
 

Theoretical biologists uncover novel
mechanism for flight control in fruit flies

May 25 2023

  
 

1/5



 

  

Credit: Silvan Hürkey

2/5



 

Researchers at the Institute for Theoretical Biology at Humboldt
Universität have solved a long-standing mathematical puzzle about the
emergence of electrical activity patterns during insect flight. Together
with colleagues at the Johannes Gutenberg University in Mainz, they
report a novel function for electrical synapses in governing the flight of
fruit flies in the current issue of Nature.

To keep their small bodies up in the air, fruit flies have to beat their
wings extremely fast. They use a trick that is widespread in the animal
kingdom: their nerve cells do not keep pace with the flapping of their
wings. In order to control the flight muscles, each nerve cell instead
generates an electrical pulse—also called action potential—only about
every twentieth wing beat. This action potential, however, is precisely
tuned to interact with other nerve cells. In a small circuit consisting of a
few nerve cells, special activity patterns are generated: each cell
regularly fires pulses, yet not at the same time as the other cells but
rather spread out asynchronously at fixed intervals relative to each other.

In the fruit fly, such activity patterns have been known since the 1970s.
Until now, their emergence was attributed to a connectivity of the nerve
cells via chemical synapses. It was assumed that inhibitory messenger
substances between nerve cells are released in response to action
potentials, mutually preventing the cells from generating pulses at the
same time.

Using mathematical analysis, however, Prof. Susanne Schreiber's team
has now been able to show that such pulse-distributed activity can also
occur when the nerve cells are not connected chemically, but
electrically—that is, without the use of messenger substances. In this
case, the cells have to use a special kind of action potential that comes
along with a high sensitivity to the inputs from others, especially when a
cell has just been active. This type of sensitivity is not typical of
"normal" action potentials and, therefore, in the latter case no pulse-
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distributed activity is to be expected if the cellular coupling is purely
electrical.

Experimental evidence for the type of pulse generation predicted by the
Berlin researchers was provided by Prof. Carsten Duch's research group
in Mainz. The scientists strengthened or weakened certain ionic currents
in the cells of the fruit fly in order to change the type of action potentials
that were generated. They were able to show that these manipulations
influenced the activity patterns in the flight circuit exactly as predicted
by the mathematical model. In addition, they proved that the connections
among cells are indeed electrical and that knocking down this coupling
has the expected effects on the activity patterns and wing beats of the
animals.

The finding of the teams in Berlin and Mainz is particularly surprising,
as it had so far been assumed that electrical coupling serves to promote
the simultaneous activity of nerve cells. The activity patterns arising
from electrical synapses reveal new principles of information processing
in nervous systems. The same mechanism could be used not only in
thousands of other insect species but also in the human brain, where the
function of electrical coupling is still far from being understood.

  More information: Silvan Hürkey et al, Gap junctions desynchronize
a neural circuit to stabilize insect flight, Nature (2023). DOI:
10.1038/s41586-023-06099-0
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