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Abstract 

Micr obiomes ar e shaped by a biotic factors like n utrients, oxygen av aila bility, pH, temperatur e, and so on, but also by biotic factors 
including low molecular weight organic compounds r eferr ed to as natural products (NPs). Based on genome analyses, millions of these 
compounds are predicted to exist in nature, some of them have found important applications e.g. as antibiotics. Based on recent data 
I propose a model that some of these compounds function as microbial hub signaling compounds, i.e. the y ha ve a higher hier ar c hical 
influence on microbiomes. These compounds have direct effects e.g. by inhibiting microorganisms and there by e xclude them from 

a microbiome (excluded). Some microorganisms do not respond at all (nonresponder), others respond by producing themselves NPs 
like a second w av e of information molecules (message responder) influencing other microorganisms, but conceivably a more limited 

spectrum. Some microorganisms may respond to the hub compounds with their chemical modification (message modifiers). This way, 
the modified NPs may hav e themselv es signaling function for a subset of micr oorganisms. Finall y, it is also likely that NPs act as food 

source (C- and/or N-source) for microorganisms specialized on their degradation. As a consequence, such specialized microorganisms 
ar e selecti v el y r ecruited to the micr obiota. 

Ke yw ords: microbiome; hub signaling compounds; microbiome composition; shaping microbiomes 
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Introduction 

Nearl y e v ery day ne w data concerning the composition of micro- 
bial consortia are published. They impressively demonstrate the 
diversity of microorganisms in various ecosystems that provide 
services critical for life . For example , soil offers a habitat for a 
lar ge div ersity of or ganisms, and is the source of most of our an- 
tibiotics. Many of the vital soil functions are due to the activity 
of micr oor ganisms that r egulate nutrient cycling, decompose or- 
ganic matter, define soil structur e, suppr ess plant diseases, and 

support plant productivity (Coban et al. 2022 , Mason-Jones et al.
2022 ). Ho w e v er, despite the importance of microbial consortia for 
a healthy ecosystem, the elucidation of functional interactions be- 
tween micr oor ganisms that determine the composition of micro- 
bial consortia, is still in its infancy. These interactions are deci- 
sive for the functioning of microbial communities such as lichens 
that are composed of micr oor ganisms of different kingdoms like 
fungi and phototr ophic micr oor ganisms , i.e . algae and c y anobac- 
teria, forming complex microbial consortia (Ahmadjian and Ja- 
cobs 1981 , Grube and Berg 2009 ). Similarly, microorganisms from 

differ ent kingdoms driv e the assembl y of micr obiota in pr eterm 

infants (Rao et al. 2021 ). 
In most cases, such studies do not answer the questions why 

distinct micr oor ganisms ar e members of a defined micr obiome 
and which factors shape its composition. There are abiotic fac- 
tors like nutrients, oxygen av ailability, pH, temper atur e, and so on,
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ut also biotic factors . T he latter include low molecular weight
rganic compounds that are part of the greater chemical cate- 
ory commonly referred to as natural products (NPs) (Mithofer 
nd Boland 2016 , Keller 2019 , Traxler and Kolter 2015 ). Ho w ever,
he ecological role for most of these compounds remains obscure
Macheleidt et al. 2016 ). An important hint on their role is the find-
ng that their production can be triggered by surrounding microor- 
anisms (Sc hr oec kh et al. 2009 ). Consequentl y, man y of the gene
lusters in micr oor ganisms encoding the biosynthesis of such NPs
re silent under conventional laboratory conditions (Bergmann et 
l. 2007 ). Their biosynthesis can only be activated when the cor-
 ect stim ulus is pr ovided, whic h in man y cases is another microor-
anism (e.g. Sc hr oec kh et al. 2009 , Hotter et al. 2021 ). Recently, we
iscov er ed a group of special polyketides that we named arginoke-
ides that induce silent gene clusters in diverse fungi (Krespach
t al. 2023 ). Ar ginoketides hav e in common a guanidyl group or
ts reduced form, i.e. an amino group, and are biosynthesized by
 specific polyketide synthase containing a loading domain for 
-guanidinobutyryl-CoA (Hong et al. 2013 ). The guanidyl/amino 
r oups ar e r equir ed for the activity of arginoketides, at least for
ll the phenotypes tested so far. Arginoketides have a direct im-
act on micr oor ganisms: they trigger Chlam ydomonas reinhardtii to
ide in fungal mycelia (spatial organization of a microbial con-
ortium) (Kr espac h et al. 2020 ) and induce a nov el m ulticellular
. reinhardtii structure named gloeocapsoids . T his wa y, NPs ma y
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Figure 1. Model of the different effects that Hub signaling compounds can have on the composition and structure of microbiomes . T he Figure was 
created using BioRender. 
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ave contributed to the evolution of m ulticellularity (Kr espac h et
l. 2021 ). Ar ginoketides also hav e indir ect effects , i.e . they trigger
n distinct fungi the activation of silent gene clusters (Kr espac h et
l. 2023 ). T he , thus , produced NPs have signaling function them-
elves , e .g. lecanoric acid of Aspergillus nidulans inhibits a plant-
athogenic fungus (Sc hr oec kh et al. 2009 , P a guirigan et al. 2022 ).
r ginoketide-pr oducing Streptom yces sp . can be found worldwide.
lso, from the same soil samples as ar ginoketide-pr oducing mi-
r oor ganisms fungal r esponders wer e isolated. Ar ginoketides ar e
roduced by several phylogenetically diverse Streptomyces sp . sug-
esting that production of this signal molecule is useful for a
umber of different bacteria in different habitats and that these
olecules constitute a cosmopolitan universal signaling system. 

ypothesis 

ased on our data and data of others, I hypothesize that arginoke-
ides are ecologically relevant hub signaling compounds that dis-
r oportionall y impact surrounding microorganisms . T his hypoth-
sis is inspired by Agler et al. ( 2016 ). The authors postulate hub
icr oor ganisms with this function. It is thus conceivable that

ome of these micr oor ganisms pr oduce hub compounds. Also,
r oducer micr oor ganisms can differ, e.g . the Streptomyces species,
hat is ecologically important is their ability, in this case, to pro-
uce arginoketides. 

A theor etical fr ame w ork could look like the follo wing
Fig. 1 ). Micr oor ganisms pr oduce distinct hub compounds suc h
s arginoketides . T hese compounds ha v e dir ect effects , i.e . they
nhibit micr oor ganisms and ther eby exclude them fr om a mi-
robiome (excluded). This is for example the classical antibi-
tic activity. Some micr oor ganisms do not r espond at all (non-
 esponder). Some micr oor ganisms r espond to ar ginoketides by
r oducing themselv es NPs like a second wav e of information
olecules (messa ge r esponder). T hese NPs can ha ve similar func-
ions on other micr oor ganisms like arginoketides, but conceiv-
bly on a more limited spectrum of micr oor ganisms and thus ex-
end the spectrum of micr oor ganisms that can be informed by
rginok etides. In ad dition, some micr oor ganisms may respond to
he arginoketide signal with its chemical modification (message

odifiers) that is known for many NPs (Stallforth et al. 2023 ). This
ay, the modified NPs may have themselves signaling function for
 subset of micr oor ganisms. Finall y, it is also likely that NPs act as
ood source (C- and/or N-source) for micr oor ganisms specialized
n their degradation. As a consequence, such specialized microor-
anisms are selectively recruited to the microbiota. 

It can be expected that there will be several to many hub com-
ounds pr oduced, likel y by hub micr oor ganisms, in a micr obiome.
hereby signaling foci are generated and influence each other.
lso, of course, there will be additional factors including abiotic

actors influencing the microbiome composition. Future experi-
ents are needed to falsify this hypothesis. 
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