Hlustrations courtesy of DuPont.

,V.W,,TechnoloIOda

Technology.Today@worldnet.att.net

Biosynthesis of a Structural Polymer

Y weight
this poly-
meric fiber

is stronger than steel.
In fact its weight, elas-
ticity, toughness, and ten-
sile strength make it the
strongest building ma-
terial currently in ex-
istence. Until now, this building material
could only be synthesized by spiders.

Of all the spiders in the world, scien-
tists consider the orb-weaving spider
(Nephila clavipes) to be the king of the
world when it comes to creating super-
strong spider silk. No synthetic can match
this biosilk, which is much stronger than
Kevlar, the fiber best known for its use in
bullet-proof vests.

DuPont scientists have created a syn-
thetic spider biopolymer. DuPont's re-
search will usher in anew genera-
tion of bio-synthe- sized ma-
terials that will change
the way we make every-
thing from clothing to
bridges. At this very mo-
ment, DuPont is searching
for industrial partners to
help them develop
new products
based on their
spider biosilk
process.

To create ar-
tificial spider
silk, research- #
ers had to determine the
molecular makeup of this natu-
ral polymeric fiber. Nuclear magnetic
resonance technology showed that the
orb-weaving spider's dragline silk consists
of seven natural amino acids joined in a
crystalline structure. This structure gives
biosilk its extraordinary strength by inter-
twining random and structured
protein components.

To build artificial
spider silk, the
genes that
. formthe mo-
% lecular

!  the silk pro-

teins had to be
identified. Then the scientists
needed to learn how to genetically engineer

structure of
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these genes into a living organism
that would biologically produce the
silk proteins. Once this task was ac-
complished, they needed to develop a
procedure to harvest the biosilk proteins,
spin them into useful threads, and eventu-
ally into thick super-strong cables.
DuPont's successful approach to de-
veloping an artificial spider silk included
first developing a computer model that
used all of the available knowledge about
bio-polymer fibers, specifically the knowl-
edge about the 22,000 genes identified
as biosilk DNA. By using this computer
model, DuPont scientists and engineers
could sequence the synthetic silk genes
necessary to create the spider silk pro-
4 teins. They then artificially cre-
ated these genes in a laboratory,
inserting bacteria and yeast to cre-
ate living factories that would pro-
duce spider §&  silk proteins. They
harvested ¥ the biopolymer
mass and dissolved it in a
solvent so it
could be spun
into silk spider

s threads.

The ac-
tual spinning
matches the origi-
nal approach used
by spiders.

Many products that
were once made of metal
or ceramic materials are
now made of such syn-
thetic polymers as nylon,
polyester, and acrylics,

toname justa few. Since

natural polymers have
the advantage of being biodegrad-
able, many of our current petro-
leum-based synthetic polymers will be
cloned into biological # factories in
the future. The tech- ¢ nology
used by DuPont to ;
create biosilk re-
sembles in prin-
ciple the technol-

ogy used by a

British chemical fi.
company to ge-
netically alter |
plants and bacte-
ria so they would
produce biode-

gradable plastics.

DuPont's breakthrough in producing
spiderbiosilk willlead to the development
of many new polymeric materials that
will be synthesized in plant and animal
biological factories. We are on the thresh-
old of a brave new world where scien-

tists and technologists will continue
to learn how to form biological enti-
ties to meet human needs and
wants. 70

Recalling the Facts

1. Why aren't today's bridges built of
synthetic spider biosilk?

2. To create the artificial biosynthesis
process, what hurdles did the scientists
have to overcome?

3. Describe the steps that DuPont fol-
lowed to go from a
computer simula-
tion to a synthetic
spider thread.
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