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The October issue of the MRS Bulletin
focused on two areas of research in bio-
molecular materials; biomineralization
and protein fibers. In addition, the develop-
ment of a new carbohydrate-based mate-
rial with a variety of novel properties was
discussed.

In this issue, we turn to two other types
of materials based on biological systems:
(1) polymers and other materials produced
through enzyme-catalyzed biosynthetic
reactions and (2) protein and lipid com-
plexes based on biological membrane
structures. In each case, as in the October
issue, a discussion of how Nature pro-
duces and uses these materials is followed
by reports describing manipulations of
these systems to enhance their properties
for nonbiological applications.

In the October issue, Kaplan and Cap-
pello discussed in detail the synthesis of
proteins. They described how living or-
ganisms expend a very large fraction of
their energy producing these polymers to
grow and repair damage to their bodies.
(The other major fraction of their energy
is dedicated to maintenance of brain func-
tion). Synthesis of carbohydrates, lipids,
and other materials, however, is achieved
through a somewhat more complex pro-
cess. The organism outlines a pathway
that consists of a sequence of reactions;
each reaction converts a substrate —the
product of the preceding reaction—to a
product which is the substrate for the next
reaction. The net result of the action of the
pathway is the conversion of a nutrient to
a useful material, often of far different
chemical structure.

Each step of a pathway is catalyzed by
an enzyme that is specific for its substrate
and for the reaction. Enzyme catalysis
proceeds at a rate up to 16 orders of mag-
nitude greater than the uncatalyzed rate.
Most enzymes are proteins and are pro-
duced through the protein synthesis ma-
chinery described by Kaplan last month.
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Each enzyme binds its particular sub-
strate, chemically converts it to product,
and releases it.

Doi describes a family of polyesters
produced by bacteria. These are environ-
mentally degradable thermoplastics with a
wide range of potential applications. The
bacteria carry three genes for the process,
each gene coding for an enzyme involved
in the three-step pathway converting a
common metabolic intermediate (itself
produced from sugar through a ten-step
pathway) to the polymer. The genes have
been cloned and studied in great detail.

Morrow discusses his work in using
purified enzymes in reactions outside
the organism to produce novel polymers.
By virtue of the substrate and reaction
specificity of the enzymes, their use al-
lows the synthesis of optically active and
therefore highly stereoregular polymers.
Enzyme use outside the organism pro-
vides an increased level of control and
flexibility of the reaction, but requires con-
siderable work in designing appropriate
reaction conditions.

Hilvert takes the system one step fur-
ther. The specificity of enzymes is an ad-
vantage in that it rigorously controls the
structure of the reaction product. It is,
however, a disadvantage in limiting the
flexibility of the system. One would like
to use variants of the natural substrate
to allow the enzyme to produce variants
of the product. These would have novel
structures and therefore novel properties.
Enzymes that are highly specific for their
substrate cannot recognize altered sub-
strates and catalyze reactions converting
them to altered products. Hilvert de-
scribes the genetic engineering technique
of “site-directed mutagenesis,” which al-
lows the rational redesign of an enzyme
to allow it to catalyze a reaction leading to
a new product with new and, with luck,
interesting properties. He goes on to dis-
cuss the newer techniques that allow the

substitution of non-natural amino acids in
the enzyme, providing greater flexibility
in modifying its structure. Finally, he dis-
cusses the production of catalytic antibod-
ies, proteins with enzyme activity that can
be generated for catalysis of targeted reac-
tions, whether they occur in nature or not.

Callstrom and Bednarski'’s article in the
October issue is also relevant here. Once
enzymes have been selected for use in
materials synthesis, their inherent instabil-
ity must be addressed. One application of
the new carbohydrate-based polymer de-
scribed in that article is its unique ability
to stabilize enzymes at high temperature,
in organic solvents, and in distilled water
without buffer.

Membranes surround and contain vir-
tually all biological structures. They self-
assemble from lipid and protein substituents
and form barriers between the surrounded
structure and its environment. The lipid
components form the thin film structure
of the membrane in which the proteins
are embedded. These proteins perform
a variety of biological functions. After
briefly discussing the features of naturally
occurring membrane systems, Hampp
et al. describe their efforts to use these
materials in optoelectronic applications.
They present work with bacteriorhodopsin
(BR), a light-driven protein pump that
moves and concentrates protons across
the bacterial cell membrane. Using site-
directed mutagenesis, the group has been
able to modify the properties of BR and
use it in holographic pattern recognition.
They compare the effectiveness of this
modified biological material to that of the
more conventional liquid crystals and pho-
torefractive crystals now in use.

Finally, Charych and Bednarski examine
a variety of films whose structures mimic,
to varying degrees, the self-assembling
nature of biological membranes. By modi-
fying the functional groups attached to
the outer surface of these films, they are
able to control surface properties and ap-
proach questions of tribology, including
lubrication and adhesion, and also the
development of a variety of sensors and
coatings.

Although virtually all biological mate-
rials fall into one or another of the four
major classes addressed in these two is-
sues of the Bulletin, space limitations al-
lowed us to focus on only a few of the
types of materials in these classes. Not
discussed, for example, are organisms that
produce ferritin, an antiferromagnetic
iron storage protein, or others that pro-
duce clusters of semiconducting materials,
protein adhesives, or complex carbohy-
drate lubricants. Also not discussed are
proteins such as myosin, kynesin, and
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dynein which act as biomolecular motors,
moving and positioning other molecules
to their required locations in the cell. Fur-
ther, a wide variety of molecules, includ-
ing enzymes, act as “smart” materials,

modulating their activity in response to a
variety of external, environmental factors.
They sense these factors individually, and
respond on the basis of the weighted sum
of the individual interactions.
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