4) We take genomic, proteomic, 
and structural biology approaches to define the structures 
and functions of viral proteins encoded by MHV-68 and SARS 
coronavirus. 5) We are initiating clinical trials by intentionally 
activating viral lytic gene expression in tumor cells to destroy 
tumor lesions.

SELECTED PUBLIC ATION S

Song, M.J., Hwang, S., Wong, W.H., Wu, T.T., Lee, S., Liao, H.I., 
Sun, R., Identification of viral genes essential for replication of 
murine gamma-herpesvirus 68 using signature-tagged muta-
genesis, Proceedings of the National Academy of Sciences of 
the United States of America, 2005, 102 (10), 3805-10.

Rickabaugh, T.M., Brown, H.J., Wu, T.T., Song, M.J., Hwang, S., 
Deng, H., Mitsouras, K., Sun, R., Kaposi’s sarcoma-associated 
herpesvirus/human herpesvirus 8 RTA reactivates murine 
gammaherpesvirus 68 from latency, J Virol, 2005, 79 (5),  
3217-22.

Jia, Q., Chernishof, V., Bortz, E., Mchardy, I., Wu, T.T., Liao, H.I., 
Sun, R., Murine gammaherpesvirus 68 open reading frame 45 
plays an essential role during the immediate-early phase of 
viral replication, Journal of Virology, 2005, 79 (8), 5129-41.

Chang, M., Brown, H.J., Collado-Hidalgo, A., Arevalo, J.M., Galic, 
Z., Symensma, T.L., Tanaka, L., Deng, H., Zack, J.A., Sun, R., 
Cole S.W., “Beta-Adrenoreceptors reactivate Kaposi’s sarcoma-
associated herpesvirus lytic replication via PKA-dependent 
control of viral RTA”, J Virol, 2005, 79 (21), 13538-47.

Song, M.J., et al., “Identification of Viral Genes Essential for 
Replication of Murine Gammaherpesvirus 68 Using Signature 
Tagged Mutagenesis”, Proc Natl Acad Sci USA, 2005, 102, 
3805-3810.

RESE ARCH KEy WORDS

carcinogenesis, herpes, SARS virus, biological detection, 
systems biology

Fuyuhiko Tamanoi

Professor and Vice Chair
Microbiology, Immunology & Molecular Genetics
Director, Signal Transduction Program Area Jonsson  
Comprehensive Cancer Center
Ph.D., 1977, Nagoya University
fuyut@microbio.ucla.edu

RESE ARCH INTERESTS

Professor Tamanoi’s group is interested in molecular switches 
and cellular signaling networks. The research focuses on the 
Ras family proteins that act as a nanoscale switch by shut-
tling between a GTP-bound active form and a GDP-bound 
inactive form. Current research is aimed at characterizing two 
members of the Ras family proteins, called Ras and Rheb. 
While Ras activates signaling pathways such as Raf/MAP 
kinase signaling, Rheb activates mTOR signaling that regulates 
protein synthesis. Overactivation of these molecular switches 
forms the basis of human diseases such as cancer, neurofibro-
matosis, and tuberous sclerosis. 

Another research focus is to undertake nanoscale modula-
tion of the signaling network. To accomplish this feat, small 
organic compounds that can regulate the activity of molecular 
switches have been identified. One type of compound blocks 
their lipid modification, resulting in the inhibition of their 
membrane association. Experiments are underway to package 
these compounds into nanoparticles and achieve nanodelivery 
into human cancer cells.

SELECTED PUBLIC ATION S 

Gau, C.L., Kato-Stankiewicz, J., Jiang, C., Miyamoto, S., Guo, L.,  
Tamanoi, F., Farnesyltransferase inhibitors reverse altered  
growth and distribution of actin filaments in Tsc-deficient cells 
via inhibition of both rapamycin-sensitive and insensitive path-
ways, Molecular Cancer Therapeutics, 2005, 4, 918-926.

Urano, J., Comiso, M.J., Guo, L., Aspuria, P.J., Deniskin, R., 
Tabancay, A.P. Jr., Kato-Stankiewicz, J., Tamanoi, F., Identification 
of novel single amino acid changes that result in hyperactiva-
tion of the unique GTPase, Rheb, in fission yeast, Molecular 
Microbiology, 2005, 58, 1074-1086.

Clarke, S., Tamanoi, F., Fighting cancer by disrupting C-terminal 
methylation of signaling proteins, The Journal of Clinical 
Investigation, 2004, 113 (4), 513-5.

PROFESSIONAL AFFILIATION S

American Association for Cancer Research, American
Society for Biochemistry & Molecular Biology

RESE ARCH KEy WORDS

molecular switch, signaling network, cancer, small-molecule 
compounds, nanodelivery
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Michael Teitell

Associate Professor
Chief, Division of Pediatric and Developmental Pathology  
Departments of Pathology & Laboratory Medicine  
and Pediatrics (joint)
Ph.D., Molecular Immunology, 1991, UCLA
M.D., Medicine, 1993, UCLA
mteitell@ucla.edu
www.Teitell-Lab.com

RESE ARCH INTERESTS

The Teitell lab is interested in the etiology, mechanism, and 
therapy of immune system cancers, normal immune system 
development, and the generation of novel investigative 
nanotools. One project area focuses on epigenetic silencing of 
gene expression. A second project area is in the biology of the 
TCL1 oncogene. A third area of work involves studies on a novel 
type of RNA degradation that regulates cell metabolism and 
survival, leading to cancerous transformation. A fourth project 
area is the design of new methods for interrogating cell motion 
and functions in real-time. These distinct areas of study all 
converge on the common goal of increasing the understanding, 
diagnosis, and treatment of human malignancies.

SELECTED PUBLIC ATION S 

Teitell, M.A., Mikkola, H.K.A., “Transcriptional Activators and 
Repressors During Hematopoietic Stem Cell Development”, 
Pediatric Research, 2006, 59, 33R-39R.

Shen, R.R., Ferguson, D.O., Renard, M., Hoyer, K.K., Kim, U., Hao, 
X., Alt FW, Roeder, R.G., Morse III, H.C., Teitell, M.A., Dysregulated 
TCL1 Requires the Germinal Center and Genome Instability for 
Mature B Cell Transformation, Blood, 2006, (in press).

Teitell, M.A., “TCL1 Family Oncoproteins: Co-activators of Trans-
formation”, Nature Reviews Cancer, 2005, 5, 640-648.

Hoyer, K.K., Herling, M., Dawson, D.W., Renard, M., Weinger, 
J.G., Jones, D., Teitell, M.A., “TCL1 Modulates TCR Signal 
Strength and IFNg Levels Through PI3K and PKC Pathway 
Activation”, Journal of Immunology, 2005, 175, 864-873.

HONORS AND AWARDS

2004: American Society of Clinical Investigators (ASCI)
2004: Elliot Osserman Award (for support of cancer research) 
2003: Scholar Award, Leukemia and Lymphoma Society
2001: Millenium Pharmaceuticals Award for Genomics Research
2001: Lymphoma Research Foundation Junior Faculty Award
2000: David Paul Kane Scholar, JCC Foundation

PROFESSIONAL AFFILIATION S

National/International:  American Association of Immunologists 
(AAI), American Soc. for Biochem. and Molecular Biology 
(ASBMB); American Association for Cancer Research (AACR); 
American Society of Clinical Investigators (ASCI)
Intramural: UCLA Association of Chemists and Biochemists, 
Molecular Biology Institute; Jonsson Comprehensive Cancer 
Center, Institute for Stem Cell Biology and Medicine (ISCBM); 
California NanoSystems Institute (CNSI), Institute for Cell  
Mimetic Space Exploration (CMISE); UCLA AIDS Research 
Institute

RESE ARCH KEy WORDS

cancer, development, immunology, stem cells, epigenetics, 
nanotechnology

Sarah Tolbert

Associate Professor of Chemistry
Chemistry and Biochemistry
Ph.D., Chemistry, 1995, University of California, Berkeley 
tolbert@chem.ucla.edu
http://tolbert.chem.ucla.edu/

RESE ARCH INTERESTS

Research in the Tolbert group is focused on using self-organi-
zation to create nanostructured composites with applications 
as optical, electronic, magnetic, and structural materials. 
Specific research areas include the following: (1) Assembly 
and self-organization of semiconducting polymers with other 
nanoscale inorganic species for applications in controlled 
polymer emission and photovoltaics. (2) Formation of periodic 
nanoporous semiconductors using Zintl clusters as soluble 
inorganic building blocks. (3) Control of magnetic coupling 
and, thus, magnetic properties in ordered nanocrystal arrays 
using host-guest chemistry in periodic nanoporous inorganic 
materials. (4) Tuning mechanical properties (e.g., stiffness, 
toughness, or elasticity) in periodic nanostructured inorganic/ 
organic composites through control of nanometer-scale archi-
tecture. (5) The design and testing of new ultra-hard materials. 
(6) Formation of micro- and nano-scale batteries using solution 
phase processing. (7) Optically active bio-composites based 
on well-defined protein cages such as virus capsids or vaults. 
For the majority of these projects, the goal is to use control of 
nanometer-scale architecture to produce new physical proper-
ties and new combinations of properties through the intimate 
mixing of disparate and complex components.

SELECTED PUBLIC ATION S

Sun, D., Riley, A.E., Cadby, A.J., Richman, E.K., Korlann, S.D., 
Tolbert, S.H., Hexagonal Nanoporous Germanium through 
Surfactant-Driven Self-Assembly of Zintl Clusters, Nature, 
2006, 441, 1126-1130.

Riley, A.E., Korlann, S.D., Richman, E.K., Tolbert, S.H., Synthesis 
of Semiconducting Thin Films with Nanometer Scale Periodicity 
by Solution Phase Co-Assembly of Zintl Clusters with Surfac-
tants, Angew Chem Int Ed, 2006, 45, 235-241 .

Cumberland, R.W., Weinberger, M.B., Gilman, J.J., Clark, S.M., 
Tolbert, S.H., Kaner, R.B., Osmium diboride, an ultra-incom-
pressible, hard material, Journal of the American Chemical 
Society, 2005, 127 (20), 7264-5.

Kaner, R.B., Gilman, J.J., Tolbert, S.H., Materials Science: Design-
ing Superhard Materials, Science, 2005, 308, 1268-1269.

HONORS AND AWARDS

2003: UCLA Glen T. Seaborg Award 
2001: UCLA Dean’s Marshal Award 
2001-2003: Sloan Foundation Research Fellow 
2000-2004: National Science Foundation Faculty Early Career 
Development Award 
2000-2003: Beckman Young Investigator Award 
1999-2003: Office of Naval Research Young Investigator Award

PROFESSIONAL AFFILIATION S

American Chemical Society; Materials Research Society
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Kang L. Wang

Professor
Department of Electrical Engineering
Director of MARCO Focus Center
Functional Engineered Nano Architectonics (FENA)
Ph.D., Electrical Engineering, 1970, M.I.T.
wang@ee.ucla.edu
http://drl.ee.ucla.edu/uclanew/index.php

RESE ARCH INTERESTS

Dr. Wang’s interests in nanoscience technology include the 
self-assembly of quantum dots and the development of 
nano-fabrication for nanoelectronics, photonics and sensors 
applications. He is a leader in nanotechnology. In nanoelec-
tronics, he studies the power dissipation of electronic and 
spintronic devices and the use of these devices for informa-
tion processing. His prior work has led to the use of strained 
SiGe in CMSO and in optoelectronics, such as integrated Ge 
and infrared detectors. He was the founding director of the 
Nanoelectronics Research Facility at UCLA (established in 
1989), providing the infrastructure for further research in 
nanotechnology, which led to the recent establishment of 
the California NanoSystems Institute, funded by the state of 
California, the first of its kind in the nation. He leads the MARCO 
Center on FENA to address the issues and opportunities for 
nanoelectronics devices and their implementation in informa-
tion processing from the fundamental atomic and molecular 
levels. The Center currently comprises over 30 investigators 
from 12 leading national universities.

SELECTED PUBLIC ATION S

Wang, K.L., Tong, S., Kim, H.J., Properties and applications of 
SiGe nanodots, Materials Science in Semiconductor Processing, 
2005, 8, 289-399.

Tong, S., Lee, J.Y., Kim, H.J., Liu, F., Wang, K.L., Ge dot mid- 
infrared photodetectors, Optical Materials, 2005, 27, 1097-
1100.

Bao, M., Liu, F., Baron, F., Wang, K.L., Tunneling spectroscopy 
of metal-oxide-semiconductor field-effect transistor at low 
temperature, Applied Physics Letters, 2005, 86, 242104-1.

Liu, F., Bao, M., Li, C., Zhou, C.W., Wang, K.L., Giant random 
telegraph signals in the carbon nanotubes as single defect 
probe, Applied Physics Letters, 2005, 86, 163102-1~163102-3.

HONORS AND AWARDS 

2005: Honoris Causa, University Professor at Politechnico 
University, Torino, Italy
2005: Director of Western Institute of Nanoelectronics 
2004: TSMC Honor Lectureship
2003: Director of FENA Focus Center

PROFESSIONAL AFFILIATION S

IEEE Member; American Physical Society American Vacuum 
Society; Eta Kappa Nu Member, International Symposium 
on Silicon Molecular Beam Epitaxy; Editorial Board of the 
Encyclopedia of Nanoscience and Nanotechnology (American 
Scientific publishers); Editor, Handbook of Semiconductor 
Nanostructures and Nanodevices 

Shimon Weiss

Professor
Department of Chemistry and Biochemistry
Department of Physiology, UCLA
D.Sc., Electrical Engineering, 1989, Technion, Israel Institute 
of Technology
sweiss@chem.ucla.edu

RESE ARCH INTERESTS

Biophysics, Biophysical Chemistry, Nano-Spectroscopy, Bio- 
Nano-Technology. Single-molecule detection and spectroscopy, 
application of single-molecule detection to biology, dynamic 
structural/molecular biology, protein folding, protein-protein 
and protein-DNA interactions, single-molecule enzymology, 
novel bio-nano-technology probes, semiconductor nanocrys-
tals, quantum dots, fluorescence microscopy/spectroscopy, 
physics/chemistry of mesoscopic systems, scanning probe 
microscopies, near-field microscopy, ultrafast processes in 
mesoscopic systems, ultrafast processes on surfaces.

SELECTED PUBLIC ATION S

Michalet, X., Weiss, S., Using Photon Statistics to Boost Micros-
copy Resolution, PNAS, 2006, 103 (13), 4797-4798.

Michalet, X., Pinaud, F.F., Bentolila, L.A., Tsay, J.M., Doose, S., 
Li, J.J., Sundaresan, G., Wu, A.M., Gambhir, S.S., Weiss, S., 
Quantum dots for live cells, in vivo imaging, and diagnostics, 
Science, 2005, 307 (5709), 538-44.

Lee, N.K., Kapanidis, A.N., Wang, Y., Michalet, X., Mukhopadhyay, 
J., Ebright, R.H., Weiss, S., Accurate FRET measurements within 
single diffusing biomolecules using alternating-laser excita-
tion, Biophysical Journal, 2005, 88 (4), 2939-53.

Doose, S., Tsay, J.M., Pinaud, F., Weiss, S., Comparison of  
photophysical and colloidal properties of biocompatible semi-
conductor nanocrystals using fluorescence correlation spectro- 
scopy, Analytical Chemistry, 2005, 77 (7), 2235-42.

HONORS AND AWARDS

2005: Rank Prize, Royal College of Physicians, London
2001: Michael and Kate Barany Biophysical Society Award
1999: Fellow of the Optical Society of America

PROFESSIONAL AFFILIATION S

APS, ACS, OSA, AAAS, Biophysical Society

RESE ARCH KEy WORDS

single-molecule biophysics, nanobiotechnology, conformational 
dynamics of biomolecules, fluorescence spectroscopy, mole-
cular imaging
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Owen Witte

Distinguished Professor
Department of Microbiology., Immunology. and Molecular 
Genetics
Investigator, Howard Hughes Medical Institute
Director, Institute for Stem Cell Biology and Medicine
President’s Chair in Developmental Immunology
Professor of Molecular and Medical Pharmacology
David Geffen School of Medicine
M.D., 1976, Stanford University School of Medicine 
owenw@microbio.ucla.edu

RESE ARCH INTERESTS

Research involves the interrelated problems of cell growth 
regulation, differentiation, and understanding of the func-
tion of oncogenes found in human leukemias and epithelial 
cancers. This study includes Bcr-Abl tyrosine kinase, which is  
important in human chronic myelogenous leukemia and for 
understanding the regulation of lymphocyte growth in disease 
states during immune responses. We discovered that gene 
defects in primary immunodeficiency X-linked agammaglobu-
linemia are caused by a single gene called Bruton’s tyrosine 
kinase, and now we study its mode of action. We identified 
a G protein-coupled receptor family that regulates inflamma-
tory responses and autoimmunity, and study its mechanisms 
of action. We use PET and other imaging modalities to study 
lymphocyte movement during the immune response as regu-
lated by these receptors. Prostate cancer is unique in its highly 
regularized pattern of metastasis to the bone marrow. We use 
surface markers to fractionate normal murine prostate cell 

populations in an attempt to define active stem cell popula-
tions, and we recently developed dissociated cell reconstitution 
systems in which prostate epithelial stem and progenitor cells 
can be induced to form glandular tissue structures.

SELECTED PUBLIC ATION S

Li, X., Michael, A.T., Devon, A.L., Andrew, K., Ingo, K.M.,  
Witte, O.N., Progression of Prostate Cancer by Synergy of  
AKT with Genotropic and Nongenotropic Actions of the Andro-
gen Receptor, PNAS, 2006, 103 (20), 7789-7794.

Wang, S., Garcia, A.J., Wu, M., Lawson, D.A., Witte, O.N., Wu, H., 
Pten Deletion Leads to the Expansion of a Prostatic Stem/Pro-
genitor Cell Subpopulation and Tumor Initiation, PNAS, 2006, 
103 (5), 1480-1485.

Radu, C.G., Cheng, D., Nijagal, A., Riedinger, M., McLaughlin, 
J., Yang, L.V., Johnson, J., Witte, O.N., Normal Immune Develop-
ment and Glucocorticoid-induced Thymocyte Apoptosis in 
Mice Deficient for the T-Cell Death-Associated Gene 8 Receptor,  
Mol Cell Biol, 2006, 26 (2), 668-77.

Lei, Q., Jiao, J., Xin, L., Chang, C., Wang, S., Gao, J., Gleave, M.E., 
Witte, O.N., Liu, X., Wu, H., NKX3.1 Stabilizes p53, Inhibits AKT 
Activation and Blocks Prostate Cancer Initiation Caused by 
PTEN Loss, Cancer Cell, 2006, 9 (5), 367-78.

Radu, C.G., Nijagal, A., McLaughlin, J., Wang, L., Witte, O.N., 
Differential proton sensitivity of related G protein-coupled 
receptors T cell death-associated gene 8 and G2A expressed in 
immune cells, Proc Natl Acad Sci USA, 2006, 102 (5), 1632-7.

Jason C.S. Woo

Professor, Electrical Engineering 
Ph.D., Electrical Engineering, 1987, Stanford University
woo@ee.ucla.edu

RESE ARCH INTERESTS

Prof. Woo’s research interests are in the physics and technology 
of novel devices and device modeling. He has investigated  
low-temperature devices for VLSI and space applications,  
SOI BiCMOS, and GeSi BiCMOS. Significant achievements 
include the analysis and fabrication of cryogenic Bipo-lar  
transistors, the identification of hot-carrier reliability failure 
modes at reduced temperatures, the first demonstration  
of GeSi quantum-well MOSFETs, and the investigation of device 
physics/technology for deep submicron SOI CMOS. He has 
also worked on technologies such as drain engineering and 
alternative gate dielectrics to improve CMOS performance  
and reliability. 

SELECTED PUBLIC ATION S

Kim, S.-D., Park, C.-M., Woo, J.C.S., “Formation and control of 
box-shaped ultra-shallow junction using laser annealing and 
pre-amorphization implantation”, Solid-State Electronics, 
2005, 49 (1), 131-135.

Chao, Y.-L., Tong, Q.-Y., Lee, T.-H., Reiche, M., Scholz, R.,  
Woo, J.C.-S., Goesele, U., “NH4OH Effects on Low Temperature 
Bonding Energy Enhancement”, Electrochemical and Solid 
State Letters, 2005, (accepted).

Dimitripoulos, D., Jhaveri, R., Claps, R., Woo, J.C.S., Jalali, B., 
“Carrier Lifetime in Silicon Raman Laser”, Applied Physics 
Letters, 2005, 86.

Yuan, J., Woo, J.C.S., “Tunable work function in fully nickel sili-
cided polysilicon gates for metal gate MOSFET applications”, 
IEEE Elec Dev Lett, 2005, 26 (2), 87-89.

Yuan, J., Woo, J.C.S., “A Novel Split Gate MOSFET Design 
Realized By a Fully Silicided Gate Process for the Improvement 
of Trans-conductance and Output Resistance”, IEEE Elec Dev 
Lett, 2005.

HONORS AND AWARDS

1990-1988: IBM Faculty Development Award 
1981: W.S. Wilson Medal 
1981-1980: Andrew A. Kinghorn Scholarship 
1980: J. Edgar McAllister Summer Research Fellowship 
1980-1979: Andrew A. Kinghorn Scholarship 
1979-1977: Reuben Wells Leonard Scholarship

PROFESSIONAL AFFILIATION S

Fellow (IEEE) 

RESE ARCH KEy WORDS

solid-state technology, device physics, MOS and bipolar device 
characteristics at low temperatures, modeling of integrated 
circuits, VLSI fabrication 
nanoelectronics: End of Road Map device technology, non-
conventional device architectures
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Ben Wu

Assistant Professor
Department of Bioengineering
Ph.D., Materials Science and Engineering, 1998,  
Massachusetts Institute of Technology
Specialty Certificate in Prosthodontics, 1995, Harvard School 
of Dental Medicine
D.D.S., 1987, University of the Pacific, School of Dentistry
benwu@ucla.edu
www.bioeng.ucla.edu/facultyresearch/facultyprofiles/wu.html

RESE ARCH INTERESTS

My research aims to regenerate lost tissues based on the 
following biomimetic strategy: (i) learn from natural devel-
opmental biology, wound healing, and tissue remodeling; (ii) 
copy nature and engineer biomimetic microenvironments to 
promote tissue repair; and (iii) investigate the mechanisms 
by which progenitor cells and biomolecules interact with engi-
neered microenvironments, which are created by controlling 
surface-bound and/or diffusible biochemical signals and/or 
biomechanical signals.

SELECTED PUBLIC ATION S 

Cowan, C.M., Cheng, S., Ting, K., Soo, C., Walder, B., Wu, B., 
Kuroda, S., Zhang, X., Nell-1 induced bone formation within the 
distracted intermaxillary suture, Bone, 2006, 38 (1), 48-58.

Wu, B., Liu, J., Commutability between the semiclassical and 
adiabatic limits, Phys Rev Lett, 2006, 96 (2), 020405.

Wu, B., Differential gene expression detection and sample 
classification using penalized linear regression models, 
Bioinformatics, 2006, 22 (4), 472-6.

PROFESSIONAL AFFILIATION S

Co-Director, Weintraub Center for Reconstructive Biotechnology; 
UCLA Cardiovascular Stem Cell Research Center; 
UCLA Brain Research Institute Academy of Prosthodontics

RESE ARCH KEy WORDS

biomimetic microenvironment, biomaterials, tissue engineering, 
apatites, material-cell interactions

Lily Wu

Associate Professor, Urology, Molecular & Medical  
Pharmacology, Pediatrics
M.D., 1989, School of Medicine, UCLA
Ph.D., Department of Molecular Biology Institute, 1989, UCLA
lwu@mednet.ucla.edu

RESE ARCH INTERESTS

My research group has a long-standing emphasis on devel-
oping gene-based cancer therapy. In particular, the metastatic 
stage of the disease is a major target of our investigations. 
The gene delivery vehicles we employ are recombinant viral 
vectors, derived from adenovirus or lentivirus. To improve the 
efficacy of gene therapy for cancer, we have undertaken several 
approaches including the incorporation of cancer-specific 
gene expression regulation, the use of multiple therapeutic 
genes, the application of molecular imaging to monitor the 
gene transfer process in vivo, and modication of the surface 
properties of the vehicles. The latter approach is most aligned 
with the research directions of the CNSI. In this approach, we 
have created synthetic polymer coatings to confer stability 
to the adenoviral vector in circulation and to achieve cancer 
cell-surface targeting. In effect, we have engineered chimeric 
synthetically coated viral particles (100 nm size) for the 
purpose of delivering diagnostic and therapeutic interventions 
to patients.

SELECTED PUBLIC ATION S

Iyer, M., Salazar, F.B., Wu, L., Carey, M., Gambhir, S.S., “Biolu-
minescence Imaging of Systemic Tumor Targeting Using a 
Prostate-Specific Lentiviral Vector”, Hum Gene Ther, 2006, 17, 
125-32.

Wang, Y., Iyer, M., Annala, A., Wu, L., Carey, M., Gambhir, S.S., 
“Noninvasive indirect imaging of vascular endothelial growth 
factor gene expression using bioluminescence imaging in 
living transgenic mice”, Physiol Genomics, 2006, 24, 173-80.

Morizono, K., Xie, Y., Ringpis, G., Johnson, M., Nassanian, 
H., Lee, B., Wu, L., Chen, I.S.Y., Lentiviral Vector Retargeting 
To P-Glycoprotein On Metastatic Melanoma Via Intravenous  
Injection, Nature Medicine, 2005, 11, 346-352.

Sato, M., Johnson, M., Zhang, L., Gambhir, S.S., Carey, M., Wu, L., 
Functionality of androgen receptor-based gene expression 
imaging in hormone refractory prostate cancer, Clinical cancer 
research: an official journal of the American Association for 
Cancer Research, 2005, 11 (10), 3743-9.

HONORS AND AWARDS

1994-1997: Howard Hughes Medical Institute postdoctoral 
fellowship for physician; 1983-1989: Medical Scientist Training 
Program, UCLA; 1979-1982: Phi Beta Kappa, UC Berkeley

PROFESSIONAL AFFILIATION S

American Association for the Advancement of Science; Amer-
ican Association for Cancer Research; American Academy 
of Pediatrics; American Medical Association; American 
Society of Hematology; American Society of Gene Therapy; 
2006-2005 Molecular & Medical Pharmocology Department 
Graduate Training Committee; 2006-2005 Molecular & Medical 
Pharmocology Department Seminar Organizing Committee; 
Present-2005 Molecular Imaging; Present-2005 Clinical Cancer 
Research; Present-2005 Molecular & Medical Pharmocology 
Department Merit Review Committee
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Fred Wudl

Dean M. Willard Professor of Chemistry and Materials  
Chemistry and Biochemistry; Materials Science and  
Engineering, UCLA Director of the UCLA Materials Creation 
Testing Program (MCTP) IGERT 
Director of the UCLA Exotic Materials Institute 
Ph.D., 1967, UCLA
wudl@chem.ucla.edu
www.chem.ucla.edu/dept/Organic/wudl.html

RESE ARCH INTERESTS

Professor Wudl’s research group works in five different areas: 
(1) organic electronics, including OLEDs, OPVs, and PLEDs, (2) 
high energy density devices, including lithium passivation, 
three-dimensional batteries, and supercapacitors, (3) synthesis 
of “unnatural” products, such as paracyclophanes, electron 
donors, and electron acceptors, (4) novel engineering plastics, 
such as self-mending polymers, and (5) fullerene chemistry. 
His group is most widely known for their interdisciplinary inter-
actions with physicists and engineers.

SELECTED PUBLIC ATION S

Sonmez, G., Wudl, F., “Completion of the three primary colours: 
the final step toward plastic displays”, J Mats Chem, 2005, 15, 
20-22.

Sonmez, G., Sonmez, H.B., Shen, C.K.F., Jost, R.W., Rubin, Y., 
Wudl, F., “A Processable Green Polymeric Electrochromic”, 
Macromolecules, 2005, 28 (3), 669-675.

Bendikov, M., Duong, H.M., Bolanos, E., Wudl, F., “An Unex-
pected Two-Group Migration Involving a Sulfonynamide to 
Nitrile Rearrangement. Mechanistic Studies of a Thermal  
N to C Tosyl Rearrangement”, Org Lett, 2005, 2005, 7 (5),  
783-786.

Chiechi, R.C., Sonmez, G., Wudl, F., “A Robust Electroactive  
n-Dopable Aromatic Polyketone”, Adv Funct Mater, 2005, 15 
(3), 427-432.

PROFESSIONAL AFFILIATION S

The American Chemical Society; The Chemical Society, London, 
Sigma Xi, Phi Lambda Upsilon; American Association for the 
Advancement of Science

Eli Yablonovitch

The Northrop Grumman Opto-Electronics Chair
Professor of Electrical Engineering
Associate Director of the California NanoSystems Institute
Ph.D., 1972, Harvard University
eliy@ee.ucla.edu

RESE ARCH INTERESTS

The Optoelectronics Group is dedicated to finding the tech-
nology that will define the culmination of the electronics 
roadmap. That technology will emerge a few years down the 
road, when individual electronic components will be as small 
as molecules, and when they consume the minimal possible 
energy per function.

One of the important technologies that will dominate the 
future is plasmonics, whereby electromagnetic energy can be 
focused and concentrated down to the scale of 1nm. Plasmonics 
refers to the collective motion of electrons in metallic wires. 
Metal wires will evolve from simple interconnects to become 
active components, and nonlinearities will become routinely 
large, allowing fast switching. Short-distance communication 
consumes too much energy, and that problem will also have 
to be solved. 

After that, when classical electronics will reach the stage  
where it will be as good as it could possibly be, quantum 
information processing will emerge as the next big chal-
lenge. Electrons in semiconductors will store quantum states, 
which can be manipulated to harness astronomical volumes 
of information. These technologies, plasmonics, qubits in 
semiconductors, and new communications nano-devices, will 
emerge from current high technology, but they will represent a 

more revolutionary change than we have been accustomed to 
in past generations of electronics.

SELECTED PUBLIC ATION S

Szkopek, T., Boykin, P.O., Heng, F., Roychowdhury, V.P., 
Yablonovitch, E., Simms, G., Gyure, M., Fong, B., “Threshold 
error penalty for fault-tolerant quantum computation with 
nearest neighbor communication”, IEEE Transactions on 
Nanotechnology, 2006, 5 (1), 42-49.

Szkopek, T., Roychowdhury, V., Yablonovitch, E., Abrams, D.S., 
“Eigenvalue estimation of differential operators with a quantum 
algorithm”, Physical Review A, 2005, 72 (6), 62318-1-11.

Rao, D.S., Szkopek, T., Robinson, H.D., Yablonovitch, E.,  
Jiang, H.-W., “Single photoelectron trapping, storage, and 
detection in a one-electron quantum dot”, Journal of Applied 
Physics, 2005, 98 (11), 114507-1-4.

HONORS AND AWARDS

2005: Adolf Lomb Medal, W. Streifer Scientific Achievement 
Award, R.W. Wood Prize, Julius Springer Prize; Morris Loeb 
Lecturer, Harvard University 
2004: Honorary Doctorate Royal Institute of Technology, 
Stockholm Sweden 
2003: Elected Member of National Academy of Sciences, 
Elected Member of National Academy of Engineering 

PROFESSIONAL AFFILIATION S

Fellow of IEEE, APS and OSA

RESE ARCH KEy WORDS

photonic crystals, plasmonics, quantum information, electron 
spin, nano-electronics



Colornet: Unless otherwise noted, replace all assets with those that were converted/used in the patch color from several days ago.

F A C U LT Y  P R O F I L E S

page 5 3 CNSI 2006  aNNual reSearCh report

Colornet: Unless otherwise noted, replace all assets with those that were converted/used in the patch color from several days ago.

Omar M. Yaghi

Professor
Department of Chemistry and Biochemistry  
Ph.D., Inorganic Chemistry, 1990, University of Illinois-Urbana 
NSF Postdoctoral Fellow, Harvard University
yaghi@chem.ucla.edu
www.chem.ucla.edu/dept/Faculty/yaghi.html

RESE ARCH INTERESTS

Inorganic, materials, solid-state, and nano chemistry. The 
design and construction of porous frameworks from the 
molecular building blocks of inorganic clusters, metal-organic 
complexes, organic macromolecules, peptides, and proteins. 
Emphasis is placed on the design of porous structures and 
the control of their pore metrics and chemical functionality 
to produce materials having well-defined chemical structures 
and highly specific functions. This approach has resulted in an 
extensive class of crystals named metal-organic frameworks 
(MOFs). So far, in my laboratory more than 500 MOFs have been 
prepared as bulk materials and studied for their gas storage/
separation applications. We have collaborations with a large 
number of major chemical and auto companies to develop the 
applications of these materials for hydrogen storage and other 
gas storage and separation, liquid separation, polymerization 
catalysis, sensors, and, more recently, drug transport.

SELECTED PUBLIC ATION S

Sudik, A.C., Cote, A.P., Wong-Foy, A.G., O’Keeffe, M., Yaghi, O.M.,  
A metal-organic framework with a hierarchical system of pores 
and tetrahedral building blocks, Angew Chem Int Ed Engl, 
2006, 45 (16), 2528-33.

Wong-Foy, A.G., Matzger, A.J., Yaghi, O.M., Exceptional H2 
saturation uptake in microporous metal-organic frameworks,  
J Am Chem Soc, 2006, 128 (11), 3494-5.

Grzesiak, A.L., Uribe, F.J., Ockwig, N.W., Yaghi, O.M., Matzger, 
A.J., Polymer-Induced Heteronucleation for the Discovery of 
New Extended Solids, Angew Chem Int Ed Engl, 2006, 45 (16), 
2553-2556.

Stallmach, F., Groger, S., Kunzel, V., Karger, J., Yaghi, O.M., 
Hesse, M., Muller, U., NMR studies on the diffusion of hydro-
carbons on the metal-organic framework material MOF-5, 
Angew Chem Int Ed Engl, 2006, 45 (13), 2123-6.

Rowsell, J.L., Yaghi, O.M., Effects of functionalization, catena-
tion, and variation of the metal oxide and organic linking units 
on the low-pressure hydrogen adsorption properties of metal-
organic frameworks, J Am Chem Soc, 2006, 128 (4), 1304-15.

HONORS AND AWARDS

Exxon Award [American Chemical Society (Solid State Chem. 
Division)]; Chair’s Excellence in Research Award (Department 
of Chemistry); Sacconi Medal (Italian Chemical Society, Division 
of Inorganic Chemistry); Robert W. Parry Collegiate Chair 
(University of Michigan); 3M Faculty Award; Graduate College 
Mentor Award; Ranked as the 26th most-highly cited chemist 
1995-2005 (over 100 citations per paper); NSF Postdoctoral 
Fellow (Harvard University) 

RESE ARCH KEy WORDS

porus metal-organic frameworks, ultrahigh-surface-area mate-
rials, gas storage, catalysis

Yang Yang

Professor
Materials Science and Engineering
Ph.D., Physics, 1992, University of Massachusetts, Lowell
yangy@ucla.edu

RESE ARCH INTERESTS

Professor Yang’s primary research interests include nanoor-
ganic hybrid electronics materials and devices, with emphasis 
on light-emitting, energy harvesting, and charge storage 
memory devices, charge injection, transport, and photon-elec-
tron interaction.

SELECTED PUBLIC ATION S

Tseng, J., Ouyang, J., Huang, J., Kaner, R., Yang, Y., “Polyaniline 
nano-fiber nonvolatile digital memory”, Nano Letters, 2005, 5, 
1077.

Pyo, S., Ma, L., He, J., Xu, Q., Yang, Y., Gao, Y., “Experimental 
study on thickness-related electrical characteristics in organic/
metal-nanocluster/organic systems”, J Appl Phys, 2005, 98 
(5), 1 Sep.

Ma, L., Yang, Y., “Solid-state supercapacitors for electronic 
device applications”, Appl Phys Lett, 2005, 87 (12), 19 Sep.

Huang, J., Li, G., Yang, Y., “Influence of composition and heat- 
treatment on the charge transport properties of poly(3-hexyl-
thiophene) and [6,6]-phenyl C61-butyric acid methyl ester 
blends”, Appl Phys Lett, 2005, 87 (11), 12 Sep.

Wu, E.H.-E., Li, S.-H., Chen, C.-W., Li, G., Xu, Z., Yang, Y., “Control-
ling Optical Properties of Electrodes With Stacked Metallic Thin 
Films for Polymeric Light-Emitting Diodes and Displays”, IEEE/
OSA J Display Tech, 2005, 1 (1), 1 Sep.

PROFESSIONAL AFFILIATION S

MRS, APS, ACS

RESE ARCH KEy WORDS

organic electronics, nano-organic electronics, nano-particle 
induced memory effect
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Todd O. Yeates

Professor of Biochemistry
Department of Chemistry and Biochemistry
Ph.D., Biochemistry, 1988, UCLA
yeates@mbi.ucla.edu

RESE ARCH INTERESTS

Professor Yeates and his research group work in the areas 
of molecular, structural, and computational biology. In struc-
tural biology, the emphasis is on supramolecular protein 
assemblies, such as self-assembling protein filaments, layers, 
and cages. Supramolecular assemblies of interest include 
both natural and designed structures. Natural assemblies of 
particular interest include the actin filament and the bacte-
rial microcompartment, a shell-like structure that appears to 
serve as a primitive organelle inside bacterial cells. The Yeates 
group has recently determined the structures of the proteins 
that make up a bacterial microcompartment, providing the 
first detailed clues about how they operate. Strategies are also 
being developed for designing novel proteins to assemble into 
ordered structures on the mid-nanometer scale. In the area of 
computational biology, the emphasis is on bioinformatics and 
comparative genomics. Current work in comparative genomics 
has led to the discovery of unusual microbes that are able to 
stabilize their proteins at extreme temperatures through the 
use of widespread disulfide bonding. Finally, in the area of 
bioinformatics, new methods for deciphering protein function 
and protein interactions have been developed by applying 
ideas in symbolic logic to genomic data.

SELECTED PUBLIC ATION S

Sawaya, M.R., Cannon, G.C., Heinhorst, S., Tanaka, S., Williams, 
E.B., Yeates, T.O., Kerfeld, C.A., The Structure of beta-Carbonic 
Anhydrase from the Carboxysomal Shell Reveals a Distinct 
Subclass with One Active Site for the Price of Two, J Biol Chem, 
2006, 281 (11), 7546-55.

Beeby, M., O’Connor, B.D., Ryttersgaard, C., Boutz, D.R., Perry, 
L.J., Yeates, T.O., The genomics of disulfide bonding and protein 
stabilization in thermophiles, PLoS Biol, 2005, 3 (9), e309.

Chaudhuri, B.N., Yeates, T.O., A computational method to pre-
dict genetically encoded rare amino acids in proteins, Genome 
Biol, 2005, 6 (9), R79.

Kudryashov, D.S., Sawaya, M.R., Adisetiyo, H., Norcross, T., 
Hegyi, G., Reisler, E., Yeates, T.O., The crystal structure of a cross-
linked actin dimer suggests a detailed molecular interface in 
F-actin, Proc Natl Acad Sci USA, 2005, 102 (37), 13105-10.

Kerfeld, C.A., Sawaya, M.R., Tanaka, S., Nguyen, C.V., Phillips, 
M., Beeby, M., Yeates, T.O., Protein structures forming the shell 
of primitive bacterial organelles, Science, 2005, 309 (5736), 
936-8.

HONORS AND AWARDS

2004: Hansen-Dow Award for Excellence in Teaching, UCLA
Chemistry

PROFESSIONAL AFFILIATION S

American Crystallographic Association 
American Chemical Society

Z. Hong Zhou

Professor
Microbiology, Immunology and Molecular Genetics
Ph.D., Biochemistry, 1995, Baylor College of Medicine
hongzhou@mednet.ucla.edu

RESE ARCH INTERESTS

Recent advances have given cryo-electron microscopy and 
single-particle reconstruction (“cryoEM”) an increasingly 
important role in determining, at 4-7 Å resolution, the 3D  
structures of macromolecular complexes or biological nano-
machines (~150 kDa and 10 nm in dimension). At this resolution, 
secondary structural elements and bulky amino-acid side 
chains are readily resolved and can be used to build pseudo-
atomic models of its subunits for understanding molecular 
interactions. The emerging method of cryo-electron tomog-
raphy (cryoET) allows the determination of three dimensional 
architectures of objects ranging in size from a nanometer to 
micrometers. These structural methods provide exciting oppor-
tunities to determine the structures of microbes and subcellular 
assemblies that are either too large or too heterogeneous to 
be investigated by conventional crystallographic or NMR 
methods. Research in my laboratory aims to understand the 
mechanisms governing macromolecular functions by pushing 
the resolution limit of cryoEM to near-atomic resolution and by 
describing large, pleomorphic, dynamic structures or confor-
mations using the integrative approach of cryoEM and cryoET. 
The long-term goal of our research is to study their structures 
and mechanisms of actions by an integrative approach using 
cryoEM/cryoET, bioinformatics modeling and high perfor-
mance computing. Current efforts focus on three intermediate 

projects toward our goal: 1, to develop integrative techniques 
for atomic resolution cryoEM structural determination; 2, to 
decipher the mechanisms of actions of multi-enzyme complexes 
and multi-component nanomachines, such as human pyruvate 
dehydrogenase complexes; 3, to establish a 3D atlas of key 
events leading to the assembly and host infection of tumor 
herpesviruses. 

SELECTED PUBLIC ATION S

Yu, X., Trang, P., Shah, S., Atanasov, I., Kim, Y.H., Bai, Y., Zhou, 
Z.H.,* Liu, F., Dissecting human cytomegalovirus gene function 
and capsid maturation by ribozyme targeting and electron cryo-
microscopy, Proc Natl Acad Sci USA, (2005), 102, 7103-7108.

Cong, Y., Jiang, W., Birmanns, S., Zhou, Z.H., Chiu, W. Wriggers, 
W., Fast rotational matching of single-particle images, J Struct 
Biol, (2005), 144, 51-60.

Fang, Q., Shah, S., Liang, Y., Zhou, Z.H., 3D reconstruction 
and capsid protein characterization of grass carp reovirus, Sci 
China C Life Sci, (2005), 48, 593-600.

HONORS AND AWARDSS

2004: Burton Award, American Microscopy Society 
2002: Established Investigator Award, American Heart  
Association
2000: Basil O’Connor Scholar Award, March of Dimes  
Foundation 
1999: Pew Scholar in the Biomedical Sciences
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Jeffrey I. Zink

Professor of Chemistry
Department of Chemistry and Biochemistry
Ph.D., Chemistry, 1970, University of Illinois
zink@chem.ucla.edu

RESE ARCH INTERESTS

Professor Zink and his research group work in four areas of 
nanoscience: nano-machines, activated nanoparticles for drug 
delivery, functional (optical and electrical) nano-structured 
materials, and nanomaterials produced by laser-assisted chem-
ical vapor deposition. Research on nano-machines is focused 
on rotating machines, oscillating “molecular impellers,” and 
nano-valves. Nanoparticles containing pores controlled by 
nanovalves are used to target cells and deliver their contents 
on demand. Studies of functional nano-materials are currently 
focused on electron and energy transfer at the nanoscale. 
Active molecular components designed to produce the desired 
function are placed in spatially separated regions in a one-
step self-assembly process. The research on deposition uses 
photons to direct the bond-breaking of precursor molecules 
confined in nanostructures to produce nanoparticles. Unifying 
themes that run through all of these areas include materials 
synthesis and characterization, theoretical understanding of 
physical properties, and spectroscopic characterization of the 
function and operation of the active materials.

SELECTED PUBLIC ATION S

Lan, E.H., Dunn, B., Zink, J.I., “Nanostructured systems for 
biological materials”, Methods in Molecular Biology (Totowa, 
NJ, United States), 2005, 300, 53-79. 

Kickhoefer, V.A., et.al., Engineering of vault nanocapsules 
with enzymatic and fluorescent properties, Proceedings of the 
National Academy of Sciences of the United States of America, 
2005, 102 (12), 4348-52.

Minoofar, P.N., Dunn, B.S., Zink, J.I., “Multiply Doped Nano-
structured Silicate Sol-Gel Thin Films: Spatial Segregation 
of Dopants, Energy Transfer, and Distance Measurements”, 
Journal of the American Chemical Society, 2005, 127 (8), 2656-
2665.

Nguyen, T.D., et.al., “A reversible molecular valve”, Proceed-
ings of the National Academy of Sciences of the United States 
of America, 2005, 102 (29), 10029-10034.

HONORS AND AWARDS

John Simon Guggenheim Fellow; Invited Visiting Professor, 
University of Paris; Invited Visiting Professor, University of 
Amsterdam; Dow-Hanson Distinguished Teacher Award; 
U.S. Department of Energy Materials Sciences Award for 
Outstanding Scientific Accomplishment in Metals and Ceramic 
Sciences; J. Clarence Karcher Lecturer, University of Oklahoma; 
Foster Chemistry Colloquium Lecturer, SUNY Buffalo; National 
Science Council of Taiwan Visiting Lecturer

RESE ARCH KEy WORDS

nano-machines, drug delivery, self-assembly
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I n t e r d I s c I p l I n a r y  c o l l a b o r at I v e  r e s e a r c h

Galectin-3	and	Galectin-1	Bind	Distinct	Cell	Surface	Glycoprotein	
Receptors	to	Induce	T	Cell	Death

Collaboration	between	CNSI,	UCLA,	UC	Davis,	Albert	Einstein	College	of	Medicine,	University	of	British	Columbia

any	 families	 of	 proteins	 control	 cellular	 responses.	 While	
different	 members	 of	 these	 protein	 families	 may	 appear	
quite	similar,	the	different	members	often	have	very	different	
functions.	 We	 are	 interested	 in	 a	 family	 of	 proteins	 called	
the	 galectins.	 The	 galectin	 family	 of	 proteins	 control	 several	
critical	 functions	 in	 many	 different	 cell	 types,	 including	 cell	

proliferation,	cell	survival,	cell	adhesion	and	cell	migration.	Two	family	members,	
galectin-1	and	galectin-3,	have	both	been	identified	in	immune	tissues	such	as	
lymph	nodes	and	thymus,	and	both	galectin-1	and	galectin-3	are	known	to	trigger	
death	 of	 T	 lymphocytes,	 a	 type	 of	 white	 blood	 cell	 that	 protects	 against	 viral	
infections	and	cancer.	However,	 it	was	not	known	how	 the	 two	galectin	 family	
members	kill	T	cells,	nor	if	galectin-1	and	galectin-3	target	the	same	subsets	of	T	
lymphocytes	in	different	tissues.	In	this	study,	we	demonstrated	that	galectin-1	
and	galectin-3	are	expressed	in	immune	tissues	in	overlapping	but	not	identical	
regions.	In	addition,	we	found	that	galectin-1	and	galectin-3	kill	different	subsets	
of	developing	T	 lymphocytes,	suggesting	that	galectin-1	and	galectin-3	may	be	
important	at	different	stages	of	T	cell	development	 for	creating	an	appropriate	
repertoire	of	T	cells	that	can	recognize	viruses	and	tumor	cells.	Finally,	we	identified	
the	T	cell	surface	receptors	for	galectin-3,	which	are	distinct	from	the	receptors	for	

galectin-1,	indicating	that	the	two	galectins	kill	T	cells	
via	distinct	mechanisms.	As	galectin-1	and	galectin-
3	 have	 unique	 structural	 features,	 future	 work	 is	
focused	on	understanding	the	structural	features	of	
different	 galectins	 that	 allow	 selective	 recognition	
of	glycoprotein	 receptors	and	 targeting	of	different	
T	lymphocyte	subsets.	As	galectins	have	therapeutic	
potential	in	controlling	T	cell	survival,	understanding	
the	distinct	T	cell	subsets	 that	 respond	to	different	
galectins	will	 allow	us	 to	precisely	 control	 immune	
cell	survival	with	galectins	in	a	variety	of	diseases.	

This	research	received	federal	funding	from	NIH,	NIGMS

We are interested in understanding 

how specific interactions between 

proteins and carbohydrates on the cell 

surface regulate the response of the 

cell to various stimuli and control cell 

proliferation and survival.

Galectin-1	(red)	and	galectin-3	(green)	are	expressed	in	overlapping	but	non-identical	regions	in	human	lymph	node.
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T
he	structure	of	amyloid	and	prions:	Amyloid	and	prion	diseases	are	
diseases	of	protein	conformation,	in	which	a	normal,	functional	pro-
tein	converts	to	an	abnormal,	aggregated,	fibrillar	state.	Amyloid	and	
prion	fibrils	are	often	associated	with	fatal	diseases,	and	are	always	
characterized	 by	 a	 signature	 X-ray	 diffraction	 pattern,	 the	 “cross-
beta”	pattern.	Our	goal	is	to	understand	the	general	features	of	the	

conversion,	 including	what	accounts	 for	 the	 transmissibility	of	 these	diseases,	
and	why	there	is	a	barrier,	which	sometimes	can	be	penetrated,	between	species.	
In	2005,	we	determined	the	first	atomic-level	structure	for	the	cross-beta	spine	
of	an	amyloid.	This	structure	shows	that	the	spine	consists	of	two	parallel	beta	
sheets,	packed	across	a	tight,	dry	interface	that	we	call	a	steric	zipper.	The	struc-
ture	of	the	spine	explains	the	stability	of	the	amyloid	and	gives	hints	regarding	
the	process	of	conversion	and	the	nature	of	the	species	barrier;	it	also	suggests	
why	 some	proteins	may	 form	 the	amyloid	while	others	do	not.	 In	2006,	using	
joint	bioinformatics	and	biochemical	 experimentation,	we	have	determined	30	
protein	segments	from	fibril-forming	proteins	that	themselves	form	both	fibrils	
and	microcrystals;	 these	studies	have	permitted	structural	determination	of	13	
additional	cross-beta	spines,	revealing	variations	in	amyloid	structures.

Protein	interactions:	The	lives	of	cells	are	controlled	by	the	networks	of	their	mac-
romolecular	interactions.	These	interactions	are	the	basis	of	the	many	metabolic	
and	 signaling	 pathways	 of	 the	 cell,	 and	 the	molecular	machines	 that	 perform	
the	work	of	the	cell.	We	have	 inferred	many	of	these	pathways	and	complexes	
from	analyses	of	fully	sequenced	genomes,	using	methods	such	as	Phylogenetic	
Profiles,	 Rosetta	 Stone,	 and	 Gene	 Neighbor	 techniques.	 A	 ProLinks	 database	
has	been	created	to	make	this	information	generally	available,	and	the	inferred	
functional	 linkages	 in	 330	 genomes	 are	 available	 on	 the	web	 (http://mysql5.
mbi.ucla.edu/cgi-bin/functionator/pronav).	We	have	also	devised	methods	 for	
visualization	and	 interpretation	of	 the	 functional	 linkages,	 such	as	a	 clustered	
genome-wide	functional	linkage	map.	In	recent	work,	the	method	of	Phylogenetic	
Profiles	has	been	extended	 from	the	study	of	pairs	of	proteins	 to	 the	study	of	
triplets,	offering	deeper	insight	into	metabolic	pathways.	

The atomic structure of an amyloid fibril, 

related to fibrils found in Alzheimer’s, 

Parkinson’s, and related diseases.

Atomic	structure	of	the	amyloid	spine	formed	
from	the	GNNQQNY	segment	of	the	yeast	
prion	Sup35.

Protein	Interactions	in	Health	and	Disease

Collaboration	between	CNSI,	UCLA,	and	European	Synchrotron	Radiation	Facility,	Grenoble,	France
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Fig	B.	Thin	film	nanocomposite	RO	mem-
brane	comprising	a	polyamide-particle	nano-
composite	thin	film	formed	over	a	porous	
polysulfone	support.

Fig	A.	Conventional	thin	film	composite	RO	
membrane	comprising	a	polyamide	thin	film	
formed	over	a	porous	polysulfone	support.	

T
he	 first	 commercially	 viable	 reverse	 osmosis	 (RO)	 membrane	
developed	 at	 UCLA	 in	 the	 1950s	 made	 feasible	 the	 production	 of	
fresh	 water	 from	 saline	 water	 sources,	 but	 was	 replaced	 in	 the	
1970s	by	more	efficient	composite	membranes	comprised	of	a	thin	
(nano-scale)	polymer	film	cast	on	top	of	a	porous	polymeric	support.	
Over	thirty	years	later,	thin	film	composite	(TFC)	membranes	remain	

the	 state-of-the-art	 in	 membrane	 desalination	 technology.	 While	 modern	 TFC	
membranes	 produce	 very	 pure	 water	 from	 highly	 contaminated	 sources	 (e.g.,	
wastewater	and	ocean	water),	energy	consumption	remains	a	hurdle	toward	their	
widespread	implementation.	In	addition,	TFC	membranes	are	highly	susceptible	
to	surface	fouling,	physical	compaction,	and	chemical	degradation.

Nanocomposite	 materials	 are	 enabling	 rapid	 advancements	 in	 structural	 and	
functional	materials	across	all	industries	and	applications.	CNSI/UCLA	research-
ers	have	recently	developed	a	new	method	of	integrating	functional	nanoparticles		
with	 thin	 (nano-scale)	 polymer	 films,	 which	 has	 led	 to	 the	 creation	 of	 a	 new		
class	 of	 thin	 film	 nanocomposite	 (TFN)	 reverse	 osmosis	membranes.	 The	 first	
generation	 of	 TFN-based	water	 treatment	membranes	 has	 been	 formed	 using	
super-hydrophilic	 and	antimicrobial	 nanoparticles.	 Preliminary	 studies	 confirm		

that	TFN	membranes	purify	water	as	well	as	do	TFC	
membranes,	 with	 significant	 energy	 savings;	 the	
hydrophilic	 antimicrobial	 surfaces	 both	 passively	
and	actively	resist	fouling.	Unlike	other	novel	mem-
brane	materials	and	surface	modification	approaches,	
large-scale	 commercial	 production	 of	 TFN	 mem-
branes	 appears	 possible	 without	 modification	 of	
existing	 commercial	 manufacturing	 infrastructure	
and	practices.	Further,	the	estimated	cost	of	produc-
ing	TFN	membranes	is	only	1-10	percent	greater	than	
that	for	preparing	conventional	TFC	membranes.	

In	 partnership	 with	 NanoH2O,	 LLC,	 UCLA	 has	 filed	
U.S.	and	international	patent	applications	on	thin	film	
nanocomposite	 membrane	 technology.	 CNSI/UCLA	
researchers	 are	 now	 developing	 TFN	 membranes	
into	the	next	generation	of	desalination	membranes.	
A	key	advantage	of	TFN	membrane	technology	is	that	
nanoparticles	can	be	designed	to	impart	a	wide	array	
of	functionality,	such	as	chemical	reactivity,	catalytic	
activity,	 selective	 binding,	 electrical	 conductance,	
and	fouling	resistance.	In	the	future,	thin	film	nano-
composite	 technology	 will	 be	 extended	 to	 create	
“smart”	 membranes,	 sensors,	 electrodes,	 and	 film	
coatings	 for	 other	 important	 chemical,	 biological,	
and	environmental	applications.	

Thin	Film	Nanocomposites:	A	New	Concept		
for	Reverse	Osmosis

Collaboration	between	CNSI,	UCLA,	and	NanoH2O,	LLC

Nanocomposite materials are enabling 

rapid advancements in structural 

and functional materials. Thin film 

nanocomposite technology could 

revolutionize the water industry through 

creation of “smart” membranes, sensors, 

and other functional materials.
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pH-Driven	Nanovalves

Collaboration	within	CNSI

ne	of	 the	toughest	challenges	today	for	researchers	 intent	upon	
taking	chemistry	up	to	the	frontiers	of	nanoscience	is	to	introduce	
a	rather	fine	level	of	control	upon	nanoscale	devices	adorned	with	
molecular	machinery	that	has	been	designed	and	self-assembled	
to	fulfill	a	particular	device	function.	Prominent	among	such	hybrid	
systems	are	supramolecular	and	molecular	valves	with	movable	

components	 that	 can	 be	 grafted	 onto	 mesoporous	 silica	 reservoirs	 in	 such	 a	
manner	that	the	two	parts	will	work	together	in	harmony	to	achieve	some	desir-
able	outcome	at	the	macroscopic	 level.	Molecules	with	movable	elements	that	
have	been	incorporated	into	working	devices	include	(1)	azobenzene	derivatives	
that	can	be	induced	with	light	to	undergo	cis-to-trans	isomerization,	(2)	coumarin	
derivatives	that	can	be	made	to	display	reversible	 intermolecular	dimerization,	
(3)	derivatized	CdS	nanoparticles	that	are	chemically	labile	thanks	to	the	revers-
ibility	of	the	thiol/disulfide	redox	process,	(4)	heat-responsive	polymers	that	are	
extended	at	high	temperatures	and	collapsed	at	low	temperatures,	and	(5)	pH-
sensitive	copolymeric	hydrogels.	 In	all	cases,	the	movable	elements	operate	in	
response	to	a	single	response.

Mechanically	 interlocked	 molecules	 comprise	 a	 unique	 class	 of	 systems	 pos-
sessing	 switchable—and,	 hence,	 movable—components,	 including	 molecules	
such	as	bistable	catenanes	and	rotaxanes.	These	compounds	can	be	designed	
such	that	their	movable	elements	can	be	controlled	by	external	stimuli,	such	as	
pH,	electricity,	or	 light.	Recently	(Org. Lett. 2006,	8, 3363–3366),	the	synthesis	
and	operation	of	a	supramolecular	valve	that	relies	on	the	pH-controllable	crown	
ether/dialkylammonium	ion-based	recognition	motif	was	reported	as	a	result	of	
collaborative	research	undertaken	by	CNSI	members.

Nanostructured	 silica,	 for	 use	 as	 both	 (a)	 the	 solid	 support	 for	 the	molecular	
machinery	 comprising	 the	 movable	 elements	 and	 (b)	 the	 containers	 in	 which	
guest	molecules	are	trapped	and	then	released	on	demand,	was	prepared	through		
surfactant-directed	 self-assembly	 to	 yield	 ordered	 arrays	 of	 channels	 in	 sol–
gel-derived	 silica.	 The	 operation	 of	 the	 nanovalve—that	 is,	 the	 release	 of	 the	

luminescent	probe	molecules	(coumarin	460)—was	
studied	using	luminescence	spectroscopy.

The	motion	of	the	movable	elements	in	the	[2]pseu-
dorotaxane	(the	[2]	signifying	two	total	components	
in	 the	 system)	 tethered	 to	 a	well-defined	mesopo-
rous	nanostructure	constitutes	“open”	and	“closed”	
configurations	of	 this	nanovalve	 system.	The	 steric	
bulk	of	 the	bases	plays	a	vital	 role	 in	 the	 function-
ing	of	the	nanovalve	and	results	in	systems	that	can	
release	guest	molecules	at	different	rates.	Moreover,	
the	diversity	provided	by	different	activating	agents	
greatly	 improves	 the	 flexibility	 and	 applicability	 of	
this	 class	 of	 nanovalve.	 In	 principle,	 nanovalves	
having	even	larger	pores	could	be	mixed	and	matched	
with	suitable	[2]pseudorotaxanes	to	perform	precise	
functions,	 such	 as	 targeted,	 acid/base-controlled	
drug	delivery.	

The versatility of supramolecular chemistry has been exploited 

in constructing nanovalves that are based on mesoporous silica 

MCM-41. The operation of these nanovalves relies on the pH-

responsive recognition between a donor and an acceptor.

Figure:	Graphical	representation	of	the	loading	and	pH-
controlled	release	of	guest	dye	molecules	from	supramo-
lecular	mesoporous	MCM-41	silica-based	nanovalves.

This	research	received	federal	funding	from	NSF

O



page 6 2 CNSI 2006  aNNual reSearCh report

I n t e r d I s c I p l I n a r y  c o l l a b o r at I v e  r e s e a r c h

A	Controlled	Release	Nanocontainer

Collaboration	between	CNSI	and	UCLA

T
he	synthesis	of	a	nanocontainer	that	incarcerates	organic	molecules	
with	nanometer	dimensions,	and	releases	these	molecules	when	the	
disulfide	gate	is	opened	through	reduction,	serves	as	a	prototype	for	
potential	controlled	release	in	cells.	The	delivery	of	drugs	to	the	site	
of	action	and	their	controlled	release	is	a	challenging	problem.	The	
emergence	 of	 nanotechnology	 as	 a	 possible	 solution	 has	 recently	

resulted	in	new	encapsulation	procedures	to	fabricate	novel	molecules	or	mate-
rials	under	 the	general	names	of	nanocapsules,	nanocontainers,	nanovehicles,	
and	nanoshells.	This	disulfide-gated	nanocontainer	is	the	first	example	based	on	
host-guest	complexes	exhibiting	turnable	constrictive	binding.

Molecular	container	compounds	were	pioneered	in	organic	chemistry	by	Donald	
Cram	at	UCLA	during	the	1980s	and	1990s	for	the	encapsulation	of	small	organic	
molecules	[usually	of	molecular	weight	(MW)	up	to	400]	into	larger	[MW	2000	to	
3000]	spherically	shaped	host	molecules	containing	pre-organized	cavities	with	
diameters	of	several	nanometers.	The	host	molecules,	hemicarcerands,	consisted	
of	two	bowl-shaped	units	each	linked	to	the	other	at	four	carbon	atoms	to	give	a	
closed	shell	that	contained	four	portals	in	the	equatorial	region	of	the	molecule.

The	 controlled	passage	of	 guest	molecules	 into	 or	 out	 of	 a	 portal	 produces	 a	
host-guest	complex:	a	hemicarceplex;	there	is	worldwide	interest	in	these	con-
tainer	 compounds	 for	use	as	molecular	 containers	 for	 reactive	 species	and	as	
potential	 catalysts.	 The	 possible	 use	 of	 these	 hemicarceplexes	 as	 carriers	 for	

drug	delivery	has	been	limited	because	of	the	need	
for	elevated	temperatures	for	the	ingress	and	egress	
of	 the	 guest	 molecules	 through	 the	 portals	 of	 the	
nanocontainer.	 The	 major	 achievement	 of	 this	
research	 study	 has	 been	 the	 modification	 of	 the	
structure	of	one	of	the	connecting	bridges	so	that	it	
can	be	opened	and	closed	chemically,	creating	a	con-
trollable	gate	through	which	the	guest	can	enter	and	
leave	the	cavity.

A	hemicarcerand	possessing	a	disulfide	group	in	one	
of	the	connecting	bridges	has	been	synthesized.	The	
disulfide	 linker	 serves	as	a	 closed	gate,	 trapping	a	
guest	molecule	in	the	cavity.	Reduction	of	the	disul-
fide	 to	 a	 dithiol	 opens	 the	 gate	 and	 releases	 the	
guest.	The	opening	and	closing	of	the	disulfide	gate	
is	mediated	by	an	external	thiol.

This	 concept	 is	 appealing	 because	 disulfides	 are	
normally	 extracellular,	 whereas	 the	 reducing	 envi-
ronment	 inside	 a	 cell	 results	 in	 only	 thiols	 being	
present.	A	water-soluble	 version	of	 this	 controlled-
release	 nanocontainer	 could	 be	 effective	 for	 drug	
delivery	to	cells.	

This	research	received	federal	funding	from	NSF

The synthesis of a nanocontainer that 

incarcerates organic molecules having 

nanometer dimensions, and releases 

these molecules when the disulfide gate 

is opened through reduction, serves as a 

prototype for potential controlled release 

in cells.
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Chiral	Borromean	Ring	Nanoparticles	

Collaboration	between	CNSI	and	Nottingham-Trent	University

As a highly symmetric nanoparticle that spans 2.5 nm, the 

Borromean ring structure, adorned with 12 symmetrically 

situated chiral centers, could find applications in chemical 

biology and materials science.

onsidering	 that	biological	 systems	are	homochiral,	 scientists	of	 all	
disciplines	 recognize	 the	 importance	of	considering	 the	chirality	of	
any	molecular	entity.	Chirality	can	be	manifested	in	many	forms,	be	
it	 a	 single	 stereogenic	 carbon	 center	 or	 an	 axis	 or	 plane	of	 chiral-
ity.	Some	 topologically	 interesting	molecules,	 including	catenanes,	
knots,	and	Borromean	rings	(BRs),	have	non-planar	molecular	graphs	

and	can	exhibit	topological	chirality.	Although	the	classic	example	is	the	trefoil	
knot,	catenanes	can	also	exhibit	topological	chirality,	provided	that	the	rings	pos-
sess	constitutional	directionality.	By	contrast,	molecular	BRs	—	characterized	in	
knot	theory	by	the	Brunnian	 link	—	remain	topologically	achiral	even	after	 the	
introduction	of	constitutional	directionality.	Thus,	the	only	way	through	which	we	
can	 render	BRs	chiral	 is	 to	 introduce	chirality	 in	 the	 form	of	elements	 that	are	
planar,	axial,	or	point	(stereogenic)	in	nature.	With	this	background	in	mind,	we	
have	prepared	two	enantiomeric	pairs	of	Borromean	linked	compounds	(Angew. 
Chem. Int. Ed. 2006,	45,	4099–4104)	using	Zn(II)	ions	to	template	their	formation	
from	diaminobipyridine	ligands	with	one	of	two	like	stereogenic	centers	—	i.e.,	
(RR)	or	(SS)	—	and	either	2,6-diformylpyridine	or	its	4-chloro	derivative	to	give	
the	(R)12	and	(S)12	enantiomers	of	the	Borromean	link	compounds.	The	X-ray	crys-
tal	structure	(Figure)	of	the	(R)12	enantiomer	reveals	CH2OH	groups	appended	to	
the	chiral	centers	that	are	oriented	in	like	pairs,	either	axial	(a)	or	equatorial	(e),	
that	 alternate	between	neighboring	60˚	 segments.	Moreover,	 beyond	 the	mol-
ecule,	 the	packing	of	 these	molecules	 leads	 to	 these	groups	 forming	 two	very	
different	hydrophilic	solvent	channels,	such	that	the	channels	are	lined	with	only	
axial	CH2OH	groups	or	only	equatorial	CH2OH	groups.

Although	 the	 incorporation	 of	 chiral	 centers	 into	
mechanically	 interlocked	 molecules	 can	 be	 incon-
sequential,	especially	if	the	stereogenic	centers	are	
far	removed	from	the	rest	of	the	functional	groups	in	
the	molecule,	 the	effects	of	such	centers	can	often	
be	amplified,	particularly	when	they	are	able	to	influ-
ence	 nearby	 elements	 in	 the	 molecular	 structure	
—sometimes	 even	 inducing	 chirality.	 It	 transpires	
that,	 as	 a	 consequence	 of	 introducing	 four	 stereo-
genic	 centers	 into	 each	 of	 three	 identical	 rings	 in	
these	 chiral	 Borromeates,	 such	 that	 they	 pair	 up	
in	 locations	 close	 to	 the	 six	 ions,	 these	metal	 ions	
are	 surrounded	 by	 chiral	 coordination	 spheres,	 as	
revealed	by	one	X-ray	crystal	 structure	and	several	
circular	dichroism	spectra.	The	successful	construc-
tion	 of	 this	 framework	 opens	 the	 door	 to	 a	 new	
molecular	entity	with	unexplored	properties.	A	chiral	
nanoparticle	 could	 have	 interesting	 implications	 in	
catalysis	and	liquid	crystalline	materials.	

This	research	received	federal	funding	from	NSF

Figure:	X-Ray	crystal	structure	of	(R)12-BRCl6
12+.	From	this	

viewpoint,	the	pendant	alternating	axial	(a)	and	equatorial	
(e)	CH2OH	groups	can	be	observed.
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A	Synthetic	Gene-Metabolic	Oscillator

Collaboration	between	CNSI	and	UCLA

A
utonomous	oscillations	found	in	gene	
expression	 and	 metabolic,	 cardiac,	
and	neuronal	systems	have	attracted	
significant	attention	because	of	both	
their	 obvious	 biological	 roles	 and	
their	intriguing	dynamics.	In	addition,	

de	 novo-designed	 oscillators	 have	 been	 demon-
strated,	using	components	 that	are	not	part	of	 the	
natural	 oscillators.	 Such	 oscillators	 are	 useful	 in	
testing	the	design	principles	and	in	exploring	poten-
tial	 applications	 that	 are	 not	 limited	 by	 natural	
cellular	behavior.	To	achieve	the	transcriptional	and	
metabolic	integration	characteristic	of	natural	oscil-
lators,	here	we	designed	and	constructed	a	synthetic	

circuit	in	Escherichia coli	K12,	using	glycolytic	flux	to	generate	oscillation	through	
the	signaling	metabolite	acetyl	phosphate.	If	two	metabolite	pools	are	intercon-
verted	by	two	enzymes	that	are	placed	under	the	transcriptional	control	of	acetyl		
phosphate,	 the	 system	 oscillates	 when	 the	 glycolytic	 rate	 exceeds	 a	 critical	
value.	We	used	bifurcation	analysis	to	identify	the	boundaries	of	oscillation,	and	
verified	these	values	experimentally.	This	study	demonstrates	the	possibility	of		
using	metabolic	flux	as	a	control	factor	in	system-wide	oscillation,	as	well	as	the	
predictability	 of	 a	 de	 novo	 gene-metabolic	 circuit	 designed	 using	 nonlinear	
dynamic	analysis.

Our	 design	 of	 this	 oscillatory	 circuit,	 termed	 “the	 metabolator”,	 integrates		
transcriptional	regulation	with	metabolism.	This	situation	is	in	contrast	with	the	
yeast	glycolytic	oscillator,	which	does	not	involve	transcriptional	regulation,	as	
well	 as	with	 previous	 synthetic	 gene	 expression	 oscillators,	which	 have	 been	
independent	of	metabolism.	The	conceptual	design	of	the	metabolator	consists	
of	a	flux-carrying	network	with	two	interconverting	metabolite	pools	(M1	and	M2)	
catalyzed	by	two	enzymes	(E1	and	E2),	the	expressions	of	which	are	negatively	
and	positively	regulated	by	M2,	respectively	(Fig.).

The	function	of	the	metabolator	is	somewhat	analogous	to	the	circadian	clock,	
in	that	both	are	 integrated	with	metabolic	physiology	and	respond	to	external	
stimuli	(carbon	sources	in	the	former,	light	in	the	latter).	The	close	involvement	
of	metabolism	in	circadian	regulation	has	been	documented.	For	example,	meta-
bolic	entrainment	is	recognized	as	serving	important	physiological	roles.	Haem	
biosynthesis	is	known	to	be	regulated	by	the	circadian	clock,	and	acetyl-CoA	has	
been	demonstrated	to	participate	in	the	conversion	of	serotonin	to	N-acetylse-
rotonin,	which	is	responsible	for	the	melatonin	circadian	rhythm	in	vertebrates.	
The	metabolator	might	 provide	 useful	 insight	 into	 the	 operating	 principles	 of	
physiologically	 integrated	 natural	 oscillators.	Moreover,	 the	 role	 of	metabolic	
flux	 in	 controlling	 oscillation,	 as	 demonstrated	 here,	 suggests	 that	 network	
connectivity	alone	 is	 insufficient	 to	determine	cellular	behavior.	 In	addition	 to	
mapping	 the	 regulatory	wiring	 diagram	 in	 cells,	 dynamic	 characterization	will	
also	be	essential.	

A synthetic gene-metabolic oscillator might provide 

useful insight into the operating principles of biological 

circadian rhythm.

This	research	received	federal	funding	from	CMIS
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Comparision	of	the	Abilities	of	Ambient	and	Manufactured	
Nanoparticles	to	Induce	Cellular	Toxicity	According	to	an	
Oxidative	Stress	Paradigm

Collaboration	between	CNSI,	UCLA,	Duke	University,	USC,	University	of	Pittsburgh	School	of	Medicine,		
and	Veterans	Administration	Medical	Center,	Madison,	Wisconsin

T
he	 unique	 physicochemical	 properties	
of	 engineered	 nanoparticles	 (NPs)	 are	
attributable	 to	 their	 small	 size,	 large	
surface	area,	chemical	composition,	sur-
face	reactivity,	charge,	shape,	and	media	
interactions.	 Although	 impressive	 from	

the	perspective	of	materials	science,	the	novel	prop-
erties	of	NPs	could	lead	to	adverse	biological	effects,	
with	 the	 potential	 to	 create	 toxicity.	 Indeed,	 some	
studies	have	demonstrated	that	NPs	can	exert	toxic	
effects	and	pose	hazards	to	humans	and	the	environ-
ment.	 Nanotoxicology	 is	 an	 emerging	 science	 that	
demands	an	understanding	of	 the	physicochemical	
properties	of	nanomaterials	that	may	cause	adverse	
biological	outcomes.

While	 the	 extraordinary	 properties	 of	 nanomateri-
als	 could	 necessitate	 a	 novel	 investigative	 approach,	
research	 into	 air	 pollution	 and	mineral	 dust	 particles	
has	 established	 a	 scientific	 basis	 for	 assessing	 lung	
and	cardiovascular	injuries	caused	by	inhaled	particles.	
This	 study	 includes	 evidence	 that	 ambient	 ultrafine	
particles	 (particulate	 matter	 having	 physical	 diam-
eters	<100nm)	 induce	reactive	oxygen	species	 (ROS),		

oxidative	stress,	and	inflammation	in	the	lung	and	vasculature.	Likewise,	occu-
pational	exposure	to	quartz	and	mineral	dust	particles	(e.g.,	coal	and	silicates)	
could	include	oxidative	injury,	inflammation,	fibrosis,	and	cytotoxicity	in	the	lung.	
Tissue	and	cell	culture	analyses	support	the	in vivo	outcomes,	pointing	to	the	role	
of	ROS	and	oxidative	stress	in	the	generation	of	proinflammatory	responses	and	
cytotoxic	effects.	Taken	together,	these	clinical	and	experimental	studies	indicate	
that	the	size,	surface	area,	chemical	composition,	and	ability	to	generate	ROS	all	
play	key	roles	in	the	ability	of	an	ambient	NP	to	induce	lung	injury.

Nanomaterial	 properties	 differ	 from	 those	 of	 bulk	 materials	 having	 the	 same	
composition,	allowing	them	to	execute	novel	activities.	A	possible	downside	of	
these	capabilities	is	harmful	interactions	with	biological	systems,	with	the	poten-
tial	 to	 generate	 toxicity.	An	approach	 to	 assess	 the	 safety	of	 nanomaterials	 is	
urgently	 required.	We	 have	 compared	 the	 cellular	 effects	 of	 ambient	 ultrafine	
particles	with	manufactured	titanium	dioxide	(TiO2),	carbon	black,	fullerol,	and	
polystyrene	(PS)	nanoparticles.	The	study	was	conducted	in	a	phagocytic	cell	line	
(RAW	264.7)	that	is	representative	of	a	lung	target	for	NPs.	Physicochemical	char-
acterization	of	the	NPs	indicated	a	dramatic	change	in	their	state	of	aggregation,	
dispersibility,	and	charge	during	transfer	from	a	buffered	aqueous	solution	to	the	
cell	culture	medium.	Particles	differed	with	respect	to	cellular	uptake,	subcellu-
lar	localization,	and	ability	to	catalyze	the	production	of	their	(ROS)	under	biotic	
and	abiotic	conditions.	Spontaneous	ROS	production	was	compared	by	using	an	
ROS	quencher	 (furfuryl	 alcohol)	 as	well	 as	an	NADPH	peroxidase	bioelectrode	
platform.	Among	the	particles	tested,	ambient	UFP	and	cationic	PS	nanospheres	
were	 capable	 of	 inducing	 cellular	 ROS	 production,	 GSH	 depletion,	 and	 toxic	
oxidative	 stress.	 This	 toxicity	 involves	 mitochondrial	 injury	 through	 increased	
calcium	uptake	and	structural	organellar	damage.	Although	active	under	abiotic	
conditions,	TiO2	and	fullerol	did	not	induce	toxic	oxidative	stress.	While	increased	
TNF-a	production	could	be	observed	to	accompany	UFP-induced	oxidant	injury,	
cationic	PS	nanospheres	induced	mitochondrial	damage	and	cell	death	without	
inflammation.	This	 research	 demonstrates	 that	measurements	 of	 ROS	genera-
tion	and	oxidative	stress	provide	a	valid	 test	paradigm	with	which	 to	compare	
NP	toxicity.	Although	not	all	materials	have	electronic	configurations	or	surface	
properties	 that	 allow	 spontaneous	 ROS	 generation,	 particles	 interacting	 with		
cellular	components	might	be	capable	of	generating	oxidative	stress.	

The principle of oxygen radical generation can be used to study and 

compare the toxic potential of engineered nanomaterials.

Electron	microscopy	images	of	(A)	untreated	
RAW	264.7	cells	and	the	subcellular	localization	
of	(B)	TiO2	and	(C)	carboxylated	and	(D)	amino	
(NH2)	polystyrene	(PS)	nanospheres.	Labels:	
M=mitochondria,	P=particles.

This	research	received	federal	funding	from	NIH,		
US	Public	Health	Service	Grants,	US	EPA	STAR
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Novel	Nanotube-on-Insulator	Approach	toward	Integrated	
Single-Walled	Carbon	Nanotube	Circuits

Collaboration	between	CNSI,	FENA,	UCLA,	and	USC

T
he	application	of	integrated	circuits	based	on	Complementary	Metal	
Oxide	Semiconductors	(CMOS)	has	been	a	major	force	for	economic	
growth	 during	 the	 past	 half-century.	 The	 International	 Technology	
Roadmap	 for	 Semiconductors	 highlights	 uncertainties	 in	 scaling	
beyond	 the	 10	nm	CMOS	node	size.	To	address	 this	 situation,	 in	a	
joint	 industry-government	 partnership,	 the	 Center	 on	 Functional	

Engineered	Nano	Architectonics	(FENA)	has	been	established	through	the	Focus	
Center	 Research	 Program	 (FCRP)	 managed	 by	 the	 Microelectronics	 Advanced	
Research	Corporation	(MARCO).	FENA	is	a	multi-institutional	distributed	research	
center	consisting	of	12	US	universities	and	30	distinguished	principal	investiga-
tors.	 FENA	 examines	 novel	 nanoscale	 materials	 and	 structures,	 focusing	 on	
fundamental	atomic-	and	molecular-level	understanding,	to	enable	new	proper-
ties	to	be	more	rapidly	incorporated	into	devices	and	architectures.	FENA	research	
endeavors	are	conducted	in	close	collaboration	with	the	CNSI.	

One	 of	 the	 many	 such	 research	 projects	 is	 the	 development	 of	 a	 novel	
Nanotube-on-Insulator	 (NOI)	 approach	 toward	 integrated	 single-walled	 carbon	
nanotube	 (SWNT)	 circuits.	 SWNTs	 are	 very	 attractive	 new	materials	 for	 many	

important	 electronic	 applications.	 To	 date,	 how-
ever,	 SWNT	 transistor	 devices	 are	 positioned	
painstakingly	 and	 aligned	 using	 methods	 such	
as	 flow	 alignment,	 and	 electrical-field-assisted	
alignment	 and	 then	 individually	 connected.	 Some		
experimental	techniques	can	create	more	extensive	
groups	of	 tubes,	but	 it	 remains	difficult	 to	produce	
planar	nanotube	arrays	over	 large	areas	with	suffi-
ciently	high	density	and	order.	

To	solve	the	problem,	we	are	developing	an	approach	
for	 producing	 high-yield	 nanotube	 devices	 and		
integrated	 circuits	 based	 on	 aligned	 SWNTs.	 We	
begin	 with	 nanotube	 arrays	 aligned	 over	 a	 large	
area	 with	 controlled	 density	 on	 crystalline,	 insu-
lating	 sapphire	 substrates,	 which	 bear	 analogy	 to	
industry-adopted	 silicon-on-insulator	 substrates.	
Using	such	nanotube	arrays,	we	have	demonstrated	
registration-free	 fabrication	 of	 both	 top-gated	 and	
polymer-electrolyte-gated	 field-effect	 transistors	
with	minimized	 parasitic	 capacitance	 and	 yields	 of	
~98%.	 This	 approach	 enables	 a	 large	 quantity	 of	
devices	 to	be	 constructed	at	desired	 locations	and	
requires	no	registration	between	the	electrodes	and	
the	nanotubes.	These	techniques	are	truly	enabling	
and	may	 lead	 to	 an	 enormous	 number	 of	 applica-
tions.	Because	the	active	material	 (i.e.,	nanotubes)	
is	 present	 over	 the	 entire	 substrate,	we	 can	 easily	
build	 high-density,	 large-scale	 integrated	 systems	
based	 on	 carbon	 nanotubes	 for	 both	 micro-	 and		
flexible	electronics.	

AFM	image	of	nanotube-on-insulator	
(NOI)	sample.

Schematic	diagram	of	integrated	circuit	based	
on	NOI.
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Engineering	Polypeptide-Coated	Adenoviral	Gene	Delivery	
Vectors	for	Systemic	Therapy	of	Prostate	Cancer

Collaboration	between	CNSI	and	UCLA

ackground:	 In	 prostate	 cancer	 gene		
therapy,	the	targeting	of	malignant	tissue	
is	 necessary	 in	 order	 to	 avoid	 causing		
significant	 harm	 to	 normal	 tissues	 or	
host	as	a	whole.	Ideally,	the	effect	must	
be	 systemic	 to	 allow	 the	 therapeutic		

efficacy	 access	 to	 widespread	 sites	 of	 distant	
metastases,	 especially	 those	 not	 detectable	 by	
conventional	 diagnostic	 methods.	 The	 proposed	
polypeptide	coated	adenoviral	vector	reduces	serum	
protein	 adsorption	 and	 protects	 the	 vector	 from	
degradation	 in	 host	 circulation,	 reduces	 systemic	
immune	 activation,	 increases	 the	 vector’s	 avail-
ability	 for	 uptake	 by	 target	 cells	 and	 subsequent	
transgene	 expression.	 We	 have	 developed	 a	 pros-
tate-specific,	 two-step	 transcriptional	 amplification	
(TSTA)	 system	 in	 collaboration	 with	 Dr.	 Michael	
Carey	 of	 the	 Biological	 Chemistry	 Department	 and	
Dr.	 Sanjiv	 Gambhir,	 formerly	 of	 the	 Molecular	 &	
Medical	Pharmacology	Department.	The	TSTA	gene	
expression	system	exhibits	higher	activity	 than	 the	
constitutive	 viral	 promoters	 (e.g.	 CMV)	 but	 retains	
tissue	 specificity	 and	 proper	 hormonal	 regulation.	
This	prostate-specific	TSTA	system	has	been	applied	
to	 express	 imaging	 reporter	 genes	as	well	 as	 cyto-
toxic	genes.	

Objective:	 The	 idea	 of	 this	 project	 is	 to	 complement	 the	 strengths	 and	weak-
nesses	of	viral	and	synthetic	vectors	by	using	novel	strategies	 to	combine	 the	
advantageous	aspects	of	 each	 system	 for	 gene	 therapy	applications.	The	ulti-
mate	goal	 is	 to	develop	specific	cell-targeted	diagnostic	 imaging	and	cytotoxic	
gene	delivery	vectors	to	detect	and	eradicate	disseminated	tumor	cells.	Prostate	
cancer	is	the	first	disease	for	which	we	are	developing	the	proof-of-principle	for	
this	new	generation	of	coated	viral	vector.

Specific	Aims:	The	project	will	result	in	the	synthesis	and	characterization	of	co-
polypeptide	coatings	 for	adenoviral	modification.	The	flexible	chemistry	of	 the	
synthesis	protocols	allows	the	coupling	of	targeting	ligands	for	specific	cell-type	
interactions	both	 in	 vitro	 and	 in	 vivo.	The	 variance	 in	 uptake	 and	 transfection	
efficiency	due	to	each	of	the	modifications	to	the	‘naked’	adenoviral	vector	will	
be	investigated	singly	as	well	as	in	combination.	The	TSTA	system	will	be	used	to	
confer	tissue-specificity	and	also	used	to	visualize	and	assess	the	efficacy	of	the	
fusion	vector.	The	activities	of	the	re-engineered	vectors	will	be	fully	character-
ized	in	cell	cultures	as	well	as	in	relevant	animal	model	of	prostate	tumor.	

Relevance:	The	proposal	 is	directly	related	to	the	development	of	efficient	and	
safe	gene	delivery	vectors	for	treating	prostate	cancer.	It	addresses	the	key	regu-
latory	elements	and	therapeutic	strategies	for	successful	gene	therapy	such	as	
the	delivery	system,	targeted	expression	of	the	therapeutic	gene	and	the	in	vivo	
monitoring	of	the	transgene	expression	and	therapeutic	activity.	

The inter-disciplinary strategy of 

modifying a viral vector with a synthetic 

polypeptide-based coating combines 

the advantageous aspects of viral 

and non-viral systems to improve the 

efficacy of gene therapy of diseases  

in the subject.

This	research	received	federal	funding	from	DOD

Tissue-specific gene expression
• Two-step Transcriptional Amplification (TSTA) system B
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Using	Equally	Sloped	Tomography	for	the	Nanoscale		
Imaging	of	Large	Protein	Complexes
	
Collaboration	between	CNSI,	UCLA,	and	Caltech

T
omography	 has	 had	 a	 revolutionary	 impact	 on	 a	 number	 of	 fields	
ranging	 from	 CT	 and	 PET	 to	 electron	 microscopy.	 Conventional	
tomography	 reconstructs	a	3D	object	 from	a	 set	of	 equally	 angled	
2D	 projections.	 Because	 the	 set	 of	 projections	 is	 in	 polar	 coordi-
nates	 and	 the	 object	 in	 Cartesian	 coordinates,	 interpolation	must	
be	performed	in	the	reconstruction	process,	although	 it	 introduces	

artifacts	in	the	reconstructed	3D	object.	In	the	application	to	cell	and	molecular	
biology,	there	are	two	more	difficulties:	a	limited	number	of	projections	due	to	
radiation	damage	to	biological	structures	and,	for	electron	microscopy,	the	miss-
ing	wedge	problem	(i.e.,	specimens	cannot	be	tilted	beyond	±70˚	and	the	data	
in	the	remaining	±20˚	projections	are	missing).	These	difficulties	currently	limit	
the	contrast	and	resolution	of	3D	imaging	of	cellular	structures	and	large	protein	
complexes.	We	have	recently	developed	equally	sloped	tomography	to	alleviate	
these	difficulties.	Unlike	conventional	tomography,	this	new	approach	makes	use	
of	a	set	of	equally	sloped	projections.	Using	a	combination	of	pseudo-polar	fast	
Fourier	transform	and	iterative	algorithms,	equally	sloped	tomography	provides	
3D	 reconstructions	of	 cellular	 structures	 and	 large	protein	 complexes	 that	 are	
superior	to	those	obtained	using	conventional	tomography.

We	have	collaborated	with	Prof.	Grant	Jensen’s	group	
at	Caltech	to	collect	an	equally	sloped	data	set	from	
hemocyanin	 protein	molecules.	 Hemocyanins	 carry	
oxygen	 in	 the	 blood	 of	 most	 molluscs	 and	 some	
arthropods,	 such	 as	 the	 horseshoe	 crab.	 They	 are	
second	only	 to	hemoglobin	 in	biological	popularity	
for	use	 in	oxygen	transport.	Fig.	1	displays	three	of	
the	105	2D	images	of	frozen-hydrated	hemocyanins	
embedded	in	vitreous	ice.	The	tilt	angle	ranges	from		
-69.44°	to	+69.44°,	which	is	on	an	equally	sloped	grid.	
By	using	the	iterative	algorithms,	we	have	obtained	
3D	 images	 of	 hemocyanin	 protein	 molecules	 that	
exhibit	 not	 only	 better	 resolution	 but	 also	 	 higher	
contrast	 than	 those	 obtained	 using	 conventional	
cryo-electron	 tomography	 (3D	 images	 not	 shown	
here).	 Furthermore,	 equally	 sloped	 tomography	 is	
also	 applicable	 to	 CT	 and	 PET.	We	 have	 been	 col-
laborating	with	Prof.	Arion	Chatziioannou	at	UCLA’s	
Crump	Institute	to	develop	the	application	of	equally	
sloped	tomography	to	CT	and	PET.	

Fig.	1.	Three	of	the	105	2D	images	of	frozen-hydrated	hemocyanin	protein	molecules	
embedded	in	a	vitreous	ice.	The	tilt	angle	is	measured	on	an	equally	sloped	grid.	The	
2D	images	were	obtained	at	(a)	-45°	(b)	0°	and	(c)	+45°.	The	grey	spots	in	the	figures	
correspond	to	the	hemocyanin	molecules.

This	research	received	federal	funding	from	DOE	and	NSF
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The	Role	of	Microtubules	on	the	Local	Stiffness	of	
Individual	Fibroblasts:	Nanomechanical	Properties		
of	Cancer	Cells

Collaboration	between	CNSI	and	UCLA	Center	for	Cell	Mimetic	Space	Exploration	(CMISE)

Nanomechanical forces control cell structure and function. 

Cancer cells demonstrate altered mechanical properties, 

which can include increased pliability that facilitates spread 

and harms patients. Improved models of cellular scaffolding 

are therefore required to understand changes in malignancy 

and provide potential new targets for therapy.

anomechanical	 forces	 are	 intimately	
involved	 in	 many	 cellular	 processes		
such	 as	 viability,	 apoptosis,	 signaling,	
and	metastatic	potential.	The	cytoskele-
ton	 forms	 the	 architecture	 through		
which	nanomechanical	forces	are	gener-

ated,	 translated	 and	 communicated.	 Several		
debated	 physical	 models	 have	 been	 developed	 to	
describe	the	nanomechanical	properties	of	the	cell.	
Some	models	describe	cellular	architecture	as	a	vis-
coelastic	 continuum,	 a	 balance	 of	 tension	 and	
compression	 forces	 or	 as	 a	 semi-flexible	 polymer	
network.	However,	 it	 is	clear	 that	each	cytoskeletal	
element	 (actin,	microtubules	 and	 intermediate	 fila-
ments)	are	biochemically	and	mechanically	linked	to	
one	another	in-vivo.	Hence,	it	impossible	to	present	
a	 complete	 model	 of	 cell	 nanomechanics	 while	
excluding	 one	 or	 more	 of	 these	 elements.	 The		
cytoskeleton	 behaves	 as	 one	 mechanical	 system	
rather	 than	a	system	built	of	discrete	and	 indepen-
dent	mechanical	 elements.	 Consequently,	 scientific		
reductionism	 would	 be	 inappropriately	 applied	 to	
the	study	of	cell	architecture	if	the	goal	is	to	produce	
a	biologically	relevant	picture	of	cell	nanomechanics.	
In	 this	 collaborative	 study,	 the	 Atomic	 Force	
Microscope	(AFM)	was	used	to	examine	the	nanome-
chanical	 role	of	distinct	populations	of	dynamically	

unstable	and	stable	microtubules.	Results	from	this	collaborative	investigation	
should	improve	our	understanding	of	cellular	nanomechanics,	our	understanding	
of	 the	 contribution	 that	 each	 type	 of	microtubule	 provides	 for	 cell	membrane	
form	and	function,	and	should	facilitate	our	ability	to	refine	models	of	cell	nano-
mechanical	properties	with	new	knowledge	of	unique	microtubule	contributions	
to	cell	stiffness	and	elasticity.	

This	research	received	federal	funding	from	NASA	and	NIH

AFM	interrogation	of	membrane	rigidity.	Schematic	representation	of	
AFM	on	cell	surface	(upper	left);	AFM	imaging	of	a	mammalian	cancer	
cell	(upper	right);	AFM	cantilever	tip	surveying	a	cancer	cell	(lower	left);	
and	resultant	membrane	force	curves	for	9	different	cancer	cells	of	the	
same	type	(lower	right).

N
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Systems	Biology	of	Herpesvirus	Infection

Collaboration	between	CNSI,	UCLA,	and	UC	Berkeley

iology	consists	of	 complicated	 interact-
ing	 systems	 with	 numerous	 pathways	
and	 instructions.	 It	 is	 necessary,	 but	 a	
serious	 challenge,	 to	 define	 the	 roles	
of	these	interconnected	pathways.	With	
strong	selection	pressure,	 viruses	have	

acquired	the	ability	to	attack	critical	points	of	the	host	
system,	at	levels	ranging	from	subcellular	to	organ-
ismic.	 Viruses	 usually	 rearrange	 the	 host	 system	
to	 maximize	 viral	 replication.	 Viruses	 can	 serve	 as	
leads	for	us	to	gain	insights	into	host	systems.	One	
of	our	aims	is	to	understand	the	mechanism	for	the	
establishment	and	maintenance	of	viral	latency	and	
the	 subsequent	 reactivation	 of	 the	 lytic	 life	 cycle.	
Another	 aim	 is	 to	 dissect	 interactions	 of	 the	 virus	
with	host	cells	and	the	immune	system.	This	collabo-
ration	 combines	 molecular	 biology,	 immunology,	
nanotechnology,	 and	 whole	 body	 imaging	 technol-
ogy	 to	understand	the	mechanisms	and	to	develop	
new	 diagnostic	 and	 therapeutic	 strategies	 for	 viral	
infection.	

Herpesviruses,	one	of	the	most	complicated	viruses,	
have	 two	 distinct	 life	 cycles,	 latency	 (a	 “dormant”	
but	reactivatable	state)	and	lytic	replication.	We	have	
identified	 Rta	 (replication	 and	 transcription	 activa-
tor)	 as	 the	 molecular	 switch	 between	 latency	 and	
lytic	replication	for	herpesviruses	such	as	KSHV	and	
MHV-68.	 Activation	 of	 Rta	 leads	 to	 lytic	 replication	
cycle	and	inhibition	of	Rta	results	in	latency.	To	sys-
tematically	define	cellular	 signals	 that	 regulate	Rta	
activity,	high-throughput	technology	has	been	used	
to	identify	and	map	cellular	signaling	pathways	that	
regulate	 Rta	 activity.	 Currently,	 we	 are	 combining	
microfluidic	technology	and	mathematical	modeling	
to	define	the	stochastic	switch	process	at	the	single-
cell	level.	In	addition,	we	use	imaging	technology	to	
characterize	 the	significance	of	 the	switch	 for	virus	
replication	in	mice.	Based	on	our	study	of	the	switch,	
we	have	engineered	a	virus	with	constitutively	active	

Rta.	This	virus	lacks	the	latency	cycle	but	is	active	in	lytic	replication,	and	stimu-
lates	strong	 immune	 response.	 Immunization	with	 this	virus	protects	 the	mice	
from	challenge	infection.	By	defining	the	molecular	switch,	we	have	developed	a	
novel	vaccine	strategy	against	herpesviruses.	

An	individual	organism	or	individual	cell	usually	receives	multiple	signals	simul-
taneously	and	generates	an	optimized	 response.	Current	 research	approaches	
study	one	signal	pathway	at	a	 time	or	 the	crosstalk	of	 two	signal	pathways.	 It	
is	 not	 clear	 how	multiple	 cellular	 signals	 are	 processed	 to	 achieve	 optimized	
responses.	Furthermore,	genetically-identical	cells	may	respond	differently,	and	
the	underlying	molecular	basis	is	not	clear.	In	pharmacology,	multiple	drugs	can	
target	a	single	disease,	such	as	cancer.	Each	individual	may	require	a	different	
combinational	therapy.	Current	therapy	normally	uses	one	or	two	fixed	regimen	
for	one	disease.	Timely	optimization	of	a	multiple-drug	combination	specifically	
for	an	individual	is	a	promising	approach,	but	a	forbidding	task	with	the	current	
technology.	In	collaboration	with	Professor	Chih-Ming	Ho,	Ming	Wu,	CJ	Kim,	Jeff	
Shamma,	we	are	developing	methods	to	manipulate	and	monitor	individual	cells	
under	 various	 conditions	 simultaneously	 and	 provide	 feedback	 controls,	 with	
parallel	optimization	with	cross-entropy	program.	The	goal	is	to	develop	a	gen-
eral	approach	to	define	the	biological	consequence	of	multiple	inputs.	

We combine molecular biology, immunology, nanotechnology, 

and in vivo imaging to understand the mechanisms underlying 

viral infection and to develop new diagnostic and therapeutic 

strategies for viral diseases.

Murine	gamma-herpesvirus	68	(MHV-
68)	is	used	as	a	model	system	for	the	
study	of	herpesviral	pathogenesis	and	
interaction	with	the	host	immune	sys-
tem.	We	introduced	a	bioluminescent	
gene	into	the	viral	genome	to	monitor	
the	replication	of	MHV-68	in	vivo	
noninvasively	and	repetitively.	MHV-68	
infection	progresses	to	different	organs	
with	different	kinetics	and	the	clearance	
of	lytic	viral	replication	happens	locally,	
not	globally.	The	imaging	system	pro-
vides	a	new	measurement	for	vaccine	
development.		

	

B



page 7 1 CNSI 2006  aNNual reSearCh report

I n t e r d I s c I p l I n a r y  c o l l a b o r at I v e  r e s e a r c h

Phosphorylated	S6	Ribosomal	Protein:	A	Novel	Biomarker	
of	Antibody	Mediated	Rejection	in	Heart	Allografts

Collaboration	between	CNSI	and	UCLA

p-S6RP	immunoperoxidase	staining	of	endomyocardial	biopsies	from	heart	transplant	
patients.	p-S6RP	staining	grades	are	shown:	grade	0	(A),	grade	1	(B),	grade	2	(C),	grade	
3	(D)	and	grade	4	(E).

This	research	received	funding	from	NIH	and	American	Heart	Association

This study emphasizes the potential value 

of using a proteomic approach to identify 

signal transduction pathways involved in 

transplant rejection.  Phosphorylated S6RP 

appears to be a useful adjunct molecular 

marker to diagnose antibody medidated 

rejection that will likely require specific and 

intensive immunotherapy.  

W
e	tested	the	hypothesis	that	phosphorylation	of	S6	ribosomal	
protein	(S6RP),	a	downstream	target	of	the	PI3K/Akt/mTOR	
pathway,	 is	 a	 biomarker	 of	 antibody	 mediated	 rejection	
(AMR)	in	heart	allografts.	Primary	cultures	of	human	aortic	
and	microvascular	endothelial	cells	(EC)	were	treated	with	
anti-HLA	class	I	and	class	II	antibodies	(Ab)	and	cell	lysates	

were	studied	for	phosphorylation	of	S6	ribosmal	protein	at	Serine235/236	(p-
S6RP).	Treatment	of	cultured	EC	with	anti-class	I	and	class	II	Ab	stimulated	S6RP	
phosphorylation.	 Immunohistochemical	 techniques	 were	 used	 to	 detect	 the	
level	 of	 p-S6RP	 in	 endomyocardial	 biopsies	 (n=131)	 from	46	 heart	 transplant	
recipients	and	 the	 results	were	correlated	with	histopathological	diagnosis	of	
rejection,	 C4d	 staining,	 production	 of	 posttransplant	 anti-HLA	Ab	 and	 clinical	
outcome.	 Increased	phosphorylation	of	S6RP	 in	endomyocardial	biopsies	was	
significantly	 associated	with	 the	 diagnosis	 of	 AMR	 (p<0.0001).	 No	 significant	
association	between	acute	cellular	 rejection	 (ACR)	and	p-S6RP	was	observed.	
C4d	staining	was	positively	associated	with	both	AMR	and	p-S6RP.	Post-trans-
plant	anti-HLA	 class	 II	Ab	production	was	also	 significantly	associated	with	a	
positive	p-S6RP	status	in	cardiac	biopsies.	These	results	indicate	that	p-S6RP	is	
a	useful	biomarker	for	the	diagnosis	AMR.	
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Supramolecular	Nanovalves

Collaboration	within	CNSI

W
ith	the	advent	of	nanotechnology,	the	fascination	of	achiev-
ing	 the	 miniaturization	 of	 macroscale	 machines,	 with	 the	
prospect	of	matching,	 if	not	eventually	emulating,	 the	per-
formance	 of	 nanoscale	 biological	machines,	 is	 acting	 as	 a	
vigorous	 incentive	 to	 chemists	 and	 engineers	 to	 develop	
artificial	 nanoscale	 machines	 at	 both	 the	 molecular	 and	

supramolecular	 levels.	 For	 molecule-based	 systems	 to	 express	 machine-like	
functions,	they	should	be	able	to	execute	stimuli-induced	specific	and	directional	
mechanical	movements	that	are	otherwise	restricted	when	they	rely	on	Brownian	
motion	alone.

The	 [2]pseudorotaxane	 comprising	 the	 π-electron-accepting	 cyclobis(para-
quat-p-phenylene)	 (CBPQT4+)	 cyclophane	 encircling	 a	 π-electron-donating	
1,5-bis-[(2-hydroxyethoxy)ethoxy]naphthalene	(BHEEN)	stalk	can	be	considered	
a	nanoscale	machine.	The	absence	of	any	bulky	stopper	units	at	the	ends	of	the	
stalk	component	allows	the	cyclophane	to	slip	onto	and	off	from	the	stalk	under	
equilibrium	conditions—a	process	that	can	also	be	controlled	by	using	light	as	
the	stimulus.	Strong	interactions	between	the	BHEEN	stalk	and	the	CBPQT4+	ring	
lead	 to	 the	 formation	of	 a	 stable	pseudorotaxane	 in	high	yield	at	 equilibrium.	
Photoinduced	electron	transfer	to	the	CBPQT4+	ring	from	an	external	photoactive	
electron	donor,	or	electrochemical	reduction	of	the	ring	component,	destabilizes	
these	 interactions,	 inducing	 the	dissociation	of	 the	 [2]pseudorotaxane—a	pro-
cess	that	can	be	monitored	by	measuring	the	BHEEN-based	fluorescence	intensity	
which	is	higher	in	the	dissociated	form	than	it	is	in	the	associated	species,	i.e.,	
the	[2]pseudorotaxane	(Org. Lett.	2006,	8,	2159–2162).

The	first	generation	of	this	series	of	supramolecular	
machines	 has	 been	 driven	 photochemically	 using	
9-anthracenecarboxylic	(ACA)	acid	as	the	photosen-
sitizer	(P),	which	donates	an	electron	to	the	CBPQT4+	

ring	 in	the	presence	of	 the	sacrificial	 reductant,	 tri-
ethanolamine	 (TEOA),	 thus	 preventing	 the	 reverse	
reaction.	Introduction	of	air	into	the	system	regener-
ates	 the	CBPQT4+	 ring,	 resulting	 in	 recomplexation,	
a	process	that	reproduces	the	original	fluorescence	
spectrum,	albeit	with	lower	intensity.

The	 [2]pseudorotaxane-based	 supramolecular	
machines	are	powered	by	photosensitizersπ	not	only	
in	solution	but	also	when	they	are	trapped	physically	
in	 a	 rigid	 nanoporous	 sol-gel	 silica	 framework	 and	
also	 when	 they	 are	 attached	 covalently	 to	 silica	
surfaces.	In	another	device,	the	BHEEN	homologue,	
BHEEEN,	with	 an	 extra	 ethyleneoxy	 unit,	 has	 been	
attached	covalently	to	a	silica	surface.	Dipping	of	the	
BHEEEN-functionalized	 surface	 into	 an	 aqueous	
solution	of	the	CBPQT4+	ring	leads	to	the	formation	
of	 the	 corresponding	 [2]pseudorotaxane,	 confined	
on	 a	 surface,	 as	monitored	 by	 its	 reduced	 fluores-
cence	intensity.	

The	 ability	 to	 fine-tune	 different	 parts	 of	 these	
nanoscale	molecule-based	machines	has	been	dem-
onstrated	well	by	means	of	rational	design	and	the	
operation	 of	 nanovalves	 to	 achieve	 optimal	 func-
tions.	Reversibility	 is	attainable	 for	 supramolecular	
nanovalves	operating	under	redox	control.	This	abil-
ity	 to	 fine-tune	 the	 nanovalves’	 operational	modes	
is	 fundamental	 and	 essential	 to	 the	 future	 design	
of	bistable	molecular	switches	and	will	enhance	the	
potential	applicability	of	the	nanovalves.	

The dynamic nature of supramolecular 

chemistry allows reversible nanovalves 

on the surfaces of mesoporous sol–gel 

nanoparticles to become functional entities 

that allow containment and release of guest 

molecules under appropriate stimuli, such 

as redox chemistry or light.

Figure:	Graphical	representa-
tions	of	(a)	the	light-mediated	
decomplexation	of	the	[2]pseu-
do-rotaxane	complex	using	ACA	
and	the	processes	that	also	oc-
cur	when	BHEEEN	is	(b)	attached	
to	a	silica	surface	and	(c)	inside	
a	sol–gel	matrix.

This	research	received	federal	funding	from	NSF
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Breaking	the	Light	Diffraction	Barrier	with	a	New	Nano-
Microscopy	(Reflection	Microscopy),	to	Investigate	the	
Dynamics	of	Protein	Complexes

Collaboration	between	CNSI,	UCLA,	University	of	Wisconsin,	and	University	of	Texas	at	Brownsville

n	the	post-genomic	era,	we	know	the	sequences	
of	most	genes	and	proteins.	In	order	to	under-
stand	cell	 function	 in	health	and	disease,	 it	 is	
necessary	 to	 study	 how	 the	 various	 molecu-
lar	 cell	 components	 made	 of	 genes	 and	 their	
products	(RNA	and	proteins)	are	statically	and	

dynamically	 distributed	 in	 different	 cellular	 micro-
domains.	 To	 this	 end,	 it	 is	 essential	 to	 develop	
nanomicroscopes	 allowing	 the	 measurement	 of	
structures	 inside	a	cell	with	a	3D	spatial	 resolution	
down	 to	 the	 scale	 of	 20	 nm	while	maintaining	 the	
microscopic	scale	over	a	20	–	100	µm	range.	In	a	col-
laboration	 between	 the	 Department	 of	 Molecular,	
Cell	and	Integrative	Physiology	and	the	Department	
of	 Electrical	 Engineering	 at	 UCLA,	 such	 nanomicro-
scopes	are	being	developed	that	permit	measurement	
of	 intact	 cells	 and	 allow	 for	 closer	 investigation	 of	
protein-protein	 interactions	 and	 dynamic	 changes	
of	protein	complexes	with	an	unprecedented	level	of	
accuracy.	

This	 collaboration	has	built	 a	Multicolor	 Fast	 Laser	
Scanning	 Confocal	 (MFLSC)	microscope	with	 laser	
grade	optics	to	reach	the	diffraction	limit	and	we	are	
developing	 a	 new	 type	 of	 nano-microscope	 based	
on	stimulation-emission	 (Reflexion	Microscopy).	 In	

conventional	fluorescence	microscopy	the	fluorescence	spot	size	is	determined	
by	the	focused	illumination	beam	spot	size,	which	is	limited	by	the	Abbe	diffrac-
tion	 limit.	We	hypothesized	 that	optical	amplification	by	stimulated	emission	
induced	by	the	reflection	of	photons	-by	a	mirror-	could	multiply	the	reflected	
fluorescent	 photons	 along	 their	 pathway;	 thus,	 enhancing	 the	 resolution	 by	
narrowing	a	fluorescent	or	 luminescent	spot	 in	a	nonlinear	manner.	Reflexion	
Microscopy	would	use	the	process	of	optical	amplification	of	the	fluorescence	
wavelength	through	the	optical	gain	provided	by	the	illuminated	fluorophores.	
Figure	1A,B	illustrates	the	increase	in	both	lateral	and	axial	resolution	by	Reflexion	
Microscopy.	Panels	C	and	D	show	the	pixel	intensity	line	scan	plots	of	the	dashed	
lines	depicted	in	the	left	panels	(A1-B2)	along	the	x	and	z	axes,	respectively.	The	
line	scan	of	our	home-built	MFLSC	practically	reaches	the	theoretical	resolution	
limit	with	values	of	full-width-at-half-maximum	(FWHM)	of	219	nm	in	both	x	and	
y	directions	and	760	nm	 in	 the	z	direction.	The	 theoretical	 resolution	 limit	 is		
∆x	∆y=168	nm	and	∆z=723	nm.	The	Reflexion	Microscopy	increases	by	a	factor	
of	two	the	resolution	in	both	lateral	and	axial	directions	with	FWHM	values	of	110	
nm	and	380	nm,	respectively.	Panels	E	and	F	illustrate	images	of	a	cardiomyo-
cyte	taken	with	MFLSC	labeled	for	α-actinin	in	the	normal	confocal	(E)	and	with	
the	 reflective	mirror	 (F).	The	 resolution	 increase	by	 the	Reflexion	Microscopy	
reveals	a	discrete	clustering	pattern	of	α-actinin	 (F,	 F1)	 that	 is	missed	by	 the	
normal	 confocal	 (E,E1).	 F3	 illustrates	 the	 line	 scan	 of	 the	 dashed	 line	 in	 F2	
across	an	α-actinin	cluster	with	a	resolution	beyond	the	diffraction	 limit	with	
FWHM=110	 nm.	 This	 data	 indicates	 that	 Reflexion	Microscopy	 can	 achieve	 a	
resolution	higher	than	expected	for	the	diffraction	limit.	

The visualization of protein complexes in 

intact cells is limited by the optical resolu-

tion (~200 nm). We have developed a new 

laser nano-microscope based on stimula-

tion emission by the use of a reflexion 

mirror that increases the optical resolution 

to ~50-100 nm allowing the visualization 

with a high degree of accuracy of protein 

complexes in intact cells.

This	research	received	federal	funding	from	NIH

Improved	x,y,z	resolution	by	
Reflexion	Microscopy.	(A,B)		
Point	spread	function.(C,D)	
Pixel	intensity	line	scan.	(E,E1)	
Normal	confocal	microscope.	
(F-F2)	Same	as	in	(E)	but	with	
the	mirror.	(F3)	Line	scan	of	
F3	demonstrating	the	higher	
resolution	of	the	Reflexion	
Microscope	below	the	diffrac-
tion	limit.

I
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Single	Molecule	DNA	Profiling

Collaboration	between	CNSI,	UCLA	Center	for	Cell	Mimetic	Space	Exploration	(CMISE),	
New	York	University,y	and	Veeco	Instruments

enome	analysis	of	patient	samples	needs	to	be	reproducible,	fast,	
and	inexpensive.	Molecular	nanotechnologies	hold	promise	for	this	
analysis	because	they	manipulate	and	analyze	single	molecules	and	
sub-molecular	features	directly.	Many	biologically	relevant	genomic	
features	are	less	than	1,000	base	pairs	(bp)	in	length.	These	include	
core	 gene	 promoters,	 protein	 binding	 sequences,	 short	 tandem	

repeat	 elements,	 and	 single-nucleotide	 polymorphisms.	The	 contour	 length	 of	
1,000	bp	of	B-DNA	is	roughly	330	nm.	Directly	accessing	sequences	on	this	scale	
and	smaller	requires	nanoscopic	techniques.

Atomic	force	microscopy	(AFM)	is	one	nanotechnique	that	can	obtain	nucleotide	
sequence	information	from	single	DNA	molecules.	While	promising,	AFM	evalua-
tion	 of	 genomic	 features	 has	 not	 been	 extended	beyond	 simple	 test	 systems.	
Powerful	optical	single	molecule	restriction	mapping	techniques	have	been	pio-
neered	that	use	genomic	DNA	molecules	stretched	and	fixed	to	a	glass	substrate,	
followed	 by	 in	 situ	 restriction	 endonuclease	 digestion.	 No	 sequence-specific	
reporter	 is	 used—restriction	 cleavage	 sites	 are	 photographed	 directly	 on	 the		
fluorescently	stained	molecules.	This	technology	has	proven	to	be	quite	robust	
for	 mapping	 restriction	 sites	 across	 the	 whole	 genomes	 of	 several	 microbes.	

While	a	substantial	advance	over	conventional,	gel-
based	 restriction	mapping,	 this	method	 in	 practice	
has	difficulty	resolving	restriction	sites	spaced	closer		
than	 2-to-5	 kilobases	 apart,	 which	 correspond	 to	
cleavage	sites	roughly	660	to	1,650	nm	apart.

In	 collaborative	 studies,	 a	 method	 for	 ultra-high	
resolution	 localization	of	DNA	sequence	 landmarks	
using	 restriction	 endonuclease	 digestion	 with	 tap-
ping-mode	 AFM	 analysis	 is	 being	 developed.	 The	
superior	 resolution	 of	 AFM	 vs.	 optical	 microscopy	
allows	use	of	 frequent	 cutting	 restriction	enzymes.	
Our	 method	 could	 be	 used	 for	 fine-scale	 cytoge-
netic	mapping,	mapping	complex	repeat	sequences,	
single-nucleotide	 polymorphism	 (SNP)	 discovery	
and	possibly	DNA	methylation	studies	via	methyla-
tion	sensitive	restriction	enzymes	in	a	rapid	and	cost	
effective	manner.	

An	AFM	image	of	a	4,700	bp	DNA	plasmid	molecule	in	situ	digested	with	endonuclease	Rsal.	
Five	cleavage	sites	visible	(white	arrows)	as	breaks	in	the	molecule	backbone	correspond	to	
the	locations	of	the	Rsal	recognition	sequences	5’	GATC.

This	research	received	federal	funding	from	NASA	and	the	National	Cancer	Institute

G
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Streptavidin	Patterns	for	Protein	Assembly	in	Nanowells

Collaboration	between	CNSI,	UCLA,	and	UCSB

T
he	 ability	 to	 site-specifically	 immo-
bilize	 proteins	 at	 the	 nanoscale	 has	
importance	 in	a	 variety	of	applications,	
including	 diagnostic	 arrays,	 biomateri-
als,	 tissue	 engineering,	 and	 biohybrid	
devices.	By	bringing	 together	 expertise	

from	the	Departments	of	Chemistry	and	Biochemistry	
and	 Microbiology,	 Immunology,	 and	 Molecular	
Genetics	at	the	University	of	California,	Los	Angeles,	
and	 the	 Department	 of	 Mechanical	 Engineering	 at	
the	 University	 of	 California,	 Santa	 Barbara,	 a	 plat-
form	 technology	 for	 patterning	 proteins	 below	 one	
micron	using	photolithography	has	been	developed.	
This	 approach	 has	 involved	 the	 spin-coating	 of	 a	
pH-responsive	 polymer	 and	 a	 photoacid	 generator	
(PAG)	 onto	 Si	 wafers.	 Upon	 exposure	 to	 UV	 light,	
acetal	side	chains	were	converted	to	aldehydes	(Fig.	
1).	 Aldehydes	 react	 readily	with	 amines,	 as	well	 as	
aminooxy-functionalized	compounds,	and	thus	pro-
vide	 a	 convenient	 handle	 with	 which	 to	 conjugate	
biomolecules	to	surfaces.	Upon	creation	of	aldehyde	
patterns	using	a	mask	and	an	 i-line	 stepper,	biotin	
was	immobilized	using	a	biotinylated	aldehyde	reac-
tive	 probe;	 red	 fluorescent	 streptavidin	 was	 then	
bound	specifically	to	the	biotin	patterns	(Fig.	2).	The	
background	was	passivated	by	attaching	a	protein-
resistant	polymer,	poly(ethylene	glycol).

To	demonstrate	that	proteins	could	be	assembled	on	the	streptavidin	platform,	
films	were	 incubated	with	 biotinylated	 anthrax	 toxin	 receptor-1,	 followed	by	 a	
green	fluorescent	protective	antigen,	which	is	the	cell-binding	moiety	of	anthrax	
toxin.	Protein	assembly	was	confirmed	by	fluorescence	and	atomic	force	micros-
copy	measurements	 (Fig.	 3).	 Protein	 assemblies	 having	 a	 resolution	 as	 small	
as	 500	 nm	 were	 fabricated.	 Current	 efforts	 involve	 diminishing	 the	 scale	 to	
sub-100nm	and	developing	other	reactive	surfaces.	Because	of	 the	plethora	of	
available	biotinylated	proteins	and	peptides,	this	methodology	provides	a	plat-
form	technology	that	will	have	many	applications	in	nanobiotechnology.	

This	research	received	funding	from	CNSI,	HP,	NSF	through	
SINAM,	and	NIH

Fig.1.	Formation	of	aldehyde	patterns.	pH-Responsive	films	were	formed	by	spin-coating	
(1).	Following	exposure	to	i-line	light	through	a	mask	(2),	acetals	were	converted	site-
specifically	to	aldehydes	(3)	as	a	result	of	localized	acid	generation.	Fig.2.	Streptavidin	
patterns.	Scale	bar	=	5	µm.	Fig.3.	Protein	assembly.		Biotinylated	anthrax	toxin	recep-
tor-1	and	green	fluorescent	protective	antigen	were	assembled	onto	the	polymer	film	
containing	patterned	streptavidin.	A,	Fluorescence	microscopy	image;	scale	bar	=	10	µm.	
B,	Atomic	force	microscopy	image	of	500-nm-sized	patterns.

Patterns of proteins were formed after 

causing a reaction on polymer surfaces 

with ultraviolet light. This reaction 

produced groups that bind proteins. 

Binding of a component of anthrax toxin 

has been demonstrated.  
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A	Molecular	Solomon	Link	

Collaboration	between	CNSI	and	Nottingham-Trent	University

or	over	a	century,	mathematicians	have	been	unraveling,	investigating,	
and	tabulating	knots	and	links.	When	consulting	tomes	on	knot	theory,	
one	finds	tables	listing	over	one	hundred	knots	and	links	ordered	by	
their	numbers	of	crossings	and	components.	 Just	a	handful	of	 these	
knots	—	probably	the	most	aesthetically	pleasing	ones	—	have	tran-
scended	 cultural	 and	 disciplinary	 divides	 over	 the	 centuries.	 These	

popular	knots	or	 links,	sought	after	by	scholars	of	all	persuasions,	 include	the	
ubiquitous	trefoil	knot,	the	Hopf	and	Whitehead	links,	King	Solomon’s	Knot	and	
the	Borromean	Rings	 (BRs).	 Predating	 the	mathematical	 and	 scientific	 investi-
gations	of	these	topological	constructs,	many	different	cultures	have	embraced	
these	three-dimensional	knotted	loops	to	serve	as	emblems	of	important	virtues.	
BRs,	which	comprise	 three	mutually	 interlocked	rings	 in	which	no	two	are	cat-
enated,	often	surface	to	represent	the	inseparable	union	of	three	ideals,	e.g.,	the	
Holy	Trinity	or	 the	harmony	between	 three	wings	of	 the	Borromeo	 family.	King	
Solomon’s	 Knot,	 which	 has	 even	 deeper	 historical	 roots,	 is	 believed	 by	many	
to	contain	all	the	wisdom	of	King	Solomon.	Upholding	as	it	does	the	symbol	of	
knowledge,	it	is	found,	for	example,	adorning	the	crowns	of	African	kings,	carved	
on	 the	walls	of	 Italian	abbeys,	patterned	 in	Celtic	 stained	glass	windows,	 and	
incorporated	 into	 the	 architecture	 and	 decor	 of	 university	 buildings.	 Although	
this	topology	holds	the	title	of	King	Solomon’s	“Knot,”	it	is	described	mathemati-
cally	as	a	“link”—more	precisely,	the	42

1	link,	because	it	contains	four	crossings	
and	comprises	 two	components.	Nevertheless,	we	 refer	 to	 this	 topology	 inter-
changeably	as	a	Solomon	Knot	or	 link,	 in	deference	 to	 its	history,	 established	
eons	before	the	mathematical	cataloguing	of	knots	and	links	began.

With	 the	 advent	 of	 synthetic	methodologies	 advancing	 under	 the	 umbrella	 of	
template-directed	 synthesis,	 chemists	 began	 to	 gain	 access	 to	 topologically	
interesting	molecular	 structures,	 including	 the	 trefoil	 knot,	 the	Hopf	 link	 (also	

known	as	a	[2]catenane),	and	King	Solomon’s	Knot.	
Just	recently	(Angew. Chem. Int. Ed. 2006,	45,	1–6),	
the	 template-directed	 synthesis	 of	 a	 molecular	
Solomon	 link	 was	 achieved	 through	 a	 12-compo-
nent	 self-assembly	 process	 that	 exploited	 dynamic	
covalent	 chemistry	 to	 form	 eight	 imino	 bonds	 and	
24	dative	bonds	associated	with	the	coordination	of	
two	 interlocked	 macrocycles,	 each	 tetranucleating	
and	decadentate	 overall,	 to	 a	 total	 of	 two	 ZnII	 and	
two	CuII	ions	on	average.	The	two	macrocycles	pres-
ent,	diagonally	in	pairs,	four	exo-bidentate	bipyridyl	
and	 four	 endo-diiminopyridyl	 ligands	 to	 the	 four	
metal	ions.	This	unexpected	topology	was	obtained	
by	 altering	 the	 conditions	 of	 the	 highly	 success-
ful	 molecular	 BR	 synthesis	 templated	 by	 ZnII	 ions	
(Angew. Chem. Int. Ed. 2006,	45,	 4099–4104).	 In	 a	
wider	context,	the	finding	described	in	this	study	is	
significant	because	 it	 suggests	 that	 these	dynamic	
mechanically	 interlocked	 systems	 present,	 under	
appropriate	 conditions,	 dynamic	 combinatorial	
libraries	from	which	it	is	possible,	during	a	crystalliza-
tion	process	that	is	kinetically	controlled,	to	amplify	
one	of	the	members	of	the	library.	What	effect	could	
such	control	at	a	supramolecular	level	have	on	cova-
lent	chemistry?	It	means,	for	example,	that	synthetic	
chemistry	is	ready	to	make	substantial	inroads	into	
the	 synthesis	of	 some	 really	 exotic	molecular	 links	
having	nanoscale	dimensions.	

F

This	research	received	federal	funding	from	NSF

Box:	Self-assembly	of	a	molecular	Solomon	Link		from	a	combination	of	endo-tridentate	
and	exo-bidentate	ligands	around	mixed	metal	ion	templates.

With judicious choice of ions and solvents, it 

is possible to amplify a molecular Solomon 

link through kinetically controlled crystalli-

zation from a dynamic combinatorial library 

of molecular knots.
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Electronic	Structures	and	Properties	of	Nanomaterials	
Composed	of	Highly	Twisted	Extended	Aromatic	Systems

Collaboration	between	CNSI	and	UCLA

T
he	 synthesis	 of	 extended	 aromatic	
systems	and	their	assembly	into	organic	
nanoscale	 materials	 is	 a	 promising	
route	 toward	 the	 preparation	 of	 plastic	
electronic	devices.	Molecules	exhibiting	
properties	 that	 are	 exploitable	 for	

organic	 electronics	 are	 often	 highly	 reactive	 with	
oxygen	and	sensitive	to	polymerization.	For	example,	
the	 preparation	 and	 handling	 of	 polyacenes	 is	
plagued	 by	 their	 poor	 solubility	 and	 instability	 in	
air	and	in	solution.	Consequently,	great	efforts	have	
been	 exerted	 to	 synthesize	 substituted	 molecules	
that	are	chemically	stable	and	possess	appropriate	
electronic	 properties	 such	 that	 they	 may	 be	
incorporated	 into	 electronic	 devices.	 In	 particular,	
highly	twisted	polyacenes	with	phenyl	substituents	
strategically	 placed	 to	 induce	 end-to-end	 twisting	
of	 the	 acene	 backbone	 have	 been	 synthesized.	
Such	highly	twisted	molecules	are	expected	to	have	
unique	chiroptical	properties,	and	have	already	been	
incorporated	into	organic	light-emitting	diodes.	

Quantum	 mechanical	 calculations	 indicate	 that	
highly	substituted	and	twisted	molecules	retain	their	
important	electronic	properties.	Electronic	structure	
calculations	predict	that	large	geometric	distortions	

are	evenly	distributed	throughout	the	molecule	so	that	deformations	in	individ-
ual	benzene	units	are	minimized	and	 interactions	between	adjacent	p-orbitals	
are	 preserved	 (J. Am. Chem. Soc.	 205,	 127,	 4162-4163).	 Longitudinal	 twisting	
of	hexacene	and	 larger	polyacenes	does	not	alter	 the	disjoint	diradical	nature	
of	 these	 systems,	 which	 are	 predicted	 to	 possess	 open-shell	 singlet	 ground	
states.	For	example,	 the	SOMOs	of	heptacene	twisted	by	180˚	are	nonbonding	
and	disjoint,	as	indicated	in	the	Figure.	These	systems	also	behave	as	interacting	
polyacetylene	chains,	as	predicted	for	planar	linear	polyacenes.	In	the	case	of	the	
highly	substituted	9,10,11,20,21,22-hexaphenyltetrabenzo[a,c,l,n]pentacene,	the	
system	behaves	as	an	anthracene	unit	with	the	HOMO	localized	on	the	central	
part	of	the	molecule.

The	 demonstrated	 lack	 of	 sensitivity	 of	 the	 electronic	 features	 of	 polyacenes	
toward	twisting	of	 the	backbone	has	significant	 implications	for	 the	 likely	suc-
cess	of	synthesizing	new	substituted	polyacenes	that	will	be	less	susceptible	to	
photooxidation,	insolubility,	and	polymerization,	while	maintaining	the	electronic	
properties	of	the	polyacene.	Strategic	selection	and	placement	of	bulky	substitu-
ents	 in	polyacenes	and	other	polycyclic	aromatic	hydrocarbons	 is	a	potentially	
useful	method	for	controlling	patterns	in	crystal	packing	without	destroying	the	
desirable	intrinsic	electronic	properties	of	the	materials.	

Strategic selection and placement of 

bulky substituents in polyacenes and 

other polycyclic aromatic hydrocarbons 

is a potentially useful method for 

controlling patterns in crystal packing 

without destroying the desirable intrinsic 

electronic properties of the materials.

This	research	received	federal	funding	from	NSF
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E

Designer enzymes that can catalyze any reaction imaginable 

have the potential to revolutionize the way chemistry is 

performed, by making the impossible possible.

nzymes	are	the	unquestionable	masters	of	catalysis.	If	mankind	were	
able	to	harness	this	power	and	direct	it	toward	any	desired	chemical	
transformation,	the	potential	applications	would	be	limited	only	by	the	
imagination.	This	understanding	has	made	the	field	of	rational	enzyme	
design	a	field	of	intense	activity	in	recent	years.	While	there	have	been	
several	notable	successes,	a	reliable	computational	protocol	for	pro-

ceeding	from	the	reaction	of	interest	to	a	fully	functioning	enzyme	remains	out	
of	reach.	In	pursuit	of	this	goal,	a	team	of	theoretical	and	experimental	scientists	
from	across	disciplines	and	countries	has	been	assembled;	progress	is	currently	
being	made	in	the	preliminary	stages	of	this	challenging	project.	

For	 computational	 enzyme	 design,	 the	 first	 step	 is	 to	 choose	 the	 functional	
groups	and	mechanism	to	use.	Toward	this	end,	a	database	is	being	created	of	
the	quantum-mechanically	optimized	active	site	geometries	used	by	Nature.	The	
mechanisms	and	functional	groups	involved	are	known	from	the	literature,	and	a	
model	system	representing	these	groups	is	created	from	a	crystal	structure	of	an	
enzyme	complexed	with	an	inhibitor.	The	resulting	system	is	called	a	“theozyme,”	
a	name	coined	by	the	Houk	group	for	theoretical	enzymes.	The	transition	structure	
geometries	are	 located	by	electronic	structure	calculations,	and	 the	 functional	
groups	are	assigned	 roles	as,	 for	 example,	nucleophiles,	 general	 acids/bases,	
and	 electrophiles.	 A	 program	 has	 been	written	 to	 provide	 active	 sites	 for	 any	
given	reaction	by	first	identifying	sites	on	the	substrate	that	require	interaction	
with	the	enzyme	for	catalysis,	and	then	placing	the	appropriate	functional	groups	
in	the	quantum-mechanically	ideal	geometries.	

Once	an	active	site	 is	generated,	 it	 is	 then	 reoptimized	quantum	mechanically	
to	 create	 a	 substrate-specific	 active	 site.	 Alternative	 geometries	 are	 then	
generated	 by	 fixing	 the	 reaction	 coordinate	 and	 performing	 a	 conformational	
search	 throughout	 the	 remaining	 degrees	 of	 freedom.	The	 resulting	 ensemble	
of	structures	is	compared	to	ensembles	from	other	transition	states	in	order	to	

identify	which	of	 the	structures	can	be	expected	to	
catalyze	not	just	one,	but	all,	of	the		relevant	steps	
of	the	reaction.	

Each	 remaining	 structure	 is	 then	 tested	 against	
a	 set	of	protein	 scaffolds	 to	 see	which	of	 the	 scaf-
folds	might	be	able	to	accommodate	it.	This	process	
is	 performed	 by	 growing	 the	 appropriate	 amino	
acid	 out	 from	 its	 truncated	 representation	 in	 the	
model	 system,	 and	 matching	 alpha	 carbon	 atoms	
to	 the	 backbone,	 trying	 every	 possible	 rotamer.	
Subsequently,	 the	 area	 around	 the	 active	 site	 is	
refined	by	computational	mutagenesis	to	afford	more	
favorable	 interactions	 with	 the	 catalytic	 residues	
and	substrate.	The	designs	are	ranked	based	on	how	
successfully	 they	 reproduce	 the	original	 active	 site	
geometry,	and	their	predicted	catalytic	proficiencies.	
The	 top-ranked	 candidates	 are	 then	 synthesized	
using	molecular	biological	techniques	and	tested	for	
their	ability	to	accelerate	novel	reactions.	

This	research	received	federal	funding	from	DARPA,	NSF

Computational	Design	of		Enzymes

Collaboration	between	CNSI;	UCLA;	University	of	Washington;	University	of	North	Carolina,	
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Operational	Nanovalves	

Collaboration	within	CNSI

n	 everyday	 life,	 macroscopic	 valves	 control	 the	 flow	 of	 fluids	 and	 gases	
through	the	opening	and	closing	of	passageways.	These	valves	are	essen-
tial	 regulatory	 devices	 that	 maintain	 the	 balance	 of	 fluids	 both	 in	 living	
beings	and	in	macroscopic	machines.	Construction	of	such	a	device	on	the	
nanoscale	 level	requires	(i)	controllable	switching	elements,	(ii)	a	method	
for	operating	them	on	demand,	and	(iii)	appropriately	sized	passageways.	

These	three	conditions	can	be	fulfilled	by	self-assembling	addressable	mechani-
cally	interlocked,	linear	motor-molecules	on	top	of	an	inorganic	chassis	and	then	
controlling	 them	 using	 chemical,	 electrochemical,	 or	 photochemical	 stimuli.	
Recently,	 it	was	 demonstrated	 (Proc. Nat. Acad. Sci. 2005,	 102, 10029–10034)	
that	 a	molecular	 nanovalve	 could	 be	 turned	on	 and	off	 reversibly	 using	 redox	
chemistry.	This	system	traps	and	releases	molecules	from	a	maze	of	nanoscopic	
passageways	 in	 the	 mesoporous	 silica	 by	 controlling	 the	 operation	 of	 redox-	
activated	bistable	[2]rotaxane	molecules	(a	in	the	Box)	tethered	to	the	openings	
of	nanopores	leading	out	of	the	nanoscale	reservoirs.

In	the	research	study,	the	movable	element	that	was	used	to	control	the	flow	of	
molecules	in	a	nanovalve	was	the	bistable,	redox-controllable	[2]rotaxane	R4+.	In	
R4+,	the	tetracationic	cyclophane—cyclobis(paraquat-p-phenylene)	(CBPQT4+)—
component	can	be	induced	to	move	between	two	different	recognition	sites	on	the	

dumbbell	component.	In	its	ground	state,	the	CBPQT4+	
ring	 prefers	 to	 encircle	 the	 tetrathiafulvalene	 (TTF)	
unit,	rather	than	the	dioxynaphthalene	(DNP)	one,	on	
the	dumbbell	component.	The	DNP	unit	is	separated	
from	the	TTF	one	by	an	oligo(ethylene	glycol)	chain	
incorporating	a	 rigid	 terphenylene	 spacer.	Because	
the	 stabilization	 energy	 between	 CBPQT4+	 and	 TTF	
is	 ca.	2	kcal/mol	more	 than	 that	between	CBPQT4+	
and	DNP,	it	follows	that,	in	ca.	95%	of	the	molecules,	
the	CBPQT4+	ring	encircles	the	TTF	unit.	Two-electron	
oxidation	of	 the	TTF	unit	with	Fe(ClO4)3	 to	give	 the	
TTF2+	dication	destabilizes	its	interaction	(Coulombic	
repulsion)	with	the	CBPQT4+	ring,	which	moves	to	the	
DNP	 unit	 in	 its	 electro-mechanically	 excited	 state.	
The	preference	 for	 the	CBPQT4+	 ring	 to	encircle	 the	
DNP	unit	instead	of	the	TTF2+	dication	is	even	greater	
on	account	of	the	large	difference	(ca.	8	kcal/mol,	at	
least)	 in	 their	 stabilization	 energies.	 Ascorbic	 acid-
mediated	reduction	of	the	TTF2+	dication	back	to	the	
neutral	TTF	unit	returns	the	CBPQT4+	ring	to	the	TTF	
unit	in	a	thermally	activated	process.	This	sequence	
of	 reactions	 is	employed	 (b	 in	 the	Box)	 to	 regulate	
the	 opening	 and	 closing	 the	 nanopores—a	 gate-
keeping	 process	 that,	 in	 turn,	 controls	 the	 loading	
and	releasing	of	guest	molecules	into	and	out	of	the	
silica	pores.	

Redox-controllable bistable [2]rotaxane 

molecules have been employed as nano-

valves to control the opening and closing of 

nanopores on the surfaces of mesoporous 

silica nanoparticles. These nanovalves 

regulate the controlled release of guest 

molecules from the nanopores.

This	research	received	federal	funding	from	NSF

Box:	(a)	Molecular	structure	of	the	redox-controllable	bistable	[2]rotaxane	and	(b)	a	
graphical	representation	of	its	mode	of	operation	on	mesoporous	silica	nanoparticles.
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Rotaxanes	and	Catenanes	

Collaboration	within	CNSI

T
he	 development	 of	 nanotechnology	 is	 largely	 dependent	 on	 the	
bottom-up	construction	of	assemblies	of	molecules	with	device-like	
properties.	The	efficient	preparation	of	molecules	exhibiting	desired	
and	designed	functions	 is,	 therefore,	of	prime	importance,	and	the	
field	of	organic	 synthesis	 is	 now	established	 to	 the	point	of	being	
able	to	make	virtually	any	molecule	through	a	suitable	sequence	of	

steps.	The	overall	 yields	and	 the	 time	 required	 to	make	complex	 systems	are,	
however,	often	prohibitive	for	practical	applications.

The	recently	introduced	concept	of	“click	chemistry”	relies	on	the	application	of	
high-yielding,	reproducible,	and	widely	tolerant	reactions	to	assemble	complex	
systems	 from	 simple	 components.	 Some	 of	 the	 freedom	 of	 molecular	 design	
is	 lost	 because	 click	 chemistry	 requires	 the	 incorporation	of	 certain	 structural	
features	into	the	starting	materials	and,	hence,	the	products.	For	example,	in	a	
flagship	click	reaction	(and,	indeed,	the	one	we	have	used),	an	alkyne	reacts	with	
an	azide	in	the	presence	of	a	copper	catalyst	to	produce	a	functionalized	triazole.	
As	long	as	the	overall	molecular	function	is	not	jeopardized	by	these	concomitant	
structural	modifications,	click	chemistry	is	an	appealing	alternative	to	more-clas-
sical	synthetic	approaches.

Mechanically	interlocked	molecules,	such	as	rotaxanes	and	catenanes	(Figure),	
are	 particularly	 intriguing	 synthetic	 targets	 because	 their	 efficient	 prepara-
tion	hinges	on	 the	application	of	molecular	 recognition	and	self-assembly.	We	
are	interested	in	rotaxanes	and	catenanes	based	on	π-electron	donor–acceptor	
interactions	 (blue	 and	 red	 in	 Figure,	 respectively)	 because	 of	 their	 promise	 in	
the	pursuit	of	electronic	paper,	nanovalves,	molecular	switches,	and	other	nano-
electronic	 components.	 Traditionally,	 these	 systems	 have	 been	made	 through		
(a)	 preparation	 of	 an	 appropriate	 donor-containing	 dumbbell	 (rotaxanes)	 or	 a	

macrocycle	 (catenanes),	 followed	by	 (b)	clipping	of	
the	acceptor	ring	around	the	donor	recognition	site.

Recent	efforts	have	been	directed	toward	the	devel-
opment	of	an	alternative	method	for	the	preparation	
of	 donor–acceptor	 rotaxanes	 (J. Am. Chem. Soc. 
2006,	128,	 10388–10390)	and	catenanes	 (Org. Lett. 
2006,	8,	4835–4838).	Instead	of	clipping,	the	process	
relies	on	the	initial	threading	of	the	acyclic	precursor	
through	a	preformed	acceptor	 ring	 to	 form	a	stabi-
lized	 dynamic	 species,	 dubbed	 a	 pseudorotaxane	
(Figure).	Depending	on	the	nature	of	the	thread,	the	
pseudorotaxane	can	be	either	stoppered	with	bulky	
groups,	to	give	a	rotaxane,	or	cyclized	intramolecu-
larly	to	afford	a	catenane.

Click	chemistry	 is	playing	a	critical	 role	 in	 the	 real-
ization	of	rotaxanes	and	catenanes.	Its	mild	reaction	
conditions	are	tolerated	by	both	the	sensitive	accep-
tor	 ring	 component	 and	 the	 dynamic	 fragility	 of	
the	 pseudorotaxane.	 Original	 success	 has	 inspired	
forays	 into	 other	 reactions	 that	 could	 yield	 similar	
results—for	 example,	 the	 oxidative	 dimerization	 of	
alkynes	 afforded	 a	 catenane	 in	 50%	 yield,	without	
the	need	for	exclusion	of	oxygen.

Novel	mild	methods	of	pseudorotaxane	functionaliza-
tion	are	being	pursued	actively.	Motivation	for	these	
investigations	 is	 both	 practical	 and	 fundamental,	
because	the	orthogonality	between	supramolecular	
organization	 and	 synthesis	 via	 classical	 chemical	
reactivity	remains	largely	underutilized.	

Since the 1960s, a paradigm of organic 

chemistry was that virtually any designed 

molecule could be made through a (some-

times long) sequence of steps. Click chem-

istry, on the other hand, restricts design 

by requiring the incorporation of certain 

structural features, but produces complex 

systems in  single high-yielding steps.

Figure:	Schematic	repre-
sentation	of	the	use	of	
click	reactions	to	construct	
rotaxanes	and	catenanes	
from	pseudorotaxanes.

This	research	received	federal	funding	from	DARPA
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Engineering	Vault	Nanocapsules	as	Drug	Delivery	Vehicles

Collaboration	within	CNSI

n	 a	 collaboration	 that	 currently	 includes	 nine	 CNSI	 faculty	 laboratories	
funded	by	a	National	Science	Foundation	(NSF)	Nanoscale	Interdisciplinary	
Research	Team	(NIRT)	grant,	research	is	being	undertaken	to	develop	a	flex-
ible,	targetable	nano-capsule	by	exploiting	a	naturally	occurring	nanoscale	
structure:	the	vault.	

With	a	thin	(~20	Å)	protein	shell	surrounding	an	internal	cavity	sufficiently	
large	 to	encompass	 two	ribosomes,	 the	vault	particle	 is	a	nanocapsule	having	
outstanding	potential	for	compound	encapsulation,	protection,	and	delivery.	The	
vault	nanocapsule	has	been	honed	by	millions	of	years	of	evolution	to	assemble	
from	multiple	copies	of	a	few	subunits	into	a	stable	structure.	The	particle	adheres	
to	and	is	transported	along	cytoskeletal	elements	in	the	cell,	and	is	likely	to	open	
and	close	in	response	to	cellular	signals.	Understanding	how	such	a	capsule	can	
be	formed	and	manipulated	 in	vivo	and	 in	vitro	will	allow	molecular	manipula-
tion	to	encapsulate	small	molecules	(e.g.,	drugs,	sensors,	enzymes,	and	toxins),	
lengthen	and	shorten	the	capsule	size,	and	target	the	engineered	nanostructures	
to	specific	tissues,	cells,	or	organelles	through	attachment	to	receptors,	ligands,	
or	fusogens.	

Our	 approach	 is	 to	 engineer	 the	 vault	 particle	 to	 test	 the	 concept	 that	 vaults	
can	 have	 broad	 application	 as	 therapeutic	 delivery	 vehicles.	 Modified	 vaults	
are	being	examined	using	molecular	and	biological	 imaging	techniques	includ-
ing	negative-stain,	cryo-EM	single-particle	reconstruction,	X-ray	crystallography,	
and	whole-animal	bioluminescence.	Multi-angle	 laser	 light	scattering	 (MALLS),	
spectrofluorimetry,	small-angle	X-ray	scattering	and	quartz	crystal	microbalance	
(QCM)	techniques	have	been	employed	to	 identify	the	solution	conditions	that	
effect	 vault	 conformational	 changes.	Drugs,	 enzymes,	 and	 toxins	will	 be	 engi-
neered	into	the	vault	particle	lumen.	Physical	and	chemical	approaches	will	be	
utilized	to	characterize	the	vault	conformation	and	to	determine	the	conditions	

that	can	stimulate	the	interconversion	between	open	
and	closed	conformers,	 in	an	effort	 to	 regulate	 the	
entrapment	and	controlled	release	of	encapsulated	
materials.	 Surface	modifications	will	 be	 performed	
to	allow	specific	targeting	to	normal	tissues	and	to	
tumors	 via	 attachment	 to	 cell	 surface	 receptors	 or	
ligands.	Modification	of	the	vault	using	a	recombinant	
protein	production	system	will	test	the	concept	that	
vaults	can	have	a	broad	nanosystems	application	as	
malleable	nanocapsules.	Furthermore,	 if	conditions	
for	the	controlled	opening	and	closing	of	vaults	are	
established,	these	nanocapsules	may	prove	useful	in	
drug	delivery	and	in	the	compart-mentalized	synthe-
sis	 of	 nanoscale	materials,	 such	 as	 semiconductor	
nanoparticles,	also	known	as	quantum	dots.

A	group	of	approximately	25-30	faculty,	postdoctoral	
fellows,	and	students	who	previously	had	no	incen-
tive	 to	 collaborate	 are	 now	working	 together	 on	 a	
common	problem.	The	highly	interdisciplinary	nature	
of	 this	 project	 provides	 an	 unusually	 rich	 intellec-
tual	 environment	 for	 those	 involved,	 although	 it		
is	 of	 particular	 benefit	 to	 the	 graduate	 students		
and	 postdoctoral	 scholars,	 who	 at	 an	 early	 stage	
in	their	careers	are	learning	how	to	interact	in	such	
an	environment.	Young	researchers	engaged	in	this	
project	 will	 be	 better	 prepared	 to	 attack	 complex	
problems	that	increasingly	require	input	from	experts	
in	many	fields.	

An ideal therapeutic delivery vehicle must be inert to escape 

immune surveillance, have a large internal volume, and be 

amenable to modification to allow specific targeting to a  

tissue or cell of interest. In additon, the vector must be able 

to protect its internal cargo, yet be capable of releasing it  

in a controlled manner.

This	research	received	federal	funding	from	NSF
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Building	Nanocapsules	from	Diacetylenes

Collaboration	between	CNSI	and	EHT-Zürich

ctamethoxy-expanded	cubane	 is	one	example	of	a	 large	organic	
framework	 molecule	 reported	 by	 a	 group	 at	 the	 ETH-Zürich.	
Organic	 expanded	 polyhedranes	 contain	 nanometer-scale		
cavities	for	possible	storage	and	catalysis.	Theoretical	predictions	
of	 the	structures	and	stabilities	of	a	set	of	such	molecules	have	
been	undertaken	at	 the	CNSI	 based	upon	empirical	 force	fields	

and	ab initio	calculations	(J. Org. Chem.	2005,	70,	1671).	The	results	for	some	of	
these	molecules	are	shown	in	the	Figure.

The	 sizes	 of	 the	 internal	 cavities	 of	 these	 structures	 have	 been	 estimated.	
Expanded	tetrahedrane	has	an	exceedingly	small	internal	cavity	that	is	just	the	
right	size	to	complex	second-row	atomic	cations	such	as	Li+	and	Be2+.		Diacetylene-
expanded	 cubane	 is	 sufficiently	 large	 to	 accommodate	 small	 molecules	 such		
as	methane	 and	 PH3,	while	 the	 guest	 sizes	 for	 expanded	 dodecahedrane	 and	
icosohedrane	are	limited	only	by	the	size	of	the	orifice	leading	into	the	cage.

The	stability	of	these	cages	is	a	major	concern.	Octamethoxy-expanded	cubane	
is	highly	unstable,	exploding	upon	scraping.	These	structures	all	contain	bowed	
1,3-butadiyne	units,	which	have	large	associated	strain	energies	for	the	smaller	
cages,	but	a	decreasing	amount	of	strain	upon	increasing	the	cage	size.	Expanded	
dodecahedrane	 and	 icosohedrane	 are	 virtually	 unstrained,	 while	 expanded		
tetrahedrane,	prismane,	and	 cubane	have	 strain	energies	of	many	kilocalories	
per	 mole.	 Although	 these	 strain	 energies	 may	 help	 to	 explain	 the	 instability		

of	 the	 smaller	 cage,	 the	 strain	 energies	 of	 these	
expanded	molecules	are	generally	lower	than	those	
of	their	unexpanded	analogues,	which	can	be	quite	
kinetically	stable.

Computations	have	led	to	a	discovery	of	an	alterna-
tive	mechanism	for	explosive	decomposition	that	is	
related	to	the	well-known	dimerization	and	polymer-
ization	 of	 diacetylenes.	 Diacetylenes	 polymerize	 in	
the	solid	state	with	activation	barriers	from	20	to	60	
kcal/mol.	The	bowing	of	the	diacetylene	units	in	the	
expanded	cages	may	result	in	further	lowering	of	this	
barrier,	leading	to	the	observed	instability.	

Organic expanded polyhedranes contain 

nanometer-scale cavities for possible 

storage and catalysis.

This	research	received	federal	funding	from	NSF
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Nanoscale	Borromean	Ring	Rectifiers

Collaboration	between	CNSI	and	UCLA	

Comprising three mutually orthogonal 

rings, the synthetic Borromean Rings are 

roughly spherical in 3-D space, spanning a 

diameter of 2.5 nm. The surfaces of these 

nanospheres can be functionalized at will 

along the six apexes of the rings, resulting 

in hexasubstituted Borromean Rings.

T
he	nontrivial	link	known	as	the	Borromean	Rings	(BRs)	has	long	been	
a	 source	 of	 endless	 fascination	 among	 artists,	 theologians,	math-
ematicians,	 and	 scientists.	 The	 molecular	 construction	 of	 the	 BR	
topology	presents	a	formidable	synthetic	challenge	because	it	con-
sists	of	three	mutually	interlocked,	yet	noncatenated,	rings.	Using	an	
all-in-one	approach,	we	have	successfully	achieved	 (Science 2004,	

304,	1308–1312)	the	complete	molecular	construction	of	the	BR	topology	from	six	
tridentate	and	six	bidentate	ligands	spatially	preorganized	around	six	transition	
metals,	such	that	they	preferentially	react	to	form	molecular	BRs	in	a	single	step,	
on	a	gram	scale,	with	yields	in	excess	of	95%.

The	successful	construction	of	this	framework	opens	the	door	to	a	new	molecular	
entity	with	unexplored	physical	properties.	Comprising	three	mutually	orthogo-
nal	 rings,	 the	BRs	 are	 roughly	 spherical	 in	 3-D	 space,	 spanning	 a	 diameter	 of	
2.5	nm.	The	surfaces	of	these	nanospheres	can	be	functionalized	at	the	apex	of	
each	of	the	three	rings,	resulting	in	a	hexasubstituted	BR	(J. Org. Chem.	2005,	70, 
7956–7962).

In	one	instance,	we	added	(Phys. Rev. B 2006,	74,	113404)	thioether	functional-
ities	to	the	surfaces	of	the	BRs	to	serve	as	anchor	groups	on	a	gold	surface.	To	
this	end,	 the	BRs	 (both	with	and	without	anchor	groups)	were	placed	 (Figure)	
in	gated	double-barrier	 tunneling	 junctions	 (DBTJs),	and	 then	charge	 transport	

through	individual	BRs	was	studied.	As	expected,	the	
BRs	possessing	the	anchor	groups	demonstrated	a	
strong	rectification	of	conduction	in	a	relatively	high	
percentage	of	samples.

With	 the	 dramatic	 growth	 in	 the	 field	 of	molecular	
electronics	 in	 recent	 years,	molecule-based	 diodes	
have	 become	 a	major	 focus	 of	 research	 efforts.	 In	
metal–molecule–metal	 devices,	 the	 conduction	
properties	vary	with	respect	to	the	configuration	of	
the	 molecule	 sandwiched	 between	 the	 electrodes.	
Hence,	 to	exert	control	on	a	nanoscale	device,	 it	 is	
important	 to	design	molecules	that	will	predictably	
prefer	 one	 consistent	 shape	 and	 orientation	 upon	
placement	into	a	device	setting.	Owing	to	their	high	
degree	 of	 symmetry	 and	 inherent	 anisotropy,	 BRs		
are	 particularly	 attractive	 candidates	 for	 device	
applications.	

Figure:	(a)	Graphical	representation	of	a	BR	coated	with	anchor	groups.	(b)	Partial	
molecular	structure	of	the	apex	of	a	BR	with	the	anchor	group	bonded	to	a	gold		
surface.	(c)	Stability	diagram	of	a	single-molecule	transistor	utilizing	a	BR	compound.
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olecular	motors	have	 recently	 attracted	 the	 interest	 of	many	
research	scientists	working	in	the	fields	of	micro-	and	nano-sci-
ence.	One	of	the	primary	goals	of	such	research	is	the	ability	
to	selectively,	cooperatively,	and	repeatedly	induce	structural	
changes	 in	 molecules	 so	 that	 these	 structural	 changes	 may	
be	 harnessed	 to	 perform	 useful	 work.	 Ultimately,	 molecular	

motors	may	be	developed	to	the	point	where	they	can	be	incorporated	into	engi-
neered	systems	that	operate	with	similar	complexity,	elegance,	and	efficiency	as	
do	natural	motor	proteins.	Mechanically	 interlocked	molecules,	 such	as	 rotax-
anes	and	catenanes,	hold	particular	promise	for	functioning	as	molecular	motors	
because	the	position	of	one	interlocking	component	relative	to	another	may	be	
controlled	externally	using	an	appropriate	stimulus.	

Bistable,	 switchable	 [2]rotaxanes	 that	 rely	 upon	 the	 host-guest	 recognition	
between	a	tetracationic	cyclophane,	cyclobis(paraquat-p-phenylene)	(CBPQT4+),	
and	tetrathiafulvalene	(TTF)	have	been	demonstrated	to	function	as	linear	motor-
molecules	 given	 their	 ability	 to	 undergo	 redox-controlled	 actuation.	 Switching	
occurs	when	the	neutral	TTF	unit	is	oxidized	to	its	dication	(TTF2+)	at	somewhat	
less	than	+1	volt,	resulting	in	strong	charge-charge	repulsion	between	the	TTF2+	
unit	and	the	CBPQT4+	ring.	This	repulsion	causes	the	CBPQT4+	ring	to	translate	
along	the	dumbbell	portion	of	the	[2]rotaxane	to	an	alternative	recognition	site,	
a	dioxynaphthalene	(DNP)	unit.	Reduction	of	 the	TTF2+	unit	 to	 its	neutral	state	

reverses	 this	 process.	 The	 collective	 actuation	 of	
palindromic	 [3]rotaxane	motor-molecules	 has	 been	
proven	 capable	 of	 bending	 a	microcantilever	 array.	
Although	 this	 mechanical	 switching	 mechanism	 is	
well-established	and	well-understood	in	semi-quan-
titative	 terms,	 the	magnitude	 of	 the	 charge-charge	
repulsion	generated	between	a	TTF2+	dication	and	a	
CBPQT4+	tetracationic	ring	was	previously	unknown.	
To	 address	 this	 fundamental	 challenge,	 the	 ener-
getics	 of	 a	 specifically	 designed	 [2]rotaxane	 R4+	
motor-molecule	 have	 been	 studied	 quantitatively	
using	 a	 multidisciplinary	 approach.	 Atomic	 force	
microscopy	 (AFM)	 measurements	 were	 performed	
on	 R4+	 attached	 to	 silicon	 surfaces	 and	 have	 been	
analyzed	 in	 combination	with	molecular	 force-field	
simulations.	Rupture	forces	were	measured	in	both	
the	absence	and	presence	of	a	chemical	oxidant	to	
selectively	probe	the	steric	and	electrostatic	interac-
tions	of	R4+.	AFM	results,	coupled	with	computational	
modeling,	 indicate	 that	 the	 repulsive	 electrostatic	
interaction	responsible	for	molecular	actuation	may	
reach	up	to	~65	kcal/mol.	This	result	is	further	sup-
ported	 by	 ab initio	 calculations.	 Knowledge	 of	 the	
magnitude	 of	 this	 charge-charge	 repulsion	 aids	
not	 only	 in	 the	 fundamental	 understanding	 of	 this	
important	class	of	molecular	motors	but	also	in	the	
design	of	future	generations	of	bistable,	switchable	
[2]rotaxane	motor-molecules.	

Measuring	the	Mechanical	Actuation	of	Linear		
Motor	Molecules

Collaboration	between	CNSI	and	UCLA

The repulsive interaction that drives  

the mechanical actuation of a class of 

[2]rotaxane linear motor-molecules has 

been evaluated quantitatively through  

a multidisciplinary approach.
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