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Biology and chemical engineering bond

WASHINGTON, D.C.—As is the
case in many fields of science, the
distinction between biology and
biochemical engineering is blur-
ring. What is going on at this bio-
technology interface? This ques-
tion was posed at a recent meeting
here entitled “Research Opportu-
nities in Biomolecular Engineer-
ing: The Interface Between Chemi-
cal Engineering and Biology.” The
meeting was sponsored by the Na-
tional Institute of General Medical
Sciences (NIGMS, Bethesda, MD),
the component of the National In-
stitutes of Health that supports ba-
sic, non-disease-targeted research
and research training.

Decisively dispelled at the meet-
ing was the notion that chemical
engineers serve merely to scale up
processes suggested by fundamen-
tal biological science. It has be-
come clear instead that chemical
engineering and biology can work
hand in hand, from “upstream” ef-
fortstoelucidate basic mechanisms
to “downstream” attempts at de-
vising practical technology.

The key term is “molecular,”
which characterizes the forefront
of research in both chemical engi-
neering and the life sciences.
Chemical engineers are trained to
apply engineering principles—in-
cluding physics, thermodynamics,
mechanics, kinetics, and transport
phenomena, along with an analysis
and synthesis approach, quantita-
tive whenever possible—to break
down complicated problems into
essential components, thereby pro-

viding a basis for the rational design
of the reintegrated system. At the
same time, modern biology typi-
cally pursues and identifies under-
lying molecular mechanisms from
a qualitative, descriptive perspec-
tive, wherein the identification of a
molecular species, along with the
conditions governing its presence
or absence, provide new insight.

An example is the work of Steve
Wiley at the Univesity of Utah in
Salt Lake City. Wiley and his co-
workers in chemical engineering
and molecular biology have shown
how advances in understanding re-
ceptor trafficking and signaling—
functions that are intrinsic to the
regulation of such celiular under-
takings as proliferation—are emerg-
ing from the posing of quantitative
questions concerning rates, once the
principal molecular species in-
volved have been identified.

Wiley has been exploring the epi-
dermal growth factor (EGF) recep-
tor, with the goal of relating changes
inreceptor-trafficking properties to
changes in the ability of cells to
bind and respond to EGF. Potential
applications include reducing
growth-factor requirements for cell
culture, stimulating wound healing,
and enhancing transport of growth
factors through tissue,.

Accritical feature of Wiley’s math-
ematical model is that specific, sec-
ond-order interactions occur be-
tween receptor/ligand complexes
and membrane-associated sorting
components at the cell surface (gov-
erning internalization) and in intra-

cellularendosomes (governing deg-
radation and recycling). This model
can predict, for instance, how
changes in the affinity of these in-
teractions should alter the numbers
of EGF/EGF-receptor complexes on
the cell surface. Wiley has exploited
site-directed mutations of the EGF
receptor transfected into cell lines
lacking endogenous EGF receptors
to test these predictions. For ex-
ample, truncation of this receptor at
residue 973 dramatically reduces
its internalization-rate constant,
leading to a loss of receptor down-
regulation and its consequent at-
tenuation of mitogenic signaling.
Model predictions, using param-
eter values determined from inde-
pendent kinetic experiments, are in
quantitative agreement with experi-
mental observations that a fibro-
blastline transfected with this EGF-
receptor truncation mutant prolifer-
ates with maximal rate at an EGF
concentration an order-of-magni-
tude lower than for that for cells
transfected with the normal recep-
tor. Not only do the celis possessing
the internalization-mutant receptor
exhibit reduced EGF requirements
inculture, they become transformed
at high EGF concentrations and
demonstrate tumor formation when
transplanted into mice.
—Douglas Lauffenburger

Douglas Lauffenburger is profes-
sor of chemical engineering and
cell & structural biology at the Uni-
versity of Illinois at Urbana-
Champaign.

out, the experts identified by FDA
may just as likely be working as
consultants for companies ready-
ing their products for regulatory
scrutiny. Such overlapping inter-
ests can lead to both apparent and
real conflicts of interest.
Although experts in the field of
biotechnology tend to move flu-
idly among academic and corpo-
rate consulting posts, conflict-of-
interest challenges are just as likely
to arise in any specialty field where
there is a “small community of
experts,” notes Henry Miller of
FDA'’s Office of Biotechnology.
“The issue is a pervasive one, so [
don’t see that there is a special

issue with biotechnology.”

To cope with the general issue of
conflict of interestamong advisory-
committee members, FDA has a
“waiver” system in place, allowing
agency officials to identify poten-
tial conflicts and to determine when
a committee member’s expertise is
so useful that it outweighs the threat
to his impartiality of judgment. The
problem with the system, according
to the report, is that “there are no
relevant written standards for grant-
ing waivers.” Thus, IOM encour-
ages FDA officials to work with the
Office of the Special Counsel for
Ethics within the Department of
Health and Human Services to

codify the agency’s waiver system.
The IOM report also recommends
that uniform management guide-
lines be developed so that unneces-
sary differences in advisory-com-
mittee practices be minimized.
Some committees, for instance, take
formal votes when making recom-
mendations, while other commit-
tees informally reach a consensus.
Along these lines, the report also
urges FDA tocentralize its manage-
ment of the advisory committees,
preferably by appointing an indi-
vidual in the Commissioner’s of-
fice to provide agency-wide guid-

ance.
—Jeffrey L. Fox

Chemical
engineering and
biology are
cooperating
upstream to
elucidate basic
mechanisms
and downstream
to devise
practical
technology.
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