
 

Fascinating Spider Silk
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Stronger than steel and more elastic than rubber: spider silk is
unsurpassed in its expandability, resistance to tearing, and toughness.
Spider silk would be an ideal material for a large variety of medical and
technical applications, and researchers are thus interested in learning the
spiders’ secrets and imitating their technique.

A team lead by Thomas Scheibel at the Technical University of Munich
has now made a step in the right direction. As they report in the journal 
Angewandte Chemie, the interaction between hydrophilic (water
friendly) and lipophilic (fat friendly) properties of the silk proteins plays
an important role in the spinning process.

Fundamentally, the spinning of spider silk represents a phase change
from a solution into a solid thread; but the exact details of this process
are largely unknown. The silk used by orb weaver spiders to spin the
edges and spokes of their webs and to rappel away in the face of danger
is made of two different proteins.

The Munich team has now successfully used genetic engineering to
produce one of the spider silk proteins of the European garden spider
(Araneus daidematus). While purifying the protein by dialysis, the
researchers observed the separation of two different fluid phases.
Whereas one phase consisted of protein dimers, the second consisted of
oligomers—multiple protein units linked together. After the addition of
potassium phosphate, a natural initiator of silk aggregation, the liquid
could be pulled into threads. “It is clearly not a structural change in the
protein, but rather the degree of oligomerization that is crucial for thread
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formation,” concludes Scheibel.

The silk solution in the spider’s silk gland has a very high protein
concentration. This solution also contains a high concentration of sodium
chloride, which suppresses oligomer formation. If the sodium chloride is
removed, the proteins aggregate into oligomers.

In addition, the pH value also plays a crucial role in web production:
within the silk gland, the pH is relatively high, but within the spinning
duct it drops to a slightly acidic level. No phase separation was observed
for the synthetic spider protein when the pH was maintained at an
alkaline level. At high pH, the normally uncharged tyrosine groups in the
protein are deprotonated, which gives them a negative charge. This
charge weakens the interactions between the hydrophobic, lipophilic
regions of the proteins, which are necessary for oligomerization.

“Our insights form a foundation for the establishment of an effective
spinning process for the production genetically engineered spider silk,”
hopes Scheibel.
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