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(The nanostructure of some spider silk proteins prevents bacterial
attachment)
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A spider’s web can survive with minimal repairs for days or even weeks without being
destroyed by decomposing organisms like fungi and bacteria. People have used spider silk to

dress wounds, suggesting that they may have antimicrobial super powers. Why aren’t these
webs degraded by bacteria and fungi, even though they’re made of microbes’ favorite

foods? The outer layer of spider silk is made up of various proteins and fat molecules. The
proteins are composed of hundreds of individual building blocks, called amino acids. Different
amino acids have different traits, as well as positive or negative charges. Opposite charges
attract, while similar charges repel each other. These interactions mean that, depending on the
kinds and order of amino acids in the chain, different parts of a protein end up organized into
different shapes. One of these shapes is known as a helix that contains parts known as beta
sheets. This is where spider silk’s microbe-repelling skills appear to come from. Scientists have
discovered that some spider silk protein conglomerations called fibroins have beta-sheet
sections with similar charges that cause them to repel each other, creating a regular arrangement
of hydrophobic (water-repelling) patches across the surface of the silk. These patches effectively
prevent microorganisms from finding a place to land and stick—much as a team of skilled
volleyball players scattered over a court can keep the ball from hitting the ground anywhere.
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“The consensus sequences of Araneus diadematus dragline silk proteins (fibroin 3 and 4) were
processed into 2D-patterned films and 3D-hydrogels. Strikingly, protein structure characteristics
on the nanoscale are the basis for the detected microbe-repellence. Designed spider silk
materials promoted mammalian cell attachment and proliferation while inhibiting microbial
infestation.”  (Kumari et al., 2020:21)
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“We demonstrate that native web silk of Tegenaria domestica can inhibit the growth of the
Gram positive bacterium, Bacillus subtilis. No significant inhibition of growth was detected
against the Gram negative bacterium, Escherichia coli. The antimicrobial effect against B.
subtilis appears to be short lived thus the active agent potentially acts in a bacteriostatic rather
than bactericidal manner. Treatment of the silk with proteinase K appears to reduce the ability to
inhibit bacterial growth. This is consistent with the active agent including a protein element that

is denatured or cleaved by treatment.” (Write and Goodacre, 2012)
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