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Why	‘omics’	?	





Possibilities	for	Microbial	Ecology	



• ‘Whole-genome shotgun sequencing’

Total of 1.045 billion base pairs of nonredundant
sequences was generated, annotated and analyzed
to elucidate the gene content, diversity, and relative
abundance of organisms within these environmental samples.

Identifying over 1.2 million previously unknown genes



‘Omics’	- Levels

Who?												What?															How?		

www.genius.com

Metagenome Metatranscriptome Metaproteome



Kerguelen	and	‘omics’
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Verrucomicrobia: Lentimonas 

Flavobacteriaceae: Polaribacter 

Xanthomonadales: Stenotrophomonas 
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KEOPS2	Project	Data	published	in	Landa et	al.	Shifts	in	bacterial	community	composition	
associated	with	increased	carbon	cycling	in	a	mosaic	of	phytoplankton	blooms.	The	ISME	Journal	(2016)	10,	39-50



Thesis	Outline	

• Southern	Ocean HNLC	area – major nutrients present in	high
concentrations but	phytoplankton biomass remains low
• Biological	pump	of carbon not	effective due	to limitation of Fe
• How	does	Fe	affect	heterotrophic	microbial	metabolism?
• Study	the	physiological	strategies	of	heterotrophic	microorganisms	as	
an	adaptation	to	low	carbon	and	iron	availability

à Gene	expression	patterns	in	different	nutrient	regimes	in	the	
Southern	Ocean



Sampled	stations

• Metagenom - A3	

• Metatranscriptomes - A3,	Kerfix

• Metaproteomes - A3,	Kerfix,	
O11,	SI,	TNS06,	O12,	O25,	O24,	
O22



Trans-Omics	Approach	SOCLIM	&	MOBYDICK

From	early	spring	(SOCLIM)	and	summer	
(MOBYDICK)	

2	Stations	:	A3	(naturally	fertilized)	and	
KERFIX	(HNLC)
- Metagenome	of	A3	
- Metatranscriptomes A3	&	KERFIX
- Metaproteomes A3	&	KERFIX	

à Surface	waters	of	the	Southern	Ocean	
around	Kerguelen	

DNA	à RNA	à Protein	

Yugi et	al.	2016,	Trends	in	Biotechnology



Metaproteomics



Proteomics	Workflow	
1. Protein	extraction	from	filter	with	LN
2. Protein	clean-up	and	fractionation	different	sizes
3. Protein	digestion	with	Trypsin		
4. Peptide	extraction	and	desalting
5. Measurement	of	peptides
6. MS	Spectra
7. Protein	identification

Peptides	distinguished	by	proteins	on	the	basis	of	size,	
And	as	an	arbitrary	contain	approx.	50	or	fewer	AA



Protein	expression	in	microbial	communities	
and	their	in	situ	physiological	states



Sampled	stations

• Metagenom - A3	

• Metatranscriptomes - A3,	Kerfix

• Metaproteomes - A3,	Kerfix,	
O11,	SI,	TNS06,	O12,	O25,	O24,	
O22



à Shared	Proteins	mostly	associated	with	cellular	transport	functions



à Only	one	shared	sequence:	Amino	Acid	transport	
system substrate	binding	protein	of	SAR324	cluster	









àTransport	proteins	dominate	all	Metaproteomes

àMany	SAR11	Transporters	such	as	periplasmic	substrate-binding	
proteins	for	phosphate,	amino	acids,	sugars	and	spermidine	highly	
abundant

àSupporting	the	view	of	extreme	competition	for	multiple	nutrients

àSeveral	outer	membrane	receptor	proteins,	mostly	for	Fe	transport



Combining	datasets
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àSAR11	&	SUP05	at	least	50%	presence	in	Metaproteomes (TNS06)	
even	up	to	80%	relative	abundance	(SI)

àMetagenomic and	Metatranscriptomic data	needed	to	interpret	
results	for	taxonomy

àAbsence	of	SUP05	and	Gammaproteobacteria abundance	highlights	
importance	on	proteomics	analysis	for	functional	description	of	an	
ecosysteme



Thank	you	for	your	attention	!	


