EBERHARD KARLS

UNIVERSITAT
TUBINGEN

Public Relations
Department

Dr. Karl Guido Rijkhoek
Press Release
Janna Eberhardt
Research reporter
The internal compass: a modular map in the brain
Phone +49 7071 29-76788
+49 7071 29-77853

Neuroscientists at the University of Tiibingen identify cortical Fax +49 7071 29-5566
modules in the mouse brain which represent the direction the karl.rijkhoek[at]uni-tuebingen.de
animal is facing janna.eberhardt[at]uni-tuebingen.de

www.uni-tuebingen.de/aktuell

Tubingen, 20.04.2022

Landmarks like a church steeple or a yellow house on the corner play an
important role in the ability to navigate. But so does an internal compass,
thought to be supported by specialized neurons in the brain — called
‘head-direction’ cells. These neurons respond to direction, and there are
still many unsolved puzzles as to how they work. A team of
neuroscientists at the University of Tlubingen has established exactly
where they are located, how they are connected to other parts of the
brain, and which mechanisms support their activity. The researchers
believe they may have found the location in the brain where the
information from the internal compass meets inputs about external
landmarks. The international team is headed by Dr. Patricia Preston-
Ferrer at the Institute of Neurobiology and the Werner Reichardt Centre
for Integrative Neuroscience (CIN). The study, conducted in cooperation
with the Shenzhen Institute of Advanced Technology, has been published
in the journal Cell Reports.

“The existence of head-direction cells was documented more than 30
years ago in rodents. Much like a compass, these neurons follow the
movement of the animal in its environment, thus giving rise to an internal
representation of direction in the brain,” Dr. Patricia Preston-Ferrer
explains. “If you are to understand how neurons work in the brain, you
first need to make them visible,” she adds. In order to understand
information processing in the brain — the software — you need to resolve
the underlying brain circuits — the hardware. As early as 2016, the team
established an experimental approach for making head-direction neurons
visible under the microscope.

Corresponding structures in the human brain

Head-direction neurons are known to be preferentially located in the
presubiculum, a specialized area of the cortex. “We were very surprised
by finding that the mouse presubiculum was not homogeneous, but
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clearly divided into modules”, says CIN researcher Giuseppe Balsamo. “We identified two different
types of modules which were molecularly distinct, and were differently interconnected with other
parts of the brain.” The team found that these modules were present not only in the rodent brain, but
also in the human brain.

By labelling individual head-direction neurons, the authors made two striking observations. Firstly,
head-direction neurons were found only in one cortical module, pointing to a precise structure-
function organization of the presubicular cortex. Second, this module type was densely innervated
by one particular nucleus of the thalamus, which is involved in the processing of visual landmark
information. “We know that efficient navigation relies on the use of an internal compass, plus
external visual landmark information” says Professor Andrea Burgalossi, head of a CIN research
unit. “We may have found the place in the brain where the internal sense of direction and visual
information are combined to support navigation.”

Switching off the compass

The team also found that, whenever they artificially perturbed the activity of the cortical modules,
head-direction neurons became suddenly silent. “It seemed that our manipulation had switched off
the internal compass” says Dr. Eduardo Blanco-Hernandez. Yet not all head-direction neurons were
silenced. “We currently do not know whether silenced and stable head-direction neurons serve
different functions during behavior, but clearly the internal compass has a more complex structure
than previously assumed.”

“We have gained insights into fundamental organization principles of the cortex,” says Dr. Preston-
Ferrer. In fact, modularity has been observed in other cortical areas. The cortex is a thin layer of
neural tissue on the surface of the brain, which is primarily responsible for high-order cognitive
functions. By focusing on the head-direction system, the team was able to map one of these
functions — internal representation of direction — onto the underlying cortical structure. “Now it will be
important to understand when and how the presubicular cortical modules emerge during
development”, says Prof. Burgalossi “and whether they are disrupted in neurodegenerative
disorders, like Alzheimer’s disease, where problems with the internal sense of direction are one of
the earliest signs.”

Compass and map: How they are
mapped in the brain during orientation
still raises numerous research
questions.

Image: Eduardo Blanco-Hernandez

Page 2/3



Publication:
Giuseppe Balsamo, Eduardo Blanco-Hernandez, Feng Liang, Robert Konrad Naumann, Stefano

Coletta, Andrea Burgalossi and Patricia Preston-Ferrer: Modular microcircuit organization of the
presubicular head-direction map. Cell Reports 39, 110684 April 12.
https://doi.org/10.1016/j.celrep.2022.110684

Contact:

University of Tubingen

Institute of Neurobiology

Werner Reichardt Centre for Integrative Neuroscience (CIN)

Dr. Patricia Preston-Ferrer
Phone +49 7071 29-88797
patricia.preston[at]cin.uni-tuebingen.de

Professor Dr. Andrea Burgalossi
andrea.burgalossi[at]cin.uni-tuebingen.de

Page 3/3


https://doi.org/10.1016/j.celrep.2022.110684

