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Eating is a multisensory experience: food’s smell, look, and texture
are as important as taste. A new study in PLOS Biology shows that
fly larvae respond to food texture and integrate information from dif-
ferent modalities within a single gustatory neuron.

We enjoy biting into a fresh and crispy apple, indulge in a creamy chocolate mousse, and get

addicted to crunchy potato chips. What makes these foods so appealing? Of course, they taste

good; the apple and chocolate mousse are sweet, and the potato chips are salty and spicy, but

their texture adds a lot to the eating experience. Imagine creamy potato chips or slimy apples

—that doesn’t sound right or delicious.

We often do not realize that in addition to taste, the look, temperature, texture, and even

sound of food produced when we eat it are important for a satisfying and palatable dining

experience. Food texture is essential to evaluate the freshness of the food—a mushy apple indi-

cates that it is old and potentially rotten [1] (Fig 1). While many neuroethological studies

investigate visual, taste, and olfactory processing, it is less well understood how food texture is

sensed. We also do not know yet where all the sensory information channels are integrated

within the nervous system to allow for a multisensory eating experience.

In their new PLOS Biology study, Komarov and colleagues investigate the role and mecha-

nism of food hardness sensing in the larva of Drosophila melanogaster, the common fruit fly

[2]. Fruit fly larvae are the feeding stage of the fly. They prefer rotten fruits and require a carbo-

hydrate- and protein-rich diet to achieve a 200-fold increase in body mass before pupation. In

line with previous studies [3–5], Komarov and colleagues show that fly larvae have a soft spot,

they prefer and ingest specific agarose substrate concentrations (0.5% to 1.5%), but avoid and

do not ingest softer and harder substrates. Fresh fruits fall into the hard substrate category,

whereas fruits that decompose over several days fall into the accordingly ecologically relevant

soft spot (Fig 1). The texture of the substrate, which is usually their food, is so important to

them, that it can even be used as a reinforcer during associative conditioning [5]. After learn-

ing, the larva will navigate toward the odor previously presented with a soft spot substrate. Lar-

vae not only eat the soft substrate but also need to be able to dig into the food to protect

themselves and to reach deeper, better fruit parts. As this is only possible if the food is soft

enough, they need to be able to accurately evaluate the substrate hardness [4].

So, how do they do that? Fruit flies are an established model organism in neuroscience with

a rich genetic toolkit and a complete neuronal wiring diagram, thus they are perfectly suited to
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unravel the neural mechanisms and circuits underlying food texture sensing. In flies, mechan-

osensory neurons inhibit sweet sensory neurons to prevent eating when the substrate is too

hard [6]. In the larva, similarly, a mechanoreceptor called “painless,” is involved in food sub-

strate sensing and ingestion; however, the neural mechanism underlying taste-texture integra-

tion is different [2]. The Sprecher lab previously found that gustatory sensory neurons in the

larvae are often multisensory and express multiple different receptors, thus they hypothesized

that they could also respond to texture [7]. In the new study, using a genetic trick allowed for

the manipulation of all gustatory sensory neurons in the larva and to test for their role in tex-

ture sensing. They searched for proteins that are expressed in gustatory sensory neurons with-

out overlap in other cell types. Making use of the prominent GAL4-UAS binary expression

system, combining two of such protein expression patterns created an intersectional gustatory

sensory neuron-specific Split-GAL4 driver line. As expected, silencing all gustatory sensories

using this new line made larvae taste-blind to sweet and bitter. However, it also revealed that

Fig 1. The taste-texture sensation is encoded in single sensory neurons in the fly larva. Fly larvae evaluate food

texture and choose soft rotten fruits over harder ripe ones, even though both contain sweet fructose. Sweet taste and

soft texture information activate a single bilaterally expressing sensory neuron type in the larval head, projecting to the

larval brain.

https://doi.org/10.1371/journal.pbio.3003000.g001
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they could not differentiate between soft and hard substrates. Without the mechanosensory

receptor in these neurons, larvae even ingested very hard substrates, which everybody thought

they were not capable of eating.

Functional imaging further revealed that indeed single gustatory sensory neurons are acti-

vated by changes in water pressure, in addition to sweet or CO2 stimuli. These findings add to

the growing evidence that most sensory neurons are not specifically tuned to one receptor type,

but that they already integrate information from different receptors. The roundworm Caenor-
habditis eleganswas the odd one for a long time, having few sensory neurons, each with multiple

receptors. However, a fly study recently showed that olfactory receptor neurons contain multi-

ple other non-olfactory chemosensors [8] with unknown functions. Also in mosquitoes, many

sensory neurons express multiple different chemosensors, allowing for complex coding and

robust human feature extraction [9]. Komarov and colleagues now suggest that chemosensors

not only coexpress with other types of chemosensors but also with sensors from other modali-

ties, such as mechanosensors [2] (Fig 1). Silencing single mechanoreceptors in a single sensory

neuron however cannot reproduce the phenotype found when silencing all gustatory neurons—

suggesting redundancy across neurons. In the case of taste-texture sensing, the discovered

receptor combination might have been evolutionarily learned by the nervous system, as larval

food usually comes together with a sweet taste and CO2 produced from soft rotting fruits. Thus,

to understand the function of other unknown receptor combinations, we should keep in mind

the ecology of the animals to understand what sensory contexts they are exposed to and how

these contexts are relevant to them. Additional senses, such as temperature might also play an

important role in food consumption and could be integrated in early processing stages.

As mentioned before, food texture sensing is crucial for the human eating experience.

Harder, crunchy foods take longer to eat, make more noise, and thus seem to provide a more

satisfactory eating experience. Such information can not only be useful to fight obesity but also

to enhance food consumption in poor third-world countries. With the growing and aging

human population, dependence on artificial food with specific textures made in the lab or by

3D printers might increase [10]. A better understanding of the important role of food texture

and how it is integrated with other sensory modalities will help us create novel satisfying and

also palatable food.
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substrate affects behavioral output of Drosophila larvae. Front. Behav Neurosci. 2014:8. https://doi.org/

10.3389/fnbeh.2014.00011 PMID: 24478658

4. Kim D, Alvarez M, Lechuga LM, Louis M. Species-specific modulation of food-search behavior by respi-

ration and chemosensation in Drosophila larvae. Scott K, editor. Elife. 2017; 6:e27057. https://doi.org/

10.7554/eLife.27057 PMID: 28871963

5. Kudow N, Kamikouchi A, Tanimura T. Softness sensing and learning in Drosophila larvae. J Exp Biol.

2019; 222:jeb196329. https://doi.org/10.1242/jeb.196329 PMID: 30833462

6. Jeong YT, Oh SM, Shim J, Seo JT, Kwon JY, Moon SJ. Mechanosensory neurons control sweet sens-

ing in Drosophila. Nat Commun. 2016; 7:12872. https://doi.org/10.1038/ncomms12872 PMID:

27641708

7. van Giesen L, Hernandez-Nunez L, Delasoie-Baranek S, Colombo M, Renaud P, Bruggmann R, et al.

Multimodal stimulus coding by a gustatory sensory neuron in Drosophila larvae. Nat Commun. 2016;

7:10687. https://doi.org/10.1038/ncomms10687 PMID: 26864722

PLOS BIOLOGY

PLOS Biology | https://doi.org/10.1371/journal.pbio.3003000 January 31, 2025 3 / 4

https://doi.org/10.1016/j.foodhyd.2023.109095
https://doi.org/10.1016/j.foodhyd.2023.109095
https://doi.org/10.1371/journal.pbio.3002730
https://doi.org/10.3389/fnbeh.2014.00011
https://doi.org/10.3389/fnbeh.2014.00011
http://www.ncbi.nlm.nih.gov/pubmed/24478658
https://doi.org/10.7554/eLife.27057
https://doi.org/10.7554/eLife.27057
http://www.ncbi.nlm.nih.gov/pubmed/28871963
https://doi.org/10.1242/jeb.196329
http://www.ncbi.nlm.nih.gov/pubmed/30833462
https://doi.org/10.1038/ncomms12872
http://www.ncbi.nlm.nih.gov/pubmed/27641708
https://doi.org/10.1038/ncomms10687
http://www.ncbi.nlm.nih.gov/pubmed/26864722
https://doi.org/10.1371/journal.pbio.3003000


8. Task D, Lin C-C, Vulpe A, Afify A, Ballou S, Brbic M, et al. Chemoreceptor co-expression in Drosophila

melanogaster olfactory neurons. Grunwald Kadow IC, VijayRaghavan K, editors. Elife. 2022; 11:

e72599. https://doi.org/10.7554/eLife.72599 PMID: 35442190

9. Herre M, Goldman OV, Lu T-C, Caballero-Vidal G, Qi Y, Gilbert ZN, et al. Non-canonical odor coding in

the mosquito. Cell. 2022; 185:3104–3123.e28. https://doi.org/10.1016/j.cell.2022.07.024 PMID:

35985288

10. Waseem M, Tahir AU, Majeed Y. Printing the future of food: The physics perspective on 3D food print-

ing. Food Phys. 2024; 1:100003. https://doi.org/10.1016/j.foodp.2023.100003

PLOS BIOLOGY

PLOS Biology | https://doi.org/10.1371/journal.pbio.3003000 January 31, 2025 4 / 4

https://doi.org/10.7554/eLife.72599
http://www.ncbi.nlm.nih.gov/pubmed/35442190
https://doi.org/10.1016/j.cell.2022.07.024
http://www.ncbi.nlm.nih.gov/pubmed/35985288
https://doi.org/10.1016/j.foodp.2023.100003
https://doi.org/10.1371/journal.pbio.3003000

