
 
i-HEAD project descriptions: Open positions 

IP 3: Survey and identify host-derived molecules that have regulatory roles on microbiomes. 

PI: Bart Thomma 

This IP is the result from extensive existing literature and from our own work (Snelders et al., 
Nat Plants 2020 and FEMS Microbiol. Rev. 2022; Pryor et al., Cell 2019; Schandry et al., 
bioRxiv 2021) showing that the function of members of the microbiota is highly modulated by 
environmental cues. Such dynamic interactions between xenobiotics and commensal bacteria 
are widely conserved in nature and observed from plants to lower invertebrates, and further 
in humans. Often, the impact of xenobiotics on microbes modulates microbial community 
dynamics and directly or indirectly, host function. Likewise, host-derived molecules (e.g 
metabolites, proteins) can also influence microbial dynamics either by acting as preferential 
substrates for some members of the community or by having inhibitory action through targeting 
essential processes in a wide range of phylogenetically distant microbes. The central premise 
of this IP is to survey and identify host-derived molecules that have regulatory roles on 
microbiomes from diverse host organisms and unravel their mode of action. In particular, 
special attention will be paid to the role of the immune systems and in identifying common or 
unique host-microbe dependencies and unravelling their modes of action. i-HEAD is unique 
in its ability to bring together in an integrated manner host-microbe and metabolomics experts 
working on diverse trans-kingdom reductionist systems to address some of the most exciting 
questions in the field: How does a host modulate its microbiota? How does the host interpret 
such changes in microbial communities and adapt its metabolism and physiology?  

WP1: high-throughput screening of animal- (C. elegans) and plant- (A. thaliana and C. 
reinhardtii) associated bacterial culture collections and host-derived metabolites and 
infochemicals. In this work package, we will establish a library of common and kingdom-
specific metabolites and signaling compounds that play a role in immunity (e.g., nucleotide-
based molecules, phytohormones, MAMPs, antimicrobial peptides, ascarosides). Two-way 
high-throughput screens will be performed to investigate the effects of these suites of 
compounds on the growth and metabolism of hostassociated bacteria from available culture 
collections (isolated from A. thaliana, C. reinhardtii, C. elegans) using high-throughput optical 
density measurements and untargeted high-throughput metabolomics.  

WP2: deciphering the interactions between host immunity signals and microbial metabolism. 
Candidate combinations of infochemicals, metabolites and bacteria selected on the basis of 
different bacterial growth patterns (WP1) will be further investigated in a lower-throughput 
screening. We will explore the effects of host-derived metabolites and immunity-related 
compounds on bacterial transcriptional and metabolic responses using transcriptomics and 
high-throughput untargeted metabolomics.  



WP3: employing reductionist systems to unravel the role of immunity-related infochemicals in 
mediating host-microbe-immune-metabolic interdependencies. In this work package we will 
employ three host-microbiota systems representative of heterotrophic and photoautotrophic 
hosts: the nematode C. elegans, the chlorophyte alga C. reinhardtii and the embryophyte A. 
thaliana. Using these highly tractable reductionist systems, we will test in vivo the impact of 
immunity-related compounds in modulating host-microbiota metabolic and immune 
interactions using host transgenics of immunity (e.g., TIR, PRR) and metabolism-related 
pathways (e.g., AMPK, MAPK, CCM). Candidate compounds and computationally-designed 
synthetic communities will be used in these gnotobiotic systems to explore host and microbial 
outputs at the transcriptional and metabolic levels. Identified genes and molecules will be 
tested in more complex animal and plant systems (e.g., mouse, tomato, barley, A. thaliana) at 
a later stage.  

IP 5: Interference of fungal root microbiota with TIR-mediated plant immunometabolism.  

PI: Alga Zuccaro 

We recently showed that a TIR-NLR protein is involved in accommodation of beneficial fungi 
in the roots of A. thaliana by mediating a response to deoxyadenosine (dAdo), an active 
metabolite produced by the activity of fungal enzymes during root colonization (Dunken et al., 
bioRxiv 2023). The contribution of a TNL in dAdo-mediated fungal accommodation in 
Arabidopsis suggests that this NLR might be guarding a protein targeted by dAdo. 
Alternatively, it is possible that dAdo is converted to a plausible substrate of TNLs related to 
either nicotinamide adenine dinucleotide (NAD) or to the non-canonical cyclic nucleotide 
monophosphate 2′,3′-cAMP (Horsefield et al., Science 2019; Wan et al., Science 2019; Yu et 
al., Cell 2022). We were able to show that this response is independent of EDS1, which raises 
the question of a new, EDS1-independent branch of immune metabolism in roots. Recently, it 
was shown that plant TIR proteins are not only NADases but also act as 2′,3′-cAMP/cGMP 
synthetases by hydrolysing RNA/DNA. Mutations that specifically disrupt synthetase activity 
abolish TIR-mediated cell death in N. benthamiana, demonstrating an important role for these 
cNMPs in TIR signaling (Yu et al., Cell 2022). The accumulation of extracellular 3′,5′-cAMP 
upon colonization with S. indica and treatment with dAdo links to cyclic nucleotide 
monophosphates (Dunken et al., bioRxiv 2023). In this IP we want to characterize the 
metabolism of dAdo in plant cells and how intracellular dAdo leads to TNL activation in 
Arabidopsis. Since NLRs of the TIR domain type are also found in animals, our results open 
the possibility to further investigate the role of TNLs in cell death triggered by dAdo in plants 
and beyond. In animal systems, it has been shown that dAdo-mediated toxicity following 
import of dAdo into macrophages involves conversion of dAdo to dAMP through the activity of 
deoxycytidine kinase (DCK) and adenosine kinase (ADK) and signaling via subsequent 
conversion to the corresponding di- and triphosphates by nucleotide kinases and activation of 
caspase-3-induced apoptosis (Winstel et al., mBio 2018). An open question here is: The 
absence of caspases in plants and the implication of an NLR in dAdo-mediated cell death in 
Arabidopsis strongly suggest that this part of the signaling pathway is not conserved between 
plants and animals and relies on different regulatory and execution mechanisms that need 
further investigation.  

WP1: Characterization of novel nucleotide-based molecules involved in TIR-NLR-mediated 
immunity in A. thaliana roots during accommodation of beneficial and pathogenic fungi. IP 5 
will integrate the analysis of TIR domain proteins/small active signaling metabolites activities 
that are independent of EDS1 signaling. For example, TNP proteins, which are widely 
conserved in vascular land plants, have EDS1-independent catalytic TIR activity leading to 
cell death, and therefore possibly a different set of small active metabolites (Johanndrees et 



al., Plant Phys 2023). This finding will be extended by analyzing this signaling pathway in 
macrophages.  

WP2: Identification of new active metabolites affecting fungal accommodation. In this work 
package, metabolomics, proteomics and A. thaliana KO mutants will be used to obtain a 
complete picture of small active signaling metabolites in roots. This will help to build metabolic 
models for the plant root.  


