
of cell mechanics has drawn considerable 
attention from diverse fields. The Center 
for Cellular Mechanics at the University 
of Illinois is making advances in micro
nano technology, offering unique oppor
tunities for probing biological 
phenomena at a cellular and subcellular 
scale, which may profoundly impact the 
study of cell mechanics. 

Reflecting the multidisciplinary nature 
of the technology, the CNST works with 

researchers from ten colleges and more than 
30 departments across the campus. 

DNA SEQUENCING 
In recent years, the cost of DNA 
sequencing has gone down 50-fold; how
ever, it still costs about US$lO million to 
sequence 3 billion base pairs, the amount 
of DNA found in the genomes of 
humans and other mammals. The project 
explores the feasibility of sequencing a 
DNA molecule using a type of silicon 
integrated circuit. The circuit incorpo
rates a nanopore mechanism with a 
molecular trap that forces the DNA mol
ecule to oscillate back and forth between 
electrodes, measuring the electrical signal 
associated with each specific base. The 
efforts are aimed at speeding the rate at 
which the next generation of sequencing 
technologies becomes available in the sci
entific laboratory and the medical clinic. 

CLEAN WATER 
Ensuring the availability of clean, abun
dant fresh water for human use is among 
the most critical issues facing the United 
States and the world. More than 1 billion 
people in the world lack access to clean 
water, and things are not getting any bet
ter. Water is pivotal to the United States 
in terms of economy, health, food, and 
energy. In 1993 in Milwaukee, 
Wisconsin, the outbreak of Cryptosporidi
um parvum (4-8 Jl in size), a protozoan 
parasite that causes gastrointestinal illness, 
resulted in thousands of people getting 
sick and costing US$96 million in health
care and associated costs. 

There is a dire need to not only con
serve water but also to develop novel and 
affordable technologies for supplying clean 
drinking water. The National Science 
Foundation-funded Center of Advanced 
Materials for Purification of Water with 
Systems (CAMPWS) is engaged in devel
oping nanofilteration devices, which are 
among the possible solutions to prevent 
future such outbreaks. 

NANOAGRICULTURE 

SIOSENSORS 
The United States is at risk of being 
attacked by soybean rust spore, and the 
risk has become even higher due to the 
recent increase in the number and feroc
ity of the hurricanes hitting the United 
States' coasts. Due to the "threat" of 
soybean rust, knowing whether to apply 
fungicides is a perplexing question. 
There are two different fungal species, 
Phakopsora pachyrhizi and Phakopsora 
meibomiae, that cause soybean rust. It is 
a serious foliage disease, which has the 
potential to decimate soybean 
crop, causing huge economic 
losses to U.S. agriculture esti
mated at US$640 million to 
US$1.3 billion. Therefore, 
timely detection of soybean 
rust spore is critical. Collabo
rative work is underway 
involving the Colleges of 
Engineering, Agriculture, and 
the United States Department 
of Agriculture in developing 
field-deployable biosensors for 
early detection of the spores 
(Figure 4). 

HARNESSING CORN WASTE 
Zein is a waste product in the 
corn-to-ethanol process. This 
corn byproduct would not be such a 
waste anymore, as researchers in the Food 
Science Department, intrigued by the 
bricklike shape of the corn zein molecule, 
see its potential as a building block for 
tiny structures small enough to be meas
ured in nanometers--eages, for example, 
that could carry biocompounds to target
ed sites in the human body or scaffolds 
on which to grow neat sheets of skin cells 

instead of bulky clumps of tissue. A physi
cian may want a specific drug to attach 
itself to a particular part of the body or 
affect only a certain kind of tissue, say for 
treating cancer. Potentially, corn zein also 
can function as a transport mechanism for 
growing single neurons for studying neu
rological disorders. 

NANOMANUFACTURING 
The National Science Foundation-fund
ed Center for Nanoscale Chemical
Electrical-Mechanical Manufacturing 
Systems (Nano-CEMMS), a collaborato
ry of the University of Illinois CNST, 

FIGURE 4 Photonic crystal optical biosensors fabricated 
from plastic sheets and attached to standard microscope 
slides for enhancement of fluorescent dye output and label
free detection of cancer cells, soybean rust spores, and 
virus particles. (Image courtesy of B. Cunningham, 2007.) 

addresses a pivotal problem in the devel
opment of nanotechnology: how to 
assemble structures at sizes smaller than 
can be seen (or transduced) and manipu
lated (or transcribed). 

Making three-dimensional nanoscale 
devices and systems from millions to tril
lions of different types of molecules is 
extremely challenging. The Center is devel
oping a reliable, robust, and cost-effective 
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rFIGURE 5 E-jet printing uses electric fields to pull the fluid out,
 

and consists of a gold-coated microcapillary nozzle (300 nm
 
diameter) mounted on a computer-controlled mechanical sup

port. (Image courtesy of J. Rogers, et aI., 2007.)
 

printing, significantly 

exceeding those of estab

lished ink-jet technolo

gies (Figure 5). This type 

of e-jet printing could be 

used for large-area cir

cuits, displays, photo

voltaic modules, and 

related devices, and has 

other wide-ranging appli

cation possibilities in 

security, biotechnology, 
and photonics. 

SOCIETAL 
IMPLICATIONS 
Nanotechnology, which 
transcends several scientif

ic fields, provides tremen

dous opportunities. At 

the same time, it raises 
important issues for our 

environment-for health

care and for society at 

large. We have a unique 

opportunity to guide this 
nascent industry now, and 

nanomanufacturing system to make 

nanostructures from multiple materials. 

This technology will allow advance

ments and discoveries in nanoscience to 

move from the laboratory to produc
tion. Manufacturing at the nanoscale is a 

challenge in itself; however, the other 

challenge is to develop a diverse U.S. 

workforce of educators, scientists, engi

neers, and practitioners to advance 

nanomanufacturing technology in the 

United States and beyond. 

PATTERNING OF NANOSTRUCTURES 
Creating high-resolution metallic inter

connects is an essential part of the fabri

cation of microchips and other nanoscale 

devices. Researchers at the University of 

Illinois have developed a simple and 

robust electrochemical process for the 
direct patterning of metallic intercon

nects and other nanostructures. An elec

trohydrodynamic jet (e-jet) printing 

process has been invented by researchers 

at Nano-CEMMS that produces patterns 

and functional devices, thus establishing 

new resolution benchmarks for liquid 

nanotechnology's societal 

implications must be part 

of the discourse from the very conception 

of research and development activities. It 

is imperative, then, that individual 

researchers, academic institutions, fund

ing agencies, and governments include 

the public in the discourse on nanotech

nology advances. 

CONCLUSIONS 
The convergence of biotechnologies, 

infotechnologies, and nanotechnologies 

provides us with immense opportunities 

and pathways to address major issues 

confronting humankind. The basic 
research continues at the University of 

Illinois with recent focus on conducting 

translational research in order to make a 

tangible difference in how we live and 

interact with our environment. The 

ongoing efforts are harbinger to para

digm-shifting novel products; however, it 
will be at least a decade or more before 

any of these products hit the market. Yet 

we can confidently say that positive 

change is inevitable, and the University 

of Illinois is at the forefront in bringing 

that change. 
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