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 Powerful lubricant protects beetle joints from wear and tear
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Zoologists at Kiel University study special characteristics of insect joints

Knee or wrist joints of vertebrates including humans are surrounded by a protective capsule. It contains a fluid that
minimizes friction between the cartilages and thus enables bending and stretching of arms and legs. Insect joints are
designed completely different: Instead of cartilage they consist of a supportive exoskeleton and without any
encapsulation their joints are exposed to numerous environmental challenges. A research team from the Institute of
Zoology at Kiel University (CAU) wants to find out how these open joints of insects work and has studied the knee joints
of the darkling beetle Zophobas morio. They discovered a semi-solid lubricant that minimize friction similarly to Teflon,
thereby reducing wear in the leg joints. The research team recently presented its findings in the journal Proceeding of
the Royal Society B.

Running, flying, jumping, digging, climbing – the different insect species use their legs and, correspondingly joints, for a
range of activities. "But we almost know nothing about the materials, surfaces and lubricants in these joints" says
Stanislav Gorb, professor of functional morphology and biomechanics at CAU. Dr. Konstantin Nadein, member of his
team, wants to find out how insect joints work without a protective capsule. In his current study, he examined the knee
joints of the darkling beetle Zophobas morio, a beetle species about two centimeters in size that is found primarily in
Central America, Cuba and parts of South America. Using a scanning electron microscope, the biologist discovered
countless fine pores, each just a micrometer in size, on joint's contact surfaces. They extrude flows of a semi-solid
substance, some of which mostly broke apart in numerous small fragments.

Insect lubricant with friction-reducing properties similar to Teflon

The research team assumed that this substance is serving as a lubricant between contacting surfaces. To verify this,
they collected the substance and applied it between two glass surfaces. With the help of Dr. Alexander Kovalev, they
measured frictional forces in contact, when the two surfaces moved against each other. For comparison, they also tested
semifluid polytetrafluoroethylene (PTFE or Teflon) which is also used as a pan coating, between glass plates. "Our
experiments show that the coefficient of sliding friction is reduced in the system lubricated by the beetle substance
similar to that of Teflon - the best friction reducing material we currently can produce ", Nadein summarizes the result.

The high viscosity of the substance is advantageous for the beetle joint in two ways. On the one hand, the flows and
fragments work like a spacer between two solid surfaces. They prevent direct physical contact between the joint
surfaces and reduce wear. Since the whole contact surfaces are covered with the pores, virtually the entire open joint is
protected. Second, a liquid lubricant in an open joint would inevitably lead to its constant losses and the need for
production in significant quantities.

Possible applications in microrobotics or tiny prostheses
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Since the structure of the insect joints strongly resembles mechanical micro-joints and artificial micro-hinges, the
properties of the organic beetle lubricant could also be interesting for technical applications. It could improve the
function of microrobots or tiny prostheses, reduce wear, and thus prolong their lifetime.

To achieve this, however, a way has to be found to identify the components of the lubricant discovered in the beetle and
to produce it synthetically at low cost and in larger quantities. Using infrared spectroscopy, Jan Thøgersen and Tobias
Weidner from the Department of Chemistry at Aarhus University, Denmark, studied the chemical and physical
properties of the substance and found out that it consists largely of proteins. However, the research team cannot yet
name all the components in detail. "It is difficult to analyze the substance chemically because it hardly soluble in any
liquid. In addition, we need much more material for tests, but collecting it by hand is very time-consuming," Nadein
explains.

General operating principle of insect joints

Since the legs of the large darkling beetle are not evolved to meet special capabilities such as digging or jumping, the
research team assumes that the discovered lubricant could be a general operating principle of insect joints. "This is also
supported by the fact that we have also found it in the knee joints of other insects, such as the Argentinean wood roach
Blaptica dubia, that is phylogenetically quite distant from beetles." More research is needed here - including on the
question of how insects move their legs in detail and how they protect their open joints from contamination, for
example.

This research was financially supported by the German Research Foundation (DFG) as part of the project "Functional
Design of Beetle Leg Joints" to Konstantin Nadein.
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Caption: The darkling beetle (Zophobas morio) moves its knee joints without much sign of wear. © Konstantin Nadein

http://www.uni-kiel.de/de/pressemitteilungen/2021/213-Kaefergelenk-2.jpg
Caption: A special challenge for wear: Unlike vertebrates such as humans, the joints of insects are open and not
surrounded by a protective capsule.
© Konstantin Nadein

http://www.uni-kiel.de/de/pressemitteilungen/2021/213-Kaefergelenk-3.jpg
Caption: Dr. Konstantin Nadein (from left), Dr. Alexander Kovalev and Professor Stanislav Gorb from Kiel University are
investigating the structure-function relationship of insect joints. © Julia Siekmann, Uni Kiel

http://www.uni-kiel.de/de/pressemitteilungen/2021/213-Kaefergelenk-4.jpg
Caption: Thin strands of an unusual semi solid substance are extruded from the countless fine pores on the beetle's
joints. It reduces friction to the same extent as Teflon. © Konstantin Nadein
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Caption: The flows partially break and form many small clumps. Like a cushion, they prevent direct physical contact
between the joint surfaces.
© Konstantin Nadein
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A special challenge for wear: Unlike vertebrates such as humans, the joints of insects are open and not surrounded by a
protective capsule.
Foto: Konstantin Nadein
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Thin strands of an unusual semi solid substance are extruded from the countless fine pores on the beetle's joints. It
reduces friction to the same extent as Teflon.
© Konstantin Nadein


