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Context — Soil minerals play a fundamental role for the long lasting functioning of the forest 

ecosystems, as they represent an essential reserve of nutritive cations for the biosphere and especially 

for the trees. The mineral weathering (MW) process is so of great importance because such nutritive 

cations are not easily accessible to trees. From in situ and in vitro experiments, it is now well 

established that the dissolution of minerals/rocks depends on abiotic (pH, water circulation) and biotic 

(plants, fungi and bacteria) processes. However, most of the work related to microorganisms was done 

on those associated to the root system (i.e., the rhizosphere), considering soil minerals as a source of 

nutritive cations, but never or rarely as a microbial habitat. In addition, the molecular mechanisms 

used by the soil bacteria to weather minerals remain poorly understood. In this context, it is 

particularly original to decipher how the physico-chemical properties of the minerals impact the soil 

bacterial communities and which molecular mechanisms bacteria use during the interaction with 

minerals and their dissolution.   

 

Objectives — In the first year of the project, our research activities were concentrated on two axes: 1) 

the production of synthetic glasses of controlled chemical composition and 2) the genomic, genetic 

and transcriptomic characterization of effective mineral weathering (EMW) bacterial strains. Three 

chemical compositions of synthetic glasses have been generated with variable contents of nutrients (Fe, 

Mg). In the second axis, 3 EMW bacterial strains presenting different ability to weather and different 

ecology have been selected (strain PMB3(1) of Collimonas; strain PML1(12) of Caballeronia 

mineralivorans and strain PML3(3) of Pseudomonas sp.).  
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1)	Does	a	mineralogical	control	determine	
the	colonization	of	minerals	by	the	microbiome	?	

2)	What	are	the	molecular	mechanisms	used	by		
bacteria	to	weather	mineral	?	



Key results —   

During the first year of the GeMM project, several key results have been generated: 

 Three synthetic model glasses of controlled chemical composition have been produced 

(composition : glass –K and -Mg ; glass –K ; glass –Na et -Mg), chemically characterized by 

ICP-OES and size calibrated to allow subsequent experiments (in situ mesh bags or in vitro 

experiments). 

 The sequencing of the genome of the strain PML3(3) revealed a single chromosome of 5.5 Mb, 

and its bioinformatics analysis revealed the presence of various genes of interest potentially 

involved in MW and that PML3(3) represents a new species of Pseudomonas according to the 

TYGS tool of the DSMZ.  

 The transcriptome analyses done on the strain PML1(12) cultivated in presence/absence of a 

mineral in a culture medium devoid of certain nutrients (Mg and Fe) only present in the 

mineral added, revealed the activation of a siderophore system only in absence of mineral, and 

the activation of specific genes related to motility, chemotactism and gluconic synthesis 

mainly in presence of mineral. 

 The random mutagenesis operated on the strain PMB3(1) allowed to the identification of 3 

spatially distant genes involved in the production of gluconic acid as confirmed by 

complementation experiments. 

 The combination of targeted mutagenesis and mass spectrometry allowed to the 

characterization of the genes encoding the siderophores produced by the strain PMB3(1) as 

well as to the mass of these siderophores. 

 

Main conclusions including key points of discussion — A total of three synthetic model glasses 

have been synthetized. These synthetic ‘minerals’ represent important materials to test the impact of 

the chemical composition of a similar mineral on the bacterial communities colonizing their surface. 

The first results obtained on the molecular mechanisms used by bacteria to weather mineral highlight 

that: i) the three EMW bacterial strains use different MW molecular mechanisms and ii) some genes 

are differentially regulated in presence/absence of minerals.  

 

Future perspectives — In the next years, researches deciphering the genes involved in the interaction 

with and weathering of minerals will be continued. A specific focus on the impact the 

presence/absence of the mineral will be done to appreciate the relative specificity of the molecular 

mechanisms used by bacteria during the MW process. Proteomic analyses are in progress on strain 

PML1(12) and should permit to better understand the transcriptomic data already obtained on this 

strain. Similar experiments will be done on the strain PMB3(1). The synthetic glasses will be 

introduced in forest soil to permit to analyse how the different chemical compositions affect the 

taxonomic and functional diversity of the microbial communities colonizing the glass surfaces. 

Altogether, the data generated in the frame of the GeMM project will permit to improve our 

understanding of the molecular mechanisms used by bacteria to weather minerals as well as to better 

appreciate the potential mineralogical control of the minerals on the bacterial communities colonizing 

their surface. Part of the data generated and analysed are currently at the publication preparation stage. 

 

 

Valorization  — 

Colloque de l’Association française d’écologie microbienne (AFEM), (Bussang, France) 5-8 

novembre 2019. Laura Picard, Marie-Pierre Turpault, Phil Oger, Stéphane Uroz. Mécanismes 

moléculaires impliqués dans la dissolution des minéraux chez la souche modèle PMB3(1) de 

Collimonas isolée de la mycorhizosphère de Scleroderma citrinum associé au chêne. (poster) 

Colloque de l’Association française d’écologie microbienne (AFEM), (Bussang, France) 5-8 

novembre 2019. Stéphane Uroz, Phil Oger, Laura Picard, Jean Armangaud, Marie-Pierre Turpault. 

Caractérisation transcriptomique et protéomique des déterminants moléculaires de l’altération des 

minéraux utilisés par la souche PML1(12) de Caballeronia mineralivorans (Poster) 

Franco-Indian Workshop in Functional Metagenomics – from ecosystem processes to biotechnology. 

(5 to 8 February, Lyon) Uroz,S., Colin, Y., Nicolitch, O., Turpault, M-P. Functional characterization 

of the soil microbiome in relation with soil properties. 
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