
NEW VOICES IN CHEMISTRY

A
s a scientist of the nat-

ional Institute of Standards and
Technology (NIST) Biotech-
nology Division, I have a uni-
que opportunity to interact

with industrial, academic, and government
laboratories. This interaction provides
insight into the goals, motivation, and con-
cerns of each sector with respect to the
future directions of biotechnology. The last
century ended with the rapid growth of
biotechnology, a field that encompasses sev-
eral disciplines unified in that they all use
products from organisms or cells. Need is
growing for both specialists and individu-
als with broad backgrounds who can
enhance communication and coordination
between disciplines, management, and, ulti-
mately, the public and its elected officials.

Perhaps the area of largest impact for
biotechnology is health care. Biotechnology
is improving drug screening, creating bet-
ter and faster diagnostics, introducing new
materials, and applying technologies to var-
ious biomedical applications. Better under-
standing of biological processes affects the
development of new materials for medi-
cine, such as dissolvable materials with con-
trolled breakdown rates and better implant
surfaces (which enhance or discourage cel-
lular adhesion). Awhole new field of tissue
engineering is rapidly developing in which
tissues and cells from the patient or another
source are implanted to replace damaged or
diseased organs or tissues—for example,
synthetic skin for burn victims. Genetic
background screening may lead to person-
ally tailored drugs, and by using appropri-
ate biomarkers, we may be able to identify
individuals who are prone to adverse drug
reactions. Medical data infrastructure is
improving, and already pharmacies can
catch prescription errors, thereby pre-
venting serious and sometimes fatal med-
ication incompatibilities.

Arecent trend in biotechnology is high-
throughput biology. Rapid sequencing of
the human genome and other commercially
interesting genomes are good examples.
The predictable chemistry of nucleic acids
is conducive to automation and parallel pro-

cessing, and current gene sequencing and
polymerase chain reaction expression tech-
niques exploit this chemistry. High-
throughput biology requires molecular biol-
ogy expertise, mechanical engineering for
reproducible automation, and computer
science for data handling and management.

“Gene chips” and mass spectrometry
are enabling single-cell studies of gene
expression and the cellular labeling of
DNAfor gene activation. Efforts to deter-
mine the 3-D structures of these proteins
to derive their functions are also under way.
Expertise in macromolecular X-ray crys-
tallography and nuclear magnetic reso-
nance spectroscopy is needed to optimize
and automate collection and refinement
methodologies and data handling. Com-
putational chemists and biologists now
have an almost endless stream of data to
analyze, and great efforts to make data
comparisons more relevant and accurate
are in process. These studies are challeng-
ing because proteins, unlike nucleic acids,
tend to have widely varied chemical prop-
erties and characteristics, which makes
high-throughput automation difficult.
Techniques will have to be developed to
study protein complexes.

Overall, advances in proteomics and
functional genomics will enhance the fields
of structural and functional biochemistry
and provide a wealth of information about
proteins and cellular processes. This emerg-
ing knowledge will affect many disciplines
—drug development, pathology, oncology,
immunology, and others—potentially lead-
ing to better drugs and treatments for bac-
teria, viruses, cancer, and genetic diseases.

Biotechnology is also involved in nano-
technology, the development of small
devices and detectors that often use pro-
teins—a cell’s “molecular machines”—to
achieve high specificity and sensitivity. Pro-
tein engineering is now commonly used to
modify proteins for nonnatural environ-
ments (often referred to as “green chem-
istry”), resulting in better detergents,
chemical processes that are less toxic, and
environmentally safe products. In addi-
tion, metabolic engineering—the modifi-
cation of cellular metabolic pathways—is
being used to economically make bacteria,
yeast, and crops such as tobacco and to
produce chemical feedstocks, dyes, and
drugs by using sugar-based fermentation
or contemporary agriculture in lieu of
petroleum-based processes.

As biotechnology evolves, data man-
agement, intellectual property, and privacy
issues will have to be addressed so that the
fruits of this work can be realized by the
public. Biotechnology is advancing rapidly,
making it difficult for regulations and poli-
cies to keep up, and advances raise ethical,
political, and public concerns—not unlike
those faced by the nuclear industry. To be
successful, public education about biotech-
nology is essential. 

The Chinese adage “may you live in exc-
iting times” is both a blessing and curse.
We are living in exciting times with new
tools and discoveries, yet there is great
debate. Hopefully, we will have the
wisdom and foresight to use the full poten-
tial of biotechnology to improve the lives
of everyone.
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