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Context			
Terrigenous	inputs	from	the	leaching	of	soil	drive	the	functioning	of	the	coastal	ecosystems	as	in	estuaries	with	
the	transfer	of	organic	matter	and	pollutants.	However,	information	about	the	transfer	of	microorganisms	at	the	
community	level	and	the	link	with	the	fate	of	hydrocarbons	in	coastal	marine	sediments	are	still	missing.		
	
Objectives	/	scientific	questions	
TOTEM	 proposes	 to	 estimate	 the	 impact	 of	 the	 terrigenous	 inputs	 on	 the	 relation	 structure/function	 of	 the	
microbial	communities	in	coastal	marine	sediments	exposed	to	hydrocarbons.	
	
Main	results	
An	original	experimental	device	was	set	up	to	mimic	the	terrigenous	inputs,	by	leaching	of	the	soil,	to	the	marine	
coastal	 sediments	 (Figure	 1)	 for	 39	 days.	 Different	 conditions	 were	 applied,	 with	 the	 addition	 or	 not	 of	
deuterated	 hexadecane	 and	 phenanthrene	 in	 soil	 and	 sediment	 and	 planting	 or	 not	 the	 soil	 with	 a	 grass,	
Catapodium	marineum.	 In	 order	 to	 compare	 the	 diversity	 and	 functional	 potential	 of	 microbial	 communities	
from	the	different	soils,	leachates	and	sediments,	16S	and	18S	rRNA	gene	sequencing	(Illumina	MiSeq)	combined	
with	 functional	DNA	arrays	 (Geochip)	analysis	were	performed.	The	hydrocarbon	removal	and	the	metabolites	
production	were	characterized	by	GC/MS	and	FTICR.		
The	phenanthrene	was	removed	in	soils	and	sediments	while	hexadecane	removal	was	observed	only	in	soil.	The	
metabolite	 composition	 was	 different	 between	 soils	 and	 sediments,	 as	 well	 as	 the	 microbial	 communities	
organization.	 Nevertheless	 and	 surprisingly,	 the	 presence	 of	 the	 plant	 did	 not	 change	 the	 diversity	 and	 the	
composition	of	the	microbial	communities	in	the	leachates	and	in	the	sediments	subjected	to	terrigenous	inputs.	
Terrigenous	 inputs	 in	 marine	 coastal	 sediments	 resulted	 in	 coalescence,	 mixing	 the	 different	 microbial	
communities.	Some	amplicon	sequence	variants	 (ASV)	were	 identified	 in	 these	mixing	communties	 (and	not	 in	
control)	 and	 in	 soils	 indicating	 their	 transfer	 by	 leaching.	 In	 addition,	 microbial	 indicators	 specific	 of	 the	
hydrocarbons	 spiked	 sediments	 were	 identified.	 All	 soils	 showed	 similar	 functional	 gene	 composition.	 In	
sediments,	 the	 functional	 gene	 composition	 changed	 according	 to	 the	 terrigenous	 inputs	 and	 the	presence	of	
plants,	 particularly	 regarding	 the	 genes	 involved	 in	hydrocarbons	 transformation.	 For	both	bacteria	 and	 fungi,	
taxonomic	 and	 functional	 patterns	 were	 congruent	 particularly	 regarding	 hydrocarbon	 degradation	 genes,	
suggesting	 specialization	 of	 the	 microbial	 communities.	 Functional	 genes	 involved	 in	 the	 degradation	 of	
aromatics	 compounds	 were	 identified	 as	 indicators	 of	 the	 sediments	 receiving	 terrigenous	 inputs	 (Figure	 2).	
Among	these	genes	some	are	involved	in	aromatic	hydrocarbon	degradation	specific	pathways,	while	other	are	
shared	by	different	metabolic	pathways.	This	observation	supports	the	specialization	of	bacterial	communities.		
Results	obtained	 in	 this	project	 showed	 the	 coalescence	of	microbial	 communities,	 indicating	 that	 terrigenous	
inputs	 shape	 microbial	 communities	 in	 sediments	 by	 providing	 mixing	 of	 microorganisms	 and/or	 even	
ecosystems.	Microbial	 indicators	(ASVs	and	functional	genes)	were	also	identified	in	sediments	receiving	inputs	
from	 soil	 under	 hydrocarbon	 contamination.	 Such	 information	 provide	 new	 insigths	 to	 develop	 microbial	
indicators	that	will	be	helpful	to	estimate	the	resilience	of	hydrocarbon	polluted	marine	coastal	sediments.	



	
Figure	 1:	 Experimental	 device	 mimicking	 the	
terrigenous	 inputs	 to	 marine	 coastal	 sediments	 by	
leaching	 of	 the	 soil	 (left).	 Sediments	 without	
terrigenous	 inputs	 provide	 control	 (right).	 Soils	 and	
sediments	 were	 spiked	 with	 hydrocarbons	
(phenanthrene	and	hexadecane)	or	not,	and	soil	were	
planted	or	not	with	a	grass	(Catapodium	marineum).	

	
	Figure	 2:	 Histogram	 of	 the	 Linear	 Discriminating	
Analysis	 for	 an	 example	 of	 aromatic	 compounds	
degradation	 gene	 (pcag),	 differentially	 abundant	
between	 sediments	 with	 terrigenous	 inputs	 (L)	 and	
those	without	 (NL),	and	between	contaminated	 (C)	and	
not-contaminated	 (NC).	 The	mean	 and	median	 relative	
abundance	 of	 the	 gene	 are	 indicated	 with	 solid	 and	
dashed	lines,	respectively.	

Future	of	the	project	:		
The	 results	 should	 enable	 us	 to	 envisage	 larger	 multidisciplinary	 projects	 on	 this	 theme.	 In	 particular	 by	
considering	other	experimental	parameters,	but	also	by	studying	the	microbial	community	as	a	whole,	as	well	as	
the	 involvement	 of	 adaptive	 pathways	 in	 ecosystem	 dynamics,	 taking	 into	 account	 mobile	 genetic	 elements	
(plasmids,	transposons,	integrons,	etc.)	and	phages,	present	in	the	land-sea	continuum.		
A	collaboration	has	been	initiated	with	the	University	of	Copenhagen	to	address	mobile	genetic	elements.	
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