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Olfactory Coding in the Brain

Olfaction is far from understood—not in humans, and not in any animal species. The structure of neural networks is
quite similar across many species in the an imal kingdom, but when comparing honeybees and humans, the
significance of odorants is very specific to each: a positive odor for us (e.g. the smell of a banana) may mean
something different to a bee (in this case: alarm, and sting the intruder!). From a neurobiological point of view, a
major question is: How does the coding of odors with an innate meaning differ—if at all—from the coding of odors
that appear not to have had any role in the evolution of a species?

I will analyze this question using insects, in particular honeybees and fruit flies. It will be necessary to understand
how single olfactory receptors respond to a large panel of chemicals—i.e., to understand their molecular response
range, or, in other words, to understand which odorants they are tuned to. From there, we need to follow the
neuronal circuits into the brain, and we need to create computer models of brain circuitry.

A new aspect we are moving into right now is: What does disease smell like? Honeybees fight diseases in the hive
using collective behavior: sick bees are isolated and kept away from the queen, infected brood is killed, and dead
bees are quickly removed from the hive. All of these behaviors are controlled by odors, some released by the sick
animal, some by the pathogens itself. How do bees recognize and attribute meaning to these odors?

Understanding how neural networks in the brain attribute information to a sensory stimulus will help us
understand how our brain creates a representation of the world, a prerequisite for higher order brain functions such
as intelligence, sentience, and consciousness—though the latter will be a big leap.
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Odor Songs in the Bee Brain

How are odors coded in the brain?
How do we distinguish an apple scent from a banana - or a stink bug?
Where are the open questions?

Honeybees communicate about flowers (nectar and pollen sources) within the hive, using a waggle dance for
distance and direction, nectar probes for taste, and odor traces in their fur for odor. Follower bees who liked the
probe can then fly in the indicated direction and for the indicated distance and locate the flower using their
olfactory memory.

In my research | study olfactory coding in the insect brain. | will present

1) the experimental approach taken at the University of Konstanz (how do we measure odor-evoked brain
activity?);

2) the conceptual questions behind “olfactory coding” (in musical language, is it a chord or a melody or both?);

3) some longer-ranging questions of my research at the Wissenschaftskolleg (do honeybees dream?).
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