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Deep-sea >1000 m depth
✓ Largest biotope on Earth
✓ 75% of total ocean volume 
✓ 62% of global biosphere
✓ Least known habitat on the globe
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Picard & Daniel. 2013. Bioph. Chem. 183 
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Microorganisms are classified by their 
physiological response to pressure:

Cario et al. 2019. Front. Earth. Sci. 7

Increasing fraction of P-loving microorganisms with depth 

Tolerate up to 10 MPa

Grow optimally at 10-50 MPa

Require P to grow (>50MPa)

Fang et al. 2010. Trends Microbiol. 18

Piezophiles

The negative effect of decompression increases 
with depth of retrieval



Decompression shifts the direction of interspecies interactions 

Incubation of deep-sea samples at atmospheric pressure 
commonly underestimates in situ activity

Garel et al. 2019. Front. Microbiol. 10

O2 consumption - 3000 m depth, NW Mediterranean

High P

Atm P

Keeping in situ P is essential for the study of the 
deep biosphere

Shifts in community composition
Japan Trench, 6000 m

Piezophilic Shewanella
and Moritella

Pseudomonas at atm P

Decompression effects



4. Unidirectional check valve is attached to the bottom-
end needle valve to allow flow of seawater inside the 
sampler. The check valve was set to open when ΔP was 
0.2 MPa using a high-pressure syringe pump.
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1. 1L stainless-steel tube 
(dimensions: 500 mm x 
Φ60.3 mm x4 mm)

2. Screwed stainless steel cap 
and seals tight with a rubber 
O-ring

3. Both the screwed cap 
and the closed end of the 
tube have integrated ¼” 
NPT male needle valves,
sealed tight with liquid 
Teflon
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High-Pressure Sampler



High-Pressure Experimentation

•HP Reactor & HP Bottles

Step 1
HP Sampler

• Pressurized on deck 

• Re-opens when inside-
outside ΔP >0.2 MPa (20 m)

Step 2
HP Piston pump

•Transfer of known volume 
of seawater to incubation 
vessels without 
depressurization

Chamber Pump

Step 3
HP incubation vessels

✓ Temperature 
control

✓ Stirring at 100 rpm

✓ Replication
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High-pressure sampling

E. Mediterranean Deep Water > 500 m

Station Depth: 1113 m

Surface Water 0 – 150 m

Levantine Intermediate Water 150 – 400 m

Case study: Bioremediation of hydrocarbons by Eastern Mediterranean Sea deep-water microbes

Alpha-diversity after 1 week of incubation with OIL at High P

Significant loss of biodiversity with depressurisation
during retrieval – not restored with repressurisation

Loss of biodiversity with decompression

Confidential until publication



Light alkanes

Heavy alkanes

Polycyclic aromatic HCs

Chao1 
diversity 
index

Successive enrichments in medium at HP (OIL as sole C source) 

Initial 
community 
(HP – highly 

diverse)

Loss of diversity was translated to reduced 
degradation of the most recalcitrant compounds

Case study: Bioremediation of hydrocarbons by Eastern Mediterranean Sea deep-water microbes

Biodiversity & Ecosystem Function 

Reduced degradation not 
attributed to decreasing 
abundance

High diversity

Low diversity

Confidential until publication



Isolate ID BLAST species name Similarity (%)

WAF-HP_MA-10 H.meridiana 99.64

WAF-HP_CO-10 A. venustensis ISO4 100

WAF-REPRESS_CO-10 A. venustensis ISO4 99.86

CEWAF-REPRESS_CO-10 A. venustensis ISO4 97.37

WAF-HP_CO-0.1

H. meridiana, 

H. aquamarina

H. axialensis

93.24

CEWAF-HP_CO-0.1 A. venustensis ISO4 99.86

CEWAF-HP_CO-0.1 A. venustensis ISO4 99.79

WAF-REPRESS_CO-0.1 A. venustensis ISO4 100

CEWAF-REPRESS_CO-0.1 A. venustensis ISO4 100

Isolation of a piezotolerant Alcanivorax (A. venustensis)

Comparison with surface isolate Alcanivorax borkumensis
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Genome sequencing

Case study: Bioremediation of hydrocarbons by Eastern Mediterranean Sea deep-water microbes

Isolation of piezotolerant & piezophilic bacteria

Active role of Alcanivorax in deep oil spill 
remediation in the Mediterranean Sea

Alcanivorax
▪ Global distribution 
▪ Play a major role in the biological cleanup 

of oil-contaminated environments in the 
upper ocean

▪ Not active in the deep-sea - attributed to
piezosensitivity of thus far tested strains.

Surface isolate
Deep isolate

Confidential until publication



Atlas and Hazen 2011

Deepwater Horizon accident 
(Gulf of Mexico, 1500 m depth)

Deep HC plume

OIL OIL + DISPERSANT 
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Case study: Bioremediation of hydrocarbons by Eastern Mediterranean Sea deep-water microbes

Emulation of a deep hydrocarbon plume

Dispersants facilitated the degradation of 
recalcitrant petroleum hydrocarbons at deep-sea 
conditions in the Mediterranean Sea

Did the subsea injection of 
dispersant stimulate microbial 
activity in the deep?  

Confidential until publication



Calypso Deep, 5267 m

Delving into the deep – the X-PRESS project

Sampling and experimentation up to 60 MPa = 6000 m depth 

Transfer in pressure equilibrium



→ Enrichment and 
cultivation of piezophiles

→ Measurement of 
prokaryotic activity in deep 
waters at in situ conditions 
up to 6000 m depth 

→ Emulation experiments / 
Future scenarios 

Delving into the deep – the X-PRESS project



Deep biosphere – links within IG and inter-institutional synergies  

Environment & Circular Economy Fossil Fuels & C management Green Energy

Deep 
biosphere

Divisions

✓ Bioprospecting
✓ ?

Synergies in:
✓ Identification, location, 

quantification of leaks

CO2 storage

Leakage

Gas reservoir

Pipeline rupture

Environmental impact

Deep-sea Bioremediation
Ecosystem recovery after 

disturbance

Ecosystem function 
C sequestration

Marine 
pollution

Poster #273

Suitability assessment

H2 storage

hydrogenotrophic microbes
H2 loss & pore clogging

Poster #171
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