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Nanopillar cones covering cicada wings bond with bacterial
membranes, stretching the portion between the cones to the point of

rupturing.
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In 2012, scientists observed that cicada wings Kill several types of harmful bacteria, but it
wasn’t immediately clear how it worked. Were the wings coated in an antibiotic? Was there a
rapid immune response? Using powerful microscopes to get an extremely close view of the
wings, the scientists observed tiny cone-shaped bumps called nanopillars covering both sides in
a hexagonal arrangement.

They hypothesized it was actually the cones themselves that were Killing the bacteria, and they
used “the Midas touch” to prove it. They coated cicada wings with a super thin layer of gold to
inhibit any biochemical reactions. When exposed to the gold-plated cicada wings, bacteria still
died, proving there was no chemical killer—the unique nanopillar structures were directly
responsible.

To understand how the cones kill bacteria, think of a bacterial cell like a water balloon. With a
diameter several times larger than the distance between cones, one cell rests on many
nanopillars. It’s tempting to think of these nanopillars as a bed of nails that simply pop the water
balloon. However, in 2013, the same group of scientists developed a model that told a different
story

Consider what’s happening between just two of the cones. The water balloon would sag around
both cones, while the membrane between would extend across the gap like a bridge. However,
at the nanoscale, the cell membrane isn’t just sagging—it is physically attracted to the
nanopillars’ surfaces, essentially sticking onto them. As the membrane adheres farther down on
both cones, the membrane spanning between them stretches, eventually snapping like a rubber
band.

Now consider ruptures ripping between every pair of cones the cell touches—cytoplasmic guts
spilling out of a shredded membrane spells bacterial death.

This mechanism is only effective on gram-negative bacteria—the type of bacteria that tends to
cause infections. It doesn’t work on gram-positive bacteria, which tend to be beneficial
“probiotic” bacteria. Instead of pliable water balloons, beneficial bacteria are more like hard-
shelled eggs with rigid membranes. They are protected from the nanopillars’ rupturing effect
because the physical forces that attract their membranes to the cone surfaces aren’t strong
enough to overcome their stiffness.




* j%31 * (REFERENCES)

" Clanger ## ( Psaltoda claripennis) i deom iz A BERS &0 - AT R
- BHF TV ARG PR SR ARAPEE w2 i BF L (F e

Fi5 2 foR Feae 3 oRTAIF R AR R A APR D e {oEE £ o C =
F’“#Bf e chd i T AP RN FR ek R I o 4
N SR e el Erg T ed )Xo b SCIERN AR U UE S RER LR o) 9 RS PN R IR oV el o)
r‘v’nm]}i P RTIPEERIIE T Al B F Eég/pé.f;‘,gig— Bh o AT T B R EP

THAEY 2 F MR REE A HER R

“The nanopattern on the surface of Clanger cicada (Psaltoda claripennis) wings represents the
first example of a new class of biomaterials that can kill bacteria on contact based solely on their
physical surface structure. The wings provide a model for the development of novel functional
surfaces that possess an increased resistance to bacterial contamination and infection. We
propose a biophysical model of the interactions between bacterial cells and cicada wing surface
structures, and show that mechanical properties, in particular cell rigidity, are key factors in
determining bacterial resistance/sensitivity to the bactericidal nature of the wing surface. We
confirmed this experimentally by decreasing the rigidity of surface-resistant strains through
microwave irradiation of the cells, which renders them susceptible to the wing effects. Our
findings demonstrate the potential benefits of incorporating cicada wing nanopatterns into the
design of antibacterial nanomaterials.” (Pogodin et al. 2013:835)
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