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What is bionanoscience (or bionanotechnology)? It is the

nexus where the worlds of solid state, chemistry, and

biology uniteVBto boldly go where no engineer, chemist,

or biologist would have gone alone.[ Broadly defined as

biomedical applications of nanotechnology, it is a highly interdisciplinary field

that draws upon expertise and knowledge from a host of conventional

subdisciplines within engineering, chemical, and biological sciences. It is the

world of the nanoscaleVat dimensions from a few nanometers to hundreds of
nanometers where structures, devices, and materials are fabricated and con-

structed either using Btop–down[ fabrication methods with silicon manufac-

turing approaches, or the Bbottom–up[ self-assembly methods that are

chemically or biologically inspired. Integration of these approaches can allow

scientists and engineers to create devices with nanoscale features for detection

or characterization of biological or chemical molecules, build new polymeric

constructs for targeted drug delivery, construct hybrid materials interfacing

semiconductor nanoparticles with DNA and other biomolecules with new
properties, and many other possibilities yet to be realized. These new devices

and materials offer many very exciting possibilities to tackle grand challenge

problems facing health and medicine. Just as the last century was considered as

the era of electronics and information technology, the current century could be

regarded as that of biology, medicine,

and health. Many grand challenge
problems in health can benefit from

the advancements in bionanosciences.

Extensive research and development

is taking place in diagnostics, thera-

peutics, and engineering of biological

systems from molecular to tissue scale.

The potential applications are many,

ranging from Bbench to bedside[ (i.e.,
basic science to translational research)

in cancer, infectious diseases, global

health, tissue engineering and regener-

ative medicine, individualized medi-

cine, synthetic biology, and many

others.

Cancer, as one of the grand chal-

lenge disease, continues to take a
huge toll on our society both in terms

of lives and cost of disease manage-

ment. Even though the average life-

span continues to be on the rise in the

United States, the deaths due to can-

cer (about 190 deaths per 100 000)

have decreased only negligibly over

the last 50 years. One bold initiative is
that undertaken by the National Can-

cer Institute Alliance for Nanotech-

nology in Cancer where researchers

from a wide range of disciplines are

funded to work together on applica-

tions of nanotechnology in cancer for

diagnostics, therapeutics, and more,

and to train the next generation of
leaders to work in this critically im-

portant area for the nation and the

world. As a matter of fact, according to

reports from the World Health Orga-

nization, noncommunicable diseases,

including cancer and heart diseases,

are expected to become global epi-

demics and result in more death
and suffering than communicableDigital Object Identifier: 10.1109/JPROC.2012.2187362
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diseases. Advance in bionanosciences
for early diagnostics and targeted

personalized therapeutics can pro-

vide new solutions for management

and eradication of cancer and other

diseases.

The similarities in size of many

biological entities to that of advanced

human-made nanostructures provide
exciting opportunities to interface the

biological world and the synthetic

world. The size of most viruses is

the same or larger than the minimum

feature size in today’s modem inte-

grated circuits. The diameter of a

double stranded DNA at 2 nm is of the

same order as the gate dielectric
thickness in advanced silicon field ef-

fect transistors. Nanoscale pores and

channels can be drilled with a focused

electron beam in thin membranes on

a chip to study the passage of single

DNA molecules toward the goal of

directly determining their sequence.

These solid state nanopores, or their
biological counterparts derived from

components and machinery of vi-

ruses, are potential candidates for

generation-4 sequencing devices po-

tentially allowing the realization of

the sequencing of entire human ge-

nome for less than 100$. Such low-

cost sequencing could revolutionize
individualized medicine and could

have a similar impact on our society

as did the invention of the transistor

and integrated circuits.

Similarly, semiconductor nano-

wires with diameter of 10–20 nm

could be used as highly sensitive de-

tectors for just a few proteins or DNA
molecules, without the need for fluo-

rescent reporters enabling low-cost

point of care sensors for monitoring of

health. These nanowire sensors, orig-

inally demonstrated by chemical self-

assembly methods, can now also be

fabricated on highly integrated silicon

chips, thanks to advancements by the
semiconductor industry and the scal-

ing of Moore’s law. Perhaps use of

highly integrated silicon chips for bio-

sensing is a very promising area where

the potential has yet to be fully uti-

lized. Recent reports by the company

Ion-Torrent on sequencing of Gordon

Moore’s genome using very large-
scale integration (VLSI) silicon chips,

where the individual transistors are

acting as tiny pH sensors, demon-

strates the potential of this approach.

Delivering specific drug molecules

to specific sites of interest in the body

is a goal of therapeutic applications of

bionanotechnology. Polymeric nano-
particles can be synthesized, chemi-

cally loaded with cancer drugs, and

conjugated with proteins to target

these nanoparticles to cancer tumors

or diseased sites. Also, the fate of the

nanoparticles and how long they can

stay in the circulatory system can de-

termine their therapeutic efficiency
and efficacy. If the nanoparticle was

constructed from gold, the absorption

of infra-red radiation can result in

heating and localized inactivation or

Bkilling[ of the target cells. The trans-

port of the nanoparticles across the

cell membranes and into cells can also

occur and it has been shown that
specific sizes and shapes are prefer-

entially taken up by cells; the mecha-

nisms of these phenomena are still

not clear. Toxicity, biodistribution,

and the pharmacokinetics are impor-

tant challenges to be addressed during

the U.S. Food and Drug Administra-

tion (FDA) approval of any therapeu-
tic approach, same as is the case for

any new drugs molecules. Human

testing of polymer nanoparticle for

drug delivery in cancer has begun

early this year by the company BIND

Biosciences.

Much progress has also been made

in design and engineering of molecu-
lar constructs from DNA, the basic

building blocks of life. The general

idea that information encoded in the

sequence of the DNA can be utilized

to perform programmable functions is

still highly sought after. Just as the

sequence of the DNA can be trans-

lated and transcribed to result in syn-
thesis of proteins in cells, can DNA

sequences be designed to subse-

quently result in programmed syn-

thesis of new materials, crystals, or

scaffolds, via self-assembly of comple-

mentary bases of DNA molecules?

Researchers have made strides toward

achieving this goal to create nanoscale
constructs using such approaches for

potential use in sensing and thera-

peutic applications.

Since bionanoscience is an enabl-

ing field, the applications can be

crosscutting and many, and hence

there is room for researchers from

many fields to contribute. In these
interdisciplinary fields of endeavors,

research and graduate education oc-

curs across many traditional depart-

ments and disciplines. This is Bteam

science[ in its true spirit, where

working together with researchers

from different backgrounds has the

potential to result in major break-
throughs. The researchers have to not

only be grounded in disciplinary ex-

cellence but also be able to work with

colleagues from other disciplines.

Interdisciplinary graduate training

program grants from the National

Science Foundation and the National

Institutes of Health provide an excel-
lent mechanism for training of this

cadre of interdisciplinary researchers

of tomorrow at the nexus of disci-

plines. Research in bionanosciences

in academic institutions occurs in in-

terdisciplinary labs and groups and

not in any one department. The tradi-

tional departmental boundaries do
not exist in this field, especially at

the graduate level.

In summary, bionanoscience or

bionanotechnology offers great excite-

ment and great potential to address

many grand challenge problems in

health and medicine in the coming

decades. Since 2000, many advances
have been made in the first ten years

of the national nanotechnology initia-

tive and many more are expected in

the next ten years. An increased focus

on the potential adverse effects of

nanotechnology on the body and the

environment is already taking place

and appropriately so, as an increased
body of research is starting to make its

way to commercial applications.

Much more discoveries and applica-

tions await, adapting the famous

words of Physicist Richard Feynman,

Bthere is Fstill_ plenty of room at the

bottom.[ h

Point of View
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