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Origin of MedSea deep brine pools.
1. Messinian salinity crisis

Synchronous/Diachronous Deposition of Evaporites within

W] Y] W] -

marginal basins ... or even basin-wide

Last salinity crisis of “Messinian” Epoch 5.96-5.33 Ma Zanclean flood

Very dry period with extensive erosion

Tectonic activity and sea level fluctuation Isolation of MedSea from Atlantic Ocean

Cyclic evaporite deposition into
a large “lake-sea” basin

5,960,000 5,590,000 5,330,000
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 Anoxic
* Highly concentrated H.S (2-20 mM)
* Hypersaline (150-330%o)

* High pressure (>330 atm)




Origin of MedSea deep brine pools.
Why they are so different?
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Origin of MedSea deep brine pools.
2. Different types of evaporites

Late stage

Early stage

Deposition of
evaporites




Origin of MedSea deep brine pools.
3. Evaporation of seawater

Brine produced by 200X evaporation of seawa-
ter and precipitation of
Anhydrite CaSO,

Halite NacCl
Kieserite MgSO_ 'H. O
Carnallite KMgCl,'"H O

Brine produced by equilibrating
of seawater with evaporite minerals

Bischofite MgCl,'6H,0
Halite NacCl
Kieserite MgSO,4'KCI'3H,0

— 1

99

3




Origin of MedSea deep brine pools.
2. Different types of brines

Early stage evaporites Late stage evaporites Extreme evaporite conditions

MedSea | Evaporitic | Tyro Basin | Urania Basin | Bannock Basin ‘
Water brine
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Brine of Discovery Basin has the highest salinity ever found in marine environment

and one of the most salted ecosystem on our planet.
The brine lake, found in December 1993, has the surface area of about 7.5 km? and a

volume of nearly 2x108 m3

Discovery | Dead Sea Lake Assal | Don Juan Pond
Basin (depth (depth “foot deep”
50m)




All MedSea deep anoxic basins possess vast unexplored
microbial diversity
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Functioning of DHAL ecosystems: understanding the biogeochemical pathways that
sustain DHALs microbial metabolic network systems
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All MedSea deep anoxic basins possess highly stratified
microbial communities
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Surface sediments of Discovery Basin have been in contact with bischofite brine for only
2,000 years.

Within this short period the Discovery Basin must have been filled at an average of almost
10,000 m3 yr' (Nature 1997, 387:31-32).
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droamental Microbiclogy (2007) 9(3), 801-813

Limits of life in MgCl.-containing environments:
chaotropicity defines the window

Highest limit for cultivation in pure Mg**is approx. 1M (Waino et al., Int. J. Syst. Evol. Microbiol., 2000)
Highest limit of life in solution of bischofite (MgCl,) is 2.23M (Hallsworth, Yakimov et al. Environm Microbiol, 2007)
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Two major metabolic features, fully functional sulfur metabolism and chemolithoautotrophy,
detected by amplification and analysis of functional genes, were plotted against metagenome
sequencing data to compare the outcomes of these two analytical platforms:

SULPHUR METABOLISM

OXIDATION

--sulfide:quinone reductase SQR (oxidation of sulfide t
--fully functional SOX system (sulfite-, thiosulfate-, sulf:
reduction)

REDUCTION

--polysulfide (oxido)reductases

--dissimilatory sulfite reductases

ASSIMILATION (in less extend)

--Few sulphate transporters
and no ATP-sulfurylases
other than of Delta-PB

)

en sulfide

Sulphate reduction

assimilatory Sulphur oxidation

Sulphate reduction Elemental S°
dissimilatory polysulfide

N
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Mineralization Sulphur oxidation




CO, FIXATION
3-HP/4-HB pathway driven by marine Thaumarchaea MGI
(acetyl-CoA carboxylase, 4-hydroxybutyryl-CoA dehydratase)

Reductive pentose phosphate CBB cycle > Gamm
(RubisCO, phosphoribulokinases)

Reductive citric acid cycle=> Epsilon-PB
(2-oxoglutarate synthase, ATP-citrate lyase)

Reductive acetyl-CoA pathway >
Euryarchaea (MSBL1?, HC1?, Methanohalophilus
5,10-methylenetetrahydromethanopterin reduct
CO dehydrogenase/acetyl-CoA synthase comp



DHALs Heterotrophy

Methylotrophic methanogenesis using methylamines and/or methyl thiols
driven by ?Methanohalophilus-related archaea

formyl-MF

()

formyl-H,SPt

methenyl-H4SPt
2e" PZe'
methylene-HySPt
2e- si?-»:.’e'
ethyl-amines methyl:H,SPt acetyl-CoA

2 Acetyl-phosphate
2 ADP

ethanol methyl-CoM acetyl-Pi

2e" ATP
ethyl-sulfides w acetate
CHy4

Sulphate-, sulfur-reduction and sulphur disproportionation
by Delta-, Epsilon-Proteobacteria, Halanaerobium-related bacteria
and possibly by members of KB1 candidate division.




SEVENTH FRAMEWORK

IAMC, Istituto per

I” Ambiente Marino
Costiero, CNR, Messina,
Italy

IC CSIC, Institute of
Catalysis, Madrid, Spain

Industrial partners:
Spain

France

Germany

Bangor University, Bangor, Wales, UK
Coordinator- Prof Peter N. Golyshin

CNRS, Laboratoire
‘Océanographie Biologique
e Banyuls, France

' . . ’
UBO, Université de Bretagne
GENOMIC. R“;;‘é‘:J;‘css Occidentale, Brest, France

sl : MPI-MM, Max Planck Institute

1 EW SCREENING | snoumc&f&cnnome o & for Marine Microbiolo

NE.‘I"LA’_I‘I-“ORMS Jest ) NALYSIS 5 gy'

. | 4 Microbial Genomics Group,
Bremen, Germany
MPI-MM

eyt : gl Institute of Molecular

Enzyme Technology,
Heinrich-Heine-
University of Diisseldorf,
Germany

\
ENZYME IMPROVEMENT
IR ‘ PF M \ & NEW PRODUCTS

F“‘ iorro F ﬁhrn

Ontario Centre for Structural

- : Proteomics, University Health
22 EVOcatal )| Network, University of
Toronto, Canada






