Democratization of fungal highway columns as a tool to investigate bacteria associated with
soil fungi
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Project Goals: Bacteria-fungi interactions (BFI) are recognized as essential for numerous
environmental processes. These interactions are modulated not only by the nutritional conditions
of the surrounding environment, but also by its physicochemical constrains. In soils, one of these
physical constrains relates to the unsaturated nature of the substrate and the consequence of this
for the dispersal and activity of bacteria. Developing new tools to investigate how bacteria
overcome dispersal limitation at a cellular scale is important to unravel the mechanisms by which
BFI affect processes at an ecosystem scale. This is not only relevant for soils, but also for other
unsaturated matrices in which microbial activity is an important driver of function. In many
unsaturated systems, bacteria and fungi engage in a cooperative interaction in which bacteria
use fungal hyphae to disperse. This interaction is referred to as fungal highways. Here we present
the design and validation of a sampling system obtained by additive printing to enrich interacting
bacterial-fungal couples that form these fungal highways.

Abstract

Fungi and bacteria form different types of associations that are central to numerous environmental
processes. Although many bacteria are able to move by different mechanisms, occasionally
requiring the production of specific appendages, most bacterial motility types are only efficient in
the presence of a liquid film (1). Thus, in soil and other water-unsaturated matrices, bacterial
dispersal is highly limited (2). In contrast, the filamentous growth of fungi is an ideal morphology
for colonization of unsaturated matrices. Some bacteria can use the liquid film surrounding hyphae
for their dispersal in a mechanism known as fungal highways (3). In order to investigate this
dispersal mechanism, a sampling device was designed to select and isolate both bacteria and their
fungal highway partner directly from an environmental sample by including an attracting and a
target medium in a unsaturated column. These devices, called fungal highways columns, have been
used to investigate the diversity and function of fungal highways in soils (4). However, one major
limitation for the routine and standardized use of such devices as a scientific instrument for
investigating fungal highways in soils has been the variability and time-consuming manual
production of these devices by experienced scientists. In this study we present the results of the
design and testing of a fungal highway column generated by additive 3D printing. This new model



considers the main features of the manually built device, namely the possibility to include any type
of targeting and attracting media, an hourglass shape to avoid the formation of a continuous water
film, and a built-in modular lattice that simulates the presence of soil particles and air-filled gaps.
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